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additional multiple levels of immunohistochemistry leads o
significant upgrading, For example, Freneaux et al reported
upgrading in 47% of examined cases using four H&E sections
and six addirional levels of cytokeratin immunohistochemis-
try at inrervals of 0.15 mm.38

Most merastatic foci detected only by immunohistochem-
istry will be either micrometastases or isolated cumour cells.
There is a small possibility that cells other than metastatic
carcinomas may be positive (false-positive staining), such as
some macrophages. Benign transport of breast epithelium
and pseudometastasis from noninvasive carcinomas have been
reported.?4¢ To avoid pseudometastasis and to detect only
clinically significant metastases, it is recommended that the
number of immunohistochemistry-positive cells be quanti-
fied,19 e.g. less chan 10 cells, 10-100 cells, and more than 100
cells, as represented in two dimensions on a slide.

Molecular analysis

RT-PCR has been used for molecular analysis of SLNs. It is
more sensitive than immunohistochemistry, but specific mark-
ers are lacking, The resules of upgrading are still variable, and
the procedure is noc feasible in all pathology laboratories. At
least currently, it is only used for research.

Assessment of metastases detected in SLNs

The clinical significance of carcinoma metastases in SLNs is
important because almost half of SLN-positive cases may have
further merastases in non-sentinel nodes.! Extranodal inva-
sion from the SLN, the size of the metastatic focus in the SLN,
the number of positive SLN nodes, and the size and lym-
phovascular invasion of the primary tumour are correlated
with non-SLN metastases.*»#2 Conversely, small primary tu-
mours (i.e. Tla ) and micrometastases are unlikely to have
further metastases in non-SLNs.2042

The negarive predictive value of SLNs is considered
good,*? but the probabilities are significantly changed ac-
cording to pathological procedures. Turner and colleagues
analysed 1,087 non-sentine! nodes from 60 patients who were
SLN-negative by H&E and immunohistochemisery, Only
one node (one case} was positive for carcinoma, and the lesion
was only detected by addirional immunohistochemistry.+4
Thus, the probability of non-SLN metastasis will be less than
0.1% if SLN negacivity is confirmed by both H&E and
immunohistochemistry. In other words, isolated tumour cells
in SLNSs are unlikely to be associated with non-SLN involve-

mertc,

Finally, the clinical significance of micrometastases and/
or isolared carcinoma cells has not been well elucidated. There
are some studies,*27:45:46 bug the real prognostic significance
of micromerastases (i.e. detected by immunohistochemiscry
only) will only be clarified by furure additional studies.
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ABSTRACT

Estrogen-related receptor @ (ERRa«) was identifled as 2 gene related to
estrogen receptor o (ERa) and belongs to a class of nuclear orphan
receptors, ERRa binds to estrogen responsive element(s) (ERE) and Is
considered ta be involved In modulation of estrogenic actions. However,
biological significance of ERRax remains largely unknown. Therefore, we

_ examined the expression of ERRa in human breast carcinoma tissues
using immunchistochemistry (¢ = 102) and real-time reverse transcrip-
tion-PCR (s = 30). ERRa Immunoreactivity was detected In the nuclet of
carcinoma cells In 55% of breast cancers examined, and relative immu-
noreactivity of ERRx was significantly (P = 0.0041) assoclated with the
mRNA level. Significant associations were detected between ERa and
ERE-containing estrogen-responsive genes, such s pS2 (P < 0.0001) and
EBAGY/RCASI (P = 0.0214), in breast carcinoma thsues. However, no
significant associatlon was detected between ERand pS2 (P = 0.1415) In
the ERRo-positive cases (# = 56) or between ERax and EBAGYRCAS1
(P = 0.8171) in the ERRa-negative group (s = 46). ERRa immunoreac-
tivity was significantly assoclated with an increased risk of recurrence and
adverse clinical outcome by both unl- (P = 0.0097 and P = 0.0053,
respectively) and muld- (P = 0.0215 and P = 0.0118, respectively) variate
analyses. A slmilar tendency was also detected in the group of breast
cancer patients who received tamoxifen therapy after surgery. Results
from our study suggest that ERRax possibly modulates the expression of
ERF-containing estrogen-responsive genes, and ERRa Immunoreactivity
is = potent prognostic factor in human breast carcinoma.

INTRODUCTION

Estrogens are well known to contribute immensely to the develop-
ment of hormone-dependent breast carcinomas (1, 2). Biclogical
cffects of estrogens are mediated through an interaction with estrogen
receptor (ER) a and/or B (3). ERs activate transcription of various
target genes (f.e., estrogen responsive genes) in a ligand-dependent
manner by direct DNA interaction through the estrogen-responsive
clement(s) (ERE) or by tethering to other transcription factors (4, 5).
Therefore, antiestrogens such as tamoxifen, which blocks ER, have
been mainly used as an endocrine therapy in breast carcinoma for
many years,

Estrogen-related receptor (ERR) family belongs to nuclear hor-
mone receptors, and consists of three closcly related members («, 3,
and 7, Refs. 6 and 7). ERRs share significant homology to ERa at the
DNA-binding domain and recognize the ERE (8-10), whick indicates
that ERRs modulate the actions of ERs (11-13). However, ERRs are
not activated by known natural estrogens and are therefore classified
as orphan receptors (14), ERRs can also bind to steroidgenic factor 1
(5F1)-binding element within the promoter regions of various steroi-
dogenic P450 genes including aromatase (15, 16).

Previous in vitro studies have demonstrated the mRNA expression
of ERRa in breast cancer cell lines (17) and breast carcinoma tissues
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(18). ERR« activated the expression of p52, one of the estrogen
responsive genes (17), in breast cancer cells, and it has also been
reported that ERRa regulated aromatase expression in breast fibro-
blasts (11). However, a detailed examination of ERRe expression,
including at the protein level, has not been examined in human breast
carcinoma tissues, and the biological significance of ERRa remains
largely unclear. Therefore, in this study, we examined the immuno-
localization of ERRa in 102 cases of human breast carcinoma tissues
and correlated these findings with various clinicopathological factors
including the clinical outcome. In addition, we also examined mRNA
expression of ERRe in 30 cases of breast carcinoma tissues using
real-time reverse transcription-PCR and analyzed the correlation with
the ERRa immunoreactivity or aromatase mRNA expression,

MATERIALS AND METHODS

Patients and Tlssues. One hundred and two specimens of invasive ductal
carcinoma of the breast were obtsined from female patients who underwent
mastectomy from 1985 to 1990 in the Department of Surgery, Tohoku Uni-
versity Hoapital, Sendai, Japan. Brcast tissue specimens were obtained from
patients with a mean age of $3.6 years (range 27-82). Nonc of the paticnts
examined used oral contraceptives. The paticats did not receive chemotherapy
or irradiation before surgery. Eighty-cight patients received adj t ch
therapy, and ten patients reccived tamoxifen therapy after the surgery. The
mean follow-up time was 106 months (range 4157 months). The histclogical
grade of cach specimen was evaluated bascd on the method of Elston and Ellis
(19). All specimens were fixed with 10% formalin and embedded in paraffin
wax,

Thirty specimens of invasive ductal carcinoma were obtained from patients
who underwent mastectomy in 2000 in the Departments of Surgery at Tohoku
University Hospital and Tohoku Kosai Hospital, Sendai, Japan. Specimens of
adipose tissuc adjacent to the carcinoma and non-neoplastic breast tissuet were
available for examination in 7 and § of these 30 cases, respectively. Specimens
for RNA isolation were snap-frozen and stored at —80°C, and those for
immunchistochemistry were fixed with 10% formalin and embedded in par-
affin-wax. Informed consent was obtaincd from all paticnts before their sur-
gery and examinetion of apecimens used in this study.

Research protocols for thia study were approved by the Ethics Committee at
both Tohoku University School of Medicine and Tohoku Kosai Hospital.

