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Summary

A small difference in decision-making causes a big impact on the long-term outcome in cancer
treatment. Novel methods such as preoperative systemic treatment or sentinel node biopsy
(SNB) may alter the decision-trees in primary breast cancer management. Recent data showed
that preoperative chemotherapy drives pathological complete response (pCR) that implies
long-term relapse-free, for about 25% to 30% of early breast cancer patients. In fact. preoper-
ative systemic therapy has come to be used regardless of the tumor stage. From the point of
the clinical trial, pCR can be recognized as a new endpoint, which promises to speed up new
therapy development. Therefore, it is crucial 1o consider new paradigms including preopera-
tive therapy in the decision-tree. There are several criticisms regarding the preoperative ther-
apy, such as 4 possibility of over-treatment, however these issues might be resolved by chang-
ing the concept or procedures slightly. For instance, if SNB is conducted before the treat-
ment, the over-treatment issue can be eliminated. In this article, we will discuss the changes in
decision-tree and paradigms for primary breast cancer patients.
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Toi M et al - Paradigm shift in breast cancer

DECISION-TREE OF PRIMARY BREAST CANCER MANAGEMENT

Multidisciplinary treatment has brought significant
advances in primary breast cancer management. It is evi-
dent that postoperative adjuvant chemotherapy (Post-
CT) and/or hormone therapy (Post-HT) improves long-
term survival rate remarkably, while radiotherapy
reduces local relapse significantly, and bteast~conse1ving
wreatment (BCT) or breast reconstruction surgery pro-
vides good quality of life (QOL} without affecting survival
rates [1-5]. In addition, various novel diagnostic or wreat-
ment options have been added. For instance, sentinel
nede biopsy (SNB) provides the chance to avoid surgical
clearance of axillary nodes [6] (Figure 1). Preoperative
systemic therapy increases the chance of BCT as well as
presenting prognostic information. Thereby, treatment
options are becoming more diverse, and decsion-making
processes can be more complicated. At present, in gener-
al, the decision-tree of primary breast cancer consists of
three major parts including the diagnostic phase by clini-
cal, radiological and pathological examinations, the initial
treatment phase by surgery, and the second treatment
phase by systemnic therapy or radiotherapy. Postoperative
systemic therapy is chosen based upon the data obtained
from pathological, biochemical and molecular analysis of
the primary tumors or of the nodes [7,8]. For example, at
least five prognostic or predictive markers including age,
tumeor size, histologic nodal staws, histologic grade and
hormone receplor status are recommended criteria
scheduling the systemic treatment. Surgical margin or
numbers of node involvement is a key issue in deciding
the indication and dosage of radiotherapy [5,9,10]. This
type of deciston-making process has been established
over the past several decades.

POSTOPERATIVE SYSTEMIC THERAPY

The current status of Post-CT for primary breast cancer
would be summarized as follows. Post-CT by poly-
chemotherapy improves the posioperative survival sig-
nificantly [3]. Its effect on survival is age-dependent,
Younger patients are likely to have a bigger survival
advantage compared with older patients. The survival
benefit driven by an anthracycline-containing regimen
is dose-dependent. Appropriate duration of poly-

Flgure 1. Immunostammg of a sentmei node by anti- cytokeratm anti-
bodies. Positive signals indicate the presence of micro-
metastasis of cancer cell,

chemotherapy would be 4 to 6 months involving 4 to 8
courses of treatment [11-13]. It is still not easy to pre-
dict the efficacy of polychemotherapy on survival by
analyzing the molecular or biological profile of the
tumor. Therefore, there is a universal trend for primary
breast cancer patients who have any significant risk of
recurrence to be treated by Post CT. Post-HT by 5-year
antiestrogen has been established as a gold standard for
both premenopausal and postmenopausal patients [2}.
The annual reduction in relapse of 5-year tamoxifen
treatment reaches 40% for hormone receptor (HR) posi-
tive subgroup, whereas no survival benefit is provided
for the hormone receptor negative subgroup.

PREOPERATIVE SYSTEMIC THERAPY

In the 1980° or before, preoperative chemotherapy (Pre-
CT) was regarded as a tool to reduce tumor volume from
inoperable to operable stage [14], and in the 90’s, Pre-CT
was a method to increase the chance of BCS from total
mastectomy {15-19]. Nevertheless, the purpose of Pre-
CT now may be being changed radically from the reduc-
tion of tumor volume to complete remission of tumor, as
well as to increase the ratio of BCS (Table 1). Recent
studies have documented remarkably high pathological
complete response (pCR) rates and extremely favorable
prognosis of those pCR patients [20].

The NSABP B-18 trial, which examined the primary
treatment effect of combination chemotherapy of 4-
cycles of AC, doxorubicin and cyclophosphamide, in
patients with Stage I to Stage 111 primary breast cancer,
showed that pCR was achievable for about 13%, and the
prognosis of the pCR patients was remarkably favorable
compared to that of non-pCR patients. The eight-year
surviva) rate of the pCR patients reached 85% or more
regardless of initial tumour stage [16]. Several other
clinical trials, including smaller-sized studies than
NSABP B-18, have also confirmed that the prognosis of
pCR patients is favorable, ranging from 80% to 89% for
S-year disease-free survival (DFS) [21]. Furthermore,
according to the recent presentation on the NSABP B-

Table 1. The benefit and probiem of primary breast cancer patients
fram preoperative systemic treatment.

