
 i 

 

 

 

 

 

Alterations in Immunohistochemical Biologic Markers Following Neoadjuvant Chemotherapy 

in Breast Carcinoma 

 

 

 

 

 

 

Dr Michael Jared Bromfield 

0300696E 

 

 

 

 

 

A research report submitted to the Faculty of Health Sciences, University of the Witwatersrand, in 

partial fulfilment of the degree of Masters of Medicine in Anatomical Pathology  

 

 

Johannesburg  

 

February 2020 



 ii 

DEDICATION: 

For my family 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

DECLARATION: 

 

 

I, Dr Michael Jared Bromfield (0300696e) am a student registered for the degree of Masters of 

Medicine (Anatomical Pathology) in the academic years 2014 to 2020.  

 

 

I hereby declare the following:  

 

I am aware that plagiarism (the use of someone else’s work without their permission 

and/or without acknowledging the original source) is wrong. 

I confirm that the work submitted for assessment for the above degree is my own unaided work 

except where I have explicitly indicated otherwise. 

I have followed the required conventions in referencing the thoughts and ideas of others. 

I understand that the University of the Witwatersrand may take disciplinary action against me if there 

is a belief that this is not my own unaided work or that I have failed to acknowledge the source of the 

ideas or words in my writing. 

 

 

 

 

 

 

Signature  

Signed at the University of the Witwatersrand, Johannesburg  

 

Date: 24 February 2020 



 iv 

ABSTRACT: 

 

BACKGROUND: 

Neoadjuvant chemotherapy is an alternate treatment modality in which patients receive treatment 

before surgery. The use thereof in patients with breast carcinoma is not without practical and 

therapeutic implications. Neoadjuvant chemotherapy may allow for the in vivo selection of resistant 

tumour cells. In addition, neoadjuvant chemotherapy may cause an alteration in the status of hormone 

receptors and human epidermal growth factor receptor 2 (HER2). Although the impact of primary 

chemotherapy has generated considerable literature, studies continue to report conflicting results. This 

report is the first from South Africa and provides valuable insight into the need for repeat testing in a 

resource constrained setting. 

 

OBJECTIVES: 

The aim of this study was to determine the effect of neoadjuvant chemotherapy on biologic marker  

status in patients with primary invasive breast carcinoma. 

 

METHOD: 

A non-interventional, cross-sectional, retrospective and comparative analysis was performed. Data 

was collected over an 18-month period between 1 January 2014 and 30 June 2015 from the databases 

of the department of Anatomical Pathology and the Breast Unit in the department of Surgery at Chris 

Hani Baragwanath Academic Hospital. Biopsies and the corresponding post-primary chemotherapy 

surgical excision specimens from seventy-four patients were investigated for any change in hormone 

receptor status, HER2 receptor status and Ki67. 

 

RESULTS: 

Three hundred and seventy-three patients were newly diagnosed with an invasive mammary 

carcinoma. Invasive carcinoma of no special type was the most frequent diagnosis (86%) with 320 

cases identified. Seventy-four patients (20%) underwent neoadjuvant chemotherapy followed by 
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excision biopsy. Pathological complete response was identified in 7 patients (9%). In patients with 

residual post-primary chemotherapy tumours, significant reductions in progesterone receptor 

expression (p=0.003) and Ki67 proliferation index (p=<0.001) were found when compared with the 

needle core biopsies. No significant alterations were identified for oestrogen receptor (p=0.08) and 

HER2 receptor (p=0.655) expression. 

 

CONCLUSION: 

Hormone receptor status should be re-evaluated in the surgical excision specimen following 

neoadjuvant chemotherapy, as there can be an alteration in biomarker status that may impact 

treatment strategy. In current practice, with available resources limited, the repeat testing of HER2 

may be of little value in the absence of neoadjuvant trastuzumab.  
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CHAPTER 1: INTRODUCTION 

 

Breast carcinoma (CA) is the most common malignancy in women worldwide with over 1.6 million 

cases diagnosed in 2012 (Ferlay et al. 2015). 

