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A case of vaginal clear cell adenocarcinoma complicated
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Abstract

Vaginal clear cell adenocarcinoma (CCA) is well known to be associated with prenatal diethylstilbestrol
exposure. We present a vaginal CCA with congenital anomalies of the genitourinary tract without prenatal
diethylstilbestrol exposure. A 54-year-old woman complained of a 3-month history of genital bleeding. The
examination revealed CCA at the anterior vagina and congenital anomalies. An anterior pelvic exenteration
was performed. Macroscopically, bicornuate uterus, vaginal septum and left ureteral agenesis were found.
Microscopically, vaginal CCA coexisted with adenosis and both metanephric and mesonephric remnants. The
vaginal CCA was supposed to derive from coexisting adenosis. The adenosis was also supposed to occur as a
congenital basis, together with genitourinary tract anomalies. Relations between congenital anomalies of the
genitourinary tract and vaginal adenocarcinoma were suspected, resultantly.
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Introduction

Primary vaginal malignant tumors constitute only 1 to
3% of all malignant tumors of the female genital tract.
Especially, primary adenocarcinoma is very rare,
accounting for 6 to 14% of all vaginal malignant
tumors.? The association of vaginal clear cell adenocar-
cinoma (CCA) with prenatal diethylstilbestrol (DES)-
exposure is well known from the results of numerous
extensive investigations. Approximately, two-thirds of
the patients with vaginal CCA have a history of prena-
tal DES-exposure.*> Complex congenital anomalies of
the genitourinary tract are rare and metanephric
remnant is rarely observed in the surgical specimens.
We herein report a rare case of vaginal CCA, which was
thought to derive from coexisting adenosis without

any prenatal DES-exposure. In addition, metanephric
and mesonephric remnants existed simultaneously.

Case Report

A 54-year-old Japanese woman, gravida 4, para 3, com-
plained of a 3-month history of vaginal bleeding.
She visited a nearby hospital. A 2-3 cm protruding
tumor at the anterior wall of the upper vagina was
noted and its biopsy revealed CCA. She was referred
to our hospital for further evaluation and treatment.
Only a reddish mucosal lesion along the vaginal
septum existed based on inspection and palpation.
Two cervical ora existed. The cytological examination
of the uterine cervix and endometrium revealed no
abnormal findings. Further examinations by computed
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Figure 1 The resected specimen (after formalin embed-
ded). The specimen was opened at the posterior wall of
the uterus and vagina. Clear cell adenocarcinoma
(dotted area) existed along the anterior vaginal septum
(arrow heads). Two cervical ora and endometrial cavi-
ties were found. Leiomyoma located at the fundus
uteri. The uterus was diagnosed as a bicornuate uterus.

tomographic scan revealed a double inferior vena cava
and a left renal agenesis, but no metastasis. She had no
history of prenatal DES-exposure.

An anterior pelvic exenteration, a pelvic lym-
phadenectomy and ileal conduit construction were per-
formed based on a diagnosis of stage I vaginal CCA.
Macroscopically, the vaginal septum was present on the
left side of the vagina. A reddish mucosal lesion about
1 cm in diameter was present along the septum. The
uterus was diagnosed as a bicornuate uterus (Fig. 1). A
left ureter was not found in the resected specimen.
Microscopically, hobnail type cells constituted invasive
small tubules, which were diagnosed to be CCA. This
lesion of the CCA was found in the vaginal mucosa
along the base of the vaginal septum, and it corre-
sponded to the reddish mucosal lesion recognized on
inspection (Fig. 2). The CCA had a tubular or papillary
pattern and the tumor cells had coarse hyper-chromatic
nuclei ~ with  clear cytoplasm  (Fig.3). A
tuboendometrial-type adenosis coexisted with sur-
rounding CCA. The adenosis had cilia and a focal squa-
mous metaplasia (Fig. 4). As shown in Figure 2, because
the adenosis was surrounded by CCA, the CCA was
supposed to arise from the adenosis and surrounded
the adenosis. Two long ducts ran parallel from the left
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%
Figure 2 Vaginal septum and clear cell adenocarcinoma
(Hematoxylin and Eosin [HE] stain, 2.3 cm in width).
Adenosis (arrowheads) existed in the vaginal septum
(%) and it was surrounded by clear cell adenocarci-

noma (arrows). The metanephric remnant (%) was
present in the specimen.

Figure 3 Clear cell adenocarcinoma (HE stain, %x200).
Tumor cells demonstrated bizarre nuclei with clear
cytoplasm.

side of the uterine cervix to the anterior wall of the
vagina. Median and lateral side ducts were thought to
be mesonephric and metanephric remnants, respec-
tively (Fig. 5). There was no evidence of endometriosis
in the resected specimen. The pathological stage was
pTINO vaginal CCA. The postoperative course was
uneventful. No further treatment was administered as
an adjuvant therapy. The patient is presently alive and
well without recurrence at 43 months after the surgery.

Discussion

We herein present an exceedingly rare case of vaginal
CCA with congenital anomalies of the genitourinary
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stain, x12.5). The clear cell adenocarcinoma invaded
into metanephric remnant (left side). The mesonephric

adenocarcinoma (HE stain, x100). A vaginal stratified
remnant was on the right side.

Figure 4 Tuboendometrial-type adenosis in clear cell
squamous epithelium existed on the left side.
Figure 5 Metanephric and Mesonephric remnant (HE
In DES-exposed women, DES induces a persis-
tence of embryonic Miillerian epithelium while also

vaginal or cervical adenocarcinoma, especially CCA
macroscopic congenital anomalies of the urinary tract
and/or the genital tract, and no history of DES-

(Table 1).'° The criteria for selecting these cases are:
exposure in utero.

tract without DES-exposure. In addition, both meta-
nephric and mesonephric remnants were microscopi-
cally detected. To the best of our knowledge, at least
eight similar cases have been reported in the literature
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inducing the contact between the epithelium and the
vaginal mesenchyme. The persistent embryonic Miil-
lerian epithelium develops into tuboendometrial-type
adenosis.”! About 25% of the DES-exposed offspring
suffer from gross structural malformations of the
cervix, including cervical hypoplasia, transverse
vaginal septa and obliteration of the vaginal fornices.?
Adenosis is thought to be the precursor of CCA,
because adenosis is detected around the CCA in more
than 90 % of the cases.”? However, because the vaginal
CCA is also rare in DES-exposed women, DES is sup-
posed to be a teratogenic factor rather than a carcino-
gen.”? Some other susceptible factors are thought to be
necessary for the oncogenic transformation, such as
genetic factors and hormonal factors.”” Namely, DES
might behave like a teratogen and induces the persis-
tence of embryonic Miillerian epithelium, cervical and
vaginal structural abnormalities and adenosis forma-
tion. Afterward, with some other factors the adenosis
develops into CCA.

In DES-unexposed women, adenosis may arise con-
genitally’ in correlation with genitourinary tract
anomalies, or postnatally. Smith et al. reported eight
adenosis in vaginal septum out of 23 patients with
obstructed hemivagina with ipsilateral renal
anomaly.® On the contrary, Goodman et al. reported
postnatal adenosis appeared after trauma to the
vagina." Microscopically, adenosis of both DES-
exposed and DES-unexposed are identical.”® In addi-
tion, in DES-unexposed women, adenosis is thought
to develop into CCA due to the presence of some
other susceptible factors the same as in DES-exposed
women.

