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Abstract Histopathological  findings and  molecular
alterations well reflect the biological properties of indi-
vidual primary breast carcinomas. Specifically, pT (size of
the invasive component), pN (number of metastatic lymph
nodes), histological or nuclear grade, lymphovascular
invasion, hormone receptors, and HER2 (c-erbB-2) gene
overexpresison or amplification are known to be effective
markers for assessing the risk of operable primary breast
carcinoma, albeit incompletely. It is expected that addi-
tional molecular markers and novel diagnostic tools will be
developed in the future to facilitate a more accurate char-
actenization of higher risk node-negative breast
carcinomas.

Keywords Basal-like type - Grade -
Lymph node metastasis - Prognostic factor - Tumor size
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CGH Comparative genomic hybridization
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DCIS  Ductal carcinoma in situ

EGFR  Epidermal growth factor receptor
ER Estrogen receptor

HE Hematoxylin and cosin
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This anicle is based on a presentation delivered at Presidential
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treatment,” held on 29 June 2007 at the 15th Annual Meeting of the
Japanese Breast Cancer Sociely in Yokohama.

H. Tsuda (B)

Depariment of Basic Pathology, National Defense Medical
College, 3-2 Namiki, Tokorozawa, Saitama 359-8513, Japan
e-mail: htsuda@ndmc.acjp

ITC Isolated wmor cells
LCIS Lobular carcinoma in situ
ly Lymphatic invasion

NCCN  National Comprehensive Cancer Network
pCR Pathological complete response

PgR Progesterone receptor

PST Primary systemic therapies

SLN Sentinel lymph node

SNNS  Sentinel lymph node navigation surgery
v Vascular invasion

Introduction

Breast cancers show considerable variation in terms of
their histological features and molecular alterations, and
such factors are known to influence patient outcome and
tumor clinical behavior. Prognostic factors of breast cancer
can be largely categorized into factors related to (1) the
extent of (macro- and microscopically visible) tumor
spread, (2) biological properties of the cancer cells, and (3)
host—tumor relationship (Fig. 1). Factors related to the
extent of tumor spread include clinical stage, size of the
invasive cancer component, and the status of regional
lymph node metastasis and distant metastasis. Those rela-
ted to the biological properties of cancer cells, which
account for differences in prognosis among patients with
the same extent of tumor spread, are histological or nuclear
grade of the cancer cells, lymphovascular permeation, and
HER2 (HER2/neu, c-ertbB-2) overexpression and/or gene
amplification. Hormone receptor status is used mainly to
identify patients eligible for preoperative or postoperative
endocrine therapies, but estrogen receptor (ER) and pro-
gesterone receptor (PgR) status is also prognostically

€ springer
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1. Extent of tumor spread
® pT (Sze of invasive component)
® pN (Number of melastatic lymph noces | Stage
@ Destant matasiasm

Fig. 1 Prognostic factors of breast cancer. These can be largely
categoneed into factors of: / the extent of tumor spread, 2 hiological
properies if cancer cells, 3 host-tumor relationship

independent of the extent of tumor spread. Factors related
1o the host—tumor relationship are patient age and immune
status, although these are not well characterized.

In patients with operable breast cancer, these factors are
now used routinely for evaluating the prognosis and pre-
dicting the response of cancer cells to specific therapeutic
drugs. At the St Gallen International Conference in 2007,
the use of adjuvant chemotherapies was recommended
based on a combination of the above-mentioned factors
(Tables 1, 2) [1]. There is a consensus that node-metas-
tasis-positive  breast cancers should be treated with
systemic adjuvant chemotherapy. In node-metastasis-neg-
ative (pN0) breast cancer, risk estimation is based on a
combination of age, hormone receptors, size of the inva-
sive mor component, grade, lymphovascular invasion,
and HER2 expression [1-3]. In the National Comprehen-
sive Cancer Network (NCCN) guidelines, the same factors
are utilized for evaluating the risk of primary breast cancer
3.

This article provides an overview of prognostic and
predictive factors that are used routinely for designing
individual therapies for patients with breast cancer,
Because the present classifications of pNO breast cancers
into groups of intermediate and low risk are still insuffi-
cient, we also review potentially useful biomarkers or tests
that allow more a precise prognostication.

Size of invasive component of primary tumor
(pT factor)

In the TNM Classification of malignant tumours, 6th edn
[4], the size of an invasive primary tumor is classified into
pT0, pTis, pT1, pT2, pT3, and pT4 (pT = primary tumor;
Table 3). pTis is non-invasive carcinoma and is usually
stage 0. According to the histological classification listed in
the General rules for clinical and parhological recording
of breast cancer, 15th edn [5] (abbreviated as “general

@' Springer

Table 1 Definition of risk categories for patients with operable breast
cancer (reproduced from | 1] with modifications)

Risk category  Parameters

Low nisk Node negative AND all of the following features:
pPT <2 cm, and Grade |, AND
Absence of extensive peritumoral vascular
invasion, AND
ER and/or PgR expression, AND
HER2 gene neither overexp I nor amplified
AND
Age >35 years

Intermedinte  Node negative AND at least one of the following

risk features:
pT >2 cm, or Grade 2-3, OR
Presence of
invasion, OR
ER and PgR absent, OR
HER2 gene overexpressed or amplified, OR
Age <35 years
Node positive (1-3 involved nodes) AND
ER and/or PgR expressed, AND
HER2 gene neither overexpressed nor amplified
Node positive (one to three involved nodes) AND
ER and PgR absent, OR
HER2 gene overexpressed or amplified
Node positive (four or more involved nodes)

ve per

High risk

pT Primary tumor, PgR progesterone receptor, ER  estrogen receplor

rules™ hereafter), breast carcinomas are classified into 17
histological types, two types of non-invasive carcinoma,
three common types of invasive ductal carcinoma, and 11
special types, including Paget's disease. Among these, non-
invasive carcinomas and several histological types are of
clinical significance. Non-invasive carcinomas, such as
non-invasive ductal carcinoma, or ductal carcinoma in situ
(DCIS), non-invasive lobular carcinoma or lobular carci-
noma in situ (LCIS), and Paget’s disease without invasion,
are important because the prognosis of patients with these
types of breast cancer is excellent. Among the special
types, mucinous carcinoma, medullary carcinoma, adenoid
cystic carcinoma, and tubular carcinoma are known to
show a good clinical outcome.

