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Abstract MUCI expression has been described as a predic-
tor for tumor progression and worsening of prognosis in
various human neoplasms. However, little is known about the
role of MUCI expression in pulmonary metastatic tumors.
The aim of this study is to examine the clinicopathological
significance of MUCI expression in pulmonary metastatic
tumors (PMT). One hundred forty-seven patients with PMT
who underwent '*F-FDG PET before metastasectomy were
included in this study. Tumor sections were stained by
immunohistochemistry for MUC1, glucose transporter 1
(Glutl), hypoxia-inducible-1oc (HIF-1x) and vascular endo-
thelial growth factor (VEGF). 'F-FDG uptake and the
expression of these biomarkers were correlated in primary
lung cancer. MUCI expression pattern was classified into
high-grade polarized expression (HP), low-grade polarized
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expression (LP), or depolarized expression (DP) group. Of
147 patients, HP, LP and DP group were 9 (6%), 114 (78%)
and 24 (16%), respectively. The expression of Glutl, HIF-
laand VEGF, and '*F-FDG uptake were significantly higher
in DP group than HP or LP groups. MUCI expression with
HP and DP pattern was significantly higher in primary lung
cancer than in PMT, whereas, MUC1 expression with LP
pattern yielded a significantly high positive rate in PMT. LP
group was recognized in the majority of patients with
pulmonary metastatic adenocarcinoma, especially colon
cancer, whereas, HP group was significantly low in pulmo-
nary metastatic adenocarcinoma as compared with primary
adenocarcinoma. Polarized MUCI has a different expression
pattern between primary and metastatic tumors with adeno-
carcinoma, and depolarized MUCT is closely associated with
glucose metabolism and hypoxia.

Keywords MUCI - Pulmonary metastatic tumor -
NSCLC - "*F-FDG PET- Glut! - Hypoxia

Introduction

The impact of a strong expression of MUC1 mucin in various
human neoplasms was repeatedly described as a predictor for
tumor progression and worsening of prognosis [1—12].
Moreover, MUC1 has emerged as a target molecule in
immunotherapy for various cancers [13]. As the mechanism
of a target for cancer treatment, unmasked epitopes of
MUCI core protein expressed on tumor cells have been
described to be able to elicit a strong antitumor immunity.
But, the functional role of MUC1 expression is only partially
elucidated.

Lung is one of the major metastatic sites of the neoplasm
arising from other organs. Since it is sometimes difficult to
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differentiate metastatic pulmonary nodule from primary lung
cancer, pulmonary metastastasectomy has become an integral
part of diagnosis and treatment if the primary malignancies
outside the thorax are controlled. As pulmonary metastatic
tumor (PMT) is a heterogenous group of tumors, there is only
limited data about the comparison of molecular biology
between pulmonary metastatic tumors and primary lung cancer.

Recently, several reports have documented that the over-
expression of MUCI has a crucial role on the cancer
progression and metastasis, leading to poor outcome, in
patients with non-small cell lung cancer (NSCLC) [3, 4, 13~
16]. However, the precise expression profiles of MUCI1 have
not been yet determinate in PMT. Little is known about how
the expression of MUCI differs between primary lung cancer
and PMT.

The usefulness of 2—[1SF]—ﬂuoro-Z-deoxy-D-glucose
(**F-FDG) positron emission tomography (PET) can help
predicting the therapeutic response and outcome in PMT
patients [17]. The amount of '*F-FDG uptake within tumor
cells has been also documented to be determined by the
presence of glucose metabolism [glucose transporter 1
(Glutl)], hypoxia [hypoxia-inducible factor-1oc (HIF-1)],
and angiogenesis [vascular endothelial growth factor
(VEGE)][17, 18]. Recent experimental studies demonstrated
that hypoxia enhances the expression of MUC1 through the
direct regulation by HIF-loe in human cancer cell lines
[19, 20]. Glutl and VEGF could be regulated by HIF-1c-
dependent way [17, 18], therefore, '*F-FDG PET may be
useful to evaluate whether hypoxia is associated with MUC1
expression in human neoplasm.

To elucidate the role of MUC1 expression in PMT, we
conducted an immunohistochemical examination of MUCI in
patients with PMT, which was compared with primary lung
cancer. In addition, MUCI expression was correlated with
Glutl, HIF-1, VEGF, and |F-FDG uptake within tumor
cells.

Material and Methods
Patients
We analyzed 170 consecutive patients who underwent 'SF-

FDG PET and lung resection for pulmonary metastasis from
extrathoracic malignancies at Shizuoka Cancer Center be-

tween April 2003 and May 2009. The patients who -

underwent PET study prior to pulmonary metastasectomy
were included, and the patients with other malignancies and
those who received induction chemotherapy or radiation
before pulmonary metastasectomy- were excluded from this
study. Six patients who received induction chemotherapy or
radiation therapy were excluded. Specimens of seven patients
were not available. Ten patients were excluded from analysis
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because they did not have '*F-FDG PET within 4 weeks
before their pulmonary resection was performed. Thus, a total
of 147 patients who underwent pulmonary metastasectomy
were analyzed in the study. All patients were imaged
on '"F-FDG PET.

As a test group of pulmonary malignancy, we evaluated
MUCI expression and the biomarkers including '*F-FDG
PET in patients with NSCLC, as compared with PMT. One
hundred thirty-three NSCLC patients were consecutively
assigned in the study between October 2002 and May 2004,
and "8F-FDG PET was performed as part of the preoperative
workup. These patients underwent surgical management, and
the primary lesions were surgically resected. Finally, a total
of 126 patients (81 men, 45 women) were eligible in the
study. These 126 patients have no pulmonary metastatic
tumors due to primary malignancies outside the thorax.
Histologically, 82 patients had AC, 36 had SQC, and 8 had
other histology. Of the total patients, 63, 25 and 38 had stage I,
II and III tumors, respectively. The study protocol was
approved by the institutional review board.

Immunohistochemical Staining

Immunohistochemical staining was performed according to
the procedure described in the previous reports [3, 17, 18].
The following antibodies were used: a rabbit monoclonal
antibody against MUC1 (Ma 552; Novocastra; 1:100
dilution); a rabbit polyclonal antibody against GLUT1
(ABI15309, Abcam, Tokyo, Japan, 1:200 dilution); a mouse
monoclonal antibody against HIF-1oc (NB100-123, Novus
Biologicals, Inc., Littleton, 1:50 dilution); a monoclonal
antibody against VEGF (Immuno-Biological Laboratories
Co.,Ltd., Japan, 1:300 dilution).

According to previous report [3], immunohistochemical
analysis of MUC! expression was evaluated. Firstly, staining
density of MUCI1 expression was classified into positive or
negative, and if positive, each tumor cell was further classified
according to the expression pattern into polarized or depolar-
ized expression. According to the percentage of tumor cells
showing polarized MUC1 expression and that with depolar-
ized MUCI expression, MUC1 expression was classified into
the high-grade polarized (HP), the low-grade polarized (LP),
or the depolarized (DP) group. The classification of MUCI
expression status is as follows: (i) HP when positive
percentage of tumor cells with polarized MUCI expression
is more than 50% and positive percentage of tumor cells with
depolarized MUC] expression is less than 10%, (ii) LP when
positive percentage of tumor cells with polarized MUCI
expression is less than 50% and positive percentage of tumor
cells with depolarized MUCT1 expression is less than 10%, (iii)
DP when positive percentage of tumor cells with depolarized
MUCI1 expression is more than 10% regardless of positive
percentage of with polarized MUC]! expression. According to
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the definition, the patient with tumor showing no MUC1
expression was classified into the LP group.