Benefit

+ Better QOL {Minimal operation, well monitored toxicity etc)

+ Multiple choices of treatment

* Tu know the survival benefit

« To know the treatment response

« To know the tumor kingtics and characteristics

« To participate in the new therapy development

Problem

« Over-reatment

+ Delay of local control

« Decrease in the accuracy of sentinel node biopsy

« Uncerlainty of nodal status before treatmant

« Lack of diagnosfic tool or surrogate marker of pCR except surgical
confirmation

« Possible increase in the risk of local recurrence after breast-
conserving treatment
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27 trial, it was reported in December of 2001 that the
PCR rate was further improved to about 26% by the
addition of 4-cycles of docetaxel to 4-cycle of AC
sequentially [22]. Approximately, two-thirds of pCR
cases showed total disappearance of tumor cells from
the breast and onc-third showed disappearance of the
invasive compaonent of the invasive tumor. An Aberdeen
group also documented that, from a preoperative ran-
domized study comparing 4-cycles of docetaxel and 4-
cycles of CVAP, cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone in primary breast cancer
patients who responded to an initial 4-cycles of CVAP,
the pCR rate for the docetaxel group was 34%, whereas
that of 8-cycle CVAP group was 16% [23]. These two
studies, NSABP B-27 and Aberdeen, indicate that the
sequential use of core non-cross resistant agents and
response to both core agents are crucial to increase the
pCR rate. As in the NSABP B-18 study, the Aberdeen
study confirmed that pCR is a potent and independent
indicator of favorable proguosis. The frequency of BCS
was increased significantly in the Pre-CT arm patients
compared with the reference arm patients in the
NSABP B-18 trial, whereas no additional increase by
docetaxel treatment has been reported in the NSABP B-
27 trial. Taken together, it is suggested that pathological
complete tumor remission has been revealed to be a
potent indicator for favorable prognosis, and Pre-CT
might be a novel method to identify patients who can
drive the survival benefits from the treatment within a
short period. There was no significant difference in OS
between Pre-CT and Post-CT, however pCR seems to
clarify the benefit at an individual level. It is also impor-
tant to know that the prognostic significance of pCR for
long-term outcome has been confirmed in other types
of cancers such as lung, ovarian, head and neck.

Preoperative hormone therapy (Pre-HT) using antiestro-
gens or aromatase inhibitors has been also applied to
patients, particularly elderly patients, with HR positive
status [24-26]. Pre-HT focuses upon characterizing hor-
mone sensitivity rather than achieving pCR. Recent data
using a 3™ generation of aromatase inhibitors showed
that Pre-HT is able to induce a remarkable shrinkage of
the primary tumor in about 60% of the patients, who
would have a higher chance of receiving BCS compared
with the tamoxifen control, and also provides crucial
information on the behavior of biological markers such
as progesterone receptor {PgR) and Her-2 and on those
values as predictive markers. In fact, PgR tended to be
down-regulated by an aromatase inhibitor, letrozole,
whereas tamoxifen up-regulates PgR. In addition, it was
also found that Her-2 positive patients were more likely
to respond to the aromatase inhibition, compared with
Her-2 negative patients. It is impossible to obtain such
information from situations other than preoperative
treatment. Since it seems unlikely that Pre-HT drives
PCR as frequently as Pre-CT, it is interesting whether
the responders to Pre-HT are compatible with subgroup
patients who obtain survival advantage from long-term
exposure to hormone therapy or not. Though enough
clinical evidences have not been accumulated yet, several
studies have already dealt with this issue and described
promising result preliminarily [27].

PROBLEMS OF PREOPERATIVE SYSTEMIC TREATMENT

Two major concerns, over-treatment due o the uncer-
tainty of pre-treatment status of the discase and delay of
regional control due to resistance to the primary sys-
temic treatment, might be raised for preoperative sys-
temic treatment (Table 1), In fact, two major factors
including histologic nodal status and histologic grade,
out of five prognostic or predictive markers recom-
mended by consensus meetings, remain unknown
before starting preoperative therapy. In particular, the
uncertainty of nodal status might be a big issue because
half of the node-negative patients are classified as hav-
ing minimal-risk of relapse in many international guide-
lines. As to the delay of local control, a possible disad-
vantage was pointed out based on an analysis on the
biostatistical model [28]. Nevertheless, no report has
demonstrated that the resistance to primary systemic
therapy results in disadvantage for survival [17}. The
only concern would be that local recurrence might
increase slightly in patients who underwent BCT after
Pre-CT. This slight increase was recognized in pre-
menopausal patients, whereas no increase was seen in
postmenopausal padents. The risk factors of local
relapse were totally identical between Pre-CT and Post-
CT patients. Other concerns such as induction of rests-
tance to the treatments and the increase of complica-
tions during posteperative radiotherapy are also raised,
however, to the best of our knowledge, no clear evi-
dence of this has been shown to date.

NODAL STATUS IN AXILLA

Since the presence of histologic metastasis in the axilla is
the most reliable marker of systemic spread of the dis-
ease, and it is uncommon to change the policy of sys-
temic adjuvant therapy due 1o the number of involved
nodes, it is critical to identify the absence or presence of
metastasis in the nodes. For the purpose of deciding the
schedule of adjuvant therapy, it is widely accepted that
either information from fully dissected nodes or biopsied
sentinel nodes is available [29]. After Pre-CT, the positive
rate of histologic nodal metastasis decreases significantly
in pCR patients as compared to non-pCR patients. In
the NSABP B-18 trial, the positive rate of pCR patients
was 13%, whereas that of non-pCR patients was 44%
[16}. A possible explanation for this data may be that
Pre-CT diminished metastatic cells in the nodes com-
pletely, however it is unclear if pCR might be more likely
to occur in originally node-negative cases rather than
originally node-positive cases. Sentinel node biopsy
(SNB) has come to be used very frequently in practice
[30). Even though it has not been proven yet whether
radiotherapy to the axilla is an alternative 1o full dissec-
tion for sentinel node negative cases or not, a number of
patients with small-size tumors choose radiotherapy to
avoid surgical clearance {6). This decision is supported
by high true negative rate between SN examination and
entire regional nodes examination. It is true that nodal
status, the number of invelved nodes, determined after
Pre-CT, provides significant prognostic value similar to
conventional implication of the nodal status, However, as
described earlier, the real nodal seatus iy unclear in the
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most clinical trials investigating Pre-C1. [n addition,
there is another concern that nodal assessment by sen-
tinel nodes after the preoperative systemic therapy
might not be as accurate as that conducted before the
treatment because the lymphatic route is dliered occa-
sionally by the treatment. Recent publications or reports
have shown that the false negative rates range from 6%
to 14% in Pre-CT cases. This may affect chances to avoid
surgical clearance [31-33].

NoveL DECISION-TREE AND PARADIGM

A stmple resolution to avoid over-treatment by Pre-CT
would be 1o conduct SNB prior to starting any type of
treatment. Although the limiration of several factors
such as suspicious palpable node, multicentric tumor
and history of surgery in the axilla mimicking the relia-
bility of SNB still remains, it would reduce the risk of
over-treatment for patents with minimal-risk of recur-
rence remarkably. In addition, it would help to under-
stand the activity of primary systemic chemotherapy for
node-negative cases. Patients have to stand for small
surgical biopsy, but the merits out-weigh the demerit.

