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Abstract

Forkhead box Q1 (FOXQ1) is a member of the forkhead transcription factor family, and it has recently
been proposed to participate in gastric acid secretion and mucin gene expression in mice. However, the
role of FOXQI in humans and especially in cancer cells remains unknown. We found that FOXQI mRNA
is overexpressed in clinical specimens of colorectal cancer (CRC; 28-fold/colonic mucosa). A microarray
analysis revealed that the knockdown of FOXQI using small interfering RNA resulted in a decrease in
p21CPVWAFL exbression, and a reporter assay and a chromatin immunoprecipitation assay showed that
p21 was one of the target genes of FOXQI. Stable FOXQl-overexpressing cells (H1299/FOXQ1) exhibited
elevated levels of p21 expression and inhibition of apoptosis induced by doxorubicin or camptothecin.
Although cellular proliferation was decreased in H1299/FOXQl cells in vitro, H1299/FOXQI1 cells signifi-
cantly increased tumorigenicity [enhanced green fluorescent protein (EGFP): 2/15, FOXQl: 7/15] and en-
hanced tumor growth (437 + 301 versus 1735 + 769 mm® P < 0.001) in vivo. Meanwhile, stable p21
knockdown of H1299/FOXQ1 cells increased tumor growth, suggesting that FOXQl promotes tumor
growth independent of p21. Microarray analysis of H1299/EGFP and H1299/FOXQIl revealed that FOXQl
overexpression upregulated several genes that have positive roles for tumor growth, including VEGFA,
WNT34, RSP0O2, and BCLI11A. CD31 and terminal deoxynucleotidyl transferase-mediated dUTP nick end
labeling staining of the tumor specimens showed that FOXQ1 overexpression mediated the angiogenic
and antiapoptotic effect iz vivo. In conclusion, FOXQI is overexpressed in CRC and enhances tumorige-
nicity and tumor growth presumably through its angiogenic and antiapoptotic effects. Our findings show
that FOXQ1 is a new member of the cancer-related FOX family. Cancer Res; 70(5): 2053-63. ©2010 AACR.

introduction

The forkhead box (Fox) gene family is a large and diverse
group of transcription factors that share certain characteris-
tics of a conserved, ~100 amino acid DNA-binding motif
known as the forkhead or winged helix domain; over 100
proteins with forkhead domains have been identified, com-
prising at least 17 subclasses to date (1). The Fox gene family
plays various important roles, not only in biological pro-
cesses including development, metabolism, immunology,
and senescence but also in cancer development (2, 3).
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Forkhead box Q1 (FOXQI, also known as HFHI1) is a
member of the FOX gene family and contains the core
DNA binding domain, whereas the flanking wings of FOXQ1
contribute to its sequence specificity (4). As a transcription
factor, FOXQ1 is known to repress the promoter activity of
smooth muscle-specific genes, such as telokin and SM22a,
in A10 vascular muscle cells (5), and FOXQI expression is
regulated by Hoxal in embryonic stem cells (6). The bio-
logical function of Foxgl has been clearly identified in hair
follicle differentiation in satin (sa) homozygous mice (7); in-
terestingly, satin mice also exhibit suppressed natural killer
cell function and T-cell function, suggesting a relation with
immunology. Satin mice have provided evidence that
Hoxcl3 regulates foxql expression and that “cross-talk”
occurs between Homeobox and Fox (8). Foxql mRNA is
widely expressed in murine tissues, with particularly high
expression levels in the stomach and bladder (5). Recently,
two important findings have been reported regarding its in-
volvement in stomach surface cells. Foxql-deficient mice
exhibit a lack of gastric acid secretion in response to vari-
ous secretagogue stimuli (9). On the other hand, Foxql reg-
ulates gastric MUC5AC synthesis, providing clues as to the
lineage-specific cell differentiation in gastric surface epithe-
lia (10). Despite accumulating evidence supporting the bio-
logical function of the murine foxql gene in hair follicle

www.aacrjournals.org

ﬁ({ American Association for Cancer Research

Downloaded from cancerres.aacrjournals.org on March 22, 2011
Copyright © 2010 American Association for Cancer Research

-118-

2053



2054

Published OnlineFirst February 9, 2010; DOI:10.1158/0008-5472.CAN-09-2161

Kaneda et al.

morphogenesis and gastric epithelial cells, no data regard-
ing the cellular and biological functions of human FOXQI,
especially in cancer cells, are available.

p21CIPV/WATL (hereafter called p21) is a member of the cip/
kip family of cyclin kinase inhibitors, and initial reports have
shown that p21 functions as a G; cyclin kinase inhibitor
(11, 12) and a downstream molecule of p53 (13). p21 pos-
sesses a variety of cellular functions, including the negative
modulation of cell cycle progression (14), cellular differenti-
ation (15), and the regulation of p53-dependent antiapoptosis
(reviewed in ref. 16). The expression of p21 is regulated by
both p53-dependent and p53-independent mechanisms at
the transcriptional level. Other regulatory mechanisms of
p21 expression involve proteasome-mediated degradation,
mRNA stability, alterations in the epigenetic silencing of
the p21 promoter, and secondary decreases resulting from
viral activity targeting p53, such as the activities of human
papilloma virus and hepatitis C virus (17). However, its
expression is considered to be regulated mainly at the tran-
scriptional level (18). Accumulating data indicate that many
molecules from diverse signaling pathways can activate or
repress the p21 promoter, including p53, transforming
growth factor-p (TGF-f3), c-jun, Myc, Sp1/Sp3, signal trans-
ducers and activators of transcriptions, CAAT/enhancer
binding protein-a (C/EBP-a), C/EBP-p, basic helix-loop-helix
proteins, and myogenic differentiation 1 (reviewed in ref. 19).
Thus, p21 is integrally involved in both cell cycle and apopto-
sis; therefore, identifying its regulatory molecules is of great
importance.

We performed a microarray analysis of clinical samples of
paired colorectal cancer (CRC) specimens and normal colon-
ic mucosa specimens to identify genes that were over-
expressed in CRC. Our results revealed that FOXQI gene
expression was ~28-fold higher in CRC than in normal colon-
ic mucosa, and we hypothesized that FOXQ1 may play a role
in CRC. In the present study, we investigated the biological
function of FOXQI.

Materials and Methods

Antibodies. The following antibodies were used: anti-p21,
anti-p53, anti-cdk2, anti-cdk4, anti-cyclin D, anti-phos-
phorylated Rb, anti-poly(ADP-ribose) polymerase (PARP),
anti-cleaved PARP, anti-caspase-3, anti-cleaved caspase-3,
secondary antibodies, and Myc-tag mouse antibody (Cell Sig-
naling), as well as anti-B-actin (Santa Cruz Biotechnology).
A mouse anti-CD31 monoclonal antibody was purchased
from BD Biosciences.

Cell lines and cultures. The DLD-1, MKN74, H1299,
SBC3, and U251 cell lines were cultured in RPMI 1640
(Sigma). The WiDr, CoL0o320DM, and human embryonic
kidney cell line 293 (HEK293) cell lines were cultured in
DMEM (Sigma), and the LoVo cell line was cultured in
Ham/F12 medium [Life Technologies Bethesda Research

-Laboratories (BRL)]. All media were supplemented with

10% heat-inactivated fetal bovine serum (Life Technologies
BRL), and the cell lines were maintained in a 5% CO,-
humidified atmosphere at 37°C.

Patients and samples. Paired CRC and noncancerous co-
lonic mucosa samples were evaluated using a microarray
analysis in the first consecutive 10 patients. These samples
and another 36 CRC samples were analyzed using real-time
reverse transcription-PCR (RT-PCR). The RNA extraction
method and the quality check protocol have been previously
described (20). This study was approved by the institutional
review board of the National Cancer Center Hospital, and
written informed consent was obtained from all the patients.

