Challenges in the surgical pathological
diagnosis of breast cancer

Ph. D. Thesis

TAMAS ZOMBORI, M.D.

Szeged, Hungary

2018



Challenges in the surgical pathological diagnosis of breast
cancer

Ph. D. Thesis

TAMAS ZOMBORI, M.D.

Supervisor:

Gabor Cserni, M.D. D.Sc.

Department of Pathology
Doctoral School of Multidisciplinary Medical Scienses
University of Szeged

Szeged, Hungary

2018



LIST OF FULL PAPERS THAT SERVED AS THE BASIS OF THE PH.D. THESIS

I. Zombori T, Cserni G. Immunohistochemical analysis of the expression of breast markers
in basal-like breast carcinomas defined as triple negative cancers expressing keratin 5. Pathol
Oncol Res. 2018;24:259-267. doi: 10.1007/s12253-017-0246-y.

IF:1.93

I1. Cserni G, Zombori T, Andreu X, Bianchi S, Regitnig P, Amendoeira I, Balmativola D,
Kovéacs A, Cordoba A, Reiner A, Kulka J, Kaya H, Liepniece-Karele I, Quinn C, Kévari B. Is
regression after neoadjuvant chemotherapy for locally advanced breast cancer different in
sentinel and non-sentinel nodes? Pathol Oncol Res. 2018;24:167-170. doi: 10.1007/s12253-
017-0229-z.

IF:1.93

I11. Zombori T, Cserni G. Elastic stains in the evaluation of DCIS with comedo necrosis in
breast cancers. Virchows Arch. 2018;472:1007-1014. doi: 10.1007/s00428-017-2259-z.

IF: 2.93

IV. Zombori T, Cserni G. Patterns of regression in breast cancer after primary systemic
treatment. Pathol Oncol Res. [under consideration]

OTHER PUBLICATIONS

V. Janovszky A, Szabo A, Varga R, Garab D, Boros M, Mester C, Beretka N, Zombori T,
Wiesmann HP, Bernhardt R, Ocsovszki I, Balazs P, Piffk6 J. Periosteal microcirculatory
reactions in a zoledronate-induced osteonecrosis model of the jaw in rats. Clin Oral Investig.
2015;19:1279-88. doi: 10.1007/s00784-014-1347-6.

IF: 2.38

VI. Zombori T, Furdk J, Nyari T, Cserni G, Tiszlavicz L. Evaluation of grading systems in
stage | lung adenocarcinomas: a retrospective cohort study. J Clin Pathol. 2018;71:135-140.
doi: 10.1136/jclinpath-2016-204302.

IF:2.89



VII. Zombori T, Lehoczky L, Cserni B, Nyari T, Cserni G. [Evaluation of anatomic and
prognostic stages of breast cancer according to the 8th edition of the TNM staging system -
Retrospective analysis based on data from deceased patients once diagnosed with breast
cancer]. Orv Hetil. 2017;158:1373-1381. doi: 10.1556/650.2017.30849. [Hungarian]

IF: 0.32

VIII. Maraz R, Zombori T, Ambrézay E, Cserni G. The role of preoperative axillary
ultrasound and fine-needle aspiration cytology in identifying patients with extensive axillary
lymph node involvement. Eur J Surg Oncol. 2017;43:2021-2028. doi:
10.1016/j.ejs0.2017.08.007.

IF: 3.68

IX. Voroslakos M, Takeuchi Y, Brinyiczki K, Zombori T, Oliva A, Fernandez-Ruiz A,
Kozak G, Kincses ZT, Ivanyi B, Buzsaki G, Berényi A. Direct effects of transcranial electric
stimulation on brain circuits in rats and humans. Nat Commun. 2018;9:483. doi:
10.1038/541467-018-02928-3.

IF:12.32

X. Zombori T, Nyari T, Tiszlavicz L, Palfoldi R, Csada E, Géczi T, Ottlakan A, Pécsy B,
Cserni G, Furak J. The more the micropapillary pattern in stage I lung adenocarcinoma, the
worse the prognosis-a retrospective study on digitalized slides. Virchows Arch.
2018;472:949-958. doi: 10.1007/s00428-018-2337-X.

IF: 2.93

XI. Diossy M, Reiniger L, Sztupinszki Z, Krzystanek M, Timms KM, Neff C, Solimeno C,
Pruss D, Eklund AC, Téth E, Kiss O, Rusz O, Cserni G, Zombori T, Székely B, Timar J,
Csabai I, Szallasi Z. Breast cancer brain metastases show increased levels of genomic
aberration-based homologous recombination deficiency scores relative to their corresponding
primary tumors. Ann Oncol. 2018;29:1948-1954. doi: 10.1093/annonc/mdy216.

IF: 13.92

XI1. Zombori T, Téth N, Furak J, Berényi Z, Tiszlavicz L. [Tumor of posterior mediastinum
- rare case of extramedullary myelolipoma]. Magy Seb. 2017;70:74-77. doi:
10.1556/1046.70.2017.1.11. [Hungarian.]



TABLE OF CONTENTS

LIST OF ABREVIATIONS. .......ooiiiii s ii
LIST OF FIGURES ..ot %
LIST OF TABLES ... Vi

1. INTRODUCTION
1.1 GENERAL INTRODUCTION .....occiiiiiiiiiiiniii e 1
1.2. TRIPLE NEGATIVE BREAST CANCERS AS A DIAGNOSTIC CHALLENGE.3

1.3. TUMOR REGRESSION AFTER PRIMARY SYSTEMIC THERAPY IN BREAST

CANCER ... s 5
1.4. TUMOR REGRESSION AFTER PRIMARY SYSTEMIC THERAPY IN AXILLARY
LYMPH NODES. ... .ot 7
1.5. BREAST WITH DIFFUSE DCIS WITH COMEDO-LIKE NECROSIS AND
AMORPHOUS CALCIFICATION -THEORY OF NEODUCTGENESIS ................... 8

2. AIMIS s 11

3. MATERIALS AND METHODS
3.1. IMMUNOHISTOCHEMICAL ANALYSIS OF BASAL-LIKE TNBCS............... 11
3.2. EVALUATION OF REGRESSION PATTERNS IN BREAST CANCER AFTER PST

3.3. EVALUATION OF REGRESSION HETEROGENEITY IN AXILLARY LYMPH
NODES AFTER PST ..o 15

3.4. ANALYSIS OF LUMEN FORMING UNITS IN CASES OF DIFFUSE DCIS WITH

COMEDO-LIKE NECROSIS AND CASTING TYPE CALCIFICATION .................. 15
4. RESULTS
4.1. IMMUNOHISTOCHEMICAL ANALYSIS OF BASAL-LIKE TNBCS............... 18

4.2. EVALUATION OF REGRESSION PATTERNS IN BREAST CANCER AFTER PST

4.3. EVALUATION OF REGRESSION HETEROGENEITY IN AXILLARY LYMPH
NODES AFTER PST ..t 26

4.4. ANALYSIS OF LUMEN FORMING UNITS IN CASES OF DIFFUSE DCIS WITH
COMEDO-LIKE NECROSIS AND CASTING TYPE CALCIFICATION .................. 29



5. DISCUSSION

5.1. IMMUNOHISTOCHEMICAL ANALYSIS OF BASAL-LIKE TNBCS............... 32
5.2. EVALUATION OF REGRESSION PATTERNS IN BREAST CANCER AFTER PST
......................................................................................................................................... 35
5.3. EVALUATION OF REGRESSION HETEROGENEITY IN AXILLARY LYMPH
NODES AFTER PST ..o 37
5.4. ANALYSIS OF LUMEN FORMING UNITS IN CASES OF DIFFUSE DCIS WITH
COMEDO-LIKE NECROSIS AND CASTING TYPE CALCIFICATION .................. 38
6. CONCLUSIONS ... oo 40
7. ACKNOWLEDGEMENTS ..ot 41
8. REFERENCES. ... ... 43
9. APPENDIX

9.1. MAJOR NEW FINDINGS ......oiiiiiieiiiieee s 62
9.2. SUPPLEMENTARY TABLES. ..o 63

9.3. MAGYAR NYELVU OSSZEFOGLALO ..o oo e 67



AJCC:
ALND:
CK:
CsS:
DCIS:
EGFR:

ER:

Erb-B2/HER-2:

FOXA:
GCDFP-15:
HE:
IHC:
MG:
MRI:
NR:
NST:
ORC:
pCR:
PHT:
PR:
PST:
RCB:
RTU:
SLN:
TDLU:

TMA:

LIST OF ABBREVIATIONS

American Joint Committee on Cancer
axillary lymph node dissection
cytokeratin

concentric shrinkage

ductal carcinoma in situ

epidermal growth factor receptor
estrogen receptor

human epidermal growth factor receptor 2
forkhead-box Al

gross cystic disease fluid protein-15
hematoxylin and eosin staining
immunohistochemical
mammaglobin A

magnetic resonance imaging

nodal regression

breast cancer of no special type
orcein staining

pathological complete regression
primary hormone therapy
progesterone receptor

primary systemic therapy

Residual Cancer Burden

ready to use

sentinel lymph node

terminal ductulolobular unit

tissue microarray



TNBC:

TRL:
UICC:
us:

WHO:

triple negative breast cancer
tumor-reactive lymphadenopathy
Union for International Cancer Control
ultrasonography

World Health Organization



LIST OF FIGURES
FIGURE 1. ELASTIC FIBERS AROUND NORMAL AND DILATED ANATOMIC

STRUCTURES. ..o s

FIGURE 2 PATTERNS OF REGRESSION AND PECULIAR CELLULAR CHANGES

(MONSTER CELLS) IN POST-TREATMENT SPECIMENS........ooiiiiiiiiiiie e

FIGURE 3. ANNOTATED STRUCTURES: STRUCTURES THAT COULD BE
IDENTIFIED ON BOTH HEMATOXYLIN AND ORCEIN SLIDES WERE NUMBERED
AND CLASSIFIED AS DUCTS (A), LIKELY DUCTS (B), UNCLASSIFIABLE

STRUCTURES (C), LIKELY ACINI (D) OR ACINI (E)...veveeveeeeeeeeeeeseeseseeseeesesssseessesssessnon

FIGURE 4. ELASTIC FIBRES AROUND NORMAL AND DILATED ANATOMIC

STRUCTURES ..ottt e

FIGURE 5. EXAMPLES OF NOTICEABLE (AT LEAST 5%) GATA-3,
MAMMAGLOBIN-A, GCDFP-15, NY-BR-1 AND BCA-225 STAINING ON THE LEFT (A,
C,E, G, I, RESPECTIVELY) AS OPPOSED TO FOCAL AND WEAK STAINING WITH
THESE MARKERS (B, D, F, H, J, RESPECTIVELY) ON THE RIGHT. ARROWS IN B

INDICATE THE FEW WEAKLY STAINED NUCLEI .....occciiiiiiiiiiin,

FIGURE 6. HIERARCHICAL LABELING OF THE TUMORS WITH 4 “BREAST

SPECIFIC" MARKERS ... .t e e e e e e s s e e e eeens

FIGURE 7. ELASTIC FIBRES AROUND DUCTS INVOLVED BY DCIS, AND THEIR
LACK AROUND SIMILAR STRUCTURES, THAT COULD REPRESENT NEODUCTS,
BUT DO NOT REACH AN INDIVIDUAL SCORE FOR THE QUALIFICATION AS
NEODUCT.IN A CASE NEGATIVE FOR NEODUCTGENESIS ON THE BASIS OF THE

OVERALL SCORE (ORCEIN, 4X) ...uttttieiiititeeaiiiie e s sttt e s e e e e e snnnnene s

.. 9



Vi

LIST OF TABLES

TABLE 1. DETAILS OF THE ANTIBODIES USED FOR IMMUNOHISTOCHEMISTRY .......... 12
TABLE 2. NEODUCTGENESIS-SCORE .......cccoitiieiiiieie e 18
TABLE 3. BREAST MARKER EXPRESSIONS IN THE TUMORS INVESTIGATED.................. 19
TABLE 4. MUTUAL BREAST MARKER EXPRESSIONS IN THE TUMORS

INVESTIGATED ...ttt r e nr e R r e n e e n e nr e nns 21
TABLE 5. MORPHOLOGICAL FEATURES OF CASES EVALUATED, DISPLAYED
ACCORDING TO THE MOLECULAR SUBTYPES OF BREAST CANCER...........cccceviiiiiin, 24
TABLE 6. MORPHOLOGICAL CHARACTERISTICS OF REGRESSION PATTERNS............... 25

TABLE 7. RELATION BETWEEN ALTERATIONS OF GRADE, THERAPY RECEIVED
AND “MONSTER” CELLS, RESPECTIVELY ...oocoiiiiiiiiiic s 26

TABLE 8. CATEGORIZATION OF THE RESULTS ON THE BASIS OF POSSIBLE
VARIATIONS IN THE DISTRIBUTION OF METASTASES AND REGRESSION AND

THEIR RELATION TO SUPPORT THE THEORY OF A POSSIBLE SELECTIVE

REGRESSION PATTERN IN SLINS ..o 28

TABLE 9. THE PROPORTIONS OF ELASTIC FIBERS AROUND THE EVALUATED
STRUGCTURES ...t r et e e nr e s r e s e ne st e ne e are e nrs 30

TABLE 10. THE MORPHOLOGICAL CHARACTERISTICS OF POTENTIAL NEODUCTS

IN THE APPENDIX:

SUPPLEMENTARY TABLE 1. BASIC PATHOLOGIC FEATURES OF THE TUMORS
SELECTED FOR TIMA L. oottt et nr e nn e nne s 63

SUPPLEMENTARY TABLE 2. CLINICAL CHARACTERISTICS OF PATIENTS ......cccovviiiiee. 64

SUPPLEMENTARY TABLE 3. BASIC CLINICOPATHOLOGICAL CHARACTERISTICS
OF CASES ..ot Rt R e R s 65

SUPPLEMENTARY TABLE 4. SUMMARY OF RESULTS FROM OTHER SERIES
EXPLORING THE LABELING OF TNBGCS..... .o 66



1. INTRODUCTION

1.1. GENERAL INTRODUCTION

Breast cancer remains the most frequent malignant tumor among women in Europe [1, 2].
Organized breast cancer screening programs, the mass media, the large number of
conferences on breast cancer reveal the high level of epidemiological, sociological and
psychological significance of this disease.

A PubMed search revealed 369900 different papers related to breast cancer overall at the time
of writing this thesis [3]. This huge number of publications reflects the degree of interest in

the research on breast neoplasms.

Although breast cancer is often mentioned as a single disease in statistics, it is obvious that
the term refers to several different diseases. The variegation can also be seen in the
classification systems of breast neoplasms. Breast cancers can be classified based on
histology, on degree of differentiation (grade), on extent and spread of tumor (stage) and on
molecular profile, to mention only the most common categorizations from daily pathology
practice. A common feature of these approaches is the effort to subdivide breast cancer by

risk and outcome.

In the histological classification of breast neoplasms introduced by the World Health
Organization (WHO) in 2012 [4], plenty of specific subtypes are defined (lobular, tubular,
cribriform, mucinous, medullary carcinoma, etc.) followed by the most frequent carcinoma of
no special type (NST), which does not fulfill the features of any special type. (This approach
to histological typing will remain in the next edition of the WHO blue book [G. Cserni,
personal communication]) Special type carcinomas are identified if a specific growth pattern
takes place in more than 90% of their tumor area. Among special types, lobular carcinoma has
to be underlined, as it is the second most frequently encountered one following NST, while

other special types are rare [5].

As concerns the level of differentiation reflected by the histological grade, it is one of the first
attempts in breast cancer pathology to predict outcome on the basis of the biology of the
tumor. The Nottingham score system is widely known and used: tubule forming tendency,
nuclear atypia and the mitotic rate in 10 high power fields are taken into consideration during

the evaluation [5].



The staging system is applied for the description of the extent and spread of malignant tumors
and is essential for the standardization of therapy in oncology. The two bodies maintaining
most staging systems are the Union for International Cancer Control (UICC) and the
American Joint Committee on Cancer (AJCC). The staging system introduced by the AJCC
and the UICC has respect for the size and some specific features of the tumor (T), presence of
lymph node (regional) metastasis (N) and distant metastasis (M). The stage is defined by the
combinations of these categories and can be determined by physical, radiological and
pathological examinations. The latter is considered to be the most specific and sensitive
method to establish the stage [6; 7].

Perou and coworkers evaluated gene expression in breast cancer samples and suggested a
molecular classification of the disease [8]. In their original classification, basal-like, Erb-B2
(human epidermal growth factor receptor 2, HER2) overexpressing (HER2+), normal-breast-
like and luminal (estrogen receptor positive, ER+) breast cancers had been identified. Gene
expression profiling is the gold standard for the identification of these molecular breast cancer
subtypes, but this method is not widely available. To make the classification more affordable
to most pathology laboratories, immunohistochemical (IHC) profiles have been correlated to
the molecular profiles. According to the IHC surrogate classification, breast carcinomas can
be classified into luminal A-like (ER+ and/or progesterone receptor (PR)+ and HER2- with
low proliferation), luminal B-like (ER+ and/or PR+ and either HER2+ or highly proliferating
on the basis of Ki-67 labeling), HER2+ non-luminal-like (ER-, PR- and HER2+) and triple-
negative breast cancers (TNBC; ER-, PR- and HER2-). The latter group can be subclassified
into basal-like TNBC (keratin (CK) 5/6+ and/or epidermal growth factor receptor, EGFR+)
and non-basal-like TNBC (CK 5/6- and EGFR-) [9]. This molecular classification provides so
valuable additional information about prognosis and appropriate treatment selection, that
beside the anatomical stages based on TNM, novel prognostic stages were introduced in the
8" edition of the AJCC staging system [6; 10]. The latter include the traditional TNM

categories and biomarkers referring to molecular subtypes.

The modalities of systemic therapy are different according to molecular subtypes. There are
targeted pharmaceutics against the ER-pathway and the HER-2 mediated pathway in cases of
hormone receptor positive breast cancers and HER-2-enriched neoplasms. The TNBCs are
unsuitable for these therapeutic regimes, in their cases systemic chemotherapy (e.g.

anthracycline and taxane, taxane and/or platinum derivates) is required. In cases of advanced



cancer, primary systemic therapy (PST) or primary hormone therapy (PHT) is utilized in

order to reduce the tumor mass and increase the possibility of operability.

In our work, we focused on immunophenotyping of TNBCs, on effects of primary systemic
therapy (PST) in the tumor bed and in the axillary lymph nodes, and on cases having diffuse
ductal carcinoma in situ (DCIS) with comedo-like necrosis and amorphous calcification,

which are potential cases of neoductgenesis.
1.2. TRIPLE NEGATIVE BREAST CANCER AS A DIAGNOSTIC CHALLENGE

Metastases of breast cancer develop through either the lymphatic or the blood vessels, and
affect regional lymph nodes and distant organs, including the lungs, the liver, bones, and the
brain. Since the lifetime risk of developing cancer is about one out of three women [11],
second primaries are not rare, and must be separated from metastases of a known breast
cancer. Sometimes, metastasis is the first clinical sign of an unknown primary breast cancer.

In case of metastatic carcinoma, it is essential to prove its metastatic nature and origin.

Despite their less than perfect specificity, ER, PR and HER2 are among the most useful IHC
markers for suggesting breast origin. These antibodies can be helpful in cases of luminal A-
like, luminal B-like and HER2+ subtypes, but not in cases of TNBC which represent
approximately 15% of all breast cancers [12]. Without the information of a previous primary
breast carcinoma, and because of its phenotypic overlap with other potential primaries, a triple
negative case can easily confuse the pathologist. Several immunomarkers as GATA-3,
mammaglobin A (MG), gross cystic disease fluid protein-15 (GCDFP-15) and NY-BR-1 have
been studied recently to verify the breast origin in metastatic cancer.

GATA-3 is a transcription factor with role in cell proliferation and differentiation of breast
luminal epithelial cells. GATA3 is involved in T-cell-specific cell regulation, in the
development of the skin and its adnexal structures and in carcinomas [13, 14]. Previously,
GATA-3 was thought to be a specific marker of breast and urothelial origin, but recent studies
have shown its presence in squamous carcinoma of the skin, lung, uterine cervix, vulva,
larynx and anus, salivary gland tumors, basal cell carcinoma, apocrine carcinoma, skin
adnexal tumors, Brenner tumor, mesothelioma, chromophobe renal cell carcinoma, pancreatic
adenocarcinoma, germ cell tumors and paraganglioma [15-18]. GATAS3 and ER are closely
associated and involved in a positive cross-regulatory loop. This explains the positive
correlation between GATA3 and ER expression in breast cancers [19; 20]. Although some
studies have suggested a prognostic or predictive role for GATAS expression [21-24], it can



also be viewed as a marker to prove the mammary origin of metastatic cancer. According to
reports, the expression frequency of GATA-3 ranges from 47% to 100% among all breast
adenocarcinomas [16; 17; 19; 25-28].

MG was described by Watson et al. in 1997 as a 10.5 kD secretory protein that shares
homology with the uteroglobin family [29]. The gene of MG is located at 11q13, which is
frequently amplified in breast carcinoma [30]. MG is generally positive in normal breast
epithelium. Besides breast carcinomas, several tumors express MG, like endometrial
carcinoma, sweat gland tumors, gastric, pulmonary, colonic and ovarian tumors and some
melanomas [31-36]. The overall expression rate among all breast carcinomas is approximately
80% [29; 31; 32; 34; 37-39].

GCDFP-15 (or BRST-2) was detected in breast gross cystic disease fluid by Haagensen et al.
in 1977. The monomer of GCDFP-15 has a molecular weight of 15 kD [40]. Its gene region
was found on chromosome 7. GCDFP-15 is normally present in apocrine metaplasia of the
breast and its presence has been described in salivary and sweat gland tumors and prostatic
carcinomas [41]. The reported expression frequency of GCDFP-15 ranges from 25% to 85%
among all breast adenocarcinomas [31; 32; 38; 39; 41; 42].

NY-BR-1, a differentiation antigen of mammary tissue was first described by Jéger et al in
2001 [43]. Bioinformatic analysis has revealed that NY-BR1 has a DNA-binding site
followed by a leucine zipper motif, therefore it could be a transcription factor. Due to its five
ankyrin tandem repeats, it may have a role in protein-protein interactions, as well [43]. It has
been detected in the epithelial cells of mammary ducts and lobules and in normal testis. One
third of sweat gland tumors [44] showed positivity with NY-BR1. Although NY-BR-1
positivity was demonstrated in a case of vulvar phyllodes tumor [45], there is no other normal
or tumor tissue which has been reported to express this protein, therefore NY-BR-1 appears to
be a breast-specific protein. In invasive breast carcinomas, the range of NY-BR-1 expression
has been reported between 46.6% and 70%, showing a strong association with ER and lower-
grade carcinomas [44; 46-51].

BCA-225 is a glycoprotein with a molecular weight between 225.000-250.000 kD. It was first
identified by Mesa-Tejada and coworkers in 1988 [52]. Although it was previously described
as a specific immunomarker of breast carcinoma, a later study by Loy and associates
concluded that BCA-225 is commonly expressed in human adenocarcinomas of different

origins, and is therefore not specific for the breast [53]. BCA-225 expression was often



present in adenocarcinomas of the breast (98%), kidney (94%), ovary (80%), lung (74%) and
intermediate expression rates (36%-68%) were found in adenocarcinomas of the prostate, bile
ducts, thyroid, endometrium, endocervix and pancreas [53].

Although the mentioned “breast markers” have been tested in several series of breast
carcinomas, only a few cases of TNBC have been assessed for them. TNBC also constitute a
heterogeneous group of breast carcinomas, and basal-like carcinomas have not been

specifically investigated for the expression of the above markers.

1.3. TUMOR REGRESSION AFTER PRIMARY SYSTEMIC THERAPY IN BREAST
CANCER

PST of breast cancer has become more frequent recently. This approach to systemic
treatment is currently applied in bulky (>2cm) tumors or locally advanced cancers [54]. The
radiologic and pathologic interpretation of regression is sometimes controversial due to some
mismatch between the entities used for assessment. There is no internationally agreed
consensus on how different imaging modalities should be prioritized and specimen handling
is also rather heterogeneous.

The presence or absence of regression is evaluated by radiologic modalities, namely
ultrasonography (US), mammography and magnetic resonance imaging (MRI). This
examination influences the continuation, shift or termination of PST and the multidisciplinary
decision about surgical treatment. After the operation, the pathological examination reveals
the degree of regression: pathological complete regression (pCR) on one end, and the
complete lack of regression on the other end of the spectrum. The scale of regression affects
further treatment decisions. Therefore, a standard approach to the evaluation of the breast
specimen is crucial. To reach this aim, national guidelines have been developed in individual
countries like Australia [55], Belgium [56], Germany [57], the United Kingdom [58], the
Netherlands [59], the United States [60] and Hungary [61].

Despite these guidelines or reviews [62; 63] aiming at some uniformity in breast
cancer reporting, there are several inconsistencies, namely in specimen work-up, definition of

pCR, patterns and grades of regression.