In addition, we need to consider more seriously the indi-
cation of Pre-HT. Pre-HT is extremely beneficial for
patients with hormone-dependent tumors because of
minimal toxicity. At present, however, very limited data
is available to compare the benefits between starting with
Pre-CT followed by unselecied Post-HT or starting with
Pre-HT followed by selected Post-HT according to the
response to the Pre-HT, particularly for patients with
highly hormone-dependent phenotype, such as post-
menopausal status and both ER and PgR positive status.

Recently, we designed a novel decision-tree and para-
digm (Figure 2). The core concept of this tree is to con-
firm pre-treatment tumor stage more precisely and to
realize more individualized treatment. From January
2002 we preliminarily used this decision tree for consec-
utive 177 primary breast cancer patients {Age:
3lyrs—6B7yrs(mean: 50yrs), ER positive: 70.1%, Tumor
size: 1.5 cm-8.5 cm (mean: 2.7 cm)}. Fifteen percent of
clinical NO patients were categorized to minimal-risk of
relapse in St. Gallen criteria by pretreatment staging
using SNB and CNB [53). Since negative HR status, high
histologic grade and younger age have been character-
ized as predictive markers for pCR by Pre-CT, the
patients with those phenotypes would be a particular
candidate for Pre-CT {34].

CLINICAL TRIALS

The real impact derived from the NSABP B-18 and B-27
stucies would be that pCR might become a novel end-
point of chemotherapy. In conventional erials, improve-
ment of disease free survival (DFS) or overall survival
(08} was only the endpoint of clinical wials for primary
breast cancer. Thereby, clinical rials required long-term
tollow-up to prove the efficacy of new treatment modali-
ties. However, if pCR would be recognized as a surrogate
endpoint, the time for assessing would be markedly

shortened. Though we have 1o maintain the survival
course of the pCR patients in the NSABP B-27 study, it
seems highiy likely that pCR is a potent indicator of
favorable prognosis. IFS and OS are possible core pri-
mary endpoints in future trials and a long-term toxicity
profile has to be monitored carcfully, however there is no
reason o exclude pCR from primary endpoints accord-
ing to the recent data. In the new paradigm, as shown in
Figure 8, the increase in the ratio of pCR would be the
first point in assessing the efficacy of new treatment or
new concepts. The trials that fail to demonsurate certain
pCR rates would end immediately, making the adjuvant
trial system more efficient. For non-pCR cases, it is neces-
sary to analyze the details of resistance mechanisms to
determine the new target of weatment. Translational
research by various methods including modern technolo-
gies will help to investigate the mechanism and 1o explere
the novel therapeutic approach. At present, it seems very
experimental with respect to the salvage treatment for
non-pCR patients, except endocrine therapy. Consider-
ing the necessity of immediate evaluation for many new
promising cancer drugs or therapies, the new concept
and new paradigm are needed.

FUTURE PERSPECTIVES

Pre- and post-treatment molecular profiling of the tumor
and host would be key issues in realizing 2 more individ-
ualized therapy. For example, Her-2 status, determined
either by fluorescence in situ hybridization (FISH) or
immunochistochemistry, has been involved in the deci-
sion-making process of systemic adjuvant therapy,
because Her-2 status is predictive for the response to
anthracycline and herceptin [35-38]. Combined determi-
nation of Her-2 and topoisomerase gene amplifications
might be useful predictor of response to anthracycline

Primary breast cancer pattents

Any T, NO Any T, N1 or migra

|

SNB & £NB N3 |

— \ Ni or morefn+
Pre-HT Fre-CT
{HR-positive, {4-B coursss)
T . IR, +
Local resection with or Local resectvcn—w;t—i:—}
without axiitary axillay dissacton !
dissection B S ——
[ Post operative sadicther oy, Hormoce therapy, ele ]

1

Figure 2. A novel decision tree in primary breast cancer.
T - tumor size; N — nodal status (TNM classification, UICC):
SNB — sentinel lymph node biopsy; CNB - core nesdle biopsy;
n-+ — nodal involvement confirmed by patholegical examina-
tion; Pre-HT — preoperative hormone therapy;
HR - hormone receptor; Pre-CT — preoperative ¢hemotherapy.
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Figure 3. Strategies for new therapy development in primary breast cancer. DFS - disease frae survival; OS ~ overall survival;
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[39]. Herceptin use is limited for metastatic breast cancer
at present, however, the accumulated administered
dosage of anthracyclines does link to the cardiac toxicity
of Herceptin. Tumouy kinetics should also be analyzed at
pre- and post-treatment. The sequential analysis enables
us to determine the changes in tumor behavior, for
instance, an increase of apoptosis index, by preoperative
treaument quantitatively [40]. Other various alterations in
molecular profiles, such as p33 mutation, the bel-2 family,
and in angiogenesis are also useful markers to be moni-
tored [41-43]. From the point of drug resistance, pCR
might be categorized as chemo-sensitive but other
responses might be grouped as chemo-resistant, because
only pCR links to survival benefit. Recent technologies
including microarrays and proteomics allow precise
assess meant of prognostic and predictive values [44,45].
According to a recent study, it was documented that a
customn array analysis focusing on about 80 genes may be
able to select patients who do not require any type of
adjuvant systemic therapy. Furthermore, in order to real-
ize these paradigins, it is important to be familiar with the
handling of biomaterials, especially small samples
obtained by CNB, because inappropriate handling results
in unreliable data in these sensitive technologies. This
point may not differe from the decision-tree, but it is cro-
cial for working with new paradigms.