Plasmid construction, viral production, and stable
transfectants. The ¢cDNA fragment encoding human full-
length FOXQ1 was isolated using PCR and Prime STAR
HS DNA polymerase (TaKaRa) with 5-GGG AAT TCG
CGG CCA TGA AGT TGG AGG TCT TCG TC-3' and 5'-
CCC TCG AGC GCT ACT CAG GCT AGG AGC GTC TCC
AC-3’ sense and antisense primers, respectively. The meth-
ods used in this section have been previously described
(21). Short hairpin RNA (shRNA) targeting p21 was con-
structed using oligonucleotides encoding small interfering
RNA (siRNA) directed against p21 and a nonspecific target
as follows: 5-CTA AGA GTG CTG GGC ATT TTT-3' for p21
shRNA and 5'-TGT TCG CAG TAC GGT AAT GTT-3’
for control shRNA. They were cloned into an RNAi-Ready
pSIREN-RetroQZsGreen vector (Clontech) according to
manufacturer's protocol. The stable transfectants expressing
enhanced green fluorescent protein (EGFP) or FOXQI or
FOXQl with shRNA targeting p21 for each cell line were
designated as HEK293/EGFP, HEK293/FOXQl, CoL0320/
EGFP, CoL0320/FOXQ1, H1299/EGFP, H1299/F0OXQl,
H1299/FOXQ1/sh-control, and H1299/FOXQ1/sh-p21. The
FOXQI human cDNA was tagged at the NH, terminus with
the myc epitope using the pCMV-Myc vector (Clontech) for
chromatin immunoprecipitation (ChIP) assay.

SiRNA transfection. Two different sequences of siRNA tar-
geting human FOXQ! and negative control siRNA were pur-
chased from QIAGEN. The sequences of FOXQ1 and control
siRNA were as follows: FOXQ1#1 sense, 5'-CCA UCA AAC
GUG CCU UAA A-3' and antisense, 5'-UUU AAG GCA CGU
UUG AUG G-3’; FOXQ1#4 sense, 5'-CGC GGA CUU UGC ACU
UUG A-3’ and antisense, 5-UCA AAG UGC AAA GUC CGC
G-3’; control siRNA (scramble) sense, 5'-UUC UCC GAA
CGU GUC ACG U-3’ and antisense, 5-ACG UGA CAC GUU
CGG AGA A-3'; control siRNA (GFP) sense, 5'-GCA AGC UGA
CCC UGA AGU UCA U-3' and antisense, 5'-GAA CUU CAG
GGU CAG CUU GCC G-3'. The methods of transfection have
been previously described (22).

Real-time RT-PCR and Western blot analysis. The meth-
ods used in this section have been previously described
(21). The primers used for real-time RT-PCR were pur-
chased from Takara as follows: FOXQ1 forward, 5'-CGC
GGA CTT TGC ACT TTG AA-3’ and reverse, 5'-AGC TTT
AAG GCA CGT TTG ATG GAG-3'; p21 forward, 5'-TCC
AGC GAC CTT CCT CAT CCA C-3' and reverse, 5'-TCC
ATA GCC TCT ACT GCC ACC ATC-3'; glyceraldehyde-3-
phosphate dehydrogenase (GAPD) forward, 5'-GCA CCG
TCA AGG CTG AGA AC-3' and reverse, 5-ATG GTG GTG
AAG ACG CCA GT-3'. The experiment was performed in
triplicate.
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Luciferase reporter assay. The human p21 promoter
reporter vector was constructed according to a previously
described method (13). The p21 promoter fragment was
cut between the Kpnl and Xhol restriction sites and was
transferred into the luciferase reporter vector pGL4.14 (Pro-
mega). All sequences were verified using DNA sequencing.
The empty and p21 promoter-containing reporter vectors
were designated as pGIL4.14-mock and pGL4.14-p21, respec-
tively. All the samples were examined in triplicate.

ChIP. ChIP was carried out using the ChIP-IT Express
Enzymatic kit (Active Motif) according to manufacturer's
protocol. HEK293 cells were transfected with empty vector
(Myc) or Myc-tagged FOXQI vector. The putative region of
the p21 promoter (-2264 to -1971) was amplified with the
following primers: 5'-TTG AGC TCT GGC ATA GAA GA-3’
(forward) and 5’-TAC CCA GAC ACA CTC TAA GG-3' (re-
verse). As a negative control, the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) second intron promoter was am-
plified with the following primers: 5-AAT GAA TGG GCA
GCC GTT AG-3’ (forward) and 5’-AGC TAG CCT CGC TCC
ACCTGA C-3' (reverse).

Xenograft studies. Two separate xenograft studies were
performed independently. Nude mice (BALB/c nu/nu;

6-week-old females; CLEA Japan, Inc.) were used for the
in vivo studies and were cared for in accordance with the re-
commendations for the Handling of Laboratory Animals for
Biomedical Research compiled by the Committee on Safety
and Ethical Handling Regulations for Laboratory Animals
Experiments, Kinki University. The ethical procedures fol-
lowed and met the requirements of the United Kingdom
Coordinating Committee on Cancer Research guidelines
(23). To assess tumorigenicity, suspensions of 1 x 10°
H1299/EGFP or H1299/FOXQ1 cells (in 0.1 mL PBS) were
s.c. injected into the left or right flanks of nude mice (n =
15), respectively. To evaluate tumor growth, a suspension
of 6 x 10° H1299/EGFP, H1299/FOXQ1, H1299/FOXQ1/sh-
control, and H1299/FOXQ1/sh-p21 cells (in 0.1 mL PBS) were
s.c. inoculated (n = 10) into nude mice. The tumor volume
was calculated as length x width® x 0.5. The tumor formation
was assessed every 2 to 3 d. At the end of the experiment, the
mice were sacrificed and the xenografts were resected, fixed
in 10% buffered formalin for 6 to 10 h, and processed for
histologic analysis.

Immunohistochemical and immunofluorescence
staining. The methods used in this section have been
previously described (24, 25).
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.FOXQ1 expression in CRC. A, mRNA expression of FOXQ1 obtained from a microarray analysis of 10 CRC and paired normal mucosa specimens.

The values indicate the normalized signal intensity. B, the mRNA expression levels of FOXQ7 were determined using real-time RT-PCR for 10 paired
and an additional 36 CRC samples. C, the mRNA expression levels of FOXQ7 were determined using a real-time RT-PCR analysis of human normal tissue
(left) and 30 human cancer cell lines, HEK293, and human umbilical vascular endothelial cell (HUVEC) cell lines (right). GC, gastric cancer; LC, lung

cancer; Rel mRNA, normalized mRNA expression levels (FOXQ1/GAPD x 10%).
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Figure 2. FOXQ directly regulates p21 transcription. A, FOXQ1-targeting siRNA (FQ#1 and FQ#4) suppressed FOXQ1 expression in DLD-1 cells. The mRNA
expression levels of FOXQ1 were determined using real-time RT-PCR. B, microarray analysis of DLD-1 cells transfected with control-siRNA or
FOXQ1-siRNA. The longitudinal axis indicates the mRNA expression of FOXQ1-siRNA transfected cells and the horizontal axis indicates that of
control-siRNA. Arrow, FOXQ1 or p21 expression. Each point indicates the normalized and log base 2 transformed microarray data. C, induction of p21
promoter activity by FOXQ1. Luciferase vectors with either an empty or p21 promoter (pGL4.14-mock or pGL4.14-p21) were transiently cotransfected with a
mock or FOXQ1 expression plasmid (pcDNA3.1-mock or pcDNAS.1-FOXQ1) expressing B-galactosidase as an internal control. The results were
normalized to B-galactosidase activity and are representative of at least three independent experiments. D, ChIP of FOXQ1 on the promoter of p27. HEK293
cells were transfected with empty vector (Myc) or Myc-tagged FOXQ1 vector. Agarose gel shows PCR amplification (35 cycles) of the p27 promoter
using inputs (1% of chromatin used for ChiP) or ChiPs as templates. Primers to the GAPDH promoter were used as the negative control.

Microarray analysis. The microarray procedure and anal-
ysis were performed according to the Affymetrix protocols
and BRB Array Tools software, Ver. 3.3.0,* developed by
Dr. Richard Simon and Dr. Amy Peng, as reported previously
(21, 26).

Statistical analysis. The statistical analyses were per-
formed using Microsoft Excel (Microsoft) to calculate the
SD and to test for statistically significant differences between
the samples using a Student's ¢ test. A P value of <0.05 was
considered statistically significant.