 

The outcome for women with breast CA varies considerably. A number will have a normal life 

expectancy, while those with metastatic disease may only expect a 5-year survival of 24%. Prognosis 

is dependent upon tumour extent (tumour burden), the underlying tumour biology and the age and 

health of the patient (American Cancer Society 2014). 

 

Various combinations of factors related to the tumour (tumour burden) are used by the American Joint 

Committee on Cancer (AJCC) to separate breast CA into five stages (0 to IV) that correlate with 

overall patient survival. These factors include: “invasive carcinoma versus in situ disease, distant 

metastasis, lymph node metastasis, tumour size, locally advanced disease, inflammatory carcinoma 

and lymphovascular invasion” (Egner 2010).  

 

Clinically, it is assumed that the response of a tumorous lesion to chemotherapy is a reflection of all 

the tumour cells and that tumour cells are clonal. Breast CA is however, characterised by its cellular 

heterogeneity (Sørlie et al. 2001). Therefore, of late, knowledge gained by studying the molecular 

biology of breast CA has improved outcome prediction. Factors related to tumour biology include: 

molecular subtype, histologic subtype, histologic grade, proliferative rate, hormone receptor status, 

Human Epidermal growth factor Receptor 2 (HER2) status and reaction to neoadjuvant 

chemotherapy. 

 

Neoadjuvant chemotherapy is an alternative approach in which patients are treated with cytotoxic 

agents before surgery. It is used to reduce tumour size and improve surgical prospects. In addition, it 

adds valuable information regarding tumour response and long-term disease free survival (Kaufmann 

et al. 2006). The use of neoadjuvant chemotherapy however, has raised many concerns. Its use may 
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allow for in vivo selection of resistant tumour cells (van de Ven et al. 2011). Histologic changes may 

influence the tumour grade. In addition, neoadjuvant chemotherapy may alter hormone or HER2 

receptor status.  

 

In a local case series, McCormack and colleagues showed that breast CA in all racial groups within 

Soweto, Johannesburg were predominantly oestrogen receptor (ER) positive (McCormack et al. 

2013). Although the demographics have been described, to our knowledge, an alteration in biologic 

markers following neoadjuvant chemotherapy has not yet been reported within South Africa. 

 

The prevalence of biomarker alteration will be assessed with this study. If this study shows no 

modification in biomarker status, then this may obviate the need to repeat investigations with a 

potential financial implication. Alternatively, a negative-to-positive alteration in hormonal status may 

influence treatment strategy and identify those who may benefit from endocrine therapy. 
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CHAPTER 2: AIMS AND OBJECTIVES 

 

The aim of this study was to determine the effect of neoadjuvant chemotherapy on hormonal and 

HER2 receptor status in patients with primary invasive breast CA. 

 

The objectives of this study were to: 

- Identify any change in hormonal and HER2 receptor status following neoadjuvant 

chemotherapy. 

- Compare pre- and post- chemotherapy morphology and assess for any change in 

histopathologic grade and proliferative index (Ki67). 

- Assess tumour response to neoadjuvant chemotherapy. 
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CHAPTER 3: LITERATURE REVIEW 

 

3.1 The Tumour Biology of Breast Carcinoma: 

 

3.1.1) Hormone receptor status: 

Guidelines recommend routine measurement of both ER and progesterone receptor (PR) status in 

patients diagnosed with breast CA. Knowledge of the biomarker status is critical for breast CA 

management as endocrine therapy offers considerable benefit to patients with a positive receptor 

status (Fisher et al. 1983).  

 

3.1.1.1) Oestrogen receptor: 

Oestrogen is a steroid hormone that influences the regulation of transcriptional processes involved in 

growth, differentiation and function of various tissue within the body, including the breast. Depending 

on menopausal status, oestrogen is produced primarily by the ovaries in the form of 17 ß-oestradiol, 

oestrone and oestriol (Hammond et al. 2010). These hormones facilitate their biological effects 

through binding of nuclear receptors ER-a and ER-ß via the classical steroid receptor mechanism 

(Björnström and Sjöberg 2005). Although studies have shown ER-ß to be expressed in breast CA, its 

physiologic and pathophysiologic role remains obscure (Roger et al. 2001).  