The expression of Glutl was considered positive if distinct
membrane staining was present. Five fields (X400) were
analyzed to determine the frequency of the HIF-1x stained
nuclei. For Glutl and HIF-1x, a semi-quantitative scoring
method was used: 1=<10%, 2=10-25%, 3=25-50%, 4=51—
75% and 5=>75% of cells positive. The tumors in which
stained tumor cells made up more than 25% of the tumor were
graded as positive. The expression of VEGF was quantita-
tively assessed according to the percentage of immunoreactive
cells in the total of 1,000 neoplastic cells.

"*F-FDG PET Imaging

Patients fasted for at least 4 h before 'SF-FDG PET
examination. Patients received an intravenous injection of
200-250 MBq of ®F-FDG and then rested for approximately
1 h before undergoing imaging [17, 18]. Image acquisition
was performed using an Advance NXi PET scanner and
Discovery PET-CT scanner (GE Medical Systems, Milwaukee,
WI, USA). Two-dimensional emission scanning was
performed from the groin to the top of the skull. PET/CT
image was independently reviewed by two experienced
physicians. Acquired data were reconstructed by iterative
ordered subset expectation maximization. To evaluate '°F-
FDG accumulation, the tumor was first examined visually,
and then the peak standardized uptake value (SUV) of the
entire tumor was determined. SUV,,,, was defined as the
peak SUV value on one pixel with the highest counts within
the region of interest (ROI). The ROI, measuring 3 cm in
diameter, was set at the mediastinum at the level of the aortic
arch and the mean SUV of the mediastinum was calculated.
Finally, the T/M ratio, which is the ratio of the peak SUVofthe
tumor to the mean SUV of the mediastinum, was determined
for each patient.

Statistical Analysis

Probability values of <0.05 indicated a statistically significant
difference. Fisher’s exact test was used to examine the
association of two categorical variables. Correlation of
different variables was analyzed using the nonparametric
Spearman’s rank test. Statistical analysis was performed using
JMP 8 (SAS, Institute Inc., Cary, NC, USA) for Windows.

Results
Patient Characteristics

The median age of the patients was 64 years (range, 16—
82 years). Eighty-one patients were men and 66 were women.

The tumor size of resected metastatic tumors ranged from 5 to
68 mm (median, 14 mm). Eastern Cooperative Oncology
Group (ECOG) performance status (PS) was 0-1 in all
patients. Seventy-five (51%) of 147 patients were smokers.
Fifty-seven patients received adjuvant chemotherapy after
pulmonary metastasectomy. The organ types of the primary
site were as follows: 80 colon cancers, 7 breast cancers, 14
head and neck cancers, 12 soft-tissue sarcomas, 19 genital
cancers, 12 gastrointestinal cancers and 3 other cancers. Forty
(50%) of 80 patients with colon cancers have a primary site of
rectum. Of 12 gastrointestinal cancers, 5 patients have
esophageal cancer with SQC and 7 patients gastric cancer
with AC. Of 12 sarcomas, 7 patients have osteosarcoma, 3
patients synovial sarcoma and 2 patients malignant fibrous

- histiocytoma. In NSCLC group, the median size of the

resected lesions was 23 mm (range, 6 to 100 mm).

Immunohistochemical Analysis and '*F-FDG PET
Findings

Each protein revealed a profile pattern of the unique
expression. The immunohistochemical staining was evaluated
for the surgically resected 147 pulmonary metastatic lesions.
Figure 1 represents the immunohistochemical staining of
MUCT expression. Of all 147 patients, HP, LP and DP group
were 9 (6%), 114 (78%) and 24 (16%), respectively. The
frequency of LP group was significantly higher than that of
HP and LP groups (p<0.0001). Glutl was detected in tumor
cells and localized predominantly on their plasma membrane.
A positive rate of Glutl expression was recognized in 70%.
A positive expression of HIF-1a was predominantly
expressed in the cytoplasm with some nuclear staining, and
was recognized in 70%. The staining pattern of VEGF was
uniformly localized in the cytoplasm and/or membrane. The
median rate of VEGF positivity was 22.0% (range, 2-76%),
and the value of 22% was chosen as a cutoff point. High
expression was recognized in 50%.

The mean values (mean and standard deviation) of T/M
ratio in PMT and NSCLC were 3.25+0.22 (range, 0.95 to
9.43) and 5.96+0.38 (range, 0.8 to 24.0), respectively. The
T/M ratio of PMT was significantly lower than that of NSCLC
(p<0.0001). Of patients with NSCLC, The mean values of
TM ratio in AC and SQC were 4.93+£0.51 (range, 0.8 to
21.5) and 7.32£0.73 (range, 2.4 to 24.0), respectively,
demonstrating statistically significant difference. The T/M
ratio of PMT was significantly lower than that of primary lung
SQC, but was not than primary lung AC. The median value of
T/M ratio in PMT was 3.0, and a median value of 3.0 was used
as the cutoff T/M ratio in following analyses. The T/M ratio of
more than 3.0 was defined as high expression.

Figure 2 shows the expression of these biomarkers and
T/M ratio of "*F-FDG uptake according to MUC1 expres-
sion. In PMT patients, the mean scoring of Glutl and HIF-1«,
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Fig. 1 Immunohistochemical
staining of MUC]I expression in
pulmonary metastatic tumors: a
High-grade polarized expression
(HP) pattern of MUC1 expres-
sion in breast cancer. b Low-
grade polarized expression (LP)
pattern of MUCI expression in
colon cancer. ¢ Depolarized
expression (DP) pattern of
MUCI in renal cell carcinoma.
Immunohistochemical staining
of MUCI expression in primary
lung cancer: d High-grade polar-
ized expression (HP) pattern of
MUCI expression in pulmonary
adenocarcinoma

VEGF positivity, and T/M ratio of "®F-FDG uptake were
significantly higher in DP group than HP or LP groups,
demonstrating no significant difference between HP and LP
groups (Fig. 2a). In patients with primary lung AC, the mean
scoring of Glutl and HIF-1x, VEGF positivity, and T/M
ratio of '®F-FDG uptake were significantly higher in LP
group than DP group (Fig. 2b). No statistically significant
difference in the uptake of "*F-FDG and the meaning scoring
of Glutl and VEGF was observed between HP and LP
groups, but uptake of '*F-FDG, the mean scoring of Glutl
and VEGF positivity yielded a statistically significant
difference between HP and DP groups. In patients with
primary lung SQC, no statistically significant difference in
these biomarkers was recognized between HP and LP,
between LP and HP, and between HP and DP (Fig. 2¢)

Relationship Between MUC1 Expression
and Different Variables

The demographic result of the patients according to MUCI
expression is listed in Table 1. The frequency of young age,
multiple metastases, large tumor size and a positive Glutl
expression was significantly higher in DP group than in HP
group. A statistically significant difference in the age was
observed between HP and LP group. The frequency of
positive Glutl, HIF-1x and VEGF expression was signifi-
cantly higher in DP group than in LP group.

We analyzed the expression of MUCI according to
histological types in PMT (Fig. 3a). One hundred and one
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patients had AC, 15 patients had SQC and 20 patients had
sarcoma. In HP group, no significant difference in the
positive rate of MUCI expression was observed among
AC, SQC and sarcoma patients. The positive rate of MUCI
expression with LP pattern was significantly higher in AC
patients than in SQC patients. But, the positive rate with DP
pattern was significantly lower in AC patients than in SQC
patients.