Results

FOXQ1 mRNA was overexpressed in CRCs. A microarray
analysis for 10 paired CRC samples identified 30 genes as be-
ing significantly upregulated by >10-fold in CRC (P < 0.001;
Supplementary Table S1). FOXQI, an uncharacterized tran-

* http://linus.nci.nih.gov/BRB-ArrayTools.html

scription factor, was upregulated by 28-fold in the CRC speci-
mens (Fig. 1A), exhibiting the fourth highest level of upregu-
lation [after interleukin-8, matrix metalloproteinase-1 (MMP),
and MMP-3]. Real-time RT-PCR for the 10 paired samples
and an additional 36 CRC samples showed that FOXQI
mRNA was markedly overexpressed in the CRC samples
but was only expressed at a very low level in noncancerous
colonic mucosa (P < 0.001; Fig. 1B). The average levels of
FOXQI expression were 299 + 326 and 4.0 = 5.0 (x10*/GAPD),
respectively.

FOXQI expression in normal tissues and cancer cell
lines. To investigate the expression of FOXQI, we analyzed
the mRNA expression levels of FOXQI in panels of human
normal tissues and cancer cell lines using real-time RT-
PCR. High levels of FOXQI expression were observed in the
stomach, salivary gland, prostate, trachea, and fetal liver
among the 24 normal tissues that were examined (Fig. 1C,
left). Relatively weak expression levels were detected in
brain-derived tissues, kidney, lung, placenta, and thyroid
gland. These results were consistent with those of a previous
report (27).
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In the cancer cell line panel, the mRNA expression levels of
FOXQI were higher in gastric cancer, CRC, and lung cancer
cell lines than in the other cancer cell lines, indicating that
the expression of FOXQI varies among specific cancers
(Fig. 1C, right). Interestingly, the overexpression of FOXQI
in CRC arose from normal colonic mucosa with very low
expression levels during carcinogenesis.

p21 is a target gene of FOXQI. To examine the function
of FOXQ1 as a transcription factor and to explore its target
genes, we performed a microarray analysis using a CRC cell
line, DLD-1, transfected with FOXQ1-targeting siRNA or
control siRNA. Two sequences of FOXQ1-siRNA, FQ#1 and

FQ#4, were used to exclude the off-target effect of siRNA.
Real-time RT-PCR showed that both sequences of FOXQ1-
siRNA suppressed FOXQI mRNA expression by ~80% in
DLD-1 cells (Fig. 2A); thus, FQ#4 was used as the FOXQI-
siRNA in the following experiments. A microarray analysis
showed that 19 genes were downregulated by FOXQ1-siRNA
(Fig. 2B; Supplementary Table S2); p21 was the fifth most-
downregulated gene. Because p21 is a key regulator of cell
cycle and apoptosis, we focused on p21 as a target molecule
of FOXQ1.

To confirm the microarray data, p21 downregulation by
FOXQ1-siRNA was examined using real-time RT-PCR and a
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Figure 4 Overexpression of FOXQ1 promotes an antiapoptotic effect. Stable H1299 cell lines expressing EGFP or FOXQ1 (H1299/EGFP, H1299/FOXQ1)
were exposed to doxorubicin (A) or camptothecin (B) at a final concentration of 3 pmol/L. Apoptotic cells were detected by Annexin V and propidium
iodide (PI) using flow cytometry. C, Western blot analysis for apoptosis-related molecules. EGFP- or FOXQ1-expressing cells were exposed to doxorubicin
at the indicated doses (05 pmol/L) for 24 h. B-Actin was used as an internal control. Dox, doxorubicin; CPT, camptothecin; EGFP, H1299/EGFP;

FOXQ1, H1299/FOXQ1. *, P < 0.05.

Western blot analysis in DLD-1 cells. The results indicated
that both sequences of FOXQ1-siRNA (FQ#1 and FQ#4)
downregulated p21 expression at both the mRNA and pro-
tein levels. In addition, we confirmed the downregulation
of p21 by FOXQI-siRNA in other cell lines (WiDr and
HEK293), obtaining similar results (Supplementary Fig. S1).
FOXQ1 directly increases the transcription activity of
p21. We performed a luciferase reporter assay to determine
whether FOXQ1 regulates p21 expression at the transcrip-
tional level. A 2.4-kb section of the p21 promoter region

was subcloned into a luciferase vector according to a
previously described method (13, 28). The p21 promoter
activity was increased by >8-fold when cotransfected with
a FOXQI expression vector, compared with an empty vector
(Fig. 2C). To determine whether FOXQ!I directly binds to
p21 promoter, we transfected Myc or Myc-tagged FOXQI
vectors into HEK293 cells and then conducted ChIP experi-
ments. A segment of the p2I promoter containing putative
FOXQ1 binding site (-2264 to -1971) is precipitated with
specific antibody, only if, FOXQl was induced (Fig. 2D).
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The result indicates that FOXQI binds to the p21 promoter
and upregulates p21 transcriptional activity.
p53-independent p21 induction by FOXQI in cancer
cells. Because p53 is the most important regulatory mole-
cule of p21, we examined the downregulation of p21 by
FOXQ1-siRNA in several cell lines with p53-wild type,
p53-mutant, or p53-null statuses. These cell lines were
transfected with control-siRNA or FOXQ1-siRNA, and p21
induction was enhanced by doxorubicin (29-31). The
experiments were performed using three p53-wild type cell
lines, three p53-mutation cell lines, and one p53-null cell
line (Fig. 3A-C). Without doxorubicin exposure, all seven
cell lines showed that p21 expression was downregulated
by FOXQ1-siRNA. Notably, with doxorubicin exposure,
considerable p21 downregulation by FOXQI1-siRNA was
observed in the p53-mutation and p53-null cell lines,
compared with in the p53-wild type cell lines. In the p53-
null H1299 cell line, FOXQ1-siRNA completely suppressed

p21 expression. These results suggest that p21 induction
by FOXQI is p53 independent. An immunofluorescence
study of p21 in HI1299 cells also showed that p21 was
completely downregulated by FOXQ1-siRNA (Fig. 3D).

Overexpression of FOXQI increases p21 expression and
exhibits an antiapoptotic effect in cancer cells. Next, we
established a stable FOXQI-overexpressing cell line to con-
firm the induction of p21 expression by FOXQI and to detect
any changes in the cellular phenotype of the cancer cells.
FOXQI overexpression induced p21 expression (both mRNA
and protein) in HEK293 and CoL0320 cells (Supplementary
Fig. S1). Notably, p21 protein expression was markedly in-
duced by >10-fold in the H1299/FOXQ1 cells (Supplementary
Fig. S1). These results indicated that FOXQ1 robustly induces
p21 expression, consistent with the findings of the siRNA
study.

p21 induces an antiapoptotic effect and exerts a protec-
tive role against apoptosis induced by DNA damage. To
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Fiaure 5. Overexpression of FOXQ1 enhances tumorigenicity and tumor growth in vivo. A, cellular growth and immunoblotting analysis of H1299 cell lines

stably expressing EGFP or FOXQ1 (H1299/EGFP, H1299/FOXQ1). A total of 2 x 10° cells of each cell line were seeded in 96-well plates and evaluated
after 0, 24, 48, and 72 h using MTT assay. Error bars, SD. Protein levels of H1299/EGFP and H1299/FOXQ1 cells were examined by Western blotting
using specific antibody to p21, Cdk2, Cdk4, cyclin D, and phosphorylated Rb (pRb) protein. B-Actin was used as an internal control. EGFP, stable
EGFP-overexpressing cells; FOXQ1, stable FOXQ1-overexpressing cells. B, H1299/EGFP and H1299/FOXQ1 cells were evaluated for their tumorigenicity
in vivo. Mice (n = 15) were s.c. inoculated with a total of 1 x 10° cells. The numerical data indicate the number of mice. A total of 6 x 10° H1299/EGFP
or H1299/FOXQ1 cells were s.c. inoculated into the right flank of each mouse to evaluate the tumor growth in vivo (n = 12). Representative H&E
staining of tumor specimens was also shown. C, stable p21 knockdown or control cells obtained from H1299/FOXQ1 cells (H1299/FOXQ1/sh-control
and H1299/FOXQ1/sh-p21) were evaluated for cellular growth and immunobiotting analysis. D, a total of 6 x 108 H1299/FOXQ1/sh-control or
H1299/FOXQ1/sh-p21 cells were s.c. inoculated into the right flank of each mouse to evaluate the tumor growth (n=10). %, P < 0.05.
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Figure 6. FOXQ1 promotes angiogenic and antiapoptotic effects in vivo. A, microarray analysis for H1299/EGFP or H1299/FOXQ1 cells. The upregulated
genes over 4-fold by FOXQ1 were shown in the list. B, the mRNA expression levels of VEGFA were determined using a real-time RT-PCR analysis. Rel
mRNA, normalized mRNA expression levels (VEGFA/GAPD x 10%). VEGF, CD31, TUNEL, and p21 staining of tumor specimens inoculated with H1299/EGFP
or H1299/FOXQ1 cells. Microvessel density (MVD) was determined by CD31-positive endothelial cells in tumor specimens using computer-assisted
image analysis (Image J software package). C, diagram of a proposed mechanism of FOXQ1 for tumorigenicity and tumor growth. *, P < 0.05.