CONCLUSION

Still we need maturation of results on the preoperative
therapy before taking the novel decision-tree as a stan-
dard for all stages of primary breast cancer. SNB is not

readily available and not everyone has expertise in
doing it. Nevertheless, it is also true that a small change
such as the discovery of new diagnostic device or nesw
therapeutic agent elicits a big impact on the wee, The
decision-tree has to be biology-based, individualized and
muttidisciplinary in this regard. Overview analyses
clearly demonstrated that survival benefits from antie-
strogens treaument are only derived for estrogen recep-
tor positive patients, Herceptin showed survival impact
on Her-2 positive tumors. SNB is useful to identify
node-negative cases. Primary preoperative svstemic
therapy is an option for primary breast cancer patients
with invasive carcinoma at any stage. Pathological CR
can be a novel surrogate marker of clinical trial, which
promises an efficient new therapy development.
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The combination effect of docetaxel and capecitabine on tumour response rate and survival was demonstrated recently in metastatic
breast cancer patients, This combination was based on an experimental hypothesis that taxane can increase tumour sensitivity to the
effect of capecitabine through the upregulation of thymidine phosphorylase (TP), which is responsible for the metabolism of
S-fluorouracil (3-FU) and its derivatives, including capecitabine. To exarmine the alteration in TP expression before and after
neoadjuvant chemotherapy, 92 patients with primary breast cancer (T2-4NO-IMO) were enrolled in this study; 14 were treated with
adriamycin and cyclophosphamide (AC) or epirubicin and cyclophosphamide (EC); 58 with 5-FU, adriamycin, and cyclophosphamide
(FAC) or 5-FU, epirubicin, and cyciophosphamide (FEC); and 20 with FEC followed by docetaxel/axotere {TXT-containing regimen).
Thymidine phosphorylase upregulation was seen in 54.4% and 32.6% of patients in turour cells and stroma! cells, respectively.
Increases in TP expression were found only in the AC/EC and TXT-containing regimen groups. In conclusion, it was strongly
suggested that uniike 5-FU-containing regimens, the taxane and AC combination therapies upregulate TP expression in primary
breast cancer. Thymidine phosphorylase upregulation by several anticancer drugs implies the importance of individualised strategies

for sensitisation of tumour tissues to 5-FU and its derivatives,
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Thymidine phosphorylase (TP) is an enzyme that is responsible for
nucleoside metabolism, antiapoptosis activity, and promotion of
angiogenesis. Thymidine phosphorylase acts mainly in the salvage
cascade of DNA metabolism in response to various types of
stresses, Thymidine phosphorylase functions in the prevention of
hypoxia-induced apoptosis according to recent experimental
analyses (Ikeda ef al, 2003). In addition, it has been documented
that a metabolite of thymidine generated by TP, 2-deoxy-D-ribose
{2-DDR), acts as a potent chemotactic factor on the endothelium,
which results in the promotion of neovascularisation (Haraguchi
et al, 1994). In fact, in a variety of tumour tissues, overexpression
of TP was found to correlate significantly with an increase in
neovascularisation (Toi et al, 1995; Tanigawa et al, 1996; Matsuura
et al, 1999} and poor prognosis (Maeda et al, 1996; Takebayashi
et al, 1996; Koukourakis et al, 1998; Toi et al, 1999).

The regulation of TP has been also studied from various points
of view. Generally, TP is upregulated by stress such as hypoxia
(Griffiths et al, 1997), radiation (Sawada et al, 1999), and
chemotherapeutic damage (Sawada et al, 1998; Endo et al, 1999).
Several types of cytokines such as interleukin (IL)-1, tumour
necrosis factor (TNF)-u, and interferon (IFN}-y also upregulate the
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Received 29 December 2003; accepted {5 March 2004; published oniine
4 May 2004

expression of TP in both nonmalignant and malignant cells {Eda
et al, 1993). Therefore, it is likely that these factors have important
functions in stress-induced TP upregulation.

Thymidine phosphorylase has also been studied as a key enzyme
involved in nucleoside metabolism. In particular, TP is known to
be essential for the activation of capecitabine from the inter-
mediate form 5'-deoxy-5-fluorouridine (5-DFUR} to the active
form 5-fluorouracil (5-FU). Experimental studies showed that 5'-
DFUR is much more active in TP-transfected cells than in mock-
transfected cells (Patterson et al, 1995; Evrard ef al, 1999). Tt is also
true that 5'-DFUR is more effective for TP-overexpressing tumour
xenografts than for tumour xenografts expressing normal or low
levels of TP (Morita et al, 2001; Ishikawa et al, 1998). Furthermore,
several preliminary studies also confirmed that TP expression in
tumour cells was a predictive factor for favourable prognosis in
cancer patients treated with 5'-DFUR (Yamamoto et al, 1996; Ishii
et al, 1996; Koizumi et al, 1999; Nishimura et al, 2002). In primary
breast cancer, an analysis of the relationship between TP
expression and the therapeutic effect of 5'-DFUR as a retrospective
study in a prospective clinical randomised study has recently been
reported, where patients who received no systemic adjuvant
treatment were compared with those who received treatment with
5.-DFUR alone. It concluded that TP is a promising marker for
predicting the survival benefit from 5'-DFUR treatment in early
breast cancer patients (Tominaga et al, 2002),
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On the other hand, a hypothesis that TP modulation could
enhance the therapeutic activity of 5'-DFUR/capecitabine has been
tested at the experimental level. In various types of tumour
xenograft models, the combination of capecitabine and various TP
modulating chemotherapeutic agents achieved synergistic effects
(Sawada ef al, 1998; Fujimoto-Ouchi et al, 2002). Differences in the
duration between the induction chemotherapy, with respect to TP
modulation, and capecitabine treatment elicited different tumour
responses, indicating that TP modulation is time dependent
(Fujimoto-Ouchi et al, 2001) and that the timing of capecitabine
treatment after the initial chemotherapy is important. In a clinical
situation, it was demonstrated that therapy with capecitabine plus
TXT achieved a significantly higher response and longer time to
progression (TTP) than TXT therapy alone in the first-line
treatment of metastatic breast cancer patients (O’Shaughnessy
et al, 2002). This clinical finding would reflect on the basic
hypothesis that TXT sensitises tumours to the effect of capecita-
bine. This suggests the importance of considering TP modulation
from the point of sensitising breast cancer tumours to 5-FU
derivatives such as capecitabine and 5-DFUR, because the
likelihood of their efficacy might be increased for TP upregulated
tumours.