In our case, when the congenital anomalies devel-
oped due to some mechanisms other than DES-
exposure, the persistence of the embryonic Miillerian
epithelium might occur and adenosis might form in
the vaginal septum. Thereafter, adenosis transformed
to vaginal CCA due to some other factors. In addition,
the rare metanephric duct remained instead of the
ureter and mesonephric remnant also remained in the
specimen. Although there is a case report of adenocar-
cinoma originated from metanephric remnant® it is an
extremely rare case. It is unlikely for our case, because
we could not detect any evidence suggesting the tran-
sition from the metanephric remnant to CCA. As for
mesonephric remnant, it is unlikely an origin of the
CCA because of the topographical disagreement,
similar to the cases Kaminski etal. reported.’® We
speculate that the vaginal CCA was developed as a
result of congenital anomalies of the genitourinary
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tract without prenatal DES-exposure. However, Ott
et al. concluded that congenital malformations and a
CCA might be a fortuitous occurrence and other
mechanisms should be considered.* Our speculation is
just a hypothesis, and further accumulation of the
similar cases is therefore necessary to investigate
whether vaginal or cervical adenocarcinoma coexists
with such anomalies by chance or as a result of such
anomalies.
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PSF1 is a subunit of the GINS complex that functions along with the MCM2-7 complex and
Cdc45 in eukaryotic DNA replication. Although mammalian PSF1 is predominantly expressed
in highly proliferating cells and organs, little is known about the roles of PSF1 in mature cells
or cancer cells. We found that PSF1 was expressed at relatively high levels in breast tumor
cells, but at low levels in normal breast cells. Knockdown of PSF1 expression using small inter-
fering RNA (siRNA) slowed the growth of breast cancer cell lines by delaying DNA replication
but did not affect proliferation of normal human mammary epithelial cells. Reduced PSF1
expression also inhibited anchorage-independent growth in breast cancer cell lines. These
results suggest that PSF1 over-expression is specifically involved in breast cancer cell growth.
Therefore, PSF1 inhibition might provide new therapeutic approaches for breast cancer.

Introduction

Chromosomal DNA replication is tightly regulated in
eukaryotic  cells.  Origin-recognition  complexes
(ORC) are believed to play a central role in the rec-
ognition of replication origins (Labib & Gambus
2007). In the late M and early G1 phases of the cell
cycle, the mini-chromosome maintenance 2-7
(MCM2-7) complex and Cdc45 are localized to
DNA replication origins along with ORC (Labib &
Gambus 2007). The MCM2-7 complex and Cdc45
unwind the parental DNA duplex, allowing DNA
polymerases to initiate DNA synthesis (Labib & Gam-
bus 2007). The GINS complex was recently reported
to participate in both the initiation and elongation
phases of DNA replication through its ability to
recruit Cdc45 and DNA polymerase (Pai et al. 2009).
The GINS complex, which contains PSF1, PSF2,
PSF3 and SLDS5, was first identified as a component
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DOI: 10.1111/5.1365-2443.2010.01442.x
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of prerecognition complexes by genetic analyses in
Saccharomyces cerevisiae (Takayama et al. 2003). Genes
encoding the GINS components are evolutionally
conserved (Kubota ef al. 2003). PSF1 gene expression
is essential for early embryogenesis, maintenance of
immature hematopoietic cell pool size and acute bone
marrow regeneration in mice (Ueno etal. 2005,
2009). PSF1 is predominantly expressed in highly
proliferating cells but not in mature cells (Ueno et al.
2005) and is up-regulated in intrahepatic cholangio-
carcinomas (Obama et al. 2005). Recently, it was
shown that up-regulated PSF1 expression drove
tumorigenesis and conferred metastatic properties
(Nagahama et al. 2010). However, the role of PSF1
in normal mature cells or mammalian cancer cells
remains unclear.

In this study, we show that PSF1 expression is up-
regulated in breast cancer tissues and cell lines.
Down-regulation of PSF1 expression led to reduced
growth of cancer cells, but not of normal mammary
epithelial cells. Reduced PSF1 expression also inhib-
ited the anchorage-independent cell growth of breast

Genes to Cells (2010) 15, 1015-1024
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cancer cell lines. These findings indicate that PSF1
might have potential as a breast cancer biomarker and
as a gene target for breast cancer treatment.

Results

PSF1 protein expression is enhanced in breast
cancer cells

As PSF1 promoter activity can be stimulated in vitro
via 17PB-estradiol (E2)-mediated estrogen receptor
(ER) signaling (Hayashi ef al. 2006), we speculated
that PSF1 expression might be up-regulated in breast
cancer cells. To examine PSF1 expression in breast
cancer tissues, we performed an immunostaining anal-
ysis of 34 tissue specimens. PSF1 immunohistochemi-
cal staining in normal breast tissues was very weak
but was significantly enhanced in 41% (14 of 34) of
cancer tissue specimens (Fig. 1A and Table 1). We
also found that PSF1 was highly expressed in the
invasive tumor area (Fig. 1B), suggesting that PSF1
might be predominantly expressed in advanced malig-
nancy cells. The relationship between the level of
PSF1 expression and clinicopathological parameters
was also investigated, although no significant associa-
tions between the level of PSF1 expression and prog-
nostic indicators could be established in the breast
cancer specimens tested (Table 1). Next, to examine
whether PSF1 expression correlated with hormone
receptor expression and breast cancer biomarkers, we
analyzed the expression of ER, progesterone receptor
(PgR), human epidermal growth factor receptor type
2 (HER2) and tumor suppressor gene product p53 by
immunohistochemical staining of the same breast can-
cer samples used previously. No correlation between
the expression of PSF1 and that of hormone receptors
or breast cancer biomarkers was observed (Table 1),
suggesting that PSF1 protein expression is not affected
by hormone receptors (ER and PgR) or breast cancer
biomarkers (HER2 and p53).

We analyzed the association between PSF1 expres-
sion and prognosis. The observation time (range: 0.6—
3.4 years, median: 3.2 years) after surgery for the 34
patients did not allow for analysis of either the 5-year
survival rate or 3-year disease-free survival rate.
Therefore, we investigated PSF1 expression levels and
analyzed the survival rate using a publicly available
microarray dataset of 295 patients with breast
cancer (http://microarray-pubs.stanford.edu/wound_
NKI/explore.html). Figure 1C shows the survival
rates of the 127 and 168 patients who respectively
had high and low PSFI expression levels. The 15-

Genes to Cells (2010) 15, 1015-1024

year survival rate of the low PSF1 expression level
group was higher (P = 0.00466), suggesting that
PSF1 expression might be a prognostic marker.

Promoter activity of PSF1 is up-regulated in
breast cancer cells

To examine PSF1 expression in cell lines, we ana-
lyzed PSF1 mRINA expression levels in breast cancer
cell lines and normal breast cells using real-time RT-
PCR. High PSF1 expression levels were observed in
breast cancer cell lines (Fig. 2A, lanes 3-5; upper
panel), whereas only low levels were detected in nor-
mal human mammary epithelial cells (HMEC) or
immortalized HMEC by expression of hTERT (cata-
lytic component of human telomerase) (HMEC-tert)
(Fig. 2A, lanes 1 and 2; upper panel). Next, we ana-
lyzed PSF1 protein levels in breast cancer cell lines
and normal breast cells by Western blotting using
anti-PSF1 antibody. PSF1 proteins were detected at
high levels in breast cancer cell lines, but at low levels
in HMEC and HMEC-tert cells (Fig. 2A; lower
panel). These results suggested that both PSF1
mRNA and PSF1 protein expressions were enhanced
in breast cancer cell lines. We also analyzed the
expression levels of the other GINS complex subunits
(PSF2, PSF3 and SLDJ5) in normal breast cells and
breast cancer cell lines. Like PSF1 expression, SLD5
expression was up-regulated in all three breast cancer
cell lines tested (Fig. 2B; lower panel), whereas
expression levels of PSF2 and PSF3 were only up-
regulated in specific breast cancer cell lines (Fig. 2B;
upper and middle panels).

