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Abstract

Background. In recent years, the surgical management of
patients with breast cancer has shifted to a locoregional
approach, and evaluating the patient’s axillary lymph node
status is of the greatest importance in determining the
appropriate treatment strategy. We evaluated on the effi-
cacy of preoperative axillary staging using contrast-enhanced
computed tomography (CE-CT).

Methods. Between 2000 and 2003, 235 patients with opera-
ble breast cancer who underwent CE-CT before surgery
and 137 patients who received neoadjuvant chemotherapy
(NAC) and underwent CE-CT before NAC and surgery
were enrolled in this study. The axillary status was evalu-
ated based on three criteria (short-axis diameter, shape, and
enhancement type), and the diagnosis was correlated with
the histopathological results.

Results. In patients who did not receive NAC, the size cri-
terion of a short-axis diameter of more than 5 mm provided
a sensitivity of 78%, a specificity of 75%, and an accuracy
of 76% in predicting node-positive status. According to the
size criterion of a short-axis diameter of more than 5 mm
and the shape criterion of the absence of intranodal fat
density, the specificity and accuracy were 90% and 81%,
respectively, and according to the enhancement type crite-
rion of early enhancement, the corresponding values were
89% and 78%. Evaluation was more difficult in patients
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who received NAC and the sensitivity of the size-based
criterion in the patients who received NAC was lower than
in those who did not.

Conclusion, These findings suggest that CE-CT based on
size criteria is useful for evaluating the preoperative axillary
status of breast cancer patients, but that evaluation is more
difficult and the sensitivity is reduced in patients who have
received NAC.

Key words Breast - CT - Axillary status - Neoadjuvant -
Chemotherapy

Introduction

There have been remarkable advances in the treatment of
breast cancer in recent years. Diagnostic techniques and
methods are improving and more and more new devices are
being introduced. However, their usefulness has not been
established, and it is necessary to develop more detailed
and accurate diagnostic methods.

In the surgical management of patients with breast
cancer, conservative treatment and sentinel lymph node
biopsy (SLNB) are now widely employed. For these proce-
dures, accurate preoperative evaluation of the lesion is
required. In such preoperative evaluation, the extent of the
main lesion should be assessed in order to determine the
range of tumor excision,; also, axillary lymph node metasta-
ses should be evaluated in order to perform an SLNB
procedure safely. There have been many reports on the
evaluation of tumor extent, and we have published several
articles on the usefulness of mammary gland computed
tomography (CT) in this regard."” For the evaluation of
axillary lymph node metastases, various approaches and
examination techniques have been proposed to improve the
diagnostic accuracy of ultrasound (US), CT, positron emis-
sion tomography (PET), and other diagnostic modalities.*"
However, no definitive criteria have yet been established.
Mammary gland CT can be performed with the patient in
nearly the same position as that during surgery, and it is



beginning to attract attention as a modality that permits the
extent of the primary lesion and axillary lymph node metas-
tases to be evaluated simultaneously.

In chemotherapy, molecular-targeted therapeutic agents,
including anthracyclines, taxanes, and trastuzumab (Her-
ceptin; Roche, Nutley, NJ, USA) are now employed, and
the antitumor effect of chemotherapy is increasing remark-
ably. Given this background, neoadjuvant chemotherapy
(NAC) is now widely employed not only for locally advanced
breast cancers but also for primary breast cancers, and
excellent results have been reported.”™" However, new
problems have begun to emerge as NAC has become more
common. Because NAC is highly effective, it is difficult to
visualize the residual lesions after chemotherapy. Even
more accurate evaluation is therefore needed to determine
the excision range. We have previously reported the useful-
ness of CT in the visualization of residual lesions after
NAC." In addition, several reports have suggested that the
number of residual lymph node metastases after NAC is a
strong prognostic factor.'*"® The evaluation of axillary
lymph node metastases after NAC is therefore of great
importance. Furthermore, identifying the presence or
absence of axillary lymph node metastases before and after
NAC may be very important in determining whether or not
SLNB is indicated after NAC,

In this study, we evaluated the usefulness of multislice
CT in the evaluation of axillary lymph node metastases in
order to establish suitable criteria for evaluating axillary
lymph node metastases using this modality. We also exam-
ined the effectiveness of NAC for axillary lymph node
melastases, using multislice CT.

Patients and methods
Patients

This study group included 235 women with operable breast
cancers measuring less than or more than 30 mm in diame-
ter who refused NAC and 137 women who received NAC.
NAC was indicated in patients with clinical stage II breast
cancer with a tumor larger than 3 cm, or in patients with
stage III breast cancer. All patients were treated at the
National Cancer Center Hospital (NCCH), Tokyo, between
January 2000 and December 2003. The patients were evalu-
ated by contrast-enhanced (CE)-CT before surgery and
before NAC.

The surgical method was mastectomy or breast-conserv-
ing surgery with axillary lymph node dissection. The NAC
protocol consisted of four cycles of doxorubicin (50 mg/m?)/
docetaxel (60 mg/m’) with a 21-day cycle length (AT pro-
tocol), or four cycles of doxorubicin (60 mg/m?)/cyclophos-
phamide (600 mg/m’) plus 12 weekly cycles of paclitaxel
(80 mg/m®) (ACT protocol) followed by surgery. The initial
pathologic confirmation of breast cancer was based on the
findings of needle biopsy. All patients gave their informed
consent to participate in the study, which was approved by
the institutional review board of the NCCH.
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Imaging examinations

All CT examinations were performed with the patient in
the prone position; from January to June 2000, a helical CT
scanner (X-Vigor; Toshiba, Tokyo, Japan) was used, and
from July 2000 onwards a multislice (four-row) CT scanner
(Aquilion; Toshiba) was used. The first noncontrast-
enhanced CT scan served as the baseline, with images
acquired from the cranial end of the sternum to the
inframammary fold. Subsequently, an enhanced zoomed
scan was performed to visualize the entire breast. A 100-ml
bolus of nonionic contrast material (300 mg I/ml of iohe-
xol [Omnipaque’ Daiichisankyo Pharmaceutical, Tokyo,
Japan]) was injected intravenously at a rate of 3 ml/s, using
an automated injector, via an antecubital vein on the side
opposite the affected breast. Image acquisition was started
at 40 s after the start of bolus injection of the contrast mate-
rial. The reconstruction interval was 5 mm. Metastatic
lymph nodes were evaluated based on the short-axis diam-
eter, internal fat density indicating absence of a center
image, and early strong enhancement, compared with the
late phase of the axillary lymph node on CT images. Benign
lymph node enlargement such as hyperplasia has internal
fat at the normal hilum of the lymph node and does not
show early strong enhancement. We evaluated the sensitiv-
ity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy compared with pre-
surgical lymph node status diagnosed by CT imaging,
according to several criteria of pathological lymph node
status after operation. Two authors (T. S. and K. M.) retro-
spectively interpreted the CT images together, and reached
their conclusions by consensus.