elucidate the role of apoptosis induced by FOXQIl in
cancer cells, we examined the apoptotic effect in H1299/
EGFP and H1299/FOXQI cells using anticancer drugs. The
overexpression of FOXQI inhibited the apoptosis induced
by doxorubicin (H1299/EGFP: 7.9 + 1.9%, H1299/FOXQl:
2.7 = 0.7%; Fig. 4A). Similarly, camptothecin-induced
apoptosis was also inhibited in FOXQI-overexpressing cells
(H1299/EGFP: 7.4 + 2.1%, H1299/FOXQL: 2.5 + 1.0%; Fig. 4B).
Western blotting revealed that FOXQl overexpression
decreased the levels of cleaved caspase-3 and cleaved PARP
induced by doxorubicin (Fig. 4C). These results are consis-
tent with those obtained using flow cytometry.
Overexpression of FOXQI decreases cellular prolifera-
tion but enhances tumorigenicity and tumor growth
in vivo. Stable H1299/FOXQI cells showed decreased cellular

proliferation compared with control cells in vitro (Fig. 5A).
Expressions of Cdk4, cyclin D1, and Cdk2 were decreased
by FOXQI expression in H1299/FOXQI cells and resulted in
a decrease of phosphorylated Rb expression (Fig. 5A). To
examine the biological functions of FOXQ1 overexpression
in vivo, we evaluated tumorigenicity and tumor growth using
H1299/EGFP or H1299/FOXQ1 cells. H1299/FOXQ1 cells ex-
hibited a significantly elevated level of tumorigenesis in vivo
(GFP 2/15, FOXQ1 7/15, P < 0.05; Fig. 5B). In addition, the
tumor volume was markedly larger in H1299/FOXQ1 cells
than in H1299/EGFP cells (EGFP: 437 + 301, FOXQIl: 1735 =
769 mm®, P < 0.001; Fig. 5B) on day 25.

P21 does not contribute to FOXQI-mediated tumor
growth in vive. Because emerging evidence has indicated
that p21 may have dual functions with regard to tumor
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progression and the suppression of cancer cells (32, 33), the
shRNA targeting p21 or shRNA control viral vectors were fur-
ther introduced into the H1299/FOXQ1 cells to elucidate the
involvement of p21 in increased FOXQ1-mediated tumorige-
nicity and tumor growth in vivo. Stable H1299/FOXQ1/sh-p21
cells were slightly increased in cellular proliferation in vitro
(Fig. 5C). In addition, tumor growth of H1299/FOXQ1/sh-p21
cells was increased compared with control cells in vivo (Fig.
5D). The results clearly indicate that p21 has negative roles
for cellular proliferation and tumor growth in FOXQl-overex-
pressing cells, suggesting that p21 does not contribute to
FOXQl-mediated tumor growth in FOXQI-overexpressing
cells in vivo.

Overexpression of FOXQI promotes angiogenesis and
antiapoptosis in vivo. To gain an insight into the mecha-
nism by which FOXQ1 enhances tumor growth in vivo, we
performed the microarray analysis on H1299/EGFP and
H1299/FOXQ1 cells. Fifty-two genes were upregulated over
4-fold by overexpression of FOXQ1 including several genes
that have positive roles for tumor growth, such as VEGFA,
WNT3A, RSPO2, and BCL11A (Fig. 6A). Overexpression of
FOXQ! upregulated the VEGFA expression for 4.4-fold, sug-
gesting the possibility of enhanced angiogenesis. Real-time
RT-PCR for these cells and vascular endothelial growth factor
(VEGF) staining of tumor specimens confirmed the result
(Fig. 6B). Furthermore, CD31 staining of the tumor spe-
cimens showed that FOXQ1 overexpression significantly
increased the angiogenesis in vivo.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) and p21 immunostaining of the
tumor specimens showed that p2l expression was increased
and apoptosis was inhibited in H1299/FOXQ1 cells (Fig. 6B).
These results strongly suggest that FOXQ1 promotes tumor-
igenicity and tumor growth with its angiogenic and antia-
poptotic properties in vivo (Fig. 6C).

Discussion

FOX transcription factors are an evolutionarily conserved
superfamily that control a wide spectrum of biological pro-
cesses. Several Fox gene family members are involved in the
etiology of cancer. Only the FOXO family has been regarded
as bona fide tumor suppressors that promote apoptosis and
cell cycle arrest at G, (34, 35). The loss of FOXO function ob-
served in alveolar rhabdomyosarcoma through chromosomal
translocation was first identified in relation to cancer. Many
target genes of FOXO have been reported to date, including
p21, cyclin D, Bim, TRAIL, and ER-« (36). On the other hand,
the overexpression of FOXM is observed in head and neck
cancer, breast cancer, and cervical cancer, and it enhances
proliferation and tumor growth in vitro (37), suggesting that
FOXM may be an oncogene. Although the available evidence
is not conclusive, FOXP, FOXC, and FOXA have been linked
to tumorigenesis and progression of certain cancers (36).
Thus, the FOX family is thought to act as either an oncogene
or a tumor suppressor. In the present study, we showed
that the overexpression of FOXQI played a tumor-promoting
role in CRC.

The p21 promoter region contains several definitive DNA
regulatory elements, such as the p53-binding domain, E-box,
Smad binding element, and TGF-f response elements. In the
case of the other FOX family member FOXO, a recent report
showed that the p21 promoter contains a consensus fork-
head binding element (GGATCC) immediately upstream of
the first Smad binding element and that the FOXO and Smad
complexes activate p21 expression, whereas the FOXG1 pro-
tein binds to FOXO and blocks p21 induction (38). On the
other hand, the consensus binding sequence (5'-NA(A/T)
TGTTTA(G/T)(A/T)T-3’) has been defined for human FOXQ1
(4). The p21 promoter region contains several putative
FOXQI binding sites according to its consensus binding se-
quence. Indeed, we have shown that FOXQI binds to a seg-
ment of the p21 promoter, indicating that FOXQ1 directly
transactivates the p21 gene expression.

The initial descriptions of p21 were thought to indicate a
tumor suppressor-like role, and p21 was almost solely re-
garded as a modulator with the principal function of inhibit-
ing a cyclin-dependent kinase activity and, hence, cell cycle
progression, because it was originally identified as a media-
tor of p53-induced growth arrest. However, emerging evi-
dence has indicated that p21 may have dual functions with
regard to tumor progression and the suppression of cancer
cells, with examples of other genes with dual functions in-
cluding TGF-p, Notch, Runx3, E2F, and p21 (32). Besides its
growth inhibitory role, p21 is known to have a positive effect
on cell proliferation (39-41). A more recent study on leuke-
mic stem cells showed a p2l-dependent cellular response
that leads to reversible cell cycle arrest and DNA repair;
such data clearly illustrate the oncogenic potential of p21
(33). We have shown that p21 has negative roles for tumor
growth using FOXQ1l-overexpressing cells with knockdown
of p21 (Fig. 5D).

Recently, accumulating evidence has shown that FOX
transcriptional factors are involved in VEGF regulation and
angiogenesis. For example, forkhead has exhibited a positive
role in mediating induction of VEGF (42-44). In the present
study, we identified VEGFA as a candidate target gene of
FOXQ! by microarray analysis and showed that FOXQ1
increased angiogenesis in vivo. Interestingly, although over-
expression of FOXQ1 decreases cellular proliferation
in vitro, it enhances tumorigenicity and tumor growth in vivo.
We consider that this discrepancy can be explained by these
angiogenic and antiapoptotic effects of FOXQI contribute to
enhanced tumor growth in vivo, although p21 negatively
functions.