pT1 is subdivided into pTlmic, pTla, pTib, and pTlc
when the diameter of the invasive component of the pri-
mary tumor is < 0.1 em, >0.1-0.5 cm, >0.5-1.0 ¢m, and
>1.0-2.0 em, respectively, In the NCCN guidelines, the
risk of recurrence is estimated to differ among pTla, pTlb,
and pTlc [3]. In the St Gallen meeting consensus, the size
of the invasive tumor is classified into categories of < 2.0
and >2.0 cm, although some panel members consider pTla
and pT'1b (i.e., pT <1 cm) tumors that are node-negative to
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Table 2 Choice of tment modaliti

2007 (rep

ed from [ 1] with modifications)

HER2 (c-crbB-2) gene Highly endocrine responsive

Incompletely endocrine responsive Endocrine non-responsive

Negative ET (considering CT according 1o risk)

Positive ET + trastuzumab 4 CT

ET (considering CT according to risk) cT

ET + trastuzumab + CT Trastuzumab + CT

ET Endocrine therapy, CT chemotherapy

Table 3 The pTNM pathological classification (Reproduced from [4]
with modifications)

The pTNM
pathological
classification
system in terms of
the primary tomor

Subcategories of the pTNM classification system
in terms of the primary tumor

pTX Primary tumor cannot be assessed
plo No evidence of primary tumor
pTis Carcinoma in situ
pTis(DCIS): ductal carcinoma in situ (Non-
invasive ductal carcinoma)
pTis(LCIS): lobular carcinoma in situ
pTis(Paget): Paget discase of the nipple with no
tumor®
pT1 Tumor 2 ¢m or less in greatest dimension
pTImic: microinvasion 0.1 cm or less in greatest
dimension
pTla: more than 0.1 cm but not more than
0.5 ¢m in greatest dimension
pT1b: more than 0.5 ¢m but not more than | cm
in greatest dimension
pTle: more than | ¢m but not more than 2 cm in
greatest dimension
pT2 Tumor more than 2 ¢m but not more than 5 cm
in greatest dimension
pT3 ‘Tumor more than 5 cm in greatest dimension
pr4 Tumor of any size with direct extension to chest

wall or skin only as described in T4a to T4d
(chest wall includes ribs, intercostals muscles,
and serratus anterior muscle but not pectoral
musele)

pT4a: extension to chest wall

pTdb: edema (including peau d'orange), or
ulceration of the skin of the breast, or satcllite
skin nodules confined to the same breast

pTde: both 4a and 4b above

pT4d: inflammatory carcinoma

DCIS Ductal carcinoma in situ, LIS non-invasive lobular carcinoma
or lobular carcinoma in situ

* Pager disease associated with a tumor is classified according to the
size of the wmor

represent a low risk even if they are of higher grade and/or
affect younger patients [1, 2].

For the evaluation of the pT factor, it is important to
differentiate accurately the invasive component from the

Non-invasive carcinoma
component (red)

(blue)

Fig. 2 Measurement of the size of the invasive component in primary
breast carcinoma as determined on a stained section of breast tissue.
The wmor indicated by blue dots 1s the invasive carcinoma
component, and the part indicated by red dots is the non-invasive
carcinoma component, For risk estimation, the of the
invasive component is necessary. H&E stain. =1

non-invasive component (Fig. 2). If there are multiple
invasive tumors in a breast, the diameter of the largest
invasive tumor should be adopted, and the diameters of
multiple invasive tumors should not be added.

Although the pT does not appear to have been measured
very accurately, this measurement is important not only for
risk estimation, but also for (1) determining the indication
for primary systemic therapies (PST) based on core needle
biopsy specimens, (2) assessing the therapeutic response,
especially the pathological complete response (pCR), of
primary tumors to primary systemic therapies based on an
examination of surgically resected specimens, and (3)
evaluating HER2 overexpression or gene amplification that
is restricted to the invasive component.

Axillary lymph node status (pN factor)

The status of the axillary lymph nodes is the most powerful
prognostic indicator in operable primary breast cancer. The
outcome of patients becomes worse as the number of
lymph nodes with metastasis increases [6]. The status of
axillary lymph nodes has recently been classified by his-
topathological examination into pNO, pN1, pN2, and pN3
in the TNM classification [4]. Currently, parasternal lymph
node dissection is usually not performed during breast
surgery in Japan. In terms of axillary lymph node status
only, pNO, pN1, pN2, and pN3 are defined as no metastasis,
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Table 4 The pTNM pathalogical classification (Reproduced from [4) with modifications)

‘The pTNM pathological classification
system in terms of the regional lymph nodes

Subcategories of the pTNM classification system in terms of the regional lymph nodes

pNX Regional lymph nodes cannot be assessed (not removed for study or previously removed)
pNO No regional lymph node metastasis®
pNmi Micrometastasis (larger than 0.2 mm, but none larger than 2 mm in greaes: dimension)

pNI Metastasis in one to three ipsilateral axillary lymph node(s), and/or in ipsilateral intemnal
mammary nodes with microscopic metastasis detected by sentinel lymph node
dissection but not clinically apparent.