Histopathological examinations

All nodes obtained by axillary dissection were cut into
single sections and stained with hematoxylin-eosin (H&E)
for analysis by breast pathologists. The pathological
response of the primary tumors to NAC was classified
according to the General rules for clinical and pathological
recording of breast cancer of the Japanese Breast Cancer
Society (JBCS).” In grade 0 tumors, no response was
observed; in grade la tumors, degenerative changes or
severe degenerative changes were observed in fewer than
one-third of the cancerous cells; in grade 1b tumors, severe
degenerative changes were observed in one-third to two-
thirds of the cancerous cells; in grade 2 tumors, degenera-
tion was observed in more than two-thirds of the cancerous
cells; and in grade 3 tumors, a complete response was
observed, with no cancerous cells remaining.

Results
Patient characteristics

Table 1 shows the clinicopathological features of the 235
patients who did not receive NAC (without NAC) and the
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Table 1. Clinicopathologic features

Variable Without NAC (n = 235) NAC (n=137)
Data Data
Age, years, median (range) 51 (22-83) 51 (26-68)
Primary tumor size, mm, median (range) 21 (2-110) 40 (15-80)
Tla 3(1%)
Tlb 8(3%)
Tle 88 (37%) 3(2%)
T2 105 (45%) 89 (65%)
T3 and T4 31 (13%) 45 (33%)
Histology
Invasive ductal carcinoma 218 (93%) 128 (93%)
Invasive lobular carcinoma 14 (6%) 6 (4%)
Mucinous carcinoma 1(0.4%) 3(2%)
Undifferentiated adenocarcinoma 2(1%)
Pathological lymph node status
Negative 142 (60%) 55 (40%)
Positive 93 (40%) 82 (60%)
Pathological response to NAC
Grade 0 1(0.7%)
Grade 1a 66 (48%)
Grade 1b 27 (20%)
Grade 2 32 (23%)
Grade 3 9 (7%)

Table 2. Results for CT imaging of axillary lymph nodes in patients without NAC, obtained using each diagnostic criterion

Parameter Short-axis diameter of LN Shortsaxis diameter >5 mm and |
=5 mm =7 mm Early enhancement Without absence of
center image

Sensitivity 78% 35% 62% 7%
Specificity 75% 94% 89% 20%
PPV 67% 80% 78% B1%
NPV 84% 69% 78% B2%
Accuracy 76% 1% 8% 81%

LN, lymph node; PPV, positive predictive value; NPV, negative predictive value

137 patients who received NAC (NAC). The size of the
primary tumor was measured on the pretreatment CT
images. In the patients without NAC, the median age was
51 years (range, 22-83 years). The median tumor size was
21 mm (range, 2-110 mm). In the 2 patients with undiffer-
entiated adenocarcinomas, 1 had a matrix-producing carci-
noma and 1 had stromal sarcoma. Ninety-three patients
(40% ) had node-positive pathology.

In the NAC patients, the median age was 51 years (range,
26-68 years). The median tumor size was 40 mm (range,
15-80 mm). Of these patients, 128 were histologically diag-
nosed as having invasive ductal carcinoma. Invasive lobular
carcinomas and mucinous carcinomas were found in 6 and
3 patients, respectively. Eighty-two patients were node-
positive after operations (60%) and there was a pathologi-
cal response of the primary tumor according to the JBCS
classification (Table 1).

Evaluation of axillary status in patients who did not
receive NAC

Pathologically, 93 patients (40%) were diagnosed as node-
positive and 142 (60%) as node-negative, based on the cri-

terion that an axillary lymph node greater than 5 mm in
short-axis diameter on the CT images was node-positive;
the sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were 78%, 75%, 67%,
and 84%, respectively (Table 2). Based on the criterion that
a node greater than 7 mm in short-axis diameter was node-
positive, the specificity and PPV increased while the sensi-
tivity and accuracy decreased. When the other CT criteria
were used in addition, the diagnostic accuracy was higher
than that obtained using the size criteria alone, When the
lymph nodes greater than 5 mm in short-axis diameter with
early enhancement and those without the absence of a
center image (absence of a center image means that the
lymph node contains fatty tissue) were diagnosed as node-
positive, the accuracy rates were 78% and 81% and false
negative rates were 22% and 18%. In patients with false-
negative results using the 5-mm criterion, the number of
metastases was one to three nodes (78%) and in those with
false-negative results using the 7-mm criterion, the number
of metastases was more than foqr nodes (22%).



Evaluation of axillary status in patients who
received NAC

Of the 137 patients who received NAC before surgery,
lymph node metastases were confirmed by postoperative
pathological examination in 82 (60%). The clinical stage of
the patients with NAC was relatively advanced. Therefore,
the pathological lymph node status was worse than that in
patients without NAC. Based on the criterion that a lymph
node greater than 5 mm in short-axis diameter on preopera-
tive CT images was node-positive, the sensitivity, specificity,
NPV, PPV, and accuracy were 60%, 95%, 61%, 94%, and
74%, respectively. Based on the criterion that a lymph node
greater than 7 mm in short-axis diameter was node-positive,
the specificity and PPV were both 100%, while the sensitiv-
ity, NPV, and accuracy were 20%, 55%, and 52%, respec-
tively-values that were significantly lower than the values
obtained using the 5-mm criterion (Table 3).