After PST, the identification of the tumor bed may be difficult because the tumor may
have become less firm, and less well circumscribed. Therefore, gross examination must be

correlated with the clinical and especially radiological localization to ensure that the correct



area is sampled. Systematic sampling should include the grossly visible tumor bed or the
location of clip markers and neighboring areas to incorporate the area involved by carcinoma
before treatment [63]. Digital photos, specimen mammography images or drawings should be
taken for helping the comparison between clinical and morphological findings.
Histopathological evaluation is based on sampling: representative areas are chosen for tissue
blocks during grossing, and a tissue section represents about one thousandth of the whole
thickness of the tissue block. It is obvious, that the more thorough the sampling, the more

details one can discover under the microscope, especially in non-homogeneous lesions.

In case of inhomogeneous, scattered focal regression, the assessment of tumor size
may be problematic, as well. The dimension of the largest invasive focus may deviate from
the largest dimension of the residual tumor affected area in the tumor bed (i.e. the extent)
[64].

According to the United States’ Food and Drug Administration (FDA), ‘Pathological
complete response is defined as the absence of residual invasive cancer (ypTOypNO or
ypTisypNO) on evaluation of the complete resected breast specimen and all sampled regional
lymph nodes following completion of neoadjuvant systemic therapy’ [65].The AJCC has
endorsed the same definition [6]. This recommendation is based on the findings of the
Collaborative Trials in Neoadjuvant Breast Cancer project. In this study, there was no
difference in event-free and overall survival of patients having ypTOypNO or ypTisypNO
breast cancer [66]. On the contrary, the German and Austrian Breast Groups demonstrated
significant worsening in event-free survival of ypTisypNO versus ypTOypNO breast cancer
cases [67]. Therefore, an alternative definition of complete response was proposed by this

group, which excludes both residual DCIS and invasive carcinoma in the breast (ypTOypNO

only).

Regression and its scale can be characterized by different parameters, like the size of
residual invasive carcinoma, lymph node status, tumor cellularity, tumor grade, proportion of
tumor remaining in breast (%) and finally the size of tumor bed in two dimensions. Several
regression grading systems based on these parameters have been introduced and validated,
including those described by Miller and Payne [68], Pinder [69], Denkert and Sinn [70] and
Sataloff [71].

Another feature of response to neoadjuvant therapy is homogeneity or heterogeneity of

the regression. According to Provenzano and coworkers, the patterns of residual disease are



the following: homogenous regression (cellularity decreased, size unchanged),
inhomogeneous regression (cellularity decreased, size variable, small areas without residual
disease), scatter pattern (cellularity decreased, size variable, tumor bed slides without residual
disease) and concentric shrinkage (CS) (size decreased, cellularity similar) [63]. Especially

the "scatter pattern™ may lead to diagnostic pitfalls if not systematically sampled.

Not only the size and cellularity change following PST, but grade may also be altered.
After PST, bizarre and/or macronucleated neoplastic giant cells may sometimes be found in
the tumor bed. These cells are generally attributed to the effects of chemotherapy. The
presence of these bizarre cells may increase the post-treatment grade, whereas a reduction in

the proliferating cells may decrease it.

1.4. TUMOR REGRESSION AFTER PRIMARY SYSTEMIC THERAPY IN AXILLARY
LYMPH NODES

Lymph nodes are not identical. The sentinel lymph nodes (SLN) are the first lymph nodes
draining the lymph from an anatomical site and therefore, in case of a cancer in the given
area, the SLNs are the first involved during the lymphatic spread of cancer. The non-SLNs of
the same anatomic region develop metastases only subsequently. Development of metastasis
is not the only change known to occur in tumor draining lymph nodes. Tumor-reactive
lymphadenopathy (TRL) is a complex reaction of lymph nodes, which develops before the
arrival of the metastatic tumor cells and comprises morphological and functional changes.
Enlargement of the tumor draining lymph nodes (also induced by needle biopsy of the
primary cancer) has helped axillary four-node sampling [72], and may explain the possible
overlap of axillary node samples and sentinel nodes [73]. As concerns the morphological
alterations, previous publications found increased total number of functional blood vessels
and lymphatic vessels/sinuses in tumor draining lymph nodes. Furthermore, some authors
have described dilation of functional blood vessels with structural remodeling and endothelial
cell proliferation of high endothelial venules [74]. Functional changes, such as increased
blood perfusion and immunological differences, like the alterations in CD28 and CD3(
expression of CD4+ and CD8+ T-lymphocytes [75; 76] or the reduction in density and
dendritic complexity of antigen presenting paracortical dendritic cells [77] were also observed
in tumor draining lymph nodes. Tumor-induced immune modulation of the SLNs versus the

non-SLNs seems to act in favor of a reduced anti-tumoral immune reaction [78].



The above-mentioned factors may hypothetically alter the neoadjuvant therapy induced
reactions in tumor-draining SLNs compared to lymph nodes without direct connection with
the primary carcinoma, i.e. non-SLNs. Enhanced blood flow and enriched vasculature may
increase the load of chemotherapeutics or targeted cancer therapy agents (e.g. hormone
receptor modulators or trastuzumab) in lymph nodes developing TRL. A preferential
regression in SLNs might influence the false negative rate of SLN biopsy after PST, by
resulting in complete regression in SLNs with remaining tumor burden in non-SLNs.
Alternatively, an immunosuppressed status of the SLNs as compared to non-SLNs could lead
to less effect from cytotoxic therapeutics. A selective regression or non-regression may also
alter the staging effect of the removal of radioactive seed localized nodes that proved to be
positive before the initiation of primary systemic treatment [78].

1.5. BREAST WITH DIFFUSE DCIS WITH COMEDO-LIKE NECROSIS AND
AMORPHOUS CALCIFICATION —-THEORY OF NEODUCTGENESIS

Breast parenchyma is organized into anatomic units corresponding to mammary lobes. A lobe
can be defined as the complex of a lactiferous duct branching into smaller and smaller ducts
with terminal ductules and the lobule forming acini belonging to these ductules at the end; i.e.
each lactiferous duct defines a different lobe, of which 15 to 25 make up the breast
parenchyma [79]. An easy to imagine visual analogy of the lobar organization would be that
of a tree, where the lactiferous duct would correspond to the trunk, the ducts to branches, and
the lobules to compound leaves. The outer myoepithelial layer and the basement membrane
around the ducts would represent the bark of the tree. Acini of the lobules and ducts are easy
to distinguish from each other. However, when their lumen enlarges and the diameter
becomes larger, ectatic ducts and cystically dilated acini are not always easy to separate. The
maintained lobular architecture, multiplicity of the lumens and the common presence of
apocrine epithelium helps to identify dilated lumina as cysts. In contrast to cysts, ectatic ducts
are generally single or separated from each other by normal breast adipose or fibrous tissue
more in keeping with interlobular stroma than with intralobular stroma. Although both the
ducts and lobules feature an outer myoepithelial cell layer and a basement membrane, there is
usually also an elastic layer around the ducts, which is missing around the acini (Fig 1). This
phenomenon can also help in the distinction between ectatic ducts or cystic acini, although the
amount of elastic fibers around dilated ducts is dependent on the amount initially present and

any damage by inflammatory processes (Fig 1) [80].



When DCIS develops in the ductal tree or its end, the terminal ductulolobular unit (TDLU),
there is often a dilatation of the normal anatomic structures. When the anatomy of the breast is
maintained, DCIS can easily be identified as involving the ducts and sometimes the lobules.
The latter phenomenon has been called cancerisation of lobules or lobular cancerisation [81;

82] (Fig 1B). The analogy of the tree also applies to this presentation.

Figure 1. Elastic fibers around normal and dilated anatomic structures A: A duct with
elastic coating (arrow) and acini arranged into lobules without an outer elastic layer. B: Lobular
cancerisation. DCIS extending into a lobule without altering the lack of elastic fibers around lobule
forming acini. C: Closely packed cysts devoid of elastic fibers. D: Ectatic duct with maintained elastic
coating (arrows). (Orcein, 10x, 10x, 8x, 15x)

Some forms of DCIS do not follow this regular growth and intraluminal spread.
Instead, there are plenty of more or less dilated lumens dispersed with a relatively uniform
and higher than normal density. Although some believe that this pattern is also due to
abnormal extent of dilatation of pre-existing structures (i.e. ducts and lobules) like
overinflated balloons touching each other, there is apparently no obviously discernible lobular
architecture maintained. The concept of neoductgenesis has been introduced to explain the
morphology of these cancers [83; 84]. This concept suggests that new ducts are formed from
the pre-existing ones and grow into the stroma. Keeping the analogy of the tree, this would
correspond to new lateral branches starting to grow from the trunk or other larger branches,
keeping the characteristic feature of branches, i.e. having their bark. Indeed, the structures
identified under the microscope in such cases have a myoepithelial layer and a basement
membrane, and are easy to interpret as DCIS, although myoepithelial phenotype and

myoepithelial marker expression may be altered [85; 86]. Newly formed ducts “invade” the
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stroma in a pushing manner without losing their myoepithelial and basement membrane layers
which are the diagnostic hallmark of in situ carcinomas and the clue used to exclude the
presence of invasion in breast pathology. This controversy is certainly the cause why the
concept of neoductgenesis is not widely accepted, despite having more and more advocates.
Neoductgenesis could explain the aggressive behavior of tumors with this phenomenon
having minor areas of classical invasive carcinoma of no special type (interpreted as ductal
carcinomas with extensive intraductal component). Such tumors have a larger whole tumor
size (including the DCIS morphology) than invasive tumor size (including only the smaller
classical invasive carcinoma), and when stratified according to other prognosticators, their
survival curves match those of no special type invasive carcinomas of which the size
corresponds to the whole tumor size of tumors with neoductgenesis rather than their classical
invasive tumor size [83; 84]. The phenomenon could also be an explanation for the anecdotal
cases where no classical invasive tumor is identified near DCIS with features of
neoductgenesis, but the patient dies of breast cancer [84]. Local recurrence rates in cases
diagnosed as representing pure DCIS are also higher in neoplasms with proposed
neoductgenesis, and this is also related to their greater extension and diffuse growth pattern

[87; 88], but also reflects a worse overall prognosis.

Neoductgenesis is not easy to define. It has been associated with casting (linear
branching) type calcifications on the mammogram, and tumors with this manifestation have
been reported to have poor outcome in several series [83; 89-92] with some contradicting
results in others [93-95]. Tenascin expression has been demonstrated around the newly
formed ducts [83; 84]. Morphologic criteria have also been proposed on the basis of duct
concentration, periductal fibrosis and lymphocytic infiltration [96] and may help to identify

cases with this phenomenon even on histological slides.
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2. AIMS
The aims of the present thesis are listed as follows:

To look at the IHC staining of GATA-3, MG, GCDFP-15, NY-BR-1 and BCA-225 in
a series of TNBCs showing CK5 expression and therefore being consistent with a basal-like

phenotype on the basis of the IHC-based surrogate molecular classification.

To evaluate the response patterns in breast cancers after PST, focusing on correlations
of radiological and pathological tumor sizes, regression heterogeneity in the tumor bed and in
the axilla in different molecular subtypes of breast cancer, cellularity changes between biopsy
and resection specimen, correlation between cellularity and size alterations and the incidence

of macronucleated, bizarre neoplastic cells related to therapy.

To evaluate the differences in the degree of regression induced by neoadjuvant therapy
in the SLNs (tumor draining lymph nodes) and in non-SLNs (non-tumor draining lymph
nodes) in a series of patients who underwent SLN biopsy and axillary lymph node dissection

(ALND) following neoadjuvant systemic therapy for breast cancer.

To analyze lumen forming structures of the DCIS component of a few tumors (some
of which were believed to represent DCIS with neoductgenesis) with orcein staining to see
how ducts and acini maintain their staining when involved by DCIS, and to see how ducts
believed to be newly formed behave with this stain.

3. MATERIALS AND METHODS
3.1. IMMUNOHISTOLOGICAL EVALUATION OF BASAL-LIKE TNBCS

Invasive breast carcinomas operated on at the Bacs-Kiskun County Teaching Hospital,
Kecskemét between August 2005 and August 2015 and fulfilling the criteria of TNBC and
CKS5 positivity by IHC were selected for tissue microarray (TMA) construction. All of the
specimens were fixed in 10% neutral buffered formalin for at least 24 hours. Only cases with
more than 3 paraffin blocks available were used; otherwise the cases represent a consecutive
series of such tumors. ER, PR, HER-2 and CK5 IHC results were obtained from the
histopathology reports.
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The TMAs were constructed from archived paraffin-embedded blocks using a TMA builder
device (Histopathology Ltd, Pécs, Hungary). Each TMA contained 20 tumor tissue cores, 2
mm in diameter. These were arranged in 5 rows and 4 columns and an additional row
contained 2 non-mammary control tissues for orientation and identification purposes. Each
carcinoma was represented in duplicate in 2 different TMAs, and the areas sampled were
preferentially from the edge of the tumors. Care was taken to include minor amounts of
normal paratumoral breast tissue in each TMA to serve as internal controls for the IHC

reactions.

IHC for GATA-3, MG, GCDFP-15, NY-BR-1 and BCA-225 was performed using the
antibodies and details listed in Table 1. All antibodies were used on both sets of TMAs, (i.e.
two 2-mm-diameter cores of each tumor), except for BCA-225, where only one set of cores
(and TMASs) was immunostained. The stains were assessed by the two authors by evaluating
the proportion of nuclear (GATA-3) and cytoplasmic (MG, GCDFP-15 and BCA-225) or both
nuclear and cytoplasmic (NY-BR-1) labeling of tumor cells. A staining of 5% or more cells

was considered a positive result.

Antibody Source Clone / Catalog number | Dilution
GATA-3 Santa Cruz, Dallas, TX HG3-31 / sc-268 1:50
MG Biocare, Concord, CA 1A5/PM 269 AA, H RTU
GCDFP-15 | Cell Marque, Rocklin, CA 23A3/ CMCT791 1:200
NY-BR-1 Thermo-Fisher, Rockford, IL | NY-BR1#2 / MS-1932-P0 | 1:300
BCA-225 Biogenex, Fremont, CA CU18 / AM135-5M RTU*

Table 1. Details of the antibodyies used for IHC; *RTU: ready to use

The institutional ethical committee of the Bacs-Kiskun County Teaching Hospital was
consulted and approved this non-interventional retrospective study. The institutional data

safety manager also gave approval for this study not requiring patients’ identity related data.
3.2. EVALUATION OF REGRESSION PATTERNS IN BREAST CANCER AFTER PST

Consecutive invasive breast carcinomas treated with PST and operated on at the Bécs-
Kiskun County Teaching Hospital, Kecskemét or at the Department of Surgery, University of
Szeged from 2015 through February 2018 and from 2013 through May 2018, respectively
were included. Additionally some earlier cases (from between 2010-2014) collected for a
previous study on PST (n=8) were also included. Exclusion criteria were unavailability of

slides of either the biopsy or the excision specimen and primary endocrine therapy.



13

Clinical data, namely age, gender, laterality, type of surgery, pre- and posttreatment
size determined by US, mammography and MRI (as available), primary systemic therapy
were collected from medical charts. Pathological data including ER, progesterone receptor
(PR) and HER-2 status, ypT and ypN categories [6], TR and NR tumor and node regression
categories [97], pre- and posttreatment histological grade, pathological size (both the largest
invasive focus and extent of the area involved by tumor, either invasive or in situ) were
obtained from the histopathology reports. The immunohistochemical surrogate classification
of molecular subtypes of breast carcinomas was utilized according to the 2013 St. Gallen
Consensus Conference [98]. The recommendations of the American Society of Clinical

Oncology were applied for the evaluation of HER-2 immunohistochemical staining [99].

Both departments have used a similar work-up methodology recommended by the 3rd
Hungarian Consensus Conference on Breast Cancer [61] including radiological localization,
systematic sampling and clinical-pathological correlation on multidisciplinary meetings. All
hematoxylin-eosin stained tumor (bed) containing slides of biopsy and excision specimens
were analyzed. The cellularity was estimated by two pathologists (TZ & GC) both on biopsy

and excision specimens. Consensus was always reached.

The tumor bed areas showing complete regression or the absence of any regression
pattern were evaluated on low (4x) and medium (10x) power fields (field areas: 0.24 mm? and
0.005 mm?, respectively). The presence of whole slides, any low power field or any medium
power field showing complete response or the lack of any response were noted. Homogenous
regression was defined as pCR (Fig.2A), absence of regression on all slides (Fig.2B) and
uniform degree of regression on all slides (Fig.2C). Any other pattern was perceived as
inhomogeneous response (Fig.2E-G). The latter included the so called "scatter pattern”, the
CS [69], which was identified in case of reduction of tumor size with similar cellularity
(Fig.2D). The cells having enlarged cytoplasm, multiple and/or enlarged bizarre
hyperchromatic nuclei with different size and shape were labeled as “monster cells” for the

purpose of this study (Fig.2H-I).

The slides of axillary sentinel lymph node excisions and/or axillary lymph node
dissections were reevaluated and the presence or absence of metastasis and regression were
documented. If metastatic nodes were seen with and without regression, inhomogeneous

axillary response was identified.
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The alteration of pre- and posttreatment cellularity and size; and the correlation
between radiological (exclusively uniformly available US data) and pathological size were
analyzed by the Spearman rank model. All statistical tests were one-sided, and p<0.05 values
were considered statistically significant. We utilized the SPSS Statistics software (IBM, SSPS
22.0, Armonk, NY USA).

Figure 2. Patterns of regression and peculiar cellular changes (monster cells) in post-treatment
specimens. A: Complete pathological regression (HE, 4x); B: Absence of any regression in the tumor
bed (HE, 4x); C: Homogenous regression (HE, 4x); D: Concentric shrinkage pattern (HE, 4x); E:
Inhomogeneous regression in a tumor bed. Big red circle and small yellow circle display 4x and 10x
field area, respectively. (HE, 1x); F: 4x field area of tumor bed on “E” slide shows complete response
(HE, 4x); G: 10x field area of tumor bed on “E” slide lacks any regression (HE, 10x); H and I: bizarre

macronucleated “monster” cells (HE, 40x)
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3.3 EVALUATION OF REGRESSION HETEROGENEITY IN AXILLARY LYMPH
NODES AFTER PST

In this retrospective study, lymph node tissue sections of 142 female breast cancer
patients staged with SLN biopsy and ALND after receiving neoadjuvant therapy were used
from the archives of the authors’ institutions. Inclusion criteria for enrollment were any type
of histologically verified invasive primary breast cancer treated with neoadjuvant systemic
therapy, the successful identification of at least one SLN and ALND following SLN biopsy.
SLNs were identified according to the routine procedure of the given institutions, and
involved intra- or peritumoral or subareolar injection of a 99mTc labeled colloidal albumin
and/or Patent blue dye in vivo. ALND was performed either routinely as part of a validation
of SLN biopsy after neoadjuvant treatment or because of metastatic disease identified in the

SLNs.

Tissues were fixed in buffered formalin and embedded in paraffin. Three to four-
micrometer-thick whole tissue sections were used for the standard hematoxylin-eosin staining.
The presence and degree of regression were evaluated in all metastatic and non-metastatic
lymph nodes, SLNs and non-SLNs separately, using the nodal regression (NR) grading
recommended by the European guidelines [97]. These results were used to categorize the
cases, based on whether they supported the theory that regression in SLNs may be greater

than in non-SLNSs or not.

No patient identity related data were required or used, disease outcome was indifferent
for the study purposes, and this retrospective non-interventional setting had no influence on
treatment. Such a protocol does not imply an ethical approval in most of the participating
institutions, but the Ethical Committee and Data Safety Manager of Bacs-Kiskun County
Teaching Hospital, where the study was initiated, were consulted and no ethical concerns
were raised (Reference Number: 4/170125)

3.4. ANALYSIS OF LUMEN FORMING UNITS IN CASES OF DIFFUSE DCIS WITH
COMEDO-LIKE NECROSIS AND CASTING TYPE CALCIFICATION

Selected histological slides of patients with areas of DCIS (mostly associated with
areas of invasive cancer) demonstrating comedo necrosis and central, amorphous
microcalcification on histology slides were retrospectively analyzed. The study cases were
from the Pathology Departments of the University of Szeged (collected from a consecutive
series of patients with radiologic evidence of casting (linear branching) type calcification) and
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the Bacs-Kiskun County Teaching Hospital (randomly selected cases with comedo necrosis
and central amorphous calcification in the slides; these were from a previous pilot study
looking at the elastic stains). The clinicopathological information needed was obtained from
the radiological and histopathological reports.

Inclusion criteria were the following: casting (linear branching) type calcification
described by the radiological report or the histopathology report, high or intermediate grade
DCIS [100] with or without invasive breast carcinoma, resected tumor specimens and
availability of slides and paraffin blocks. For control, two slides with normal breast tissue and
architecture derived from random quadrant samples of tumorous cases were included in the

study.

Hematoxylin and eosin (HE) staining was employed for the identification of anatomic
structures involved by the in situ neoplastic cells as ducts or acini, whereas orcein staining
alone or combined with hematoxylin or HE (ORC) was used for the evaluation of elastic
fibers around the units previously classified on the basis of the HE stain. One or two slides per
case were selected and digitized with a 3DHistec Pannoramic 250 scanner (3D Histech,

Budapest, Hungary).

In the first step, with the aid of the freely downloadable Pannoramic Viewer software

(3DHistec, Budapest, Hungary), the structures were numbered in parallel on both the HE and
the ORC digital slides (Fig 3).

Figure 3. Annotated structures on the HE slide. (Structures that could be identified on
both HE and ORC slides were numbered on both and then classified on the HE slide as ducts

(a), likely ducts (b), unclassifiable structures (c), likely acini (d) or acini (e).)
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Each numbered structure that could be identified on both HE and ORC stained slides
was then classified into one of the following categories: definitely representing a duct, likely
to be a duct, unclassifiable, likely to be an acinus, definitely representing an acinus (Fig 3).
For this classification, the resemblance to the normal microanatomical structures were
considered; i.e. clustered arrangement into or resemblance to lobular structures pointing to

acinar structures, and single structures pointing to a ductal nature.

The elastic fibers around the numbered and classified structures were graded as
concentric presence (score 3), dominant presence (continuous or discontinuous elastic fibers
around more than half of the perimeter of the structure; score 2), dominant absence (focal,
elastic fibers around less than half of the perimeter of the structure; score 1) and absence of

elastic fibers around the structure (score 0) (Fig 4).

Be i - g

Figure 4. Elastic fibers around lumen forming units on orcein staining. A: complete circular
staining; B: more than half elastic coating (rather positive), C: less than half elastic coating (rather

negative); D: absence of elastic fibers

The neoductgenesis-score described by Zhou et al [96] was applied for the
identification of tumors demonstrating neoductgenesis. (The cases were selected before this
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description was read). This scoring system takes into account the concentration of duct like
structures and loss of normal ductal-lobular architecture, the lymphocytic infiltration and
periductal fibrosis (Table 2.). The original description of the score also includes a visual scale
for each score component, and this was used to label the cases. However, we also applied the
score to individual structures. For this, we used the first component of the combined score
from the entire slide, but the two remaining score components were derived from the

lymphocytic infiltration and fibrosis around the given structure.

Variable
Concentration of duct like structures
and loss of normal ductal-lobular architecture
absent 0
focal 1
general 2
Periductal lymphocytic infiltration
absent 0
mild 1
pronounced 2
Periductal fibrosis
absent 0
mild 1
pronounced 2

Table 2. Neoductgenesis-score. Neoductgenesis identified if the sum of points is >4 points [96]

The statistics included the Mann-Whitney and the chi-square tests. All statistical tests
were two-sided, and p<0.05 values were considered statistically significant. The institutional
ethical committee of the Bacs-Kiskun County Teaching Hospital was consulted and raised no

concerns about this non-interventional retrospective study.

4. RESULTS
4.1. IMMUNOHISTOCHEMICAL EVALUATION OF BASAL-LIKE TNBCS

All markers could be evaluated in only 115 of the 118 tumors sampled, therefore the
result are reported for these 115 cases. In 3 cases, the tissue cores were not evaluable due to
necrosis or lack of tumor cells. The series included 4 recurrent tumors (including 1 with

intramammary nodal recurrence only) and 10 cases treated with neoadjuvant systemic therapy
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with no or minimal (0-10%) regression. The basic characteristics of these tumors are

summarized in Supplementary table 1.

GATA-3 labeling was characterized by nuclear staining in the tumor cells. In a few
specimens, weak nuclear staining was noted in a very small minority of lymphocytes, but this
could not be confounded with either tumor cell positivity or the staining of normal mammary
epithelium. MG, GCDFP-15, NY-BR-1 and BCA-225 positivity was identified as obvious
cytoplasmic staining. Although the data sheet of NY-BR-1 suggests that occasional nuclear
staining may occur with this antibody, this was not noted in tumor cells, but was present in a
few normal breast epithelial cells. Examples of diffuse and focal IHC staining are presented in

Figure 5, to demonstrate the range of positive reactions seen in the tumor samples.