piNla: metastasis in one o three axillary lymph node(s), including at least one larger than
2 mm in greatest dimension

pNIb: internal mammary lymph nodes with mic m 15 1 by
Iymph node dissection but not clinically apparent

pNlc: metastasis ln one 1o lhree axillary lymph nodes and internal mammary lymph nodes

with micr

clinically nppu'r:m

d by sentinel lymph node dissection but not

piN2 Metastasis in four to nine ipsilateral axillary lymph nodes, or in clinically apparent
ipsilateral internal mammary lymph node(s) in the absence of axillary lymph node

meliastass

pN3 Mectastasis in ten or more ipsilateral ual]ar_r Iymph ra)dza' or in ipsilateral infraclavicular

lymph nodes; or in cl

ity app y lymph node(s) in

the presence of one or more positive :u:illnrj\r lymph nodes; or in more than three
axillary lymph nodes and in internal mammary lymph nodes with clinically negative,
microscopic metastasis in internal mammary lymph nodes: or in ipsilateral
supraclavicular lymph nodes

pN Regional lymph nodes

* Cases with only isolated tumor cells (ITCs) in regional lymph nodes are classified as pNO. ITCs are single tumor cells or small clusters of cells,
not more than 0.2 mm in the greatest dimension, which are usually detecied by immunohistochemistry or molecular methods but which may be
venfied by hematoxylin and eosin (HE) staining. ITCs do not typically show evidence of metastatic activity, e.g., proliferation or stromal reaction

metastasis to one to three lymph nodes, metastasis to four
o nine lymph nodes, and metastasis to ten or more lymph
nodes or to subclavicular lymph nodes, respectively
(Table 4) [4].

Sentinel lymph node navigation surgery (SNNS) has
become widely used for the surgical treatment of patients
with early breast cancer [7]. In Japan, sentinel lymph nodes
(SLNs) are identified by radioisotope-labeled colloid and/
or dye, and they can be examined by intraoperative histo-
pathology for the presence of metastasis. Axillary lymph
node dissection is also carried out if metastasis is detected
in SLNs, but it is not used if metastasis is absent,

Based on the diameter of the largest metastatic focus,
pNO and pN1 are sub-classified into pNO, pNOGi+). pN1 mi.
and pNla. pNO(i+) is defined as the presence of isolated
tumar cells (ITC), which are tumor cell clusters with a
diameter of <0.2 mm (Fig. 3). If the diameter of a meta-
static tumor focus is =>0.2-2.0 mm, the case is defined as
pN1 mi, i.c.. micrometastasis. pNla is defined as metas-
tasis to one to three lymph nodes with at least one node
measuring >2.0 mm in diameter, Detailed cutting of SL.Ns
(at 2-mm intervals) and accurate measurements of meta-
static foci are needed for reliable SNNS [4, 7].

In patients with pNla, the presence of HER2 overex-
pressionfamplification is a feature of the high-risk group,
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whereas cases of pNla without HER2 overexpression/
amplification are classified as being of intermediate risk.
All pN2 and pN3 cases are classified into the high-risk
group in the 2007 St Gallen consensus [1].

Hormone receptor status

Endocrine therapies involving the use of effective drugs,
such as anti-estrogens, aromatase inhibitors, and lutein-
izing hormone-releasing hormone (LHRH) analogues,
have recently been developed, and the role of endocrine
therapy in primary breast cancer is becoming increasingly
important [8, 9]. Current approaches now always include
the testing of ER and PgR by immunohistochemistry
(IHC). If the tumor is ER- and/or PR-positive, the patient
is eligible for preoperative or postoperative hormonal
therapy.

There are several criteria for evaluating the results of ER
and PR tests [1, 2, 10, 11]. In a classification recommended
by the Japan Breast Cancer Socicty, the results arc assessed
according 1o the proportion of cells showing positive
nuclear staining irrespective of the intensity of stained
nuelei [11]: score 0 when there are no positive cells, score
I+ when the proportion of positive cells is <1%, score 2+
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Fig. 3 Detection of micrometastasis of breast cancer cells in sentinel
lymph nodes (SLNs). m. b Micrometastasis. A tumor cell nest s
detectable by HE (a), and the tumor cells are confirmed to be positive
for cytokeratin by immunohistochemistry (IHC) (b). Arrows indicate

when positive cells account for 1% to <10% of the cells
tested, and score 3+ when positive cells account for 10% or
more of the cells tested. A score of 3+ comesponds to a
positive result, and 1+ and 2+ correspond to equivocal or
borderline results. A score of ) is negative.

The Allred score is another major scoring system that
takes both the proportion and intensity of positively stained
cells into account (Fig. 4) | 11]. The Allred score 1s the sum
(0, 2-8) of the proportional score (0-5) and the intensity
score (0-3). In Japan, Allred scores for ER and PR are
frequently requested by clinicians because of evidence that
the Allred score for ER is correlated with (1) disease-free
survival of patients receiving adjuvant endocrine therapies
[12] and (2) the response rate of the primary tumor to
neoadjuvant endocrine therapy using letrozole (an aroma-
tase inhibitor) or tamoxifen [13].

At the St Gallen meetings, endocrine therapy was rec-
ommended for ER- or PR-positive breast cancer (Table 2)
[ 1. 2]. In the report of the 2007 St Gallen meeting, hormone
status was classified into highly endocrine responsive,
incompletely endocrine responsive, and endocrine non-
responsive; incompletely responsive (previously referred o
as endocrine response uncertain) is when there is some
expression of steroid hormone receptors but at lower levels,
or when either ER or PgR was lacking. For patients with
highly endocrine-responsive breast cancer and those with
incompletely endocrine-responsive breast cancer, adjuvant

tumor cells, ¢, d Isolated wmor cells (ITCs). Carcinoma cells are not
visible on the HE section (c), but single cytokeratin-positive cells
(arrows) are detectable by IHC. a, ¢ H&E stain. b, d Immunoper-
oxidase stain, a, ¢, d x40, b x200

1~ 180—2= 40—~ Lo— 4~ W— 5§+

YY)

m Oomagutes 1 vumsk 2o wwmed 3« viweg
Hod Pathol 1998; 11: 155188

Total Score (T5) = PS + IS (range 0-8)