Because gene amplification of cancer-related genes
has been observed in cancer cells, we investigated the
possibility of PSF1 gene amplification using a single-
nucleotide polymorphism (SNP) chip. SNP IDs were
rs2500406 and rs6083862. No amplification of the
PSF1 gene locus was detected in any of the breast
cancer cell lines tested (data not shown), which sug-
gested that PSF1 up-regulation in breast cancer cell
lines was not because of PSF1 gene amplification.
We then analyzed PSF1 promoter activity using dif-
ferent promoter region lengths: 5, 1.6 and 0.5 kb
upstream from the transcriptional start site. We found
that when of each of the three regions was fused to
the luciferase gene in T47D cells, the promoter activ-
ities were more than 10 times higher than those
observed in HMEC-tert (Fig. 3A). This result indi-
cated that the up-regulated PSF1 expression was
because of increased promoter activity of PSF1 in
breast cancer cells.

© 2010 The Authors
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(A) Normal tissue Papilo-tubular

P =0.00466
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Figure 1 Increased PSF1 expression in human breast cancer tissues. Immunohistochemical staining of PSF1 in human breast can-
cer samples using anti-PSF1 antibody. Bars indicate 100 pm. (A) Nuclear PSF1 expression was detected in three types of breast
cancer (papillo-tubular, solid-tubular and scirrhous). In rare cases, nuclear PSF1 was also detected in a few normal mammary epi-
thelial cells located in the lobule where cell proliferation occurs physiologically. (B) Prominent and frequent nuclear accumulation
of PSF1 was detected in invasive carcinoma cells (in tumor area), whereas no positive staining was observed in noncancerous mam-
mary duct epithelium (in normal area). (C) The relationship between the level of PSF1 expression and the survival rate in patients
with breast cancer. The relationship between PSF1 expression levels and the survival rate was analyzed by using publicly available
microarray dataset of 295 patients with breast cancer (http://microarray-pubs.stanford.edu/wound_NKI/explore.html). The sur-
vival rates were determined using the Kaplan-Meier methods and were compared by means of the log rank test. The gray line
shows a survival curve for 127 patients with higher PSF1 expression levels and the black line for 168 patients with lower PSF1
expression levels. The cutoff value of PSF1 expression level was calculated by taking the mean value of the median expression lev-
els of the good prognosis group (over 5-year survival) and the poor prognosis group (<5-year survival), respectively.

and normal cells treated with PSF1-specific siRINA.
Knockdown of PSF1 expression was detected by
real-time RT-PCR in breast cancer cells (T47D,
To determine whether knockdown of PSF1 expres- MDA-MB-231 and MDA-MB-361) and normal
sion impacted the growth of breast cancer cells, we  human mammary epithelial cells (HMEC and
measured the growth rate of breast cancer cell lines ~ HMEC-tert) (Fig. 3B and Fig. S1 in Supporting

Down-regulation of PSF1 led to reduced growth
of breast cancer cells

© 2010 The Authors Genes to Cells (2010) 15, 1015-1024
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Table 1 Clinicopathologic features and immunohistochemical
results of PSF1, ER, PgR, HER2 and p53

Patient
number PSF1 ER PgRn HER2 p53 Stage Histology

BC-1 05 0 0 3 2 2B Papillo-tubular
BC-2 0.5 1 3 1 0 2A  Scirrhous
BC-3 1 2 3 2 0 1 Solid-tubular
BC-4 05 2 3 1 1 2A  Scirrhous
BC-5 1 2 3 0 1 2A Scirrhous
BC-6 1 3 2 1 1 3B Papillo-tubular
BC-7 2 1 1 0 2 1 Scirrhous
BC-8 2 3 3 1 0 1 Papillo-tubular
BCH9 2 3 1 1 2 2B Scirrhous
BC-10 2 0 1 1 0 1 Papillo-tubular
BC-11 2 0 1 3 1 3A Solid-tubular
BC-12 1 3 3 3 2 2B Solid-tubular
BC-13 2 3 0 1 1 2A  Papillo-tubular
BC-14 2 1 2 3 2 3A  Solid-tubular
BC-15 1 0 0 1 2 1 Solid-tubular
BC-16 0.5 1 3 1 2 1 Scirrhous
BC-18 0.5 0 1 0 2 2B Solid-tubular
BC-19 2 0 0 0 1 2A  Solid-tubular
BC-20 05 2 2 0 0 2A  Solid-tubular
BC-21 2 0 0 0 2 2A  Scirrhous
BC-22 0.5 1 3 0 0 2B Solid-tubular
BC-23 2 0 3 1 2 2A Scirrhous
BC-24 05 0 1 1 1 2A  Papillo-tubular
BC-25 1 2 2 0 2 2A  Solid-tubular
BC-26 05 1 2 0 0 1 Papillo-tubular
BC-28 2 3 3 0 1 Solid-tubular
BC-29 2 0 3 1 0 2A Solid-tubular
BC-30 05 0 O 0 0 1 Scirrhous
BC-31 2 0 0 0 2 2A  Solid-tubular
BC-32 05 3 3 0 1 1 Papillo-tubular
BC-34 1 0 0 3 1 1 Papillo-tubular
BC-35 05 2 2 0 2 2B Scirrhous
BC-36 05 2 3 0 1 2A  Papillo-tubular
BC-37 2 0 0 0 0 1 Solid-tubular

Staining extent was scored on a scale of 0-2 for PSF1, as fol-
lows: 0 = no staining, 0.5 = <5%, 1 = 5%-30% and

2 = >30% of tumor cells. Tumor cells with staining intensity
2 were considered as positive. Staining extent was scored on a
scale of 0—3 for ER and PgR, as follows: 0 = no staining,

1 =<10%, 2 = 1%-10% and 3 = >10% of tumor cells.
Tumor cells with staining intensity 3 were considered as posi-
tive. Staining extent was scored on a scale of 0-3 for HER2,
as follows: 0 = no staining, 1 = <10%, 2 = 10%-30% and

3 = >30% of tumor cells. Tumor cells with staining intensity
2 and 3 were considered as positive. Staining extent was
scored on a scale of 0-2 for p53, as follows: 0 = no staining,
1 = weak staining and 2 = strong staining in tumor cells.
Tumor cells with staining intensity 2 were considered as
positive.

ER, estrogen receptor; Pgr, progesterone receptor.
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Figure 2 Expression levels of subunits of GINS in cell lines.
(A) PSF1 expression levels in cell lines. PSF1 expressions in
normal human mammary epithelial cells, HMEC and HMEC-
tert (lanes 1 and 2) and in breast cancer cell lines, MDA-MB-
231, MDA-MB-361 and T47D (lanes 3-5) were analyzed by
real-time RT-PCR (upper panel) and by immunoblotting
(lower panel). Level of PSF1 expression in HMEC cells was
set at 1. CTBP1 and actin were internal controls. Data show
the mean + SEM (n = 3). (B) Expressions of PSF2, PSF3 and
SLD5 in normal human mammary epithelial cells (HMEC and
HMEC-tert) and in breast cancer cell lines (MDA-MB-231,
MDA-MB-361 and T47D cells) were analyzed by real-time
RT-PCR. Level of each gene expression in HMEC cells was
set at 1. CTBP1 was internal control. Data show the mean *
SEM (n = 3).
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Information). Six days after transfection, the numbers
of HMEC, HMEC-tert and T47D cells transfected
with either PSF1-specific or control siRNA were
similar (Fig. 3C and Fig. S2 in Supporting Informa-
tion). In contrast, MDA-MB-231 and MDA-MB-
361 cell numbers after transfection with PSF1-spe-
cific siRNA were approximately 50% and 40%,
respectively, of those transfected with control siRNA
(Fig. 3C and Fig. S2 in Supporting Information).
These results indicated that PSF1 over-expression
promoted growth in MDA-MB-231 and MDA-
MB-361 cells, but not in normal HMEC and T47D
cells.