Antibodies. Mousc monoclonal antibody for ERRer (2ZHS844H) was pur-
chased from Perscus Protcomics Inc. (Tokyo, Japan). This antibody was
produced by immunizing mice with a systemio peptide corresponding to amino
acids 98-171 of ERRar (GenBank acccssion number; X51416), and the char-
aclerization was confirmed by immunoblotting analyses.* Rabbit polyclonal
antibody for estrogen sulfotransferase (EST; SULT 1£] gene; PV-P2237; Ref.
20) was purchased from Medical Biological Laboratory (Nagoys, Jspan).
EBAGY/RCASI antibody was a rabbit polyclonal antibody (21, 22) and was
kindly provided from Dr. S. Inou¢ (Department of Biochemistry, Saitama
Medical School, Saitama, Japan). Monoclonal antibodies for ERa (ER1DS),
progesterone receptor (PR; MAB429), Ki-67 (MIB1), pS2 (M7184), eyclin D1
(P2D11F11), and o-myo {1-6E10) were purchased from Immunctech (Mar-
seifle, France), Chemicon (Temecula, CA), DAKO (Carpinteria, CA), DAKO,
Novocastra Laboratorics (Newsastle, United Kingdom), and Cambridge Re-
search Biochemical (Cambridge, United Kingdem), respectively. Rabbit poly-
clonal antibodies for ERS (06—629) and human epidermal growth factor

* Perseus Proteomics Inc., unpublished data.
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receptor 2 (HER2; A0485) were obtained from Upstate Biotechnology (Lake
Piacid, NY) and DAKO, respectively.

Immunchistochemistry. A Histofine kit (Nichirei, Tokyo, Japan), which
uses the streptavidin-biotin amplification method, was used for the identifica-
tion of ERRe, ER«, PR, EST, HER2, Ki-67, pS2, EBAG9/RCASL, cyclin D1,
and c-myc immunorcactivity, whercas EnVision* (DAKO) was uscd for ERS
immunohistochemical analysis. Antigen retrieval for ERRe, ERa, ERS, PR,
HER2, Ki-67, EBAGS/RCASI, and ¢yclin D1 immunostaining was performed
by heating the slides in an autoclave at 120°C for 5§ min in citric acid buffer {2
mM citrie acid and 9 mM trisodium citrate dehydrate (pH 6.0)], and similarly,
antigen retrieval for EST and pS2 immunostaining was donc by heating the
slides in & microwave oven for 15 min in a citric acid buffer. Dilutions of
primary antibodies used in this study were as follows: ERRa, 1:1000; ERq,
1:50; ERB, 1:50; PR, 1:30; EST, 1:9000; HER2, 1:200, Ki-67, 1:50; pS2, 1:30;
EBAGY/RCASI, 1:20; cyclin D1, 1:40; and c-myc 1:600. The antigen-anti-
body complex was visualized with 3,3'-diaminobenzidine solution (1 mM

. 3,3'-diaminobenzidine, 50 muM Tris-HC1 buffer (pH 7.6), and 0.006% H,0.)
and counterstained with hematoxylin.

Human tissues of heart were used aa positive controls for ERRa immuno-
histochemistry (23). As a ncgative control for ERRa immunchistochemistry,
normal mouse IgG waa used instead of the primary antibody for ERRa, and no
specific immunorcactivity was detected in these sections.

Real-Time Reverse Transeription-PCR. Total RNA was carefully ex-
tracted with guanidinium thiocyanate followed by ultracentrifugation in cc-
sium chloride. A reverse transcription kit (SUPERSCRIPT II Preamplification
system; Life Technologics, Inc., Grand Island, NY) was used in the synthesis
of ¢cDNA.

The Light Cycler System (Roche Diagnositics GmbH, Mannheim, Ger-
many) was used to semi-quantify the mRNA level of ERRav, aromatase, and
ribosomal protein L 13a (RPL13A) by real-time reverse transcription-PCR
(24). Scttings for the PCR thermal profile were as follos: initial denaturation at
95°C for 1 min followed by 40 amplification cycles of 95°C for 1 s, annealing
at 62°C (ERRa), 60°C (aromstase), or 68°C (RPL13A) for 15 s, and elonga-
tion at 72°C for 15 8. The primer scquences uscd in this study are as follows:
ERRa [X51416; forward 5'-TGCTCAAGGAGGGAGTGC-3" (¢<DNA posi-
tion; 735-802) and reverse 5'-GGCGACAATTTCTGGTTCGGGTCAG-
GCATGGCATAG-3' (¢cDNA position; 981-998)], aromatase [(X13589; Ref.
20; forward $'-GTGAAAAAGGGGACAAACAT-3' (¢DNA position; 1286
1305) and reverse $-TGGAATCGTCTCAGAAGTGT-3" (cDNA position;
1481-1500)], and RPL13A [(NMO012423; 25, forward 5'-CCTGGAG-
GAGAAGAGGAAAGAGA-3' (cDNA position; 487-509) and reverse 5'-
TTGAGGACCTCTGTGTATTTGTCAA-3" (cDNA position; 588-612)]. Ol-
igonucleotide primers for ERRa were designed in different exons to avoid the
amplification of genomic DNA or humen ERRa pseudo-gene (U85258). To
verify amplification of the correct sequences, PCR products were purified and
subjected to dircct sequencing, Human heart tissue was used as a positive
control for ERRa, whereas humen placental tissue was uacd as a positive
control for aromatase. Negative control experiments lacked cDNA subatrate to
check for the possibility of exogenous contaminant DNA, and no amplified
products were detected under these conditions. mRNA level for ERRa and
aromatase in cach casc has been summarized as a ratio of RPL13A and
subsequently cvalualed as a mtio (%) compared with that of the positive
controls.

Scoring of Immunoreactivity and Statistical Analysis. ERRo, ERa,
ERB, PR, and Ki-67 immunoreactivity was scored in >>1000 carcinoma cells
for each case, and the percentage of immunocreactivity, ie, labeling index (L),
was determined. In this study, cases that were found to have ERRa LI of
>10% were considerced FRRa-positive breast carcinomas, according to a
report for ERa and PR by Allred et ol (26). Immunoreactivity of EST was
classificd into the following three categorics: ++, >50% potitive cells; +,
1-50% positive cells; and —, no immunoreactivity, according to a previous
report (20).

Values for LIs for ERRa, ERa, ERB, PR, Ki-67, ERRa mRNA level,
patient age, and tumor size were summarized as 8 mean > 95% confidence
interval. The association between immunoreactivity for ERRa status and these
paramcters were cvaluated using a one-way ANOV A and Bonferroni test. The
association between ERRa and PR Lls, and the associstion between ERRa
mRNA and ERRa L1 or aromatase mRNA were performed using & correlation
cocfficient (r) and regression equation. Statistical differcnce between ERRa

status and menopausal status, stage, lymph node status, histological grade,
ERu« atatus, EST, or HER2 status was evaluated in a cross-table using the x’
test. Overall and disease-free survival curves were generated according to the
Kaplan-Meicr method, and the statistical significance was caloulated using the
log-rank test Univariate and maultivariate analyses were evaluated by Cox
proportional hazards model using PROC PHREG in our SAS software. Dif-
ferences with Ps <2 0.05 were considered significant.

RESULTS

Immunohistochemistry for ERRa in Breast Carcinoma Tis-
sues. Immunoreactivity for ERRa was detected in the nuclei of
invasive ductal carcinoma cells (Fig. 1L4). A mean valuc of ERRa LI
in the 102 breast carcinoma tissues examined was 23.0% (range
0-75%), and a number of ERRe-positive breast carcinomas (le.,
ERRa LI = 10%) was 56 of102 cases (54.9%). ERRa immunoreac-
tivity was focally detected in epithelial cells of morphologically
normal glands (Fig. 1B), whereas the stroma or adipose tissue was
immunohistochemically negative for ERRa. A mean value of ERRe
LI in non-neoplastic mammary epithelia was 14.6% (range 0-33%),
end the number of cases showing higher ERR« LI in carcinoma cells
than that in non-neoplastic mammary epithelia was 49 of 102 (48.0%),
In positive control sections for ERRa immunohistochemistry, ERRa
immunoreactivity was markedly detected in the nuclei of myocardial
cells of the heart (Fig. 1C).

Associations between ERRa immunoreactivity and clinicopatho-
logical parameters in 102 breast carcinomas are summarized in Table
1. ERRa immunoreactivity tended to be positively associated with
ERa status and ERa L1 and negatively associated with EST; however
the correlation did not reach a statistical significance (P = 0.0848,
P = 10,1485, and P = 0.1224, respectively). No significant association
was detected between ERRa immunoreactivity and the other clinico-
pathological parameters examined, including patient age, menopausal
status, stage, tumor size, lymph node status, histological grade, ERB
LI, PR LI, HER2 status, and Ki-67 LI, in this study.