According to the organ of the primary sites, the positive
rate of MUC1 expression was examined (Fig. 3b). In colon
cancer and soft-tissue sarcoma, the positive rate of MUC]I
expression with LP pattern was significantly higher than
that with HP or DP pattern. In head and neck cancer,
MUCI! expression was significantly higher in LP pattern
than in HP pattern. In genital cancer, MUCI expression was
significantly higher in DP pattern than HP pattern.

Next, we compared the expression of MUCI between
NSCLC and PMT (Fig. 3). In the analysis of total patients,
the MUC1 expression with HP and DP pattern was
significantly higher in NSCLC than in PMT, whereas, the
MUCI! expression with LP pattern in PMT vyielded a
significantly high positive rate as compared with NSCLC
(Fig. 3c). In AC patients, MUCI1 expression with LP pattern
was significantly higher in PMT than in NSCLC, whereas,
the MUCT expression with HP pattern in NSCLC yielded a
significantly high positive rate as compared with PMT
(Fig. 3d). In SQC patients, no significant difference in the
positive rate of MUC! expression was observed between
NSCLC and PMT (Fig. 3e).
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Fig. 2 Comparison of 'F-FDG uptake and angiogenic markers
according to MUCI expression: HP, high-grade polarized expres-
sion; LP, low-grade polarized expression; DP, depolarized expres-
sion. a T/M ratio of *F-FDG uptake, the mean scoring of Glut! and
HIF-1a, and VEGF positivity of patients with pulmonary metastatic
tumors according to MUC1 expression pattern. b T/M ratio of ‘*F-
FDG uptake, the mean scoring of Glutl and HIF-l1x, and VEGF
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positivity of patients with primary lung AC according to MUCI
expression pattern. P values indicate significance and were calcu-
lated using Fisher’s exact test. ¢ T/M ratio of '*F-FDG uptake, the
mean scoring of Glutl and HIF-1«, and VEGF positivity of patients
with primary lung SQC according to MUCI expression pattern. P
values indicate significance and were calculated using Fisher’s exact
test. *, P<0.05; **, P<0.01; *** P<0.001. NS, not significant
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Fig. 2 (continued)
Discussion

This is a clinicopathological study to investigate the
expression of MUC! expression in patients with PMT
as compared with NSCLC. MUC]1 expression with LP
pattern was observed in almost patients with PMT,
especially colon cancer and sofi-tissue sarcoma. In AC

Table 1 Patient’s demographics according to MUC! expression
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patients, the frequency of LP pattern was significantly
higher in PMT tumors than in NSCLC, and MUCI
expression with HP pattern in NSCLC yielded a
significantly high positive rate as compared with PMT.
A high "®F-FDG uptake in PMT was observed in DP
pattern as compared to HP pattern, and the expression of
Glutl and HIF-1« were significantly higher in DP pattern

Different variables Total (n=147) HP (n=9) LP (n=114) DP (n=24) p-value

HP/LP HP/DP LP/DP
Age (£65/>65yr) 77170 1/8 62 /52 14/10 0.015 0.021 0.822
Gender (Male / Female) 78 /69 217 64 /50 12/ 12 0.079 0.240 0.654
Smoking (Yes / No) 76171 2/7 63 /51 11/13 0.082 0.263 0.500
PS /1) 124 /23 712 97 /17 20/4 0.628 1.000 0.762
Tumor size (£15/> 15 mm) 63 /84 7172 48 / 66 8/16 0.076 0.046 0.497
No. of meta (Single / Multiple) 121726 5/4 94 /20 22/2 0.071 0.034 0.365
Adjuvant CTx (Yes / No) 63/ 84 3/6 551759 5/19 0.497 0.651 0.022
T/M ratio (High / Low) 58 /89 4/5 42/172 12/12 0.726 1.000 0.255
Glut 1 (Positive / Negative) 106 / 41 574 79 /35 22/2 0.462 0.034 0.023
HIF-1a (Positive / Negative) 103 / 44 6/3 751739 22/2 1.000 0.110 0.012
VEGF (Positive / Negative) 71/76 5/4 45169 21/3 0.483 0.068 < 0.01

HP high-grade polarized expression; LP low-grade polarized expression; DP depolarized expression; PS performance status; No. of meta Number
of resected metastases; Adjuvant CTx adjuvant chemotherapy; Glut! glucose transporter 1; HIF-Io hypoxia inducible factor-1 alpha; VEGF
vascular endothelial growth factor; HP/LP statistical comparison of HP and LP; HP/DP statistical comparison of HP and DP; DP/LP statistical

comparison of DP and LP
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primary sites. Comparison of MUCI expression between primary lung
cancer and pulmonary metastatic tumors in total patients (¢), AC
patients (d) and SQC patients (e). P values indicate significance and
were calculated using Fisher’s exact test. *, P<0.05; ** P<0.01;
*E% P<0.001. NS, not significant

MUCT is a transmembrane mucin consisting of a heavily
O-glycosylated excellilar domain, a transmembrane domain
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and a cytoplasmic tail of 72 amino acids [1]. Recently, several
reports have documented that MUCI expression is correlated
with tumor differentiation and postoperative survival in
patients with NSCLC [4, 14-16], and Nagai et al has
described that depolarized MUCI expression was a signif-
icant and independent prognostic factor to predict poor
postoperative prognosis in patients with pulmonary adeno-
carcinoma and LP or DP expression was mostly observed in
moderately to poorly differentiated adenocarcinoma patients
[3]. Nagai et al conducted a more detailed MUCI status
classification (HP, LP and DP) for the immunohistochemical
evaluation of MUC1 expression in pulmonary tumors [3]. In
previous literatures, the immunohistochemical analyses of
MUCI expression were different among the primary tumors
and the studies, and the methods used in the studies also
have a different technique [4-12]. To analyze the MUCI1
expression of pulmonary tumors, therefore, we selected the
expression analysis of MUCT according to Nagai’s study [3].
In this study, we could directly compare the expression of
MUCI1 between NSCLC and PMT.

In our study, low-grade polarized MUCI expression was
observed in the majority of patients with PMT, especially
adenocarcinoma such as colon cancer or soft-tissue sarco-
ma. On the other hand, the frequency of high-grade
polarized MUC1 expression was significantly low in
pulmonary metastatic adenocarcinoma as compared with
primary adenocarcinoma. Only small number of patients
with PMT showed the expression pattern of high-grade
polarized MUCI, and depolarized MUCI1 expression was
mainly observed in patients with SQC or genital cancers. In
patients with AC as pulmonary nodules, the primary sites
are sometimes difficult to differentiate between primary
lung cancer and extrathoracic tumor. However, our results
suggest that polarized MUC1 (HP or LP pattern) has a
markedly different expression pattern between primary and
metastatic pulmonary tumors with a histological type of
AC. In patients with SQC as pulmonary nodules, whereas,
it is difficult to differentiate NSCLC from PMT, because the
expression profile of MUC1 was similar among these
groups. In addition, '*F-FDG uptake within tumor cells
tended to increase from HP, LP to DP pattern, and the
expression of Glutl and HIF-lx was also significantly
higher in DP pattern than in HP or LP pattern. Hypoxia
has been documented to enhance MUCI expression in
human cancer cell lines, and the present study suggested
that hypoxia and glucose metabolism were closely
associated with the expression of depolarized MUCI
as compared with that of polarized MUCIL. In clinical
practice, "®F-FDG PET may be effective for differentiat-
ing between polarized MUC] and depolarized MUCI
expression tumors. However, '*F-FDG PET was not useful
for differentiating between HP and LP pattern of MUCI
expression in PMT patients.
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MUCI core protein may be a useful target molecule for
immunotherapy in breast cancer, lung cancer and other
malignancies expressing MUCI [21, 22]. MUCI -targeted
immunotherapy may be appropriate for such patients as
postoperative adjuvant therapy. However, it remains unclear
whether MUCT expression is associated with postoperative
outcome in patients with PMT. If not investigate the
relationship between MUC! expression and prognosis, it
seems to be difficult to speculate the possibility of a
MUC] -targeted immunotherapy after pulmonary metasta-
sectomy in patients with PMT.