On CT imaging before NAC, a lymph node enlarged to
greater than 5 mm in short-axis diameter and diagnosed as
node-positive was observed in 120 patients (88%), but on
comparison with preoperative CT imaging, it was found
that the lymph node had become smaller after NAC in 113
(94%) of these 120 patients (Table 4). On the postoperative
pathological examination, lymph node metastasis was con-
firmed in 82 patients. If it is assumed that the diagnosis in
all 120 patients who were determined to be node-positive
before NAC was correct, the pathological complete response
(pCR) rate for NAC in axillary lymph node metastases can
be considered to be 32%.

Table 3. Results for CT imaging of axillary LN in pati with NAC

Parameter Short-axis diameter of LN

=5 mm >7mm
Sensitivity 60% 20%
Specificity 95% 100%
PPV 949% 100%
NPV 61% 55%
Accuracy T4% 2%

LN, lymph node; PPV, positive predictive value; NPV, negative predic-
tive value

Table 4. Efficacy of NAC for axillary LN metastases (n = 137)
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Discussion

In a number of studies, authors have described the useful-
ness of preoperative diagnostic imaging of the axillary
lymph nodes in patients with breast cancer and have dis-
cussed the diagnostic criteria,”™ but none of these studies
can be considered (o be definitive. We conducted a study
of the diagnosis of axillary lymph node metastases, using
mammary gland CT to evaluate the extent of primary breast
cancer. Unlike other modalities, mammary gland CT can be
performed with the patient in almost the same position as
that during surgery, and it is therefore possible to perform
lymph node evaluation under the same imaging conditions
as those used to evaluate the extent of the primary lesion,
In most of the previous reports, the lymph nodes were
evaluated in terms of their size and shape.”" However, the
assessment of node shape is prone to error, and this method
is too complicated for routine use. In the present study, we
selected size, which is relatively easy to assess, and we also
added evaluation of the contrast enhancement effect to
investigate the accuracy of the evaluation of metastases.
When a lymph node greater than S mm in short-axis dia-
meter was considered to be node-positive, the sensitivity,
specificity, and accuracy were 78%, 75%, and 76%, respec-
tively. These values are slightly lower than those in previous
reports. This is mainly because, in our study, the subjects
were limited to patients in whom no lymph nodes were
found by palpation and in whom the size of the primary
breast cancer was determined to be 3 em or less by palpa-
tion. The clinical stage of the patients without NAC was a
relatively early stage. The patients with advanced breast
cancer received NAC. If palpably enlarged lymph nodes
were 0 be included in the evaluation, the sensitivity would
theoretically increase and the diagnostic accuracy would
undoubtedly be improved. With regard to the lymph node
size cutoff value, many recent reports have used a lymph
node short-axis diameter of 5 mm as the criterion for deter-
mining it to be node-positive.""' However, the number of
patients in these reports was small, and detailed studies of
lymph node size were not performed. In many reports on
the diagnosis of mediastinal lymph node metastases, a
short-axis diameter of 1 cm was used as the criterion for
determining a lymph node to be node-positive, and the
accuracy was reported o be 78% to 85%.”™* In the present
study, in the patients without NAC, when it was assumed

Variable Data
No. of patients with axillary lymph node metastases before NAC* 120 (88%)
No. of patients with residual axillary lymph node metastases after NAC* 82 (60%)
Size change of axillary lymph nodes after NAC in the patients with lymph node metastases before NAC (n = 120)
Smaller 113 (94%)
Same 5(4%)
Larger 2(2%)

*Short-axis diameter >5 mm on CT images before NAC
"Pathologically proven metastases after axillary lymph node dissection
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that a lymph node greater than 7 mm in short-axis diameter
was node-positive, the sensitivity, specificity, and accuracy
were 35%, 94%, and 71%, respectively. The specificity was
increased to nearly 100%, but the sensitivity and accuracy
were decreased compared with values for the 5-mm crite-
rion. This result indicates that a short-axis diameter of 7 mm
is not a suitable cutoff value for preoperative examination.
If a short-axis diameter of greater than 3 mm is used as the
criterion, visual measurement is quite difficult and the mea-
surement may have a large degree of error. Considering the
fact that a slice width of 5 mm is generally employed in CT
examinations, the use of 3 mm as the criterion is not practi-
cal. Based on these results, we decided that lymph nodes
with a short-axis diameter of greater than 5 mm should be
considered to be node-positive.

In order to improve accuracy, we included early enhance-
ment and the absence of fat within the lymph node, which
are characteristics of lymph node metastases, in the evalu-
ation criteria. Most previous reports also included the char-
acteristics of the lymph node and the contrast-enhancement
effect in their diagnostic criteria, in addition to node size,
in order to improve diagnostic accuracy. In the present
study, when a lymph node with a short-axis diameter of
greater than 5 mm and with the absence of internal fat was
considered to be node-positive, the diagnostic accuracy was
81%. When a lymph node with a short-axis diameter of
greater than 5 mm and with early enhancement was consid-
ered to be node-positive, the accuracy was 78%. The results
were improved slightly by the addition of extra criteria.

Many studies are currently under way on the preopera-
tive evaluation of lymph node metastases in patients who
have received NAC. It is much more difficult to evaluate
the axillary lymph nodes in patients who have received
NAC than in those who have not™ In our examinations
for the preoperative evaluation of lymph node metastases
in patients who had received NAC, the sensitivity, specific-
ity, and accuracy were 60%, 95%, and 74%, respectively,
when a node greater than 5 mm in short-axis diameter was
considered to be node-positive. When a node greater than
7 mm in short-axis diameter was considered to be node-
positive, the corresponding values were 20%, 100%, and
52%, respectively. In the patients who had received NAC,
the size of the metastatic lymph nodes was reduced due
to the administration of anticancer agents However,
even when a lymph node becomes smaller, it may still
contain malignant cells We decided that this was the
reason that the sensitivity was reduced in the patients with
NAC compared with that in the patients without NAC.
On the other hand, the number of reactively enlarged
lymph nodes after NAC was smaller than that before NAC,
and this is the reason that the specificity was higher when
lymph nodes were evaluated by size alone. In the present
study, based on the criterion of a short-axis diameter
greater than 7mm, the specificity was 100%; however,
when the criterion of a short-axis diameter greater than
5 mm was used, the accuracy was higher than that for the
7-mm criterion.