Influence of ERRa Status on the Association between ERa and
Estrogen Responsive Genes. p52, EBAGY/RCASI, PR, cyclin D1,
and c-myc are all well recognized as estrogen-responsive genes in
human breast cancers. As shown in Table 2, a significant positive
association was detected between ERer LI and the status of these
immunoreactivity genes except for ¢c-myc in the 102 breast cancer
tissues examined (P < 00001 for pS2, P = 0.0214 for EBAGY/
RCASL, P < 00001 for PR LI, P = 0.0002 for cyclin D1, and
P = 09372 for c-myc), which agrees well with previous immunohis-
tochemical studies (22, 27-30). However, when the breast cancers
were classified into two groups according to ERRa status, no signif-
icant association was detected between ERa LI and pS2 in the group
of ERRa-positive breast carcinomas (P = 0.1415; n = 56) or between
ERa LI and EBAGY9/RCAS] in ERRa-negative breast cancers
(P = 0.8271; n = 46). On the other hand, significant association was
detected between ERa L1 and PR LI (P < 0.0001 in ERRa-positive
cases; P < 0.000] in ERRa-negative cases) or ¢yclin D1 (P = 0.0126
in ERRa-positive cases; P = 0.0082 in ERRa-negative cases), re-
gardless of the ERRa status in the breast cancer cases examined.

No significant association was detected between ERRa LI and
these estrogen-responsive genes regardiess of ERe stats in 102
breast carcinoma tissues (Table 3).

Correlation between ERRa Immunoreactivity and the Clinical
Outcome of the Patients. ERRa immunoreactivity was significantly
associated with an increased risk of recurrence (P = 0.0071, log-rank
test; Fig. 24). After univariate analysis by Cox proportional hazards
model (Table 4), lymph node stats (P < 0.0001), mmor size
(P < 0.0001), EST (P = 0.0035), end ERRa immunoreactivity
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Fig. 1. Immunchistochemistry for ERRa in invesive ductal carcinome. 4, ERRa
immunoreactivity was detected in the nuclei of mvasive ductal carcinome cells. ERR,
estrogenrelated receptor . B, in morphologically normal mammary glands, immunore-
activity for ERRo was weakly detected in the nuclei of epithelial cells. G, in the positive
control for ERRa immunohistochemistry, ERRec immunoreactivity was detected in the
mucleus of myocardia] cells in the heart. Bar = 50 pam, respectively.

Table 1 Association between ERRa immunoreactivity and clinicopathological
parameters i 102 breast carcinomas

ERRa immunoreactivity

+ (n = 56) = (n = 45) P
Age {yrs)? 543+ 16 528+ 1.8 0.5271
Menopausal status

Premenopausal 27 (26.5%) 20(19.7%)

Postmenopauss] 29 (28.4%) 26 (25.5%) 0.6329
Stage

1 14(13.7%) 15(14.7%)

I 35(34.3%) 26 (25.5%)

m T(69%) 5 (4.9%) 0.5852
Tumor size (mm)* 256138 248+ 1.8 0.7443
Lymph node status

Positive 27(26.5%) 19 (18.7%)

Negative 29 (28.4%) 27 (26.5%) 0.4849
Histological grade

1 14(13.7%) 13(12.7%)

2 22 (21.6%) 14(13.7%)

3 20(19.7%) 19(18.6%) 0.6462
ERa status

Positive 45 (44.1%) 30(29.4%)

Negative 11 (10.8%) 16 (15.7%) 0.0848
ERa LI* 475 %45 381 %52 0.1485
ERB LI* 153+ 24 146 £ 27 0.8453
PRLI* 456 * 48 40.7 + 5.1 0.4894
EST

- 35(34.3%) 24(23.5%)

+ 10 (9.8%) 15{(14.7%)

++ 11 (10.8%) 7(6.9%) 01224
HER2 status

Positive 20(19.6%) 15014.7%)

Negative 36 (35.3%) 31 (30.4%) 0.7421
Ki-67 LI 247 %20 274 +27 0.4045

*ERRa, estrogen-related receptor a; ERey, estrogen receptor o; L, labeling index;
EST, estrogen sulfotransferase; HER2, human epidermal growth receptor 2.

® Data are presented a3 tean = 95% confidence interval. All other values represent the
number of cases and percentage.

(P = 0.0097) were demonstrated as significant prognostic parameters
for disease-free survival in 102 breast carcinoma patients. A multiva-
nate analysis (Table 4), however, revealed that only lymph node
status (P = 0.0015) and ERRa immunoreactivity (P = 0.0215) were
independent-prognostic factors with relative risks over 1.0, whereas
tumor size and EST were not significant.

Overall survival curve was demonstrated in Fig. 2B, and a signif-
icant correlation was detected between ERRa immunoreactivity and
adverse clinical outcome of the patients (P = 0.0018, log-rank test).
Using a univariate analysis (Table 5), lymph node status
(P < 0.0001), tumor size (P = 0.0002), ERRa immunoreactivity
(P = 0.0053), EST (P = 0.0065), HER2 status (P = 0.0175), adjuvant
chemotherapy (P = 0.0233), and histological grade (P = 0.0310)
tumed out to be significant prognostic factors for overall survival in
this study. Multivariate analysis revealed that lymph node status
(P = 0.0085), ERRa immunoreactivity (» = 0.0118), and EST
(P = 0.0382) were independent-prognostic factors with a relative risk
over 1.0; however other factors were not significant in this study
(Table 5).

Ten patients received tamoxifen therapy after surgery, and these
cases were ERa-positive breast cancers. The discase-free and overall
survival curves in these patients were summarized in Fig. 2, C and D,
ERRa immunoreactivity was also markedly associated with an in-
creased risk of recurrence and worse prognosis in the group of breast
cancer patients who received tamoxifen therepy, although Ps were not
available because no patient had a recurrence or died in the group of
ERRa-negative breast cancers. Association between ERRa immuno-
reactivity and clinical outcome of the patients was not significantly
changed regardless of the stats of adjuvant chemotherapy after
surgery in this study (data not shown).
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Table 2 Correlation between ERo® and estrogen responsive gene immunoreactivities associated with ERRe status in 102 breast carcinomas

Total (n = 102) ERRa positive {(n = 56) ERRa negative (n = 46)
ERa LI P ERea LI P ERa Ll P

pS2

Positive 54740 543x55 53.8*65

Negative 238x51 <{.0001 335172 0.1415 14863 <0.0001
EBAGY9/RCAS]

Positive 46.7* 4.4 51659 408 * 6.7

Negative 279+£173 0.0114 1742 6.1 0.0093 450164 0.8271
PR L] <0.0001 <0.0001 <0.0001

{r = 0.550) {r = 0.515) (r = 0.67%)

Cyelin D1

Positive 51345 596 £ 60 i 545%70

Negative 322x44 0.0002 371260 0.0116 265X 6.5 0.0082
c-mye

Positive 43753 479+ 68 374+ 83

Negative 42+45 0.93712 434261 0.9583 398 6.7 0.8321

Ps < 0.05 were considered significant, and described as boldface.

*ERa, estrogen receptar o, ERRe, estrogen-related receptor ar; PR, progesterone receptor; LI, lebeling index.

ERRa mRNA Ezxpression in the Breast Carcinoma Tissues.
mRNA expression for ERRa, aromatase, and RPL13A was detected
as a specific single band (214, 215, and 126 bp, respectively) and was
semi-quantified by real-time reverse transcription-PCR. Expression of
ERRa mRNA was detected markedly in the breast carcinoma tissues
(65.7 = 9.0%) but was low in non-neoplastic breast tissues
(254 = 6.0%, P = 0.0448 versus carcinoma tissues) or adipose
tissues adjacent to the carcinoma (12.6 = 7.3%, P = 0.0174 versus
carcinoma tissues; Fig. 34). ERRa mRNA expression was closely
correlated with the ERRa immunoreactivity evaluated as ERRa LI
(P = 0.0041, r = 0.509) in 30 breast carcinoma tissues examined
(Fig. 3B). However, mRNA expression of ERRa was not significantly
associated with that of aromatase (P = 0.6441, r = -0,088) in this

study (Fig. 3C). :

DISCUSSION

In this study, ERRa immunoreactivity was detected in the nuclei of
carcinoma cells in 55% of breast cancer tissues and was significantly
associated with its mRNA level. ERRa mRNA expression was dem-
onstrated previously in various human breast cancer cell lines, breast
carcinoma tissues, and normal mammary epithelial cells (17, 18), and
our present findings were in good agreement with these previous
reports. Results in our present study also demonstrated that ERRa
immunoreactivity tended to be positively or inversely associated with
ERa or EST, respectively. The possible correlation between ERRa
and ERa expression remains controversial. Ariazi e/ al. (18) reported
that increased ERRa mRNA levels were associated with ER-negative
and PR-negative tumor status in 38 breast cancer tissues and sug-

gested a possible unfavorable marker in the breast cancers. However,
Liu et al. (31) demonstrated that estrogens stimulate the expression of
ERRa« in the human breast cell lines, and suggested that ERRe is a
downstream target of ERa. On the other hand, EST catalyzes estro-
gens to biologically inactive estrogen sulfates (32, 33) and is consid-
ered to diminish estrogen actions in the breast cancers (20). Therefore,
our present results suggest that ¢xpression of ERRa is, at least in a
part, associated with estrogenic actions.