The IHC results are displayed in Tables 3 and 4, which show both the proportion of
tumors demonstrating any degree of staining with a given marker and the proportion

considered positive according to the 5% cut-off used in this study.

Marker Any positive staining >59% positive staining
(%; 95%ClI) (%; 95%ClI)
n=115 n=115
GATA3 82 (71.3; 62.4-78.7) 23 (20; 13.7-28.2)
MG 30 (26.0; 18.9-34.8) 12 (10.4; 6.0-17.3)
GCDFP-15 23 (20.0; 13.7-28.2) 9(7.8; 4.1-14.2)
NY-BR-1 7 (6.0; 2.9-12.0) 3(2.6,0.8-7.3)
BCA-225 74 (64.3; 55.2-72.5) 40 (34.7; 26.6-43.8)
GATA3 and MG 21 (18.2; 12.2-26.3) 2(1.7,0.4-6.1)
MG and GCDFP-15 12 (10.4; 6.0-17.3) 2 (1.7,0.4-6.1)

GATA-3, MG and GCDFP-15

9(7.8; 4.1-14.2)

1(0.87; 0.1-4.7)

NY-BR-1 and GATA-3

3(26,08-7.3)

0(0; 0.0-3.1)

Ny-BR-1 and GCDFP-15

2 (1.7,0.4-6.1)

2 (1.7,0.4-6.1)

Any markers (without BCA-225)

97 (84.3; 76.6-89.8)

40 (34.7; 26.6-43.8)

Table 3. Breast marker expressions in the tumors investigated
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Figure 5. Examples of noticeable (at least 5%6) GATA-3, Mammaglobin-A, GCDFP-15, NY-BR-1
and BCA-225 staining on the left (A, C, E, G, I, respectively) as opposed to focal and weak
staining with these markers (B, D, F, H, J, respectively) on the right. Arrows in B indicate the

few weakly stained nuclei.
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Any staining | GATA3+ | GATA3-| MG+ | MG- | GCDFP-15+ | GCDFP-15- | NY-BR-1+ | NY-BR-1-
GATA3+
GATA3- na
MG+ 21 8
MG- 61 25 na
GCDFP-15+ 16 6 11 | 11
GCDFP-15- 66 27 18 | 75 na
NY-BR-1+ 2 3 0 5 1 4
NY-BR-1- 80 30 29 | 81 21 89 na ER-PR- HER2- | [GATA3+
BCA225+ 57 16 | 23 | 50 16 57 3 70 Kot (n=115) ]\~ Lin=23)
BCA225- 25 17 6 | 36 6 36 2 40 —l .o
(n=92) (n=10)
5% cut-off | GATA3+ | GATA3-| MG+ | MG- | GCDFP-15+ | GCDFP-15- | NY-BR-1+ | NY-BR-1-
MG- GCDFP-15+

GATA3+ (n=82) (n=5)
GATA3- na
MG+ 2 10 GCDFP-15- NY-BR-1+
MG- 21 82 na {o=77) (n=1)
GCDFP-15+ 2 6 2 6

NY-BR-1-
GCDFP-15- 21 86 10 | 97 na (n=76)
NY-BR-1+ 0 1 0 1 0 1
NY-BR-1- 23 91 12 | 102 8 106 na
BCA225+ 8 31 4 | 35 4 35 0 39
BCA225- 15 61 8 | 68 4 72 1 75

Table 4. Mutual breast marker expressions in the tumors investigated

Figure 6. Hierarchical labeling of the tumors

with 4 “breast specific” markers.
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Taking any staining into account, GATA3 and BCA-225 labeling was seen in the
majority of the cases, followed by MG and GCDFP-15, whereas NY-BR-1 immunoreactivity
was seen in only a few tumor samples. Using the 5% cut-off, there was a marked drop in the
proportion of cases showing GATA3 positivity, but reductions were seen with all markers.
Only one third of the cases showed notable (at least 5%) staining with any of the 4 markers
considered to be more specific for a breast origin if a few caveats are kept in mind. Using the
frequency of labeling in this series, Figure 6 shows the hierarchical help that each of the
markers can give in the assessment of a mammary origin of CK5 positive TNBCs. It is clear
from the figure as from overall data that NY-BR-1 is not of great help in this context. BCA-
225 which is breast specific only in its name and data-sheet, stained only 25/76 of the tumors
negative for all 4 other markers.

4.2. EVALUATION OF REGRESSION PATTERNS IN BREAST CANCER AFTER PST

In this series, 106 cases were included: 56 and 50 patients from the University of
Szeged and the Bacs-Kiskun County Teaching Hospital, respectively. The basic clinical
characteristics of these cases, namely age, type of surgery, histological type of tumor, ypT,
ypN categories, pretreatment grade and therapy received are summarized in Supplementary
table 2. Seven patients having stage IV disease defined by distant metastasis received
palliative chemotherapy before surgery.

The morphological parameters evaluated are displayed in Table 5. In all IHC
approached molecular subtypes defined by the St. Gallen Consensus Conference in 2013,
diminution was the most frequent size alteration after PST. The Spearman rank correlation
revealed that the concordance between post-treatment pathological size and radiological size
(defined by US examination) was high (p=0.002).

Regarding the homogeneity of regression, the luminal A, HER-2 and TNBCs showed
more homogeneity, whereas luminal B cases demonstrated more inhomogeneity.
Unfortunately, statistical analysis could not been applied due to the low case number in the
groups. Lack of any regression, uniform degree of regression and pCR were observed in
7.5%, 18.8% and 28.3% of all cases, respectively. The vast majority of inhomogeneous
regression was minor inhomogeneity (36.7% of all cases). The scatter pattern was identified
in only 7 cases (6.6%), while CS was the rarest (n=2; 1.8%). The regression inhomogeneity is
demonstrated in Table 6 displaying the distribution of complete regression and the lack of any

regression patterns at the different magnifications evaluated. In the lymph node specimens,
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homogeneity was more frequent (homogeneity: 45.3% versus inhomogeneity: 23.5% of all
cases). In cases having neither metastasis nor regression in the lymph nodes, homogeneity of
regression or its lack could not be evaluated (31.2 %).

Cellularity changes reflected decrease in most cases (two thirds of all patients) but an
increase was recorded in a significant minority (15.1%). The correlation between changes in
cellularity and the alterations of post-treatment pathological and radiological tumor sizes
compared to the pretreatment US size were significant (p=0.04 and p=0.03, respectively).
After exclusion of cases showing pCR following PST (where grade alteration was not
interpretable) the grade of tumors was unchanged in 72.4%. Upgrading and downgrading
were detected in 10 and 10 cases (13.8% and 13.8%), respectively. The latter was not seen

among patients having TNBC.
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Luminal A-like Luminal B-like HER-2 TNBC
Morphological variable n (%) n (%) n (%) n (%)
20 (100) 29 (100) 26 (100) 31 (100)
Radiological size alteration
shrinkage 15 (75) 26 (89) 24 (92.4) 25 (80.6)
growth 2 (10) 0 (0) 2 (7.6) 4(12.9)
unchanged 2 (10) 3(11) 0(0) 2 (6.5)
no data 1(5) 0 (0) 0 (0) 0 (0)
Regression pattern in the resection specimen
Homogeneous 14 (70) 10 (34.4) 15 (57.6) 19 (61.3)
pCR 0 (0) 6 (20.7) 12 (46.2) 12 (38.7)
uniform degree of regression 11 (55) 3(10.3) 2 (7.6) 4(12.9)
lack of any regression 3 (15) 1(3.4) 1(3.8) 3(9.6)
Inhomogeneous 6 (30) 19 (65.6) 11 (42.3) 12 (38.7)
minor inhomogeneity 5 (25) 17 (58.8) 9 (34.7) 8 (25.9)
"'scatter pattern" 1(5) 2 (6.8) 1(3.8) 3(9.6)
concentric shrinkage 0 (0) 0 (0) 1(3.8) 1(3.2)
Regression pattern in the lymph node specimen
homogeneous 9 (45) 12 (41.4) 13 (50) 14 (45.2)
inhomogeneous 7 (35) 10 (34.5) 4 (15.4) 4(12.9)
not applicable 4 (20) 7 (24.2) 9 (34.6) 13 (41.9)
Change in cellularity
decreased 15 (75) 23 (79.5) 21 (80.8) 22 (70.9)
increased 2 (10) 3(10.3) 4 (15.4) 7 (22.6)
unchanged 3 (15) 1(3.4) 1(3.8) 2 (6.5)
no data 0 (0) 2 (6.8) 0 (0) 0 (0)
Change in grade
decreased 4 (20) 3(10.3) 3(11.5) 0 (0)
increased 2 (10) 5(17.3) 0 (0) 3(9.6)
unchanged 14 (70) 12 (41.4) 11 (42.3) 15 (48.3)
no data 0(0) 9 (31.0) 12 (46.2) 13 (41.9)
Presence of “monster” cells
present 5 (25) 6 (20.6) 3(11.5) 5 (16.1)
absent 15 (75) 23 (79.4) 23 (88.4) 26 (83.9)

Table 5. Morphological features of cases evaluated, displayed according to the molecular subtypes of breast cancer (HER-2: human epidermal
growth factor receptor-2; TNBC: triple negative breast cancer, pCR: pathological complete regression)
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Patterns of complete regression pattern at magnification of/on lack of any regression pattern at magnification of/on
inhomogeneity n whole slide 4x 10x absent | whole slide 4x 10x absent
minor

inhomogeneity 39 0 19 (48.7) 14 (35.8) 6 (15.5) 3(7.8) 15 (35.5) 9(23) 12 (30.7)
scatter pattern 7 7 (100) 0 0 0 0 2 (28.5) 3(43) 2 (28.5)
concentric

shrinkage 2 0 2 (100) 0 0 0 0 1 (50) 1 (50)

Table 6. Morphological characteristics of regression patterns

Note: When a pattern was present on the whole slide, it was also present in a medium power (10x) and low power (4x) field, too; but the numbers in

the table reflect only the largest of the three areas assessed.
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“Monster” cells were seen in 17.9% (n=19) of all cases. They were present in
pre- and posttreatment grade 2 and 3 tumors exclusively. Their possible influence on
grade alteration and association with PST are demonstrated in Table 7. Among these
findings, the following are underlined: in 5 cases, upgrading (grade 2 to post-
treatment y-grade 3) was detected in presence of “monster” cells, and the monster
cells were present only (all but one case) in patients who received PST including a

taxane.

No correlation was found between the molecular subtypes and treatment
related alteration in (pathological) size, cellularity, grade, the homogeneity of

regression in lymph node specimens and presence of "monster” cells.

monster cells

Alteration of grade present | absent
increased 5 5
decreased 1 9
unchanged 11 41
no data 2 32

Therapy

anthracycline +/- targeted therapy 1 8
taxane +/- platinum derivatives 4 23
anthracycline + taxane 15 55

Table 7. Relation between alterations of grade, therapy received and “monster” cells,
respectively.

4.3. EVALUATION OF REGRESSION HETEROGENEITY IN AXILLARY
LYMPH NODES AFTER PST

The mean (£S.D.) age of the patients was 50.2 (£11.0) years. The neoadjuvant
treatment involved hormonal therapy with aromatase inhibitors in 10 cases, whereas
the remaining patients received chemotherapies. There were 110 ER positive tumors
(including 25 HER2 positive cases), and of the 32 ER negative tumors, 12 were
HER?2 positive by immunohistochemistry or in situ hybridization. Complete primary
tumor regression with or without residual in situ carcinoma was seen in 24 cases, and
no signs of regression were reported in 16 primary cancers. No nodal regression at all
was evidenced in 19 node-positive cases, whereas the number of cases having at least
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one metastatic lymph node without evidence of regression (NR4) was 55. A median
of 2 SLNs (range: 1-8) and 14 non-SLNs (range: 2-42) were removed from the
patients. The metastasis and regression status of the analyzed cases are summarized in
Table 8.

The practice of SLN biopsy in locally advanced breast cancer patients
receiving neoadjuvant systemic treatment is still somewhat controversial. Often the
SLN biopsy was performed before primary systemic therapy or was not performed
because of previously evidenced metastatic lymph nodes. The required cases were
relatively rare in our archives, and the present study should be regarded as an
exploration of the theory of a potential selective regression (or non-regression) in
SLNs. Categories B, CO, F, H, I, J and N represented 87/142 cases including 40 node-
positive cases without evidence of regression in the lymph nodes (Table 8), and were
indifferent towards the tested hypothesis. Of the 89 cases with signs of nodal
regression, 22 cases were in categories A, C2, E and G, where the regression was of
greater degree in non-SLNs (22/89 cases, 25%). Only 18/89 cases (20%) fell into
category C1, D or K, and were in support of a selective and more pronounced
regression in the SLNSs.
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SN metastasis | SN regression | NSN metastasis | NSN regression | Category | Support the theory? | No. of cases
Yes A No 9
No
No B Indifferent 15
Yes (= SN) CO No 11
Yes
Yes (< SN) C1 Yes 5
Yes
Yes (> SN) C2 No 8
Yes
No D Yes 6
Yes E No 3
No
No F Indifferent 24
No
Yes G No 5
Yes
No H Indifferent 18
Yes I Indifferent 11
No
No J Indifferent 2
Yes
Yes K Yes 1
Yes
No L Yes 0
No
\ Yes M False negative SLN 7
0
No N Indifferent 9
No
Yes 0 False negative SLN 6
Yes
No P False negative SLN 2

Table 8. Categorization of the results on the basis of possible variations in the distribution of metastases and regression and their relation to

support the theory of a possible selective regression pattern in SLNs
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4.4. ANALYSIS OF LUMEN FORMING UNITS IN CASES OF DIFFUSE DCIS WITH
COMEDO-LIKE NECROSIS AND CASTING TYPE CALCIFICATION

Twenty seven slides from 21 female patients were investigated in this retrospective
study (median 1 slide/case). The mean age of the patients was 63.7 (range 46-86). The basic
clinicopathological parameters are displayed in Supplementary table 3. Two thirds of the
patients had high grade DCIS with invasive carcinoma of no special type. The mean+S.D.
invasive tumor size and tumor extension (including DCIS as well) were 13.9£17.7 mm
[range: 0-65 mm] and 44.4430.7 mm [range: 12-65 mm], respectively. The invasive
component showed almost exclusively high nuclear grade. The in situ component was of high
grade in all but one case. Estrogen receptor and progesterone receptor positivity were
observed in 13 cases and 11 cases, respectively. Intense, concentric membranous positivity of
HER-2 was seen in 13 cases (61.9%). Centrally calcified comedo type necrosis was present in
all cases, and casting (linear branching) type -calcification on the mammogram was
documented in 18 cases; two cases had mammography elsewhere and no data on the type of
calcifications were available, and two cases had granular rather than casting type calcification
described in the radiological report.

Altogether 1220 structures were classified as ducts or acini with different levels of
certitude, as described in the methods. The majority (nearly two thirds) were unclassifiable,
and between 7.4 and 13.6 per cent belonged to one of the 4 remaining categories each. The
relation of these classified structures to peristructural elastic fibers is shown in table 9. The
concentric presence of elastic fibers is more frequent around structures identified as ducts or
likely ducts, but was also seen around a minority of unclassifiable structures. At the opposite
end of the spectrum, acini lack elastic fibers around, similarly to likely acini. Most
unclassifiable structures are also completely or partially (dominant absence pattern) devoid of

peristructural elastic fibers (Fig 7).
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Elastic fibers
Dominant | Dominant|Concentric
absence presence | presence

Duct vs. Acinus | Absence All (n) | All (%)

n % n % n % n %
Duct 5 04 9 0.7 241 1.9 53 | 44 91 7.4
Likely duct 21 13 | 34 2.9 25 2 33 | 2.7 113 8.9

Unclassifiable | 559 | 459 | 142 | 11.7 |36| 3.1 25 2 762 62.7

Likely acinus 88 | 7.3 1 007 | 1| 0.07 0 0 90 7.44

Acinus 162 | 134 | 2 016 | 0 0 0 0 164 13.56

All 835 | 68.3 | 188 | 15.53 |86 | 7.07 | 111 | 9.1 | 1220 100

Table 9. The proportions of elastic fibers around the evaluated structures

Ducts (n=33) and acini (n=150) of control breast slides were also analyzed for the
presence of elastic coating around these normal structures. The Mann-Whitney test revealed
significant difference between ducts and acini: a concentric elastic fiber layer surrounds

almost all normal ducts, but the acini do not have such an elastic coating (p<0.001).

Neoductgenesis was identified in six (25.5%) cases by using the neoductgenesis score
suggested by Zhou and coworkers. After the application of this scoring system to all
numbered structures, we found that in neoductgenesis positive tumors, 27.3% of the
numbered units were suggested as neoducts and there was hardly any potential neoducts

(0.75%) in neoductgenesis negative tumors.

We examined the means of the scores of numbered individual structures per case, as
well. In neoductgenesis positive tumors (n=6), the average of the neoductgenesis related
scores was higher (mean+S.D.: 3.87+0.35, range: 3.49-4.39) than in neoductgenesis negative

cases (mean+S.D.: 1.97+1.11, range: 0-3.1).
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Figure 7: Elastic fibers around ducts involved by DCIS, and their lack around similar
structures, that could represent neoducts, but do not reach an individual score for the
gualification as neoduct in a neoductgenesis negative case on the basis of the overall score
(Orcein, 4x). Note the branching of the elastic fiber-negative structure from the elastic fiber-

positive duct.

Two thirds of these neoducts identified by the per structure scoring system are
irregular and uncertainly classifiable structures (table 10) and almost 80% of them are not or
dominantly not surrounded by elastic fibers. The chi-square test revealed a significant
difference between the normal structures and the individual score based neoducts: the latter

generally do not have an elastic layer around (p<0.001).

Elastic fibers

Neoduct Negative | Rather | Rather jConcentric| ;v | Al (05)

negative | positive | positivity

n % n % n| % | n %
Duct 3 14| 5 24| 5| 24| 15 6.9 28 13.1
Likely duct 5 24| 13 6.2 9| 42| 5 2.4 32 15.2
Unclassified 109 50| 20 93| 5| 24| 5 2.4 139 64.1
Likely acinus 8 3.7 1 0.6 O 0] O 0 9 4.3
Acinus 7 33| 0 0] O 0| O 0 7 3.3
All 132| 60.8| 39| 185| 19 9| 28| 117 218 100

Table 10. The morphological characteristics of potential neoducts (n=218)
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In neoductgenesis positive and negative tumors, the presence of elastic fibers was
evaluated by scoring of each structure on orcein stained slides as described in the methods.
Lower scores were found in the neoductgenesis positive tumors (mean+S.D.: 0.57+0.32,
range: 0.28-0.91) than in neoductgenesis negative neoplasms (mean+S.D.: 0.89+0.54, range:
0.1-2.1).

5. DISCUSSION
5.1. IMMUNOHISTOCHEMICAL EVALUATION OF BASAL-LIKE TNBCS

TNBCs are defined by their negativity for ER, PR and HER2. Despite this defining
phenotypic character, they still represent a heterogeneous group of breast carcinomas [101].
Some subsets of TNBCs can be relatively well identified using IHC, for example androgen
receptor and diffuse GCDFP-15 positivity can identify apocrine carcinomas [102], and it has
been suggested that tumors expressing CK5 and/or EGFR are those that best match the
molecular subtype of basal-like carcinomas [103]. Basal-like TNBCs are often circumscribed
(a feature shared by many metastases), predominantly solid, without much lumen-forming
tendency, and they often feature necrosis, squamous metaplasia, all rendering their
identification as breast carcinoma more difficult. They are aggressive tumors with a tendency
to give distant metastases on the short term. Metastases to the breast are rare, but metastases
from TNBCs are relatively common. Identification of a tumor as primary TNBC or a
metastasis from TNBC is relevant diagnostically, therapeutically, but can be important from
tissue archival and tumor banking aspects too.

Proving the mammary origin of TNBCs may be problematic, as ER, one of the most
commonly used, but not specific markers of breast origin is by definition absent in these
tumors. In the present study we investigated the expression of 5 markers developed or used to
support the mammary origin of cancers according to the descriptions in the data sheets,
(namely GATA-3, MG, GCDFP-15, NY-BR-1 and BCA-225) by IHC in a series of TNBCs

deemed to be of the basal-like type on the basis of their CK5 expression.

Using the 5% cut-off, which is readily detectable, BCA-225 showed the highest
expression rate with about one third of the cases staining, but this was well below the 98%

staining rate found for breast cancers in general. Therefore, despite not being specific for
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breast cancer, the marker is also not sensitive enough. Owing to these features, it was dropped

from further considerations.

Overall, more than 90% of breast cancers are GATAS3 positive [51], whereas only
about 50%, 20 to 30% and 46-70% show positivity for MG [36], GCDFP-15 and NY-BR1
[50; 51], respectively. Most of the reported series suggest that positivity for both GATAS3 and
NY-BR-1 is more common in ER-positive tumors. GATA3 somatic mutations and microarray
data have linked GATAS to the estrogen signaling pathway, and therefore it is not surprising
that the expression of this protein is lower in TNBCs, than in ER+ tumors or breast cancers in

general, in keeping with previous results (Supplementary table 4).

Data on the staining frequency of GATA3, MG, GCDFP-15 and NY-BR-1 in TNBC
are limited. Studies reporting on the expression of these markers on a relatively large number
of primary or secondary TNBCs are summarized in Supplementary table 4. On the basis of
these data, the sensitivity of GATA-3, Mammaglobin-A, GCDFP-15 and NY-BR-1 to suggest
a mammary origin are 43.5% (95%CI 0.396-0.476), 16.4% (95%CI: 0.136-0.196), 15.1%
(95%Cl: 0.127-0.179) and 5.4% (95%CI: 0.027-0.103), respectively.

Despite the fact that GATA-3 expression has been linked with ER expression, this was
the marker to show the highest frequency of staining in CK5 expressing TNBCs. When 5%
and more staining was chosen as a cut-off for positivity, the frequency of each marker
decreased (Tables 3 and 4). Lower percentages of staining must be interpreted with caution as

the specificity of such a low labeling is uncertain.

When our results are compared with those of others (Supplementary table 4), the
positivity rates for GATA-3 and GCDFP-15 are lower in our TMA based series. A potential
weakness of the present study could be the use of TMAS, because MG and GCDFP-15 often
stain breast carcinomas in a patchy pattern [38], and the sensitivity of detecting these markers
can be lower in TMAs than on whole slide sections. This could be one possible cause of the
discrepancy between our results and those of others listed in Supplementary table 4, although
two 2-mm-diameter cores are a relatively good representation of a tumor in TMA based
studies. Another issue behind the difference in results might stem from the fact, that we
studied a distinct subset of TNBCs.

TNBCs are heterogeneous [101], and some of them, belonging to the luminal
androgen receptor positive group, are characterized by forkhead-box Al (FOXAL) protein
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overexpression [104]. FOXAL and GATA-3 are both involved in the downstream of the ER
pathway. Diffuse GCDPF-15 is also a marker of apocrine differentiation in IHC studies [102;
105]. Such tumors were excluded by selecting basal-like matching carcinomas on the basis of
their CK5 expression. Such differences in the subgroups analyzed may also contribute to the
lower rates of positivity of GATA-3 and GCDFP-15 in this series; it is believed that this is the

main reason for the discrepancy.

Possible differences may also be attributable to the use of different antibodies/clones.
But this is unlikely to be a major source of differences as 4 studies used the same antibody
clones as we used for GATAS3 [12; 13; 106; 107]. The fact that we studied primary tumors
rather than metastases is also unlikely to explain lower expression rates in the present series.
The evaluation of primary tumors may be a limitation of the present study due to possible
changes of phenotype between a primary tumor and its metastases, but if primary basal-like
TNBCs show such a low expression of the studied markers, expecting much wider

immunoreaction in metastases would seem unrealistic.

To our knowledge, this is the largest series of TNBC analyzed for the expression of 4
markers of mammary origin, moreover the series includes exclusively TNBC of a distinct
subtype, namely tumors expressing CK5 and therefore most likely to coincide with basal-like
breast carcinomas [103]. If we consider the documented lack of specificity of BCA-225 [53],
the remaining 4 breast markers fail to show any staining in about 15% of CK5 expressing
TNBCs. A more detectable (at least 5%) expression of any of the 4 markers was seen in
around one third of the cases, leaving the remaining two thirds unidentified as of mammary
origin. Of the 4 markers, NY-BR-1 is rarely expressed in the tumor subset studied, and

therefore its use adds practically nothing to the use of the other three.

The expression of GATA3, MG, GCDFP-15 and NY-BR-1 is lower in TNBCs than in
breast carcinomas in general. Although these markers may be positive in different other
tumors, by using them, a subset of basal-like TNBC-s can be identified as of mammary origin.
Though the positive staining supports a breast origin, negativity for all markers does not
exclude this. Therefore we suggest using GATA-3, MG and GCDFP-15 as an IHC panel to
establish breast origin when ER and PR are negative. Obviously, at the primary site,
histological features such as the presence of in situ carcinoma of similar grade may also

suggest the primary nature of the tumor, but this help is missing in the metastatic setting. One
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should be prepared to find a relatively high number of basal-like TNBCs to be negative for all
the studied breast markers.

