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INTRODUCTION 

Breast cancer epidemiology 
Invasive breast cancer (BC) is by far the most frequently diagnosed cancer in women 

worldwide, and the principal cause of cancer-related death among women (1, 2). Age-

standardized incidence rates are 2-fold greater in countries with very high-levels of 

development when compared with low-level developed countries. On the other hand, the 

mortality rate is lower in developed countries. Interestingly, whereas incidence has been 

progressively increasing in most countries of the world, it has peaked and declined over 

the past decade in a number of highly developed countries. In Italy, there are more than 

50.000 reported new cases of BCs yearly and BC accounts for almost 13.000 cancer 

deaths each year, equal to 31% of all cancer in women and 17% of all cancer deaths in 

women, respectively (Figure 1) (2). 

 
Several risk factors have been associated with BC, but the vast majority of women 

developing BC does not have any identifiable risk factor (3). In particular, hormonal and 

reproductive factors that prolong the exposure to estrogens, such as early menarche, 

nulliparity, late age at first childbirth, late menopause, and hormonal intake (either oral 

contraceptive or menopausal replacement therapy), are the principal risk factors for BC 

(3). Other established non-modifiable risk factors are previous family history, and breast 

tissue density. In addition, various modifiable factors contribute to the risk of developing 

BC. These are mainly lifestyle factors (i.e. alcohol use, high-calorie diets, and physical 

inactivity) and environmental factors (exposure to ionizing radiation). A minority (5-10%) of 

the total BCs is due to familiar predisposition, correlated with germline mutation of two 

high-risk, high penetrance genes: BRCA1 and BRCA2 (4, 5). These gene mutations, even 

if are rare, greatly increase the risk of developing BC. Moreover, several lower-penetrance 

genes as well as many loci within the genome, for which the specific genes have yet to be 
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identified, have been correlated with an increased BC risk. Hence, the etiology of BC is 

multifactorial and implicates in BC development both familiar and personal factors as well 

as reproductive and lifestyle factors (Figure 2). 

 

  

Figure 2. Risk factors that contribute to breast cancer development can be divided into non-
modifiable and modifiable. 
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Histological classification 
It is now emphasized that BC is not a single disease, but a heterogeneous group of 

diseases, both morphologically and clinically. The last WHO Classification of Tumours of 

the Breast reports more than 20 different subtypes of BC. The majority of BCs derives 

from epithelial cells and are roughly subdivided into in situ and invasive carcinomas. 

Carcinoma in situ (CIS) is the preinvasive neoplasia and is composed of malignant 

epithelial cells that are confined to the ductal-lobular structures of the breast, without 

penetration of the basement membrane, that appears integral. CISs are further 

subclassified in ductal (DCIS) and lobular (LCIS) histotypes. DCIS and LCIS differ in 

cytological features and architectural growth of the cells, but also in clinical characteristics, 

such as anatomical distribution, bilaterality, and clinical outcome. Specifically, LCIS 

frequently is multifocal and multicentric and involves bilaterally the breast, differently from 

DCIS. Moreover, LCIS shows a very low tendency to transformation and invasion. 

However, a more aggressive variant has been described, pleomorphic LCIS, that seems 

to carry a greater tendency to transformation. DCIS is further graded according to a three-

tiered system mainly based on cytological features (6). Low-grade and high-grade DCISs 

are distinct disorders, of which high-grade DCIS progress more rapidly and frequently to 

invasive BC. Both DCIS and LCIS origin from the terminal duct lobular unit of the breast, 

that is the microanatomical and functional unit of the mammary gland; therefore, the 

terminology ductal and lobular does not refer to distinct sites of origin (duct vs lobule), but 

rather to intrinsic differences between these two neoplasias that manifest morphologically 

and dictate their contradistinctive biological behaviors (7). 

Invasive carcinoma named “no special type” (previously known as invasive ductal 

carcinoma) is the most common BC, accounting for more than 70% of BC cases (Figure 

3). This histotype is characterized by lack of specific morphological features as opposed to 

special type BCs. The most common special types of BC include lobular carcinoma, 

metaplastic, mucinous, and micropapillary carcinoma, and carcinoma with apocrine 

differentiation (Table 1). In addition to histotype, invasive BCs are routinely graded 

according to a semi-quantitative method based on three morphological features: 1) 

tubule/gland formation; 2) nuclear pleomorphism; and 3) mitotic count (Table 2) (8). 

Importantly, histological grade is a powerful prognostic factor, that significantly correlates 

with BC patient survival. 
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Figure 3. Representative images of the most common BC histotypes: invasive carcinoma of no 
special type (NST), invasive lobular carcinoma (ILC), metaplastic carcinoma (MeC), apocrine 
carcinoma (AC), mucinous carcinoma (MC) and tubular carcinoma (TC).  
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Prognostic biological markers 
Currently, the established biological biomarkers predicting BC prognosis and response to 

therapy are estrogen receptor (ER), progesterone receptor (PR), and human epidermal 

growth factor receptor 2 (HER2), while Ki-67 remains yet controversial. These markers are 

routinely tested in all primary BCs by immunohistochemistry (IHC) and scored according 

to the American Society of Clinical Oncology and the College of American Pathologists 

(ASCO/CAP) recommendations (9, 10). These guidelines have fostered standardization 

and reproducibility of IHC scoring. Based on ASCO/CAP guidelines, hormonal receptor 

IHC must be reported as the percentage of immunoreactive invasive BC cells and BC is 

regarded as positive when shows positive cells ≥1%. Notably, normal breast cells should 

be used as an internal positive control. Approximately 80% of BCs are ER-positive and ER 

IHC positivity correlates with histologic grade 1-2 and lobular, mucinous, and tubular 

histotypes. On the contrary, ER negativity associates with grade 3 and metaplastic, 

medullary, and apocrine carcinomas (1). Molecularly, ER-positive BCs lack both HER2 

amplification and TP53 mutation (11-13). PR strongly correlates with ER, but 

demonstrates a less predictive power. 

HER2/ERBB2 is an oncogene that encodes for a transmembrane tyrosine kinase, a 

component of the family of epidermal growth factor receptors (14-16). Globally, 15–20% of 

invasive BCs are HER2-positive and show HER2 protein expression and gene 

amplification (10). The introduction of anti-HER2 targeted therapy has revolutionized BC 

treatment, improving considerably the outcome of BC women (17-21). Routinely, two 

methods are used to test HER2 status, either immunohistochemistry (IHC) or in situ 

hybridization (ISH), both assessed following the ASCO/CAP guidelines (Table 3 and 

Figure 4)(10, 22). A good correlation has been found between these two tests (23). Of 

note, anti-HER2 therapy provides noticeable benefits only in patients with HER2-positive 

BC (24). HER2-positivity histologically associates with grade 3 and lack of ER and PR 

Table 1. Most common histotypes of Invasive 
Breast Carcinomas according to 2012 WHO 
classification and frequency (1) 
 

Table 2. Nottingham histologic score system
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expression (13). 

 

 
 
 
 
 
 
 
 
 

 
 

Molecular classification 
In 2000 Perou et al. proposed in a revolutionary study to subclassify BCs according to the 

gene expression profiles obtained by microarray platform (25). They initially recognized 5 

different molecular subtypes: type A luminal, type B luminal, HER2 enriched, basal-like 

and normal breast-like. This BC subtyping has progressively evolved into a molecular 

classification, in which every specific subtype not only differs in gene expression but also 

in clinical, biologic, histologic features, and treatment response (Table 4) (25-27).  

 

HER2 IHC (membrane staining) 
0 1+ 2+ 3+ 
no staining or 
incomplete, 
faint/barely 
perceptible ≤10%  

incomplete, 
faint/barely 
perceptible 
>10%  

incomplete, 
weak/moderate >
10% or complete, 
intense ≤ 10% 

complete, 
intense >10% 

HER2 dual-color FISH  
Negative Equivocal Positive 
HER2/CEP17 <2 & 
HER2 GCN <4 

HER2/CEP17 <2 &  
HER2 GCN ≥4 & <6 

HER2/CEP17 ≥2 
or HER2 GCN ≥6 

IHC, immunohistochemistry; FISH, fluorescence in situ hybridization. 

Figure 4. HER2-positive BC as demonstrated by immunohistochemistry (IHC) and dual-color 
fluorescence in situ hybridization (FISH), where red dots are HER2 gene copies and green dots 
the centromeric chromosome 17 probes. 
 

Table 3. HER2 classification tested by IHC and dual-color fluorescence in 
situ hybridization according to 2013 ASCO/CAP guidelines

Table 4. Molecular subtypes based on gene expression 
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The normal breast-like subtype is currently considered an artifact due to lack of tumor 

cells in the examined samples.  

Much effort has been spent in order to translate molecular classification into the clinic. To 

this end, clinico-pathological surrogates of molecular subtypes based on IHC have been 

proposed (Table 5) (26-28). However, still many controversies regarding the IHC cutoffs 

are yet unresolved and discordant cases, between the molecular subtypes according to 

gene expression versus IHC, are relatively common. 

It is important to underline that some special types of BC, such as acinic, adenoid cystic, 

apocrine, and secretory carcinomas, despite a triple-negative immunoprofile display an 

indolent behavior and a favorable outcome. Therefore, molecular subtypes should be 

always considered in view of the histological features.  

 

 

 

Lastly, over last decade many genomic prognostic tests (e.g. Oncotype Dx, MammaPrint, 

PAM50), that predict the risk of recurrence in luminal-type BCs, and, coherently, indicate 

the utility of adjuvant chemotherapy, have been commercialized (28-30). These multigene 

assays intend to identify the group of patients with node-negative, luminal-like BC that 

would not benefit from the chemotherapy based on the biology of their cancer. 