In our present study, significant associations were detected between
ERa and estrogen responsive genes such as pS2, EBAGY/RCASL,
PR, and cyclin D1, as was reported previously (22, 27-29). However,
the significant association between ERa and pS2 or EBAG9/RCAS]
disappeared in the group of ERRa-positive or -ncgative breast can-
cers, respectively. On the other hand, correlation between ERa and
PR, cyclin DI, or c-myc was not influenced by ERRa status in these
breast cancer patients examined. Both pS2 and EBAGYRCAS! genes
are induced by ER« through an ERE in the promoter region (34, 35).
However, functional ERE has not been identified in PR (36) and
cyeiin D1 (5), and these are considered to be induced by ER through
the interaction between ER and other DNA-binding transcription
factors. Considering that ERa and ERRa directly compete for binding
EREs (13), our present data suggest that ERRa mainly modulates
ERa-mediated ERE-dependent transcription and changes the expres-
sion pattern of estrogen-responsive genes in the breast cancer cells.

ERRa immunoreactivity was significantly associated with an in-
creased risk of recurrence or adverse clinical outcome of the patients,
and results of multivariate analyses demonstrated that ERRa immu-
noreactivity is an independent-prognostic factor. Estrogens induce

Table 3 Correlation between ERRo® and estrogen responsive gene immunoreactivities associated with ERa status in 102 breast carcinomas

Total (n = 102) ERuw positive (n = 75) ERa negative (n = 27)
ERRa LI r ERRa LI P ERRa LI P

pS2

Positive 235%27 23029 217>+ 86

Negative 224 %34 0.7981 277245 03777 163 £4%8 0.2776
EBAG9/RCAS]

Positive 26206 242 +30 18549

Negative 236x538 0.8834 218 =68 0.7542 20113 0.534]
PRLI 0.5072 0.9069 09671

(r = 0.066) (r=20014) (r = 0.008)

Cyclin D1

Positive 247 %34 248 %236 233*110

Negative 18*+2% 0.5134 242 %£34 0.9058 18147 0.6770
c-myc

Positive 250133 258237 2517

Negative 220+28 0.4943 237+ 34 0.6648 178+ 53 0.6100

*ERRa, estrogen-related receptor a; L1, labeling index; ERa, estrogen receptor o, PR, progesterone receptor.
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Fig. 2. 4 and B, discase-free (4) snd overall (B) survival of 102 paticnts with breest carcinoms eccording to ERRa immunoresctivity (Kaplan-Meier method). ERRa

immunorcactivity was significantly d with an in d rigk of r

(P = 0.007), log-rank test; 4, end worse prognosis (P = 0.0018, log-rank test). C and D, discase-free

(C) and overall (D) survival of 10 patients received tamoxifen therapy after surgery according to ERRa mmmunareactivity (Keplan-Meier method). ERRa immunoreactivity was also
associated with an increased risk of recurrence (€) and worse prognosis (D) in the group of patients who received tamaxifen therapy. Ps were not calculated, because no patient had
a recurrence o died in the group of ERRa-negative breast cancer patients. ERR, estrogen-related receptor o

Table 4 Univariate and multivariate analyses of disease-free survival in 102 breast

cancer patienty examined
P
Relstive risk
Variable Univariate  Multivariste (95% CI%)
Lymph node status (pN, pNo¥  <0.0001°  0.0015  2.593 {1.441-4.666)
Tumor size (75-7 mm)i <0,0001* 0.3306
EST (=/+, ++) 0.0035° 0.0613 '
ERRa immunoreactivity 0.0097° 0.0215 1.953 (1.116-3.149)
(positive/megative)
c-mye {positive/negative) 0.0581
Adjuvant chemotherapy (nofyes) 0.1305
Ki-67 LI (=210/<10) 0.1795
HER?2 status {positive/negative) 02713
Histological grade (3/1, 2) 02911
ERa status (positive/negative) 0.4363

“Cl, confidence interval; EST, estrogen sulfotransferase; ERRa, estrogen-relsied
receptor o, HER2, human epidermal growth factor receptor 2; L1, labeling index; ER«,
estrogen receplor a.

* Data were evaluated as continuous variables in the uni- end multivariate analyses. All
other data were evaluated as dichotomized variables.

“ Data were considered significant in the univariste analyses, and were examined in the
multivariate analyses.

various estrogen responsive genes in breast cancer cells, and these
genes include not only activators of cell growth such as cyclin D1 (37)
or c-myc (38) but also relatively good prognostic markers such as pS2
(29) or PR (39). ERRSs display significant constitutive transcriptional
activity (7, 9, 40). Therefore, poor clinical outcome in ERRa-positive
breast cancer patients may be partly caused by constitutive modula-

tion of the expression of estrogen-responsive genes, although we
could not directly demonstrate such hypothesis from our present data,
because of the lack of mechanistic examinations and the relatively
limited number of cases examined in this study. Additional examina-
tions are required to clarify the detailed mechanism of ERRa action in
the breast cancer tissues.

Table 5 Univariate and multivariate analyses of overall survival in 102 dreast cancer

patients examined
P
Relative risk
Variable Univariste Multivariate (95% CI1)
Lymph node status (pN,pN.*  <0.0001° 0.0035 2414 (1.252-4.653)
Tumor size (75-7 mm)'] 0.0002° 0.2675
ERRa mmunoreactivity 0.0053° 0.0118 5.076(1.217221.173)
(positive/negative)
EST (=/+, ++) 0.0065  0.038 4101 (1.027-19.705)
HER2 statas (positivehegative)  0.0878°  0.4669
Adjuvant chemotherapy (nofycs) 0.0233¢ 0.0635
Histological grade (31, 2) 0.0320°  0.1458
Ki-67 LI (210/<10) 0.1818
c-myc (positive/negative) 0.2697
ERa status (positive/negative) 0.7646

“CL confidence interval, ERRa, estrogen-related receptor o EST, estrogen sulfo-
transferase; HER2, humaen epidermal growth factor receptor 2; LI labeling index; ERa;,
estrogen receptor a. .

* Data were evaluzted as continuous variables in the uni- and multivariate analyses. All
other data were evaluated as dichotomized variables.

¢ Data were considered significent in the univariate analyses, and were examined in the
multivariste analyses.
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Fig. 3. Realtime reverse transcription-PCR for ERRe in the breast carcinoms. 4,
expression of ERRa mRNA was significantly higher in the breast carcinoma tissues
(65.7 * 9.0%, n = 30) than in non-neoplastic breast tissues [25.4 = 6.0% (n = 5),
P = 0.0448 versus carcinoma tissues] or adipose tissues adjacent to the carcinoma
(126 * 7.3% {n = 7), £ = 0.0174 versus carcinoms tissues]. Data represent the
mean * 95% confidence interval The mRNA level of ERRa in each specimen was
evaluated as a ratio (%) of the positive control tissue (human heart tissue = 100%). B,
association between the mRNA level and relative immunoreactivity (labeling index) of
ERRa in 30 cases of breast carcinoma tissues. Significant pesitive association was
detected (P = 0.004], r = 0.509). C, association between ERRa and aromatase mRNA
levels in 30 breast carcinoma tissues. No sigriificant correlation was detected (P = 0.6441,
r = —0.088). Aromatase mRNA expression in cach case was cvaluated as a ratio (%) of
that in the hurnan placental tissue, ERR, estrogen-related receptor o

ERR« immunoreactivity was also associated with poor prognosis in
the group of breast cancer patients who received tamoxifen therapy,
which suggests that ERRa status is a possible predictive marker for
tamoxifen therapy, although the number of cases examined was lim-
ited in this study. Previous in vifro studies demonstrated that both
tamoxifen and 4-hydroxytamoxifen did not bind to ERRa or did not
have any effects on the transcriptional activity of ERRa, whereas
these are high-affinity ligands for ERR or ERRy (41, 42). Therefore,

ERRa may constitutively function independently of tamoxifen and
result in tamoxifen resistance in ERRa-positive breast cancer patients,

Aromatase is a key enzyme in in sifu estrogen biosynthesis in breast
cancer tissue, and aromatase inhibitors are currently used in breast
cancer patients as an endocrine therapy as well as antiestrogens.
Aromatase is markedly activated by SF1 through an SF1-binding
element within the promoter region (43). However, SF1 is not ex-
pressed in breast carcinoma tissues (11, 44). Previously, Yang et al.
(11) reported the induction of aromatase expression by ERRa through
a SF1-binding clement in breast fibroblast, suggesting the possible
importance of ERRa as a regulator of aromatase expression in breast
cancer. However, in our study, we did not find ERRe immunoreac-
tivity in the intra-tumoral stromal cells or adipocytes adjacent to the
carcinoma, although these cells are well-known to express aromatase
(45). Previous #n vitro studies have shown the regulation of aromatase
transcription in breast fibroblasts and/or adipocytes by various factors,
including cytokines (46), prostaglandin E, (47}, liver receptor homo-
logue-1 (44) and CCAAT/enhancer-binding protein 8 (48).