Issues related to TP modulation in human tumour tissues,
however, are still largely unknown. Very few papers have touched
on this crucial question, Thus, in the present study, we examined
TP expression prior to and after the administration of chemother-
apy in a neoadjuvant setting of primary breast cancer treatment.
We will demonstrate that TP expression is modulated significantly
by certain chemotherapies in a defined patient population.

MATERIALS AND METHODS

Patient characteristics

Between January 1, 1998 and December 30, 2002, women at the
Tokyo Metropolitan Komagome Hospital and the National Kyushu
Cancer Hospital who had primary, palpable, operable breast
cancer (T2-4N0-1MO, according to the tumour, node, metastasis
staging system) were included in this study. All patients were
diagnosed by core needle biopsy or excisional biopsy prior to
starting chemotherapy, and all patients were informed about the
investigational nature of the study, which had been approved by
the institutional review board. Written informed consent was
obtained from each woman before entering her into the trial. All
patients received either partial mastectomy or modified radical
mastectomy with full dissection of axillary nodes after the
treatment by neoadjuvant chemotherapy. Both biopsied and
surgically resected samples were sufficient for accurate histological
diagnosis and measurement of biomarkers.

Treatment regimens

Patients were treated with anthracycline-containing regimens or a
taxane-containing regimen. The anthracycline-containing regi-
mens consisted of adriamycin (ADR) and cyclophosphamide
{CPA), (AC); epirubicin (EPI) and CPA (EC) or 5-FU, ADR, and
CPA (FAC); and 5-FU, EPI, and CPA (FEC). Patients were given
chemotherapy every 21 days with either the AC (ADR 50 mgm™>
and CPA 500 mgm2), EC (EPI 75mgm 2 and CPA 600 mgm™3),
FAC (5-FU 500mgm™>, ADR 50mgm > and CPA 500 mgm™2),
and FEC (5-FU 500mgm™2, EPI 100mgm™>2, and CPA
500mgm ) or the TXT-containing regimen (FEC followed by
TXT 75mgm~2 or TXT 60 mgm™2).

Efficacy assessment

Responses of the primary tumours to each chemotherapy regimen
were evaluated according to the criteria established by the
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Japanese Breast Cancer Society (The Japanese Breast Cancer
Society, 2000), which are essentially the same as those of the World
Health Organization. A complete response (CR) is defined as the
disappearance of tumour; partial response (PR} refers to a
decrease in tumour size of 50% or more; no change (NC) indicates
a decrease in tumout size of 50% or less or an increase of tumour
size by less than 25%; and progressive disease (PD) indicates an
increase in tumour size of 25% or more.

The grading of the pathological efficiency of chemotherapy,
which was evaluated microscopically by a skilled pathologist, was
also categorised according to the criteria established by the
Japanese Breast Cancer Society (The Japanese Breast Cancer
Society, 2000). The three grades are defined as follows: Grade 3 is
the complete disappearance of variable cancer cells on the
examined specimens; Grade 2, the apparent degeneration of two
out of three or more of the population of observed cancer cells;
Grade 1, the presence of degenerated cells in less than two out of
three of examined tumour cells; and Grade 0, the presence of no
degenerative cancer cells on specimens.

Immunohistochemical assessment

All samples were retrospectively processed with haematoxylin-
eosin staining, negative control staining, and immunostaining
for TP in our laboratory. Thymidine phosphorylase antibody
was obtained from Roche Diagnostics {Basel, Switzerland}, and the
method for immunohistochemistry followed the protocol given
in the immunohistochemistry kit ‘Anti-TP Antibody, Formalin-
Grade’ (Roche Diagnostics Corporation, USA). The TP-stained
slides were assessed for tumour cells and stromal cells according
to the criteria defined in the kit. Staining intensities were scored
as one of the four grades 0, 1+, 2+, and 3+, and staining
patterns were scored as one of the five grades 0, 1+, 2+, 3+,
and 4 +.

Qestrogen receptor (ER) status progesterone receptor (PR) was
also determined by an immunohistochemical method as described
previously (Saji et al, 2002). Tumours containing 10% or more
receptor-positive cells were scored as being receptor-positive.

Statistical methods

All patients with tissue staining data were included in the analysis.
The statistical analyses for the TP-immunostained preparations
were conducted as follows. The four grades of staining intensities
were scored as 0, 1, 2, and 3. Similarly, the five grades of staining
patterns were scored as 0, 1, 2, 3, and 4. Thymidine phosphorylase
up- or down-regulation was evaluated as the difference between
the sample score after chemotherapy minus the sample score prior
to chemotherapy for each patient. Samples with score differences
greater than 1 were evaluated as ‘upregulated’, and less than -1 as
‘downregulated.” Score differences in the range between —1 and 1
were evaluated as ‘ne change.” Scores of staining intensities and
staining patterns were analysed, and the summation of staining
intensity and pattern scores were also analysed. After checking the
distribution of the score differences, the t-test was used to compare
the means.

For the contingency tables, Fisher’s exact test was used to assess
the potential different distribution. To relate the score differences
with the treatment groups, we used the Mantel~ Haenszel test for
contingency tables and the ¢-test to compare the means. Since the
known prognostic factors such as tumour size were distributed
differently in each treatment group, tumour size was used as a
stratified factor for both the Mantel-Haenszel and #-test.
Bonferroni’s correction was applied to adjust the P-values of the
pairwise comparisons between each treatment group.

All analyses were carried out by using SAS 8.2, and alpha was
set at 0.05,
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RESULTS

Patient characteristics

A total of 92 patients were enrolled in this study. All the 92 patients
were cligible and provided tissue staining results. The patient
characteristics are shown in Table 1. Imbalances were observed for
tumour size and number of patients, #, between the treatment

Table | Patients’ characteristics and overall response rate

Regimen (%)
Characteristics n ACIEC FAC/FEC TXT P-value*
Menopausal status

Pre 46 5{09 27(587) 14 (304)

Post 46 F(19.6) 31 (674) 6 (13.0) 0,07
Tumour size

—3.0em I 0 (00) 2(182) g (8L.8)

3.1 cm- 81 14173} 56 (69.1) {136y <000l
MNumber of nodes involved

0 192 4211 5(263) 10 (52.6)

-3 18 2000 9 (500) 7 (389) '