Molecular genetics 
The rapid widespread use of next-generation sequencing techniques has allowed for the 

genomic characterization of many thousands of BCs in record time (31, 32). The emerged 

genomic landscape is highly fragmented with the majority of genes mutated in a small 

percentage of BC totality. The genes consistently affected in BC are AKT1, CDH1, 

CDKN1B, GATA3, MAP3K1, MLL3, PIK3CA, RB1, PTEN, and TP53, with only 3 genes 

(i.e. GATA3, PIK3CA, and TP53) mutated in more than 10% of BC cases (31, 33). 

Furthermore, specific genetic alterations contradistinguish and are pathognomonic of 

some BC special types, including: CDH1 loss of lobular carcinoma; MYB–NFIB gene 

fusion, due to chromosomal translocation t(6;9), of adenoid cystic carcinoma; and ETV6-

NTRK3 rearrangement, due to translocation t(12;15), of secretory carcinoma.

 
 
 

Table 5. Surrogate definitions of intrinsic subtypes of breast cancer 
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Current therapy for breast carcinoma  

The therapeutic approach to BC is often multimodal and contemplates surgery, radiation 

therapy, hormonal therapy, chemotherapy, and targeted therapy, depending on the extent 

of the disease and BC intrinsic subtype (Figure 5) (34). 

Surgical therapeutical options are partial resection (lumpectomy, segmentectomy, or 

quadrantectomy) and simple or total mastectomy. Many factors contribute to the selection 

of the procedure, including tumor stage, breast size, patient wish, availability of 

reconstructive surgery, and the surgeon’s practice (35). Surgical margins must be 

evaluated and guide decision-making regarding the necessity of further additional surgery 

and radiation therapy. Positive margins are associated with an increased risk of local 

recurrence, as much as distant metastasis (36). Postoperative radiotherapy is often 

employed, especially after conservative surgical procedures, as well as in high-risk 

postmastectomy patients, to reduce locoregional recurrence (37). 

The biopsy of the axilla sentinel lymph node is a standard surgical procedure for axillary 

staging in BC patients. This practice is associated with less morbidity than axillary 

lymphadenectomy, that is however required in case of metastatic sentinel lymph node. 

Endocrine therapy is the standard treatment for all patients with ER-positive disease (38). 

At present, it uses either a selective ER modulator (e.g., tamoxifen) or an aromatase 

inhibitor (e.g., anastrozole) in postmenopausal women, usually in combination with 

radiotherapy, with or without adjuvant chemotherapy, depending on various parameters. 

Trastuzumab is an anti-HER2 monoclonal antibody effective against HER2-positive BCs. 

This drug is now indicated for patients with early-stage and metastatic disease (39). 

Furthermore, newer agents against HER2 and its related receptors are in development as 

alternate or second-line therapies. 

Chemotherapy has improved significantly the survival of patients with advanced primary 

BC, particularly in combination regimens, but is also currently administered to patients 

with positive axillary nodes, with curative intent (28, 40). Recent studies have shown 

promising effectiveness of platinum-based chemotherapeutic agents and of PARP (i.e 

poly-adenosine diphosphate-ribose polymerase) inhibitors in the treatment of BCs with 

specific DNA repair defects, comprising BRCA-mutated and basal-type BCs, but clear 

evidence of their superiority over conventional regimens is still missing (41-43).  

Notably, triple-negative BC (TNBC) patients are not candidates for hormone and anti-

HER2 target therapies currently used for other BC subtypes. Although TNBCs are 

chemosensitive to conventional therapy with anthracycline or anthracycline/taxane and, 

based on recent evidence, show a specific sensitivity to platinum-based regimens, ionizing 

radiation, and PARP inhibitors (44, 45). However, unfortunately, TNBC often develops 

chemoresistance and manifests local recurrence and distant metastases. For this reason, 

it is urgent the need to develop novel therapeutic approaches for this disease. 
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Immunotherapeutics represent an interesting and effective alternative therapeutic option 

for malignant melanoma and other cancers (46). In particular, the blockade of immune 

checkpoints, boosting the anticancer immune response by disruption of immune self-

tolerance, is emerging as a novel approach in cancer immunotherapy (47). In this regard, 

the programmed death 1 (PD-1) signaling pathway represents a key immune checkpoint 

that plays a pivotal role in autoimmunity and peripheral tolerance (48, 49). The activation 

of PD-1 pathway, inhibiting T cell functions, results significantly abnormal in autoimmune 

diseases, infections, and cancers. Therefore, PD-1 signaling pathway is currently explored 

as a target for anti-cancer drugs, and antibodies against PD-1 and PD-L1 have been 

generated. Encouraging preliminary results have shown antitumor activity of these 

antibodies in BC, hence, they are currently under investigation in clinical trials for BC 

patients, specifically with TNBC (50, 51). Nevertheless, predictive factors of response to 

these antibodies have not been univocally identified (52).  
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GATA binding protein 3 
The GATA family proteins are lineage-specific transcription factors structurally 

characterized by a central DNA binding domain, composed of two highly conserved zinc 

fingers, that binds to palindromic GATA motifs and induces chromosome looping, thereby 

causing global gene expression changes (53). GATA binding protein 3 (GATA3), a 

member of the GATA family, has been shown to be essential for tissue differentiation of 

many organs, in particular, the mammary gland and T cells (54-56). Specifically, GATA3 

plays a critical role in the morphogenesis of the mammary gland and in the luminal 

differentiation of breast epithelial cells (54, 56). 

Inasmuch as GATA3 expression in human BCs is positively correlated with ER expression 

and is required for cell cycle progression of ER-positive cell lines, noticeably, GATA3 

expression is coregulated with that of ER. In particular, a seminal study by Eeckhoute et 

al. has demonstrated that the direct binding of GATA3 to two-cis regulatory elements 

within the ERa gene promoter is needed for ERa transcription, allowing the recruitment of 

RNA polymerase II to ERa promoters (57). Accordingly, GATA3 silencing weakened ERa 

target genes, including PR. On the other hand, ERa directly activated GATA3 

transcription; hence a positive cross-regulatory loop ties GATA3 to ERa  (Figure 6A) (58). 

The transcription coordinated regulation of GATA3 and ERa likely underpins the 

significant coexpression of these two genes in BC. In addition, the same study has 

identified GATA3 as a central element of the signal transduction cascade to estradiol in 

ER-positive BC, together with ERa and FOXA1.  

Over the past decade, our understanding of the molecular mechanisms through which 

estrogen promotes gene transcription cascade and ERa exerts its transcription factor 

functions has been further broadened. Briefly, estradiol stimulation has been shown to 

induce the assembly of a “mega transcription factor complex” recruited by ERa dimer at 

the DNA estrogen-responsive element-containing enhancers (Figure 6B)(59, 60). 

Specifically, this complex clusters ERa  and GATA3 with other transcription factors and 

co-activators, and the presence of the tripartite enhanceosome composed of the three 

transcription factors ERa,  GATA3, and FOXA1 is necessary for the full estrogen-induced 

transcriptional activation in BC (59). On the other hand, only the introduction of all these 

three transcription factors in ERa-negative BC cell lines can reverse their ER-negative 

status and restore estrogen-dependent biological functions. Finally, GATA3 owns the 

ability to bind to condensed chromatin and to remodel chromatin accessibility, as such 

acting as a pioneer factor (53, 61). Therefore, GATA3 shapes the histone modification 

landscape, changing the chromatin structure and, subsequently, the estrogen-responsive 

elements accessibility, and the downstream transcription signaling. 

Functionally, in BC cell line and murine models, GATA3 expression reduces the tumor-
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initiating ability, the epithelial to mesenchymal transition, and the metastatic potential (62). 

Consequently, GATA3 lack leads to a chemoresistant and mesenchymal phenotype of BC 

(63, 64). Furthermore, in ER-negative cell lines, GATA3 interacts with wild-type BRCA1, 

but is incapable to bind to mutant BRCA1 (65). This finding is important since BRCA1-

GATA3 disruption could be the biochemical mechanism underlining the aggressive 

behavior of basal-like BC, which frequently harbors BRCA1 inactivation.  

The importance of GATA3 in breast biology is further emphasized by the fact that GATA3 

is one of the few recurrently mutated genes in BCs, affecting from 12% to 16% of breast 

carcinomas, across all different subtypes (31, 32). Interestingly, specific GATA3 mutations 

cause of a congenital developmental disorder characterized by hypoparathyroidism, 

sensorineural deafness, and renal insufficiency (so-called HDR syndrome) have been 

identified.  Similarly to HDR syndrome mutations, most of the GATA3 somatic mutations 

found in BC occur in the C-terminal zinc finger region, revealing the key role of this region 

in the normal functionality of the protein (31, 32).  

Recently, GATA3 has emerged as a sensitive immunohistochemical marker for breast 

origin, useful mainly for TNBCs that, by definition, tend to be negative for the other breast 

specific markers. Furthermore, several studies have investigated GATA3 as a prognostic 

marker in BC patients, with conflicting findings. On one hand, both GATA3 mutations and 

protein expression have been associated with better prognosis and improved survival (66-

68). On the other hand, GATA3 expression closely parallels ER expression in BCs, so that 

it does not seem a prognostic factor independent of ER status (69). Hence, whether 

GATA3 carries independent prognostic information in BC patients yet remains an open 

question. 
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HYPOTHESIS 

We hypothesize that GATA3 status correlates with clinico-pathological characteristics, 

biological markers, p53 status, and clinical outcome of invasive BC patients. To test the 

above hypotheses, we propose the following three specific aims. 