We showed that the overexpression of FOXQI inhibited
doxorubicin-induced and camptothecin-induced apoptosis
in p53-inactivated cancer cells. Therefore, we speculated
that FOXQ1 might be a new determinant factor of resistance
to drug-induced apoptosis and might represent a poor
prognostic factor for CRC patients.

In conclusion, FOXQ1 is markedly overexpressed in CRC
and enhances tumorigenicity and tumor growth in vivo.
We have elucidated a biological function of FOXQI, which
directly upregulates p21 transcription and promotes angio-
genesis and antiapoptosis. Our findings support FOXQ1
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as a new member of the cancer-related FOX family in
cancer cells.
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Abstract

Background Oral fluoropyrimidines are widely used as
standard treatment for gastric cancer, but peritoneal dis-
seminated gastric cancer patients are often ineligible for
chemotherapy using oral anticancer agents because of
inadequate oral intake. The purpose of this study was to
evaluate the treatment outcome and identify the prognostic
factors in gastric cancer patients with inadequate oral
intake resulting from peritoneal dissemination.

Methods Seventy-nine patients with peritoneal dissemi-
nated gastric cancer receiving systemic chemotherapy as
the first-line treatment option at our hospital between April
1999 and December 2006, and who were administered
intravenous drip infusion because of inadequate oral intake,
were retrospectively analyzed.

Results Al patients received 5-fluorouracil (5-FU)-based
chemotherapy. Of the 79 treated patients, 71 had ascites as
peritoneal dissemination and the remaining 8 had only
gastrointestinal stenosis without ascites. Eleven (15%)
patients showed an improvement in ascites. Proportion of
oral intake improvement was 33%. Median time to pro-
gression and overall survival time was 1.7 months [95%
confidence interval (CI), 0.9-2.4 months] and 3.3 months
(95% CI, 2.1-4.5 months), respectively. Four independent
poor prognostic factors were identified in multivariate
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analysis: serum albumin < 3.0 g/dl [hazard ratio (HR)
1.69, P = 0.03], performance status > 3 (HR 1.78, P =
0.05), massive ascites (HR 1.79, P = 0.04), and serum
C-reactive protein > 2.0 mg/dl (HR 2.03, P < 0.01).
Conclusion The efficacy of 5-FU-based chemotherapy
for peritoneal disseminated gastric cancer patients with
inadequate oral intake was unsatisfactory.

Keywords Gastric cancer - Peritoneal metastasis -
Inadequate oral intake - Chemotherapy

Introduction

Although the incidence and mortality rate of gastric cancer
has decreased dramatically over the past several decades,
gastric cancer remains one of the most common malig-
nancies in the world, especially in Asia [1]. Gastric cancer
can spread through various routes such as by local exten-
sion of direct serosal invasion, involvement of lymphatics,
and distant metastasis through vascular diffusion. Perito-
neal dissemination occurs mainly as a result of direct
serosal invasion, omentum and peritoneal seeding, and/or
lymphatic spread. Peritoneal dissemination is a common
reason why gastric cancer cannot be resected [2]. More-
over, peritoneal recurrence after curative resection is
identified as a major type (29—44%) of recurrence [3, 4].
Peritoneal dissemination may cause serious clinical com-
plications, such as intestinal obstruction, massive ascites,
obstructive jaundice, and hydronephrosis. These compli-
cations are associated with abdominal pain, abdominal
fullness, vomiting, and malnutrition, leading to an extre-
mely poor quality of life for the patient.

Recently, several phase III trials demonstrated that
orally administered fluoropyrimidines, S-1 (containing
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tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium
oxonate) or capecitabine, were not inferior to infusional
5-fluorouracil (5-FU) in advanced gastric cancer, so further
clinical trials will demand greater feasibility of oral intake
[5-7]. However, patients with severe peritoneal dissemi-
nation are excluded from drug development in accordance
with inadequate oral intake. It is necessary to establish a
treatment strategy for peritoneal disseminated gastric can-
cer patients with inadequate oral intake.

We retrospectively investigated the treatment outcome
and prognostic factors in peritoneal disseminated gastric
cancer patients with inadequate oral intake to determine the
appropriate treatment strategy.

Patients and methods
Patients

Patients who received first-line chemotherapy treatment
for gastric cancer at the National Cancer Center Hospital
in Tokyo between April 1999 and December 2006 were
retrospectively selected for this study according to the
following criteria: (1) histological confirmation of ade-
nocarcinoma as gastric primary lesion; (2) Stage IV dis-
ease or postoperative recurrence; (3) histological and/or
radiologic confirmation of peritoneal dissemination; (4)
no prior chemotherapy or radiotherapy; and (5) inade-
quate oral intake. We defined inadequate oral intake as
requiring an intravenous drip infusion that had indeed
been done. Patients who were administered an intravenous
drip infusion for the purpose of renal protection or as a
drug administration route such as for morphine were
excluded.

Pretreatment clinical variables were evaluated: age
(younger than 65 years of age or 65 years and older),
gender (male or female), Eastern Cooperative Oncology
Group (ECOG) performance status (PS) (0-2 or =3),
serum albumin (<3.0 or >3.0 g/dl), serum C-reactive
protein (CRP, <2.0 or >2.0 mg/dl), tumor histological type
(diffuse or others), primary lesion status (present or
absent), disease status (Stage IV or recurrence), ascites
(massive or non-massive), number of metastatic sites (1 or
>2), and the 5-FU administration method (bolus or con-
tinuous). Ascites was defined as four levels: none, mild,
moderate, or massive. None was defined as undetected by
computed tomography (CT) scan; mild ascites was local-
ized in only one area such as the pelvic cavity or surface of
the liver; moderate ascites did not correspond to either mild
or massive ascites; and massive ascites extended continu-
ously from the pelvic cavity to the upper abdominal cavity.

This retrospective study was approved by the National
Cancer Center Institutional Review Board and conducted

@ Springer

in accordance with ethical principles stated in Japanese
ethics guidelines for epidemiological studies.

Assessment of response

Responses were evaluated using the Response Evaluation
Criteria in Solid Tumors. Ascites response was evaluated
as follows: disappearance was defined as ascites unidenti-
fiable by CT scan, decrease was defined as ascites decrease
of more than one level, no change was defined as ascites
remaining at the pretreatment level, and increase was
defined as ascites increase of more than one level or ascites
becoming clinically apparent. Oral intake improvement
was defined as sufficient ingestion for 7 days or more
without .an intravenous drip infusion.

Statistical methods

In univariate analysis, cumulative survival proportions
were calculated using the Kaplan—Meier method, and any
differences were evaluated using the log-rank test. Only
those variables that achieved statistical significance in
univariate analysis were subsequently evaluated in multi-
variate analysis using Cox’s proportional hazard model.
Progression-free survival (PFS) and overall survival (OS)
were calculated using the Kaplan—-Meier method. PFS was
calculated from the date of the first treatment to the date of
disease progression, death, or final follow-up. OS was
calculated from the date of the first treatment to the date of
death or final follow-up. All statistical analyses were per-
formed using Dr. SPSS II software (SPSS Japan, Tokyo,
Japan). All P values presented in this report are of the two-
tailed type. Differences with a P value <0.05 were con-
sidered significant.