Alired score 1+1=2

ab” *Mlﬂusn-l

- e

Fig. 4 Allred score system for the evaluation of the estrogen receptor
(ER). a Schematic presentation of the system. Reproduced from
Allred eral. [11]. b A case of sirongly positive ER. Scores of intensity
and proportion are 3 (strong) and 5 (67-100%), respectively, and the
Allred score is 8. In the Japanese classification, the score is 3+ (see
text). ¢ A case of negative ER. Arrow Tumor cell. Scores of intensity
and proportion are | (weak) and | (<1%), respectively, and the Allred
score is 2. In the Japanese classification, the score is 14, but in the Si
Gallen consensus, this case may be incompletely endocrine
l'!.'ﬁpnllﬂl\-t

endocrine therapy is recommended, with chemotherapy

being considered according to the risk presented (see
Table 1 [1]).
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Grade

The histological grade of the malignancy of breast cancer is
usually evaluated as the sum of tubule formation, nuclear
pleomorphism, and mitotic count (histological grade), or as
the sum of the latter two (nuclear grade), based on an
examination of hematoxylin-cosin (HE)-stained histopa-
thological sections. In 1957, Bloom and Richardson
reported the important role of histological grade in the
prognostication of primary breast cancer, and a modifica-
tion of their criteria by Elston and Ellis is now widely used
[14]. In Japan, a method of nuclear grading is presented in
the “general rules™ (Table 5, Fig. 5) [15].

Histological or nuclear grading is applied mainly to
invasive ductal carcinoma for the purpose of estimating the
risk of recurrence and determing the choice of adjuvant
therapies [1, 2]. Histological grade and nuclear grade have
almost the same prognostic relevance [16]. Histological
grade is a powerful prognostic indicator independent of
tumor size or lymph nodal status, but it has a strong
correlation with HER2 amplification, nuclear p53 immu-
noreaction (i.e. inactivation of the tumor-suppressor

function of p33 protein), hormone receptor negativity, and
accumulation of chromosome alterations.

HER2 amplification and overexpression

The HER2 gene was first cloned as a proto-oncogene
homologous to the HERI [c-erbB-1, or epidermal growth
factor receptor (EGFR)] proto-oncogene that encodes
tyrosine Kinase growth factor receptor localized through
cell membrane [17]. The HER2 gene is located on chro-
mosome arm 17q21.1, and genomic amplification of
17q12-q21.2 containing the HER2 locus occurs in 10-30%
of human breast cancers. HER2 gene amplification causes
overexpression of the HER2 protein and plays a role in the
transduction of growth signals to the nucleus [18].

The clinicopathological implications of HER2 gene
amplification and overexpression of its protein are: (1)
frequent occurrence in grade 3 carcinomas, comedo-type
DCIS, Paget's disease, and inflammatory breast cancer, (2)
correlation with poor prognosis independently of tumor
size or nodal stats, (3) indication for trastuzumab

Table S Nuclear grading system (Reproduced from [15] with modifications)

Nuclear grading system

Nuclear atypia

Score 1. Nuclei are uniform size and shape. The nuclei are not hyperchromatic or may be hyperchromatic with evenly dispersed chromatin or

with finely granular chromatin without clumping
Score 2. Between scores | and 3

Score 3 Pleomorphic nuclei of varying sized showing hyperchromatism with coarse and irregular distribution often associated with large

nucleoli
Mitotic counts

After choosing the fields that appear to contain largest number of mitotic figures:

Scare 1: <5 per 10 high-power fields (400 x)
Score 2: 5-10 per 10 high-power figlds
Score 3: = 11 per 10 high-power ficlds

Sum or scores in nuclear atypia and mitotic counts”
2, 3: Nuclear grade |
4: Nuclear grade 2
5, 6: Nuclear grade 3

Visual number Mitotic counts per 10 high-power fields (400x ) Eyepiece
Score 1 Score 2 Score 3
20 04 5-10 =11 WHK 10x
21 0-5 6-11 >12 CFW 10x, CFWN 10x
22 0-5 6-12 =13 CFI 10x, WH 10x
25 0-7 B-15 =16 CFIUW 10x
26.5 0-8 9-17 =18 SWH 10x, SWHK 10x
27 09 1018 =19 CFUWN 10x

“ Adjustment of criteria for mitotic counts according to the properties of eyepieces

‘Q Springer
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v '\? b

’E Grade 1 (n=56)

A Grade 2 (n=42)
80

Grade 3(n=112)
60
‘o—c
20

P=0.002

fF 1 ¥ 1 ¥
0 317 2 3 4 s

Time after surgery (yr)

Fig. 5 Nuclear grade of pNO (regional lymph nodes) invasive ductal
carcinoma. Histopathological view of nuclear grade 1 (a), grade 2 (b),
and grade 3 (c). a Nuclei are uniform, and mitotic figures are not seen.
¢ Nuclei are pleomorphic, and there are a lot of mitotic figures
{arrows). b is intermediate between a and ¢. H&E stain. x200. d
Disease-free survival curves for patients with pNO breast cancer
stratified by nuclear grades. Curves differ significantly (P = 0.002).
®DFS Discase-free survival (%)

(Herceptin) therapy, and (4) high response rate to anthra-
cycline-based chemotherapies [17].

Criteria for HER2 overexpression and amplification
have been established. HER2 expression status, tested by
IHC, is classified as score 0, 14, 2+, or 3+ (Fig. 1 in [17]).
An [HC score of 3+ is assessed to indicate overexpression,
or HER2-positive; a score of 0 or 14, as HER2-negative; a
score of 24, as equivocal, with a recommendation for
retesting by fluorescence in situ hybridization (FISH).