 

SPECIFIC AIMS 

Aim 1: to perform IHC of GATA3 and the conventional biological markers in a large 

monoinstitutional series of invasive BCs. 

Aim 2: to measure the association of GATA3 IHC expression with biological markers, p53 

status, and clinico-pathological characteristics. 

Aim 3: to determine the prognostic value of GATA3 IHC expression in BC patients, 

according to specific BC subgroups. 
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MATERIALS AND METHODS 

Patients 
A total of 702 consecutive primary invasive BCs were retrieved from the pathological files 

of our institution and included in this study. All BC patients were diagnosed and surgically 

treated, from January 1989 to December 1993, at the Surgical Units of the S. Anna 

University Hospital of Ferrara or of the Ferrara province hospitals. Only cases with 

available tumor formalin-fixed and paraffin-embedded blocks, from female patients, 

neither associated with systemic metastasis nor undergone neoadjuvant treatment, were 

included in this study.  

All tumors were categorized according to the WHO classification, the 8th AJCC staging 

system, and graded according to the Elston-Ellis grading system (Table 2) (1, 70). The 

molecular classification of BC was based on surrogate definitions by mean of 

immunohistochemical markers for ER, PR, HER2, and Ki-67, according to the criteria of 

the 2011 St. Gallen International Breast Cancer Conference (Table 5) (34).  

All patients were treated according to our institution guidelines. After the first-line 

treatment was completed, the patients were re-examined twice a year for the first five 

years and annually for the following years. Clinical baseline data, including patient age, 

tumor histology, pathologic stage, grading, and follow-up data (date and site of relapse, 

last follow-up time, date of death, and cause of death) were retrospectively collected from 

the pathology files and the Ferrara Cancer Registry. Tissue collection was conformed to 

the Institutional Research Board regulations of the University-Hospitals of Ferrara. The 

protocol of this study was approved by the board of the Ministry of the University and 

Research (‘Identification and validation of new markers of metastasizing phenotype of 

breast cancer’, prot. MM06095812_006, 2000).  

Tissue Microarray Construction 
Tissue microarray (TMA) blocks were built as follows (Figure 7). All available 

hematoxylin-eosin (HE) stained slides of the selected cases were revaluated by three 

pathologists, in order to confirm the pathological diagnosis and to select one slide with 

viable invasive BC to be included in the TMA block. One representative area for each 

tumor was selected and marked on the HE slide. Corresponding formalin-fixed, paraffin-

embedded tissue blocks were retrieved from the hospital archives (donor blocks) and 1 

tissue core was extracted from the corresponding donor block marked area by a tissue 

punch extractor, using the marked HE slide as a guidance. A true-cut needle (4 mm in 

internal diameter) was used to punch 3-mm spaced holes in the recipient block. A single 

4-mm tumor core per donor block was transferred to the recipient TMA block (including 

23 different BC samples and 1 reference core of normal liver or lung tissue). The 

complete BC series was included in a total of 31 TMA blocks. TMA blocks were then 
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incubated for 15 minutes at 37° C to allow the tumor cores to firmly adhere to the 

recipient block. Six consecutive 4-μm thick sections were cut and mounted on silanized 

slides (71).  

Immunohistochemical staining 

First, one HE-stained slide from the TMA series was prepared and examined to confirm 

the presence of invasive BC in each core. Then, further TMA sections were stained either 

manually or by the Ventana NexES automated immunostainer (Ventana Medical 

Systems/Roche, Tucson, AZ), using the primary antibodies and conditions as reported in 

Table 6. Briefly, 4-μm thick formalin-fixed, paraffin-embedded sections were 

deparaffinized in xylene, rehydrated in graded alcohols and incubated in 3% H2O2 in 

methanol for 10 minutes to block endogenous peroxidase activity. Antigen retrieval was 

carried out by incubating the slides in Tris-EDTA-citrate buffer (pH 7.8) in a microwave 
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oven, prior to application of primary antibody. Vectastain ABC peroxidase kit (Vector 

Laboratories, DBA Italia, Segrate, Italy) was applied to reveal antibody binding. The slides 

were counterstained with hematoxylin for 3 minutes (cat # 790–2208, Ventana Medical 

Systems/Roche), dehydrated in the graded ethanols and xylene. For each antibody, a 

positive control slide and a negative control slide, where the primary antibody was 

replaced with normal serum or isotype-matched antibodies, were included in every 

staining batch. Endogenous biotin was saturated with a biotin blocking kit (Vector 

Laboratories).  

 

 

Immunohistochemical scoring 

For nuclear stainings, such as ER, GATA3, Ki-67, p53, and PR, tissue cores were scored 

as the percentage of positive tumor nuclei above the background using a computer-aided	

image analyzer (Eureka Interface System, Menarini, Firenze, Italy). For each sample, the 

number of BC positive nuclei per total number of BC nuclei were counted at high 

magnification (400x) and reported as the percentage of positive cells. Moreover, the 

intensity score was also recorded for GATA3. In this way, a GATA3 histological score 

was obtained, given by the product of the percentage of positive cell nuclei (0%-100%) 

and the four-tier intensity score (0, 1+, 2+, 3+). Therefore, the final histological score 

ranged from 0 to 300 for each core. Except for p53, scoring results were dichotomized 

into either negative or positive, using the pre-defined threshold values dictated by the 

12th St. Gallen International Breast Cancer Conference and reported in Table 1 (28). 

Differently, p53 was considered to have either a mutated pattern, when it was completely 

negative (null pattern) or with at least 60% of BC cell nuclei showing intense positivity 

(missense pattern), or a wild-type pattern when the tumor showed a variable weak-

moderate positivity in 1%-59% of cells (72). The membrane staining HER2 was 

considered either negative or positive according to conventional guidelines previously 

described (Table 3) (10, 71). 

Antibody Clone Vendor Dilution Staining 
location 

Threshold 
value  

Stain type 

Estrogen receptor alpha 6F11 Ventana Medical 
Systems Inc. Prediluted Nucleus ≥1% Automated 

GATA binding protein 3 HG3-31 Santa Cruz 
Biotechnology 1:100 Nucleus ≥1% Manual 

HER2/neu CB11 Cell Marque Prediluted Membrane NA Automated 

Ki-67 Mib1 Biomeda Corp. 1:40 Nucleus ≥20% Automated 

p53 DO7 DBS Prediluted Nucleus 0%/≥60%* Automated 

Progesterone receptor 1A6 Ventana Medical 
Systems Inc. Prediluted Nucleus ≥1% Automated 

Table 6: Primary antibodies and conditions used in this study 

NA, not applicable.
*intense and diffuse positivity in ≥ 60% of BC cells or complete negativity.
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Statistical Analysis 
For correlations with categorical variables, the Spearman’s test or the Fisher's exact test, 

when appropriate, were used. Correlations between continuous and categorical variables 

were tested using either the Student's t-test or the Wilcoxon's signed rank test when 

appropriate. The survival curves were estimated using the Kaplan–Meier method, and the 

log-rank test was used to assess statistical significance. The features found to be 

significant in univariate analysis were assessed for the multivariate analysis using enter 

logistic regression model, to evaluate which features were independent. For multivariate 

analysis, we compared the log–log survival curves and the curves predicted by the Cox 

model with the observed ones according to the Kaplan-Meier method to check graphically 

the proportional hazards assumption for all variables. The study time endpoint was 

evaluated starting at total overall and disease-free survival follow-up (28 years) with a 

progressive 5-years reduction until 5-years follow-up, then 1-year by 1-year time interval. 

Then, we used Cox proportional hazards modeling and the likelihood ratio to evaluate 

survival differences between the different groups (backward parametric statistical Wald 

method). A setup procedure was used and variables were added to the model if the two-

sided significance level was <0.1 in univariate analysis. To control for potential 

confounding factors, we adjusted HR estimates per age. To evaluate the effect of single 

variables on patient outcome, the endpoint for disease-free survival analysis was defined 

as the time from the surgery date to the occurrence of the first adverse event (e.g. local 

relapse, distant metastasis, contralateral BC, a second tumor and death without evidence 

of neoplastic disease), while the endpoint for overall survival was considered any death 

irrespective of cause. Patients without an adverse event were censored at the time of the 

last follow-up. Multivariate analyses were performed using Cox regression model. Hazard 

ratios (HRs) with 95% confidence intervals (CIs) were used to quantify the prognostic 

impact of variables.  

A p-value < 0.05 was considered as statistically significant and all tests were two-sided. 

All statistical analyses were conducted using Stata version 13.0 (StataCorp, College 

Station, TX, USA) and GraphPad Prism 5 software (GraphPad Software, Inc. CA, USA) 

was used to plot and to compare data. 
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RESULTS    

Patient clinico-pathological characteristics 
Clinico-pathological and immunohistochemical characteristics of the 702 patients 

included in this study are summarized in Table 7. The median age of the patients at 

diagnosis was 61 years (range 30-91 years).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Among a total of 702 patients included in this study, 513 (73.1%) patients underwent 

modified radical or radical mastectomy, whereas the remaining 189 (26.9%) underwent 

partial resection (lumpectomy, segmentectomy or quadrantectomy). Histologically, 527 

(75.1%) carcinomas were no special type, 109 (15.5%) lobular, and 66 (9.4%) were other 

special types, including 24 tubular, 18 mucinous, 7 papillary, 7 medullary, 6 cribriform, 3 

apocrine, and 1 micropapillary (Figure 8A).  