SLNB is starting to be widely employed. Candidates for
an SLNB procedure are said to be patients in whom no

metastatic axillary lymph nodes are found on preoperative

‘examination. It is therefore necessary, during the preopera-

tive examination of patients who may be candidates for
SLNB, to correctly identify patients with nodal metastases
and exclude them as SLNB candidates. When SLNB is
being considered, methods that can provide high specificity
and PPV, rather than high accuracy or sensitivity, are more
useful for the preoperative diagnosis of axillary lymph node
metastases. CT studies can be very useful in this regard. As
for SLNB after NAC, however, it is difficult to apply the
primary theory of SLNB even if the specificity and PPV are
100% in a CT study, because pathological diagnosis is dif-
ficult and the effects of NAC appear to be relatively non-
uniform. In our study, in the patients who did not receive
NAC and who showed false-negative findings, the number
of pathological lymph node metastases was low, and we
need to diagnose these metastases in patients who are to
have SLNB. Although the lymph node size had become
small in the patients with NAC, malignant tumor cells
existed sparsely in these lymph nodes. These findings indi-
cate that SLNB after NAC is very difficult. Further investi-
gations are required.”

We conducted this study to determine suitable criteria
for the diagnosis of axillary lymph node metastases, in terms
of node size, using mammary CT, the objective being to
have criteria that are easy to understand and can be
employed at any institution. Our results suggest that the
most suitable criterion is to consider an axillary lymph node
to be node-positive if it is greater than 5 mm in short-axis
diameter, and the accuracy of this criterion was found to be
favorable. More accurate diagnosis was possible by adding
evaluation of the absence or presence of internal fat and the
contrast enhancement effect in each patient. It was also
found that the evaluation of axillary lymph node metastases
was more difficult after NAC, and further advances in
imaging and diagnostic methods will be necessary for evalu-
ation in these patients. At the present time, it is recom-
mended that comprehensive evaluation be performed using
a combination of mammary CT and another modality. The
results of this study have shown that mammary CT, as
employed to diagnose the extent of the primary lesion, is
also useful for the preoperative evaluation of axillary lymph

_node metastases.
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. Background: S-1, an oral fluoropyrimidine carbamate, is an active and well-tolerated agent

against solid cancer. However, the clinical efficacy of S-1 in patients with metastatic breast
cancer has not been determined.

Methods: We retrospectively evaluated the efficacy of S-1 and Identified its adverse effects
in patients with metastatic breast cancer who had falled to respond to prior chemotherapy
regimens. All the patients were treated at the National Cancer Center Hospital and received
S-1 twice daily at a dose of 80 mg/m® for 4 weeks, followed by a 2-week rest interval.
Results: Between 2003 and 2007, 37 women with metastatic breast cancer received S-1 as
a third line or greater chemotherapy regimen. All the patients had been previously treated
with both anthracyclines and taxanes prior to S-1 chemotherapy. The median order of S-1
administration was as a fifth-line treatment, and 23 patients (62%) received S-1 as their final
anticancer drug. One (3%) partial response and two (5%) stable diseases were observed.
The median time to progression (TTP) was 84 days. Grade 2 adverse events, such as
diarrhea, stomatitis and neutropenia occurred in 5 (168%), 1 (3%) and 1 (3%) patients,

respectively.

Conclusions: S-1 was safety administered to heavily treated metastatic breast cancer
patients with limited efficacy. Further evaluation of S-1 is necessary to elucidate its clinical
role in breast cancer treatment.

Key words: §-1 — metastatic breast — cancer — chemotherapy

INTRODUCTION

Treatment of patients with metastatic breast cancer (MBC)
aims to prolong survival while relieving symptoms and
maintaining & good quality of life (QOL).

Capecitabine is an orally administered fluoropyrimidine
that has been reported to be effective in both monotherapy
and combination therapy regimens. Capecitabine as a single
agent produced an overall response rate (RR) of 29% and a
median time to disease progression of 4.6 months in large
phase II trials in taxane-pretreated MBC patients (1-3).
Since capecitabine can sustain the QOL of MBC patients, it
has been widely used as a third-line or subsequent che-
motherapy regimen for heavily treated patients.

On the other hand, S-1 is another orally administered
fluorinated pyrimidine that has been reported to be a well-

For reprints and all ; Chikako St Division of Surgical
Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. E-mail: cshimizu(@nee go.jp

tolerated and active agent against solid cancers. In a phase 11
study of S-1, the RR was 41.7% and the median survival
time was 872 days among taxane-pretreated patients with
MBC; S-1 has been approved in Japan as a salvage che-
motherapy for patients who have received anthracycline and
taxane (4,5). In addition, S-1 has been used mainly for the
treatment of cancers of the digestive tract (6—8), and its effi-
cacy is well known. However, the clinical usefulness of S-1
in patients with MBC is uncertain, Here, we describe the
efficacy and tolerability of S-1 in a clinical setting.

PATIENTS AND METHODS
PATIENTS

A retrospective analysis was performed on patients with
MBC who received S-1 monotherapy between January 2003
and December 2006 at the National Cancer Center Hospital
(NCCH). The patient population was identified from a

({ The Author (2008). Published by Oxford University Press. All rights reserved



database at the NCCH. All the patients had received che-
motherapy previously. They were followed up until death or,
if they were still alive, to their last visit prior to March 2007.