There are two types of FISH tests, single-color FISH and
dual-color FISH, but only the latter is approved for diag-
nostic testing in Japan. Dual-color FISH (PathVysion,
Vysis/Abbott) visualizes concurrently red signals of HER2
on 17q21.1 and green signals of CEP/7 on the centromere
of chromosome 17. The sum of signals on 20 nuclei of
cancer cells is counted for both HER2 and CEPI7, and the
HER2/CEP17 ratio is calculated by dividing the total signal
number of HER2 by that of CEPI7, If the HER2/CEPI17
ratio is 2.0 or higher, the tumor is assessed to be FISH
positive, whereas a ratio of less than 2.0 is taken to indicate
that the tumor is FISH negative (Fig. 2 in [17]). HER2-
positive cases are considered to be eligible for trastuzumab
therapy [19].

In 2006, revised criteria for HER2 gene amplification
were recommended by the NCCN HER2 Testing in Breast
Cancer Task Force as follows: a tumor with an IHC score
of 0 or 14, or with a HER2/CEPI7 ratio of less than 1.8 by
dual-color FISH, is HER2-negative: a tumor with an IHC
score of 3+, or with a HER2/CEP 17 ratio of more than 2.2
by dual-color FISH, is HER2-positive; a tumor with an IHC
score of 2+ should be further tested vusing FISH, with its
HER2 status determined on the basis of the FISH result.
Tumor samples with a HER2/CEP|7 ratio of 1.8 to 2.2 are
considered to be borderline [20]. In Japan, a cut-off value
of 2.0 for the HER2/CEPI7 ratio is still used.

Amplification of the HER2 gene and overexpression of
its protein is correlated with a poorer prognosis of patients
with pNO invasive breast cancer as well as patients with
node-positive breast cancer. In a review, Ross et al. stated
that HER2 amplification or overexpression was correlated
with poorer prognosis by univariate and/or multivariate
analyses in 73 of 81 swdies (25,166 of 27,161 patients)
published between 1987 and 2003 [21]. Although HER2 is
frequently positive in DCIS of higher grade and with an
accumulation of molecular alterations, i.e., comedo-type
DCIS and Pagert’s disease, HER2 is not a prognostic factor
in DCIS.

A correlation between HER2 overexpression and
response to adjuvant or neoadjuvant anthracycline-based
chemotherapy has been reported in many studies [22].
In the JBCRG-01 protocol, HER2 overexpression was
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confirmed to be a significant predictive factor of tumor
response to anthracycline-based PST [23]. Hayes et al. [24]
reported that a node-positive breast cancer showing
amplificauon or overexpression of HER2 can benefit from
the addition of paclitaxel therapy after adjuvant treatment
with doxorubicin plus cyclophosphamide, regardless of the
ER status. In contrast, they considered that patients with
HER2-negative, ER-positive, node-positive breast cancer
would gain little benefit from the administration of pac-
litaxel after adjuvant chemotherapy with doxorubicin plus
cyclophosphamide.

Lymphovascular involvement

Although lymphatic and vascular invasion (abbreviated as
ly and v) is generally considered to be a parameter of
aggressiveness of cancers in various organs, the signifi-
cance of ly or v as a prognostic factor has been the subject
of controversy because (1) ly(+) is frequently difficult to
differentiate histologically from mor nests in pseud-
olymphatic spaces emerging as artifacts, (2) ly(+) or v(+)
can be confused with an intraductal component, and (3)
pathologists tend to evaluate a cancer as ly(+) uncondi-
tionally if lymph node metastasis is present.

Lymphatic and vascular invasion have been excluded
from the items routinely described in the “general rules”.
Nonetheless, obvious lymphatic permeation does exist and
is sometimes diffuse in highly aggressive breast cancers.
such as inflammatory carcinoma. Yoshimoto et al. [25)
defined lymphovascular invasion as being strongly positive
if four or more ly or v foci were present, positive if three or
fewer ly or v foci were present, and negative if no ly or v
focus was evident in all case slides. In their series of cases,
the percentages of those that were ly or v strongly positive,
positive, and negative were 13, 13, and 74%, respectively,
and the corresponding recurrence rates were 60, 40, and
26%. respectively [25].

In the 2007 St Gallen meeting consensus, extensive
peritumoral vascular invasion was considered to be one of
the parameters for assessing whether pNO breast cancer is
of low risk or intermediate risk. In pNla breast cancers,
however, extensive lymphovascular invasion has been
removed from the risk factors [1]. Extensive peritumoral
vascular invasion is defined as the presence of neoplastic
emboli in two or more blocks, which could be interpreted
as both extensive ly(+) and v(+), Intratumoral lymph ves-
sels in invasive breast cancer are suggested to be absent
[26], and it is recommended that peritumoral lymphovas-
cular nvasion should be taken into account. Recently,
several reports have mentioned the utility of D2-40 or
vascular endothelial growth factor (VEGF)-C in combina-
tion with IHC to visualize lymphatic ducts, and the
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diagnostic application of these molecules is expected [27,
28].

Future perspectives

According to the recommendation of the St Gallen meet-
ings, more than 70% of pNO breast cancers are included in
the intermediate-risk group and considered eligible for
adjuvant chemotherapy, despite the fact that the 10-year
disease-free survival rate of patients with pNO breast can-
cer in Japan is 10-15% [4]. It is expected that recurrence
risk in pNO breast cancer will be evaluable more accurately
based on the properties of the resected tumors, On the basis
of estimations from the categories established at the St
Gallen consensus meeting, the 10-year recurrence rate of
pNO intermediate-risk cancer would be 13-20%. whereas
that of pNO low-risk cancer would be 5% or less. It is ideal
that the pNO group is classified as representing 33% of the
high-risk group, with a recurrence rate of 30-45%, and
67% of the low-risk group with a recurrence rate of 5% or
less (Fig 6). To establish a more ideal classification of
early breast cancer, various tests are being undertaken that
are based on molecular features.
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grade and other Low ngk
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Fig. 6 Comparison between the pNO intermediate-risk group (a) and
the ideal pNO high-risk group (b). In a. the intermediate-risk group
comprises 75% of all patients with pNO breast cancer and is estimated
to show 13-20% of recurrence. Actually, most of pND breast cancers
have an invasive component that is 20cm or less in size.
Lymphovascular invasion and HER2 overexpression are shown by
some rescarchers 1o be significant prognostic indicators with a
relatively weak impact in pNO. Therefore, the overwhelming risk
factor of pNO breast cancer appears to be histological/nuclear grade
In b, the putative higher risk group comprises 33% of all patients with
pNO breast cancer and is estimated to show 30-45% of recumrence.
For the concentration of cases, a single novel molecular marker or a
combination of grade and other molecular markers would be
effective. These molecular markers will be assayed by DNA
microarray, Oncotype DX, amray CGH, or other tools in the near
future
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DNA microarray