© 2010 The Authors
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Figure 3 Up-regulation of PSF1 promotes growth of breast
cancer cell lines. (A) PSF1 promoter (=0.5, =1.6 and —5 kb)
activity using luciferase assay in normal human mammary epi-
thelial cells (HMEC) and breast cancer cells. The pGL3-basic
reporter plasmid (vec) containing the PSF1 promoter (100 ng)
was transfected into HMEC-tert and T47D cells. Luciferase
activity in cell lysates was normalized to the Renilla luciferase
activity of p RL-TK as an internal control. The activity in the
absence of PSF1 promoter was set at 1. Data show the
mean + SEM (n = 3). (B) Knockdown of PSF1 expression by
PSF1 siRNA. The control siRNA or PSF1 siRNA was trans-
fected into HMEC, HMEC-tert, MDA-MB-231, MDA-MB-

. 361 and T47D cells. After 2 days, the expression level of PSF1

in the cells was analyzed by real-time RT-PCR. Level of
PSF1 expression in cells transfected with control siRNA was
set at 1. GAPDH was an internal control. Data show the
mean £ SEM (n = 3). (C) Growth rate of breast cancer cells
by knockdown of PSF1. Six days after transfection of siRNA,
cell numbers were counted. The number of cells transfected
with control siRNA was set at 100. Data show the mean *
SEM, *P >0.05, **P < 0.01 (n = 3).

To examine whether other components of the
GINS complex were necessary for the growth of nor-
mal HMEC and breast cancer cells, we analyzed cell
growth after knockdown of PSF2, PSF3 and SLD5
expression. Knockdown of these genes was confirmed
by real-time RT-PCR (Fig. S3 in Supporting Infor-
mation). Growth of normal human mammary epithe-
lial cells (HMEC-tert) after knockdown of these three
genes was not significantly influenced (Fig. 4A). In
contrast, growth of breast cancer cells (MDA-MB-
231) was reduced by knockdown of PSF2 and SLD5,
similar to that of PSF1 (Fig. 4A; upper and lower
panels) and was weakly reduced by knockdown of
PSF3 (Fig. 4A; middle panel). As the amount of
PSF1 might be regulated by PSF2, PSF3 and SLD5,
we analyzed the levels of PSF1 mRNA and PSF1
protein after knockdown of GINS complex subunit
expression. Reduced expression of PSF2, PSF3 or
SLD5 had no effect on the level of PSF1 mRNA
(Fig. 4B; upper panel), but the level of PSF1 protein
decreased (Fig. 4B; lower panel). This result could
indicate that PSF1 protein is stabilized in the GINS
complex in breast cancer cells.

Slow cell growth in response to reduced PSF1
expression due to delayed DNA replication

To examine whether PSF1 knockdown induced
apoptosis in breast cancer cells, we analyzed cell apop-
tosis using a fluorochrome inhibitor that covalently
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binds to active caspases (Bedner ef al. 2000; Ishida
et al. 2007). At 3 or 6 days after transfection with
either control or PSF1 siRINA, caspase-positive cells
were not detected in the ~400 MDA-MB-231 cells
examined (data not shown). Next, to determine
whether PSF1 knockdown affected the cell cycle, we
analyzed DNA content using flow cytometry 5 days
after transfection of breast cancer cells or normal cells
with PSF1 siRNA. FACS analysis showed that the

number of cells in the cell cycle S phase increased

after PSF1 knockdown in MDA-MB-231 and MDA-

Genes to Cells (2010) 15, 1015-1024

Figure 4 Knockdown of GINS complex subunits reduces
growth of breast cancer cells. (A) Growth rate of normal cells
and breast cancer cells by knockdown of PSF2 (upper), PSF3
(middle) and SLD5 (lower). Control, PSF2, PSF3 or SLD5
siRNA was transfected into HMEC-tert or MDA-MB-231
cells. Six days after transfection of siRNA, cell numbers were
counted. The number of cells transfected with control siRNA
was set at 100. Data show the mean * SEM, *P > 0.05,
**P < 0.01 (n=3). (B) Expression levels of PSFI mRNA
and PSF1 protein in MDA-MB-231 cells transfected with
siRNA of GINS complex subunits. Control, PSF1, PSF2,
PSF3 or SLDS5 siRNA was transfected into MDA-MB-231
cells. After 2 days, the expression level of PSF1 was analyzed
by real-time RT-PCR (upper panel). Level of PSF1 expres-
sion in cells transfected with control siRNA was set at 1.
GAPDH was an internal control. Data show the mean £ SEM
(n = 3). Four days after transfection of siRNA, cells were col-
lected and lysed by RIPA buffer. PSF1 protein was detected
by anti-PSF1 antibody (lower panel). Actin was an internal
control. HMEC, human mammary epithelial cells.

MB-361 cells, but not in HMEC-tert cells (Fig. 5A).
This result indicated that PSF1 might participate in
the S phase of the cell cycle in breast cancer cells, but
not in normal HMEC. EdU incorporation assays
were then performed in cells treated with PSF1
siRNA. At 72 h after PSF1 knockdown, EdU was
incorporated for 75 min in cells. PSF1 knockdown
reduced cellular EdU incorporation in breast cancer
cell lines (MDA-MB-231 and MDA-MB-361), but
not normal human mammary epithelial cells (HMEC-
tert) (Fig. 5B and C). These results supported the find-
ing that reduction of PSF1 levels slowed cell growth
by delaying DNA replication in breast cancer cell lines.

Down-regulation of PSF1 repressed anchorage-
independent growth of breast cancer cells

To determine whether PSF1 expression knockdown
affected anchorage-independent breast cancer cell
growth, we analyzed colony-formation activity of
MDA-MB-231, MDA-MB-361 and T47D cells trea-
ted with PSF1 siRNA on soft agar. Although MDA-
MB-361 cells did not form colonies on soft agar (data
not shown), 3 weeks after treatment, the number of
colonies formed from T47D and MDA-MB-231 cells
transfected with PSF1-specific siRINA was reduced
approximately 40% and 10%, respectively, compared
to those from cells transfected with control siRNA
(Fig. 6). This result suggested that up-regulation of
PSF1 induced anchorage-independent growth of
breast cancer cells.
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Figure 5 Knockdown of PSF1 leads to delay in S phase of cell cycle in breast cancer cell lines. (A) Cell cycle analysis by flow
cytometry. Five days after transfection of siRNA, HMEC-tert, MDA-MB-231 and MDA-MB-361 cells were collected and stained
with PI. Cells were prepared using CycleTEST PLUS DNA REAGENT KIT (BD Biosciences). All samples were analyzed using
a FACSCalibur flow cytometer (BD Biosciences) and Cell Quest Pro software. Counts and FL2-A indicate cell number and DNA
content, respectively. (B) Incorporation of EdU. Control siRNA or PSF1 siRNA was transfected into HMEC-tert, MDA-MB-
231 and MDA-MB-361 cells. Three days after the transfection of siRINA, cells were labeled with EAU for 75 min and stained with
anti-EdU antibody (green) and Hoechst (blue). DNA replication analysis was performed with Click-iT EdU Alexa Fluor 488
High-Throughput Imaging Assay Kit and confocal laser scanning microscope. (C) The bar graph indicates the relative EdU-posi-
tive cell number under certain fluorescence intensity condition in (B). Approximately 200 cells in each cell were counted. Data
show the mean + SEM, *P > 0.05, **P < 0.01 (n = 3). HMEC, human mammary epithelial cells.