 

ER-a was the first receptor subtype identified in the breast and its biological role has been best 

studied. Once stimulated, transcription is enhanced once the receptors dimerise and fix to “oestrogen 

response elements” located in promotor regions of target genes (Nilsson et al. 2001).   

 

ER-a promotes the proliferation of breast CA through directed expression of the “insulin-like growth 

factor” (IGF) system. Oestrogens are believed to sensitise breast CA cells to the proliferative effects 

of IGF. Thus, exposing the modulatory role steroids have in determining the response of tumour cells 

to growth factors (Stewart et al. 1990). 
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3.1.1.2) Progesterone receptor: 

The biological effects of progesterone are appreciated primarily within the breast and uterus. During 

gestation, progesterone causes widespread epithelial proliferation and differentiation of alveolar 

lobules within the breast.  The effects of progesterone are interceded by receptors PR-A and PR-B 

(Conneely, Jericevic, and Lydon 2003). Similarly, these receptors facilitate their biological effects 

through the classical steroid receptor mechanism and once stimulated, adhere to “progesterone 

response elements” located on promoter regions of target genes. 

 

The functional role of PR in carcinogenesis is complex. The activation of PR by progesterone in 

patients who have their first pregnancy at an early age, has a vital role in protection against mammary 

CA. When stimulated by synthetic progestins in hormone replacement therapy; however, PR 

activation contributes towards breast tumour formation (Chlebowski et al. 2010).  

 

The expression of PR is oestrogen dependant and suggestive of an intact ER signalling pathway 

(Horwitz and McGuire 1978). As such, it is frequently absent in the majority of ER-negative tumours 

(Dowsett et al. 2005). In patients with ER-positive CA, PR is valuable for prognostication of disease 

recurrence and outcome. A worse prognosis is documented in patients with ER-positive / PR-negative 

CA when compared to patients with PR-positive CA (Clark et al. 1983). Metastasis is 3.6 times less 

probable in patients with PR-positive lesions (Pichon et al. 1980). In addition, patients with ER-

positive / PR-positive CA show greater improvement from endocrine therapy (Bardou et al. 2003). A 

similar benefit from endocrine therapy is documented in patients with metastatic breast CA (Ravdin et 

al. 1992).  

 

3.1.1.3)Quantitative assessment of hormone receptor status: 

The application of immunohistochemical stains to detect hormone receptor and HER2 expression has 

become standard histopathological practice in breast CA patients. ER and PR status is assessed 

through quantitative measurement of receptor expression using the Allred score (Allred et al. 1998; 

Harvey et al. 1999). 
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Table 1 - Quantitative assessment of receptor status: 

The Allred Score (Allred et al. 1998; Harvey et al. 1999): 

Proportion Score: Positive nuclear 

staining (%): 

Intensity: Intensity Score: 

0 0 None 0 

1 <1 Weak 1 

2 1 - 10 Intermediate 2 

3 11 - 33 Strong 3 

4 34 - 66   

5 67 – 100   

 

The sum of the intensity score and proportion score give a total score with eight possible values. 

“Scores of 0 and 2 are considered as negative (See Image 4 and 6). Positive staining (See Image 3 and 

5) is defined as a score between 3 and 8” (Harvey et al. 1999). 

 

3.1.2) Human Epidermal Growth Factor Receptor 2 (HER2) status: 

HER2 is an oncoprotein belonging to the human “epidermal growth factor receptor” (EGFR) family. 

This family of receptors has a significant role in embryonic development, tissue renewal and 

carcinogenesis. Within normal breast development, the major contributions of the human EGFR 

transpire through puberty, pregnancy and lactation. In this period, signalling stimulates growth of 

mammary epithelium and ductal differentiation (Eccles 2011). Similarly, the human EGFR regulates 

cell growth, survival and differentiation in the pathogenesis of multiple malignancies (Iqbal 2014).  