Clinico-pathological characteristics  n (%) 
Age, total 

<50 years 
50-55 years 
56-70 years 
> 70 years 

702 
166 (23.6) 
  96 (13.7) 
265 (37.7) 
175 (24.9) 

Grade, total 
1 
2 
3 

700 
135 (19.2) 
427 (60.8) 
138 (19.7) 

Histotype, total 
No special type 
Lobular 
Other special types 

702 
527 (75.1) 
109 (15.5) 

66 (9.4) 
pT, total 

T1 
T2 
T3 

699 
450 (64.4) 
236 (33.8) 

13 (1.8) 
pN, total 

N0 
N1 
N2 
N3 

702 
393 (56.0) 
184 (26.2) 
  72 (10.3) 

53 (7.5) 
Disease-free survival, failures 

5-year 
10-year 
15-year 
20-year 
28-year 

 
156 (22.2) 
227 (32.3) 
254 (36.2) 
279 (39.7) 
293 (41.7) 

Overall survival, failures 
5-year 
10-year 
15-year 
20-year 
28-year 

 
119 (17.7) 
237 (33.8) 
291 (41.5) 
375 (53.4) 
432 (61.5) 

Table 7. Clinico-pathological characteristics of our series of 
breast cancer patients. 
 

n, number of cases; total, number of cases for which the data were 
available; pT, pathological primary tumor status; pN, pathological 
regional lymph node status.
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 Table 8. immunoistochemical markers of breast cancer 
patients. 
 

A total of 424 (60.4%) patients were treated with adjuvant therapy, including 241 (34.3%) 

patients treated with only tamoxifen-based endocrine therapy, 134 (18.4%) with 6 cycles 

of cyclophosphamide, methotrexate, and 5-fluorouracil, while 30 (4.3%) with combined 

chemotherapy and endocrine therapy. Moreover, 186 (26.5%) patients received loco-

regional radiotherapy. 154 (21.9%) patients did not receive adjuvant therapy. Overall, 

124 (17.7%) patients had incomplete information regarding their medical treatment.  

During a median follow-up of 137 months (range 1-336 months), out of 643 patients with 

available information, 293 (45.6%) experienced relapse, of which 76 (26.0%) developed 

local recurrence, 169 (57.7%) distant metastasis, 23 (7.8%) contralateral BC, and 25 

(8.5%) had died of BC. The 5-year, 10-year, 15-year, 20-year, and 28-year disease-free 

survival rates for the entire cohort of patients were 77.8%, 67.7%, 63.8%, 60.3%, and 

58.3%, respectively, with a median disease-free survival period of 135 months. The 

overall survival rates at 5-years, 10-years, 15-years, 20-years, and 28-years for the 702 

patients were 83.0%, 66.2%, 58.5%, 46.6%, and 38.5% respectively, with a median 

overall survival of 182 months. 

Tissue microarray performance 
A total of 31 TMA blocks were built for this study. Overall, of the 702 BC cores arranged 

in the TMA, an average of 655 (93.3%) cores per antibody were scorable, whereas on 

average 47 (7.7%) cores per antibody were unscorable, due to tissue loss, 

unrepresentative tissue, excessive tissue folding, or improper staining per IHC staining 

(Table 8).  

 

 

 

 

 

 

Tissue microarray performance 
(total=702) 

Scorable core total (%) 

ER 665 (94.7) 
PR 663 (94.4) 
Ki-67 658 (93.7) 
HER2 676 (96.3) 
p53 660 (94.0) 
GATA3 608 (86.6) 
Average 655 (93.3) 
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Altogether, a total of 3930 TMA cores were suitable for IHC evaluation in this study. 

Patient biological factors and molecular subtypes 
The summary of the results of the 6 analyzed IHC markers is reported in Table 9 and 

Figure 9. Overall, ER and PR were expressed in a higher percentage of BC cells 

compared with Ki-67 and p53 (85%, 57% vs 7%, 13%, respectively). Moreover, the 

majority of BC cases were positive (≥1%) for ER (81.5%) and PR (75.3%), negative for 

HER2 (82.1%), showed a low proliferation index measured with Ki-67 (76.0%) and a p53 

wild-type IHC pattern (76.2%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Immunohistochemical results n (%) 
ER median, range  85.2%, 0-98.9% 
ER, total 

Negative (<1%) 
Positive (≥1%) 

665 
123 (18.5) 
542 (81.5) 

PR median, range 57.4%, 0-98.9% 
PR, total 

Negative (<1%) 
Positive (≥1%) 

663 
164 (24.7) 
499 (75.3) 

Ki-67 median, range 7.0%, 0-98.2% 
Ki-67, total 

Negative (<20%) 
Positive  (≥20%) 

658 
500 (76.0) 
158 (24.0) 

HER2, total 
Negative (0-2+) 

             Positive (3+) 

676 
555 (82.1) 
121 (17.9) 

p53 median, range 13.0%, 0-98.5%  
p53, total 

Wild-type pattern 
Mutated pattern

660 
503 (76.2) 
157 (23.8)

GATA3 score median, range 60, 0-300
GATA3, total

Negative (<1%) 
Positive (≥1%) 

608
195 (32.1) 
413 (67.9) 

Table 9. Immunohistochemical results of the 6 analyzed IHC 
markers. 

n, number of cases; pT, ER, estrogen receptor; PR, progesterone 
receptor. 
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Regarding the molecular subtypes, 646 (92.0%) of 702 could be classified based on 

immunohistochemistry, where all 4 determinant biological markers ER, PR, HER2, and Ki-

67 were scored (Table 5). Based on the IHC results, out of 646 BC cases 274 (42.4%) 

were classified as luminal A, 185 (28.6%) luminal B (HER2-), 80 (12.4%) luminal B-

HER2+, 37 (5.7%) HER2-positive, and 70 (10.8%) triple-negative (Figure 8B).  

 

GATA3 expression  
Overall, GATA3 was evaluable in 608 (87%) of 702 BC cases and was positive (≥1%) in 

413 (68%) cases and negative (<1%) in 195 (32%) cases, with a GATA3 median 

percentage of 50% (range 0%-100%) and a median histological score of 60 (Figure 10). 

The remaining 94 (13.4%) TMA cores were not evaluable for GATA3, due to tissue loss, 

unrepresentative tissue or improper staining.  

 
Association between GATA3 expression and clinico-pathological features  
GATA3 histological score significantly decreased with histological grade (p<0.0001), pT 

staging (p=0.0463), and stage grouping (p=0.0049) (Figure 11 and Table 10). Therefore, 

GATA3 expression was higher in BCs with less aggressive clinico-pathological 

characteristics, such as grade 1 and grade 2, smaller tumor size, and lower stage, than in 

BC with worse prognosis characteristics. In contrast, GATA3 expression did not 

significantly differ by age, BC histotype and pN staging. 
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Association between GATA3 expression and biological factors 
GATA3 histological score significantly correlated with biological factors ER and PR 

(Spearman r=0.3616, p<0.0001 and r=0.2138, p<0.0001, respectively). Moreover, GATA3 

IHC positivity correlated with ER positivity (p<0.0001), PR positivity (p<0.0001), p53 wild-

type pattern (p<0.0001), and HER2 negative status (p=0.0175) (Table 10 and Figures 12 

and 13). Then, GATA3 score was significantly higher in BCs with wild-type p53 and 

negative HER2 (Figure 13). No significant association was found between GATA3 and Ki-

67 proliferation index.  

Clinico-pathological 
characteristics  n (%) GATA3 

negative (<1%) 
GATA3 

positive (≥1%) p-value 

Age, total 
<50 ys 
50-55 ys 
> 70 ys 

608 
145 (23.8) 
74 (12.2) 

389 (64.0) 

195 
40 (27.6) 
23 (31.1) 

102 (26.2) 

413 
105 (72.4) 
51(68.9) 

257 (73.8) 

 
0.3695# 

 

Mean age (range) 61 (30-91) 62 (35-86) 60 (30-91) 0.0559* 
Grade, total 

1 
2 

                3 

607 
113 (18.6) 
368 (60.6) 
126 (20.8) 

195 
23 (20.4) 

110 (29.9) 
62 (49.2) 

412 
90 (79.6) 

258 (70.1) 
64 (50.8) 

 
< 0.0001# 

 

Histologic Type, total 
No special type 
Lobular 
Other 

608 
463 (76.2) 
92 (15.1) 
53 (8.7) 

195 
149 (32.2) 
24 (26.1) 
22 (41.5) 

413 
314 (67.8) 
68 (73.9) 
31 (58.5) 

 
0.1587# 

pT, total 
T1 
T2 
T3 

605 
383 (64.4) 
210 (33.8) 

12 (1.8) 

193 
106 (27.7) 
81 (38.6) 
6 (50.0) 

412 
277 (72.3) 
129 (62.4) 

6 (50.0) 

 
0.0098# 

pN, total
N0 
N1 
N2 
N3 

608
337 (56.0) 
166 (26.2) 
60 (10.3) 
45 (7.5) 

195
106 (31.5) 
52 (31.3) 
20 (33.3) 
17 (37.8) 

413 
231 (68.5) 
114 (68.7) 
40 (66.7) 
28 (62.2) 

0.8452# 
 

Stage grouping, total 
I 
II 

                III 

605 
249 (41.2) 
249 (41.2) 
107 (17.6) 

193 
64 (25.7) 
91 (36.5) 
38 (35.5) 

412 
185 (74.3) 
158 (63.5) 
69 (64.5) 

 
0.0233# 

 

ER, total 
Negative (<1%) 
Positive (≥1%)

591 
109 (18.5) 
482 (81.5)

191 
83 (76.2) 