Results

Patients and characteristics

From April 1999 to December 2006, a total of 1,747 conse-
cutive patients with gastric cancer underwent systemic
chemotherapy at the National Cancer Center Hospital in
Tokyo. Of these, 340 patients with peritoneal metastasis
underwent systemic chemotherapy as first-line treatment. Of
these 340 patients, 82 patients had received an intravenous
drip infusion before chemotherapy. However, 3 patients
were excluded because of the usage of infusion as an opioid
administration route. The remaining 79 patients were thus
identified as participants in this study. The patient charac-
teristics are summarized in Table 1. All patients had baseline
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) greater than 1.
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Table 1 Patient characteristics

Characteristics N %
Gender

Male 43 54

Female 36 46
Age (years)

Median 58

Range 20-77
ECOG performance status

0 0 0

1 27 - 34

2 33 42

3 19 24
Disease status

Unresectable 59 75

Recurrent 20 25
Primary tumor

Present 46 58

Absent 33 42
Histological type

Diffuse type 71 90

Intestinal type 4 5

Other not specified 4 5
Number of metastatic sites

1 49 62

>2 30 38
Ascites

None 8 10

Mild 34 43

Moderate 16 20

Massive 21 27
Treatment regimen

Standard 5-FU ci 10 13

Low-dose 5-FU ci 12 15

MTX/5-FU 56 71

5-FU/L-LV 1 1
Chemotherapy

First-line chemotherapy was based on 5-FU in all patients.
5-FU-based regimens of bolus administration were meth-
otrexate (MTX)/5-FU and 5-FU/L-leucovorin (L-LV; or
[-LV) therapy. The MTX/5-FU therapy consisted of weekly
MTX [100 mg/m2 administered intravenously (i.v.) as
bolus] followed by 5-FU (600 mg/m2 1.v. bolus) at 3-h
intervals (Fig. la, b). The 5-FU/L-LV therapy consisted of
weekly L-LV (200 mg/m?® 2-h i.v. infusion) plus 5-FU
(500 mg/m* i.v. bolus). The continuous 5-FU regimen
included two different schedules: low-dose continuous
infusion (ci) of a daily i.v. infusion of 5-FU (300 mg/m2

(a) MTX/5-FU

| MTX; 100mg/m? l |5-FU: 600mg/m?* l

bolus bolus

3-hinterval N
_ 6-week on/ 2-week off

(b) 5-Furn-Lv

5-FU: 500mg/m?*

bolus
| rLvi200mgm® |

2-h 6-week on/ 2-week off

(¢)5-FUci

[ 5-FU; 800mg/m?/day

L J
T

every 4 weeks
120-h (5 days) ENERY T WERRS

(d) Low-dose 5-FU ci

| L
[ 5-FU; 300mg/m/day \] (1

L J

Continuing until PD or unacceptable AE

Fig. 1 5-Fluorouracil (5-FU)-based regimens used in the current
study. MTX, methotrexate; -LV (I-LV), L-leucovorin; PD, progressive
disease; AE, adverse event; ci, continuous infusion

24-h ci) and standard 5-FU ci (800 mg/m? 24-h ci on days
1-5, gq4w) (Fig. lc, d). Median number (range) of each
chemotherapy was 4 times (1-41 times) in MTX/5-FU,
6°times in 5-FU/L-LV, and 2 times (1—4 times) in standard
5-FU ci; median administration of low-dose 5-FU ci was
24 days (4-299 days).

Efficacy

Seventy-one (90%) of the 79 patients had evaluable ascites
at initial diagnosis. The remaining 8 (10%) patients
had gastrointestinal stenosis without ascites. Objective
improvement in ascites was observed in 11 patients [15%,
95% confidence interval (CI) 8-26%]: 2 (3%) patients
achieved disappearance of ascites and 9 (13%) patients had
a decrease of ascites. Twenty-eight patients showed no
change of ascites and 14 patients had an increase of ascites.
The remaining 26 patients were not assessable because of
the unavailability of posttreatment radiologic images,
except for evident clinical disease progression that is
unnecessary for radiologic evaluation (11 patients), transfer
to other hospitals (7 patients), refusal (7 patients), and early
death (1 patient). Oral intake improvement was observed in
26 patients (33%, 95% CI 23-44%). Two patients were
excluded from analysis because they underwent endoscopic
stent placement or ileostomy during chemotherapy. The
most frequent reason for treatment discontinuation was
disease progression (77%), followed by hospital transfer
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Table 2 Treatment discontinuation

=

Category %

[=))
—

Progressive disease (PD) 71

(]
[=]

Ascites

Gastrointestinal stenosis
Obstructive jaundice
Hydronephrosis

Pleural effusion
Lymphangitis

Bone metastasis

Target lesions

Clinical PD
Unacceptable toxicity 6
3
14

Treatment-related death
Others®

_— Nt N N = = W R R

e

# Ten patients transferred to other hospitals and 1 provided no
follow-up

with stable disease (13%), unacceptable toxicity (6%),
treatment-related death (3%), and loss of follow-up (1%)
(Table 2). Among the 61 patients with disease progression,
only 17 patients received second-line chemotherapy treat-
ment, which consisted of a regimen of taxanes for 12
patients, MTX/5-FU for 2 patients, 5-FU ci for 2 patients,
and mitomycin for 1 patient.

Seventy-seven patients had died at a median follow-up
time of 3.3 months (range, 0.4-29.7 months). Twenty
(25%) patients died within 30 days after the last adminis-
tration of first-line chemotherapy. Of these 20 patients, 17
patients died of disease progression, 2 patients died of
treatment-related causes, and 1 patient died of aspiration
pneumonia. As to treatment-related death, both patients
developed septic shock with febrile neutropenia. Median
PFS and median OS for all patients were 1.7 months (95%
CI, 0.9-2.4 months) and 3.3 months (95% CI, 2.1-4.5
months), respectively (Fig. 2).

Prognostic factors

In univariate analysis, five variables were identified as
significantly associated with shorter survival time
(Table 3A): serum CRP level of >2.0 mg/dl (P < 0.001),
performance status of >3 (P < 0.001), serum albumin level
of <3.0 g/dl (P = 0.004), massive ascites (P = 0.004), and
number of metastatic sites of >2 (P = 0.049). The results
of multivariate analysis are given in Table 3B. Elevated
serum CRP level, low serum albumin level, poor perfor-
mance status, and massive ascites were found to be signif-
icantly poor prognostic factors in multivariate analysis. The
results of forward and backward stepwise regression
procedures remained the same. The patients were then
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Fig. 2 Overall survival (continuous line) and progression-free sur-
vival (dotted line) in the 79 patients. The marks on the curves indicate
censored cases

classified into three groups according to the prognostic
index, as follows: good prognosis with none of the four
prognostic factors (group 1, n = 26); intermediate prog-
nosis with one or two of the poor prognostic factors (group
2, n = 39); or poor prognosis with three or four prognostic
factors (group 3, n = 14). The survival curves for the three
groups are shown in Fig. 3. The median survival time in the
good, intermediate, and poor prognosis groups was 6.0, 3.1,
and 1.4 months, respectively. There were significant
differences in survival time among the three groups
(P < 0.015).

Discussion

This study demonstrated that median OS of peritoneal dis-
seminated gastric cancer patients with inadequate oral
intake receiving first-line systemic chemotherapy was
3.3 months. Serum CRP level >2.0 mg/dl, serum albumin
level <3.0 g/dl, massive ascites, and poor performance
status (PS > 3) were independent prognostic factors. To the
best of our knowledge, this is the first study identifying the
treatment outcome and prognostic factors in gastric cancer
patients with inadequate oral intake resulting from perito-
neal dissemination, treated by systemic chemotherapy.
Gastric cancer patients with peritoneal dissemination
have been excluded from the eligibility criteria in most
clinical trials because of the absence of measurable lesions
and potential severe complications such as massive ascites,
hydronephrosis, obstructive jaundice, and intestinal
obstruction. Moreover, because peritoneal dissemination
causes inadequate oral intake, it is difficult to continue
chemotherapy using oral anticancer agents. Recent phase
III trials demonstrated that chemotherapy using oral
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Table 3 Pretreatment factors associated with the outcome 10047

Variable N P value

(A) Univariate analysis = Ko

Gender ::']

Male 43 0.06 = w0
Female 36 £ |
= | Group |

e z
>65 18 0.08 = 40 Lo
<65 61 Z Wroup 2

ECOG PS ] wl L
0-2 60 <0.001 Group 3 le
3 19 -

Disease status 0 ] R i
Unresectable 20 0.52 O 6 12 1¥ 24 30 R
Recurrent 59 months  after treatment

Histology Fig. 3 Survival curves for the three groups determined by prognostic
Diffuse type 71 0.07 index: group 1, good prognosis (26 patients); group 2, intermediate
Non-diffuse type 8 prognosis (39 patients); group 3, poor prognosis (14 patients). The

Primary tumor marks on the curves indicate censored cases
Present 46 0.81
Absent 3 fluoropyrimidines, such as capecitabine or S-1, has efficacy

Number of metastatic sites results comparable to 5-fluorouracil-based chemotherapy
1 49 0.049 [5, 7]. Patients with inadequate oral intake are subject to
>2 30 the exclusion criteria in the treatment protocol, and most of

Ascites them must receive 5-FU-based chemotherapy as an intra-
Non-massive 58 0.004 venous administration. Although 5-FU is one of the most
Massive 21 commonly used drugs in patients with gastrointestinal

Treatment regimen malignancies, systemic chemotherapy of 5-FU has a lim-
5-FU bolus 57 0.38 ited response rate. Therefore, we need to develop novel
ST e 2 chemotherapeutic regimens to provide significant benefits

Albumin (g/dl) at the initial stage of therapy to control the symptoms and
<=0 3l s improve the quality of life in gastric cancer patients who
=30 . ) 48 have severe peritoneal dissemination.