 

There are four receptors within the family: HER-1, HER-2, HER-3 and HER-4. Each receptor is 

composed of a “cysteine-rich extracellular domain, a single transmembrane domain and a large 

cytoplasmic domain” (Riese and Stern 1998).  
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HER2 has no recognised triggering molecule and as such may exist in an innate stimulated state. 

Alternatively, HER2 may be activated by dimerization with other members of the EGFR family. On 

activation, tyrosine kinase domains and tyrosine residues within the cytoplasmic domain become 

phosphorylated. These activate second messengers including “mitogen-activated protein kinase 

(MAPK), phosphatidylinositol-4,5 bisphosphate 3-kinase (PI3K), and protein kinase C (PKC)” (Riese 

and Stern 1998; Iqbal 2014).  

 

The HER2 gene was first identified in human breast CA as a v-erbB-related gene (King, Kraus, and 

Aaronson 1985). It has subsequently been recognised by several names including “NEU; NGL; 

TKR1; CD340; MLN 19 and HER2/neu” however, “ERBB2” and “erb-b2 receptor tyrosine kinase 2” 

are the official symbol and name given by the HUGO Gene Nomenclature Committee. The HER2 

oncoprotein is encoded by the v-erb-b2 gene on chromosome 17 (NCBI 2019).  

 

ERBB2 gene amplification is hypothesized to occur early in breast carcinogenesis. It is identified 

more frequently in ductal carcinoma in situ (DCIS) when compared with invasive ductal carcinoma 

(Park et al. 2006). In addition, overexpression of the HER2 oncoprotein in benign breast ductal 

epithelial cells can cause acinar proliferation and loss of polarized organisation, characteristic of the 

premalignant phase of breast CA (Muthuswamy et al. 2001). HER2 status is maintained with disease 

progression, invasion and metastasis (Park et al. 2006). 

 

Between fifteen and twenty percent of invasive breast CA overexpress the HER2 oncoprotein 

(Burstein 2005). Overexpression of HER2 is an adverse prognostic factor and is related to a shorter 

disease free and overall survival (Slamon et al. 1987). 

 

Agents that target HER2 (e.g. Trastuzumab - HerceptinÒ) have been shown to be particularly 

effective. Trastuzumab is a “humanized monoclonal antibody”. When used in isolation or in 

combination with chemotherapy, HER2 directed treatment with trastuzumab improves response rates, 

duration of response, time to progression and survival in patients with metastatic breast CA (Slamon 
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et al. 2001). In addition, trastuzumab significantly improves disease-free survival and reduces 

mortality in patients with HER2 positive breast CA (Piccart-Gebhart et al. 2005; Romond et al. 2005). 

It is essential therefore, that all patients diagnosed with invasive breast CA have HER2 status 

assessed.  

 

In order to ensure accuracy, the College of American Pathologists (CAP) and American Society of 

Clinical Oncology (ASCO) have recommended guidelines for HER2 testing and interpretation. 

 

Table 2 - Reporting results of HER2 receptor testing by immunohistochemistry and in situ 

hybridization (Wolff et al. 2007, 2013): 

Negative HER2 status: 

- Immunohistochemistry: - Score of 0 or 1 for cellular membrane expression. 

- Score 0 is no staining observed or incomplete, 

faint/barely perceptible membrane staining in ≤10% of 

invasive tumour cells (Image 8). 

- Score 1 is incomplete, faint/barely perceptible membrane 

staining in >10% of invasive tumour cells. 

- In situ hybridization: - Single-probe assay average HER2 copy number < 4.0 

signals/cell. 

- HER2/CEP17 ratio <2.0 AND average HER2 copy 

number <4.0 signals/cell 

Equivocal HER2 status: 

- Immunohistochemistry: - 2+ score is defined as incomplete membrane staining that 

is weak/moderate, circumferential in >10% of tumour 

cells or intense complete circumferential membrane 

staining ≤10% of tumour cells. 
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Positive HER2 status: 

- Immunohistochemistry: - Score of 3+ is intense, complete circumferential 

membranous staining that occurs in >10% of invasive 

tumour cells (Image 7). 