In conclusion, polarized MUC! (HP or LP pattern) had a
markedly different expression pattern between primary and
metastatic pulmonary tumors with a histology of AC, and
depolarized MUCI was closely associated with glucose
metabolism and hypoxia. In addition, '*F-FDG PET may be
effective for differentiating between polarized MUC1 and
depolarized MUC1 expression tumors. Further study is
warranted for investigating the possibility of a MUCI-
targeted immunotherapy as a postoperative adjuvant che-
motherapy after pulmonary metastasectomy.
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Previous studies have reported the existence of an association between brain-derived neuro-
trophic factor and major depression. However, the possible role of brain-derived neurotrophic
factor in the pathophysiology of major depression after cancer diagnosis has not yet been
investigated. Subjects were collected using the Lung Cancer Database project. Using the
cut-off scores on the depression subscale of the Hospital Anxiety and Depression Scale
(HADS-D), 81 subjects with depression (HADS-D > 10) and 81 subjects without depression
(HADS-D < 5) were selected. The two groups were matched for age, sex, clinical stage and
performance status. The serum brain-derived neurotrophic factor levels were measured using
an enzyme-linked immunosorbent assay method. The serum brain-derived neurotrophic
factor levels were not statistically different between the subjects in the depression group [29.1
(13.6) ng/ml; mean (SD)] and the non-depression group [31.4 (10.6) ng/ml] (P=0.22). In a
stratified analysis by gender, however, the mean serum brain-derived neurotrophic factor
level in the depression group tended to be lower than that in the non-depression group
among women (n = 24 pairs, P = 0.06). Major depression after cancer diagnosis is not
associated with serum brain-derived neurotrophic factor levels.

Key words: major depression — BDNF — lung cancer — cancer diagnosis — stressful event

INTRODUCTION . L . .
event, and major depression is common among patients with

Cancer is a common and worldwide fatal disease. Learning  cancer (1). Stressful events are usually considered as strong

about the diagnosis of cancer is an extremely stressful life  risk factors for major depression (2). Therefore, the high

© The Author (2011). Published by Oxford University Press. All rights reserved.
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prevalence of major depression among cancer patients may
be attributable to cancer-specific stressful events (3).
However, the pathway by which stressful events lead to
major depression among cancer patients has not yet been
elucidated.

Recently, brain-derived neurotrophic factor (BDNF) has
been recognized as an important factor in the pathophysiol-
ogy of stress-related mental disorders, particularly major
depression (4). In animal studies, the relationships between
the stress and decreased expression of BDNF mRNA in the
hippocampus and neocortex of rats (5,6), and increased syn-
thesis of BDNF induced by interventions like depression
treatments (7,8) were suggested. Patients with major
depression had lower levels of serum BDNF than healthy
controls (9—11), and the levels of serum BDNF changed to
be normal after treatment for depression (9,11). However,
with no such studies in the oncologic setting, we prelimina-
rily planed to examine the difference in serum BDNF levels
between subjects with and without antidepressant-naive
major depression after being diagnosed as having lung
cancer, which is a stressful life event and was not considered
in the previous human studies (9—11). We hypothesized that
the serum BDNF levels in the subjects developing major
depression after being diagnosed as having lung cancer
would be lower than in those without depression. We secon-
darily performed a stratified analysis by gender, because a
previous study showed significantly low serum BDNF levels
in depressive women, but not in depressive men (11).

PATIENTS AND METHODS
Stupy DESIGN AND SUBJECTS

The present study used secondary samples from our previous
study (12) on the Lung Cancer Database project (13). The
project was a prospective cohort study to investigate the
pathogenesis of and the development of new therapy for
lung cancer. The project and the present study were approved
by the Institutional Review Board and the Ethics Committee
of the National Cancer Center, Japan. All participants pro-
vided their written informed consent prior to enrollment.

The details of the inclusion and exclusion criteria of the
present study were described in our previous report (12). In
concise, patients newly diagnosed as having primary lung
cancer were included, and patients with cognitive impair-
ment, past or current histories of mental disorders, and brain
neoplasms or brain metastasis were excluded. To remove the
influence of severe physical status, patients with a perform-
ance status (PS) of 2 or higher were also excluded (PS was
defined by Eastern Cooperative Oncology Group).

ASSESSMENT OF DEPRESSION

Self-reported questionnaires, including the Hospital Anxiety
and Depression Scale (HADS) (14), were completed during
the waiting period prior to admission. The HADS consists of

seven-item anxiety and seven-item depression subscales and
is used to assess anxiety and depressive symptoms during
the preceding week. The Japanese version of the depression
subscale of the HADS (HADS-D) has two cut-off points that
yield a good sensitivity and specificity for depression screen-
ing (10 out of 11; 82.4 and 95.1%, major depression only, 4
out of 5; 91.5 and 58.0%, adjustment disorder and major
depression, respectively) (15). In this study, ‘depression’ was
defined based on HADS-D scores without usual procedure
such as the Structured Clinical Interview for DSM-1V,

SELECTION OF DEPRESSION AND NON-DEPRESSION GROUPS

Subjects were selected according to the method used in our
previous study (12), as follows: (i) all eligible subjects were
classified into three groups according to the two cut-off
points (10 out of 11 and 4 out of 5) for HADS-D; (ii) the
number of subjects in the high-score group (>10) was used
as the number of cases with major depression; (iii) the same
number of controls in the low-score group (<5) was selected
from the eligible subjects so that the two groups were
matched for age, sex, PS (0 or 1) and clinical stage as
assessed by the TNM classification (Ia—Illa or IIIb—IV). To
compare major depression with non-depression, the cases
with high HADS-D scores (>10) were enrolled in the
‘depression group’, and the cases with low scores (<5) were
included in the ‘non-depression group’.

MEASUREMENT OF SERuM BDNF

Following an overnight fast, blood samples were collected
by registered nurses in the morning (7—9 AM), a few days
after admission. After storing the samples for about 2 h at
4°C, the serum was separated by centrifugation ( 1870g, 10
min) and stored at —80°C until further assay. The samples
were thawed to 4°C and the serum BDNF levels were
measured using an enzyme-linked immunosorbent assay kit
(Promega, Madison, WI, USA) (9). The absorbance of
samples at 450 nm was measured using an Emax automated
microplate reader (Molecular Device, Tokyo, Japan).

ASSESSMENT OF DEMOGRAPHICAL AND MEDICAL BACKGROUNDS

Information regarding clinical, demographic and social
factors were collected from the database and the patients’
medical charts (13). These data consisted of sex, age, clinical
staging as assessed by the TNM classification, PS, patholo-
gic type of the lung cancer, educational level (longer/not
longer than 9 years), smoking status, alcohol consumption
status, presence/absence of breathlessness and pain, number
of platelets and body mass index.
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STATISTICAL ANALYSIS

To analyze the background factors, differences in continuous
or categorical variables were analyzed by analysis of var-
iance (ANOVA) and the y? test, respectively.