between PSF1 expression and that of gene markers
(ER, PgR, HER?2 and p53) was not observed in 34
PSF1 immunohistochemical staining was significantly ~ breast cancer tissue specimens (Table 1), a weak cor-
enhanced in 41% of breast cancer tissues tested but  relation (P = 0.116) between expression of PSF1 and
was very weak in normal breast tissues (Fig. 1A and ~ Her2 was observed. Therefore, the relationship
Table 1). Although a strong correlation (P < 0.05) between PSF1 and HER2 will be analyzed by

Discussion
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Figure 6 Knockdown of PSF1 reduces anchorage-independent growth of breast cancer cell lines. (A) Colony-formation activity
on soft agar. Mock, control siRNA or PSF! siRNA was transfected into T47D and MDA-MB-231 cells. Cells (5000 cells of
T47D and 10 000 cells of MDA-MB-231) were cultured on soft agar for 3 weeks. (B) The bar graph indicates the relative colony
number of cells in (A). The colony number of cells transfected with the control siRNA was set at 100. Data show the mean *

SEM, *P < 0.01 (n = 3).

increasing the number of specimens. We found that
the 15-year survival rate of the group expressing low
PSF1 levels was higher than for patients expressing
high PSF1 levels (Fig. 1C). These results suggest that
PSF1 might be useful as a new breast cancer biomar-
ker or prognosis marker.

We determined that up-regulated PSF1 expression
in breast cancer cells was because of the increased
activity of the PSF1 promoter (Fig. 3A). Although
stimulation of PSF1 promoter activity by estrogen has
been reported in vitro (Hayashi ef al. 2006), the ER
recognition sequences were not identified in the pro-
moter regions (—=5000b to +120b that contain the
transcriptional start and upstream regions) of the
PSF1 gene. We also analyzed the expression levels of
PSF1 mRNA in breast cancer cell lines after treat-
ment with the estrogen antagonist tamoxifen.
Although tamoxifen significantly inhibited cell
growth, it only weakly repressed the activity of PSF1
expression in the ER-positive breast cancer cell line,

Genes to Cells (2010) 15, 1015-1024

T47D (data not shown). High levels of PSF1 expres-
sion were also detected in the ER-negative cell line,
MDA-MB-231 (Fig. 2A, lane 3). These results could
indicate that ER is not a major factor for up-regula-
tion of PSF1 promoter activity in breast cancer cells.
Therefore, to identify the factor(s) necessary for up-
regulation of PSF1 promoter activity, it will be
important to understand the mechanisms of PSF1
over-expression in breast cancer cells.

We found that knockdown of PSF1 expression
using siRNA slowed cell growth by delaying DNA
replication (Figs 3,5). This result correlated with the
finding that reduced PSF1 expression using shRINA
slowed cell growth in Hela cells by increasing the
number of cells in the G2/M phase (Nagahama ef al.
2010). High-level expression of PSF1 in LLC (lung
carcinoma) and B16 (colon carcinoma) cells was also
reportedly correlated” with high proliferative activity
(Nagahama et al. 2010). Our results, along with these
reports, suggest that PSF1 over-expression might be

© 2010 The Authors
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involved in cell growth of several cancers in addition
to breast cancer by promoting changes in cell cycle
progression. We found that down-regulation of PSF1
led to reduced growth of MDA-MB-231 and MDA-
MB-361 cells, but not of normal HMEC and T47D
cells (Fig. 3C). This result suggested that breast cancer
cells with specific genetic backgrounds might require
large amounts of PSF1 for cell proliferation. Although
there are reportedly many replication origins in the S
phase of the cell cycle, only limited numbers of repli-
cation origins are activated in normal cells (Domin-
guez-Sola efal. 2007). The number of active
replicons could be increased by c-Myc over-expres-
sion or oncogenic Ras expression in cancer cells (Di
Micco ef al. 2006; Dominguez-Sola et al. 2007). We
did in fact detect c-Myc over-expression in MDA-
MB-231 cells (data not shown). These reports
together with our findings indicate that cancer cells
having large numbers of active replication origins
might require higher levels of GINS complex con-
taining PSF1 when compared to normal mammary
cells. We also found that down-regulation of PSF1
reduced anchorage-independent cell growth in T47D
cells (Fig. 6), but not cell proliferation (Fig. 3C).
These results suggested that PSF1 over-expression
could affect two types of cell growth, cell prolifera-
tion and anchorage-independent cell growth, of breast
cancer cells. Although further studies will be needed
to delineate the mechanism of PSF1 in increased
breast cancer cell growth, PSF1 inhibition might be
of therapeutic benefit for breast cancers with PSF1
over-expression.

Experimental procedures
Tissue samples, cell lines and antibodies

Tumor tissues were obtained with informed consent from
patients who received surgical treatment at National Cancer
Center Hospital. Breast cancer cell lines (T47D, MDA-MB-
231 and MDA-MB-361) were obtained from the American
Type Culture Collection (ATCC). Normal HMEC was
obtained from CAMBERX. HMEC-transfected human Tert
(HMEC-tert) was obtained from Dr Kiyono (NCCRI, Japan).
Anti-Psfl antibody was used as described previously (Ueno
et al. 2005).

Plasmid construction and reporter assay

The promoter DNAs of PSF1 (=5000b to +120b, —1600b to
+120b, —500b to +120b that contain transcriptional start and
upstream regions) were isolated from human genomic DNA

© 2010 The Authors
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by PCR. These DNAs were sequenced and inserted in pGL3-
basic (Promega) that contains a firefly luciferase gene. Reporter

assay was performed as described previously (Ishida er al.
2007).

Immunohistochemical staining

Five-micrometer-thick sections of the formalin-fixed paraffin-
embedded tumors were deparaffinized. After heat-induced epi-
tope retrieval, the sections were incubated with mouse mono-
clonal anti-PSF1 antibody at a dilution of 1 : 50. The sections
were incubated with a biotinylated secondary antibody against
mouse IgG (Vector Laboratories, Burlingame, CA, USA) at a
dilution of 1 : 200 and then with the Vectastain ABC reagent
(Vector Laboratories).

Real-time RT-PCR

Real-time RT-PCR. were performed as described previously
(Ishida et al. 2007) using the following primer sets: PSF1,
5-TTCCCTGAGATTCAGATTGACTG-3 (forward) and 5'-G
GTCATAGACCA AAGTATAAAGC-3’ (reverse); PSF2, 5'-
GACATTCTTCAATTCCACATCTG-3 (forward) and 5'-G
CCACCTCTGTGAGAGAGTC-3 (reverse); PSF3, 5'-CCC
TGACACCT CACAACTAGC-3 (forward) and 5-CAGA
ACATATTCATGTACAAAGC-3’ (reverse); and SLDS5, 5'-G
CCTCTCTCGCCGGAAGAGT-3' (forward) and 5-CCTG
AC CTCATGATCCGC-3’ (reverse). CTBP1 and GAPDH
genes were used as internal controls.

Small interfering RNA and cell growth analysis

For the small interfering RNA (siRNA) experiments, 20 nm
of siRNA for control (Qiagen), PSF1 (SI00452501; Qiagen),
PSF2 (S102653056; Qiagen), PSF3 (SI00394478; Qiagen) and
SLDS5 (S104243323; Qiagen) was used. Transfection was per-
formed as described previously (Ishida et al. 2007).