- In situ hybridization: - Single-probe average HER2 copy number ≥6.0 

signals/cell 

- Dual-probe HER2/CEP17 ratio ≥2.0 with an average 

HER2 copy number ≥4.0 signals per cell. 

 

3.1.3) Pre-analytical factors affecting biomarker assessment:  

In addition to the guidelines used for interpretation of results, many pre-analytical factors influence 

immunohistochemistry predictability for an accurate result. 

 

3.1.3.1) Specimen choice: 

Several institutions have adopted the core biopsy as the preferred technique for investigating breast 

lesions. With significance assigned to the use of neoadjuvant chemotherapy, a needle core biopsy 

affords valuable information with the potential to influence patient management. It is pertinent, 

therefore, that concordance between core biopsy and excision specimen be addressed.  

 

By evaluating the reliability of ER expression on needle core biopsy in invasive CA, Hodi et al. 

(2007) have shown concordance of 98.8% with surgically excised specimens (Hodi et al. 2007). 

Similarly, Dekker et al. have reported 99.1% concordance of ER results (Dekker et al. 2013). When 

investigating PR and HER2 status in breast core biopsies and excision specimens, studies have shown 

concordance of over 86% (Wood et al. 2007).  Similarly, a meta-analysis of twenty-seven studies 

concluded that the core biopsy had high diagnostic accuracy in evaluating hormone and HER2 status 
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(Chen et al. 2012). Thus, assessment of hormone and HER2 receptor status on diagnostic needle core 

biopsy has become the standard practice within our institution. 

 

Potential reasons for the difference observed in staining between core and excision specimen may be 

due to tumour heterogeneity and sampling error, with the limited needle core biopsy failing to reflect 

the expression of the entire tumour. In addition, differences in staining may expose a fixation artefact. 

The delay in penetration of the fixative to the centre of the specimen will delay fixation and may 

produce a false-negative result (Mann et al. 2005). Furthermore, needle core biopsies are prone to 

crush artefacts which may lead to false-positive results (Asogan, Hong, and Arni Prabhakaran 2017). 

 

 3.1.3.2) Delayed fixation: 

“Cold ischaemic time” is defined as the interval between tissue removal and initiation of fixation. 

Although data is limited, a cold ischaemic time of one hour or less is recommended by the 

ASCO/CAP guidelines. A noteworthy decline in immunohistochemical staining for hormone receptor 

and HER2 staining can occur when cold ischaemic time exceeds two hours in non-refrigerated 

specimens. This false-negative result occurs due to antigenic degradation. Degradation can be delayed 

up to four hours by refrigerating specimens (Yildiz-Aktas, Dabbs, and Bhargava 2012).  

 

3.1.3.3) Fixation time: 

To ensure rapid diagnosis, clinicians submit some specimens marked as “urgent”. A prompt diagnosis 

ensures that patients can receive treatment early in the course of their disease. Cost of medical care is 

reduced by decreasing unnecessary days spent in hospital. Nevertheless, the effect of processing 

biopsy specimens too rapidly is that tissues are exposed to a fixative for only a few hours. This has a 

serious impact on the quality of fixation.  Tissue fixatives prevent temporal changes of autolysis, 

microorganism-induced modifications and soluble molecule diffusion. To produce constant and 

reproducible ER staining, breast tissue requires at least 6-8 hours of fixation before being processed in 

a tissue processor. If fixed for less than the prescribed time, as may occur when specimens received at 
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the end of the day are processed shortly thereafter, pathologists risk false-negative results (Fox et al. 

1985; Goldstein et al. 2003; Gown 2008).  

 

In addition, over-fixation of breast tissue can lead to reduced immunoreactivity for breast prognostic 

markers. However, this has only been shown to occur after extensive fixation (over 57 days) and may 

not be clinically relevant (Arber 2002).   

 

3.1.3.4) The fixative solution used: 

Fixative solutions with a low pH such as “bouin picroformol-acetic fixative” and” B-5 sodium 

acetate-sublimate” can degrade ER. Buffering formalin ensures a pH between 7.0 and 7.4 

(Fitzgibbons et al. 2014).  