5.2. EVALUATION OF REGRESSION PATTERNS IN BREAST CANCER AFTER PST

The concepts of PST were developed in the last years and offer an alternative option
for patients having primary breast cancer. The aims of PST are combination of systemic
treatment and surgical treatment in order to eliminate all tumor cells, downstaging breast
cancers to make them operable by breast conserving options, and enabling the assessment of
regression by pathological means [108-110]. In PST studies, the pathological diagnosis is the
most important parameter for the generation of study endpoints [111]. The histopathological
changes after PST are complex, therefore careful systematic analysis of the specimen is
required for accurate diagnosis and treatment. The standardization of specimen handling and
histological interpretation is essential for approaching pCR as an indicator in PST studies, or

for measuring residual disease [63].

Although one of the most cardinal features of residual disease is the tumor size, it is
often difficult to determine after PST. Besides the hardships of systematic sampling of the
tumor bed, residual tumor may be present as multiple, small scattered foci. In the latter case,
the size of the largest invasive focus determines the ypT category according to the 8™ edition
of the AJCC staging system [6], while the extent defined by the largest dimension inclusive of
all independent invasive foci may be better for comparison with radiologic size [65]. Our
findings have demonstrated, that pathological tumor size correlates with radiological (US)

size, and the alteration of pathological size is in keeping with radiological findings [112; 113].

Primary chemotherapy selectively eliminates the proliferating cells, therefore the
mitotic activity and the cellularity may decrease. Though the change in cellularity is one of
the most representative features of PST [114], it is not recorded routinely in the
histopathological reports because it is not easy to assess, lacks standardization and is an
important parameter in only some tumor-response systems [68; 115] while it is not one in
others [116-118]. Cellularity is utilized in two regression grading systems: in the Miller-Payne
and in the Residual Cancer Burden system (RCB). Regarding the five-tiered Miller-Payne
system, the pre- and post PST cellularity are compared, and the presence of invasive
carcinoma is considered [68]. The four-tiered RCB is based on the size of the tumor bed in
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two dimensions, tumor cellularity in the post-treatment specimen, the proportion of DCIS in
residual cancer, the number of lymph nodes with residual metastasis and the size of the largest
lymph node metastasis [115]. In the present series, biopsies taken before PST and resection
specimens were evaluated for cellularity changes. In the vast majority of the cases, cellularity
has declined and a significant correlation was detected between alterations of cellularity and

(pathological) size.

Our findings suggest that homogeneity and inhomogeneity of regression are not
associated with any molecular subtypes, and both are present approximately in half of the
cases. The majority of inhomogeneous regression represented minor inhomogeneity seen in
differences between one and the other medium or low power field, while the scatter pattern
and CS were exceptionally rare. Although, the most remarkable pattern is the scatter pattern
regarding the problems of tumor bed sampling, where complete slides may be present without
residual cancer, minor heterogeneity may also cause diagnostic controversy if only core

biopsy is taken after PST.

Several ongoing or completed studies on PST feature post-PST biopsies as parts of
their design [119-123]. By taking interim or final biopsies, pathological response and the
effects of treatment can be characterized. Tumor and response heterogeneity, especially the
scatter pattern of regression may have an impact on these studies. Limited sampling by
biopsies may be the source of misinterpretations, if the biopsy is taken from the part of tumor
bed showing complete response, or another part lacking any response. To avoid these
diagnostic pitfalls, generous sampling by multiple biopsies is recommended for cases showing
the extremes on the scale of regression, if the assessment of the complete tumor bed is not

feasible.

Histological grade of breast cancer is one of the most established traditional prognostic
factors. Honkoop and coworkers have found significant decline in mitotic activity following
PST [124], while Sharkey et al have identified significant increase of nuclear pleomorphism
[125]. While the decline of mitotic count can lead to “downgrading”, more severe nuclear
atypia could result in “upgrading”. The result of these contradirectional changes may alter the
posttreatment histological grade. We have demonstrated that up- and downgrading are rare,
especially because the majority of PST case belong to grade 3. In half of the cases with

upgrading, monster cells were present.
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The monster cells (Figure 2H-1) are giant tumor cells often having hyperchromatic
macronuclei or multilobated or multiple nuclei and they are associated with effects of PST
[125]. The presence of these cells was associated with taxane treatment. The principal effect
of taxane is the disruption of microtubule function, including the blockage of the mitotic
spindle. Microtubules are essential to cell division, and taxanes stabilize GDP-bound tubulin
in the microtubule, thereby inhibiting the process of cell division as depolymerization is
prevented. The tumor cells are not able to divide after the duplication of their chromatin
content, and the result may be the formation of macronucleated “monster” cells. Our findings
suggest that the presence of these monster cells may increase nuclear atypia and therefore it
may lead to upgrading following PST. Due to polyploidization, such cells are also expected to
show an increased copy number of many genes, including HERZ2, leading to a post-treatment

positive status of questionable therapeutic significance in these cells [126].

Limitations of the present study could be the low number of cases and the exclusion of
patients receiving PHT. Fukada and coworkers have reported that CS is significantly more
frequent in luminal breast cancers following PHT, and these patients had significantly better
outcome than patients having other patterns [127]. In contrast, there was no significant
correlation between regression patterns and molecular subtypes in the present work. This

discrepancy may be explained by the exclusion of cases with PHT.

To our knowledge, this is the first study describing the distribution of regression
heterogeneity according to molecular subtypes. Our findings suggest that regression may be
inhomogeneous in half of the cases, and it does not seem to be related to any molecular
subtype, therefore the evaluation of the whole tumor bed is recommended for the best
assessment of regression. The “monster” cells are related to PST including taxane derivate,

and may cause upgrading in tumors with non-high grade nuclei at the start of PST.
5.3. REGRESSION HETEROGENEITY OF AXILLARY LYMPH NODES

There are some reservations regarding the possible conclusions of the study. The
methods of SLN biopsy were obviously not uniform, but were the ones applied and relied on
in clinical practice at the given institution. The nature of the therapeutic agents used for
primary systemic treatment could not be taken into account, as there was a wide variation in
the protocols and drugs used, and the low case numbers would not have made any treatment-
specific analysis possible. Altogether the case numbers are relatively small, however, the

distribution of the cases did not point in favor or against a selective regression (or non-
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regression) in SLNs. Finally, fibrotic foci in the lymph nodes were interpreted as signs of
regression, but these signs are not specific, and other processes may lead to the same
morphological features. However, in the setting of neoadjuvant therapy, this latter is the most
likely cause for these morphological changes, and therefore these were uniformly interpreted

as signs of regression.

The evidence gathered from the limited number of cases available suggests that
despite the attractiveness of a preferential regression (or non-regression) in tumor draining
lymph nodes (SLNs which seem to be immunosuppressed and at the same time are the sites of
TRL), there is no obvious difference in the degree of regressive histological changes shown
by SLNs and NSLNs. Therefore, this phenomenon may not be a major contributor to the

somewhat higher false negative rate of SLN biopsy after neoadjuvant treatment [128].

5.4. DIFFUSE DCIS WITH COMEDO-LIKE NECROSIS AND AMORPHOUS
CALCIFICATION

Our study of a large number of breast microanatomic structures suggests that most of
the densely packed structures involved by morphological DCIS with comedo necrosis cannot
be classified on the basis of the HE look as ducts or acini. The study of the control cases
reinforced the known microanatomy of ducts and lobules, of which only the previous have an
elastic coating. The study also demonstrated that DCIS involved structures that could be
classified as ducts or acini with some certainty displayed the elastic coating expected on the
basis of the normal anatomic structures. On the other hand, most structures that could not be
reliably classified as ducts or acini, in parallel with most structures classified as representing
neoducts on the basis of the proposed scoring system [96] adapted to the individual structures
were devoid of an elastic coating. Although this could be used as a support to the acinar origin
of these structures, it is more realistic to suggest that together with previously described
stromal periductal tenascin-C accumulation [83; 84], this could be another difference between
preexisting and newly formed ducts. It is not known whether the proposedly new ducts are
devoid of periductal elastic fibers from the beginning, or these fibers are lost as a consequence

of periductal inflammation and/or fibrosis.

Myoepithelial cells have been reported to have an altered phenotype in some DCIS
cases, characterized by the loss of one or more myoepithelial markers labeling the
myoepithelium around normal anatomic mammary structures. The phenomenon occurs more

frequently in high-grade DCIS. None of the present cases were of low grade, and all but one
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case were of high grade. Although we did not study the expression of myoepithelial markers,
we detected another abnormality of high grade DCIS cases with comedo necrosis, namely the
lack of elastic fibers around the ducts. This was not only present in cases which displayed a

neoductgenesis score above 4, but also in cases with lower scores.

Neoductgenesis is a concept to explain the morphology of certain breast cancers that
show neoplastic cells in densely packed anatomic structures seemingly corresponding to
either normal ducts or acini on the basis of the presence of a basement membrane and a
myoepithelial layer at the outer surface, but not corresponding to any of these preexisting
structures when looking at the lack of the tree-like distribution of normal anatomic structures
described in the introduction. The theory suggests that some breast carcinomas are
characterized by the outgrowth of new branches, i.e. new ducts, neoducts from the ductal tree,
representing a pushing type infiltration. Densely packed, tumor involved, myoepithelium
coated structures could theoretically represent engulfed preexisting acini (and ducts), but
when one looks at the phenomenon of lobular cancerisation, where this neoplastic inflation
happens, or at ductectasia or cystic changes where dilation of preexisting lumina generally
occurs without intraluminal epithelial proliferation, it is clear that these processes maintaining
the tree-like structure are different from cancers with presumed neoductgenesis. Three-
dimensional analysis of such cases further reinforces the lack of normal distribution of ducts
and acini in such tumors [84]. This “disturbed arborization” [87; 88] could be the result of a
disturbed alveolar switch [129], a hormonally driven physiologic mechanism responsible for
the development of acini from ductal epithelium. Our report indicates that the proposed

neoducts are also devoid of elastic coating, resembling acini in this respect.

There were more structures that could not be reliably classified as ducts or acini than
structures corresponding to neoducts on the basis of the neoduct scoring applied to the
individual structures. These unclassifiable structures were generally devoid of elastic fibers.
Cases that could not be classified as representing neoductgenesis on the basis of the overall
score also contained such elastic fibreless unclassifiable structures. It could happen that more
of these comedo necrotic structures correspond to neoducts than those identified as neoducts
on the basis of the individually (per structure) applied score. Of the two other possible
explanations, namely that the unclassifiable structures correspond to acini (originally lacking
elastic fibers) or ducts losing their elastic coating, the first seems unlikely due to the diffuse
and non-lobular distribution of these structures (this is why they could not be classified even

as likely acini), whereas the second is also questionable on the basis of the distribution (there
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are too many of them clustered close to each other, not allowing their classification even as

likely ducts).

Our study therefore identifies possible neoducts as structures devoid of elastic
periductal fibers and most of the structures that could not be classified as (likely) ducts or
(likely) acini on the basis of distribution patterns as similarly devoid of elastic fibers and
possibly also as neoducts. The use of elastic stains may probably be an aid in the study of

neoductgenesis.

6. CONCLUSIONS

Our work is the largest series of TNBC analyzed for the expression of 4 markers of
mammary origin, moreover the series includes exclusively TNBC of a distinct subtype,
namely tumors expressing CK5 and therefore most likely to coincide with basal-like breast

carcinomas.

The expression of GATAS3, MG, GCDFP-15 and NY-BR-1 is lower in TNBCs than in
breast carcinomas in general. Although these markers may be positive in different other
tumors, by using them, a subset of basal-like TNBC-s can be identified as of mammary origin.
Though the positive staining supports a breast origin, negativity for all markers does not
exclude this.

Therefore we suggest using GATA-3, MG and GCDFP-15 as an IHC panel to
establish breast origin when ER and PR are negative. One should be prepared to find a

relatively high number of basal-like TNBCs to be negative for all the studied breast markers.

Our paper is the first study describing the distribution of regression heterogeneity in
the tumor bed according to molecular subtypes in breast cancer after PST. Our findings
suggest that regression may be inhomogeneous in half of the cases, and it does not seem to be
related to any molecular subtype, therefore the evaluation of the whole tumor bed is
recommended for the best assessment of regression. Taking limited number of core needle
biopsies from the tumor bed might not be sufficient in all cases for following the regression
after PST.
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The neoplastic “monster” cells are related to PST including taxanes, and may cause
upgrading in tumors with non-high grade nuclei at the start of PST. Their effect on gene
amplification patterns has not been tested, but may also be of concern.

Despite the attractiveness of a preferential regression (or non-regression) in tumor
draining lymph nodes (SLNs which seem to be immunosuppressed and at the same time are
the sites of TRL), the evidence gathered from the limited number of cases available suggests
that there is no obvious difference in the degree of regressive histological changes shown by
SLNs and non-SLNs. Therefore, this phenomenon may not be a major contributor to the
somewhat higher false negative rate of SLN biopsy after PST

The theory of neoductgenesis suggests that cases of diffuse DCIS with comedo like
necrosis and amorphous calcification are characterized by the outgrowth of new branches, i.e.
new ducts, neoducts from the ductal tree, representing a pushing type infiltration. This may
explain the worse outcome of these cases compared to patients with breast cancer lacking
diffuse DCIS.

Our study identifies possible neoducts as structures devoid of elastic periductal fibers
and most of the structures that could not be classified as (likely) ducts or (likely) acini on the
basis of distribution patterns as similarly devoid of elastic fibers and possibly also as

neoducts. The use of elastic stains may probably be an aid in the study of neoductgenesis.
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9. APPENDIX

9.1. MAJOR NEW FINDINGS

To our knowledge, this is the largest series of TNBCs, more specifically CK5
expressing basal like TNBCs assessed with 5 potential IHC markers suggestive of breast

origin.

The expression of GATAS3, MG, GCDFP-15 and NY-BR-1 is lower in TNBCs than in
breast carcinomas in general. With a 5% staining cut-off more than half of the CK5-positive

TNBCs cannot be proven to be of mammary origin.

This is the first study to assess the degree of heterogeneity in regression after PST and
look for possible associations with molecular subtypes. Our findings suggest that regression
may be inhomogeneous in about half of the cases, and it does not seem to be related to any

molecular subtype.

It is suggested that optimally the whole tumor bed should be investigated for the best
assessment of regression, and limited sampling by core biopsy might not be suitable in all

cases for the evaluation of the presence and degree of regression.

The neoplastic “monster” cells are related to PST including taxanes, and may cause

upgrading in tumors with non-high grade nuclei at the start of PST.

Our study of the distribution of lymph node metastases and regression on a limited
number of cases do not support a selective regression in SLNs, and therefore this phenomenon

cannot explain the somewhat higher false negativity rate of post-PST SLN biopsies.

The structures involved by DCIS that cannot be classified as ducts or acini on the basis
of the HE stain and the normal microanatomic distribution do not show an elastic coating
characteristic of normal ducts and therefore resemble to acini or are atypical ducts.Structures
corresponding to neoducts on the basis of the neoduct score also show a lack of elastic coating
and cannot be classified as duct or acini on the basis of microscopic features and distribution.

The use of elastic stains may probably be an aid in the study of neoductgenesis.
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9.2. SUPPLEMENTARY TABLES

Histological type

n (%)

No special type (ductal)

106 (92.3%)

Medullary-like 7 (6.1%)
Metaplastic (“matrix producing”) carcinoma 1 (0.8%)
Mixed micropapillary carcinoma 1 (0.8%)

Histological grade

Grade I1I 112 (97.3%)
Grade 11 3 (2.7%)
(Y)(r)pT category of the tumors

Tx 1 (0.8%)
TO* 1 (0.8%)
Tiborc 57 (49.6%)
T2 47 (40.9%)
T3 3 (2.7%)
T4 6 (5.2%)
Nodal status (y)(r)pN category of the tumors

NX 3(2.7%)
NO** 66 (57.4%)
N1*** 33 (28.7%)
N2 9 (7.8%)
N3 4 (3.4%)

Supplementary table 1. Basic pathologic features of the tumors selected for TMA. (y)(r)pT and
(y)(r)pN categories refer to the TNM classification based pT and pN categories of primary tumors (n=
101) together with those of recurrent tumors (r, n=4) and tumors after primary (i.e. neoadjuvant)
systemic treatment (y, n=10). * One case with intramammary nodal recurrence; ** including 4 patients

with isolated tumor cells; *** including 10 cases with micrometastasis.
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Clinical parameters
Age (year)

Range| 32-77
mean / median| 54.5/55
Type of surgery (n; (%))

Mastectomy | 71 (66.9)
Breast conserving surgery | 35 (33.1)
Type of lymphadenectomy (n; (%))
SLNB| 35(33.1)
ALND | 80 (75.4)
SLNB+ALND| 10 (9.4)
None| 1(0.9)
Histological type of tumor (n; (%0))
NST | 100 (94.5)
Lobular| 4 (3.7)
Other| 2(1.8)

ypT (n; (%))

ypTO| 25 (23.6)
ypTis| 5(4.7)
ypTla| 8(7.5)
ypTlb| 9(8.6)
ypTic| 18 (16.9)
ypT2| 30(28.3)
ypT3| 9(8.6)
ypT4| 2(1.8)

ypN (n; (%))

ypNO | 55 (51.8)
ypN1| 26 (24.5)
ypN2 | 12 (11.3)
ypN3| 11 (10.3)
nodata| 2(1.8)
Grade on core needle biopsy (n; (%0))
1| 6(5.6)
2| 41(38.7)
3| 59 (55.7)

Treatment (n; (%))

anthracycline +/- targeted therapy| 9 (8.6)
taxane +/- platinum derivatives| 27 (25.4)
anthracycline + taxane| 70 (66.0)

Supplementary table 2. Clinical characteristics of patients. (SLNB: sentinel lymph node biopsy,
ALND: axillary lymph node dissection, NST: breast carcinoma of no special type, ypT and ypN:
categories defined by the 8" edition of the Cancer staging manual introduced by the AJCC
[6:AJCC])
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Specimen

Mastectomy | 9 (42.8%)
Breast conserving surgery | 12 (57.2%)
Histological diagnosis

Pure DCIS| 9 (42.8%)
DCIS with invasive carcinoma | 12 (57.2%o)
Estrogen receptor

positive | 13 (61.9%)
negative | 8 (38.1%)

Progesterone receptor

positive | 11 (52.3%)
negative | 10 (47.7%)

HER-2

3+| 11 (52.3%)

2+| 1(4.8%)

1+ 1(4.8%)
negative| 8 (38.1%)

Molecular subtype
Luminal A or B| 13 (61.9%0)

HER-2| 7 (33.3%)

TNBC| 1 (4.8%)

Supplementary table 3. Basic clinicopathological information of the cases studied (DCIS: ductal
carcinoma in situ, HER-2: human epidermal growth factor receptor-2; TNBC: triple negative
breast cancer)
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Author (year) cut off Tumor type GATA-3 MG GCDFP-15 NY-BR-1
Ordonez et al. [17] any staining | metastatic TNBC | 12/40 (30%) 7140 (17.5%) 6/40 (15%) --
Krings et al. [108] any staining primary TNBC | 72/109 (66%) 28/107 (26.1%) 17/109 (15.5%) --
Braxton et al. [130] >10% metastatic TNBC | 30/35 (85.7%) 9/35 (25.7%) 5/35 (14.2%) -
Cimino-Matthews et al. [25] >5% primary TNBC |19/44 (43.1%) -- -- --
metastatic TNBC | 5/9 (55.5%) - -- --
Lew etal. [131] any staining | metastatic TNBC | 11/13 (84.6%) 4/13 (30.7%) 1/13 (7.6%) --
any staining . 25/62 (40.3%) 16/62 (25.8%) 9/62 (14.5%) B
Huo etal. [12] >50% primary TNBC 11 465 (22 58%%) 7162 (11.2%) 4162 (6.4%)
any staining . 30/68 (44.1%) 22/68 (32.3%) 11/68 (16.1%) _
>50% metastatic TNBC | 1¢/68 (26.49%) 10/68 (14.7%) 6/68 (8.8%)
] - rimary basal-
Lewis et al. [38] any staining | P e TVNBC - 5/24 (20.8%) 1/5 (20%) -
. primary basal- | -
Rakhshani et al. [132] >10% like TNBC 6/66 (9%) 12/66 (18.1%)
Darb-Esfahani et al. [133] any staining primary TNBC |-- - 34/130 (26.1%) --
Pala et al. [134] >5% primary TNBC | -- -- 8/41 (19.5%) -
Deftereos et al. [13] H-score 99.4 | primary TNBC |7/28 (25%) 2128 (7.1%) 5/28 (17.8%) --
Clark et al. [135] at least 4% primary TNBC | 22/30 (73.3%) - -- --
any staining 5/32 (16%)
Gloyeske et al. [136] >10 H-score | primary TNBC | 22/30 (73%) 6/31 (19%) 5/30 (17%)
o ‘ any staining primary (or 82/115 (71.3%) 30/115 (26.0%) 23/115 (20.0%) 7/115 (6.0%)
ur wor
>5% recurrent) TNBC | 23/115 (20.0%) 12/115 (10.4%) 9/115 (7.8%) 3/115 (2.6%)
Sensitivity; 95% CI* 43.7%; 0.397-0.477 |16.3%; 0.135-0.195 |15,1%; 0,127-0,179 |5.5%; 0.028-0.105

Supplementary table 4. Summary of results from other series exploring the labeling of TNBCs.* For calculating sensitivity values, all publications

with data were considered, and whenever there were data with two staining cut-offs, the >5% data were included only
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9.3. MAGYAR NYELVU OSSZEFOGLALO

Az emlorak a leggyakoribb rosszindulati daganat az eurdpai ndk korében. A szervezett
emlorak szlrések, a média reflektorfénye, a szamos magas szinvonali tudomanyos
konferencia felhivja a figyelmet a betegség epidemiolodgiai, szocioldgiai €s pszichologiai
fontossagara. A tézis irasakor a PubMed adatbazis a “breast cancer” szavak alapjan végzett
kutatas soran 369900 kiilonbozé tudomanyos dolgozatot ajanlott fel. A tudomanyos
publikéciok oriasi szama az emlérakkutatas iranti nagy érdeklédésre vilagit rd. Munkénkban a
tripla negativ emlérakok (TNBC) immunfenotipizalasara (1), a primer szisztémas kezelés
(PST) tumor agyra (2) és az axillaris nyirokcsomokra kifejtett hatasaira (3), valamint a
potencialis neoductgenesis eseteire, azaz a comedo-szerii necrosist és amorf kalcifikaciot

mutatd diffiiz in situ ductalis carcinomara (DCIS) fokuszaltunk (4).

1)

A TNBC-ket az ER, PR és HER2 immunhisztokémiai negativitasuk alapjan definialjuk.
Habar az emlébe adott attétek ritkdk, a TNBC egyéb szervekbe adott tavoli attéteivel gyakran
talalkozunk. Egy TNBC attét emlé eredetének megerdsitése diagnosztikus kihivés, mivel a
gyakran hasznalt, 4m az emld eredetére nézve kordn sem specifikus ER definicio szerint
negativ ezen daganatokban. Jelen vizsgdlatunkban a GATA3, a MG, a GCDFP-15 ¢és az NY-
BR-1 immunhisztokémiai (IHC) markerek expresszidjat vizsgaltuk, melyek - legalabbis az
adatlapjuk leirasa szerint - emld eredetet timogatnak. Az IHC vizsgalatainkat tissue
microarray technikaval CKS5 expressziot mutatd, tehat bazalis szerlt TNBC-ken végeztiik.
Eredményeink alapjan az emld eredetet tamogaté IHC markerek szenzitivitasa a kdvetkezd:
GATA-3: 43,5% (95%CI 39,6-47,6%), MG: 16,4% (95%CI: 13,6-19,6%), GCDFP-15: 15,1%
(95%CI: 12,7-17,9%) és NY-BR-1: 5,4% (95%Cl: 2,7-10,3%).

Tudomasunk szerint kézleményiink, a legnagyobb elemszamu olyan dolgozat, melyben
e négy eml6 eredetet tamogaté IHC marker expresszidjat vizsgaltak TNBC-k eseteiben, sot a
munkankban a TNBC-k egy specialis szubtipusdra, a CKS5-6t expresszald bazalis szerli
emldrakokra fokuszaltunk. A GATA3, a MG, a GCDFP-15 és a NY-BR-1 expresszioja
alacsonyabb TNBC-kben, mint altalaban az emldrakokban. Habar ezen markerek mas
tumorokban is pozitivak lehetnek, hasznalatukkal a bazalis szerli eml6érdkok egy részénél az
emld eredet alatimaszthat6. Noha a pozitiv festddés emld eredetet tamogat, a negativitas sem

zarja ki egyértelmiien ennek ellentétét. Ugy gondoljuk, hogy metasztatikus tumorok esetén a
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GATA-3, a MG ¢és a GCDFP-15, mint IHC panel hasznalata segithet az emld eredet

megerdsitésében, ha az ER és PR negativ.