As the primary analysis, the serum BDNF level was ana-
lyzed by ANOVA and analysis of covariance (ANCOVA).
Background variables that were statistically significantly
different between the two groups were examined as indepen-
dent variables, with the serum BDNF level as the dependent
variable, using the Spearman rank correlation coefficient
(for continuous variables) or ANOVA (for categorical vari-
ables). Only factors that were related to both the background
and the BDNF levels were used as covariates in the
ANCOVA. As a secondary analysis, stratified analyses
according to sex were also performed. All tests were two-
tailed, with P values <0.05 indicating statistical signifi-
cance. The statistical analyses were performed using the stat-
istical software package SPSS for Windows (Version 16.0J,
SPSS Japan Institute Inc.)

RESULTS

PARTICIPANTS

During the period of the study, 30 patients refused to partici-
pate, while 829 patients provided blood samples and com-
pleted self-reported questionnaires. Based on the inclusion/
exclusion criteria, 717 patients were found to be eligible for
enrollment in the present study (13). Of the 717 subjects, 81
had high HADS-D scores (>10) and were selected as the
subjects of the depression group. Of the remaining 319 sub-
jects with HADS-D scores of 4 or under, 81 subjects
matched for age and sex were enrolled as controls in the
non-depression group.

Grour BACKGROUNDS

Table | shows the background characteristics of the two
groups, including some data that were reported in our pre-
vious study (12). The depression group contained more sub-
jects with breathlessness than the non-depression group.
Except for the breathlessness, no other variable differed sig-
nificantly between the groups. The mean and standard devi-
ation in the interval between completion of the HADS
questionnaire and the blood sampling in all the subjects were
3.6 and 5.0 days, respectively; these values were similar for
both groups [depression group; 3.9 (5.0) days; mean (SD),
non-depression group; 3.8 (5.9) days] (F = 0.04, P = 0.85).
The serum BDNF levels showed no significant differences
between the subjects with breathlessness [n = 82; 28.7
(11.3) ng/ml; mean (SD)] and those without breathlessness
[n=178; 31.9 (13.0) ng/ml] (¥ = 2.66, P = 0.11).

Jpn J Clin Oncol 2011;41(10) 1235

Table 1. Background of all subjects (n = 162)

Depression Non-depression y* or * P-value

HADS-D (score) 11-21 0—4
Number 8l 81
Sex (male) 57 (70%) 57 (70%) 0.0 1.00
Age (y.0.) 65.1 +8.3 65.0+83 0.003*  0.96
Performance Status (0/1)" 23/58 23/58 0.0 1.00
Clinical stage
la—Il]a® 34 (42%) 34 (42%) 0.0 1.00
b—1v* 47 (58%) 47 (58%)
Educational level (>9 years) 52 (64%) 56 (69%) 0.46 0.50
Alcohol (>45 g/day) 14 (17%) 12 (15%) 0.38 0.54
Current smoker 33 (41%) 30 (37%) 0.23 0.63
Pathology
Adenocarcinoma 42 45 1.49 0.83
Squamous cell 19 20
Small cell 6 7
Large cell 8 6
Other 6 3
Breathlessness (presence) 49 (60%) 33 (41%) 5.61 0.018
Pain (presence) 28 (35%) 31 (38%) 0.19 0.67

220+£3.5 22.1+32 0.06*  0.80
2777+93 283 +94 020" 0.66

Body mass index (kg/m?)
Platelet (10 x wl)

Age, body mass index and platelet: mean + SD. PS: number. Others:
number and percentage.

*Fvalue.

"Defined by Eastern Cooperative Oncology Groups.

“Defined by TNM Classification, International Union Against Cancer.

SeEruM BDNF Levers N THE Two Groups

Figure | illustrates the absence of any significant difference
in the serum BDNF levels between the depression group and
the non-depression group (ANOVA). The serum BDNF
levels were normally distributed. Since no covariates were
detected as statistically significant variables in the back-
ground analyses, ANCOVA was not performed. In the strati-
fied analyses by gender, no significant differences were seen
between the two groups among the men. The mean serum
BDNF level was lower in the women with depression than in
the women without depression, but the difference was not
statistically significant,

DISCUSSION

This is the first study, to the best of our knowledge, con-
ducted to investigate the association between serum BDNF
levels and major depression in the oncologic setting.

Unlike in previous studies (9—11), the serum BDNF levels
were not lower in the subjects with major depression in the
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Figure 1. Serum levels of brain-derived neurotrophic factor (BDNF) in the
depression group and in the non-depression group. “The primary analysis
showed the absence of any statistically significant differences in the serum
BDNF levels between the subjects in the depression group [ = 81; 29.1
(13.6) ng/ml; mean (SD)] and the non-depression group [z = 81; 31.4 (10.6)
ng/ml] (F = 1.53, P = 0.22). A stratified analysis by gender showed the
absence of any statistically significant difference in the levels between the
depression group [n = 57; 30.9 (14.8) ng/ml; mean (SD)] and the non-
depression group [n = 57; 31.8 (10.2) ng/ml] (F = 0.13, P = (.72) among
men. °A stratified analysis by gender also showed the absence of any statisti-
cally significant difference between the depression group [1 = 24; 24.7 (9.1)
ng/ml; mean (SD)] and the non-depression group [# = 24; 30.7 (11.7) ng/
ml] (F = 3.87, P=0.06) among women.

present study. The lack of difference in the serum BDNF in
our study might be related to the characteristics of depression
in oncologic settings, which tends to be reactive to stressful
event, mild and of short duration (3,16). In a previous study
in which psychiatric patients without cancer were examined,
the mean durations of depressive episodes were 0.78 years
(9). Of the 81 cancer patients with major depression in the
present study, 60 completed the HADS questionnaire within
1 month of the disclosure of their lung cancer diagnosis.
None of the subjects in the major depression group visited
the clinical psychiatric service or received antidepressants
before or after their enrollment in this study. Although the
duration of major depression was not directly assessed, the
subjects with major depression in the present study might
have had mild depression of short duration that remitted by
themselves without antidepressants. The associations
between peripheral BDNF and severity or duration of
depressive episode were not concluded (17). Further study
may be needed.

In the present study, depression was defined using the
cut-off scores of the HADS-D and not by a structured psy-
chiatric interview (such as the Structured Clinical Interview
for DSM-IV). The one-point assessment of HADS-D might
not always indicate a major depressive episode defined by
DSM-IV; this could be a reason why the present result differ
from previous studies’ (9—11).

Although the P value did not reach statistical significance,
our secondary analysis showed that women with major
depression tended to have a lower serum BDNF level than
women without depression. This result may support the
result of a previous study suggesting an important role of

reduced serum BDNF in depressive women, but not in men
(11). Other studies reported an association between BDNF
and the menstrual cycles in humans (18) and sex hormones
in animals (19). Further studies examining these factors may
be useful for elucidating the association between BDNF and
major depression.