 

 3.1.3.5) Other factors: 

False-negative results may also occur from decalcification, causing a loss in immunoreactivity (Arber 

et al. 1996). Immunoreactivity of tumour cells may be influenced by excessive heat as a consequence 

of thermo-cauterisation during surgery. A dark haematoxylin counterstain may obscure faintly 

positive diaminobenzidine staining. Furthermore, non-optimised antigen retrieval and antibody type 

may result in a false-negative result (Fitzgibbons et al. 2014).  

 

False-positive results are less commonly encountered (Viale et al. 2007). This occurs when an 

antibody cross-reacts with an antigen not being sought (Fitzgibbons et al. 2014).  

 

3.1.4) Molecular classification of breast carcinoma: 

Through gene expression profiling by microarray analysis, Perou and SÆrlie were the first to describe 

the major molecular subtypes of breast CA. Their findings suggest that breast CA may be separable 

into ER-positive (luminal A and luminal B) and ER-negative (HER2-expressing, basal-like and 

normal breast-like) groups (Sørlie et al. 2001; Perou et al. 2000).  
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Immunohistochemical receptor analysis offers a surrogate technique for molecular subgroup 

recognition. These molecular subgroups have important clinical implications as each are associated 

with different therapeutic responses and different outcomes (Rastogi et al. 2008; Carey et al. 2006).  

 

3.1.4.1) Luminal breast carcinoma: 

Hormone receptor positive (luminal) breast CA is defined by the overexpression of genes normally 

expressed by luminal epithelium. It is a subtype that is known with a favourable prognosis despite 

lower sensitivity to chemotherapy (Tan et al. 2014). The luminal subgroup is further subcategorised 

into luminal A and luminal B. In addition to being ER-positive, luminal A CA is negative for HER2 

and has a Ki67 of less than 14%. Luminal B CA is ER-positive, negative for HER2 and has a higher 

proliferation index with Ki67 greater or equal to 14% (Feeley et al. 2014). Notably, there is a 

significant proportion of ER-positive tumours that do overexpress HER2 and are still classified in the 

luminal B category rather than the HER2 molecular subtype (Parker et al. 2009; Rouzier et al. 2005). 

The significance associated with the greater proliferation in luminal B CA is a higher histologic grade 

and worse prognosis (Sorlie et al. 2003; Perou et al. 2000; Sørlie et al. 2001; Geyer et al. 2009). 

 

3.1.4.2) Basal-like breast carcinoma: 

Basal-like breast CA has a gene expression profile that is similar to the basal/myoepithelial cells of 

normal breast tissue. These tumours characteristically express basal-type cytokeratins and are 

typically “triple-negative” lacking immunohistochemical staining for ER, PR and HER2 (Nielsen et 

al. 2004; Bhargava and Dabbs 2007; Perou et al. 2000). Patients with basal-like CA have been shown 

to have a poor prognosis (Sørlie et al. 2001; van de Rijn et al. 2002). Tumours have high histologic 

grades and elevated mitotic rates. Other significant morphological features include “geographic 

tumour necrosis, pushing border of invasion, stromal lymphocytic response and atypical medullary 

features”. Metaplastic components have also been described (Livasy et al. 2006). 
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3.1.4.3) HER2 molecular subtype of breast carcinoma: 

The HER2 molecular subtype of breast CA has an aggressive clinical course (Weigelt, Baehner, and 

Reis-Filho 2010).  These tumours are defined by overexpression of the ERBB2 gene (Perou et al. 

2000; Sørlie et al. 2001). They show strong (3+) staining for HER2 on immunohistochemistry. In 

addition, they are hormone receptor negative (Rouzier et al. 2005). 