The best response for each patient was assessed according
to the WHO criteria (8). A complete response (CR) was
defined as the disappearance of all clinical and radiographic
evidence during two observations performed at least 4 weeks
apart, A partial response (PR) was defined as a decrease of
30% or more in the sum of the products of the biperpendicu-
lar diameters of measurable lesions. Stable disease (SD) was
defined as a <30% decrease and a <25% increase in the
sum of the products of the biperpendicular diameters of
measurable lesions and no appearance of new lesions; these
conditions had to be maintained for at least 12 weeks.
Progressive disease was defined as a greater than 25%
increase in the sum of the products of the biperpendicular
diameters of able | or the appearance of new
lesions. The clinical benefit rate was defined as the pro-
portion of patients who achieved either a CR, PR or SD. The
National Cancer Institute common toxicity criteria (9) were
adopted to determine toxicity.

TREATMENT

S-1 was administered orally twice daily (80 mg/m?) for 28
days followed by 14 days of rest. Treatment was continued
until disease progression, unacceptable adverse effects or
withdrawal of the patient's consent. In the case of Grade 2 or
worse toxicity, S-1 administration was interrupted and
not resumed until the toxicity had resolved or improved to
Grade 1.

The time to progression (TTP) was calculated from the
day of commencement of 5-1 administration until the day of
documented progression. Overall survival (OS) was calcu-
lated from the start date of S-1 to the date of death from any
cause. TTP and OS were analysed according to the Kaplan—
Meier estimates.

RESULTS

Thirty-seven patients received S-1 as a greater than second-
line chemotherapy for MBC between January 2003 and
December 2006 at NCCH. Table | shows the patient's
characteristics. The median age was 49 (28—70) years. The
Eastern Cooperative Oncology Group (ECOG) performance
statuses of the patients were all <2. The sites of metastatic
disease were the bone and/or soft tissue in only six patients
(16%) and involved visceral sites in 31 patients (84%).
Table 2 shows the chemotherapy regimens that were admi-
nistered prior to 8-1. The median number of chemotherapy
regimens used before the administration of S-1 including
adjuvant and neoadjuvant treatments, was 4, and 23 patients
(62%) received S-1 as their final chemotherapy regimen, All
the patients had previously received both anthracyclines
and taxanes, 13 patients (35%) had received vinorelbine and
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Table 1. Patiemt charactenstics

No, of % of
patients patients
(n=237)
Median age (years; range) 49 (28-70)
Metastatic sites involved
Bone/Soft tissue 6 16
Visceral 3 84
Oestrogen receptor
Positive 16 43
Negative 21 57
Progesteron recepror
Positive 17 46
Negative 0 54
HER2/neu satus
Positive 13 35
Negative 24 65

11 patients (30%) had received oral 5FU-derivatives prior
to the administration of S-1. All the patients who had
responded to treatment had exhibited adequate progression-
free intervals from the prior taxane administration until the
subsequent taxane administration. Three patients received
the same taxane regimen twice, once as adjuvant chemother-
apy and the second time in combination with Trastuzumab
after recurrence. Prior oral SFU-derivatives included in other
regimens were CMF (five patients), UFT (five patients),
5'DFUR (five patients) and CPT-11 (one patient). Sixteen
patients (43%) with ER-positive diseases had received
hormone therapy, and 13 patients (35%) with HER2-positive
diseases had received Trastuzumab as a monotherapy or in
combination with taxane or vinorelbine.

Table 2. Prior chemotherapy

Prior chemotherapy No. of patients % of
(n=137) patients
No. of regimens used
13/4/5/67778 4/10/10/4/2/073
Median (range) 4(2-8)
Neoadjuvant 6 16
chemotherapy
Adjuvant 17 46
chemotherapy
S-1 was the last 23 62
regimen
Prior chematherapy
Anthracycline 37 100
Taxane 7 100
Vinorelbine 13 35
Capecitabine 1 3
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The median number of administration days was 70 (6—
415 days). The RR was 3%, with no cCR and 3% (1/37) PR.
The overall chnical benefit rate (CR, PR and SD for more
than 6 months) was 8% (3/37). The median TTP was 84
days (range, 6—415) (Fig. 1; note that a colour version of
this figure is available as supplementary data at htp:/www.
jico.oxfordjournals.org). The median OS from the start of
S-1 treatment was 284 days (range, 14—1511), and six
patients (16%) were still alive at the last follow-up. Nine
patients (24%) received S-1 for more than 100 days. Six out
of these nine patients had visceral involvement. Two out of
seven patients had oestrogen receptor-positive diseases and
four of them were HER2-positive.

Owverall, 5-1 was well tolerated. Table 3 shows the adverse
events in response to S-1 chemotherapy. Toxicities of Grade
3 or more were not reported. The most common toxicities
arising from S-1 administration were diarrhea (33%) and
nausea (30%). Most of the adverse events were Grade |, and
none of the S-1-related adverse events were fatal. The most
frequent reasons for treatment discontinuation were disease
progression (30 patients, 81%) and adverse event (seven
patients, 19%). The adverse events that were encountered
were Grade 2 diarrhea (five cases), Grade 2 stomatitis (one
case) and Grade 2 neutropenic fever (one case).

DISCUSSION

The number of patients with MBC who have been pretreated
with anthracyclines and/or taxanes are increasing. However,
the optimal chemotherapy for patients with MBC who have
been pretreated with both anthracyclines and taxanes has not
been determined. These patients require palliative therapy
that offers a chance of prolonging life with minimal toxicity
according to the antitumor response and the alleviation of
tumor-related symptoms.

In this study, S-1 chemotherapy produced a 3% RR and
an 8% rate of clinical benefit in previously treated patients
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Figure 1, Kaplan—Meier curve for time to progression (TTP), Median TTP
was 84 (range 6-415) days.
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Table 3. Trestment-related adverse event of TS-1

Gradre Grade

1{%) 2 (%)
Diarrhes 7(19) 5(14)
Stomatitis 5(14) 1)
Nausea/vomitting 11 (30) 0(m
Neutropenia 1(3) 1(3)
Disorder of liver function 2(6) 0(0)

with MBC who were refractory to both anthracyclines and
taxanes. The median TTP was 84 days, and 24% of the
patients received S-1 for more than 100 days. These results
were worse than those reported in chinical trials. This discre-
pancy is probably because 11 patients had received other
SFU-derivatives prior to S1, the median order of S-1 admin-
istration was fifth line (most of the patients received S-1 che-
motherapy as their final treatment), and most of the patients
had multiple metastatic sites (84% had visceral metastases).
The toxicity of S-1, however, was mild in these heavily
treated patients, and S-1 is considered to be a feasible pallia-
tive chemotherapy in heavily treated MBC patients.