This study had the following limitations: (i) subjects with
severe depression might have been excluded from this study
because subjects with poor physical activity and cognitive
impairment were ineligible and 30 subjects refused to par-
ticipate in this study. (ii) Although peripheral BDNF was
suggested to partly reflect the BDNF levels in cerebral spinal
fluids (18,20), serum BDNF was mainly stored in platelets.
Relation of serum BDNF levels to BDNF in hippocampus
was uncertain. Further studies may be needed to reach defini-
tive conclusions.
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Japanese Patients with Small Cell Lung Cancer
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Abstract. Background: We conducted a phase II study of
topotecan (Tp) with cisplatin (CDDP) in previously
untreated Japanese patients with extensive-disease small cell
lung cancer (ED-SCLC). Patients and Methods: In stage I, a
total of 30 patients were allocated to Tp 0.65 mg/im? with
CDDP 60 mg/m? day 1 or Tp 1.00 mg/m? with CDDP day 5
following prophylactic granulocyte colony stimulating factor
(G-CSF) from day 6. In stage 2, the selective combination in
29 patients was evaluated for response rate, toxicity and
overall survival. Results: In stage 1, Tp 1.00 mg/m? with
CDDP day 5 was selected this schedule had a better
hematological profile. In stage 2, the response rate was 83%,
and grade 3/4 adverse events were hematological-toxicities.
The median survival time was 17.5 months and the 1 year
survival rate was 79%. Conclusion: Combination of Tp and
CDDP on day 5 with G-CSF support is safe and effective for
previously untreated ED-SCLC Japanese patients.
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Most patients with previously untreated small cell lung
cancer (SCLC) are highly sensitive to chemotherapy and
radiation therapy. As cisplatin (CDDP) is the most important
drug for SCLC chemotherapy, the standard chemotherapy
regimen for treatment of extensive-disease (ED)-SCLC has
been the combination of CDDP plus etoposide (PE regimen).
Although this combination has produced objective response
rates as high as 80%, median survival times range from 9 to
11 months, with a 2-year survival rate of less than 10% (1-3).
Several novel strategies failed to improve patient survival
time. Therefore, investigation of therapy resulting in
improvement of survival is still ongoing.

Inhibitors of topoisomerase I (Topo I, an enzyme necessary
for DNA replication) are active against SCLC. A randomized
study of the Topo I inhibitor, irinotecan, plus CDDP versus
PE in previously untreated Japanese patients with ED-SCLC
indicated survival benefit of Topo I inhibitor (4). Topotecan
(Tp), a cytotoxic water-soluble semisymthetic camptothecin
analogue, acts as an inhibitor of Topo I. Tp demonstrated anti
tumor activity towards human cancer cell lines and animal
tumor models, then a combination of Tp and CDDP had
synergistic effect in vitro studies (5, 6). The combination
effect of Tp and CDDP is not influenced by the order of
administrating the two drugs. On the contrary, adverse effects
are influenced (7). Therefore Tp has been evaluated as useful
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for ovarian and uterine cervical carcinoma, besides second-
line therapy in SCLC (8-10). The combination regimen of Tp
with CDDP has been documented in use for previously
untreated ED-SCLC patients (11, 12). In addition, no
difference in efficacy and tolerability was recorded in Tp and
CDDP combination regimen compared with standard regimen
in a phase III study for the first-line therapy of previously
untreated ED-SCLC patients (13, 14).

Although the standard regimen for ED-SCLC in North
America and Europe is a combination of CDDP plus
etoposide (3), the combination of irinotecan plus CDDP is
the standard regimen in Japan due to the significant
prolongation of survival obtained from the interim analysis
of a phase III clinical study by the Japan Clinical Oncology
Group (JCOG) (4), with similar results to the phase II
clinical trial (15) on this regimen.

Since there are different antitumor efficacies of Topo I
inhibitor between Japanese patients and North American and
European populations, the present phase II clinical trial was
planned to investigate antitumor effects of Tp plus CDDP in
Japanese patients with ED-SCLC, for whom irinotecan plus
CDDP is the standard regimen. '

The recommended schedule was evaluated at stage 1 due
to the need for estimation of different schedule dependency
on efficacy and safety for Japanese patients. Based on
findings from two clinical studies on irinotecan plus CDDP
(phase II and phase III), the clinical efficacy of the
combination of CDDP plus Tp, which has the same Topo 1
inhibitory activity with irinotecan, is evaluated in this phase
IT clinical trial to investigate whether the efficacy of
irinotecan plus CDDP is based on the mode of action of
Topo I inhibitor plus CDDP in Japanese patients.

In a completed phase I study, we determined the
recommended dose of Tp 0.65 mg/m? and 1.00 mg/m? as in
combination with CDDP day 1 and day 5 schedules,
respectively, with fixed dose of CDDP at 60 mg/m? (16). We
found novel potential of the Tp combination regimen with
CDDP against previously untreated Japanese patients with
ED-SCLC in a phase II study. In present study, the dose of
CDDP at 60 mg/m? was fixed. A prophylactic G-CSF
concomitant treatment was employed from consideration of
dose limiting factors of this combination. In addition to
efficacy and safety evaluation of Tp plus CDDP combination,
the treatment effect of the combination regimen of Topo I
inhibitor with CDDP in Japanese patients was also evaluated.

Patients and Methods

Study design. A two-stage study was designed (Figure 1). At stage
1, two arms (arm A and arm B) were compared evaluating tumor
response and toxicity to select the superior arm. In stage 2, 15 cases
were added to the selected arm. The cases in stage 1 and stage 2 of
the selected arm were combined for evaluation of efficacy and
safety of this combination.
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Eligibility. Japanese patients with histological and/or cytological
documented SCLC were eligible for this study. Each patient was
required to meet the following criteriaz ED-SCLC. previously
untreated, having measurable lesion; performance status (Eastern
Cooperative Oncology Group: ECOG PS) of 0-1; age 20 to 74 years;
adequate organ function (hemoglobin level >9.5 g/dl, leukocyte count
4,000 to 12,000/mm2, neutrophill cell count >2,000/mm?, platelet
count >100,000/mm2, aspartate aminotransferase (AST) level <2.5
times of the normal upper limit, total bilirubin value <1.5 mg/dl,
serum creatinine below the normal upper limit, resting partial pressure
oxygen >60 torr; a life expectancy of at least 3 months; hospitalized;
and written informed consent obtained. The protocol and informed
consent procedures were reviewed and approved by the Institutional
Review Board of each participating institute. This study was subjected
to Good Clinical Practice (GCP) and Declaration of Helsinki.

Treatment schedule. Tp of 0.65 mg/m? for CDDP day 1 schedule
(arm A) or 1.00 mg/m?2 (or 1.2 mg/m2, if the nadir of the first cycle
for leucocytes of >2,000/mm? and platelet of >50,000/mm2, the
dose from next cycle could be increased) for CDDP day 5 schedule
(arm B) were intravenously administered at over 30 min by drop
infusion for the first 5 consequent days within one cycle of 21 days.
Tp was provided by Nippon Kayaku Co., Ltd. as 1.1 mg/vial
formulation to be dissolved in 500 to 1,000ml of saline. CDDP was
also intravenously administered at over 2 h by drop infusion at day
I (arm A) or day 5 (arm B). Prophylactic G-CSF was administered
from day 6 (day after final Tp administration) until recovery from
nadir for leucocytes of >10,000/mm? or neutrocytes of >5,000 mm?.
For each patient, 4 cycles were planned.

Dose modification. When grade 4 neutropenia, more than grade 3
febrile neutropenia with over 38.5°C or thrombocytopenia
(<25,000/mm?) occurred, the Tp dose was reduced from 0.65 to 0.5
mg/m?2 for arm A or 1.0 to 0.8 mg/m? for CDDP day 5 schedule (or
1.2 to 1.0 mg/m2 if applicable), respectively. When the leukocyte
count >4,000/mm?2, neutrocyte count >2,000/mm?2, platelet count
>100,000/mm? and hemoglobin value >8 ,0g/dl or recovery tendency
was observed, the treatment was able to proceed to the next cycle.
Treatment could be delayed for up to 30 days from day 1 of the
current cycle to allow a patient sufficient time to recover from study
drug-related toxicity.