Flow cytometry and EAU incorporation assay

For DNA content analysis, cells were prepared using Cycle-
TEST PLUS DNA REAGENT KIT (BD Biosciences). All
samples were analyzed using a FACSCalibur flow cytometer
(BD Biosciences) and Cell Quest Pro software. DNA replica-
tion analysis was performed with Click-iT EdU Alexa Fluor
488 High-Throughput Imaging Assay Kit (Invitrogen) and
confocal laser scanning microscope (Carl Zeiss).

Anchorage-independent colony assay

Anchorage-independent  colony assay was performed as
described previously (Ishida et al. 2007; Ohta et al. 2008).
T47D (5000 cells) and MDA-MB-231 (10 000 cells) were
plated on soft agar and incubated for 3 weeks.

Genes to Cells (2010) 15, 1015-1024
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Statistical analysis

Statistical analysis of clinicopathological characteristics was
performed using the Fisher’s exact test with a single degree of
freedom. The survival rates were determined using the
Kaplan-Meier methods and compared by means of the log
rank test. P < 0.05 was considered statistically significant.
Statistical analyses were performed using R software.
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BACKGROUND: Although a pathologic complete response (pCR) after necadjuvant chemotherapy is associated with favourable
outcomes, a small proportion of patients with pCR have recurrence. This study was designed to identify factors predictive of
recurrence in patients with pCR.

METHODS: A total of 449 breast cancer patients received neoadjuvant chemotherapy, and 88 evaluable patients had a pCR, defined as
no evidence of invasive carcinoma in the breast at surgery. The dlinical stage was Il in 61 patients (69%), lil in 27 (31%). All patients
received taxanes and 92% received anthracyclines. Among 43 patients with HER2-positive tumours, 27 received trastuzumab.
Cox regression analyses were performed to identify predictors of recurrence.

RESULTS: Median follow-up was 46.0 months. There were 12 recurrences, including 8 distant metastases. The rate of locoregional
recurrence was |04% after breast-conserving surgery, as compared with 2.5% after mastectomy. Multivariate analysis revealed that
axillary metastases (hazard ratio (HR), 13.6; P<0.0001) and HER2-positive disease (HR, 5.0, P<0019) were significant predictors of
recurrence. Five of six patients with both factors had recurrence. Inclusion of trastuzumab was not an independent predictor among

patients with HER2-positive breast cancer.
with pCR.
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Neoadjuvant chemotherapy is a widely accepted treatment not only
for locally advanced breast cancer, but also for earlier-stage operable
disease (van der Hage et al, 2001; Bonadonna et al, 1998; Bear et al,
2003). Mauri et al (2005) performed a meta-analysis of clinical trials
comparing patients who received preoperative chemotherapy with
those who received postoperative chemotherapy. Death, disease
progression, and distant recurrence were equivalent in both the
arms. The main advantages of neoadjuvant chemotherapy included
the evaluation of the in vivo chemosensitivity of tumours in
individual patients; minimisation of micrometastases; and surgical
downstaging of tumours, allowing breast-conserving surgery (BCS)
to be performed in patients who might have otherwise required a
mastectomy. However, the survival advantage of neoadjuvant
chemotherapy appears to be negligible (Fisher ef al, 1997;
Bonadonna et al, 1998; Kuerer et al, 2001; Wolmark et al, 2001).

In several studies, a pathologic complete response (pCR),
defined as the absence of invasive tumour in the breast only or
in the breast and axilla, correlates with a far lower risk of
subsequent recurrence, as well as with improved overall survival
(Fisher et al, 1997, 1998; Bonadonna et al, 1998; Morrell et al, 1998;
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CONCLUSION: Qur study results suggest that HER2 status and axillary metastases are independent predictors of recurrence in patients
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Kuerer et al, 1999; Chollet et al, 2002). Thus, efforts have been
made to increase pCR rates by using more effective drugs and
treatment regimens (Smith et al, 2002; Buzdar et al, 2005); the
achievement of pCR has become the primary end point of many
clinical studies.

Although a pCR is associated with favourable outcomes in
most patients, some patients with pCR have disease recurrence.
Previous studies have reported 5-year recurrence rates of 13-25%
(Fisher et al, 1998; Morrell et al, 1998; Kuerer et al, 2001; Wolmark
et al, 2001). Only a few studies have examined predictors of
recurrence in patients who have a pCR to neoadjuvant treatment
(Ring et al, 2004; Gonzalez-Angulo et al, 2005; Guarneri et al,
2006). We therefore retrospectively analysed predictive factors of
recurrence in patients with breast cancer who achieved a pCR after
neoadjuvant chemotherapy. )

PATIENTS AND METHODS

Patients

This was a retrospective study of 88 evaluable patients with
primary breast carcinoma who had a pCR after receiving neo-
adjuvant chemotherapy at National Cancer Center Hospital, Tokyo
between 1996 and 2006. The follow-up period was completed
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in December 2008. The locoregional or distant recurrences were
evaluated on physical examination, or by radiological imaging.

Histopathology

All patients were confirmed to have invasive carcinoma histo-
logically by core needle biopsy. Surgical specimens were sectioned
at 7- to 10-mm thick slices, and the pathological response was
evaluated by pathologists specialised in breast pathology. The
histologic type of the primary tumour was classified according to
the General Rules for Clinical and Pathological Recording of Breast
Cancer, The Japanese Breast Cancer Society (2004). The histologic
grade of the tumours was classified according to the Elston-Ellis
classification system (Elston and Ellis, 1991). The patients’ levels of
oestrogen receptor (ER, 1D5; Dako, Glostrup, Denmark), proges-
terone receptor (PgR, 1A6; Novocastra, Newcastle Upon Tyne,
UK), and HER2 (HercepTest, Dako) were measured by immuno-
histochemical (IHC) analysis of paraffin-embedded tissue speci-
mens. Oestrogen receptor and PgR were classified as positive if
more than 10% of cancer cell nuclei were stained, regardless of the
staining intensity. HER2-positive status was defined as ITHC (3 + )
more than 10% of cancer cells markedly positive, or positive
results of fluorescence in situ hybridisation (FISH) for HER2
amplification, that is, a HER2/CEP17 signal ratio of 2.0 (Vysis
Pathvysion; Abbott, Chicago, IL, USA). IHC (2+) tumours, in
which more than 10% of cancer cells were moderately positive,
were excluded from the analysis without performing FISH test.

A wide range of criteria have been used to define pCR, and a
consensus has yet to be reached. In this study, pCR was defined as
no evidence of invasive carcinoma in the breast at the time of
surgery in line with the criteria of the National Surgical Adjuvant
Breast and Bowel Project B-18 (Wolmark et al, 2001) and the
recommendations of Sataloff et al (1995). Because the presence or
absence of residual ductal carcinoma in situ (DCIS) after preope-
rative therapy does not influence long-term rate of local recurrence
or overall survival (Mazouni et al, 2007), we included patients with
residual DCIS in the category of pCR.

Treatment

Neoadjuvant chemotherapy was indicated in patients with clinical
stage II or III primary breast cancer whose tumours were larger
than 3 cm. Although the potential benefits of adding taxanes to
anthracycline-based regimens remain controversial in terms of
long-term outcomes (Bear et al, 2006), regimens combining
anthracyclines with taxanes, either sequentially or concomitantly,
are widely used. In this study, neoadjuvant chemotherapy
regimens included (1) four cycles of doxorubicin (DOX,
SOmgm_z) and docetaxel (DTX, 60mgm™2) (AT), followed by
additional adjuvant treatment with two cycles of AT or four cycles
of intravenous cyclophosphamide, methotrexate, and 5-fluoro-
uracil (CMF); (2) four cycles of fluorouracil (500 mg m™?)/epirubicin
(100 mg m2)/cyclophosphamide (600 mgm %) (FEC) along with
12 weekly cycles of paclitaxel (80mgm™2); (3) four cycles of
doxorubicin (60 mgm™?)/cyclophosphamide (600mgm™) (AC)
along with 12 weekly cycles of paclitaxel (80 mgm™"); (4) twelve
weekly cycles of paclitaxel (80 mgm™) only; and (5) four cycles of
AC along with four cycles of DTX (60mgm?). After November
2002, patients with HER2-positive tumours received trastuzumab
(initially 4mgkg* followed by 2mgkg ™" weekly) in combination
with paclitaxel for 12 weeks. Trastuzumab was not administered
post-operatively because it had not been approved for use in an
adjuvant setting in Japan until 2007.