108 (22.4)

400 
26 (23.8) 

374 (77.6)

 
< 0.0001^ 

ER mean (range) 63.8% (0-98.9%) 39.6% (0-98.5%) 75.4% (0-98.9%) < 0.0001* 
PR, total 

Negative (<1%) 
Positive (≥1%) 

588 
143 (24.3) 
445 (75.7) 

192 
83 (58.0) 

109 (24.5) 

396 
60 (42.0) 

336 (75.5) 

 
< 0.0001^ 

PR mean (range) 52.2% (0-98.9%) 34.6% (0-98.8%) 60.8% (0-98.9%) < 0.0001* 
Ki-67, total 

Negative (<20%) 
Positive  (≥20%) 

587 
443 (75.5) 
144 (24.5) 

192 
140 (31.6) 
52 (36.1) 

395 
303 (68.4) 
92 (63.9) 

 
0.3575^ 

 
Ki-67 mean (range) 14.3% (0-98.2%) 15.8% (0-98.2%) 13.5%(0-98.0%) 0.4726* 
HER2, total 

Negative (0-2+) 
Positive (3+) 

596 
487 (81.7) 
109 (18.3) 

193 
147 (30.2) 
46 (42.2) 

403 
340 (69.8) 
63 (57.8) 

 
0.0175^ 

p53, total 
Wild-type pattern 
Mutated pattern 

586 
452 (77.1) 
134 (22.9) 

185 
109 (24.1) 
76 (56.7) 

401 
343 (75.9) 
58 (43.3) 

 
< 0.0001^ 

 
p53 mean (range) 23.3% (0-98.5%) 28.1% (0-98.5%) 21.0% (0-98.5%) 0.3928* 

Table 10. Association between GATA3 and clinico-pathological characteristics and 
biological markers of breast cancer patients. 
 

n, number of cases; ER, estrogen receptor; PR, progesterone receptor. 
*Mann-Whitney test; ^Fisher’s test; #Chi-square test.  
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Association between GATA3 expression and molecular subtypes 
Among the BCs with scored GATA3, 576 cases were subclassified in molecular subtypes 

according to biological markers by IHC. Overall, GATA3 histological score was 

significantly correlated with molecular subtypes. Specifically, luminal A, luminal B-HER2-, 

and luminal B-HER2+ BCs had a significantly higher GATA3 median histological score 

when compared with HER-enriched and triple-negative BCs (Kruskal-Wallis test, 

p<0.0001; Table 11 and Figure 14). Moreover, GATA3 positivity correlated with luminal A, 

luminal B-HER2-, and luminal B-HER2+ subtypes (Chi-square test, p <0.0001).  

  
 

 
 

 
 

  

Molecular subtypes  n (%) GATA3 score 
Median (range) 

GATA3 negative  
(<1%), n (%) 

GATA3 positive 
(≥1%), n (%) 

p-value 

Total 576 (100) 98.2 (0-300) 188 (32.6) 388 (67.4)  
Luminal A 241 (41.8) 123.9 (0-300) 50 (20.7) 191 (79.3) < 0.0001^ 
Luminal B 167 (29.0) 100.2 (0-297) 45 (26.9) 122 (73.1)  

Luminal B- HER2+ 74 (12.9) 107.2 (0-297) 20 (27.0) 54 (73.0)  
HER2-positive 31 (5.4) 18.7 (0-170) 25 (80.6) 6 (20.4)  
Triple-negative 63 (10.9) 23.7 (0-255) 48 (76.2) 15 (23.8)  

Table 11. Correlation between GATA3 and molecular subtypes
 

^ Chi-square test 
 

Figure 14. Box-plot and cumulative relative frequency charts show that GATA3 histological 
score was significantly higher in luminal intrinsic BC subtypes (p<0.0001) when compared to 
HER2-positive (+) and triple-negative (TNBC) subtypes.
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GATA3 expression as a predictor of prognosis   
In our patients with a median follow-up of 183 months, GATA3 IHC positivity correlated 

significantly with a better overall survival (median survival 234 vs.181 months for GATA3+ 

vs. GATA3-, Figure 15). Specifically, after adjusting for age, the overall hazard ratio for 

death was 0.70  (95% CI: 0.56 to 0.86, p=0.001) for BC patients with positive GATA3 

when compared with negative GATA3 (Figure 15 and Table 12).  

In order to explore the clinical relevance of GATA3 positivity, we compared overall survival 

curves from our BC cohort, categorizing them based on GATA3 expression (Table 13). 

Interestingly, analysis of grade-, pT- and stage-specific overall survival according to 

GATA3 IHC showed a significantly better outcome associated with GATA3 positivity 

mainly among patients with lower grade, and lower stage (Table 13 and Figure 16). 

Specifically, GATA3 positivity was associated with better prognosis in BC patients with 

Elston and Ellis grade 1-2 (HR 0.69, p=0.003), pT1-T2 (HR 0.68, p=0.001), pN0 (HR 0.65, 

p=0.003), stage I-II (HR 0.65, p<0.0001). Moreover, GATA3 positivity maintained the 

ability to stratify significantly patients with a better prognosis particularly in BC subgroups 

with positive ER (HR 0.77, p=0.046), positive PR (HR 0.74, p=0.022), Ki-67<20% (HR 

0.62, p=0.008), negative HER2 (HR 0.64, p<0.0001) and with p53 wild-type IHC pattern 

(HR 0.71, p=0.011) (Figure 17). Furthermore, GATA3 expression was associated with a 

better overall survival of BC patients with luminal B intrinsic subtype (median survival 261 

vs. 166 months for GATA3+ vs. GATA3-, HR 0.64, 95% CI: 0.42 to 0.97, p=0.036), but not 

with the other molecular subtypes (Figure 17). Notably, there was a switch in this trend in 

patients with positive HER2 (HR 1.06, 95% CI: 0.66 to 1.71, p=0.798) and luminal B-

HER2+ intrinsic subtype (HR 1.17, 95% CI: 0.62 to 2.21, p=0.062) where GATA3 positivity 

was associated with worse OS, but not in a statistical significant way. 

The prognostic impact of the other variables analyzed, for example, age, pT stage, pN 

stage, Stage grouping, was as expected (Table 12).  Moreover, a lower risk of failure was 

associated with ER expression (HR 0.78, CI 95% 0.60 to 1.00, p=0.047), and a higher 

risk of failure was associated with p53 mutated IHC pattern (HR 1.40, CI 95% 1.12 to 

1.75, p =0.004).       

Since clinico-pathologic features, including age, pT stage, and pN stage, as well as some 

biological factors contributed to the outcome of BC patients in the univariate analysis, a 

multivariate Cox regression analysis was performed to evaluate whether GATA3 positivity 

can be considered as an independent prognostic factor. For multivariate analysis, we 

compared the ln–ln survival curves to check graphically the proportional hazards 

assumption for all clinico-pathological and IHC variables (Figures 18 and 19). The ln-ln 

survival curves indicated some minor violations of the proportional hazard assumption for 

pT, pN, stage, and HER2 at the beginning of the follow-up time, that is represented by an 

initial intersection of the curves.Therefore, we plotted the graphs that compare the survival 
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n, number of cases; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, 
progesterone receptor. 
 

 

Variables  Patients 
n 

Deaths  
n (%) 

KM analysis survival 
Median, mos      HR (95% CI)         p-value 

Age, total 
<50 ys 
≥50 ys 

702 
166 
536 

432 (61.5) 
65 (39.2) 

367 (68.5) 

 
267 
189 

2.53 (1.95-3.28) < 0.0001 

Grade, total 
1-2 

             3 

700 
562 
138 

431 (61.6) 
348 (61.9) 
83 (60.2) 

 
213 
207 

1.13 (0.89-1.44) 0.311 

Histologic Type, total 
No special type 
Lobular 
Other 

699 
527 
109 
63 

430 (61.5) 
327 (62.1) 
71 (65.1) 
32 (50.8) 

 
203 
204 
297 

0.86 (0.74-1.00) 0.053 

pT, total 
T1 
T2 
T3 

699 
450 
236 
13 

431 (61.7) 
 251(55.8) 
171 (72.5) 

9 (69.2) 

 
233 
153 
66 

1.55 (1.30-1.85) < 0.0001 

pN, total 
N0 
N+ 

702 
393 
309 

432 (61.5) 
224 (57.0) 
208 (67.3) 

 
242 
170 

0.64 (0.53-0.78) < 0.0001 

Stage 
I 
II 
III 

699 
295 
277 
127 

431 (61.7) 
161(54.6) 
170 (61.4) 
100 (78.7) 

 
244 
207 
86 

1.56 (1.37-1.77) < 0.0001 

ER, total 
Negative (<1%) 
Positive (≥1%) 

665 
123 
542 

414 (62.3) 
75 (61.0) 

339 (62.6) 

 
199 
213 

0.78 (0.60-0.99) 0.047 

PR, total 
Negative (<1%) 
Positive (≥1%) 

663 
164 
499 

413 (62.3) 
101 (61.6) 
312 (62.5) 

 
194 
214 

0.82 (0.65-1.03) 0.082 

Ki-67, total 
Negative (<20%) 

             Positive  (≥20%) 

658 
500 
158 

412 (62.6) 
318 (63.6) 
94 (59.5) 

 
207 
229 

1.04 (0.82-1.31) 
 

0.759 

HER2, total 
Negative (0-2+) 
Positive (3+) 

676 
555 
121 

419 (62.0) 
341 (61.4) 
78 (64.5) 

 
215 
195 

1.27 (0.99-1.63) 0.058 

p53, total 
Wild-type pattern 
Mutated pattern 

660 
503 
157 

410 (62.1) 
309 (61.4) 
101 (64.3) 

 
217 
190 

1.40 (1.12-1.75) 0.004 

GATA3, total 
Negative (<1%) 
Positive (≥1%) 

608 
195 
413 

379 (62.3) 
136 (69.7) 
243 (58.8) 

 
181 
234 

0.70 (0.56-0.86) 0.001 

Table 12: Kaplan-Meier survival analysis for the clinico-pathological features and biological 
prognostic factors 
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n, number of cases; ER, estrogen receptor; PR, progesterone receptor. 
 