4- 55 8 (14.6) 44 (BO.O) 3(54) <000l
Qestrogen receptor

+ 59 9(153)  35(593) 15254

- 33 5(152)  23(69.7) 50154 0571
Progesterone receptor

+ 39 6(154) 2657 7(179)

- 53 8{I51) 32(04) 13045 0789
Cycle {median} 92 2-4(40) 2-6 (30) 7-8(80) —
Response rate 92 500% 41.4% 700% —
(95% ClI) (23.0-77.0) (286-55.1) (45.7-88.1) —

AC =adriamycin (ADR) and cyclophosphamide (CPAY EC = epirubicin (EP!) and
CPA; FAC=S-luorcuracil (5-FU), ADR, and CPA; FEC=5-FU, EPI, and CPA,
XT = docetaxel-containing regimen, Cl = confidence interval, *Fisher's exact test.

groups, which would not affect the results of the present study,
because no correlation was observed with TP regulation as
reported below. At initial diagnosis, the average age of the women
in this study was 51 years (range, 28-74 years). With respect to
tumour size, those of 11 patients were less than 3.0 cm and those of
81 patients were greater than 3.1 cm. In all, 79% of patients had
positive nodal status and 64.1% of patients had oestrogen-
receptor-positive tumours.

Among the patients, 14 were treated with AC or EC, 58 were
treated with FAC or FEC, and 20 were treated with the
TXT-containing regimen. :

Thymidine phosphorylase immunohistochemistry

We used the difference in each patient’s tissue staining scores
before and after chemotherapy to assess TP up- or down-
regulation (Figure 1), Thymidire phosphorylase scores, staining
intensities, and staining patterns from both tumour cells and
stromal cells were available. No correlations were observed
between the tumour and stromal scores. TP changes were seen
in response to chemotherapy; TP levels in tumour and stromal
cells were upregulated in 50 patients (54.4%) and 30 patients
(32.6%), and downregulated in 15 patients (16.3%) and 29 patients
(31.5%), respectively. :

Table 2 shows the correlation between TP changes and patients’
characteristics (Table 2A: tumour, 2B: stroma, respectively). An
association between them was seen only in tumour size for stromal
TP (P=0.020). On the other hand, there were no significant
differences for relationships for the number of nodes involved, ER
status, or menopausal status.

Table 5 shows the relation between TP changes and treatment
groups. TP changes were lowest in the FAC/FEC group and highest
in the AC/EC group, Adjusted P-values of pairwise comparisons by
Bonferroni's correction suggest that the TP score changes in the
FAC/PEC group are significantly different from those in the AC/EC
group (tumour: P =0.0001, stromal; P=0.0001). Nevertheless, no
association was observed between scores of tumour and stroma,
and the association with treatment regimen was similar for both
tumour and stroma.

In the AC or EC group, TP was upregulated in the tumour and
stromal cells of 92.9 and 85.7% of patients, respectively; however,

Figure | TP expression status of pre- and post-treatrment, (A) An invasive ductal carcinoma: TP expression was upregulated remarkably by the treatment
with FEC {5-FU, epirubicin, and cyclophosphamide) followed by docetaxel. Tumour TP score: pretreatment; O (upper). post-treatment; 7 (bottom), yielding
a score difference of 7. The treatment achieved PR. (B) An invasive ductal carcinoma; TP expression was not changed remarkably by the treatment with FEC
followed by docetaxe!. Tumour TP score: pretreatment; 6 (upper), post-treatment; 5 (bottom), vielding a score difference of — | The treatment achieved
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Table 2 Association of (A) tumour TP changes and (B) stromal TP
changes with patients’ characteristics

(A) Tumour TP changes

Tumour TP
Up (%) NC (%)} Down (%) P-value*

Menopausal status

Pre 29 (63.0% 9 (19.6) 8 (174

Post 21 (45.7) 18 (3.1 7 (152 0.122
Tumour size

Median {range} 62 (15-18.0)

—30om 6 {54.6) 2(182) 321

3lem— 44 {54.3) 230309y 12 (148) 0455
Number of nodes inveoived

0 13 (68.4) 3(26.3) 1 (5.3)

1-3 9 (500) 5 (27.8) 4 (222

4- 28 (50.9) 17 (309) 10(182) 0578
Qestrogen receptor

Positive 36 (61.0) 16 27.1) 7 (119

Negative 14 (429 I (333) 8 (242 0.157
(B) Stromal TP changes

Stromal TP
Up (%) NC (%) Down (%) P-value*

Menopausal status

Pre 15 (32.6) 6 (348) 15 (326)

Post 15 (32.6) 17 370) 14 (304 1.000
Tumour size

Median {range}’ 62 (1.5-18.0)

—30¢m 0 (0.0 7 (63.6) 4 (364)

3.l em=- 30 (37.0 26 (32.1) 25 (309) 0.020
Number of nodes involved

0 10 (52.6) 3(158) 6 (31,6}

1-3 4(222) 9 (500) 5 (27.8)

4- 16 (29.1) 20(382) (837 Q473
Oestrogen receptor

Positive 21 (35.6) 20(33%) 18 (305)

Negative - 9 (27.3) 13(3%94) 11 (333) 0.736

TP =thymidine phosphorylase; Up = upregutated; NC =no change: Down = down-
downregutated; *Fisher's exact test.

TP was not downregulated in any patient. In the FAC or FEC
group, tumour TP was upregulated in 41.4% of patients and
downregulated in 20.7%. In the TXT-containing regimen, tumour
TP was upregulated in 65.0% of patients and downregulated in
15.0%.

Clinical response rates

Of the 92 patients available for analysis, an overall response rate
(ORR) of of 50.0%. (95% confidence interval (CI): 23.0-77.0%)
was achieved by patients who were treated with AC or EC, an ORR
of 41.4% (95% CI: 28.6 - 55.1%) by the patients treated with FAC or
FEC, and an ORR of 70.0% (95% CI: 45.7 -88.1%) by those patients
given the TXT-containing regimen, as shown in Table 1.