As for breast surgery, patients underwent either mastectomy
(n=40) or BCS (n=48). Axillary lymph node dissection or
sentinel lymph node biopsy alone was additionally performed.
The decision to perform BCS was based on the ability to remove
residual disease completely with optimal cosmetic results; patient

British Journal of Cancer {2010) 103(3), 297-302

preference was also considered. Twenty-one patients (24%)
received adjuvant endocrine therapy including tamoxifen, anas-
trozole, or both drugs for 5 years if either the pre-treatment biopsy
specimen or the surgical specimen obtained after chemotherapy
was positive for ER or PgR. We defined surgical margin positive if
the tumour cells were directly exposed to the margin.

Postoperative radiotherapy was administered to 60 patients (68%)
who had either undergone BCS or had locally advanced disease. The
radiotherapy protocol was as follows: after mastectomy, patients with
clinical stage III disease received radiotherapy, delivered in 2Gy
fractions to chest wall and axilla (total dose 50Gy). After BCS, all
patients received radiotherapy, delivered in 2 Gy fractions to the breast
(total dose 50 Gy). A booster dose was delivered to the tumorectomy
bed if the surgical margin was positive. Regardless of the surgical
methods, patients with four or more positive axillary lymph nodes
received radiotherapy, delivered in 2Gy fractions to subclavicular
region (total dose 50 Gy).

Clinical significance of locoregional recurrence after
neoadjuvant chemotherapy

The impact of locoregional recurrence (LRR) survival after
neoadjuvant chemotherapy on survival remains poorly under-
stood. However, patients with LRR after adjuvant chemotherapy,
especially those with ER-negative tumours, have substantially
worse outcomes regardless of axillary node status (Wapnir et al,
2006; Anderson et al, 2009). Among patients who achieved a pCR
in neoadjuvant setting in our study, the ER-negative rate was
73% and higher than that of patients in adjuvant settings. This
suggests the LRR after neoadjuvant chemotherapy might be
a negative prognostic factor.

Statistical analysis

Statistical analyses were performed using SAS, version 9.2

(SAS Institute Inc., Cary, NC, USA). The log-rank test was used
to identify predictive factors associated with recurrence after the

achievement of pCR. Then, variables with P-values of <0.20 on

univariate analysis were included in the multivariate models.

Multivariate analysis with a Cox proportional-hazards model was

used to identify independent predictors in all 88 patients. Models

were selected by stepwise forward analysis, retaining variables

significant at the o = 0.05 level for the final model, The Kaplan-

Meier product-limit method was used to compute recurrence-

free survival according to the number of predictive factors.

Recurrence-free survival was measured from the date of initial

diagnosis to the date of recurrence (including LRR} or the last
follow-up visit. In addition, the relations of recurrence to

clinicopathological factors in the 43 patients with HER2-positive

tumours were also evaluated. A Cox proportional-hazards model
including variables with P-values of <0.05 on univariate analysis

was used to identify independent predictors of recurrence.

RESULTS

Characteristics of patients with relapse

Of 449 patients with breast cancer who received neocadjuvant
chemotherapy, 88 (20%) evaluable patients were identified as
having a pCR. The median follow-up was 46 months (range,
8-115). Table 1 shows the patient and tumour characteristics.
The median age was 54.5 years (range, 29-78). The median
diameter of the primary breast tumour was 45.0mm (range,
25-130). All patients received taxane-based chemotherapy, and
92% also received anthracycline-based therapy.

A total of 12 patients (13.6%) had tumour recurrence (Table 2).
All recurrences were diagnosed within 32 months after initial diag-
nosis. Seven patients died of breast cancer within the follow-up
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period. Among the six patients who had LRR, five had received
BCS as primary surgery, and four had DCIS after neoadjuvant
chemotherapy. LRR occurred in 5 of 48 patients (10.4%) after BCS,
as compared with only 1 of 40 patients (2.5%) after mastectomy.

Predictive factors for recurrence in all 88 patients
with pCR

The results of univariate analysis of predictive factors for
recurrence are shown in Table 3. Variables tested for inclusion
in the multivariate model were axillary lymph node metastasis at
surgery, HER2 status (positive vs negative) and stage (I vs II).
After.controlling for these factors, axillary lymph node metastasis

Table | Patient characteristics

All patients (N = 88)

Characteristic No. of patients

Age, years

<50/>50 33/55
Clinical stage

lAnAIB,INC 61/18/9
Pre-treatment pathology

Invasive ductal/lobular/mucinous/others 85/1/171
Nuclear grade

1/2/3/unknown 224/6171
Hormone receptor status

ER or PgR positive/both negative 23/65
HER2 status

Positive/Negative 43745

Neoadjuvant chemotherapy
FEC —»weekly paclitaxel (£ trastuzumab)
AC —weekly paclitaxel (£ trastuzumab)
AT (doxorubicin + docetaxel) 19
Weekly paclitaxel (% trastuzumab) 7 (3 with trastuzumab)
AC — docetaxel |

31 (16 with trastuzumab)
30 (8 with trastuzumab)

Surgery

Mastectomy/Breast-conserving surgery 40/48

Abbreviations; FEC = fluorouracil + epirubicin + cyclophosphamide; AC = doxorubicin +
cyclophosphamide; PgR = progesterone receptor.

Table 2 Characteristics of patients with recurrence

Predictors of recurrence in patients with pCR
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(hazard ratio (HR), 13.6; 95% CI, 4.6-63.3; P<0.0001) and HER2-
positive disease (HR, 5.0; 95% CI, 1.3-19.3; P<0.019) remained
significant independent predictors of recurrence (Table 4).
According to the number of independent risk factors (HER2-
positive disease and axillary lymph node metastasis) for recurrence,
the 5-year recurrence-free rate varied between 94.4% for no factor
(n=36), 89.1% for 1 factor (n=46), and 0% for 2 factors (n==6).

Predictive factors for recurrence among 43 patients with
HER2-positive disease

Among 43 patients with HER2-positive breast cancer who had a
PCR, 27 received trastuzumab. The results of the univariate
analysis of predictive factors for recurrence are shown in Table 3.
Variables tested for inclusion in the multivariate model were
axillary lymph node metastasis at surgery, inclusion of trastuzu-
mab, and stage (II[). After controlling for these factors, only
axillary lymph node metastasis (HR, 74.6 (8.0-692.9); P<0.0001)
remained a significant independent predictor of recurrence.

DISCUSSION

Because a small proportion of patients with breast cancer have
recurrence after achievement of a pCR, prediction of the risk of
recurrence has an important role in postoperative management.
Our multivariate analysis of all 88 patients with a pCR showed that
axillary lymph node metastasis and HER2-positive disease were
independent predictors of recurrence. Five of the six patients with
both of these factors had recurrence after achieving a pCR in our
study. Such patients may benefit from additional postoperative
therapy and not be optimal candidates for clinical trials with pCR
as the primary end point.