 

Variables Univariate Cox regression analysis 
Hazard ratio 95% Confidence Interval p-value 

Age 
<50 ys 
≥50 ys 

 
0.92 
0.66 

 
0.53-1.60 
0.52-0.83 

 
0.767 

<0.0001 
Histologic Grade 

1-2 
             3 

 
0.69 
0.74 

 
0.54-0.88 
0.47-1.16 

 
0.003 
0.189 

Histologic Type 
No special type 
Lobular 
Other 

 
0.71 
0.69 
0.35 

 
0.56-0.91 
0.39-1.22 
0.15-0.85 

 
0.006 
0.197 
0.019 

pT 
T1-T2
T3 

 
0.68
1.85 

 
0.55-0.85
0.41-8.41 

 
0.001
0.425 

pN 
N0 
N+ 

 
0.65 
0.76 

 
0.48-0.87 
0.56-1.03 

 
0.003 
0.078 

Stage 
I-II 
III 

 
0.65 
0.96 

 
0.51-0.83 
0.61-1.49 

 
<0.0001 

0.840 
ER 

Negative (<1%) 
Positive (≥1%) 

 
0.55 
0.77 

 
0.30-1.00 
0.59-0.99 

 
0.051 
0.046 

PR 
Negative (<1%) 
Positive (≥1%) 

 
0.72 
0.74 

 
0.47-1.10 
0.57-0.96 

 
0.125 
0.022 

Ki-67 
Negative (<20%) 

             Positive  (≥20%) 

 
0.72 
0.67 

 
0.56-0.92 
0.44-1.02 

 
0.008 
0.065 

HER2 
Negative (0-2+)
Positive (3+) 

 
0.64
1.06 

 
0.51-0.82
0.66-1.71 

 
<0.0001

0.798 
p53 

Wild-type pattern 
Mutated pattern 

 
0.71 
0.93 

 
0.55-0.92 
0.61-1.41 

 
0.011 
0.725 

Table 13: Prognostic value of GATA3 positivity according to clinico-pathological features and 
biological prognostic factors 
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Table 14: Multivariate Cox proportional hazards model for the overall survival 
 

Table 15: Univariate Cox regression analysis for the overall survival at 48 months follow-up 
 

ER, estrogen receptor; PR, progesterone receptor. 
 

Table 16: Multivariate Cox proportional hazards model of overall survival at 48 months 
 

curves predicted by the Cox model with the observed ones according to the Kaplan-Meier 

method. According to the log-log plot and predicted versus observed survival curves, 

GATA3 is a time-independent variable, as a consequence, we could apply the Cox 

proportional hazards modeling (Figure 18). After adjusting for all clinico-pathological and 

IHC variables, GATA3 functioned as an independent prognostic factor for BC patients 

(Table 14).  
 

 
 
 
Differently, based on the log-log plots and predicted vs observed survival curves, for 

grade, ER, PR, HER2, Ki-67, and p53 the Cox model does not predict correctly the 

survival during the whole time period, but just during the first 48 months after the surgical 

treatment, the period for which the HR is constant in time (Figure 19).  As a consequence, 

we applied univariate Cox regression analysis in this limited time period and found that all 

covariates had a significant impact on short-term overall survival (Table 15). 

  

 

Afterward, multivariate analysis on this time period showed that GATA3 IHC positivity was 

an independent favorable predictive factor for improved overall survival in BC patients, 

reducing the hazard ratio by 53% (Table 16). In addition, p53 mutation IHC pattern was an 

independent risk factor for reduced overall survival, increasing the hazard ratio by 2.7-fold 

(Table 16).  

 

Multivariate Cox regression analysis 
Variables  Hazard ratio Standard Error Z coefficient p-value 95% CI 

Age 1.0578 0.0053 11.1900 0.0000 1.0474-1.0682 
GATA3 0.7705 0.0916 -2.1900 0.0280 0.6104-0.9726 

Variables Univariate Cox regression analysis 
Hazard ratio 95% Confidence Interval p-value 

Age 1.03 1.01-1.05 0.002 
Histologic Grade 3.00 1.95-4.63 <0.0001 
pT 2.91 1.89-4.49 <0.0001 
pN 2.53 1.62-3.94 <0.0001 
Stage 3.63 2.08-6.34 <0.0001 
ER 0.40 0.25-0.63 <0.0001 
PR 0.43 0.28-0.68 <0.0001 
Ki-67 1.66 1.03-2.67 0.037 
HER2 1.81 1.11-2.95 0.017 
p53 3.57 2.31-5.51 <0.0001 
GATA3 0.37 0.24-0.59 <0.0001 

Multivariate Cox regression analysis 
Variables  Hazard ratio Standard Error Z coefficient p-value 95% CI 

Age 1.030964 0.0101604 3.09 0.002 1.011241-1.051072 
GATA3 0.5269395 0.1341376 -2.52 0.012 0.3199478-0.8678456 

p53 2.725966 0.6961342 3.93 <0.0001 1.652524-4.496692 

CI, confidence interval. 
 

CI, confidence interval. 
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Table 17: Kaplan-Meier disease-free survival analysis for the clinico-pathological features 
and biological prognostic factors at 48 months 
 

In a second time, we analyzed the effects of GATA3 and both all clinico-pathological 

variables and IHC markers on disease-free survival of our BC patient cohort. Neither IHC 

markers nor molecular classification were significantly associated with disease-free 

survival, based on the Kaplan-Meier analysis during the entire period.  On the other hand, 

the following clinico-pathological features were found to be associated with it: histologic 

grade (HR 1.27, CI 95% 1.06-1.52, p<0.0001), tumor size (HR 1.67, CI 95% 1.36-2.05, 

p<0.0001), lymph node status (HR 1.89, CI 95% 1.50-2.38, p<0.0001), and staging (HR 

1.74, CI 95% 1.49-2.04, p<0.0001).  

However, GATA3 positivity correlated with a significantly better disease-free survival at 48 

months (HR 0.63, CI 95% 0.44-0.93, p=0.001), as well as the other prognostic factors that

we have analyzed using the Kaplan-Meier survival analysis (Table 17 and Figure 20).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variables  KM analysis survival 
HR (95% CI)         p-value 

Age, total 
<50 ys 
≥50 ys 

0.93 (0.63-1.38) 0.723 

Grade, total 
1-2 

             3 

2.16 (1.63-2.86) < 0.0001 

Histologic Type, total 
No special type 
Lobular 
Other 

0.64 (0.46-0.90) 0.010 

pT, total 
T1 
T2 
T3 

1.96 (1.47-2.62) < 0.0001 

pN, total 
N0 
N+ 

2.34 (1.65-3.32) < 0.0001 

Stage 
I 
II 
III 

1.94 (1.56-2.43) < 0.0001 

ER, total 
Negative (<1%) 
Positive (≥1%) 

0.51 (0.34-0.75) 0.001 

PR, total 
Negative (<1%) 
Positive (≥1%) 

0.60 (0.41-0.87) 0.007 

Ki-67, total 
Negative (<20%) 

             Positive  (≥20%) 

1.58 (1.08-2.31) 
 

0.018 

HER2, total 
Negative (0-2+) 
Positive (3+) 

1.67 (1.12-2.49) 0.012 

p53, total 
Wild-type pattern 
Mutated pattern 

2.72 (1.90-3.89) < 0.0001 

GATA3, total 
Negative (<1%) 
Positive (≥1%) 

0.63 (0.44-0.93) 0.001 

35
CI, confidence interval; ER, estrogen receptor; PR, progesterone 
receptor. 
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Table 18: Prognostic value of GATA3 positivity on disease-free survival at 48 months, according 
to clinico-pathological features and biological prognostic factors 
 

 
 

 

Variables Univariate Cox regression analysis 
Hazard ratio 95% Confidence Interval p-value 

Age 
<50 ys 
≥50 ys 

 
1.35 
0.51 

 
0.55-3.35 
0.34-0.80 

 
0.513 
0.003 

Histologic Grade 
1-2 

             3 

 
0.62 
0.97 

 
0.38-1.01 
0.51-1.80 

 
0.055 
0.910 

Histologic Type 
No special type 
Lobular 
Other 

 
0.64 
0.69 
NA 

 
0.43-0.96 
0.21-2.30 

NA 

 
0.032 
0.548 

NA 
pT 

T1 
T2
T3 

 
0.78 
0.62
0.51 

 
0.44-1.39 
0.36-1.06
0.09-3.07 

 
0.398 
0.081
0.463 

pN 
N0 
N+ 

 
0.75 
0.57 

 
0.40-1.42 
0.36-0.92 

 
0.377 
0.021 

Stage 
I 
II 
III 

 
1.07 
0.61 
0.51 

 
0.46-2.50 
0.36-1.06 
0.85-3.07 

 
0.880 
0.081 
0.463 

ER 
Negative (<1%) 
Positive (≥1%) 

 
0.45 
0.87 

 
0.16-1.29 
0.51-1.49 

 
0.136 
0.618 

PR 
Negative (<1%) 
Positive (≥1%) 

 
0.44 
0.89 

 
0.21-0.94 
0.52-1.52 

 
0.034 
0.672 

Ki-67 
Negative (<20%) 
Positive  (≥20%)

 
0.61 
0.76

 
0.38-0.97 
0.37-1.53

 
0.038 
0.436

HER2
Negative (0-2+) 
Positive (3+) 

0.56 
1.42 

0.36-0.87 
0.63-3.18 

0.010 
0.399 

p53 
Wild-type pattern 
Mutated pattern 

 
0.61 
1.47 

 
0.35-1.03 
0.81-2.66 

 
0.065 
0.202 

ER, estrogen receptor; PR, progesterone receptor; NA, not available. 
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Table 19: Multivariate Cox proportional hazards model of disease-free survival at 48 months 
 

        

In this case, the benefit on disease-free survival of GATA3 positivity was not maintained in 

most BC subgroups according to the other variables. In particular, GATA3 preserved a 

prognostication value only on the following BC subgroups: no special type, lymph node 

metastatic, PR-negative, HER2-negative, and low Ki-67 (<20%) (Table 18). 