In summary, ERRer immunoreactivity was detected in carcinoma
cells in 55% of breast cancer tissues and was associated with its
mRNA level. Association between ERer and ERE-containing estro-
gen-responsive genes was markedly altered according to ERRa status
in the breast cancer tissues. ERRa immunoreactivity was associated
with poor prognosis of the patients, and similar tendency was also
detected in the group who received tamoxifen therapy. These findings
suggest that ERRa possibly modulates the expression of ERE-con-
taining estrogen responsive genes, and ERRa immunoreactivity is a
potent prognostic factor, including a possible predictive marker for
tamoxifen resistance, in human breast carcinoma.
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and Mammography Findings

Goro Amano'*, Mioko Yajima?, Yasunori Moroboshi', Yoshiki Kuriya' and Noriaki Ohuchi®

'Department of Surgery and 2Department of Pathology, Sakata Municipal Hospital, Sakata, Yamagata and

*Department of Surgical Oncology, Tohoku University School of Medicine, Sendali, Japan

Received July 29, 2004; accepted November 2, 2004

Breast-conserving therapy must be carefully indicated among patients with Paget's disease of the
breast, because the disease is often associated with an underlying in sifu or invasive carcinoma,
evenwhenthere are no palpable mass or mammographyfindings. We report a 52-year-old woman
who complained of skin color change of her right nipple for 11 months. No mass was palpable in her
breasts, and mammeography did not show any density or calcification. Nipple biopsy revealed
Paget's disease of the breast with ductal carcinoma in situ (DCIS) in the breast epithelium just
beneath the nipple. Magnetic resonance imaging (MRI) of the breast demonstrated diffuse seg-
mental enhancement in two different quadrants. According to the pattern of enhancement, the
lesions depicted by MRI were diagnosed as an extensively spreading type of DCIS. Based on
informed consent, the patient received a total mastectomy. The histopathological examination
demonstrated non-invasive ductal carcinoma with comedo-necrosis. The histological mapping
with subserial sectioning demonstrated an extent of the lesions that corresponded accurately to
the lesions defined by MRI. We conclude that MRI may play an important role in seiecting
candidates for breast-conserving therapy out of those patients with mammary Paget’s disease

with no clinical evidence of an undetlying breast carcinoma.
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INTRODUCTION

The treatment for patients with Paget’s disease of the breast is
controversial. The standard treatment has been mastectomy
(1,2). However, some studies have proposed the use of
breast-conserving therapy for patients with Paget’s disease
in whom an underlying breast cancer cannot be located (3,4).

Nevertheless, other investigators reported that wide local
excision of the nipple-arecla complex and underlying breast
tissue {cone excision) would have been insufficient surgery in
40% of their cases with no palpable mass and a normal mam-
mogram, because of the multicentricity of the disease (5).
Therefore, candidates for breast-conserving therapy must be
selected carefully on an individual basis among those patients
who have Paget’s disease of the breast (6-8).
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Here we report a case of a mammary Paget’s disease patient
who did not present either palpable mass or mammography
findings. Magnetic resonance imaging (MRI) of the breast was
very useful for making a decision on the appropriate surgical
procedure, :

CASE REPORT

A 52-year-old woman visited our hospital in January 2004 for
an 11 month history of skin color change of her right nipple.
She had also worried about the exudates from the nipple for
3 months. Physical examination showed the flattening and
scaling of the nipple (Fig. 1). No mass was palpable in her
breasts, and mammography did not reveal any density or cal-
cification. There was also no abnormal finding on ultrasono-
graphy. Exfoliative cytology of the nipple demonstrated
Paget’s cells. To determine the surgical procedure of choice,
MRI of the right breast was investigated. There were diffuse
segmental enhancements existing in the upper and lateral
quadrants (Fig. 2). According to the pattern of enhancement,

€} 2005 Foundation for Promotion of Cancer Research

— 127 —



150 MRI accurately depicts underlying DCIS with Paget disease of the breast

the lesions depicted by MRI were diagnosed as an extensively
spreading type of ductal carcinoma in situ (DCIS). In an
attempt to excise all the suspicious lesions, we recommended
mastectomy to the patient, to which she gave her consent.

Prior to mastectomy, nipple biopsy was performed to con-
firm the histopathlolgical diagnosis of Paget's disease
(Fig. 3A). Additional DCIS was also demonstrated in the breast
epithelium just beneath the nipple (Fig. 3B).

On March 1, 2004, modified radical mastectomy was per-
formed. The specimen was subserially sectioned in 7 mm thick
slices, and every block was examined histopathologically.
Non-invasive ductal carcinoma with comedo-necrosis was pre-
sent (Fig. 4). Cytonuclear grade was grade 2 and estrogen/
progesterone receptor status was negative. HER-2 was strongly
(3+) immunoreactive. These cytological and immunohisto-
chemical results were similar to those of Paget’s cells in the
nipple biopsy specimen. Lymph node metastasis was not
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Figure 2. Fat-saturatéd. contrast-enhanced MRI of the right breast in the sagittal plane. From (A} to (F), a more lateral plane is shown at 6 mm intervals. (A-C) A
diffuse segmental enhancement was apparent in the upper quadrant. (D-F) Another segmental enhanced lesion was shown in the lateral quadrant. The scale is

graduated in centimeters.
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Figure 3. (A) A photomicrograph of a cross-section of the nipple biopsy
specimen shows the Paget’s disease. Large, round or ovoid intraepidermal .
Paget’s cells with abundant clear cytoplasm and enlarged pleomorphic
nuclei are present (H&E, objective; x10). (B) A photomicrograph of a cross-
section of the nipple biopsy specimen shows additional DCIS in the breast
epithelivm just beneath the nipple (H&E, objective; x10).

Figure 4. A photomicrograph of a cross-section of the mastectomy
specimen shows non-invasive ductal carcinoma with comedo-necrosis
(H&E, objective: x4).
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Figure 5. A histopathological cancer map of the mastectomy specimen, with
the red marks denoting DCIS, reveals the extent of the lesions that are spreading
in the upper and lateral quadrants. A-F indicate the location of the sliced

specimen shown in Fig. 6. The scale is graduated in centimeters.

detected. According to the cancer map, DCIS were demon-
strated extensively in the upper and lateral quadrants
(Figs 5 and 6), accurately corresponding to the lesions
shown by MRI (Fig. 2).

DISCUSSION

" Paget’s disease of the breast is a rare malignancy of the nipple-

areola complex, comprising 0.5-5% of all breast cancer
(1,7,9). It is manifested by progressive cczematoid changes
of the areola with persistent soreness or itching (1,2,7).
There have been debates about the histogenesis of this disease.
According to the fact that this disease has been reported to be
associated with an underlying breast carcinoma in 87-100% of
cases (1--3,5-10), the epidermotropic theory, which postulates
that Paget’s cells are ductal cells that have migrated from an
underlying breast carcinoma to the epidermis of the nipple,
seems acceptable. The present case, where there existed under-
lying DCIS spreading extensively, is also compatible with the
epidermotropic theory.

The treatment for patients with Paget’s disease of the breast
is controversial. Those patients with a palpable mass have a
much greater incidence of invasive cancer, multifocal diseases,
lymph nodal involvement and poor prognosis (1,2,6-8,10).
Therefore, modified radical mastectomy is often the most
appropriate treatment for patients with Paget’s disease with
a palpable lesion. On the other hand, for patients with Paget’s
disease who present no palpable mass, some investigators have
proposed the use of breast-conserving therapy. Bijker et al.
demonstrated that cone excision and radiotherapy is a feasible
alternative for patients with Paget’s disease and a limited
extent of underlying DCIS (3). They reported a 5-year local
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Figure 6. A more precise cancer map drawn on the cut surface of the mastectomy specimen. From (A) to (F), a more lateral plane is shown, and the location of the
sliced specimen is indicated in Fig. 5. Note that the extent and distribution of DCIS, dencted by the red marks, correspond accurately to the enhanced lesions depicted

by MRI in Fig. 2.

recurrence rate of 5.2%. Marshall et al. also recommended
local excision and definitive breast irradiation as an alternative
to mastectomy for patients with Paget’s disease presenting no
palpable mass or mammographic density (4). In their report, 5-
and 10-year local control rates are 91 and 83%, respectively.