Using high-thronghput microarray analysis, a 70-gene
signature has been identified that can accurately select
carly-stage breast cancer patients who are highly likely
to develop distant metastases and who, therefore, may
obtain maximal benefit from adjuvant chemotherapy
[29], Validation and feasibility studies of the 70-gene
profile (Mammaprint; Agendia) to patients of 60 years or
younger with pNO Stage [, 11 breast cancer are ongoing
in the large adjuvant MINDACT (microarray in node-
negative disease may avoid chemotherapy) clinical trial
[29].

Oncotype DX

Although patients with pNO and ER-positive breast cancer
have an excellent prognosis, about 15% show relapse
after 5 years of endocrine therapy. Clinical trals have
provided evidence that these patients gain a significant
benefit from chemotherapy; however, it would be signif-
icant overtreatment if it were applied to all of them.
Strategies for evaluating tumors in a clinical setting have
been developed using smaller sets of genes. One such
strategy is the 2l-gene assay (Oncotype DX: Genomic
Health, Redwood City, CA), which is currently in com-
mercial use in the USA. In Oncotype DX, a 2l-gene
recurrence score (RS) has been developed based on the
monitoring of mRNA expression levels of 16 cancer-
related genes in relation to five reference genes. One
advantage of this test is the use of paraffin-embedded
blocks in contrast to previous methods that required fresh
frozen tissue. Oncotype DX has been shown to predict
10-year distant recurrence in patients with ER-positive,
axillary lymph node-negative breast cancer. This genomic
assay has also been shown to predict response to che-
motherapy and endocrine therapy. A prospective study—
the Trial Assigning Individualized Options for Treatment
(Rx) (TAILORx)—to examine whether chemotherapy is
required for the intermediate-risk group defined by the RS
is accruing in North America [30. 31].

Array CGH (cancer array B00O)

Comparative genomic hybridization (CGH) has already
made a significant impact on cancer cytogenetics, In array-
based CGH, DNAs spotted in a CGH-array contain
sequence information directly linked to the genome data-
base, and particular biological aspects of genes that lie
within regions involved in copy-number aberrations ¢an be
noted, The application of array-based CGH technology for
the diagnosis of breast cancer is awaited [32).

Basal-like type

With the use of gene microarrays, different subtypes of
breast cancer have been characterized. These subtypes
include the basal, ERBB2+, and luminal A, B and C
subtypes [33, 34|, Basal-like-type breast cancer was
determined by DNA microarray to be a group of tumors
that were ER-negative, HER2-negative, and positive for
myocepithelial/basal markers, such as vimentin, alpha-
smooth muscle actin, EGFR, cytokeratin (CK) 5/6, CK14,
and/or CK17 [33, 34]. It has also been reported that breast
cancers arising in patients with familial breast/ovarian
cancer carry germ-line BRCAJ mutations [35].

There are at least four histologically distinct breast
cancer groups with undifferentiated features, and these
frequently show bidirectional differentiation toward lumi-
nal epithelial and myoepithelial/basal lineages [36, 37].
These groups comprise (1) invasive ductal carcinoma with
a large central acellular zone (central acellular carcinoma),
(2) atypical medullary carcinoma, (3) matrix-producing
carcinoma, and (4) carcinoma with spindle-cell metaplasia
(Fig. 7). In these four cancer types, KIT (CDI117) expres-
sion and EGFR overexpression were detected in 34% and
88% of cancers with frequent expression of myoepithelial/
basal markers but a low frequency of HER2 overexpression
or ER/PgR expression (Fig. 8) [37]. For the identification
of a basal-like phenotype, confirmation of positivity for
basal cytokeratins, i.e., either CK5/6 or CK14, by IHC is
recommended [38].

Empirically, cases of node-negative breast cancer
showing early recurrence appear to frequently contain the
basal-like type [39]. However, Fulford et al. have reported
that in node-negative patients, prognosis was similar
between basal-like and other Grade 3 invasive ductal car-
cinomas, whereas basal-like grade 3 invasive ductal
carcinoma showed a poorer prognosis than other types in
patients who were positive for node metastasis [40].

One important current issue is the so-called triple-neg-
ative (i.e., ER/PgR-negative, HER2-negative) breast
cancer, for which endocrine therapy or trastuzumab is not
applicable. Approximately 5-15% of breast cancers are in
this category, If systemic chemotherapies are not cffective
for “triple-negative™ breast cancer, there are few treatment
choices for this group and, in fact, chemotherapy is fre-
quently not effective. A substantial percentage of “triple-
negative” breast cancers appear 1o be of the basal-like type.
The characterization of basal-like breast cancer on the basis
of histological characteristics and molecular alterations
would be useful for prognostication and treatment selection
and also for the identification of targets for molecular
therapy. It might be worth investigating whether therapies
against activated KIT and/or EGFR are effective for can-
cers of the above-mentioned four histological types.
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Fig. 7 [hstinct breast cancer
types of undifferenniated
features, that appear to be
representative of the basal-like
phenotype. a. b Invasive ductal
carcinoma with a large central
acellular zone (central acellular
carcinoma). ¢ atypical
medullary carcinoma, d matrix-
producing carcinoma
Carcinoma with spindle-cell
metaplasia s also included in
this group. H&E stun. a x 1.
b x40, ¢, d =200