We evaluated the ln–ln survival curves to check graphically the proportional hazards 

assumption for all clinico-pathological and IHC variables at 48 months. The log-log plots 

indicated some minor violations of the proportional hazard assumption for most of the 

variables (not shown). Then, we plotted the graphs that compare the survival curves 

predicted by the Cox model with the observed ones according to the Kaplan-Meier 

method. According to the log-log plot and predicted versus observed survival curves, 

GATA3 can be considered time-independent at 48 months of disease-free survival, as 

such, we could apply the Cox proportional hazards modeling (Figure 21).  

 

 

 

After adjusting for all clinico-pathological and IHC variables, GATA3 does not result as an 

independent prognostic factor for disease-free survival in our BC patients (Table 19). The 

only significant predictive variable entering into the multivariate model was p53 (HR 2.43, 

CI 95% 1.66-3.04, p<0.0001). 

  

  

Multivariate Cox regression analysis 
Variables  Hazard ratio Standard 

Error 
Z coefficient p-value 95% CI 

p53 2.427183 0.4676534 4.6 <0.0001 1.663791-3.54084 
Ki-67 1.329254 0.2681619 1.41 0.158 0.8951331-1.973914 

CI, confidence interval. 
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DISCUSSION 

Physiologically, GATA3 is a transcriptional activator determinant for the specification and 

maturation of the breast luminal cells (56).  Accordingly, in normal mammary tissue 

GATA3 is expressed exclusively in lobular and ductal epithelial cells, but not in 

myoepithelial cells (56, 73). In murine BC models, GATA3 inhibits the transition from an 

epithelial to mesenchymal phenotype and the development of metastases (54, 74). 

GATA3 is an ER-related gene and, as such, has been associated with improved outcome 

in BC patients (67, 68, 75). However, conclusive data demonstrating GATA3 as a 

prognostic factor independent from ER status are still missing (69). 

By using TMA technology, in this study, we have analyzed GATA3 IHC in a consecutive 

monoinstitutional large cohort of 702 BCs in order to assess its association with clinico-

pathological and biological characteristics and to define its role as an independent 

prognostic factor. In our study, we found that 68% (413/608) of BCs expressed GATA3 by 

IHC. Previous studies reported that GATA3 IHC expression ranged between 31% and 

92% in BCs (69, 76, 77). The apparent discrepancy in GATA3 expression between these 

studies may reflect both the methodology used and the different cutoff values assigned to 

define GATA3 IHC positivity. In fact, whether the tumor tissue tested is a whole section or 

TMA cores may have an impact on the results, and in the latter case, also the number of 

cores per tumor and the core size will modulate the results (78). Other technical issues 

may contribute to this difference such as the use of different GATA3 antibodies and their 

sensitivity (79). Interestingly, it has been shown that the sensitivity of GATA3 different 

antibodies varies between BC subgroups. Furthermore, the threshold definition for GATA3 

IHC positivity is critical for all subsequent quantification and varied arbitrarily between 

previous studies, ranging from 1% to 30%. In our study, we used relatively large cores and 

the positive GATA3 IHC cutoff was set at 1% (to parallel cutoff percentages of ER and 

PR) obtaining high positive rate (28). Finally, the assessment of positive IHC can be 

subjective, and operator-dependent, to limit this variability and to increase score accuracy 

we applied an automated scoring method (80).  

Between BC histotypes, lobular BCs demonstrated the slightly highest GATA3 positive 

rate (74%), whereas NST BCs were GATA3 IHC positive in 68% of cases. Coherently, 

previous studies reported the highest frequency of GATA3 IHC positivity in lobular BC 

when compared to NST BC (73, 77, 81). Moreover, we found that GATA3 positivity is 

strongly associated (p<0.0001) with BC low-intermediated histologic grades, similarly to 

previous studies, while GATA3 expression is reduced in high-grade BCs (76, 82, 83).  

In addition to the morphological characterization, in 2001 a molecular classification of BC 

has been proposed and progressively has taken over during the past decade (25-27). 

Currently, five intrinsic molecular subtypes of BC are recognized: luminal A, luminal B-
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HER2-, luminal B-HER2+, HER2-positive and triple-negative (84). Surrogates based on 

IHC have been proposed with a discussable accuracy and partial overlapping to molecular 

subtypes according to gene expression (26-28, 85). 

In our series, GATA3 positivity significantly varied between different molecular subtypes. 

Luminal A and luminal B showed the highest GATA3 levels and positivity percentages 

(79% and 73%, respectively). However, GATA3 was also expressed in a relevant 

percentage of the other molecular subtypes, namely in 20% of HER2-positive BCs and 

24% of TNBC. In four previous studies GATA3 IHC positivity in luminal A, luminal B, and 

HER2-positive subtypes have been reported to range from 54-100%, 27-100%, and 8%-

86%, respectively (76, 83, 86, 87). Many more studies have specifically investigated the 

expression of GATA3 in TNBC for the relevance that it might have as an ancillary 

diagnostic test.  They reported the following rates of GATA3 positivity in TNBCs: 6% (83), 

15% (76), 20% (87), 25% (88), 35% (82), 40% (89), 44% (79), 46% (86, 90), 48% (91), 

61% (92), and 66% (79), depending on the antibody clone used and cutoff settled. 

Therefore, together our GATA3 results are roughly in line with literature reports, whilst in 

the lower ranges, possibly as a consequence of the use of only one TMA core per tumor, 

that could cause an underestimate of the IHC staining, particularly in case the marker has 

a heterogeneous expression (78). 

Again, we found an excellent correlation (p<0.0001) between hormone receptor positivity 

and GATA3 expression. In fact, in our study, 78% of ER-positive and 76% of PR-positive 

BCs were also GATA3-positive and, vice versa, among GATA3-positive cases 93% were 

also ER-positive and 85% were PR-positive. These results are consistent with all previous 

studies that identified this association in BC tissues (67, 93, 94) and coherent with the 

integral role of GATA3 into ER signaling pathway revealed by both cell line studies and 

microarray data analyses (26, 94, 95). As a matter of fact, it has been demonstrated a 

positive cross-regulated feedback loop between GATA3 and ER, which, through a mutual 

stimulation of expression between these two genes, is important for maintenance of ER 

signaling pathway and, likely, sustains this robust coexpression of GATA3 and hormone 

receptors (57, 58). 

Moreover, we found a significant association between GATA3 positivity and HER2-

negativity. Notably, this association is implicit in the GATA3 distribution between BC 

molecular subtypes and also considering the reciprocal associations with hormone 

expression. Nevertheless, our results are consistent with the majority of the previous 

studies that have investigated this relationship, but not all (69, 76, 82, 93, 96-99). To the 

best of our knowledge, yet no direct relationship at a molecular level between GATA3 and 

HER2 has been identified. 

We have found no association between Ki-67 labeling index and GATA3-expression as 
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well as other investigators (98, 99). Conversely, two previous studies found a significantly 

lower Ki-67 labeling index in GATA3-positive BCs, but both have analyzed only selected 

BC subtypes, i.e. hormone receptor-positive/HER2-negative and TNBC, respectively (88, 

100). 

In addition to usual biological prognostic factors, we evaluated p53 IHC. TP53 is the most 

frequently mutated gene in human cancers and, as such, it has been extensively studied 

(101, 102). TP53 acts as a tumor suppressor gene, which may be disrupted by either 

missense mutation, that is a point mutation that, changing a single nucleotide, results in a 

changed codon that specifies a different amino acid, or null mutation, that is any other 

mutation causing a truncated protein, usually nonfunctional. Also, in BC TP53 is the most 

commonly mutated gene, given that TP53 mutations occur in 30% of BCs (31, 33). 

Importantly, TP53 mutation has been strongly associated with worse outcome in BC 

patients (103, 104). 

First, we found no association between GATA3 expression and p53 by IHC percentage, 

similarly to Hosoda et al. and Jacquemier et al. (98, 99). As opposite, two different studies 

have identified higher p53 expression in GATA3-negative BCs (96, 97). Relevantly, it has 

been shown that diffuse, intense IHC positivity for p53 associates with a missense 

mutation, while complete p53 immunonegativity is consistent with null mutation (due to 

frameshift, splicing junction, and nonsense mutation) (67, 99). By contrast, rare, patchy, 

and weak p53 staining corresponds to wild-type TP53 (67, 99). Therefore, differently from 

previous studies, besides considering p53 as a continuous variable, we categorized p53 

immunostaining in patterns associated with mutated and wild-type TP53 status (72, 105, 

106). In this way, we found a positive association between GATA3 positivity and p53 wild-

type pattern. This novel finding is reasonably expected since GATA3 and TP53 mutations 

have been shown to be mutually exclusive in BCs (31).  