The relationship between ORR and TP status is shown in Table 4.
There was no correlation observed between clinical response and
TP status, for either tumour or stromal cells (P=10.383 and
P =0.461, respectively).
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Table 3 Tumour TP changes by each regimen
Gain in
TP score

Regimen n (mean) Up (%) NC (%) Down (%)
ACIEC

Tumour 14 43 13 (929) I (7.1 0 (00)

Stroma i4 36 12(857y  2(143y 000
FACIFEC

Tumour 58 07 414 220379 1207

Stroma 58 ~09 0172y 25(43.1) 23(39.7)
TXT-containing
regimen

Tumour 20 1.8 13 (65.0) 4 (20.0) 3 (150

Stroma 20 00 B (400) 6(300) & (300
Total

Tumour 92 — 50 (544) 27(233) 15(1&3)

Stroma 92 — 30 (326)  33(359) 29 (31.5)

Tumour Stroma

Regimen i-test M-H t-test M-H
compared
AC/EC vs FACIFEC <0.0001 00114 <0000l <0001
FAC/FEC vs TXT 02287 05700 0.0580 &.0021
ACEC vs TXT 01527 05616 00339 Q7773

Up =upregulated; NC=no change; Down =downregulated; AC = adriamycin
(ADR) and cyciophosphamide (CPA); EC==epirubicin (EPl} and CPA; FAC =5-
fyorouracil (S5-FU), ADR, and CPA; FEC=5-FU, EFl, and CPA; P-values with
Bonferroni's correction, adjusted by tumaur size; M—H = Mantel ~Haensze| test.

Table 4 Relationship between TP changes and response

n Up (%) NC (%) Down (%) P.value*
Tumour
Responder 45 24(833) 16 (356) 5¢LY
Nonresponder 47 26 {55.3) 11 (23.4) 10 (21.3) 0.383
Stroma
Responder 45 14310 14 3L 17 (37.8)
Nonresponder 47 16 (340) 19 (40.5) 12 (25.5) 0461

Up = upregulated; NC=no change: Down =downregulated; *Mantet—Haenszel
test adjusted by tumour size.

Pathological response rate

Of the 87 patients available for analysis, a grade 2 response was
achieved by 14.3%. of patients who were treated with AC or EC
(95% CI: 1.78-42.8%), 12.1% of those treated with FAC or FEC
(95% CI: 4.99-23.3%), and 6.7% of those treated with the TXT-
containing regimen (95% CI: 0.17-32.0%). Overall, a grade 2
response of 11.5% (95% CI: 5.65-20.1%) was seen in this study.

_There was no significant correlation between the pathological

responses of grade 2 and TP changes in both tumour and stromal
cells (P=0.600 and P =0.273, respectively).

DISCUSSION

Although the predictive value of TP expression in tumour tissues
has been studied extensively for 5-FU or S5-FU-containing
treatments, there is still little known about changes in TP levels
in human tamours in response to chemotherapy. In this study, we
showed that TP expression is often enhanced in primary breast
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tumours in response to neocadjuvant chemotherapy. In particular,
we found that TP was frequently upregulated in response to
treatment by an EC/AC- or TXT-containing regimen. These results
seem to be compatible with the data for human cancer xenograft
experiments where taxanes, CPA, and mitomycin-C showed the
potent ability to upregulate TP (Sawada et al, 1998; Endo et al,
1999). TXT also caused TP upregulation as a neoadjuvant in
advanced breast cancer patients {Kurosumi et al, 2000), a result
that also seems to be compatible with the clinical data. Thymidine
phosphorylase in tumour cells tended to be co-upregulated with
TP in tumour-associated stromal cells such as macrophages,
indicating a possible role for microenvironmental factors in this
response. In previous studies looking at cerrelations between TP
and various immune mediators in the human breast tumour
microenvironment, TP expression was associated significantly
with expressions of TNF-« (Leek et al, 1998), iL-1x (Eda er 4,
1993), and monocyte chemoattractant protein (MCP)-1 (Saji et al,
2002). From the molecular profile, it is known that multiple copies
of potential Sp-1 binding sites are clustered upstream of the start
site for the initiation of TP transcription (Zhu et al, 2002).
Therefore, it is possible that TP upregulation would be triggered by
increases in the intratumoural concentrations of these immune
mediators in response to chemotherapy. As chemotherapy causes
massive damage in tumour cells, the immune cells, especially
macrophages, are activated to eliminate the damaged cells. In this
process, it is estimated that large amounts of chemical immune
mediators are produced by tumour-associated macrophages in the
tumour microenvironment. Since hypoxia and hypoglucose are
also characterised as stimuli of TP expression (Griffiths et al,
1997), these physical factors might help to enhance TP expression
in association with local hyper-cytokinaemia.

For those patients treated with FAC or FEC, the 5-FU-containing
regimens, we found no increased frequency of TP upregulation
after chemotherapy. There are at least two possible explanations
for this phenomenon, Firstly, the high concentration of 5-FU might
downregulate TP expression. It is known that high concentrations
of pyrimidine substrate change or downregulate the expression
levels of nucleoside metabolism enzymes. There are few reports
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Abstract. Few surrogate markers are available for predicting
the survival benefit from chemotherapy in primary breast
cancer. We examined tumor growth Kinetics by assessing
cytokeratin 18 neo-epitope (CK18NE), an apoptosis marker
detected by M30 antibody and Ki-67 antigen, a proliferation
marker detected by MIB-1 antibody in 72 primary breast cancer
patients who underwent pre-operative anthracycline-based
chemotherapy. Increase in M30 index and decrease in MIB-1
index after the exposure of 2 to 4 cycles of chemotherapy
correlated significantly with pathological tumor response,
Univariate survival analysis, conducted in the subgroup of 42
patients who underwent CAF (cyclophosphamide, adriamycin
and 5-FU) therapy alone, showed that the patients with the
high levels of M30 index (>35 counts/1000 tumor cells) and
the low levels of MIB-1 index (<140 counts/1000 tumor cells)
after chemotherapy had a remarkably favorable prognosis
as compared with patients in other categories. In addition,
the alteration in growth kinetics by the treatment showed a
significant prognostic value. Multivariate analysis also
confirmed that the post-treatment growth kinetics was an
independent prognostic indicator. These findings suggest that
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the alteration in growth kinetics revealed by CK1SNE and
MIB-1 might be a surrogate marker for predicting the survival
benefit from chemotherapy in primary breast cancer.