On the contrary, Kothari et al. warned against using breast-
conserving therapy (5). They retrospectively reviewed the
cases of 70 women with a clinical diagnosis of Paget’s disease.
Despite the fact that only one-third of women presented with a
palpable mass, the malignancy was frequently extensive, being
confined to the retroareolar region in only 25% of cases. They
also demonstrated that the true extent of the disease was under-
estimated by mammography in 43% of cases. Of the 10
patients with no palpable mass and a normal mammogram,
40% had multicentric or multifocal carcinoma which would
have been incompletely excised by cone excision of the nipple.
Fu et al. described that of eight patients with no palpable mass
who had been treated by quadrantectomy, two (25%) patients
had recurrence (8). They concluded that even if the patient has
no palpable mass, conservative surgery should be selected
cautiously because of a higher recurrence rate and multifocal
lesions.

In an era when breast-conserving surgery is sometimes
recommended even for advanced infiltrating breast tumors,
it seems quite reasonable to propose breast-conserving therapy
for patients with Paget’s disease with no definitive underlying
breast cancer. However, as is already widely known,
Paget’s disease of the breast has a very high incidence of

being accompanied by an underlying invasive or in situ car-
cinoma, even when there is no palpable mass (1-6,8-10).
Mammography often fails to demonstrate the true extent of
the disease (3-6.9). A more accurate and reliable imaging

‘medality is necessary to select candidates for breast-conserv-

ing therapy more safely from among the patients who have
Paget’s disease of the breast.

Clinical utilization of MRI for breast cancer diagnosis has
been under investigation since the late 1970s. With advances in
surface coil technology and new imaging protocols using intra-
venously administered gadopentetate dimeglumine, MRI of
the breast can now detect invasive cancer with 98-100% sens-
itivity (11,12). Amano et al. demonstrated that MRI c¢an also
detect the extensively spreading type of DCIS, that is often
occult clinically and mammographically, as a pattern of diffuse
segmental enhancement (13). In their study, the sensitivity of
MRI to detect the extensively spreading type of DCIS was
calculated to be up to 100%, and the specificity was estimated
as high as 95%. The role of MRI in determining the extent of
breast cancer is now well established (14). In the present case,
no mass was palpable in her breasts, neither was there any
abnormal findings on mammography or ultrasonography.
There seemed a chance for her right breast to be treated con-
servatively, and for that reason we investigated it by MRI
There were diffuse segmental enhancements in the upper
and lateral quadrants, strongly indicating the extensively
spreading type of DCIS. Post-operative histopathological
examination demonstrated non-invasive ductal carcinoma
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with comedo-necrosis in the upper and lateral quadrants. The
histological mapping with subserial sectioning demonstrated
an extent of the lesions that corresponded accurately to the
lesions defined by MRIL We conclude that MRI may play an
important role in selecting candidates for breast conserving
therapy out of those patients with mammary Paget’s disease
with no clinical evidence of an underlying breast carcinoma.
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The incidence of ductal carcinoma in site (DCIS) of the breast has increased significantly in Japanese
women. It comprises 14.1% (172/1216) of all primary breast cancers at our institute, and nowadays this
histological type is familiar to the surgeons and pathologists of any institute.

Several subclassifications have been published recently. Most based on nuclear atypia and the pres-
ence of comedonecrosis, and sometimes on the structures of the involved glands. These classifications
are correlated with the biological behavior, tumor extent and the risk for local recurrences. The diagnos-
tic accuracy of minimally invasive procedures (aspiration biopsy cytology/core needle biopsy) may differ
between subclasses. _

Atypical ductal hyperplasia (ADH) and microinvasive ductal carcinomas are lesions which resemble
but deviate from the DCIS spectrum. The incidence of ADH seems to be lower than in Western countries.
Patients with ADH may have a risk for subsequent breast cancer, because ADH is frequently associated
with contralateral breast carcinomas. Microinvasion should be treated with caution, but we could not find
any metastatic foci in microinvasive ductal carcinomas (T1mic). Tentatively, ADH may be treated similar-

ly to non-comedo (low-grade) DCIS cases, according to our limited clinical experience.

Breast Cancer 11:325-333, 2004.
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Microinvasive carcinoma

Recently, the incidence of ductal carcinoma iz
situ (DCIS) of the breast has increased, probably
because of the early detection of cancer, especially
by screening mammography. Nowadays, it is well
known that DCIS is 2 heterogeneous group of dis-
eases, both morphologically and biologically.
Thus, further subclassification is recommended
after this tumor is diognosed. Moreover, recent
advances in less invasive diagnostic procedures
has increased the chances for diagnostic patholo-
gists to diagnose problematic intraductal lesions.
These include questionable lesions suspicious for
carcinoma, based on either fine needle aspiration
cytology (FNAC) or core needle biopsy (CNB)
results, and lesions that are definitely carcinoma
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Tohoku University Hospital, 1-1 g'eiryo-muchi, Acbaky, Sendai
9808574, Jopan.
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of ductal origin, the invasiveness of which howev-
er cannot be determined by CNB. Additionally,
the concept of intraductal proliferative lesions has
been advanced to stratify lesions that pose differ-
ent risks for the development of subsequent inva-
sive carcinoma®. We will review recent advances
in the field and the current situation in Japanese
womenn.

Incidence of DCIS

DCIS was not frequent several decades ago.
Since the 1980’s its inctdence has progressively
increased, especially in western countries, In the
USA, CIS (most of them were DCIS) incidence
rates increased between 1973 and 1997 (under 50
years old, white 146%, black 283%; and over 50
years old, white 308%, black 349%)2. In 1997 CIS
accounted for 16.4% of all breast carcinomas in
white women, and 18.6% in black women®. In Los
Angeles County, the average annual age-matched
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incidence of CIS increased more than 5fold bet-
ween 1972-1981 and 1997-1998 (3.8 to 17.7/100.000
women), and the ratio of increase was higher than
that of invasive carcinomas (86.1 to 111.5). The
ratio of CIS among all breast carcinomas has incr-
eased from 4.2% (1972-1981) to 15.0% (1997-1998)°.
National surveillance in Japan from 1980 to 1990
revealed that the ratio of CIS was between 2 to 4%,
and had gradually increased®. The ratio of CIS
among non-palpable breast carcinomas was more
than 50% in most of series in Japan®. Considering
the development of mammographic detection of
breast carcinoma during the past two decades, it
is not surprising that the ratio of DCIS has incre-
ased substantially.

It is necessary to note the methods of patho-
logic examination used to diagnose DCIS, because
more precise examination may detect a minute
focus of invasive carcinoma. Invasiveness is asso-
ciated with the ability to metastasize. It is desir-
able to examine the lesions as closely as possible.
However, this precision will be limited in routine
practice. If the diagnoses of DCIS is made, the
manner of the pathological examination is very
important. We usually examined resected speci-
mens from lumpectomy or larger operations by
serial sectioning every 3-5 mm of the whole speci-
men (for cases of breast conserving surgery) and
parenchyma (for cases of total mastectomy). By
these methods, we detected 172 DCIS cases
(14.1%) among 1,216 breast carcinomas between
December 1998 and March 2002. The significance
of DCIS diagnosed by CNB will be discussed later.

Subclassification of DCIS

DCIS represents a spectrum of disease, and
the main purpose of subclassification is to stratify
the risk of subsequent invasive carcinoma and/or
local recurrence”. A rare exception is the classifi-
cation by growth pattern (microfocal, diffuse, and
tumor forming) according to mammographic or
gross findings®.

Previously, the microarchitecture was thought
to be the most reliable feature™®. Any architectur-
al pattern may present with any nuclear grade,
with or without necrosis. The simplest ways of
subclassification is separating comedo from non-
comedo lesions. Comedo type DCIS cases may
have higher nuclear grade (by definition in many
articles), larger tumor size, aggressive biological
marker expression, and a higher risk of the
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{micro) invasion*?, Close to 90% of palpable, pre-
mammographic DCISs were reported as high
grade comedo type lesions. In contrast, nearly 60%
of mammographically detected lesions are the
non-comedo subtype™. The incidence of the latter
group is increasing. Architectural patterns other
than comedo included cribriform, papillary, micro-
papillary (low papillary), solid, and mixed sub-
typess' 10)

One of the problems using the term “comedo”
DCIS is that the definition is not uniform. Variable
criteria have been employed according to the pro-
portion of comedonecrosts, architecture, nuclear
grade, and a combination of these characteristics
for the same category™®. Additionally, it is not easy
for pathologists to fit each DCIS into an architec-
tural classification. In such cases, the term mixed
subtype may be used, but many DCIS cases may
therefore be classified as mixed. Thus, the employ-
ment of architectural subdivision may not always
be reliable. Various pathologic subclassifications,
using other than architectural features, have since
been proposed.