)

A PST vizsgélatok végpontjainak meghatdrozasaban a patologiai észlelés dontd szerepet
jatszik. A PST-t kovetd szovettani eltérések Osszetettek, ezért a mintak szisztematikus
vizsgalata elengedhetetlen a pontos diagnodzis €s a legmegfelelobb kezelés meghatarozasahoz.
PST vizsgalatok egyik indikatoranak, a komplett patoldgiai regresszionak (PCR) és a

rezidualis betegségnek a detektalasaban.

Habar a cellularitas valtozasa a PST egyik legjellemzobb hatasa, vizsgalata mégsem
része a rutin szovettani leletezésnek. Jelen munkdnkban a PST el6tti biopszidkon és
posztoperativ mintdkon vizsgaltuk a cellularitds valtozasat. Az esetek dontd tobbségében a
cellularitas csokkent és szignifikans korrelaciot észleltiink a cellularitas- és a méretvaltozas

kozott.

Eredményeink alapjan a regresszi6 homogenitdsa és inhomogenitasa nem fiigg a
molekularis szubtipustol: megkozelitleg az esetek fele homogén, fele inhomogén regressziot
mutat. Az inhomogén regresszid tobbsége minor inhomogenitdsnak bizonyult, mely kozepes
vagy kis nagyitast latotérben latszott. A ,,scatter pattern”, illetve a ,,concentric shrinkage”
kivételesen ritka volt. Habar a diagnosztikus diszkrepancidkat okozo ,scatter pattern”,
melynél egész metszeteken lehet komplett regresszid a mashol megmaradt rezidualis daganat
mellett, a legproblematikus mintazat, a minor heterogenitas is vezethet téves interpretaciohoz,

amennyiben csak ,,core” biopsziakkal vizsgaljak a regressziot PST utan.

Szamos befejezett és jelenleg is folyd vizsgalat ismert, melyeknél az id6kozi, vagy
végleges ,,core” biopszids mintavétel a protokoll része. Ezen vizsgalatokra kiemelkedd
hatassal lehet a - kiilondsen a ,,scatter pattern” esetében fellépé — tumorregresszionak vagy a
regresszi0 hidnydnak a heterogenitdsa. Az inhomogén regressziot mutatd esetekben végzett
limitalt, 1d6kozi és/vagy PST utdni ,,core” biopszias mintavétel diszkrepancidk forrasa lehet,
amennyiben a mintdt a tumoragy azon részébdl vették, ahol komplett regresszié vagy €pp a
regresszios jelek teljes hianya mutatkozik. Ezen diagnosztikus hibak elkeriilése érdekében
tobb szovethengert eredményezd ,,core” biopszids mintavételre van sziikkség, amennyiben a

teljes tumoragy vizsgélata nem lehetséges.
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A “monster” sejteknek elnevezett, nagyméretli, tobb és/vagy nagy magva
neoplasztikus sejtek jelenlétét tobbnyire a PST hatasanak tulajdonitjak. Ezen sejtek csaknem
kizarolag taxan tartalmu kezelés mellett jelentkeztek. A taxan f6 hatdsa a mikrotubulus
funkcié inhibiciéja, ami a mitotikus orsé kialakulasat gatolja. Eredményeink alapjan a
“monster” sejtek jelenléte ndvelheti a nukledris atipiat €s ezen keresztiil PST-t kovetden
“upgrading” valosulhat meg. A poliploidizacié miatt ezen sejtekben szamos gén kdpiaszdma

megndvekedhet, akar a HER2-¢ is, aminek bizonytalanok a terapias konzekvenciai.

Tudomdsunk szerint munkdnk az els0 dolgozat, amelyben a regresszid
heterogenitdsanak molekularis szubtipusokkal valo Gsszefiiggéseit vizsgaltak. Eredményeink
alapjan az esetek kozel felében a regresszi6 inhomogén, és nem mutat Osszefiiggést a
molekularis szubtipusokkal. A teljes tumoragy vizsgalata sziikséges a regresszio
megitéléséhez. A PST hatdsanak tulajdonitott “monster” sejtek a taxan kezelés hatasara
alakulnak ki és “upgrading”-hez vezethetnek a PST el6tt alacsony vagy kozepes nukledris

atipiat mutat6 eseteknél.

3)

Mivel a szentinel nyirokcsom6 (SLN), a tumor testhez legkozelebb helyezkedik el, ezért
leggyakrabban az elsé nyirokcsom6, amely a daganat nyirokuton torténd terjedése soran
érintetté valhat. Altalaban ezt kovetéen alakul ki a nem szentinel nyirokcsomokban (non-
SNL) az attétes betegség. A morfologiai és funkcionalis eltéréseket magaban foglaldé tumor
reaktiv lymphadenopatia (TRL) egy komplex nyirokcsom6 reakcid, amely még a
metasztatikus tumorsejtek érkezése eldtt elkezdddik. A morfologiai valtozasokat illetden,

korabbi tanulmanyok a tumort drenalé nyirokcsomok megnagyobbodasat, a vér- és nyirokerek

crer

crer

perfuziot, a megvaltozott immunolodgiai statuszt, azon beliil a CD4 és CDS8 pozitiv T-
lymphocytak CD28 és CD3( expresszidjanak eltéréseit, az antigén prezentald parakortikalis
dendritikus sejtek dendritikus denzitasanak, valamint komplexitasanak csokkenését emelték

ki.

A fent leirt tényezOk a PST utan teoretikusan megvaltoztathatjdk a szentinel
nyirokcsomoban észlelt reakciokat a tumorral nem kozvetleniil kapcsolodd, nem szentinel
nyirokcsomokhoz képest. A TRL éltal érintett nyirokcsomdkban a megndvekedett perfuzid és

a strbb érhalézat megnovelheti a kemoterapias szerek, valamint a célzott terapias
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gyogyszerek (pl.: hormon receptor modulatorok vagy trastuzumab) hatasat. A szentinel
nyirokcsomokban megvaldsuld kifejezettebb regresszid akar komplett regresszidhoz is
vezethet az SLN-ben, mikdzben tumorosan érintett nyirokcsomok (non-SLN) maradhatnak
hatra. Mindez befolyasolhatja az SLN biopszia esetén észlelt alnegativ esetek aranyat is. Egy
masik lehet0ség szerint az SLN-ekben immunszuprimalt allapot alakul ki a non-SLN-ekhez
képest, ami a cytotoxikus szerek hatasat csokkentheti. A szelektiv regresszio, vagy épp ennek
ellentéte befolyasolhatja a jelolt, a PST elétt pozitivnak bizonyult nyirokcsomo

eltavolitasanak a stidium meghatarozasban betdltott szerepét.

Limitalt esetszdmu eredményeink alapjan az esetek eloszlasa nem tadmogatta, de nem
is szOlt az SLN-ekben kialakuld szelektiv regresszid ellen. A nyirokcsomokban kialakulo
fibrotikus gocokat altalaban a regresszid jelének tulajdonitottuk, noha ezen eltérések nem
specifikusak és mas folyamat is eredményezhette dket. PST esetén ezen gocok kialakuldsanak
legval6szinlibb oka maga a kezelés, ezért ezeket egyoOntetiien regresszids jelnek definialtuk.
Az SLN-ekben elméletileg egy id6ben alakul ki immunszupresszid, illetve TRL. Adataink
alapjan a regresszio fokat illetden nincs szignifikans kiilonbség az SLN-ek és a non-SLN-ek
kozott, amely az SLN-ekben megvalosuld szelektiv regressziot tamogatna. Ezért ezen
jelenség nem magyarazza, hogy miért magasabb az alnegativ esetek aranya a PST utani SLN

biopsziak soran.

(4)

Az emld parenchymat felépitd lobularis szervezddés hasonld egy fadhoz, melyben a
ductus lactiferus alkotja a fa torzsét, a ductusok a fa agait, a lobulusok pedig a fa leveleit. A
lobulusok acinusait ¢és a ductusokat egyszeri elkiiloniteni egymastél. Mig mind a
ductusoknak, mind a lobulusoknak k6zos jellemzdje a kiilsé myoepithel sejtréteg €s a basalis
membran, addig az elasztikus rostréteg csak a ductusok koriil észlelhetd. Amikor DCIS alakul
ki a ductalis faban és a végeit képzd termindlis ductulobularis egységben, ezen normalis
anatomiai struktirdk gyakran kitdgulnak, de architektirajuk megmarad, ezzel szemben a nagy
ductusokat is érint6 (diffiz), comedo-szerli nekrézissal kisért DCIS nem koveti a fent leirt
novekedési mintdzatot, hanem a normalisnal siirlibb eloszlasu, tobbnyire monomorf és tagult
probal magyarazatot adni, melyben a neoplasztikus sejtek egymas melletti, Szorosan
elhelyezkedd struktirakat alkotnak olyan médon, hogy mar meglevd ductalis strukturakbol

“pushing” tipusu infiltraciés széllel novekszenek ki és képeznek 1 ductusokat, “neoduct”-
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okat. Ez magyarazhatja ezen esetek rosszabb kimenetelét azokhoz az emlérakokhoz

viszonyitva, ahol nincs diffaz DCIS.

Eredményeink alapjan a comedo-szeri nekrézist mutatdé DCIS-sel érintett, nagy
denzitasu struktirakat nem lehet a HE metszeten észlelt megjelenés alapjan ductusnak vagy
acinusnak nevezni. A munkank sordan a valtozd bizonyossagi fok alapjan ductusnak vagy
acinusnak besorolt struktardk koriil a normalis anatémiai struktirdk alapjan vart elasztikus
rostokat tudtunk kimutatni. Masrészt a legtobb, sem ductusnak sem acinusnak nem
identifikalhat6 struktura, illetve a minden egyes elemre alkalmazott ,,neoductgenesis score”
altal ,,neoduct”-nak tartott struktura koriil hianyoztak az elasztikus rostok. Habar ezen tények
a strukturdk acinus eredete mellett is szélhatndnak, valdsziniibb, hogy a kordbban leirt
periductalis tenascin-C akkumulacio mellett ez egy Gjabb kiilonbség a mar meglévo és az Uj
eredeti ductusok kozdott. Korabbi tanulmanyokban mar bemutattak, hogy a myoepithel sejtek
myoepithel immunomarker expresszidja egyes DCIS-t tartalmazé emlérakokban megvaltozik:
egy vagy tobb myoepithel marker festddése elvész. Noha a myoepithel markereket nem
vizsgaltuk jelen munkankban, az elasztikus rostok eltlinését, mint egy tovabbi eltérést

észleltik comedo-szerl necrosist mutatd DCIS eseteiben.

Ezen képletek a bazilis membran ¢és a myoepithel sejtek jelenléte alapjan
megfelelhetnek egyrészt mar meglévd ductusoknak és acinusoknak, bar a normalis emldre
jellemzd fatdrzs-fadg architektira egyaltalin nem észlelhetd. Ezen esetek tovabbi
haromdimenzids vizsgalatarol szolo tanulmanyok arra utaltak, hogy a ductusok és acinusok
normalis eloszlasa hidnyos. A zavart “arborizacio” hatterében a hibas alveolaris “switch”
allhat, ami egy hormonok altal vezérelt, fiziologias folyamat, melynek soran acinusok
fejlédnek ki a ductushdmbol. Sajat eredményeink alapjan a neoductnak vélt struktarak
esetében hidnyzik az elasztikus rostkdpeny, mely alapjan az acinusokra hasonlitanak ebbdl a

szempontbol.

Tobb képletet észleltiink, melyeket egyértelmiien nem tudtunk ductusnak vagy
acinusnak besorolni, mint amennyi struktira “neoduct”-nak felelt meg az egyes strukturakra
vonatkoztatott ,,neoductgenesis score” alapjan. Ezen osztalyozhatatlan strukturak altalaban
nem rendelkeznek elasztikus rostokkal. Eredményeink alapjan ugy gondoljuk, hogy azok a
potencialis “neoduct”-0k, amelyek nem rendelkeznek elasztikus rostokkal és nem sorolhatok
be egyértelmiien a ductusok ¢és az acinusok kozé az architekturalis mintazat alapjan. Az

elasztikus rostok vizsgélata segitséget nyujthat a neoductgenesis vizsgalataban.
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Abstract Estrogen and progesterone receptors are possible
markers for suggesting a mammary origin of metastatic carci-
noma, but are useless in cases of triple negative breast cancers
(TNBC). Five other potential markers of breast origin were
investigated on tissue microarrays in a series of TNBCs show-
ing keratin 5 expression, consistent with a basal-like pheno-
type. GATA-3 staining was observed in 82 of 115 triple neg-
ative cases (71.3%) including 23 cases with >5% staining.
Mammaglobin staining was detected in 30 cases (26.0%) in-
cluding 12 with >5% staining. GCDFP-15 was seen in 23
cases (20.0%) including 9 with >5% staining. NY-BR-1 pos-
itivity was present in 7 cases (6.0%) including 3 patients with
>5% staining. BCA-225 staining was observed in 74 cases
(64.3%); however this latter marker lacks also specificity ow-
ing to the reported widespread staining in other malignancies.
GATA-3, mammaglobin and GCDFP-15 coexpression was
seen in one case (0.9%), whereas GATA-3 and mammaglobin
or mammaglobin and GCDFP-15 coexpression was present in
2 and 2 cases (1.7%), respectively. Using at least 5% staining
as cut-off, the expression of any of the last 4 markers was
34.7%. The expression of GATA-3, mammaglobin, GCDFP-
15 and NY-BR-1 is lower in TNBC-s than in breast carcino-
mas in general, and this may be even lower in basal-like car-
cinomas. Although these markers are not fully specific, by
using them, a subset of basal-like TNBC-s can be identified
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as of mammary origin. However, a substantial proportion will
not show any staining with any of these markers.

Keywords Basal-like - Triple negative breast cancer -
GATA-3 - Mammaglobin - GCDFP-15 - NY-BR-1

Background

Breast cancer remains the most frequent malignant tumor
among women in Europe [1, 2]. Although it is often men-
tioned as a single disease in such statistics, it is obvious that
the term refers to several different diseases.

Perou and coworkers evaluated gene expression in breast
cancer samples and suggested a molecular classification of the
disease [3]. In their original classification, basal-like, Erb-B2
(human epidermal growth factor receptor 2) overexpressing
(HER2+), normal-breast-like and luminal (estrogen receptor
positive, ER+) breast cancers had been identified. Gene ex-
pression profiling is the gold standard for the identification of
these molecular breast cancer subtypes, but this method is not
widely available. To make the classification more affordable
to most pathology laboratories, immunohistochemical (IHC)
profiles have been correlated to the molecular profiles.
According to the THC surrogate classification, breast carcino-
mas can be classified into luminal A-like (ER+ and/or proges-
terone receptor (PR) + and HER2- with low proliferation),
luminal B-like (ER+ and/or PR+ and HER2+ and/or highly
proliferating on the basis of Ki-67 labeling), HER2+ non-
luminal-like (ER-, PR- and HER2+) and triple-negative breast
cancer (TNBC; ER-, PR- and HER2-). The latter group can be
subclassified into basal-like TNBC (keratin (CK) 5/6+ and/or
epidermal growth factor receptor, EGFR+) and non-basal-like
TNBC (CK 5/6- and EGFR-) [4].
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Metastases of breast cancer develop through either the lym-
phatic or the blood vessels, and affect regional lymph nodes
and distant organs, including the lungs, the liver, bones, and
the brain. Since the lifetime risk of developing cancer is about
one out of three women [5], second primaries are not rare, and
must be separated from metastases of a known breast cancer.
Sometimes, metastasis is the first clinical sign of an unknown
primary breast cancer. In case of metastatic carcinoma, it is
essential to prove its metastatic nature and origin.

Despite their less than perfect specificity, ER, PR and
HER2 are among the most useful IHC markers for suggesting
breast origin. These antibodies can be helpful in cases of lu-
minal A-like, luminal B-like and HER2+ subtypes, but not in
cases of TNBC which represent approximately 15% of all
breast cancers [6]. Without the information of a previous pri-
mary breast carcinoma, and because of its phenotypic overlap
with other potential primaries, a triple negative case can easily
confuse the pathologist. Several immunomarkers as GATA-3,
mammaglobin, gross cystic disease fluid protein-15 (GCDFP-
15) and NY-BR-1 have been studied recently to verify the
breast origin in metastatic cancer.

GATA-3 is a transcription factor with role in cell prolifera-
tion and differentiation of breast luminal epithelial cells.
GATA3 is involved in T-cell-specific cell regulation, in the
development of the skin and its adnexal structures and in
carcinomas [7, 8]. Previously, GATA-3 was thought as specif-
ic marker of breast and urothelial origin, but recent studies
have shown its presence in squamous carcinoma of the skin,
lung, uterine cervix, vulva, larynx and anus, salivary gland
tumors, basal cell carcinoma, apocrine carcinoma, skin adnex-
al tumors, Brenner tumor, mesothelioma, chromophobe renal
cell carcinoma, pancreatic adenocarcinoma, germ cell tumors
and paraganglioma [9-12]. GATA3 and ER are closely asso-
ciated and involved in a positive cross-regulatory loop. This
explains the positive correlation between GATA3 and ER ex-
pression in breast cancers [13, 14]. Although some studies
have suggested a prognostic or predictive role for GATA3
expression [ 15—18], it can also be viewed as a marker to prove
the mammary origin of metastatic cancer. The expression fre-
quency of GATA-3 ranges from 47% to 100% among all
breast adenocarcinomas [10, 11, 13, 19-22].

Mammaglobin A (MG) was described by Watson et al. in
1997 as a 10.5 kD secretory protein that shares homology with
the uteroglobin family [23]. The gene of MG is located at
11q13, which is frequently amplified in breast carcinoma
[24]. MG is generally positive in normal breast epithelium.
Besides breast carcinomas, several tumors express MG, like
endometrial carcinoma, sweat gland tumors, gastric, pulmo-
nary, colonic and ovarian tumors and some melanomas
[25-30]. The overall expression rate among all breast carcino-
mas is approximately 80% [23, 25, 26, 28, 31-33].

Gross cystic disease fluid protein-15 (GCDFP-15 or BRST-
2) was detected in breast gross cystic disease fluid by
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Haagensen et al. in 1977. The monomer of GCDFP-15 has a
molecular weight of 15 kD [34]. Its gene region was found on
chromosome 7. GCDFP-15 is normally present in apocrine
metaplasia of the breast and its presence has been described
in salivary and sweat gland tumors and prostatic carcinomas
[35]. The reported expression frequency of GCDFP-15 ranges
from 25% to 85% among all breast adenocarcinomas [25, 26,
32, 33, 35, 36].

NY-BR-1, a differentiation antigen of the mammary tissue
was first described by Jager et al. in 2001 [37]. Bioinformatic
analysis has revealed that NY-BR1 has a DNA-binding site
followed by a leucine zipper motif, therefore it could be a
transcription factor. Due to its five ankyrin tandem repeats, it
may have a role in protein-protein interactions, as well [37]. It
has been detected in the epithelial cells of mammary ducts and
lobules and in normal testis. One third of sweat gland tumors
[38] showed positivity with NY-BR1. Although NY-BR-1
positivity was demonstrated in a case of vulvar phyllodes
tumor [39], there is no other normal or tumor tissue which
has been reported to express this protein, therefore NY-BR-1
appears to be a breast-specific protein. In invasive breast car-
cinomas, the range of NY-BR-1 expression has been reported
between 46.6% and 70%, showing a strong association with
ER and lower-grade carcinomas [38, 40-45].

BCA-225 is a glycoprotein with a molecular weight be-
tween 225.000-250.000 kD. It was first identified by Mesa-
Tejada and coworkers in 1988 [46]. Although it was previous-
ly described as a specific immunomarker of breast carcinoma,
a later study by Loy and associates concluded that BCA-225 is
commonly expressed in human adenocarcinomas of different
origins, and is therefore not specific for the breast [47]. BCA-
225 expression was often present in adenocarcinomas of the
breast (98%), kidney (94%), ovary (80%), lung (74%) and
intermediate expression rates (36%—68%) were found in ade-
nocarcinomas of the prostate, bile ducts, thyroid, endometri-
um, endocervix and pancreas [47].

Although the mentioned “breast markers” have been tested
in several series of breast carcinomas, only a few cases of
TNBC have been assessed for them. TNBC also constitute a
heterogeneous group of breast carcinomas, and basal-like car-
cinomas have not been specifically investigated for the ex-
pression of the above markers. The aim of the present study
was to look at the THC staining of GATA-3, MG, GCDFP-15,
NY-BR-1 and BCA-225 in a series of TNBCs showing CK5
expression, and therefore being consistent with a basal-like
phenotype on the basis of the IHC-based surrogate molecular
classification.

Materials and Methods

Invasive breast carcinomas operated on at the Bacs-Kiskun
County Teaching Hospital, Kecskemét between August
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2005 and August 2015 and fulfilling the criteria of TNBC and
CKS5 positivity by IHC were selected for tissue microarray
(TMA) construction. All of the specimens were fixed in
10% neutral buffered formalin for at least 24 h. Only cases
with more than 3 paraffin blocks available were used; other-
wise the cases represent a consecutive series of such tumors.
ER, PR and HER-2 IHC results were obtained from the his-
topathology reports.

The TMAs were constructed from archived paraffin-
embedded blocks using a TMA builder device
(Histopathology Ltd., Pécs, Hungary). Each TMA contained
20 tumor tissue cores, 2 mm in diameter. These were arranged
in 5 rows and 4 columns and an additional row contained 2
non-mammary control tissues for orientation and identifica-
tion purposes. Each carcinoma was represented in duplicate in
2 different TMAs, and the areas sampled were preferentially
from the edge of the tumors. Care was taken to include minor
amounts of normal paratumoral breast tissue in each TMA to
serve as internal controls for the IHC reactions.

IHC for GATA-3, MG, GCDFP-15, NY-BR-1 and BCA-
225 was performed using the antibodies and details listed in
Table 1. All antibodies were used on both sets of TMAs, (i.e.
two 2-mm-diameter cores of each tumor), except for BCA-
225, where only one set of cores (and TMAs) was immuno-
stained. The stains were assessed by the two authors by eval-
uating the proportion of nuclear (GATA-3) and cytoplasmic
(MG, GCDFP-15 and BCA-225) or both nuclear and cyto-
plasmic (NY-BR-1) labeling of tumor cells. A staining of
5% or more cells was considered a positive result.

The institutional ethical committee of the Bacs-Kiskun
County Teaching Hospital was consulted and approved this
non-interventional retrospective study. The institutional data
safety manager also gave approval for this study not requiring
patients’ identity related data.

Results

All markers could be evaluated in only 115 of the 118 tumors
sampled, therefore the result are reported for these 115 cases.
In 3 cases, the tissue cores were not evaluable due to necrosis
or lack of tumor cells. The series included 4 recurrent tumors
(including 1 with intramammary nodal recurrence only) and

10 cases treated with neoadjuvant systemic therapy with no or
minimal (0—10%) regression. The basic characteristics of
these tumors are summarized in Table 2.

GATA-3 labelling was characterized by intense nuclear
staining in the tumor cells. In a few specimens, weak nuclear
staining was noted in a very small minority of lymphocytes,
but this could not be confounded with either tumor cell posi-
tivity or the staining of normal mammary epithelium. MG,
GCDFP-15, NY-BR-1 and BCA-225 positivity was identified
as obvious cytoplasmatic staining. Although the data sheet of
NY-BR-1 suggests that occasional nuclear staining may occur
with this antibody, this was not noted in tumor cells, but was
present in a few normal breast epithelial cells. Examples of
diffuse and focal IHC staining are presented in Fig. 1, to dem-
onstrate the range of positive reactions seen in the tumor
samples.

The THC results are displayed in Tables 3 and 4, which
show both the proportion of tumors demonstrating any degree
of staining with a given marker and the proportion considered
positive according to the 5% cut-off used in this study. Taking
any staining into account, GATA3 and BCA-225 labeling was
seen in the majority of the cases, followed by MG and
GCDFP-15, whereas NY-BR-1 immunoreactivity was seen
in only a few tumor samples. Using the 5% cut-off, there
was a marked drop in the proportion of cases showing
GATA3 positivity, but reductions were seen with all markers.
Only one third of the cases showed notable (at least 5%) stain-
ing with any of the 4 markers considered to be more specific
for a breast origin if a few caveats are kept in mind. Using the
frequency of labeling in this series, Fig. 2 shows the hierar-
chical help that each of the markers can give in the assessment
of a mammary origin of CK5 positive TNBC:s. It is clear from
the figure as from overall data, that NY-BR-1 is not of great
help in this context. BCA-225 which is breast specific only in
its name and data-sheet, stained only 25/76 of the tumors
negative for all 4 other markers.