C;r;a;"ve protein (me/dl) . 0001 Regarding the host-related factors, good performance
;2:0 2% ’ status, absence of ascites, serum CRP level <2.0 mg/dl,

and serum albumin level >3.0 g/dl were found to be

Vciable il Hazard ratio (95% CI) Pvalee  fayorable prognostic factors by multivariate analysis.

(B) Multivariate analysis Presence of ascites and high serum CRP level were iden-

ECOG PS tified as being significantly associated with shorter survival
0-2 60 1 0.05 times in the multivariate analysis, and these findings are
3 19 178 (1.001-3.17) compatible with previous reports [8, 9]. Moreover, per-

Number of metastatic sites formance status is one of the best known prognostic factors
1 49 ! 0.14 in most cancers beyond gastric cancer. For clinical appli-
22 30 132 (0:011-1.91 cation of these findings, we can directly predict the survival

Ascites curve of each patient. These survival curves can be easily
ORI = ! .08 calculated because they are based on variables obtained
Massive 2l 179 (1.04-3.08) during routine clinical examinations. These findings,

Alborsin (g/d) 0 therefore, can be used to stratify peritoneal disseminated
i’g :? 1 5 (L0527 o gastric.cancer patients with ingdequate oral. intake before

C-reactive protein (mg/dl) systemic chemotherapy .accordmg to predlpted survxvz?l.
<0 46 | 2007 Accordingly, patients with a good prognosis may obtain
520 33 2,03 (1.25-3.31) sufficient treatment efficacy and survival with 5-FU-based

chemotherapy as the first-line treatment. In contrast,
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patients with a poor prognosis may be treated with pallia-
tive care only because of the extremely short median sur-
vival (1.4 months) expected, or may be treated with other,
more intensive chemotherapy. Systemic chemotherapy for
gastric cancer has recently become an important focus,
because new anticancer agents, such as oxaliplatin and
taxanes, have been proven to confer a survival benefit and
to show promise as standard anticancer agents for patients
with gastric cancer [6, 10, 11]. Especially in gastric cancer
with peritoneal dissemination, paclitaxel is recognized as
an effective agent because of its high molecular weight and
bulky molecular structure, delaying its clearance from the
peritoneal cavity [12-14]. A randomized phase II trial
(JCOG 0407) comparing best available 5-FU versus
weekly paclitaxel is now ongoing for fluoropyrimidine-
resistant gastric cancer with peritoneal dissemination.
Oxaliplatin tends to be selected as a substitute for cisplatin
in cases of peritoneal dissemination with a certain amount
of ascites because oxaliplatin does not require extensive
hydration [15]. To improve treatment efficacy, further
chemotherapy regimens, such as combination therapy
comprising 5-FU and taxane or oxaliplatin, remain as
challenges to be met by further detailed investigations for
peritoneal disseminated gastric cancer patients with inad-
equate oral intake. These findings may be helpful in pre-
dicting the life expectancy in peritoneal disseminated
gastric cancer patients with inadequate oral intake who are
treated with 5-FU-based chemotherapy.

In conclusion, this study demonstrated that the efficacy
of 5-FU-based chemotherapy as the first-line treatment
against peritoneal disseminated gastric cancer with inade-
quate oral intake was unsatisfactory. Patients receiving
chemotherapy safely could be selected depending on some
prognostic markers: PS, amount of ascites, serum CRP, and
serum albumin. Systemic chemotherapy should be recom-
mended with caution to patients with poor prognostic
factors considering the risk—benefit balance. Further
development of new regimens without oral anticancer
agents is necessary to improve the quality of life and
prognosis in this patient population.
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Abstract

Background. For advanced gastric cancer (AGC), second-line
chemotherapy after the failure of S-1 has not yet been estab-
lished. The present study aimed to retrospectively evaluate the
efficacy and safety of irinotecan plus cisplatin (IP) therapy
after the failure of S-1 in patients with AGC.

Methods. The subjects included 87 patients with AGC who
received IP therapy as second-line chemotherapy. Irinotecan
(70 mg/m’) was administered by intravenous infusion followed
by an intravenous infusion of cisplatin (80 mg/m’) on day 1.
On day 15, irinotecan (70 mg/m’) alone was administered. The
treatment was repeated every 4 weeks until disease progres-
sion, patient refusal, or severe adverse events.

Resulrs. The median patient age was 62 years (range, 39-75
years), and the median number of treatment cycles was 3
(range, 1-9). Out of the 87 patients, 70 were assessable for
clinical response. There were 2 complete responses and 18
partial responses. The overall response rate was 28.6% (95%
confidence interval [CI], 18.4%-40.6%) and the disease
control ratio was 70.0%. The median time to progression and
median survival time from the first day of IP therapy were
4.3 months and 9.4 months, respectively. The 1-year survival
rate was 34.6%. Severe (grade 3/4) leukopenia, neutropenia,
anemia, and thrombocytopenia were observed in 34%, 40%,
28%, and 8% of patients, respectively. Grade 3/4 nonhemato-
logic toxicities included anorexia (17%), febrile neutropenia
(10%), diarrhea (6%), fatigue (5%), nausea (2%), and ele-
vated creatinine (1%).

Conclusions. The combination of irinotecan plus cisplatin as
second-line chemotherapy for AGC appears to be an effective
and feasible treatment option after S-1 failure.

Key words Irinotecan - Cisplatin - Gastric cancer - Second-line
chemotherapy - S-1 failure
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Introduction

For the first-line treatment of advanced gastric cancer
(AGCQ), the Japan Clinical Oncology Group (JCOG)
reported the results of a three-arm phase III study com-
paring 5S-fluorouracil (5-FU), irinotecan hydrochloride
(CPT-11) plus cisplatin (CDDP) combination chemo-
therapy (IP), and S-1 [1]. The results showed that TP
therapy did not demonstrate statistically significant
superiority to 5-FU (median survival time [MST], 12.3
months vs 10.8 months; P = 0.055), although it was
potentially promising.

In contrast, S-1 showed significant noninferiority to
5-FU (MST, 11.4 months vs 10.8 months; P < 0.001).
Furthermore, Koizumi et al. [2] reported that in the
S-1 plus CDDP versus S-1 in RCT in the treatment for
stomach cancer (SPIRITS) trial, S1 plus CDDP estab-
lished superiority over S-1 monotherapy (MST, 13.0
months vs 11.0 months, respectively; P = 0.037).
However, another phase III study, comparing S-1 and
S-1 plus CPT-11 (GC0301/TOP-002 trial), could not
demonstrate a significant survival benefit for S1 plus
CPT-11 [3].

According to these results, S-1 plus CDDP is suitable
for first-line chemotherapy for AGC, and CPT-11-based
regimens failed as first-line chemotherapy. Additionally,
Sakuramoto et al. [4] have reported that S-1 is effective
as adjuvant chemotherapy in patients who have under-
gone curative gastrectomy for locally advanced gastric
cancer (adjuvent chemotherapy trial of TS-1 for gastric
cancer; ACTS-GC-trial). Thus, S-1 is currently used for
gastric cancer in both first-line and adjuvant settings.
As such, it is expected that the number of S-1-refractory
cases will increase in the near future, and therefore,
establishing second-line chemotherapy for S-1-
refractory AGC is very important.

However, there are few data for second-line IP
therapy for AGC refractory to S-1. Therefore, we
decided to retrospectively evaluate the efficacy and
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safety of IP therapy in 87 patients who received IP
therapy only after failure of S-1 monotherapy.