Looking at clinico-pathological parameters, based on our findings, GATA3 positivity is 

inversely associated with the most important clinical prognostic factors of BC outcome, 

namely tumor size and lymph node metastasis. Most of the previous studies that have 

examined GATA3 IHC expression in relation with tumor size and/or presence of lymph 

node metastasis have not found any association (76, 83, 93, 97, 100, 107), however four 

studies analogously reported inverse association between GATA3 and tumor size (67-69, 

100) and only one reported low GATA3 expression associated with lymph node 

metastasis (67).  

Altogether, our findings associate, univocally and clearly, GATA3 expression to favorable 

clinical, biological and pathological features of BC, coherently with and supporting 

previous observations.  

To date, there is still undisguised controversy regarding the ability of GATA3 to predict the 

long-term prognosis in BC patients. Specifically, although high GATA3 gene expression 
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level has been convincingly associated with a better outcome of BC patients, 

independently of other clinico-pathological features (67, 108-111), the prognostic value of 

GATA3 protein level by IHC remains inconclusive (67-69, 82, 112). We found that GATA3 

IHC expression was significantly associated with improved overall survival in our entire BC 

cohort. Moreover, we found that this association was also maintained in individual BC 

subgroups, particularly those at lower risk, such as ER-positive, PR-positive, HER2-

negative, with lower proliferation (Ki-67<20%), wild-type p53, lower grade, smaller size 

(pT1-T2), without lymph node metastasis (pN0), at lower stage. To our knowledge, this is 

the first study that systematically has evaluated specifically the prognostic impact in so 

many BC subgroups based on all recognized prognostic factors. Furthermore, among 

intrinsic molecular subtypes, GATA3 expression was associated with a better overall 

survival only in luminal B. 

It is well-known that different intrinsic molecular subtypes show distinct clinical evolution. 

Characteristically, luminal B BC has a poorer outcome compared with luminal A, but 

similar to HER2-positive and TNBC (25). Furthermore, luminal B exhibit a delayed 

aggressive behavior with the highest mortality rate after 5-8 years, when compared to 

HER2-positive and TNBC that progress rapidly with the highest mortality during the first 

two years after the diagnosis (113). In theory, late recurrence may be fostered by a 

withdrawal of endocrine therapy or may simply reflect its intrinsic aggressiveness and 

natural evolution. Of note, luminal B subtype has a distinctive pattern of metastasis 

dissemination, with a predilection for bone followed at a discreet distance by the lung. This 

is in contrast with luminal A BC, for which bone is also the principal site of metastasis, 

although it shows a low frequency of metastasis to other sites (114). Noticeable, there is 

an unmet need to identify patients with luminal B cancers who may benefit from adjuvant 

chemotherapy, particularly among those without lymph node metastasis. Therefore, given 

our results, GATA3 should be explored as a potential biomarker and could demonstrate 

an immediate, clinically relevant application in this contest and for this specific clinical 

issue. 

Later, our multivariate analysis has demonstrated GATA3 as a strong, independent 

favorable prognostic factor for overall survival (OS) in BC patients, both in long-term and 

short-term outcome. On the other hand, disease-free survival (DFS) analysis could not 

identify a significant association between GATA3 and BC relapse at long-term follow-up, 

but, only in univariate analysis, our results have shown a predictive value of GATA3 in 

DFS at 48 months. Overall, in our BC cohort, GATA3 correlated effectively with improved 

OS, and demonstrated the strongest predictive power in multivariate analysis (HR 0.77, 

p=0.028), whereas in DFS it has not proved an independent prognostic effect. 

A discrete number of studies have investigated the prognostic value of GATA3 by IHC in 

continuous series of BCs. The first study by Mehra et al. has analyzed GATA3 IHC in a 
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cohort of 139 consecutive invasive BCs arranged in TMA blocks and has found that BC 

patients with low GATA3 expression had a significantly shorter OS and DFS (67). The 

prognostic value of GATA3 IHC was demonstrated as independent from other prognostic 

variables by Cox multivariate analysis of DFS, but it was not shown for OS. Furthermore, 

low GATA3 was associated with DFS in patient subgroups without lymph node metastasis 

or with ER-positive BC. Successively, Voduc et al. could not confirm GATA3 IHC as an 

independent prognostic predictor in over 3100 consecutive cases of BCs as well as in ER-

positive subgroup (69). Analogously, in the same year, Ciocca et al. found a non-

significant modest protective effect of GATA3 positivity in OS and DFS of 166 consecutive 

BC patients (112). No association between GATA3 expression and outcome was found by 

Albergaria et al. in 249 consecutive BC patients (76). Thereafter, Yoon et al. could not 

only confirm the association of GATA3 IHC positivity with better BC-related survival in a 

consecutive series of 242 BCs, and in the ER-positive subgroup, but also found it in low-

grade groups (68). Two studies have investigated in particular over 200 hormone 

receptor-positive and HER2-negative BCs, respectively; both found GATA3 significantly 

associated with better prognosis in univariate analysis, but not in multivariate analysis (98, 

100). Then, McCleskey et al. obtained analogous results by analyzing 62 advanced BC 

patients (115). Another study has specifically evaluated the GATA3 prognostic impact on 

516 BC patients treated with systemic therapy, i.e. chemotherapy and/or tamoxifen (82). 

GATA3 status could not reveal significant differences in OS among these patients, but 

GATA3 positivity affected negatively the OS of ER-negative patients (who do not receive 

tamoxifen), only in univariate analysis. Finally, two studies investigated the GATA3 

prognostic effect in patients treated with neoadjuvant chemotherapy (116, 117). Both 

showed that GATA3 negativity was significantly associated with a more likely complete 

pathological response (116, 117). In summary, altogether these studies, that have 

interrogated GATA3 as a prognostic factor in BC patients, have found that even though 

GATA3 is associated significantly with a favorable prognosis, especially a prolonged DFS, 

it may not represent an independent prognostic factor, since in the majority of the studies 

GATA3 could not demonstrate its predictor value in multivariate analysis (118). Therefore, 

GATA3 has been shown so far as a critical biomarker associated with improved survival, 

but this association can depend on the association of GATA3 expression with different 

variables of good prognosis. Instead, our data have demonstrated a strong correlation of 

GATA3 positivity with improved prognosis both in OS and DFS, but an independent 

predictive value only for OS. 

Ours is the second largest study that has analyzed GATA3 by IHC, taking advantage of a 

TMA approach and a monoinstitutional consecutive cohort of BCs. By comparison, we 

obtained many similar results to previous reports, including the association of GATA3 

expression with ER-positivity, PR-positivity, HER2-negativity, luminal subtypes, low grade, 
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and smaller size, but also we found novel associations. Specifically, in our series GATA3 

was associated with lower stage, lack of lymph node metastasis, and p53 wild-type IHC 

pattern, also all these are undoubtedly markers of favorable outcome. Moreover, our 

results demonstrated incontestably GATA3 as a prognostic factor in all BCs, but, more 

interestingly, it retained its predictive potential in BC subgroups with less aggressive 

characteristics, such as low grade, lower stage, ER positivity, PR positivity, HER2 

negativity, and possibly wild-type TP53 BC subgroups. In addition, among molecular 

subtypes taken singularly, GATA3 negativity is associated with worse prognosis only in 

luminal B BC patients. More generally, our results emphasize the possibility that GATA3 

plays a different prognostic role in various BC subtypes; this should be kept in mind for 

further studies, in order to better clarify the additional prognostic information supplied by 

GATA3 for therapeutic decision-making, especially in luminal B BCs.  

Many differences among the studies that have analyzed GATA3 by IHC, including ours, 

may reflect differences in the IHC technique, analysis (especially cutoff definition), study 

design, or simply types of analyzed BCs, therefore a standardization of the methodology is 

needed. In particular, regarding the cutoff value to be used, we strongly encourage to use 

1%, since it is easier and more reproducible. 

Despite p53 was not our principal focus, by applying a different IHC evaluation method, 

we found interesting data, beyond a correlation between GATA3 positivity and p53 wild-

type IHC pattern. Nevertheless, albeit whether TP53 mutation is really inversely correlated 

with GATA3 positivity has to be confirmed in further studies, however, our results in terms 

of survival correlate mutant p53 pattern with an exceedingly worse prognosis at 48 months 

(HR 2.73 and 2.43 for OS and DFS, respectively). These findings are quite coherent with 

previous studies on the clinical value of TP53 mutation in BC (103). For this reason, our 

results further bolster p53 IHC as a prognostic test in BC tissues. 

In conclusion, our study, building on previous observations, provides new evidence of the 

prognostic value of GATA3 in BC, inasmuch it correlates GATA3 negativity to worse 

prognosis, especially in less aggressive BC subgroups. Indeed, GATA3 IHC could 

uncover BC patients with worse clinical outcome in low-risk categories, which would 

potentially benefit from additional tailored treatment. Our data, therefore, support the 

possible clinical utility of incorporating GATA3 IHC analysis into routine practice, as an 

adjunct to standard IHC panel, in order to further risk stratify BC patients. Since GATA3 

IHC is currently used in routine diagnostic practice as a surrogate marker for breast and 

urothelial origin of carcinomas of unknown primary, this should be straightforward; 

however, standardized methods with univocal, reproducible cutoff are needed. Still, further 

controlled studies are required before applying GATA3 as a prognostic biomarker.  
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