Discussion

TNBCs are defined by their negativity for ER, PR and HER2.
Despite this defining phenotypic character, they still represent
a heterogeneous group of breast carcinomas [48]. Some

Table 1 Details of the antibody

used for THC Antibody Source Clone / Catalog number Dilution
GATA3 Santa Cruz, Dallas, TX HG3-31/sc-268 1:50
MG Biocare, Concord, CA 1A5/PM 269 AA, H RTU
GCDFP-15 Cell Marque, Rocklin, CA 23A3 / CMC791 1:200
NY-BR-1 Thermo-Fisher, Rockford, IL NY-BR1#2 / MS-1932-P0 1:300
BCA-225 Biogenex, Fremont, CA CUI8/ AM135-5M RTU

RTU: ready to use
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Table 2  Basic pathologic features of the tumors selected for TMA

Histological type n (%)
No special type (ductal) 106 (92.3%)
Medullary-like 7 (6.1%)
Metaplastic (“matrix producing”) carcinoma 1 (0.8%)
Mixed micropapillary carcinoma 1 (0.8%)
Histological grade
Grade 11 112 (97.3%)
Grade 11 3 (2.7%)
(y)(®)pT category of the tumors
Tx 1 (0.8%)
TO* 1 (0.8%)
Tlborc 57 (49.6%)
T2 47 (40.9%)
T3 3 (2.7%)
T4 6 (5.2%)
Nodal status (y)(r)pN category of the tumors
Nx 3(2.7%)
NO** 66 (57.4%)
N ek 33 (28.7%)
N2 9 (7.8%)
N3 4 (3.4%)

(y)®pT and (y)(r)pN categories refer to the TNM classification based pT
and pN categories of primary tumors (n = 101) together with those of
recurrent tumors (r, # = 4) and tumors after primary (i.e. neoadjuvant)
systemic treatment (y, n = 10). * One case with intramammary nodal
recurrence; ** including 4 patients with isolated tumor cells; *** includ-
ing 10 cases with micrometastasis.

subsets of TNBCs can be relatively well identified using IHC,
for example androgen receptor and diffuse GCDFP-15 posi-
tivity can identify apocrine carcinomas [49], and it has been
suggested that tumors expressing CK5 and/or EGFR are those
that best match the molecular subtype of basal-like carcino-
mas [50]. Basal-like TNBCs are often circumscribed (a feature
shared by many metastases), predominantly solid, without
much lumen-forming tendency, and they often feature necro-
sis, squamous metaplasia, all rendering their identification as
breast carcinoma more difficult. They are aggressive tumors
with a tendency to give distant metastases on the short term.
Metastases to the breast are rare, but metastases from TNBCs
are relatively common. Identification of a tumor as primary
TNBC or a metastasis from TNBC is relevant diagnostically,
therapeutically, but can also be important from tissue archival
and tumor banking aspects too.

Proving the mammary origin of TNBCs may be problem-
atic, as ER, one of the most commonly used, but not specific
markers of breast origin is by definition absent in these tu-
mors. In the present study we investigated the expression of
5 markers developed or used to support the mammary origin
of cancers according to the descriptions in the data sheets,
(namely GATA-3, MG, GCDFP-15, NY-BR-1 and BCA-
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Fig.1 Examples of noticeable (at least 5%) GATA-3, Mammaglobin-A,
GCDFP-15, NY-BR-1 and BCA-225 staining on the left (a, c, e, g, i,
respectively) as opposed to focal and weak staining with these markers
(b, d, f, h, j, respectively) on the right. Arrows in B indicate the few
weakly stained nuclei

225) by IHC in a series of TNBCs deemed to be of the
basal-like type on the basis of their CK5 expression.

Using the 5% cut-off which is readily detectable, BCA-225
showed the highest expression rate with about one third of the
cases staining, but this was well below the 98% staining rate
found for breast cancers in general. Therefore, despite not
being specific for breast cancer, the marker is also not sensi-
tive enough. Owing to these features, it was dropped from
further considerations.

Overall, more than 90% of breast cancers are GATA3 pos-
itive [45], whereas only about 50%, 20 to 30% and 46-70%
show positivity for MG [30], GCDFP-15 and NY-BR1 [44,
45], respectively. Most of the reported series suggest that pos-
itivity for both GATA3 and NY-BR-1 is more common in ER-
positive tumors. GATA3 somatic mutations and microarray
data have linked GATA3 to the estrogen signaling pathway,
and therefore it is not surprising that the expression of this
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Table 3 Breast marker
expressions in the tumors
investigated

Marker

Any positive staining (%; 95%CI)

n=115

>5% positive staining (%)
n=115

GATA3

MG

GCDFP-15
NY-BR-1

BCA-225

GATA3 and MG
MG and GCDFP-15

GATA-3, MG and GCDFP-15

NY-BR-1 and GATA-3
Ny-BR-1 and GCDFP-15

Any markers (without BCA-225)

82 (71.3; 0.624-0.787)
30 (26.0; 0.189-0.348)
23 (20.0; 0.137-0.282)
7 (6.0; 0.029-0.120)
74 (64.3; 0.552-0.725)
21 (18.2; 0.122-0.263)
12 (10.4; 0.060-0.173)
9 (7.8; 0.041-0.142)
3 (2.6, 0.008-0.073)
2.(1.7, 0.004-0.061)
97 (84.3; 0.766-0.898)

23 (20; 0.137-0.282)
12 (10.4; 0.060-0.173)
9 (7.8; 0.041-0.142)

3 (2.6, 0.008-0.073)
40 (34.7; 0.266-0.438)
2 (1.7, 0.004-0.061)

2 (1.7, 0.004-0.061)

1 (0.87; 0.001-0.047)
0 (0; 0.000-0.031)

2 (1.7, 0.004-0.061)
40 (34.7; 0.266-0.438)

CI: confidence interval

protein is lower in TNBCs, than in ER+ tumors or breast
cancers in general, in keeping with previous results (Table 5).

Data on the staining frequency of GATA3, MG, GCDFP-
15 and NY-BR-1 in TNBC are limited. Studies reporting on
the expression of these markers on a relatively large number of
primary or secondary TNBCs are summarized in Table 5. On
the basis of these data, the sensitivity of GATA-3,
Mammaglobin-A, GCDFP-15 and NY-BR-1 to suggest a
mammary origin are 43.5% (95%CI 0.396-0.476), 16.4%

Table 4 Mutual breast marker expressions in the tumors investigated

(95%CI: 0.136-0.196), 15.1% (95%CI: 0.127-0.179) and
5.4% (95%CI: 0.027-0.103), respectively.

Despite the fact that GATA-3 expression has been linked
with ER expression, this was the marker to show the highest
frequency of staining in CK5 expressing TNBCs. When 5%
and more staining was chosen as a cut-off for positivity, the
frequency of each marker decreased (Tables 3 and 4). Lower
percentages of staining must be interpreted with caution as the
specificity of such a low labeling is uncertain.

Any staining GATA3+ GATA3- MG+ MG- GCDFP-15+ GCDFP-15- NY-BR-1+ NY-BR-1-
GATA3+

GATA3- na

MG+ 21 8

MG- 61 25 na

GCDFP-15+ 16 6 11 11

GCDFP-15- 66 27 18 75 na

NY-BR-1+ 2 3 0 5 1 4

NY-BR-1- 80 30 29 81 21 89 na

BCA225+ 57 16 23 50 16 57 3 70
BCA225- 25 17 6 36 6 36 2 40
5% cut-off GATA3+ GATA3- MG+ MG- GCDFP-15+ GCDFP-15- NY-BR-1+ NY-BR-1-
GATA3+

GATA3- na

MG+ 2 10

MG- 21 82 na

GCDFP-15+ 2 6 2 6

GCDFP-15- 21 86 10 97 na

NY-BR-1+ 0 1 0 1 0 1

NY-BR-1- 23 91 12 102 8 106 na

BCA225+ 8 31 4 35 4 35 0 39
BCA225- 15 61 8 68 4 72 1 75
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ER- PR- HER2- GATA3+
CK5+ (n=115) (n=23)
GATA3- MG+
(n=92) (n=10)
MG- GCDFP-15+
(n=82) (n=5)
GCDFP-15- NY-BR-1+
(n=77) (n=1)
NY-BR-1-
(n=76)

Fig. 2 Hierarchical labeling of the tumors with 4 “breast specific”
markers

When our results are compared with those of others
(Table 5), the positivity rates for GATA-3, and GCDFP-15
are lower in our TMA based series. A potential weakness of
the present study could be the use of TMAs, because MG and
GCDFP-15 often stain breast carcinomas in a patchy pattern
[32], and the sensitivity of detecting these markers can be
lower in TMAs than on whole slide sections. This could be
one possible cause of the discrepancy between our results
and those of others listed in Table 5, although two 2-mm-

diameter cores are a relatively good representation of a
tumor in TMA based studies. Another issue behind the
difference in results might stem from the fact, that we
studied a distinct subset of TNBCs.

TNBCs are heterogeneous [48], and some of them, belong-
ing to the luminal androgen receptor positive group, are char-
acterized by forkhead-box Al (FOXAL1) protein overexpres-
sion [51]. FOXA1 and GATA-3 are both involved in the
downstream of the ER pathway. Diffuse GCDPF-15 is also a
marker of apocrine differentiation in IHC studies [49, 52].
Such tumors were excluded by selecting basal-like matching
carcinomas on the basis of their CK5 expression. Such differ-
ences in the subgroups analyzed may also contribute to the
lower rates of positivity of GATA-3 and GCDFP-15 in this
series; it is believed that this is the main reason for the
discrepancy.

Possible differences may also be attributable to the use of
different antibodies/clones. But this is unlikely to be a major
source of differences as 4 studies used the same antibody
clones as we used for GATA3 [6, 7, 53, 54]. The fact that
we studied primary tumors rather than metastases is also un-
likely to explain lower expression rates in the present series.
The evaluation of primary tumors may be a limitation of the
present study due to possible changes of phenotype between a

Table 5 Summary of results from other series exploring the labeling of TNBCs
Author (year) cut off Tumor type GATA-3 MG GCDFP-15 NY-BR-1
Ordonez et al. [11] any staining metastatic TNBC 12/40 (30%) 7/40 (17.5%) 6/40 (15%) -
Krings et al. [54] any staining primary TNBC  72/109 (66%) 28/107 (26.1%) 17/109 (15.5%) -
Braxton et al. [55] >10% metastatic TNBC  30/35 (85.7%) 9/35 (25.7%) 5/35 (14.2%) --
Cimino-Matthews et al. [19] >5% primary TNBC 19/44 (43.1%) - - -
metastatic TNBC  5/9 (55.5%) - - -
Lew et al. [56] any staining metastatic TNBC 11/13 (84.6%) 4/13 (30.7%) 1/13 (7.6%) -
Huo et al. [6] any staining primary TNBC  25/62 (40.3%) 16/62 (25.8%) 9/62 (14.5%) -
>5% 14/62 (22.58%) 7/62 (11.2%) 4/62 (6.4%)
any staining metastatic TNBC 30/68 (44.1%) 22/68 (32.3%) 11/68 (16.1%) -
>5% 18/68 (26.4%) 10/68 (14.7%) 6/68 (8.8%)
Lewis et al. [32] any staining primary basal-like -- 5/24 (20.8%) 1/5 (20%) -
TNBC
Rakhshani et al. [57] >10% primary basal-like -- 6/66 (9%) 12/66 (18.1%) -
TNBC
Darb-Esfahani et al. [58] any staining primary TNBC =~ -- - 34/130 (26.1%) -
Pala et al. [59] >5% primary TNBC ~ -- - 8/41 (19.5%) -
Deftereos et al. [7] H-score 99.4 primary TNBC 7/28 (25%) 2/28 (7.1%) 5/28 (17.8%) -
Clark et al. [60] atleast4%  primary TNBC  22/30 (73.3%) - - -
Gloyeske et al. [61] any staining primary TNBC  22/30 (73%) 6/31 (19%) 5/32 (16%) 5/30 (17%)
>10 H-score
Our work any staining primary 82/115 (71.3%) 30/115 (26.0%) 23/115 (20.0%) 7/115 (6.0%)
>5% (or recurrent)  23/115 (20.0%) 12/115 (10.4%) 9/115 (7.8%) 3/115 (2.6%)
TNBC

Sensitivity; 95% CI*

43.7%;0.397-0.477 16.3%;0.135-0.195 15,1%;0,127-0,179 5.5%; 0.028-0.105

*For calculating sensitivity values, all publications with data were considered, and whenever there were data with two staining cut-offs, the >5% data

were included only.
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primary tumor and its metastases, but if primary basal-like
TNBCs show such a low expression of the studied markers,
expecting much wider immunoreaction in metastases would
seem unrealistic.

To our knowledge, this is the largest series of TNBC ana-
lyzed for the expression of 4 markers of mammary origin,
moreover the series includes exclusively TNBC of a distinct
subtype, namely tumors expressing CK5 and therefore most
likely to coincide with basal-like breast carcinomas [50]. If we
consider the documented lack of specificity of BCA-225 [47],
the remaining 4 breast markers fail to show any staining in
about 15% of CK5 expressing TNBCs. A more detectable (at
least 5%) expression of any of the 4 markers was seen in
around one third of the cases, leaving the remaining two thirds
unidentified as of mammary origin. Of the 4 markers, NY-BR-
1 is rarely expressed in the tumor subset studied, and therefore
its use adds practically nothing to the use of the other three.

The expression of GATA3, MG, GCDFP-15 and NY-BR-1
is lower in TNBCs than in breast carcinomas in general.
Although these markers may be positive in different other
tumors, by using them, a subset of basal-like TNBC-s can be
identified as of mammary origin. Though the positive staining
supports a breast origin, negativity for all markers does not
exclude this. Therefore we suggest using GATA-3, MG and
GCDFP-15 as an ITHC panel to establish breast origin when
ER and PR are negative. Obviously, at the primary site, histo-
logical features such as the presence of in situ carcinoma of
similar grade may also suggest the primary nature of the tu-
mor, but this help is missing in the metastatic setting. One
should be prepared to find a relatively high number of basal-
like TNBCs to be negative for all the studied breast markers.
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Abstract Tumor draining sentinel lymph nodes (SLNs) are
the sites of selective changes as compared to non-SLNs. They
show features of tumor-reactive lymphadenopathy, including
increased total number of functional blood vessels, but a rel-
ative immunosuppressed status has also been described in
them. We explored the hypothesis of a selective regression
or non-regression in SLNs versus non-SLNs in 142 patients
with 110 estrogen receptor-positive and 32 estrogen receptor-
negative tumors undergoing both SLN biopsy and axillary
lymph node dissection after neoadjuvant therapy by assessing
the tumoral (metastatic) and regression statuses of SLNs and
non-SLNs separately. Of the 89 cases with signs of nodal
regression, 22 cases (25%) were in favor of a selective non-
regression in SLNs, 18 cases (20%) were supportive of a se-
lective and more pronounced regression in the SLNs and the
remaining showed equal degrees of regression or non-
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regression in SLNs and non-SLNs. The results indicate that
there is no obvious difference in the degree of regressive his-
tological changes shown by SLNs and NSLNs. Therefore, this
phenomenon may not be a major contributor to the higher
false negative rate of SLN biopsy after neoadjuvant treatment.

Keywords Sentinel lymph node - Non-sentinel lymph node -
Breast cancer - Neoadjuvant therapy - Selective regression

Introduction

Lymph nodes are not identical. The sentinel lymph nodes
(SLN) are the first lymph nodes draining the lymph from an
anatomical site and therefore, in case of a cancer in the given
area, the SLNs are the first involved during the lymphatic
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spread of cancer. The non-SLNs of the same anatomic region
develop metastases only subsequently. Development of metas-
tasis is not the only change known to occur in tumor draining
lymph nodes. Tumor-reactive lymphadenopathy (TRL) is a
complex reaction of lymph nodes, which develops before the
arrival of the metastatic tumor cells and comprises morpholog-
ical and functional changes. Enlargement of the tumor draining
lymph nodes (also induced by needle biopsy of the primary
cancer) has helped axillary four-node sampling [1], and may
explain the possible overlap of axillary node samples and sen-
tinel nodes [2]. As concerns the morphological alterations, pre-
vious publications found increased total number of functional
blood vessels and lymphatic vessels/sinuses in tumor draining
lymph nodes. Furthermore, some authors have described dila-
tion of functional blood vessels with structural remodeling and
endothelial cell proliferation of high endothelial venules [3].
Functional changes, such as increased blood perfusion and im-
munological differences, like the alterations in CD28 and
CD3¢ expression of CD4+ and CD8+ T-lymphocytes [4, 5]
or the reduction in density and dendritic complexity of antigen
presenting paracortical dendritic cells [6] were also observed in
tumor draining lymph nodes. Tumor-induced immune modu-
lation of the SLNSs versus the non-SLNs seems to act in favor of
a reduced anti-tumoral immune reaction [6].

The above-mentioned factors may hypothetically alter the
neoadjuvant therapy induced reactions in tumor-draining
SLNs compared to lymph nodes without direct connection
with the primary carcinoma, i.e. non-SLNs. Enhanced blood
flow and enriched vasculature may increase the load of che-
motherapeutics or targeted cancer therapy agents (e.g. hor-
mone receptor modulators or trastuzumab) in lymph nodes
developing TRL. A preferential regression in SLNs might
influence the false negative rate of SLN biopsy after primary
systemic treatment, by resulting in complete regression in
SLNs with remaining tumor burden in non-SLNs.
Alternatively an immunosuppressed status of the SLNs as
compared to non-SLNs could lead to less effect from cytotox-
ic therapeutics. A selective regression or non-regression may
also alter the staging effect of the removal of radioactive seed
localized nodes that proved to be positive before the initiation
of primary systemic treatment [7].

Along this hypothesis, differences in the degree of regression induced
by neoadjuvant therapy in the SLNs (tumor draining tymph nodes) and in
non-SLNs (non-tumor draining Iymph nodes) were looked for in a series
of patients who underwent SLN biopsy and axillary tymph node dissec-
tion (ALND) following neoadjuvant systemic therapy for breast cancer.

Materials and Methods
In this retrospective study, lymph node tissue sections

of 142 female breast cancer patients staged with SLN
biopsy and ALND after receiving neoadjuvant therapy

@ Springer

were used from the archives of the authors’ institutions.
Inclusion criteria for enrollment were any type of histo-
logically verified invasive primary breast cancer treated
with neoadjuvant systemic therapy, the successful iden-
tification of at least one SLN and ALND following
SLN biopsy. SLNs were identified according to the rou-
tine procedure of the given institutions, and involved
intra- or peritumoral or subareolar injection of a
99mTc labelled colloidal albumin and/or Patent blue
dye in vivo. ALND was performed either routinely as
part of a validation of SLN biopsy after neoadjuvant
treatment or because of metastatic disease identified in
the SLNs.

Tissues were fixed in buffered formalin and embed-
ded in paraffin. Three to four-micrometer-thick whole
tissue sections were used for the standard hematoxylin-
eosin staining. The presence and degree of regression
were evaluated in all metastatic and non-metastatic
lymph nodes, SLNs and non-SLNs separately, using
the nodal regression (NR) grading recommended by
the European guidelines [8]. These results were used
to categorize the cases, based on whether they support-
ed the theory that regression in SLNs may be greater
than in NSLNs or not (Table 1). The table reflects the
nodes with the best/highest degree of regression for
each case.

No patient identity related data were required or used, dis-
ease outcome was indifferent for the study purposes, and this
retrospective non-interventional setting had no influence on
treatment. Such a protocol does not imply an ethical approval
in most of the participating institutions, but the Ethical
Committee and Data Safety Manager of Bacs-Kiskun
County Teaching Hospital, where the study was initiated,
were consulted and no ethical concerns were raised
(Reference Number: 4/170125).

Results

The mean (+S.D.) age of the patients was 50.2 (x11.0)
years. A median of 2 SLNs (range: 1-8) and 14 non-
SLNs (range: 2-42) were removed from the patients.
The neoadjuvant treatment involved hormonal therapy
with aromatase inhibitors in 10 cases, whereas the re-
maining patients received chemotherapies. There were
110 estrogen receptor (ER) positive tumors (including
25 human epidermal growth factor receptor 2 — HER2
positive cases), and of the 32 ER negative tumors, 12
were HER2 positive by immunohistochemistry or in situ
hybridization. Complete primary tumor regression with
or without residual in situ carcinoma was seen in 24
cases, and no signs of regression were reported in 16
primary cancers. No nodal regression at all was
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Table1 Categorization of the results on the basis of possible variations in the distribution of metastases and regression and their relation to the theory
of a possible selective regression pattern in SLNs
SN metastasis SN regression NSN metastasis NSN regression Category Relation to theory No. of cases
Yes Yes No Yes A Against 9
No B Indifferent 15
Yes Yes (= SN) Co Indifferent 8
Yes (< SN) Cl In favor 11
Yes (> SN) C2 Against 5
No D In favor 6
No No Yes E Against 3
No F Indifferent 24
Yes Yes G Against 5
No H Indifferent 18
No Yes No Yes 1 Indifferent 11
No J Indifferent 2
Yes Yes K In favor 1
No L In favor 0
No No Yes M False negative SLN 7
No N Indifferent 9
Yes Yes (0] False negative SLN 6
No P False negative SLN 2

evidenced in 19 node-positive cases, whereas 55 cases
had at least one metastatic lymph node without evidence
of regression (NR4). The metastasis and regression sta-
tus of the analyzed cases are summarized in Table 1.

Categories B, CO, F, H, I, J and N represented 87/142 cases
including 40 node-positive cases without evidence of regres-
sion in the lymph nodes (Table 1), and were indifferent to-
wards the tested hypothesis. Of the 89 cases with signs of
nodal regression, the 22 cases in categories A, C2, E and G,
where the regression was of greater degree in non-SLNs (22/
89 cases, 25%) were in favor of a selective non-regression in
SLNSs. Only 18/89 cases (20%) fell into categories C1, D or K,
and were in support of a selective and more pronounced re-
gression in the SLNs.

Discussion

The practice of SLN biopsy in locally advanced breast cancer
patients receiving neoadjuvant systemic treatment is still
somewhat controversial. Often the SLN biopsy was per-
formed before primary systemic therapy or was not performed
because of previously evidenced metastatic lymph nodes. The
required cases were relatively rare in our archives, and the
present study should be regarded as an exploration of the
theory of a potential selective regression (or non-regression)
in SLNs.

There are some reservations regarding the possible
conclusion of the study. The methods of SLN biopsy
were obviously not uniform, but were the ones applied
and relied on in clinical practice at the given institution.
The nature of the therapeutic agents used for primary
systemic treatment could not be taken into account, as
there was a wide variation in the protocols and drugs
used, and the low case numbers would not have made
any treatment-specific analysis possible. Altogether the
case numbers are relatively small, however, the distribu-
tion of the cases did not point in favor or against a
selective regression (or non-regression) in SLNs.
Finally, fibrotic foci in the lymph nodes were interpreted
as signs of regression, but these signs are not specific,
and other processes may lead to the same morphological
features. However, in the setting of neoadjuvant therapy,
this latter is the most likely cause for these morpholog-
ical changes, and therefore these were uniformly
interpreted as signs of regression.

The evidence gathered from the limited number of cases
available suggests that despite the attractiveness of a preferen-
tial regression (or non-regression) in tumor draining lymph
nodes (SLNs which seem to be immunosuppressed and at
the same time are the sites of TRL), there is no obvious dif-
ference in the degree of regressive histological changes shown
by SLNs and NSLNs. Therefore, this phenomenon may not be
a major contributor to the somewhat higher false negative rate
of SLN biopsy after neoadjuvant treatment [9].
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Abstract As concerns the microscopic morphology of ductal
carcinoma in situ (DCIS), neoplastic cells are surrounded by
both a myoepithelial cell layer and a basement membrane as
expected from the outer structure of ducts and lobules.
However, in some cases, it is impossible to state whether the
structures involved by the disease are ducts or lobules.
Altogether 1220 anatomic structures involved by DCIS
displaying comedo necrosis from 27 slides of 21 patients (seen
on both haematoxylin and eosin-stained and orcein-stained
slides) were identified as representing ducts, likely ducts, un-
classifiable structures, likely acini or acini on the basis of their
distribution and resemblance to normal anatomic structures.
All structures were then rated as having a circumferential elas-
tic layer (as normal ducts), a partial elastic layer around more
or less than half of the periphery or having no peripheral
elastic layer at all (as normal acini). Structures classified as
ducts or likely ducts were likely to have an elastic coating,
whereas acini and likely acini had no such coating.
Unclassifiable structures were generally devoid of an elastic
layer. Structures (and cases) that were likely to represent
neoductgenesis as proposed by Zhou et al. (Int J Breast
Cancer 2014;2014:581706) were generally unclassifiable
and devoid of outer elastic layer. Many duct-like structures
in DCIS with comedo necrosis are devoid of elastic layer
typical of normal ducts, suggesting that these structures are
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abnormal despite conservation of the myoepithelium and the
basement membrane.