Patients, materials, and methods

Patient information

The subjects in this retrospective study included 87
patients with primary AGC who received IP therapy as
second-line chemotherapy for unresectable or recurrent
tumors at the National Cancer Center Hospital (Tokyo,
Japan) between March 2001 and January 2007. The fol-
lowing inclusion criteria were used: (1) histologically
proven adenocarcinoma of the stomach;(2) age 75 years
or younger; (3) performance status (Eastern Coopera-
tive Oncology Group) 0 to 2; (4) refractory to or unable
to tolerate prior chemotherapy with S-1 monotherapy
(given in 6-week cycles; 4 weeks of S-1 administration
and 2 weeks’ rest); (5) adequate organ function; (6) lack
of massive ascites; and (7) written informed consent.

Treatment schedule

On day 1, CPT-11 (70 mg/m®) was administered by
intravenous infusion for 90 min, followed by intrave-
nous infusion of CDDP (80 mg/m®) for 120 min with
adequate hydration. On day 15, CPT-11 (70 mg/m?)
alone was administered. The treatment was repeated
every 4 weeks until disease progression, patient refusal
to receive further treatment, or the occurrence of severe
adverse event(s). Administration of CPT-11 on day 15
was delayed in the case of leukopenia or thrombocyto-
penia of grade 2 or more, diarrhea of grade 1 or more,
or infection, until recovery from these adverse reactions.
If the adverse reaction continued beyond day 22, CPT-11
was not given. If grade 4 leukopenia or thrombocytope-
nia or any grade 3/4 nonhematologic adverse reaction
occurred, the doses of CPT-11 and CDDP were reduced
to 60 mg/m” and 70 mg/m’, respectively. If one of these
severe adverse reactions occurred a second time, treat-
ment was stopped. And if severe renal dysfunction
(serum creatinine >2.0 mg/dl) developed, CDDP admin-
istration was halted, and CPT-11 monotherapy was con-
tinued until progression.

Clinical evaluation

Clinical response in measurable lesions was evaluated
every 8 weeks by computed tomography (CT) using the
Response Evaluation Criteria in Solid Tumors. Toxicity
was evaluated according to the Common Terminology
Criteria for Adverse Events (CTCAE), version 3.0. We
defined overall survival (OS) as the number of days
between the date of initial chemotherapy and the date
of death or last follow-up visit. Time to progression was
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also measured from the beginning of treatment to the
date of disease progression, which was evaluated by
each physician. Survival analysis was performed using
the Kaplan-Meier method, and differences between
curves were analyzed using the log-rank test. The time
to an event was calculated beginning with the start of
treatment. All analyses were performed using the statis-
tical software package StatView, version 5.0 (SAS Insti-
tute, Cary, NC, USA).

Results

Clinicopathological features

Patient clinicopathological characteristics are listed in
Table 1. Between May 2000 and October 2006, 427
patients with AGC reccived first-line S-1 monotherapy.
After failure, 298 patients subsequently received sec-
ond-line chemotherapy. Of these, 96 patients received
IP therapy, and we evaluated 87 patients who fulfilled
the inclusion criteria (the excluded patients consisted of
7 patients aged >75 years and 2 who did not have adeno-
carcinoma). The primary reasons for discontinuation of
S-1 therapy were progressive disease (n = 80 [92%]);
followed by adverse events (n =6 [7%]), including acne-
iform eruption (n = 3), anorexia (n = 2), edema (n = 1),
and diarrhea (n = 1); and patient refusal (n =1 [1%]).
The median number of prior S-1 courses administered
was 3 (range, 1-16). The median follow-up was 5.0 years’
(range, 2.4-8.2 years). The median number of IP cycles
administered after S-1 failure was 3 (range, 1-9 cycles;
total, 300 cycles).

Table 1. Patient characteristics (1 = 87)

Factor No. of patients Percentage
Age
Median (years) 62 (39-75)
Sex
Male 65 75
Female 22 25
ECOG performance status
0/172 29/53/5
Histological type
Intestinal 46 53
Diffuse 41 47
Metastatic site
Lymph node 53 61
Liver 44 51
Peritoneum 20 23
Lung 7 8
Bone 1 1
Discontinuation of S-1 therapy
PD 80 92
Adverse event 6 7
Patient refusal 1 1

ECOG, Eastern Cooperative Oncology Group; PD, progressive
disease
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Table 2. Overall response (n = 70)
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Table 3. Adverse events (1 = 87)

CR PR SD PD RR DCR Grade 071 2 3 4 Grade 23 (%)
2 18 29 21 28.6%" 70.0%" Leukopenia 38 19 24 6 34
- - Neutropenia 44 8§ 11 24 40
CR, complete response; PR, partial response; SD, stable disease: PD. Anemia 42 21 18 6 28
progressive disease: RR. response rate: DCR, disease control ratio Th b ; 7; 7 5 s 3
(CR+PR+SD/all) rompocytopemia - 12 : -
"95% confidence interval (Cl): 18.4-40.6 Anorexia 52 20 15 0 17
"95% Cl: 57.9-80.4 Nausea 75 10 2 0 2
Diarrhea 76 6 ] 0 6
Neutropenic fever —  — 8 1 10
100 Fatigue 60 23 4 0 5
2 9 4 Creatinine 76 - 10 1 0 1
%n 80 Median: 4.3months
5 70 -
B 60 - leukopenia, neutropenia, anemia, and thrombocytope-
g 50 1 nia were observed in 34%, 40%, 28%, and 8% of
£ 07 patients, respectively. Grade 3/4 nonhematologic toxici-
§- 32 ties included anorexia (17%), febrile neutropenia
£, ] (10%), diarrhea (6%), fatigue (5%), nausea (2%), and
0 +—— ; — ; : elevated creatinine (1%).
0 s 10 15 20 There were four patients (5% ) who died less than 30

Time(months)

Fig. 1. Time to progression

80 - Median: 9.4months

Probability of survival
3

0 ' i ! I ! !
0 5 10 15 20 25 30

Time(months)

Fig. 2. Overall survival

Response and survival

A total of 70 patients had measurable lesions and were
assessable for clinical response. There were 2 complete
responses (CRs) and 18 partial responses (PRs). The
overall response rate (ORR) was 28.6% (95% CI, 18.4-
40.6%), and the disease control ratio was 70.0% (Table
2). The median time to progression (TTP) and MST
from the first day of IP therapy were 4.3 months and 9.4
months, respectively (Figs. 1, 2). In addition, the MST
from the first day of first-line S-1 was 14.3 months. The
1-year survival rate was 34.6%.

Toxicities

Toxicities experienced by patients treated with IP
therapy are summarized in Table 3. Severe (grade 3/4)

days from the initiation of therapy; one death was due
to febrile neutropenia and infection, while the three
other deaths were assumed to have been due to rapidly
progressive disease.

Reasons for discontinuation and additional
chemotherapy administered

The primary reasons for discontinuation of IP therapy
were progressive disease (n = 73 [84%]), followed by
adverse events (n = 9 [10%]), including renal dysfunc-
tion (n = 4), neutropenia (n = 1), anorexia (n = 1), liver
dysfunction (n = 1), acneiform eruption (n = 1), anaphy-
lactic shock (n = 1), patient refusal (n = 4 [5%]), and
discontinuation because of CR (n=1 [1%]).

A total of 46 (53% ) patients received additional che-
motherapy. The most commonly used regimens were
paclitaxel monotherapy (n = 37 [80%]), docetaxel
monotherapy (n = 6 [13%]), and mitomycin C (MMC)-
based therapy (n =3 [7%]).

Discussion

The clinical value of second-line chemotherapy for
AGC remains controversial. However, in Japan, CPT-11
is widely used both as a single agent and as combined
therapy with CDDP or MMC [5, 6]. Futatsuki et al. [7]
reported that CPT-11 monotherapy (100 mg/m’, weekly
or 150 mg/m’, biweekly) achieved ORRs of 20% (9/45)
in previously treated gastric cancer patients, and 18.9%
(7/37) in patients who were only pretreated with 5-FU.
CPT-11 monotherapy therefore appears to be some-
what effective for 5-FU-refractory gastric cancer. In a
more recent randomized phase III study, albeit of small
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