Several oral 5FU-derivatives have been used to treat
MBC, but only S-1 and capecitabine have been tested in
taxane-refractory MBC patients (10). The treatments were
administered based upon physicians’ decisions, but the
reason why S-1, and not capecitabine, was selected in this
study population is unclear. S-1 is a fluoropyrimidine that
consists of 1-(2-tetrahydrofuryl)-5-fluorouracil (FTQ), a
pro-drug of 5-FU, and two other compounds, 5-chloro-2, 4-
dihydroxypyrimidine (CDHP; gimestat) and potassium
oxonate (OXO; otastat), in molar proportions of 1:0.4:1.
CDHP is an inhibitor of dihydropirimidine dehydrogenase
(DPD), which degenerates 80% of 5-FU in the liver and
maintains the 5-FU level above a minimal effective concen-
tration level. On the other hand, capecitabine is converted 1o
5"-DFUR either by human carboxyesterase (CE) or cytidine
deaminase (CD), which is mainly localized in the human
liver. 5'-DFUR is converted to the active form of 5-FU by
thymidine phosphorylase (dThdPase) in human tumors. Low
CE and CD activity levels are thought to protect the diges-
tive wall and bone marrow from capecitabine toxicity.

Clinically, the reported RRs of capecitabine and S-1 in
taxane-pretreated MBC patients are similar, but the toxicity
profile seems to be different. Relatively severe diarrhea
(14%, Grade 3) and hand-foot syndrome (10%, Grade 3)
were observed in a phase 1T study for capecitabine (2,3),
whereas the incidence of Grade 3 or severe diarthea was
relatively low (0.9%) and no hand-foot syndrome was
observed in a phase I1 study of S-1 for MBC (4). A direct
comparison of capecitabine and S-1 monotherapy is surely
necessary, and since the antitumor activity of capecitabine
might be relatively low in tumor cells with high DPD levels,
an evaluation of the efficacy of S-1 after progression with



capecitabine or in tumors with high DPD expression levels
1s warranted.

Moreover, while the efficacy of capecitabine in combi-

nation therapy with other cytotoxics (11-16) or as first-line
chemotherapy (17) has already been reported, few evidence
of the efficacy of S-1 in combination therapy or first-line
chemotherapy is available (18,19). The efficacy and safety of
S-1 in combination with molecular-targeted drugs, such as
antibodies and small molecule tyrosine kinase inhibitors, are
also unknown. Further studies are thus required to elucidate
the clinical role of S-1 in the management of breast cancer
patients.
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Abstract

Background. Tumor markers are frequently used for screen-
ing and monitoring in oncology. We investigated the use of
preoperative tumor marker (carcinoembryonic antigen
[CEA] and carbohydrate antigen [CA] 15-3) levels in esti-
mating the prognosis of breast cancer patients.

Methods. We conducted a retrospective study in patients
who underwent breast cancer surgery at National Cancer
Center Hospital between 1975 and 1994 and whose serum
CEA (n =1663) and CA 15-3 (n = 1500) levels were mea-
sured prior to operation. When we excluded patients with
stage [V disease from the study, the CEA level was within
the normal range in 1470 patients, while 150 patients had
an elevated CEA level, For CA 15-3, 1395 patients were
within the normal range, while 70 patients exhibited an
elevated level.

Results. The 5-year and 10-year survival rates for patients
with normal CEA levels were 87% and 76%, respectively.
However, the 5-year and 10-year survival rates for patients
with elevated CEA levels were 76% and 65%, respectively.
At both time points, patients with normal CEA levels had
higher survival rates (P < 0.05). The S-year and 10-year
survival rates for the patients with normal CA 15-3 levels
were 86% and 76%, respectively, while orly 71% and 52%
patients with elevated CA 15-3 levels survived at 5 and 10
years, respectively. These differences were also significant
(P < 0.05). However, there were no significant differences
in disease-free survival (DFS) according to CEA or CA
15-3 levels.
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Conclusion. There was a positive correlation between CEA
levels and CA 15-3 levels and patient prognosis. Thus, the
levels of these tumor markers may help to determine prog-
nosis in breast cancer patients.

Key words Breast cancer - Long-term survival - CEA - CA
15-3 - Retrospective study

Introduction

Tumor markers, which are proteins or enzymes produced
by tumor cells or generated by host cells in response to
tumorigenesjs, are fréquently used for screening and moni-
toring in oncology. The expression of tumor-specific anti-
gens varies, however, and, in general, tumor cells express
several different unique antigens. Therefore, the most effec-
tive cancer screening protocols would combine multiple
markers for increased specificity.

A number of tumor markers (e.g., carcinoembryonic
antigen [CEA] and carbohydrate antigen 15-3 [CA 15-3))
are used clinically in the treatment of breast cancer, but the
sensitivity of these markers is low, so that they are not
useful as screening tools.' However, abnormally elevated
levels of tumor markers prior to surgery in a patient with
primary breast cancer suggest the presence of undetectable
metastatic foci, and this is a negative prognostic factor. In
addition, tumor marker levels tend to increase as tumor
progression occurs; therefore, tumor markers, while of
limited diagnostic use, are important for determining the
prognosis of breast cancer.' In this study, we investigated
the use of preoperative tumor marker (CEA and CA 15-3)
levels in estimating the prognosis of breast cancer
patients.