Keywords Breast cancer - Comedo necrosis - Ductal
carcinoma in situ - Elastic stain - Neoductgenesis

Introduction

Breast parenchyma is organised into anatomic units corre-
sponding to mammary lobes. A lobe can be defined as the
complex of a lactiferous duct branching into smaller and
smaller ducts with terminal ductules and the lobule forming
acini belonging to these ductules at the end, i.e. each lactifer-
ous duct defines a different lobe, of which 15 to 25 make up
the breast parenchyma [1]. An easy to imagine visual analogy
of the lobar organisation would be that of a tree, where the
lactiferous duct would correspond to the trunk, the ducts to
branches and the lobules to compound leaves. The outer
myoepithelial layer and the basement membrane around the
ducts would represent the bark of the tree. Acini of the lobules
and ducts are easy to distinguish from each other. However,
when their lumen enlarges and the diameter becomes larger,
ectatic ducts and cystically dilated acini are not always easy to
separate. The maintained lobular architecture, multiplicity of
the lumens and the common presence of apocrine epithelium
helps to identify dilated lumina as cysts. In contrast to cysts,
ectatic ducts are generally single or separated from each other
by normal breast adipose or fibrous tissue more in keeping
with interlobular stroma than with intralobular stroma.
Although both the ducts and lobules feature an outer
myoepithelial cell layer and a basement membrane, there is
usually also an elastic layer around the ducts, which is missing
around the acini (Fig. 1). This phenomenon can also help in
the distinction between ectatic ducts or cystic acini, although
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Fig. 1 Elastic fibres around normal and dilated anatomic structures. a A
duct with elastic coating (arrow) and acini without an outer elastic layer
arranged into lobules. b Lobular cancerisation. DCIS extending into a

the amount of elastic fibres around dilated ducts is dependent
on the amount initially present and any damage by inflamma-
tory processes (Fig. 1) [2].

When ductal carcinoma in situ (DCIS) develops in the duc-
tal tree or its end, the terminal ductulolobular unit (TDLU),
there is often a dilatation of the normal anatomic structures.
When the anatomy of the breast is maintained, DCIS can
easily be identified as involving the ducts and sometimes the
lobules. The latter phenomenon has been called cancerisation
of lobules or lobular cancerisation [3, 4] (Fig. 1b). The anal-
ogy of the tree also applies to this presentation.

Some forms of DCIS do not follow this regular growth and
intraluminal spread. Instead, there are plenty of more or less
dilated lumens dispersed with a relatively uniform and higher
than normal density. Although some believe that this pattern is
also due to abnormal extent of dilatation of preexisting struc-
tures (i.e. ducts and lobules) like overinflated balloons touch-
ing each other, there is apparently no obviously discernible
lobular architecture maintained. The concept of
neoductgenesis has been introduced to explain the morpholo-
gy of these cancers [5, 6]. This concept suggests that new
ducts are formed from the preexisting ones and grow into
the stroma. Keeping the analogy of the tree, this would corre-
spond to new lateral branches starting to grow from the trunk
or other larger branches, keeping the characteristic feature of
branches, i.e. having their bark. Indeed, the structures identi-
fied under the microscope in such cases have a myoepithelial
layer and a basement membrane and are easy to interpret as
DCIS, although myoepithelial phenotype and myoepithelial
marker expression may be altered [7, 8]. Newly formed ducts
‘invade’ the stroma in a pushing manner without losing their
myoepithelial and basement membrane layers which are the
diagnostic hallmark of in situ carcinomas and the clue used to
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lobule without altering the lack of elastic fibres around lobule forming
acini. ¢ Closely packed cysts devoid of elastic fibres. d Ectatic duct with
maintained elastic coating (arrows). (Orcein, x10, 10, x8, x15)

exclude the presence of invasion in breast pathology. This
controversy is certainly the cause why the concept of
neoductgenesis is not widely accepted, despite having more
and more advocates. Neoductgenesis could explain the ag-
gressive behaviour of tumours with this phenomenon having
minor areas of classical invasive carcinoma of no special type
(interpreted as ductal carcinomas with extensive intraductal
component). Such tumours have a larger whole tumour size
(including the DCIS morphology) than invasive tumour size
(including only the smaller classical invasive carcinoma), and
when stratified according to other prognosticators, their sur-
vival curves match those of no special type invasive tumours
of which the size corresponds to the whole tumour size of
tumours with neoductgenesis rather than their classical inva-
sive tumour size [5, 6]. The phenomenon could also be an
explanation for the anecdotal cases where no classical inva-
sive tumour is identified near DCIS with features of
neoductgenesis, but the patient dies of breast cancer [6].
Local recurrence rates in cases diagnosed as representing pure
DCIS are also higher in neoplasms with proposed
neoductgenesis, and this is also related to their greater exten-
sion and diffuse growth pattern [9, 10] but also reflects a
worse overall prognosis.

Neoductgenesis is not easy to define. It has been associated
with casting (linear branching) type calcifications on the
mammogram, and tumours with this manifestation have been
reported to have poor outcome in several series [5, 11-14]
with some contradicting results in others [15—17]. Tenascin
expression has been demonstrated around the newly formed
ducts [5, 6]. Morphologic criteria have also been proposed on
the basis of duct concentration, periductal fibrosis and lym-
phocytic infiltration [18] and may help to identify cases with
this phenomenon even on histological slides.
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In the present study, we analysed lumen forming structures
of the DCIS component of a few tumours (some of which
were believed to represent DCIS with neoductgenesis) with
orcein staining with the aim to see how ducts and acini main-
tain their staining when involved by DCIS and to see how
ducts believed to be newly formed behave with this stain.

Material and methods

Selected histological slides of patients with areas of DCIS
(mostly associated with areas of invasive cancer) demonstrat-
ing comedo necrosis and central, amorphous
microcalcification on histology slides were retrospectively
analysed. The study cases were from the Pathology
Departments of the University of Szeged (collected from a
consecutive series of patients with radiologic evidence of cast-
ing (linear branching) type calcification) and the Bacs-Kiskun
County Teaching Hospital (randomly selected cases with
comedo necrosis and central amorphous calcification in the
slides; these were from a previous pilot study looking at the
elastic stains).The clinicopathological information needed
was obtained from the radiological and histopathological
reports.

Inclusion criteria were the following: casting (linear
branching) type calcification described by the radiological
report or the histopathology report, high or intermediate
grade DCIS [19] with or without invasive breast carcino-
ma, resected tumour specimens and availability of slides
and paraffin blocks. For control, two slides with normal
breast tissue and architecture (derived from non-tumorous
random samples of resections performed for breast can-
cer) were included in the study.

D4
Fig. 2 Annotated structures. Structures that could be identified on both HE and ORC slides were numbered and classified as ducts (a), likely ducts (b),
unclassifiable structures (c¢), likely acini (d) or acini (e)

Haematoxylin and eosin (HE) staining was employed for
the identification of anatomic structures involved by the in situ
neoplastic cells as ducts or acini, whereas orcein staining
alone or combined with haematoxylin or HE (ORC) was used
for the evaluation of elastic fibres around the units previously
classified on the basis of the HE stain. One or two slides per
case were selected and digitised with a 3DHistec Pannoramic
250 Flash III scanner.

In the first step, with the aid of the freely downloadable
Pannoramic Viewer software (3DHistec, Budapest, Hungary),
the structures were numbered in parallel on both the HE and
the ORC digital slides (Fig. 2).

Each numbered structure that could be identified on both
HE and ORC stained slides was then classified into one of the
following categories: definitely representing a duct, likely to
be a duct, unclassifiable, likely to be an acinus, and definitely
representing an acinus (Fig. 2). For this classification, the
resemblance to the normal microanatomical structures was
considered, i.e. clustered arrangement into or resemblance to
lobular structures pointing to acinar structures and single
structures pointing to a ductal nature.

The elastic fibres around the numbered and classified struc-
tures were graded as concentric presence (score 3), dominant
presence (continuous or discontinuous elastic fibres around
more than half of the perimeter of the structure; score 2),
dominant absence (focal, elastic fibres around less than half
of the perimeter of the structure; score 1) and absence of elas-
tic fibres around the structure (score 0) (Fig. 3).

The neoductgenesis score described by Zhou et al. [18]
was applied for the identification of tumours demonstrat-
ing neoductgenesis. (The cases were selected before this
description was read). This scoring system takes into ac-
count the concentration of duct-like structures and loss of
normal ductal-lobular architecture, the lymphocytic
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Fig. 3 Scoring of the elastic layer around anatomical structures. a
Concentric presence (score 3). b Dominant presence (continuous or
discontinuous elastic fibres around more than half of the perimeter of

infiltration and periductal fibrosis (Table 1). The original
description of the score also includes a visual scale for
each score component, and this was used to label the
cases. However, we also applied the score to individual
structures. For this, we used the first component of the
combined score from the entire slide, but the two remain-
ing score components were derived from the lymphocytic
infiltration and fibrosis around the given structure.

Table 1  Neoductgenesis score [18]
Variable Score
Concentration of duct-like structures
and loss of normal ductal-lobular
architecture
Absent 0
Focal
General 2
Periductal lymphocytic infiltration
Absent 0
Mild 1
Pronounced 2
Periductal fibrosis
Absent 0
Mild 1
Pronounced 2
Neoductgenesis Score
Present 5-6
Absent 04

@ Springer

the structure; score 2). ¢ Dominant absence (focal, elastic fibres around
less than half of the perimeter of the structure; score 1). d Complete or
nearly complete absence of elastic fibres around the structure (score 0)

The statistics included the Mann-Whitney and the chi-
square tests. All statistical tests were two-sided, and
p < 0.05 values were considered statistically significant.

The institutional ethical committee of the Bacs-Kiskun
County Teaching Hospital was consulted and raised no con-
cerns about this non-interventional retrospective study.

Results

Twenty-seven slides from 21 female patients were inves-
tigated in this retrospective study (median 1 slide/case).
The mean age of the patients was 63.7 (range 46—86). The
basic clinicopathological parameters are displayed in
Table 2. Two thirds of the patients had high grade DCIS
with invasive carcinoma of no special type. The
mean + S.D. invasive tumour size and tumour extension
(including DCIS as well) were 13.9 = 17.7 mm (range = 0—
65 mm) and 44.4 = 30.7 mm (range = 12-65 mm), re-
spectively. The invasive component showed almost exclu-
sively high nuclear grade. The in situ component was of
high grade in all but one case. Oestrogen receptor and
progesterone receptor positivity were observed in 13 cases
and 11 cases, respectively. Intense, concentric membra-
nous positivity of human epidermal growth factor
receptor-2 (HER-2) was seen in 13 cases (61.9%).
Centrally calcified comedo type necrosis was present in
all cases, and casting (linear branching) type calcification
on the mammogram was documented in 17 cases; two
cases had mammography elsewhere and no data on the
type of calcifications were available, and two cases had
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Table 2 Basic clinicopathological information in the cases studied

Specimen
Mastectomy 9 (42.8%)
Breast-conserving surgery 12 (57.2%)
Histological diagnosis
Pure DCIS 9 (42.8%)
DCIS with invasive carcinoma 12 (57.2%)
Oestrogen receptor
Positive 13 (61.9%)
Negative 8 (38.1%)
Progesterone receptor
Positive 11 (52.3%)
Negative 10 (47.7%)
HER-2
3+ 11 (52.3%)
2+ 1 (4.8%)
1+ 1 (4.8%)
Negative 8 (38.1%)

DCIS ductal carcinoma in situ, HER-2 human epidermal growth factor
receptor-2

granular rather than casting type calcification described in
the radiological report.

Altogether 1220 structures were classified as ducts or acini
with different levels of certitude, as described in the ‘Material
and methods’. The majority (nearly two thirds) were unclas-
sifiable, and between 7.4 and 13.6% belonged to one of the
four remaining categories each. The relation of these classified
structures to peristructural elastic fibres is shown in Table 3.
The concentric presence of elastic fibres is more frequent
around structures identified as ducts or likely ducts but was
also seen around a minority of unclassifiable structures. At the
opposite end of the spectrum, acini lack elastic fibres around,
similarly to likely acini. Most unclassifiable structures are also

completely or partially (dominant absence pattern) devoid of
peristructural elastic fibres (Fig. 4).

Ducts (n = 33) and acini (n = 150) of control breast
slides were also analysed for the presence of elastic coat-
ing around these normal structures. The Mann-Whitney
test revealed significant difference between ducts and ac-
ini: a concentric elastic fibre layer surrounds almost all
normal ducts, but the acini do not have such an elastic
coating (p < 0.001).

Neoductgenesis was identified in six (25.5%) cases by
using the neoductgenesis score suggested by Zhou and
coworkers. After the application of this scoring system
to all numbered structures, we found that in
neoductgenesis positive tumours, 27.3% of the numbered
units were suggested as neoducts and there was hardly
any potential neoducts (0.75%) in neoductgenesis nega-
tive tumours.

We examined the means of the scores of numbered individ-
ual structures per case, as well. In neoductgenesis positive tu-
mours (n = 6), the average of the neoductgenesis-related scores
was higher (mean £ S.D. =3.87 +0.35, range = 3.49-4.39) than
in neoductgenesis negative cases (mean = S.D. = 1.97 + 1.11,
range = 0-3.1).

Two third of these neoducts identified by the per struc-
ture scoring system are irregular and uncertainly classifi-
able structures (Table 4) and almost 80% of them are not
or dominantly not surrounded by elastic fibres. The chi-
square test revealed a significant difference between the
normal structures and the individual score based neoducts:
the latter generally do not have an elastic layer around
(p < 0.001).

In neoductgenesis positive and negative tumours, the pres-
ence of elastic fibres was evaluated by scoring of each struc-
ture on orcein-stained slides as described in the “Material and
methods’. Lower scores were found in the neoductgenesis
positive tumours (mean + S.D. = 0.57 + 0.32, range = 0.28—
0.91) than in neoductgenesis negative neoplasms
(mean £+ S.D. = 0.89 + 0.54, range = 0.1-2.1).

Table 3 The proportions of

elastic fibres around the evaluated Duct vs. acinus  Elastic fibres All(n)  All (%)
structures
Absence Dominant Dominant Concentric
absence presence presence
n % n % n % n %
Duct 5 0.4 9 0.7 24 1.9 53 44 91 7.4
Likely duct 21 1.3 34 2.9 25 2 33 2.7 113 8.9
Unclassifiable 559 459 142 11.7 36 3.1 25 2 762 62.7
Likely acinus 88 7.3 1 0.07 1 0.07 0 0 90 7.44
Acinus 162 134 2 0.16 0 0 0 0 164 13.56
All 835 683 188 15.53 86 7.07 111 9.1 1220 100
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Fig. 4 Elastic fibres around ducts
involved by DCIS, and their
absence around similar structures,
that could represent neoducts but
do not reach an individual score
for the qualification as neoduct in
aneoductgenesis negative case on
the basis of the overall score
(Orcein, x4). Note the branching
of the elastic fibre-negative
structure from the elastic fibre-
positive duct

Discussion

Our study of a large number of breast microanatomic
structures suggests that most of the densely packed struc-
tures involved by morphological DCIS with comedo ne-
crosis cannot be classified on the basis of the HE look as
ducts or acini. The study of the control cases reinforced
the known microanatomy of ducts and lobules, of which
only the previous have an elastic coating. The study also
demonstrated that DCIS involved structures that could be
classified as ducts or acini with some certainty displayed
the elastic coating expected on the basis of the normal
anatomic structures. On the other hand, most structures
that could not be reliably classified as ducts or acini, in
parallel with most structures classified as representing
neoducts on the basis of the proposed scoring system
[18] adapted to the individual structures, were devoid of

—

an elastic coating. Although this could be used as a sup-
port to the acinar origin of these structures, it is more
realistic to suggest that together with previously described
stromal periductal tenascin-C accumulation [5, 6], this
could be another difference between preexisting and new-
ly formed ducts. It is not known whether the proposed
new ducts are devoid of periductal elastic fibres from
the beginning or these fibres are lost as a consequence
of periductal inflammation and/or fibrosis.

Myoepithelial cells have been reported to have an altered
phenotype in some DCIS cases, characterised by the loss of
one or more myoepithelial markers labelling the
myoepithelium around normal anatomic mammary structures.
The phenomenon occurs more frequently in high grade DCIS.
None of the present cases were of low grade, and all but one
case were of high grade. Although we did not study the ex-
pression of myoepithelial markers, we detected another

Table 4 The morphological

characteristics of potential Neoduct Elastic fibres All All
neoducts (n = 218) (1) (%)
Absence Dominant Dominant Concentric
abscense presence presence
n % n % n % n %
Duct 3 14 5 24 5 24 15 6.9 28 13.1
Likely duct 5 24 13 6.2 9 4.2 5 24 32 15.2
Unclassified 109 50 20 9.3 5 24 5 2.4 139 64.1
Likely 8 3.7 1 0.6 0 0 0 0 9 43
acinus
Acinus 7 33 0 0 0 0 0 0 7 33
All 132 60.8 39 18.5 19 9 28 11.7 218 100
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abnormality of high grade DCIS cases with comedo necrosis,
namely the lack of elastic fibres around the ducts. This was not
only present in cases which displayed a neoductgenesis score
above 4 but also in cases with lower scores.

Neoductgenesis is a concept to explain the morphology of
certain breast cancers that show neoplastic cells in densely
packed anatomic structures seemingly corresponding to either
normal ducts or acini on the basis of the presence of a base-
ment membrane and a myoepithelial layer at the outer surface
but not corresponding to any of these preexisting structures
when looking at the lack of the tree-like distribution of normal
anatomic structures described in the ‘Introduction’. The theo-
ry suggests that some breast carcinomas are characterised by
the outgrowth of new branches, i.e. new ducts, neoducts from
the ductal tree, representing a pushing type infiltration.
Densely packed, tumour involved, myoepithelium coated
structures could theoretically represent engulfed preexisting
acini (and ducts), but when one looks at the phenomenon of
lobular cancerization, where this neoplastic inflation happens,
or at ductectasia or cystic changes where dilation of
preexisting lumina generally occurs without intraluminal epi-
thelial proliferation, it is clear that these processes maintaining
the tree-like structure are different from cancers with pre-
sumed neoductgenesis. Three-dimensional analysis of such
cases further reinforces the lack of normal distribution of ducts
and acini in such tumours [6]. This ‘disturbed arborisation’ [9,
10] could be the result of a disturbed alveolar switch [20], a
hormonally driven physiologic mechanism responsible for the
development of acini from ductal epithelium. Our report indi-
cates that the proposed neoducts are also devoid of elastic
coating, resembling acini in this respect.

There were more structures that could not be reliably clas-
sified as ducts or acini than structures corresponding to
neoducts on the basis of the neoduct scoring applied to the
individual structures. These unclassifiable structures were
generally devoid of elastic fibres. Cases that could not be
classified as representing neoductgenesis on the basis of the
overall score also contained such elastic fibreless unclassifi-
able structures. It could happen that more of these comedo
necrotic structures correspond to neoducts than those identi-
fied as neoducts on the basis of the individually (per structure)
applied score. Of the two other possible explanations, namely
that the unclassifiable structures correspond to acini (original-
ly lacking elastic fibres) or ducts losing their elastic coating,
the first seems unlikely due to the diffuse and non-lobular
distribution of these structures (this is why they could not be
classified even as likely acini), whereas the second is also
questionable on the basis of the distribution (there are too
many of them clustered close to each other, not allowing their
classification even as likely ducts).

Our study therefore identifies possible neoducts as struc-
tures devoid of elastic periductal fibres and most of the struc-
tures that could not be classified as (likely) ducts or (likely)

acini on the basis of distribution patterns as similarly devoid of
elastic fibres and possibly also as neoducts. The use of elastic
stains may probably be an aid in the study of neoductgenesis.
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Despite national guidelines, the evaluation of effects of primary systemic treatment
(PST) in breast cancer is a complex challenge. Our aims were to evaluate the
response patterns focusing on correlations of radiological and pathological tumor size,
regression heterogeneity in different molecular subtypes, cellularity changes and the
incidence of enlarged, multinucleated neoplastic cells related to therapy.

Slides of pretreatment biopsies and resection specimens of consecutive cases were
reevaluated focusing on heterogeneity of regression per whole slide, and 40x or 100x
magnification fields. Alteration in cellularity and the presence of multinucleated tumor
giant cells were noted. The correlation of pathological and radiological sizes and their
alterations were analyzed by Spearman rank correlation.

The present study included 106 tumors. A decrease in size (84.9%) and cellularity
(76.4%) was noted in all molecular subtypes. Inhomogeneous regression was found in
45.3%, with minor inhomogeneity in the majority. Scatter pattern regression was seen
only in 8 cases (7.5%). Significant correlations were found between the pathological
and radiological sizes (p=0.02), and between the alterations of cellularity and
pathological and radiological size (p=0.04; p=0.03, respectively). Multinucleated tumor
giant cells were noted in 17.9% (n=19), nearly exclusively in cases treated with PST
including taxanes.

Regression inhomogeneity following PST is present in about half of the cases, and is
not related to molecular subtypes. The evaluation of the maximum area of the tumor
bed is recommended for the proper evaluation of regression. Multinucleated tumor
giant cells are related to PST including taxane derivate, and may cause upgrading.

We thank the reviewers for their assessment and evaluation of our manuscript as well
as for their comments, which we used to revise our manuscript.
Comments for the Author:

This study evaluated the regression pattern after PST.
Q1: What is the difference between PST and PFS?
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Primary systemic therapy (PST) — for the purpose of this study - was defined as
chemotherapy prior to surgical process, either in the neoadjuvant or in the palliative
setting. Patients receiving primary endocrine therapy were excluded from the study.
Unfortunately, we do not really understand, what the reviewer means by his question.
We thought about a typographical error in our manuscript, but by using the search
function of the word processor, we found no trace of the abbreviation PFS. To our
knowledge, this conventionally means progression free survival. Our study did not
evaluate survival data, and had no ethical approval for outcome analysis.

Q2: Is there any suggestion, how the clinical practice can take advantage from these
results?

There are some studies listed in the discussion, where regression is monitored by
taking interim core needle biopsies. The prevalence of these regression patterns was
not assessed previously. As our findings demonstrated, inhomogeneity is present in
half of all cases, while major inhomogeneity is seen in approximately 10%. Especially
in the latter cases, biopsies may be misleading regarding the effect of PST. This may
perhaps be overcome by increasing the sites sampled or the number of cores taken.
This may be considered one clinically useful aspect of our study. The second clinically
relevant finding may relate to the introductory example: a post-PST breast conserving
resection with a large area of empty tumor bed in the specimen but also tumor bed in
the inked margin may not be a sufficient evidence of complete regression.

Part of this has already been included in the discussion, but we have added some
further lines to better highlight these clinical aspects, in the paragraph quoted below:

Several ongoing or completed studies on PST feature post-PST biopsies as parts of
the design [34-38]. By taking interim or final biopsies, pathological response and the
effects of treatment can be characterized. Tumor heterogeneity, especially the scatter
pattern of regression may have an impact on these studies. Limited sampling by
biopsies may be the source of misinterpretations, if the biopsy is taken from the part of
tumor bed showing complete response, or another part lacking any response. To avoid
these diagnostic pitfalls, generous sampling by multiple biopsies is recommended for
cases showing the extremes on the scale of regression, if the assessment of the
complete tumor bed is not feasible. The results may also have an impact on the
management of cases similar to the introductory example: an empty tumor bed with
tumor bed on the inked margin may not be a perfect evidence of pCR or complete
tumor resection.

We hope that the revision will satisfies the reviewer(s) and the editors.
Sincerely,

Tamas Zombori MD, Gabor Cserni MD, DSc
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Abstract

Despite national guidelines, the evaluation of effects of primary systemic treatment (PST) in
breast cancer is a complex challenge. Our aims were to evaluate the response patterns
focusing on correlations of radiological and pathological tumor size, regression heterogeneity
in different molecular subtypes, cellularity changes and the incidence of enlarged,

multinucleated neoplastic cells related to therapy.

Slides of pretreatment biopsies and resection specimens of consecutive cases were reevaluated
focusing on heterogeneity of regression per whole slide, and 40x or 100x magnification fields.
Alteration in cellularity and the presence of multinucleated tumor giant cells were noted. The
correlation of pathological and radiological sizes and their alterations were analyzed by Spearman rank

correlation.

The present study included 106 tumors. A decrease in size (84.9%) and cellularity (76.4%) was noted
in all molecular subtypes. Inhomogeneous regression was found in 45.3%, with minor inhomogeneity
in the majority. Scatter pattern regression was seen only in 8 cases (7.5%). Significant correlations
were found between the pathological and radiological sizes (p=0.02), and between the alterations of
cellularity and pathological and radiological size (p=0.04; p=0.03, respectively). Multinucleated tumor
giant cells were noted in 17.9% (n=19), nearly exclusively in cases treated with PST including

taxanes.

Regression inhomogeneity following PST is present in about half of the cases, and is not
related to molecular subtypes. The evaluation of the maximum area of the tumor bed is
recommended for the proper evaluation of regression. Multinucleated tumor giant cells are
related to PST including taxane derivate, and may cause upgrading.