Fig. 8 Expression of myoepithelial/basal markers in undifferenti-
ated-type breast carcinomas. a Vimentin, b KIT, ¢ z-smooth muscle
actin (SMA), d epidermal growth factor receptor (EGFR). The
positive rates of expression of vimentin, z-SMA, KIT (CDI17), and

Today, systemic chemotherapy, endocrine therapy. and
trastuzumab are very effective, not only for metastatic
breast cancer but also operable early breast cancer. Certain
chemotherapeutic regimens with or without trastuzumab
can achieve a pCR in the pnimary tumor in a proportion of
cases. Nevertheless, these therapies are not perfect; they
are not always effective, they may result in adverse events
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EGFR were B8, 41, 34, 88%, respectively, in undifferentiated types,
whercas these were 5, 0.7, 5. and 5%, respectively, in other lypes | 37].
Immunoperoxidase stain. x 200

or late complications. and they may induce tumor resis-
tance to the therapy in due course.

To achieve a greater decrease in the incidence of
recurrence and death in patients with early breast cancer
and those suffering adverse effects from the therapies, it is
important to discriminate the higher risk group from the
lower risk group more accurately in intermediate-risk
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node-negative breast cancer. Furthermore, regardless of
nodal status, the establishment of a diagnosis and treatment
strategy for “triple-negative™ breast cancers, especially the
basal-like type, is desirable. To this end, molecular markers
and tools, such as Oncotype Dx, Mammaprint, array CGH,
and/or IHC markers for the basal-like type. would be
cffective. In addition, from a pathologist's viewpoint,
proposals for the accurate evaluation of pT, pN, grade, ly,
v, ER, PgR, and HER2 have only recently been put for-
ward. Therefore, there are few adequate follow-up data
based on accurate descriptions of these pathological
parameters. In the future, prospective chnical data as well
as the revision of archival cases based on accurate histo-
pathological evaluation might prove to have considerably
higher value than expected hitherto, as exemplified by the
proverb “it is always dark at the foot of the lighthouse”,
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Abstract Purpose This multicenter phase 1l study
examined the impact of pathological effect on survival
after preoperative chemotherapy in Japanese women with
carly stage breast cancer. Patients and methods Prior to
surgery, patients received four cycles of FEC (fluorouracil
500 mg/m?, epirubicin 100 mg/m®, cyclophosphamide
500 mg/m”® g3w) followed by four cycles of docetaxel
(75 mg/m? q3w). Primary endpoint was 3 year disease free
survival (DFS) stratified by the absence or presence of
Quasi-pCR (QpCR: absence of invasive tumor or only
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focal residual tumor cells). Secondary cndpoints were
predictors for QpCR, clinical response, breast conservation
rate, and safety. Results Between June 2002 and June 2004,
202 women were enrolled. Among 191 assessable patients,
25% achieved QpCR. With 40 months median follow-up,
3 year DFS was estimated at 91% for all patients. 3 year
DFS for patients with QpCR was 98% vs. 89% without
QpCR (hazard ratio 0.38 [95% Confidence Interval 0.09-
0.84], P = 0.0134). HER2 status and response to FEC were
independent predictors of QpCR, The overall clinical
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response was 75%; B5% of patients achieved breast con-
servation. Grade 3/4 neutropenia was the most common
adverse event, observed in 44% and 35% of patients during
FEC and docetaxel, respectively. Treatment related side
effects were manageable; there were no treatment related
fatalities. Conclusion FEC followed by docetaxel is an
active and manageable preoperative regimen for women
with early stage breast cancer. QpCR following preopera-
tve chemotherapy predicts favorable DFS. HER2
overexpression and clinical response to FEC predict QpCR.

Keywords Clinical tnal - Docetaxel -
Early stage breast cancer - FEC -
Preoperative chemotherapy - Phase 11

Introduction

Preoperative systemic chemotherapy has been widely used
for patients with operable breast cancer to increase the
chance for breast conservation [1-3]. Furthermore,
response to preoperative treatment can provide information
on long-term survival outcomes. Pathological complete
response (pCR) in the breast and axillary lymph nodes
predicts a favorable prognosis, whereas non-pCR of the
breast or node-positive status does not, which can facilitate
tailoring of subsequent treatment [1, 3]. In addition, cor-
relative studies of tumor samples before and after treatment
may provide information on markers that could predict
response or resistance to treatment [4].

Results from the National Surgical Adjuvant Breast and
Bowel Project (NSABP) study B-18 demonstrated the
impact of preoperative chemotherapy in patients with
operable carly stage breast cancer [5]. The protocol-spec-
ified anthracycline-containing regimen of four cycles of
doxorubicin and cyclophosphamide (AC), resulted in an
increased chance of breast-conserving surgery (BCS)
compared to no preoperative chemotherapy. The study
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established pCR as a prognostic marker for long-term
disease-free survival and demonstrated that there was no
difference in survival whether chemotherapy was admin-
istered before or after surgery. Subsequently, studies such
as the Aberdeen trial have demonstrated the benefit of the
sequential addition of taxanes to preoperative anthracycline
regimens [6, 7). NSABP Protocol B-27 demonstrated that
compared to preoperative AC alone, the addition of
sequential docetaxel doubled the pCR rate, increased the
clinical complete response (cCR) rate, and increased the
proportion of patients with negative axillary nodes [3, 7].
Although NSABP B-27 did not show that the addition of
docetaxel to AC significantly improved disease free sur-
vival (DFS) and overall survival (OS) compared to AC
alone, other studies, mainly of patients with node-positive
disease, have shown favorable DFS and OS by including a
taxane with an anthracycline, either in sequence or com-
bination  [8-12],  Multiple  neoadjuvant  studies
demonstrated that patients with pathological complete
response to chemotherapy had a good prognosis [1, 2].