Both nuclear grade and necrosis are thought to
be more reliable predictive factors than architec-
ture by some authors®*™, and some of the new
subclassifications employ mainly nuclear atypia
(nuclear grade), or a combination of nuclear atyp-
ia and necrosis”™™. Some studies enhanced inter-

_ observer reproducibility by using subclassifica-

tions devoid of architecture®®. However, the
architecture may be correlated with nuclear atyp-
ia, and some classifications still recommend
describing the architecture along with stypia.
Table 1 shows the relationship between architec-
ture, nuclear atypia, and other findings of DCISs
published previously®, and the current van Nuys
classification'®. The predominant architectural pat-
terns may correlate relatively well with the new
grading system, although it is devoid of architec-
ture. Additionally, there is some evidence that the
micropapillary architectural type, when present in
its pure form, is more commonly associated with
more extensive, multifocal and multicentric dis-
ease” '™,

One of the classifications employing an archi-
tectural description is the proposed classification
of DCIS by the study group of the Japanese Breast
Cancer Society (Table 2)°. The new WHO classifi-
cation described three tier grading (low/interme-
diate/high grade), mainly according to nuclear
features. The presence and absence of necrosis,
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Table 1. Predominant Architecture of DCIS and their Comparison with the van Nuys Classification

Predominant architecture COM C+N M+N S+N CRB MCP SOL OTH Total
{or average)

No. of cases 7 3 7 6 22 19 9 12 85
NG3 7 7

2 3 7 6 8 6 8 9 47

1 14 13 1 3 31
van Nuys Group 3 2 2 2 1 1 1 any
mitotic counts; marked 4/7 2/3 1/7 2/6 0/22 2/19 1/9 2/12 17/85
mean No. of duct profiles involved 846 71 156 34 53 88 133 108 140
Maximum diameter (cm) 1.6 0.8 11 0.6 0.6 11 1.1 0.9 0.9

Van Nuys Group 3: high grade nuclei, Group 2: non-high grade nuclei with necrosis, Group 1: non-high grade nuclei without
necrosis, COM: comedo, defined by high-grade nuclei, with solid nests and central necrosis, C + N: cribriform with necrosis,
M + N: micropapillary with necrosis, S + N: solid with necrosis, CRB: cribriform, MCP: micropapillary, SOL: solid, OTH: others

or mixed types

Table 2. Intraductal Proliferative Lesions: Different Terminology used in the Different Classification and their

Relationships

Traditional terminology

Proposal by the study group,
Japanese Breast Cancer Society, 2000

WHO classification
2003

Usual ductal hyperplasia Proliferative ductal lesions without atypia
(UDH) (mild/moderateflorid}

Flat epithelial atypia Proliferative ductal lesions with atypia
Atypical ductal hyperplasia Proliferative ductal lesions with atypia
{ADH) (including ADH)

Ductal carcinoma in situ, DCIS, HG 1 (low grade)
low grade (Grade 1)

Ductal carcinoma in situ,
intermediate grade {(Grade 2)
Ductal carcinoma in situ,

high grade (Grade 3}

DCIS, HG3 (high grade)

DCIS, HG 2 (intermediate grade)

Usual ductal hyperplasia (CDH)

Ductal intraepithelial neoplasia,
grade 1A (DIN 14)

Ductal intraepithelial neoplasia,
grade 1B (DIN 1B}

Ductal intraepithelial neoplasia,
grade 1C (DIN1C)

Ductal intraepithelial neoplasia,
grade 2 (DIN 2)

Ductal intraepithelial neoplasia,
grade 3 (DIN3)

HG; histological grade

architectural feature, size of the lesions, and other
characteristic features are also explained toge-
ther”. If the different grade lesions are admixed
within the same tumor, the description of their
proportion is recommended. In any classification,
the three-tier subdivision is always used, and the
interrelationships between classifications are obvi-
ous. We employ the van Nuys classification cur-
rently, but we believe that it could be translated
directly into the WHO classification in most cases.

Table 3 shows our recent experience of 82
cases of DCISs. The operative procedures consist-
ed of 21 total mastectomies, 12 quadrantectomies,
37 wide excisions, 4 duct-lobular segmentectomies
and 8 local excisions. All the cases were diag-

nosed by pathological examination of the whole
tumor using 3-5 mm slices. By definition, all of the
high-nuclear grade cases were classified into
Group 3. The Group 1 cases were either of low or
intermediate nuclear grade, but all of the Group 2
cases showed intermediate nuclear grade. Charac-
teristically, the Group 3 cases showed a lower inci-
dence of positive hormone receptor status (p <
0.001), and a higher incidence of HER-2 positivity
(p < 0.001) compared with non-Group 3 cases.
The results imply that nuclear grade will correlate
well with hormone receptor/HER-2 neu status in
DCIS cases. Additionally, although some authors
reported a few cases (incidence 1-2%) of node-pos-
itive DCIS™®, we did not encounter any in our
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Table 3, van Nuys Classification of DCIS and the Relationships between other Clinicopathological Features

(Tohoku University Hospital 2002.6-2003.11)

Van Nuys Greup 1 2 3 Total
Definition non-high grade nuclei non-high grade nuclei high grade nuclei
without necrosis with necrosis with/without necrosis

No. of cases 39 30 13 82
NG1/2/3 20/19/0 0/30/0 0/0/13 20/49/13
Age (average) 3378 (54.4) 4279 (54.1) 40-75 (59.2) 3379 (95.0)
ER positive cases 33/34 (97.1%) 23/27 (85.2%) 2/10 (20.0%)" 58/71
PR positive cases 31/34 91.2%) 22/27 (81.5%) 4/10 (40.0%)™* 57/71
HER2 positive cases 2/32 (6.3%) 5/26 (19.2%) 7/10 (70.0%)°*" 15/68
Cases with lymph node .

positive 0/14 0/17 0/6 0/37

NG: Nuclear grade, ER: estrogen receptor, PR: progesterone recepter

, **: significantly less frequent than non-Group 3 cases (» < 0.001)

e,

series.

The unusual, rare subtypes include apocrine,
mucinous, signetring cell, solid & papillary, spin-
dled, neuroendocrine, Pagetoid, squamous, and
clear. Most of these are classified according to
their characteristic cell differentiation, rather than
their architecture. Flat type DCIS, previously
called clinging DCIS, may be a unique variant,
which may resemble blunt duct adenosis on scan-
ning magnification®. These lesions are malignant

based on their genetic alteration®, but are practi- .

cally very difficult to diagnose accurately, espe-
cially low-grade lesions. More experience as well
as further investigations will be necessary.

Differential Diagnoses of DCIS
and Benign/Atypical Lesions

There are several lesions confused with DCIS
in routine practice. They range from benign or
borderline (atypically proliferating) intraductal
lesions to minimally (micro-) invasive ductal carci-
noma. Lobular neoplasia (atypical lobular hyper-
plasia and lobular carcinoma i# sit) is another
consideration.

Minimal Requirement to Diagnose DCIS
Low grade DCIS should be differentiated from
benign and borderline (atypically proliferating)
intraductal lesions. There have been several stud-
ies and proposals, including two famous studies
by Page and colleagues, and Tavassoli®**. The
new WHO classification employed both morpho-
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: significantly more frequent than non-Group 3 cases (p < 0.001)

logical and size criteria, probably according to
these articles”. Morphologically, a monotonous
cell population, high nuclear/cytoplasmic ratio,
round nuclei, and hyperchromasia are necessary,
combined with some architectural patterns. The
evaluation of size has not been universally accept-
ed. The entire involvement of 2 spaces, or cross
section(s) exceeding 2 mm, are used for the mini-
mal size.

The pathologist should pay great attention in
routine practice to differentiate low-grade DCIS
from intraductal hyperplasia or atypical ductal
hyperplasia (ADH). A consensus conference on
the classification of DCIS at Philadelphia in 1997*
did not mention the precise distinction between
DCIS and ADH, because they said it is difficult.
Interobserver variability is sometimes problemat-
ic when intraductal lesions are diagnosed®*®,

Intraductal Proliferative Lesions

Previously, proliferative disease of the breast
was a form of epithelial hyperplasia usually seen
with fibrocystic changes. Recently, the significance
of these lesions has been enhanced, because they
are related to carcinomas (whether directly or
indirectly has not been proved, however), and
early detection of low-grade carcinoma by mam-
mography has also raised the incidence of pre-
cancerous proliferative lesions as well.