Introduction

Chemotherapy cures a certain population of cancer patients
(1). For instance, post-operative adjuvant poly-chemotherapy
provides a significant annual reduction in chances of recurrence
for patients with primary breast cancer. Nevertheless, it is
still difficult to predict the survival benefit from chemotherapy
individually without long-term follow-up. Although several
molecules such as the p53 mutation have been raised as a
surrogate of chemotherapeutic effect, most of them were
characterized as resistance markers rather than sensitive
markers for chemotherapy (2,3).

Recently, the NSABP B-18 trial, investigating the clinical
impact of pre-operative chemotherapy (pre-CT) using 4-
cycles of adriamycin (ADR) plus cyclophosphamide (CPA)
for primary breast cancer patients, showed that pathological
complete response (pCR) was a potent prognostic indicator
for favorable prognosis (4,5). Clinical response, even clinical
CR, did not show any significant prognostic value for long-
term outcome. Since other pre-CT studies using different types
of chemotherapy regimens have also confirmed the prognostic
significance of pCR, pCR is regarded as a surrogate marker
for identifying the chemo-sensitive subpopulation in primary
breast cancer (6).

In addition to pCR, various markers are tested currently
to explore the surrogate value for long-term therapeutic
benefit from chemotherapy, because it is estimated that a
chemotherapy-sensitive subpopulation might exist in non-
PCR group. We have studied the changes of tumor growth
kinetics elicited by chemotherapy for a similar purpose.
Among apoptosis markers, we focused on the neo-epitope of
cytokeratin 18 (CK18NE), which often emerges with chemo-
therapy. It is known that structural changes of cells occur
during apoptosis mediated by proteases such as those of
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the caspase family, which cleave a number of intracellular
substrates. One of these substrates, CK18 is a major component
of intermediate filaments of simple epithelial cells and tumor
cells derived from such cells, and it is cleaved into proteolytic
fragments by caspases during apoptosis. Recently, a mono-
clonal antibedy, M30 was generated (o identify CK18NE,
mapping to amino acids 387-396, exposed after caspase
cleavage during apoptosis (7-9). The previous immunohisto-
chemical studies confirmed that M30 recognizes apoptotic
cells that show cytoplasmic staining, while it does rot recognize
viable and necrotic cells (7,10,11).

In the present study, we analyzed tumor growth kinetics
using CK18NE and cell proliferation antigen Ki-67, detected
by MIB-1 antibody, and examined its changes by pre-operative
anthracycline-based chemotherapy in primary breast’ cancer
patients. The results will indicate that the alteration in tumor
growth kinetics by pre-operative chemotherapy is useful for
assessing long-term therapeutic benefit from the chemotherapy
in primary breast cancer.

Materials and methods

In vitro study. In order to confirm the induction of M30 by
chemotherapy, we used MDA-MB-231, a hormone-
independent human breast carcinoma cell line. The cells
were grown in 96-weil plates in 200 yl DMEM 10% FCS

overnight, the medium changed, and then doxorubicin was.

added to 1 pg/ml. NP40 was added to the medium (final 0.5%)
at the times indicated to assay total accumutated CK18-Asp396
(in living cells still attached + in dead cells + released activity
in medium), and 25 pl was assayed by M30-Apoptosense™
enzyme-linked immunosorbent assay (ELISA) kit (PEVIVA,
Bromma, Sweden). ELISA was conducted according to the
manufacturer’s instruction.

Patients and tumor materials. Seventy-two women receiving
pre-CT for untreated breast cancer in the National Kyushu
Cancer Hospital and the Komagome Metropolitan Hospital
between December 1992 and December 1999 were enrolled.
Clinico-pathological features of the patients enrolled are shown
in Table L. Pairs of breast cancer samples were obtained before
and after pre-CT by excisional biopsy and radical operation.
Informed consent was obtained according to the procedures
of each institute. Both biopsied and surgical resected samples
were sufficient for accurate histological diagnosis, measurement
of apoptosis, proliferation and biomarkers. Out of 72 patients,
49 were treated with FAC regimen, adriamycin (ADR) 40 mg/
m? at day 1 and cyclophosphamide (CPA) 400 mg/m? and 5-FU
400 mg/m? at day 1 and day 8 repeated every 3 weeks (q3),
9 with CEF, CPA 600 mg/m?, epirubicin (Epi) 60 mg/m?,
5-FU 600 mg/m? g3, 7 with AC, ADR 60 mg/m? and CPA
600 mg/m? q3, and 7 with EC, Epi 75 mg/m? and CPA 600 mg/
m? g3. All the patients were without distant metastasis at
the time of diagnosis and received operations with axillary
dissection. Clinico-pathological data and response to pre-CT
are summarized in Table II. Response to pre-CT was
established by clinical assessment of breast mass according
to the criteria of International Union Against Cancer. Survival
analysis wag performed in a subgroup of 42 patients who
underwent FAC therapy alone pre- and post-operatively. These
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Table 1. Clinico-pathological data and rcsponse to pre-operative
chemotherapy.

No. of patients 72
Median age (years) 51(28-74)
Menopause
Pre-menopausal 33
Post-menopausal 3%
Pre-tumor size
T1, T2 9
T3 26
T4 37
Pre-nodal status
NO 16
N1 29
N2 16
N3 10
Unknown 1
Histlogical subtype
Invasive ductal carcinoma 66
Invasive lobular carcinoma - 1
Unknown 5
Estrogen receptor
Positive 44
Negative 28
Progesterone receptor
Positive 32
Negative 40
Chemotherapy regimen
FAC 49
CEF 9
AC 7
EC 7
No. of cycles of preoperative chemotherapy
2 cycles 29
3 cycles 26
4 cycles 14
25 cycles 3
Clinical response to chemotherapy
CR 2
PR 29
NC 39
PD 2
Post-chemotherapy size
tl, 2 . 24
3 17
t4 ' 30
Unknown 1
Pathological response to chemotherapy
0 18
la 34
1b 12
2 7
3 i

FAC, 5-FUJ, adriamycin (Adr) and cyclophosphamide (CPA); CEF, CPA, ¢pirubicin
(Epi) and AC, Adr and CPA; EC, Epi and CPA. CR, complete response; PR,
partial response defined as a >50% reduction rate; NC, no significant change; PD,
progressive disease.
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