Evaluation. All patients underwent weekly evaluations that included
assessment of symptoms (subjective and objective findings), a
physical examination, a complete blood cell count, blood chemistry
(including measurement of AST, alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), alkaline phosphatase (Al-P), total
bilirubin, total protein, serum creatinine, blood urea nitrogen
(BUN), serum electrolytes) and urinalysis. Toxicity was evaluated
according to NCI CTCAE version 3 criteria (17). Tumor response
was evaluated according to the Response Evaluation Criteria in
Solid Tumors (RECIST) (18), assessed by computed tomographic
(CT) scanning, as with staging at enrollment. All the observed
responses were reviewed by an extramural panel.

Statistical analysis. This study was made up of two different stages,
one for the CDDP schedule selection (stage 1) and the other for the
evaluation of the selected schedule (stage 2). The primary aim of
this study was to assess the anti-tumor effect of the combination.
Thus, involvement of 15 cases for the two CDDP administration
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Stage 1 : Open-label, randomized study

Randomization

/\

Arm A (CDDP on day 1)

Topotecan 0.65 mg/m? days 1-5
Cisplatin 60mg/m’ on day 1
15 patients eligible

Arm B (CDDP on day 5)

Topotecan 1.00 mg/m? days 1-5
Cisplatin 60 mg/m® on day 5
15 patients eligible

The study committee selected arm A or B
based on response rate and toxicity.

Stage 2 ...............................i\..............................‘.......

Evaluation of clinical efficacy in the selected arm in stagel
( Addition of 15 patients for 30 patients achieved )

Figure 1. The study design is shown graphically. Stage I: comparison phase. Stage 2: evaluation phase.

schedules (on day 1 and day 5) were adequate based on the
following premises: 8 cases of rejection region, 70% expected
efficacy rate, 35% threshold response rate, one-sided significance
level 0=0.042 and power 1-$=0.869.

The anti-tumor activity was estimated by response rate and 95%
confidence intervals. Toxicity was estimated by subjective and
objective findings and incidence by, in comparison between CDDP
day 1 and day 5 schedules. Since the stage | study was not
statistically powered, the two arms were analyzed separately.

At stage 2, clinically useful threshold and expected efficacy rate
were set as 60% and 85% respectively. On this basis, 26 cases were
required based on a=0.05 (bilaterally) and $=0.2 (one-sided), thus the
target number of cases use 30. In addition to stage 1, 15 cases were
planned to be enrolled for the selected superior arm. The primary
endpoint of stage 2 was to assess the anti tumor efficacy of Tp in
combination with CDDP. taking the toxicity profile into account. The
secondary endpoint was overall survival, and the several survival
curves were estimated by means of the Kaplan and Meier method.

Results

From August 2005 through July 2008, a total of 44
chemotherapy-naive Japanese ED -SCLC patients were
enrolled into this study from 16 institutions. All 44 cases
were eligible. In stage 1, 30 patients were randomly assigned
to the arms of CDDP day 1 and day 5 schedules. In stage 2
14 patients were enrolled for arm B, in addition to stage 1
(total 29 cases for this schedule). All enrolled patients were
included in analyses of tumor response and toxicity. Survival

k)

times of 29 patients for CDDP day 5 schedule were
evaluated. Patients’ characteristics are listed in Table I. For
arm B, 6 female patients were enrolled in stage 1. Median
ages for patients in arms A and B in stage 1 were 62 (55 to
74) and 66 (56 to 74) years, respectively. There were no
enrolment criteria or protocol violations. Total cycles for
each stage are listed in Table II. Median treatment of cycles
was 4 in both stage 1 and stage 2.

Response. Clinical response for stage 1 is listed in Table II.
Arm A resulted in 12 partial responses (PRs), 1 case of
stable disease (SD) and 1 case not evaluated (NE). The
response rate was 80% (95% CI of 51.9 to 95.7%). Arm B
had 12 PRs, 2 case of SD and 1 case of progressive disease
(PD). The response rate of arm B was 80% (95% CI of 51.9
t0 95.7%). In stage 1, there was no difference in the response
rate between arm A and arm B. It is notable that 1 complete
response (CR) was observed in stage 2. Total response for
CDDP day 5 schedule (29 cases in stage | and 2) was 1 CR,
23 PRs, 3 SDs, and 2 NEs with median response rate of 83%
(95% CI of 64.2 to 94.2%). As of November 2009, when the
final analysis was conducted, the median overall survival was
17.5 months (95% CI of 14.8 to 20.8 months) for CDDP day
5 schedule. A Kaplan-Meier curve for survival of patients in
arm B is indicated in Figure 2. Overall survival rate for this
group was 79% (95% CI of 64.6 to 94.1%) at 1 year.
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Table 1. Parient characteristics.

Table I1. Number of treanment cycles and clinical response.

Stage | Stage 2 Stage | Stage 2
CDDPon CDDPon CDDP on CDDPon CDDPon CDDP on
day 1 day 5 day 5 day 1 day 5 day 5
No. of patients 15 15 14% Topotecan (mg/m?) 0.65 1.00 1.00
No. of patients 15 15 20%
Gender Count of treatment cycles
Male 15 9 12 Count of total cycles 52 53 110
Female 0 6 2 Median cycle 4 4 4
Age (years) Clinical response**
Median 620 66.0 64.0 Complete response 0 0 1
Range 55-74 56-74 46-73 Partial response 12 12 23
Performance status (ECOG)** Stable disease . 1 2 3
0 5 4 4 Progressive disease 1 0 0
1 10 11 10 Not evaluable 1 1 2
Stage Response rate (%) 80 80 83
1IB 0 3 2 95% Confidence interval (%) 51.9-95.7 519957 64.2-942
1A% 15 12 12
Tumor diameter (mm) *Selected 15 patients of CDDP on day 5 in stage 1 + additional 14
50-100< I 2 1 patients in stage 2. **Evaluated according to RECIST.
=100 14 13 13
Metastasis
Lung 3 3 3
Liver 7 4 2
Brain 6 : 3 Discussion
Bone 4 5 6

*Additional patients in stage 2. **Eastern cooperative oncology group.

Toxicity. The toxicity profile in stage 1 is listed in Table III.
No death or febrile neutropenia was observed for any of the
30 patients in stage 1. The main grade 3/4 adverse events in
stage 1 were hematological toxicities: leukopenia, neutropenia,
thrombocytopenia and anemia; were observed as 40%, 67%,
67% and 60% for arm A and 7%, 40%, 60% and 47% for arm
B, respectively. Arm A had a tendency for higher incidence of
adverse events than arm B. Non-hematological events
(subjective and objective findings) in stage | were nausea,
anorexia, constipation, vomiting, fatigue and alopecia, with a
range of 53% to 93%. As Grade 3 events, anorexia, fatigue
and body weight loss were observed each for 1 patient. There
was no difference in non-hematological toxicity profile
between the two CDDP schedules. Over 50% of patients in
stage 1 experienced increased AST and/or ALT, with 2 cases
of grade 3 AST increase. Because no difference in the efficacy
between the two arms was observed, the CDDP day 5
schedule was employed for stage 2, taking the hematological
toxicity profile into account with lower incidence of grade 3
events in arm B compared with arm A in stage 1. The toxicity
profile of stage 2 is listed in Table III. No death or febrile
neutropenia was observed in this group. The main adverse
events in stage 2 were similar to those of arm B in stage 1,
both in nature and grade.
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In this study, Tp at 0.65 mg/m? and 1.00 mg/m? were
employed for CDDP day 1 and day 5 schedules, respectively,
based on the results of a previous phase I study. In stage 1,
CDDP schedules of day 1 and day 5 administration were
evaluated to select optimum combination with Tp, taking
response and toxic profile into account. In stage 2, additional
patients were enrolled onto the superior regimen to evaluate
response rate as primary endpoint and overall survival (time
and 1-year rate) as secondary endpoints. In stage 1, both
arms had similar responses, with different hematological
toxicity profiles. In arm A, the incidence of grade 3/4
hematological events were slightly higher than those in arm
B. From the safety point of view, the CDDP day 5 schedule
was employed for further study.