Patients and methods

We conducted a retrospective study in patients who under-
went breast cancer surgery at National Cancer Center Hos-
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Table 1. Characteristics of the patients

Stage No. of patients

0 I 1A 1B A 1B v Not known
CEA normal (n = 1495) 19 431 T4 2 90 57 25 97
CEA high (1 = 168) 1 29 69 1 % 2 18 4
CA15-3 normal (n = 1418) 18 413 744 3 80 49 23 88
CA15-3 high (n = 82) 0 4 32 1] 13 20 12 1
pital between 1975 and 1994 and whose serum CEA and %
CA 15-3 levels were measured prior to operation. For serum ': - e T CEAlnormal _
CEA measurement, an enzyme immunoassay (EIA) was . . e T N
used until 1989 (n = 462), while a latex photometric immu- S o -
noassay (LPIA) was used between 1990 and 1992 (n=706). & )
Until 1993, serum CA 15-3 was measured with a quantita- g CEAhigh
tive sandwich radioimmunoassay (RIA) utilizing twomono-
clonal antibodies (115D8, DF3; n = 1017). However, since %
1993, a chemiluminescent enzyme immunoassay (CLEIA) 2
has been used to measure both CEA and CA 15-3 (CEA, <005
n = 495; CA 15-3, n = 483). G a0 e i im0 e 20 zrm mm 3650 Ay

‘We set the criteria as follows. Normal values (thresh-
olds) for CEA and CA 15-3 were set at less than 5.0 ng/ml
and less than 28 U/ml, respectively. In this study, the CEA
level was within the normal range in 1495 patients, while
168 patients had an elevated CEA level. As for CA 15-3,
1418 patients were within the normal range, while 82
patients exhibited an elevated level. When we excluded
stage IV patients from the study, CEA level was within the
normal range in 1470 patients, while 150 patients had an
elevated CEA level. As for CA 15-3, 1395 patients were
within the normal range, while 70 patients exhibited an
elevated level. The clinical stages of the patients in each
group are listed in Table 1. We used the Japanese Breast
Cancer Society classification of breast cancer’ for the stage
classification.

Statistical analyses

The Kaplan-Meier method was used to calculate the cumu-
lative survival rates for the different groups: CEA (normal
and elevated levels), and CA 15-3 (normal and elevated
levels). Statistical significance was tested using the log-rank
- test. P values of less than 0.05 were considered as
significant.

Results

We found that the 5-year and 10-year survival rates for
patients with normal CEA levels (n = 1470) were 87% and
76%, respectively. However, the S-year and 10-year sur-
vival rates for patients with elevated CEA levels (n = 150)
were 76% and 65%, respectively. At both time points,
patients with normal CEA levels had higher survival rates
(P < 0.05; Fig. 1). The 5-year and 10-year survival rates
for the patients with normal CA 15-3 levels (n = 1395)

Fig. 1. The 5-year and 10-year survival rates for patients in relation to
carcinoembryonic antigen (CEA) levels CEA normal denotes normal
CEA levels,and CEA high denotes elevated CEA levels
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Fig. 2. The 5-year and 10-year survival rates for patients in relation to
carbohydrate antigen 15-3 (CA 15-3) levels CA 15-3 normal denotes
normal CA 15-3 levels, and CA 15:3 high denotes elevated CA 15.3
levels

were 86% and 76%, respectively, and only 71% and 52%
patients with elevated CA 15-3 levels (n = 70) survived at
5 and 10 years, respectively. These differences were also
significant (P < 0.05; Fig. 2). However, there were no sig-
nificant differences in disease-free survival (DFS) accord-
ing to either CEA or CA15- levels. The 5-year DFS rate
in patients with normal CEA levels was 82%, and the rate
in patients with elevated CEA levels was 73% (Fig. 3).
The 5-year DFS rate in patients with normal CA 15-3 levels
was 83%, and the rate in those with elevated CA 15-3
levels was 67% (Fig. 4).

We also performed a prognostic analysis of the levels of
these tumor markers in relation to disease stage. In patients
with stage IT disease, those with normal CA 15-3 levels had
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a significantly better prognosis than those with elevated CA
15-3 levels. However, in patients with other disease stages,
there was no significant difference in prognosis between
those with normal levels and those with elevated levels of
either tumor marker.

Discussion

During cellular transformation and progression to cancer,
cancer cells release unique enzymes or proteins. Addition-
ally, host cells can produce proteins in response to cancer.
Such proteins are termed tumor markers and can be used
to screen and monitor disease progression in oncology. Dif-
ferent tumor cells typically produce several unique tumor
makers, and, while the specificity of any one marker may
be low, the combination of several appropriate tumor
markers is a powerful clinical tool.

Carcinoembryonic antigen (CEA) and carbohydrate
antigen 15-3 (CA 15-3) are tumor markers commonly used
in the screening for breast cancers. CEA is a glycoprotein
that is overexpressed in various adenocarcinomas, while
CA 15-3 is a mucin-like glycoprotein that is produced in
stem cells in response to tumorigenesis.'

We conducted a retrospective study in breast cancer
patients (excluding stage IV patients) treated at our hospi-
tal between 1975 and 1994, and investigated the relationship
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between CEA and CA 15-3 levels (measured at the time of
first medical examination) and patient survival. Interest-
ingly, the S-year and 10-year survival rates of patients with
normal CEA levels were 87% and 76%, while those of
patients with elevated CEA levels were 76% and 65%,
respectively. Thus, the prognosis of patients whose CEA
level was within the normal range at the time of diagnosis
was significantly better than the prognosis of those with
elevated CEA levels (log-rank; P < 0.05). In addition, the
S-year and 10-year survival rates of patients with normal
CA 15-3 levels were 86% and 76%, while these rates in the
patients with elevated CA 15-3 levels were 71% and 52%,
respectively. As with the CEA levels, the long-term survival
of breast cancer patients with CA 15-3 levels within the
normal range at the time of diagnosis was significantly
better than the survival of patients with elevated CA 15-3
levels (log-rank; P < 0.05). Previous studies have identified
an inverse relationship between tumor marker levels and
prognosis when comparing patients with tumors of the same
clinical stage.” Our results further demonstrate a relation-
ship between preoperative tumor marker levels and long-
term survival. Further work is needed to clarify which
marker is superior for predicting prognosis, but both may
be suitable. However, CA 15-3 may be more sensitive than
CEA. The American Society of Clinical Oncology (ASCO)
has reported that CA27-29, a MUC-1 marker, is better at
tracking tumor recurrence than CA 15-3 (also a MUC-1
marker). Regardless of which marker is better, measuring
the levels of MUC-1 markers is likely to be highly effective
for monitoring tumor progression or recurrence.! Some
studies have reported that tumor markers are effective for
the early screening of recurrence,“” but the sensitivity varies
in these reports. Similar variation was obsérved when tumor
markers were used in the diagnosis of primary breast
cancer.®® Of note, ASCO has reported that: (i) CEA is not
recommended for screening, diagnosis, staging, or routine
surveillance of breast cancer patients after primary therapy
(1997, 2000, 2007 recommendation); (ii) routine use of CEA
for monitoring the response of metastatic disease to treat-
ment is not recommended; and (jii) in the absence of readily
measureable disease, elevated levels of MUC-1 markers
(CA 15-3 and/or CA27-29) or a rising CEA level may
suggest treatment failure.'