Key words: primary systemic therapy, breast cancer, regression pattern, molecular subtypes



A 40-year-old woman with a cT2(34 mm)NOMO grade 3 estrogen receptor (ER)
positive and human epidermal growth factor receptor 2 (HER2) negative breast cancer of no
special type (Fig. 1A) received 6 cycles of docetaxel, epirubicin and cyclophosphamide as
primary systemic treatment (PST), showed substantial regression on imaging, and underwent
breast conserving surgery with sentinel node biopsy. The localization metal clip was not
included in the first excision and a re-excision was needed to remove the clip, too. The first
surgical specimen included an empty tumor bed area with 11.4 mm greatest dimension, but
the empty tumor bed was in the margin (Fig. 1B). The second specimen sent for histology
also included the localization clip and a tumor bed area harboring both ductal carcinoma in
situ and a 6 mm-large residual grade 3 invasive carcinoma (ypT1b) (Fig. 1C and 1D). The
cited introductory example highlights that tumor regression may be misleadingly
inhomogeneous, and this may lead to the false impression of complete regression on one end
and lack of regression on the other end of the spectrum unless the full tumor bed is

investigated.

PST of breast cancer has become more frequent recently. This approach to systemic
treatment is currently applied in bulky (>2cm) tumors or locally advanced cancers [1]. The
radiologic and pathologic interpretation of regression is sometimes controversial due to some
mismatch between the entities used for assessment. There is no internationally agreed
consensus on how different imaging modalities should be priorized and specimen handling is

also rather heterogeneous.

The presence or absence of regression is evaluated by radiologic modalities, namely
ultrasonography (US), mammography and magnetic resonance imaging (MRI). This
examination influences the continuation, shift or termination of PST and the multidisciplinary
decision about surgical treatment. After the operation, the pathological examination reveals
the degree of regression: pathological complete regression (pCR) on one end, and the
complete lack of regression on the other end of the spectrum. The scale of regression affects
further treatment decisions. Therefore, a standard approach to the evaluation of the breast
specimen is crucial. To reach this aim, national guidelines have been developed in individual
countries like Australia [2], Belgium [3], Germany [4], the United Kingdom [5], the
Netherlands [6], the United States [7] and Hungary [8].



Despite these guidelines or reviews [9; 10] aiming at some uniformity in breast cancer
reporting, there are several inconsistencies, namely in specimen work-up, definition of pCR,

patterns and grades of regression.

After PST, the identification of the tumor bed may be difficult because the tumor may
have become less firm, and less well circumscribed. Therefore, gross examination must be
correlated with the clinical and especially radiological localization to ensure that the correct
area is sampled. Systematic sampling should include the grossly visible tumor bed or the
location of clip markers and neighboring areas to incorporate the area involved by carcinoma
before treatment [10]. Digital photos, specimen mammography images or drawings should be
taken for helping the comparison between clinical and morphological findings.
Histopathological evaluation is based on sampling: representative areas are chosen for tissue
blocks during grossing, and a tissue section represents about one thousandth of the whole
thickness of the tissue block. It is obvious, that the more thorough the sampling, the more
details one can discover under the microscope, especially in non-homogeneous lesions

exemplified in the first paragraph and Figure 1.

In case of inhomogeneous, scattered focal regression, the assessment of tumor size
may be problematic, as well. The dimension of the largest invasive focus may deviate from
the largest dimension of the residual tumor affected area in the tumor bed (i.e. the extent)
[11].

According to the United States’ Food and Drug Administration (FDA), ‘Pathological
complete response is defined as the absence of residual invasive cancer (ypTOypNO or
ypTOisypNO) on evaluation of the complete resected breast specimen and all sampled regional
lymph nodes following completion of neoadjuvant systemic therapy’ [12].The AJCC has
endorsed the same definition [13]. This recommendation is based on the findings of the
Collaborative Trials in Neoadjuvant Breast Cancer project. In this study, there was no
difference in event-free and overall survival of patients having ypTOypNO or ypTisypNO
breast cancer [14]. On the contrary, the German and Austrian Breast Groups demonstrated
significant worsening in event-free survival of ypTisypNO versus ypTOypNO breast cancer
cases [15]. Therefore, an alternative definition of complete response was proposed by this
group, which excludes both residual ductal carcinoma in situ (DCIS) and invasive carcinoma

in the breast (ypTOypNO only).



Regression and its scale can be characterized by different parameters, like the size of
residual invasive carcinoma, lymph node status, tumor cellularity, tumor grade, proportion of
tumor remaining in breast (%) and finally the size of tumor bed in two dimensions. Several
regression grading systems based on these parameters have been introduced and validated,
including those described by Miller and Payne [16], Pinder [17], Denkert and Sinn [18] and
Sataloff [19].

Another feature of response to neoadjuvant therapy is homogeneity or heterogeneity of
the regression. According to Provenzano and coworkers, the patterns of residual disease are
the following: homogenous regression (cellularity decreased, size unchanged),
inhomogeneous regression (cellularity decreased, size variable, small areas without residual
disease), "scatter pattern™ (cellularity decreased, size variable, tumor bed slides without
residual disease) and "concentric shrinkage™ (CS) (size decreased, cellularity similar) [10].

Especially the "scatter pattern” may lead to diagnostic pitfalls if not systematically sampled.

Not only the size and cellularity change following PST, but grade may also be altered.
After PST, bizarre and/or macronucleated neoplastic giant cells may sometimes be found in
the tumor bed. These cells are generally attributed to the effects of chemotherapy. The
presence of these bizarre cells may increase the posttreatment grade, whereas a reduction in
the proliferating cells may decrease it.

The aims of the present study were to evaluate the response patterns in breast cancers
after PST, focusing on correlations of radiological and pathological tumor sizes, regression
heterogeneity in the tumor bed and in the axilla in different molecular subtypes of breast
cancer, cellularity changes between biopsy and resection specimen, correlation between
cellularity and size alterations and the incidence of macronucleated, bizarre neoplastic cells

related to therapy.

Materials and methods

Consecutive invasive breast carcinomas treated with PST and operated on at the Bacs-
Kiskun County Teaching Hospital, Kecskemét or at the Department of Surgery, University of
Szeged from 2015 through February 2018 and from 2013 through May 2018, respectively

were included. Additionally some earlier cases (from between 2010-2014) collected for a



previous study on PST (n=8) were also included. Exclusion criteria were unavailability of

slides of either the biopsy or the excision specimen and primary endocrine therapy.

Clinical data, namely age, gender, laterality, type of surgery, pre- and posttreatment
size determined by US, mammography and MRI (as available), primary systemic therapy
were collected from medical charts. Pathological data including ER, progesterone receptor
(PR) and HER-2 status, ypT and ypN categories [13], TR and NR tumor and node regression
categories [20], pre- and posttreatment histological grade, pathological size (both the largest
invasive focus and extent of the area involved by tumor, either invasive or in situ) were
obtained from the histopathology reports. The immunohistochemical surrogate classification
of molecular subtypes of breast carcinomas was utilized according to the St. Gallen
Consensus Conference [21]. The latest recommendations of American Society of Clinical
Oncology were applied for the evaluation of HER-2 immunohistochemical staining [22].

Both departments have used the same work-up methodology recommended by the 3rd
Hungarian Consensus Conference on Breast Cancer [8] including radiological localization,

systematic sampling and clinical-pathological correlation on multidisciplinary meetings.

All hematoxyline-eosin stained tumor (bed) containing slides of biopsy and excision
specimens were analyzed. The cellularity was estimated by two pathologists (TZ & GC) both

on biopsy and excision specimens. Consensus was always reached.

The tumor bed areas showing complete regression or the absence of any regression
pattern were evaluated on low (4x) and medium (10x) power fields (field areas: 0.24 mm? and
0.005 mm?, respectively). The presence of whole slides, any low power field or any medium
power field showing complete response or the lack of any response were noted. Homogenous
regression was defined as pCR (Fig.2A), absence of regression on all slides (Fig.2B) and
uniform degree of regression on all slides (Fig.2C). Any other pattern was perceived as
inhomogeneous response (Fig.2E-G). The latter included the so called "scatter pattern” [17],
the CS [17], which was identified in case of reduction of tumor size with similar cellularity
(Fig.2D).

The cells having enlarged cytoplasm, multiple and/or enlarged bizarre hyperchromatic

nuclei with different size and shape were labelled as “monster cells” for the purpose of this

study (Fig.2H-1).



The slides of axillary sentinel lymph node excisions and/or axillary lymph node
dissections were reevaluated and the presence or absence of metastasis and regression were
documented. If metastatic nodes were seen with and without regression, inhomogeneous

axillary response was identified.

The alteration of pre- and posttreatment cellularity and size; and the correlation
between radiological (exclusively uniformly available US data) and pathological size were
analyzed by the Spearman rank model. All statistical tests were one-sided, and p<0.05 values were
considered statistically significant. We utilized the SPSS Statistics software (IBM, SSPS 22.0,
Armonk, NY USA).

Results

In this series, 106 cases were included: 56 and 50 patients from the University of
Szeged and the Béacs-Kiskun County Teaching Hospital, respectively. The basic clinical
characteristics of these cases, namely age, type of surgery, histological type of tumor, ypT,
YPN categories, pretreatment grade and therapy received are summarized in Table 1.Seven
patients having stage IV disease defined by distant metastasis received palliative
chemotherapy before surgery.

The morphological parameters evaluated are displayed in Table 2. In all IHC
approached molecular subtypes defined by the St. Gallen Consensus Conference in 2013,
diminution was the most frequent size alteration after PST. The Spearman rank correlation
revealed that the concordance between post-treatment pathological size and radiological size
(defined by US examination) was high (p=0.002).

Regarding the homogeneity of regression, the luminal A, HER-2 and triple negative
breast cancers (TNBCs) showed more homogeneity, whereas luminal B cases demonstrated
more inhomogeneity. Unfortunately, statistical analysis could not been applied due to the low
case number in the groups. Lack of any regression, uniform degree of regression and pCR
were observed in 7.5%, 18.8% and 28.3% of all cases, respectively. The vast majority of
inhomogeneous regression was minor inhomogeneity (36.7% of all cases). The scatter pattern
was identified in only 8 cases (7.5%), while CS was the rarest (n=2; 1.8%). The regression
inhomogeneity is demonstrated in Table 3 displaying the distribution of complete regression

and the lack of any regression patterns at the different magnifications evaluated. In the lymph
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node specimens, homogeneity was more frequent (homogeneity: 45.3% versus
inhomogeneity: 23.5% of all cases). In cases having neither metastasis nor regression in the
lymph nodes, homogeneity of regression or its lack could not be evaluated (31.2 %).

Cellularity changes reflected decrease in most cases (two thirds of all patients) but an
increase was recorded in a significant minority (15.1%). The correlation between changes in
cellularity and the alterations of post-treatment pathological and radiological tumor sizes
compared to the pretreatment US size were significant (p=0.04 and p=0.03, respectively).
After exclusion of cases showing pCR following PST (where grade alteration was not
interpretable) the grade of tumors was unchanged in 72.4%. Upgrading and downgrading
were detected in 10 and 10 cases (13.8% and 13.8%), respectively. The latter was not seen

among patients having TNBC.

“Monster” cells were seen in 17.9% (n=19) of all cases. They were present in pre- and
posttreatment grade 2 and 3 tumors exclusively. Their possible influence on grade alteration
and association with PST are demonstrated in Table 4. Among these findings, the following
are underlined: in 5 cases, upgrading (grade 2 to post-treatment y-grade 3) was detected in
presence of “monster” cells and the monster cells were present only (all but one case) in

patients who received PST including a taxane.

No correlation was found between the molecular subtypes and treatment related
alteration in (pathological) size, cellularity, grade, the homogeneity of regression in lymph

node specimens and presence of "monster” cells.

Discussion

The concepts of PST were developed in the last years and offer an alternative option
for patients having primary breast cancer. The aims of PST are combination of systemic
treatment and surgical treatment in order to eliminate all tumor cells, down staging breast
cancers to make them operable by breast conserving options, and enabling the assessment of
regression by pathological means [23-25]. In PST studies, the pathological diagnosis is the
most important parameter for the generation of study endpoints [26]. The histopathological
changes after PST are complex, therefore careful systematic analysis of the specimen is

required for accurate diagnosis and treatment. The standardization of specimen handling and



histological interpretation is essential for approaching pCR as an indicator in PST studies, or

for measuring residual disease [10].

Although one of the most cardinal features of residual disease is the tumor size, it is
often difficult to determine after PST. Besides the hardships of systematic sampling of the
tumor bed, residual tumor may be present as multiple, small scattered foci. In the latter case,
the size of the largest invasive focus determines the ypT category according to the 8" edition
of the AJCC staging system [13], while the extent defined by the largest dimension inclusive
of all independent invasive foci may be better for comparison with radiologic size [12]. Our
findings have demonstrated, that pathological tumor size correlates with radiological (US)

size, and the alteration of pathological size is in keeping with radiological findings [27; 28].

Primary chemotherapy selectively eliminates the proliferating cells, therefore the
mitotic activity and the cellularity may decrease. Though, the change in cellularity is one of
the most representative features of PST [29], it is not recorded routinely in the
histopathological reports, because it is not easy to assess, lacks standardization and is an
important parameter in only some tumor-response systems [16; 30] while it is not one in
others [31-33]. Cellularity is utilized in two regression grading systems: in the Miller-Payne
and in the Residual Cancer Burden system (RCB). Regarding the five-tiered Miller-Payne
system, the pre- and post PST cellularity are compared, and the presence of invasive
carcinoma is considered [16]. The four-tiered RCB is based on the size of the tumor bed in
two dimensions, tumor cellularity in the post-treatment specimen, the proportion of DCIS in
residual cancer, the number of lymph nodes with residual metastasis and the size of the largest
lymph node metastasis [30]. In the present series, biopsies taken before PST and resection
specimen were evaluated for cellularity changes. In the vast majority of the cases, cellularity
has declined and a significant correlation was detected between alterations of cellularity and

(pathological) size.

Our findings suggest that homogeneity and inhomogeneity of regression are not
associated with any molecular subtypes, and both are present approximately in half of the
cases. The majority of inhomogeneous regression represented minor inhomogeneity seen in
differences between one and the other medium or low power field, while the scatter pattern
and CS were exceptionally rare. Although, the most remarkable pattern is the scatter pattern

regarding the problems of tumor bed sampling (Figure 1 and introductory example), where



complete slides may be present without residual cancer, minor heterogeneity may also cause

diagnostic controversy if only core biopsy is taken after PST.

Several ongoing or completed studies on PST feature post-PST biopsies as parts of the
design [34-38]. By taking interim or final biopsies, pathological response and the effects of
treatment can be characterized. Tumor heterogeneity, especially the scatter pattern of
regression may have an impact on these studies. Limited sampling by biopsies may be the
source of misinterpretations, if the biopsy is taken from the part of tumor bed showing
complete response, or another part lacking any response. To avoid these diagnostic pitfalls,
generous sampling by multiple biopsies is recommended for cases showing the extremes on
the scale of regression, if the assessment of the complete tumor bed is not feasible. The results
may also have an impact on the management of cases similar to the introductory example: an
empty tumor bed with tumor bed on the inked margin may not be a perfect evidence of pCR

or complete tumor resection.

Histological grade of breast cancer is one of the most established traditional prognostic
factors. Honkoop and coworkers have found significant decline in mitotic activity following
PST [39], while Sharkey et al have identified significant increase of nuclear pleomorphism
[40]. While the decline of mitotic count can lead to “downgrading”, more severe nuclear
atypia could result in “upgrading”. The result of these contradirectional changes may alter the
posttreatment histological grade. We have demonstrated that up- and downgrading are rare,
especially because the majority of PST case belong to grade 3. In half of the cases with

upgrading, monster cells were present.

The monster cells (Figure 2H-1) are giant tumor cells often having hyperchromatic
macronuclei or multilobated or multiple nuclei and they are associated with effects of PST
[40]. The presence of these cells was associated with taxane treatment. The principal effect of
taxanes is the disruption of microtubule function, including the blockage of the mitotic
spindle. Microtubules are essential to cell division, and taxanes stabilize GDP-bound tubulin
in the microtubule, thereby inhibiting the process of cell division as depolymerization is
prevented. The tumor cells are not able to divide after the duplication of their chromatin
content, and the result may be the formation of macronucleated “monster” cells. Our findings
suggest that the presence of these monster cells may increase nuclear atypia and therefore it

may lead to upgrading following PST. Due to polyploidization, such cells are also expected to
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show an increased copy number of many genes, including HER2, leading to a post-treatment

positive status of questionable therapeutic significance in these cells [41].

Limitations of the present study could be the low number of cases and the exclusion of
patients receiving primary hormone therapy (PHT). Fukada and coworkers have reported that
CS is significantly more frequent in luminal breast cancers following PHT, and these patients
had significantly better outcome than patients having other patterns [42]. In contrast, there
was no significant correlation between regression patterns and molecular subtypes in present

work. This discrepancy may be explained by the exclusion of cases with PHT.

To our knowledge, this is the first study describing the distribution of regression
heterogeneity according to molecular subtypes. Our findings suggest that regression may be
inhomogeneous in half of the cases, and it does not seem to be related to any molecular
subtype, therefore the evaluation of the whole tumor bed is recommended for the best
assessment of regression. The “monster” cells are related to PST including taxane derivate,

and may cause upgrading in tumors with non-high grade nuclei at the start of PST.
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Figure legends:
Figure 1. Example case with inhomogeneous (scatter pattern) regression.

A. Cellular tumor on core needle biopsy (HE, 40x)

B. Empty tumor bed with remnants of an intraductal papilloma in the firstly excised
surgical specimen. No margin labeling ink on tumor (free margin?), but ink on the
empty tumor bed. (HE, 40x)

C. Second surgical specimen included both areas of empty tumor bed (top right third) and
residual invasive carcinoma (HE, 40x)

D. Higher magnification of part C, with residual invasive tumor cell clusters (HE, 400x)

Figure 2. Patterns of regression and peculiar cellular changes (monster cells) in post-treatment

specimens.

Complete pathological regression (HE,40x)
Absence of any regression in the tumor bed (HE, 40x)
Homogenous regression (HE, 40x)

Concentric shrinkage pattern (HE, 40x)

m o o m »

Inhomogenous regression in a tumor bed. Big red circle and small yellow circle

display 40x and 100x field area, respectively. (HE, 1x)

m

40x field area of tumor bed on “E” slide shows complete response (HE, 40x)
G. 10x field area of tumor bed on “E” slide lacks any regression (HE, 100x)

H. and I. bizarre macronucleated “monster” cells (HE, 400x)
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Table 1. Click here to access/download;table;Table 1.docx %

Table 1. Clinical characteristics of patients. (SLND: sentinel lymph node dissection, ALND: axillary
lymph node dissection, NST: breast carcinoma of no special type, ypT and ypN: categories defined by
the 8™ edition of Cancer staging manual introduced by AJCC [13:AJCC])

Clinical parameters
Age (year)

Range 32-77
mean / median| 54.5/55

Type of surgery (n; (%))

Mastectomy | 71 (66.9)
breast conserving surgery | 35 (33.1)
Type of lymphadenectomy (n; (%))

SLND| 35(33.1)

ALND | 80 (75.4)
SLND+ALND| 10(9.4)
None| 1(0.9)

Histological type of tumor (n; (%))

NST | 100 (94.5)
Lobular| 4 (3.7)
Other| 2(1.8)

ypT (n; (%))

ypTO| 25 (23.6)
ypTis| 5(4.7)
ypTla| 8(7.5)
ypTlb| 9(8.6)
ypTlc| 18(16.9)
ypT2| 30(28.3)
ypT3| 9(8.6)
ypT4| 2(1.8)

ypN (n; (%))

ypNO| 55 (51.8)
ypN1| 26 (24.5)
ypN2| 12 (11.3)
ypN3| 11 (10.3)
nodata| 2(1.8)
Grade on core needle biopsy (n; (%))

1| 6(5.6)
2| 41(38.7)
3| 59 (55.7)

Treatment (n; (%))

anthracycline +/- targeted therapy| 9 (8.6)
taxane +/- platinum derivatives | 27 (25.4)
anthracycline + taxane| 70 (66.0)
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Table 2. Click here to access/download;table;Table 2.docx %

Table 2. Morphological features of cases evaluated, displayed according to the molecular subtypes of breast cancer [20]

Luminal A Luminal B HER-2 TNBC
Morphological variable n (%) n (%) n (%) n (%)
20 (100) 29 (100) 26 (100) 31 (100)
Radiological size alteration
shrinkage 15 (75) 26 (89) 24 (92.4) 25 (80.6)
growth 2 (10) 0(0) 2 (7.6) 4(12.9)
unchanged 2 (10) 3(11) 0(0) 2 (6.5)
no data 1(5) 0 (0) 0 (0) 0 (0)
Regression pattern in the resection specimen
Homogeneous 14 (70) 10 (34.4) 15 (57.6) 19 (61.3)
pCR 0 (0) 6 (20.7) 12 (46.2) 12 (38.7)
uniform degree of regression 11 (55) 3(10.3) 2 (7.6) 4(12.9)
lack of any regression 3 (15) 1(3.4) 1(3.8) 3(9.6)
Inhomogeneous 6 (30) 19 (65.6) 11 (42.3) 12 (38.7)
minor inhomogeneity 5(25) 17 (58.8) 9 (34.7) 8 (25.9)
"'scatter pattern" 1(5) 2 (6.8) 1(3.8) 3(9.6)
concentric shrinkage 0 (0) 0 (0) 1(3.8) 1(3.2)
Regression pattern in the lymph node specimen
homogeneous 9 (45) 12 (41.4) 13 (50) 14 (45.2)
inhomogeneous 7 (35) 10 (34.5) 4 (15.4) 4(12.9)
not applicable 4 (20) 7(24.2) 9 (34.6) 13 (41.9)
Change in cellularity
decreased 15 (75) 23 (79.5) 21 (80.8) 22 (70.9)
increased 2 (10) 3(10.3) 4 (15.4) 7 (22.6)
unchanged 3 (15) 1(3.4) 1(3.8) 2 (6.5)
no data 0 (0) 2 (6.8) 0 (0) 0 (0)
Change in grade
decreased 4 (20) 3(10.3) 3(11.5) 0 (0)
increased 2 (10) 5(17.3) 0 (0) 3(9.6)
unchanged 14 (70) 12 (41.4) 11 (42.3) 15 (48.3)
no data 0(0) 9 (31.0) 12 (46.2) 13 (41.9)
Presence of “monster” cells
present 5 (25) 6 (20.6) 3(11.5) 5 (16.1)
absent 15 (75) 23 (79.4) 23 (88.4) 26 (83.9)

(HER-2: human epidermal growth factor receptor-2; TNBC: triple negative breast cancer, pCR: pathological complete regression)
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Table 3.

Table 3. Morphological characteristics of regression patters

Click here to access/download;table;Table 3.docx %

Patterns of complete regression pattern at magnification of/on | lack of any regression pattern at magnification of/on
inhomogeneity n 40x 100x whole slide absent 40x 100x whole slide absent
minor inhomogeneity 39 19 (48.7) 14 (35.8) 0 6 (15.5) 15 (35.5) 9 (23 3(7.8) 12 (30.7)
scatter pattern 7 0 0 7 (100) 0 2 (28.5) 3 (43) 0 2 (28.5)
concentric shrinkage 2 2 (100) 0 0 0 0 1 (50) 0 1 (50)

Note: When a pattern was present on the whole slide, it was also present in a medium power (10x) and low power field, too; but the numbers in the table

reflect only the largest of the three areas assessed.
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Table 4.

Click here to access/download;table;Table 4.docx %

Table 4. Relation between alterations of grade, therapy received and “monster” cells, respectively.

monster cells

Alteration of grade present | absent
increased 5 5
decreased 1 9
unchanged 11 41
no data 2 32

Therapy

anthracycline +/- targeted therapy 1 8
taxane +/- platinum derivatives 4 23
anthracycline + taxane 15 55



http://www.editorialmanager.com/pore/download.aspx?id=86454&guid=ba5508dd-56e9-4d89-90d9-ad5ece7cdbf7&scheme=1
http://www.editorialmanager.com/pore/download.aspx?id=86454&guid=ba5508dd-56e9-4d89-90d9-ad5ece7cdbf7&scheme=1

Click here to access/download;colour figure;fig1.tif *



http://www.editorialmanager.com/pore/download.aspx?id=86455&guid=06ee39ad-f730-49e9-9e5c-8e1742289300&scheme=1
http://www.editorialmanager.com/pore/download.aspx?id=86455&guid=06ee39ad-f730-49e9-9e5c-8e1742289300&scheme=1

-4

Click here to access/download;colour figure;Fig2.tif

P = addy

- = ‘I
.ﬂl..“..“ =pL

TG

--
et Pl

el e 0

- bt S, B T



http://www.editorialmanager.com/pore/download.aspx?id=86456&guid=8300e978-34e3-4d13-b585-a309d641c9cf&scheme=1
http://www.editorialmanager.com/pore/download.aspx?id=86456&guid=8300e978-34e3-4d13-b585-a309d641c9cf&scheme=1

	Immunohistochemical...
	Abstract
	Background
	Materials and Methods
	Results
	Discussion
	References

	Is Regression after Neoadjuvant Chemotherapy for Locally Advanced Breast Cancer Different in Sentinel and Non-sentinel Nodes?
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References

	Elastic stains in the evaluation of DCIS with comedo necrosis in breast cancers
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	References