Although pCR in this study was defined as no evidence of
invasive carcinoma only in the breast, the trial of the University of
Texas MD Anderson Cancer Center pCR criteria requires not only
complete response of the primary lesion but also the disappear-
ance of axillary metastasis (Green et al, 2005). We also performed
Cox regression model analysis of 73 patients who satisfied the MD
Anderson pCR criteria (results not shown). On univariate analysis,
tumour diameter (>50 mm) and grade (3) had P-values of <0.20.
However, no factor was independently significant in the multi-
variate analysis. The reasons for the differences in the results
according to the definitions of pCR were the smaller sample size,
the smaller number of recurrences {only five recurrences), and the
elimination of the large influence of axillary lymph nodes on
recurrence.

Initial diagnosis

Operative information

State at recurrence

No. Age Tumour diameter HER2 ER or PgR Ax. M. DCIS BCS LRR Distant M. Brain M. RFS
| 39 90 - - - - - - + + 8
2 33 52 - + - - + - + - 26
3 62 55 + - - - + + + - 26
4 29 35 + + - + + + + - 30
5 58 42 + - - - + + + - 32
[ S5 65 + - + + - - + - 32
7 63 49 + - + + - + - - 18
8 36 34 - + + - - - + - 20
9 49 30 + - + + — - + - 21

10 56 25 + - + + + + - - 21

N 50 55 + - + - + - + + 29

i2 7l 60 - - + + + + - - 32

Abbreviations: Ax. M.=axillary lymph node metastasis; M. =metastasis; BCS = breast-conserving surgery; RFS = recurrence-free survival (months); LRR = locoregional
recurrence; ER = oestrogen receptor; PgR = progesterone receptor; HER2 = human epidermal growth factor 2; DCIS = ductal carcinoma in situ.
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As expected, histopathological lymph node status was a strong
predictor of recurrence in patients who had a pCR of their primary
tumours. In contrast, HER2 status was found to be a predictor of
recurrence for the first time, Gonzalez-Angulo et al (2005) studied
predictive factors for distant metastasis in 226 patients with pCR.
Although HER2 positivity was not a significant predictor of
distant metastasis, HER2 status was unknown in 58% of the
patients, and only 5% received taxane-based chemotherapy.
Interactions between HER? status and paclitaxel have been reported
in an adjuvant setting, especially among patients with ER-negative
tumours (Hayes et al, 2007). In our exploratory study, HER2 status
was assessed by IHC or FISH analyses in all patients, the ER- or
PgR-positive rate was low (26%), and all the patients received
taxane-based therapy. The combination of these factors may have
contributed to the identification of HER2 positivity as a significant
independent predictor of recurrence after the achievement of a pCR.

Table 3 Univariate analysis of predictive factors for recurrence

Buzdar et al (2005, 2007) and Gianni (2008) reported the results
of randomised trials of trastuzumab given with neoadjuvant
chemotherapy to patients with HER2-positive breast cancer,
and the pCR rate was significantly higher than that in the control
arm. However, there are only a few, small randomised trials

Table 4 Multivariate analysis of predictors of recurrence (all 88 patients)

Characteristic HR P-value 95% CI
Axillary lymph node metastasis 13.6 < 00001 4.6-63.3
HER2-positive disease 5.0 0019 1.3-193

Abbreviations: HR = hazard ratio; C| = confidence interval; HER2 = human epidermal
growth factor receptor 2

All patients (N =88)

HER?2 positive (N =43)

Characteristic No. Patients with recurrence (%) P-value No. Patients with recurrence (%) P-value
Age

> 50 years old 55 109 28 17.9

<50 years old 33 182 0.28 15 20 0.83

Tumour diameter

> 50mm 30 200 12 250

<50mm 58 103 022 31 16.1 0.44
Clinical stage

Il : 61 9.8 30 133

i 27 222 .09 13 308 0.1
ER or PgR

Positive 23 130 9 (N

Negative 65 138 087 34 206 0.45
HER2

Positive 43 18.6

Negative 45 91 0.19
Nuclear grade

3 6l 145 28 214

-2 26 15 071 15 133 049
Type of chemotherapy :

Anthracycline + taxane 8l 134 39 180

Taxane based 7 286 0.38 4 250 091
Type of chemotherapy

With trastuzumab 27 74 27 74

Without trastuzumab 61 164 0.28 16 375 0015
Surgery

Mastectomy 40 125 21 238

BCS 48 14.6 0.84 23 136 0.48
Residual DCIS

Present 39 154 23 217

None 49 122 0.65 20 150 0.50
No. of LNs examined

<10 15 14.7 7 14.3

>0 73 137 093 36 19.4 079
Axillary LN status

Node positive I5 46.7 6 83.3

Node negative 73 69 <000l 37 8.1 <0001

Abbreviations: ER = oestrogen receptor; PgR = progesterone receptor; HER2=human epidermal growth factor receptor 2; pCR = pathological complete response;

BCS = breast-conserving surgery; DCIS = ductal carcinoma in situ; LN = fymph node.
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of neoadjuvant trastuzumab, and so far no study has shown that
neoadjuvant trastuzumab can improve overall survival (Rowan,
2009). Indeed, in our study, the pCR rate in patients with HER2-
positive breast cancer who received neoadjuvant chemotherapy
with trastuzumab was 50% (27 out of 54), which was much higher
than that for the study group as a whole (20%, 88 out of 449).
However, the inclusion of trastuzumab was not a significant
predictor of recurrence on multivariate analysis. This is partly
because trastuzumab was not administered post-operatively. The
optimal duration of trastuzumab in neoadjuvant and adjuvant
setting should be confirmed prospectively in randomised trials.
The demand for BCS is expected to rise as the reported rate of
PCR after BCS increases. However, LRR rates after BCS in patients
who received neoadjuvant chemotherapy in previous studies have
varied from 2.6 to 22.6% (Mauriac et al, 1999; Rouzier et al, 2001;
Peintinger et al, 2006). This wide variability has led to uncertainty,
and the benefits of BCS have been questioned. Objective evaluation
of the safety and effectiveness of BCS has been precluded by the
small numbers of patients who have achieved a pCR, different
criteria for determining whether BCS is indicated, and different
treatment regimens. Mauri et al (2005) performed a meta-analysis
of clinical trials comparing preoperative with postoperative
chemotherapy. Although the proportion of patients with distant
recurrence was equivalent in both arms, LRR was more frequent
in the preoperative chemotherapy arm, with an HR of about 1.2.
In our study, most cases of LRR occurred after BCS, and the
proportion of patients with LRR was 10.4% after BCS, as compared
with only 2.5% after mastectomy. Our study results suggest that
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even after achieving a pCR, patients should be carefully followed
up for LRR after BCS.

This study was retrospective and lacked a sufficient number of
patients with recurrence after the achievement of a pCR to allow us
to make firm. recommendations for a given treatment option.
Despite these limitations, some tentative conclusions can be
drawn. First, our retrospective analysis showed that HER2-positive
disease and axillary metastasis were independent predictors of
recurrence after the achievement of a pCR at the primary site in
response to neoadjuvant chemotherapy. This finding suggests that
patients with HER2-positive disease and axillary metastasis may be
candidates for more aggressive adjuvant therapy even after the
achievement of a pCR, but this assumption must be confirmed in
future clinical trials. Second, the inclusion of trastuzamab in
regimens for neoadjuvant chemotherapy might not be predictive
of recurrence, even though the rate of pCR among patients
who received trastuzumab was much higher than that among all
patients who received neoadjuvant chemotherapy. Third, the rate
of LRR was higher after BCS than after mastectomy. Patients who
undergo BCS should thus be closely followed up for LRR.
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