Currently, a new concept has emerged that
describes intraductal proliferative lesions as a con-
tinuous disease entity, ranging from benign
through atypical (ADH) to malignant disease
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Table 4. Expression of Various Immunohistochemical Markers for Various Lesions (Including Intraductal) of the

Breast
DCIS IDC
UDH ADH
low grade high grade low grade high grade

Average age 44.0 42.8 513 56.8 527 50.4
ER 5.7 6.7 6.4 5.0 58 3.3
PR 43 6.2 4.6 1.8 4.5 28
Ki-67 LI 3.7 45 9.5 9.4 213 35.9
p53 0/22 0/26 7/40

cerbB-2 0/22 0/26 8/40

ER: estrogen receptor, PR: progestercne receptor, LI: labeling index, UDH: usual ductal hyperplasia, ADH: atypical ductal
hyperplasia, DCIS: ductal carcinoma é# sitw, IDC: invasive ductal carcinoma (ER and PR were scored accarding to Allred DC et al.

Mod Pathol 11: 155-168, 1398)

(DCIS)™. Even the concept of intraepithelial neo-
plasia (mammary intraepithelial neoplasia, MIN)
has been adopted by some investigators®. The
common loss of heterozygosity that occurrs with
synchronous atypical ductal hyperplasia (ADH),
DCIS and invasive ductal carcinoma (IDC) may
suggest a stepwise progression from ADH to
IDC®. However, smaller lesions are often remo-
ved by excision, and their real natural history is
unknown. In practice, they are generally accepted
to confer an increased risk for the subsequent
development of invasive carcinoma, the magni-
tude of which varies according to the degree of
proliferation and/or atypia®. In Japan, the study
group of the Japanese Breast Cancer Society exa-
mined the interval to subsequent invasive carcino-
ma in the same quadrant of the breast after biop-
sy, and this was shorter in the cases showing a
higher degree of intraductal proliferative lesions®.
Table 2 shows the classification proposed by the
the study group and its relationship between the
new WHO classification*®, Table 4 shows the
expression of some biomarkers analyzed immuno-
histochemically™*.

Atypically proliferative lesions (atypical ductal
hyperplaia-ADH/proliferative disease with atypia)
are ductal proliferative lesions, which should be
differentiated from DCIS histologically by the
presence of structural and/or cytological atypia
along with proliferative disease without atypia.
This category may include the lesions with incre-
ased relative risk for subsequent invasive carcino-
mas, but their biological behavior and clinico-
pathological significance is uncertain, at least cur-
rently. Thus the diagnosis of “atypia” should be

made with caution, and not used so frequently. If
one uses this word on the pathological report, the
reasons for the term “atypia” should be men-
tioned. For example, a description of the extent of
the lesions, degree of epithelial proliferation, struc-
tural atypia, nuclear atypia or number of mitoses
is recommended®.

Atypical Ductal Hyperplasia (ADH)

ADH probably comprises the majority of “atypi-
cal” lesions but is also relatively rare. ADH may be
diagnosed when one suspects but hesitates to dia-

- gnose DCIS, because of incompleteness of monot-

ony (either structural or cytological) or limited
extent. In any case, sufficient discussion with sur-
geons, and close follow-up is necessary.

At least in Japan, the diagnosis of ADH has not
been widely accepted. We use this terminology in
routine practice, according to the criteria of Page
and colleagues®, They said that almost 3.5% of the
biopsy specimens are diagnosed as ADH, howev-
er, we think that the incidence is much lower. This
may be due to differences between Japanese and
western populations or interobserver variability.
We had a chance to review a biopsy series in
which fibrocystic change was initially diagnosed,
and found that the incidence of ADH was 1.2% by
re-examination™. Table 5 shows the clinicopatho-
logical features of ADH cases in our laboratory.
Only 21 cases were diagnosed as solitary ADH
out of almost 1,000 primary breast cancer cases
(cases with synchronous, ipsilateral carcinomas
were eliminated, and consultation cases were not
included). The patients were relatively young, as
shown in Table 5. Interestingly, at least 5 cases
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Table 5. Atypical Ductal Hyperplasia (ADH): Experience
at The Pathology Department of Tchoku University
Hospital from December 1998 to June 2002

- 21 case {cases with synclonous, ipsilateral carcinomas were
eliminated)

» Background: 995 primary breast cancers, including 206
DCISs during the same period

» Age & gender: 28-56 (average 46.2) years old, all female

« Contralateral breast cancers: At least 5 cases (2 synclonous,
3 subsequent, follow-up period up to 5 years)

- Associated lesions: 3 were intermingled with papilloma, 1
with mucocele-like lesion, 1 within fibroadenoma

- Fine needle aspiration cytology: negative 5, indeterminate 6,
suspicious for malignancy 3

+ Diagnostic procedure: Local excision 15, Duct lobular segm-
entectomy 5, Core needle biopsy 1

showed contralateral breast cancer. This implies
that ADH may be a relative risk for developing
invasive breast carcinoma even in a population
with a low incidence of ADH.

Microinvasive Ductal Carcinoma

The upper end of the DCIS spectrum is the
borderline between DCIS and carcinoma with
minimal stromal invasion. If invasion exists, there
is a chance for metastasis. Variable definitions for
“microinvasion” have been proposed previously.

The cases with an invasive focus less than 1% of .

the total”, or an invasive focus less than 1 mm
(T1mic)™ are relatively widely accepted to repre-
sent microvasion. They will show an apparent foci
of infiltration into “interlobular” stroma. We have
encountered 28 Tlmic cases among 1,216 primary
breast cancers (2.3%), and about 1/6 of DCIS
cases {172 cases during the same period)®. Most
were composed of small cell nests, or of single
cells, but tongue-like projections with reactive
stroma may be seen. There may be multiple foci
(1-7 foci, average 3, in our series). These cases
may show higher nuclear grade, tend to be associ-
ated with comedonecrosis, and more severe stro-
mal reactions (lamellar fibrosis and/or chronic
inflammatory cells) around the intraductal carci-
nomas.

Microinvasive carcinomas express a relatively
low risk for lymph node metastases, and the prog-
nosis is considered to be extremely good™*.
None in our series expressed axillary lymph node
metastases on serial sectioning of the whole carci-
noma®. However, follow-up data using universally
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accepted procedures and/or criteria will be neces-
sary to reach the final conclusions.

Diagnosis of DCIS and ADH by
Minimally Invasive Procedures

Core needle biopsy (CNB) under stereo- or
ultrasound guided procedures has been widely
accepted. Thus, there has been an increased
chance to diagnose earlier carcinomas (including
low-grade DCIS) and borderline lesions. One of
the problems of using this method is the speci-
men does not always include minute foci of inva-
sion. If DCIS was diagnosed by CNB, there is still
a chance for invasive carcinoma in the residual
parenchyma. About 30% of DCIS diagnosed by
CNB were truly invasive carcinoma in one study
using a 14-gauge core'’, but the incidence fell to
10% with an 11-gauge vacuum-assisted proce-
dure*®, Similarly, if ADH is seen by core needle
biopsy (CNB), 12-33% of the cases showed DCIS
on excisional biopsy*. Some of the cases may be
DCIS with invasion (IDC) but this situation is usu-
ally related to the number of foci (4 or more) of
ADH on CNBY,

Ultrasound-guided fine-needle aspiration biop-
sy cytology (FNABC) for dilated ducts may be
performed. Any intraductal proliferative lesions, if
correctly sampled, may show abundant, three-
dimensional epithelial cell nests*. Qur experi-
ences revealed that the diagnostic accuracy of
DCIS was 62.5%, lower than that of invasive ductal
carcinomas (more than 80%)*. The cytological
diagnosis of atypical hyperplasia is much more dif-
ficult, because most are small (less than 2 mm)
and require sampling of the appropriate cells'.
Some authors used the grading/scoring system
for benign and malignant intraductal proliferative
lesions™*®, The author would like to recommend
that if the dilated ductal lesion can be detected by
ultrasound, US-guided FNABC may be performed,
however, if the leston is mammographically calci-
fied and thought to be an intraductal lesion, CNB
is recommended®.

Pathological Factors of DCIS other
than Grading, and their Significance

In addition to the methods for evaluating and
grading DCIS, the extent of the lesions (size) and
the surgical margins (if breast conserving surgery
is performed) should be described. The Van Nuys
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