Here we conducted a multicenter prospective neoadjuvant
trial with four cycles of fluorouracil, epirubicin, and cyclo-
phosphamide (FEC) followed by four cycles of docetaxel in
Japanese patients with operable breast cancer to investigate
the relationship between pathological effect and survival. The
pathological effect was determined using the definitions of
Quasi-pCR (QpCR: complete disappearance of invasive car-
cinoma in the breast or only focal tumor cells remaining in the
stroma in the removed breast) [ 13]. The pimary endpoint was
to examine 3 year DFS stratified by pathological response
(QpCR versus non-QpCR). We also performed a logistic
regression analysis to examine which features were associated
with QpCR with this regimen. Clinical response, the rate of
BCS, and safety were also evaluated.

Methods
Study design and ethics

This multicenter, open-label, single-arm, phase Il clinical
study was conducted at 13 institutions throughout Japan.
This study was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice. The protocol
was reviewed and approved by the institutional review
board of each participating institution and written informed
consent was obtained from all patients prior to the study.

Patients

Women aged 20-59 years of age with histologically pro-
ven early stage breast cancer (Tlc-3 NO MO/T1-3 N1 M0)
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were enrolled. No prior chemotherapy, radiotherapy, hor-
monal therapy, or immunotherapy was allowed. Other
inclusion criteria were the following: Eastern Cooperative
Oncology Group performance status of 0-1; white blood
cell count between 4000/mm” and 12000/mm’; neutrophil
count 22000/mm”; platelet count 2100000/mm’; hemo-
globin 29.5 g/dl; serum bilirubin  <1.25 times upper
normal limit (UNL), creatinine <1.5 times UNL, or AST
and ALT <1.5 times UNL. Patients with congestive heart
failure or left ventricular cjection fraction =60% were
excluded. Patients were also excluded if they had con-
firmed infection; serious concomitant illness such as severe
cardiovascular disease, uncontrolled diabetes, malignant
hypertension and hemorrhagic disease; active concomitant
malignancy: brain metastasis; interstitial pneumonia or
lung fibrosis confirmed by chest X-ray or computed
tomography: pleural or peritoneal effusion that required
treatment; pericardial effusion; motor paralysis, peripheral
neuropathy or edema history of severe drug allergy; or had
previously received long-term  corticosteroid  therapy.
Pregnant or lactating women were also excluded.

Treatment procedures

Four cycles of FEC (fluorouracil 500 mg/m’, epirubicin
100 mg/m®, and cyclophosphamide 500 mg/m?) adminis-
tered intravenously (i.v.) on day 1 every 21 days were
followed by four cycles of docetaxel i.v. (75 mg/m?) every
21 days. prior to surgery. The doses of docetaxel and
epirubicin selected at the time of this study were higher
than the approved doses in Japan (60 mg/m® each). Pre-
medication consisted of a 5-HT, antagonist and dexa-
methasone i.v. on day | with oral dexamethasone on days 2
and 3 with each cycle of FEC and dexamethasone i.v. with
or without 5-HT; antagonist on day 1 with each cycle of
docetaxel. Administration of recombinant human granulo-
cyte colony-stimulating factor (rh G-CSF) and antibiotics
was left 1o the judgment of each investigator. If patients
prematurely discontinued FEC treatment, they were
expected to proceed 1o four cycles of docetaxel.
Treatment could be postponed for a maximum of
2 weeks for severe toxicity. If toxicity did not improve
during this period, chemotherapy was discontinued and
surgery was recommended. Dose reductions of epirubicin
from 100 mg/m® 10 75 mg/m® and for docetaxel from
75 mg/m’ to 60 mg/m’ were permitted in case of febrile
neutropenia and grade 3 or 4 non-hematological toxicities
except for nausea, vomiting, and fatigue. Following che-
motherapy and clinical assessment of response, patients
underwent surgery. If the tumor was too large or invasive
for breast-conserving surgery, modified radical mastec-
tomy was recommended. Sentinel lymph node biopsy

{(SNB) was performed to confirm disease stage. Most
patients with negative biopsies did not undergo surgical
clearance of axillary nodes. Autologous or heterologous
reconstructive surgery was performed as needed. All
patients who underwent breast-conserving surgery were
given standard radiotherapy to the remaining ipsilateral
breast tissue after surgical recovery. For patients with
node-negative status in the sentinel nodes not requiring
axillary dissection, radiotherapy to the axilla was allowed
but not required. No recommendations were made for post-
study hormone therapy in the protocol.

Assessment
Hormone receptor and HER2 overexpression

Estrogen receptor (ER) status and progesterone receptor
(PgR) status were determined by immunohistochemistry at
each institute. In general, tumors with >10% positively
stained tumor cells were classified positive for ER and
PgR. HER2 status was also determined at each institute by
immunohistochemistry or by fluorescence in situ hybrid-
ization (FISH) analysis. HER2 positive tumors were
defined as 3+ on immunohistochemistry staining or as
positive by FISH.

Central pathological assessment

Haematoxylin and eosin (H&E) and keratin stained slides
were prepared as 5 mm tissue sections from the primary
tumor. Pathological breast tumor response was assessed by
a central review committee consisting of three pathologists
using modified criteria of the Japanese Breast Cancer
Society [14]. A blinded central review committee evalu-
ated the pathologic response independently to the local
pathologists. In this study, the response of stromal invasion
and intraductal component was assessed separately. Cyto-
keratin immunostaining was performed to confirm residual
cancer cells in required cases.

Toxicity and clinical assessment

Toxicity was evaluated according to the National Cancer
Institute Common Toxicity Critena (version 2). Tumor
response was assessed using the Response Evaluation
Criteria in Solid Tumors (RECIST) guidelines in patients
who had measurable lesions. Tumor and toxicity assess-
ments were performed within 4 weeks prior 10 FEC
treatment, after completion of FEC treatment. and before

surgery.
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