Significant differences in CA 15-3 expression levels
between those in benign tumors and those in stage III and
IV disease have been reported.” However, Gion et al."
reported that no differences were seen in CA 15-3 expres-
sion between benign tumors and stage I and II disease.
Tumor marker levels tend to rise as disease progresses;
therefore, tumor markers may be important prognostic
factors.' Detecting elevated levels of preoperative tumor
markers in patients with primary breast cancer may suggest
the presence of undetectable metastatic foci; therefore,
increased tumor marker levels are one factor that may
predict a poor prognosis. Molina et al.** conducted a study
of locoregional breast cancer and reported that the preop-
erative sensitivities of CEA and CA 15-3 were 11.7%~-13%
and 12.7%-18.8%, respectively. In addition, the sensitivi-
ties of CEA and CA 15-3 after recurrence were 30%-70%
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Table 2. Past reports

Author Year No. of Tumor marker Sensitivity (%) Patients state
patients
Present study 2007 162011465 CEA,CA 153 CEA=9.11; CA 15-3=5.36 Preoperative
Soletormos" 2004 406 CEA,CA 153, TPA  CEA=or CA 15-3 or TPA=44-69 Recurrence
Molina* 2003 503 CEA,CA 153 CEA=11.7, CA 15-3=12.7 Locoregional breast cancer
Molina’ 2003 1057 CEA, CA 15-3 CEA=13; CA 15-3=188 Locoregional breast cancer
Guadagni® 2001 2191 CEA, CA 15-3 CEA=16.7, CA 15-3=33.0, CEA+CA 15-3=3% Stage I-1V or metastatic
disease
CEA=38.5, CA 15-3=60, CA 15-3 and/or CEA=60 Recurrence
Lumachi" 2000 62 CEA, CA 153 CEA=403, CA 15-3=41.9, CEA+CA 15-3=50.7 Recurrence
Lumachi'” 1999 103 CEA, CA 153 CEA=38.1, CA 15-3=61.1 Recurrence
Sutterlin' 1999 664 CEA, CA 153 CEA=30.3, CA 15-3=48.7 Recurrence
Molina' 1999 250 CEA, CA 153 CEA=31.6,CA 15-3=46.3, CEA+CA 15-3=59 Recurrence
Sutterlin" 1999 76 CEA,CA 153 CEA=30, CA 15-3=49, Recurrence
Leauro® 1993 70 CEA, CA 153 CEA=35, CA 15-3=79, CEA+CA 15-3=79 Recurrence
Pectasides” 1996 68 CEA, CA 153 CEA=34, CA 15-3=68, CEA+CA 15-3=68 Recurrence
Jezersek™ 1996 56 CEA, CA 15-3 CEA=70, CA 15-3=75 Recurrence

and 41.9%-79%, respectively (Table 2). In addition to well-
known prognostic factors such as T-factor, N-factor, and
hormone receptors, several references have acknowledged
the relevance of tumor markers and prognosis.

In the present study, there were no significant differ-
ences in DFS according to preoperative levels of the tumor
markers CEA and CA 15-3. Many studies have examined
the relationship between recurrence and rising tumor
marker expression levels. However, there is a delay between
increases in marker levels and the confirmation of clinical
recurrence, and this time period differs for each patient. In
current practice, although a rise in marker expression may
be detected, a patient will not be treated unless clinical
recurrence is confirmed. A recent study compared the 7-
year survival rates of patients undergoing surveillance treat-
ment upon the detection of a rise in marker expression (n
= 36) and those who were treated after the recurrence was
confirmed by imaging (n = 32). Interestingly, tumor marker-
guided salvage treatment prolonged the survival of the
breast cancer pat.ientz?-'= However, a large-scale study con-
ducted in 1320 postoperative breast cancer patients by the
GIVIO investigators™ found no significant differences in
time to detection of recurrence between an intensive sur-
veillance group and a control group. Furthermore, another
study of postoperative breast cancer patients (n = 1243)
found no difference in 5-year overall mortality between an
intensive surveillance group and a control group.” Despite
differences in the accuracy of current test methods, most
studies have not found any differences in survival between
groups undergoing intensive surveillance treatment for
recurrence at an early stage and control groups; therefore,
we believe that tumor marker-guided salvage treatment
may not improve patient prognosis.

While tumor marker monitoring may not be useful for
the detection of disease recurrence, our data support a role
for CEA and CA 15-3 levels at least in helping to determine
preoperative prognosis. We found that patients with ele-
vated preoperative tumor marker levels had a significantly
worse long-term prognosis than those patients with levels
in the normal range. In relation to disease stage, stage II
patients with normal CA 15-3 levels had a significantly

better prognosis than those with elevated CA 15-3 levels.
However, there were no significant differences in prognoses
according to either CEA or CA 15-3 levels in patients with
any other disease stage. This result suggested that the tumor
marker level at the time of diagnosis was an independent
prognostic factor. The early detection of recurrent foci may
be accomplished using highly sensitive tumor markers,
together with modern imaging technologies. Although the
results of randomized controlled trials have demonstrated
that the timing to initiate treatment for recurrence does not
affect the overall survival rate, advances in imaging technol-
ogy and improved treatment regimens may allow the early
detection of recurrent foci and lead to improved patient
survival. As diagnostic and treatment techniques improve,
tumor markers will likely become more important in cancer
therapy. .
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