 

3.1.4.4) Normal breast-like breast carcinoma: 

The normal breast-like molecular collection shares a grouping with fibroadenomas and normal breast 

tissue. This molecular form of breast CA is controversial as it has not been reproducibly defined 

(Allison 2012). Authors have argued that the normal breast-like molecular subtype could represent a 

technical artefact from contamination with normal tissues in microarrays. It is defined by gene 

expression typical of basal epithelial cells and adipose tissue. The expression of luminal epithelial 

genes is low. The normal breast-like molecular subtype of breast CA has an intermediate prognosis. 

These tumours are associated with the absence of receptor markers and consequently, like basal-like, 

can be classified as a subtype of triple negative breast CA (Perou et al. 2000; Sørlie et al. 2001; Eroles 

et al. 2012). 

 

 3.1.4.5) Emerging molecular subtypes: 

Recently, three new molecular subgroups have been defined. These include the “claudin-low, 

molecular apocrine and interferon-related subtypes” (Alizart et al. 2012).  

 

The “claudin-low” subgroup is characterised by augmentation of “epithelial-to-mesenchymal 

transition markers and immune response genes”. This subgroup demonstrates CA stem cell-like 

features. In addition, there is low-to-absent expression of luminal differentiation markers. The 

majority have a poor prognosis and are of triple negative immunohistochemical phenotype.  

Morphologically, a high frequency of metaplastic and medullary differentiation is observed. These 

tumours have a neoadjuvant chemotherapy response rate that is intermediate between that of basal-

like and luminal tumours (Prat et al. 2010; Lu et al. 2013). 
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The “molecular apocrine” subtype is estimated to account for over ten percent of invasive breast CA. 

These tumours show prominent apocrine features on histological examination and are androgen 

receptor positive. This group includes ER-negative tumours outside the basal group (Farmer et al. 

2005; Alizart et al. 2012).  

 

The “interferon-related” molecular subtype is curious considering that interferons are mediators of the 

anti-tumour response. This subgroup is defined by high expression of gene clusters regulated by 

interferon. This cluster contains signal transducer and activator of transcription 1 (STAT1) which 

facilitates interferon regulation of gene expression (Hu et al. 2006).  Research suggests that interferon 

regulated gene clusters have been linked to lymph node metastasis and poor prognosis. Tumours of 

the interferon-related molecular subtype therefore, may produce an ineffective anti-tumour response 

or may reflect a deviation in the healthy anti-tumour response (Huang et al. 2003).  

 

Table 3 - Characteristics of molecular subtypes of breast cancer - Adapted from Alizart et al., 2012: 

ER 

Expression: 

Molecular 

Classification: 

HER2: Ki67: Histologic Grade: 

Positive: Luminal A Negative Low 1-2 

Luminal B Negative / Positive High 2-3 

 

Negative: 

HER2 Positive High 2-3 

Basal-like Negative High 3 

Molecular apocrine Negative High 2-3 

Claudin-low Negative High 3 

Interferon-related Negative High 3 

 

 

 



 15 

3.1.5) Histologic type and grade: 

Assessment of histologic type and histologic grade allow invasive breast CA to be subdivided 

morphologically, based on cell morphology, growth pattern and degree of differentiation. There are 

many histologic types described by the World Health Organization (WHO). Sixty to seventy-five 

percent of breast CA are of no special type and lack peculiar features to merit classification into one 

special type. Certain special tumour types provide useful prognostic information (Northridge et al. 

1997). Tubular CA is associated with an excellent prognosis (Rakha et al. 2010). In contrast, 

metaplastic CA has an unfavourable outcome (Luini et al. 2007). Nevertheless, special type 

carcinomas (e.g. Mucinous carcinoma – Image 1) are uncommon and therefore, the role of histologic 

typing in the clinical evaluation and management of patients is currently limited (Pereira et al. 1995). 

 

Various professional international bodies including the WHO and AJCC recommend the Nottingham 

Grading System (Elston-Ellis modification of the Scarff-Bloom-Richardson grading system). The 

Nottingham grading system takes into consideration the degree of tubular differentiation, mitotic 

count and nuclear pleomorphism. Each component is given a score from 1 to 3. “The sum score 

corresponds to a grade. Grade 1 tumours have a score from 3 to 5. Grade 2 tumours have a score of 6 

or 7. Grade 3 tumours (Image 2) have a score of 8 or 9” (Elston and Ellis 1991).  