Although the primary endpoint of stage 1 was the
response rate of this combination by schedule, there were no
substantial difference between the two schedules, hence the
toxicity profile was taken into account for the selection of
the superior arm.

In a previous report from North America/Europe, death
from sepsis with the CDDP day 1 regimen was shown,
indicating the possibility of severe hematological toxicity
(19), and then the validity of CDDP day 5 schedule was
suggested (7, 12, 19). Although the administration timing of
CDDP in the combination is the same for Japanese patients,
in arm A in this study, no death or febrile neutropenia was
observed, likely due to the contribution of G-CSF from day
6. The response rate for the 29 cases of CDDP day 5
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Figure 2. The survival curve for patients treated with topotecan combination with cis

95% confidence interval.

Table 1. Adverse events of stage I in this phase Il study.

splatin on day 5 is shown. MST, Median survival time; 95% CI,

CDDP on day 1 (n=15)

CDDP on day 5 (n=15)

Toxicity* Grade Any grade Grade Any grade
3/4 (n) (%) n) (%) 3/4 (n) (%) (n) (%)
Hematological Leukopenia 6/0 40 11 733 1/0 7 12 80.0
Neutropenia 3/7 67 12 80.0 4/2 40 14 933
Thrombocytopenia 6/4 67 14 933 3/3 60 15 100.0
Anemia 712 60 14 933 512 47 15 100.0
Hepatic AST 0/0 0 2 13.3 2/0 13 10 66.7
ALT 1/0 7 3 20.0 0/0 0 9 60.0
T-bilirubin 0/0 0 3 20.0 0/0 0 5 333
Gastrointestinal Anorexia 1/0 7 9 60.0 0/0 0 13 86.7
Nausea 0/0 0 12 80.0 0/0 0 14 933
Vomiting 0/0 0 8 533 0/0 0 9 60.0
Constipation 0/0 0 8 533 0/0 0 10 66.7
Diarrhoea 0/0 0 I 6.7 0/0 0 5 333
Hiccup 0/0 0 6 40.0 0/0 0 2 13.3
Systemic Fatigue 0/0 0 10 66.7 1/0 7 10 66.7
Body weight loss 0/0 0 5 333 1/0 7 7 46.7
Fever and other Fever 0/0 0 2 13.3 0/0 0 l 6.7
Alopecia 0/0 0 12 80.0 0/0 0 11 73.3

*Severity of each event was evaluated according to CTCAE version 3.0.

schedule group was 83%, including I CR. The median
survival time was 17.5 months and the 1-year survival rate
was 79%. Among observed adverse events, grade 3/4 events
were hematological. Major non-hematological adverse events
were digestive organ toxicity, (anorexia, nausea, vomiting

and constipation), and alopecia, with grade 1/2. These events
were also observed in Tp mono therapy (20), thus no CDDP
contribution of to stimulation of toxicity was considered.
However, AST/ALT increases did occur, in 50% of CDDP
day 5 schedule cases. These hepatic events were transient
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Table IV. Adverse events of stage 2 in this phase I study.

Grade Any grade

Toxicity* 3/4 (n) (%) (n) (%)

Hematological ~ Leukopenia 4/0  13.8 26 897
Neutropenia 8/6 482 28 966
Thrombocytopenia 57 414 27 931

Anemia 14/3 586 29 1000

Hepatic AST 2/0 69 15 482
ALT 0/0 0 17" 586

T-bilirubin 0/0 0 7 24.1

Gastrointestinal ~ Anorexia 0/0 0 26 89.7
Nausea 0/0 0 25 86.2

Vomiting 0/0 0 15 517

Constipation 0/0 0 20 690

Diarrhoea 0/0 0 10 345

Hiccup 0/0 0 11 379
Systemic Fatigue 1/0 34 21 724
Body weight loss 1/0 34 12 414

Fever and other  Fever 0/0 0 5 172
Alopecia 0/0 0 21 724

Severity of each event was evaluated according to CTCAE version 3.0.

and did not influence on study continuation. Similar
incidence of such as increase was reported for irinotecan (4).
Since the total treatment of completed cycles for both stages
I and 2 was expected to be 4, high tolerability was
estimated. The response rate to Tp combination with CDDP
in this study was very much improved compared with the
39% response to Tp mono therapy (21). On the other hand,
no difference in the toxic profile was observed, suggesting
that the contribution of CDDP was solely for efficacy. The
toxicity difference between two schedules is considered as
the influence on renal function disorder caused by CDDP as
observed in the regimen of CDDP day [ schedule (7).

The response rate of this combination was equally
matched to that of irinotecan in combination with CDDP, but
superior in median survival time and 1-year survival rate.
Furthermore, this regimen had a better profile for incidence
and grade of diarrhea than that of irinotecan.

The median survival times and 1-year survival rate in this
study were similar to those obtained in Japanese patients
with irinotecan regimen. Noda e al. showed survival benefit
for CDDP plus irinotecan in comparison with PE (4).
However, two similar trials (22, 23) did not show any benefit
of irinotecan in combination with CDDP over PE. The
sample size or ethnic effect has been considered as the
reason for this difference (22). Taking these studies together,
irinotecan is an active drug for SCLC in some populations
and settings. Superior results of Topo I inhibitor and CDDP
regimens in Asian individual, Japanese, and Korean, have
been reported (24-20).
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The clinical efficacy of Topo I inhibitor plus CDDP is
summarized in Table V. The response rates, median survival
times and survival rates of patients treated with Tp plus CDDP
and irinotecan plus CDDP regimens are better than the
combination of etoposide plus CDDP. Since it is known that
the efficacies of etoposide and CDDP combination in Japan
and North America/Europe are similar, there may be difference
in response to the CDDP combination with Topo I inhibitor or
with Topo II inhibitor in Japanese patients. Recently, an ethnic
effect for response to chemotherapy, such as the gefitinib study,
has been revealed (27). These results suggest the possibility of
an ethnic effect in non-small cell lung cancer therapy, and
study of such as effect may lead to a novel therapy against ED-
SCLC. Tp, when compared with irinotecan, has a lower rate of
associated diarrhea. Therefore, Tp combined with CDDP
therapy resulted in a higher response rate and survival time
from this study. It is possible that this combination therapy
regimen of Tp for previously untreated ED-SCLC patients may
be as useful as irinotecan combination with CDDP therapy.

Conclusion

The combination of Topo I inhibitor, Tp on 5 consecutive
days and CDDP on day 5 with G-CSF support is a safe and
active regimen for therapy-naive Japanese patients with ED-
SCLC. This regimen appeared to be well-tolerated in this
patient population. Future clinical trials should elucidate the
role of Tp in first-line treatment of ED-SCLC.
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