 

Table 4 -  The Nottingham Grading System for breast tumours (Elston and Ellis 1991): 

Feature: 

 

Score: 

Tubular differentiation: 

▪ Majority of tumour (>75%) 

▪ Moderate (10-75%) 

▪ Minimal (<10%) 

 

1 

2 

3 

Nuclear pleomorphism: 

▪ Small regular nuclei 

 

1 
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▪ Moderate increase in size 

▪ Marked variation in size, nucleoli, chromatin clumping 

2 

3 

Mitotic count (25x objective with field diameter of 0.59mm): 

▪ Less than 10/10 HPF 

▪ 10-20/10 HPF 

▪ >20/10 HPF 

 

1 

2 

3 

Mitotic count (40x objective with field diameter of 0.44mm): 

▪ <5/10 HPF 

▪ 6-10/10 HPF 

▪ >10/10 HPF 

 

1 

2 

3 

 

The Nottingham Grading system provides significant prognostic information comparable to that of 

lymph node status (Walker 2003). Henson et al. have demonstrated equivalent survival rates in 

patients with histologic grade 1, stage II disease to those with grade 3, stage I disease (Henson et al. 

1991). 

 

The histologic grade and histologic type of breast CA has an appreciable influence on ER status. In a 

study of 5993 patients, Nadji et al. showed that virtually all grade 1 tumours are ER-positive. In 

addition, pure tubular, colloid and classic lobular carcinomas are ER-positive (Nadji et al. 2005). 

 

3.1.6) Proliferative rate: 

Limitless replicative potential and proliferation is a hallmark of malignancy (Hanahan and Weinberg 

2000). There are several methods that can be adopted to assess proliferation index including “the 

manual counting of cells in visible mitosis, incorporation of labelled nucleotides into DNA and flow 

cytometric evaluation of the fraction of cells in the S-phase of the cell cycle” (Tubiana et al. 1984; 

Dressler et al. 1987). The most widely used method however, is the measurement of Ki67 antigen 

using immunohistochemistry (Dowsett et al. 2011).   
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Demonstrable in all stages of the cell cycle except the resting phase, G0, Ki67 is a robust nuclear 

biomarker that can be evaluated by immunohistochemistry in a variety of circumstances used in 

routine fixation and tissue processing (Gerdes et al. 1984; Dowsett et al. 2011).  

 

In addition to separating tumours into luminal A and luminal B phenotypes, the pre-therapy 

assessment of Ki67 is valuable to oncologists for its predictive and prognostic significance. Studies 

report a better response and significant reduction in Ki67 following neoadjuvant chemotherapy in 

tumours with a higher pre-therapy proliferation index (Archer et al. 2003; Ellis et al. 1998). Similarly, 

improved pathological complete response rates (PCR)  have been reported following anthracycline 

and taxane-containing neoadjuvant chemotherapy (Yoshioka et al. 2015).  

 

Literature regarding post-therapy prognostic value shows conflicting results. In a series of 61 enrolled 

patients with locally advanced breast CA, post-therapy Ki67 was the only meaningful prognostic 

factor for better survival (Lee et al. 2008). A high Ki67 in post-treatment tumours was shown to 

strongly correlate with poor disease free and overall survival (Yoshioka et al. 2015). In contrast, other 

studies have not shown a relationship between post-neoadjuvant chemotherapy Ki67 and survival 

(Colleoni et al. 2004; Bottini et al. 2001; Penault-Llorca et al. 2003; Faneyte et al. 2003). 

 

Regarding its predictive role, a higher Ki67 proliferation index is predictive of benefit from the 

addition of docetaxel to adjuvant treatment in ER-positive tumours (Penault-Llorca et al. 2009). 

 

Proliferation can be assessed by other means. A promising and clinically useful application of 

microarray technology is the prediction of response to treatment. There is an increase in 

chemotherapy sensitivity in ER-positive tumours expressing proliferation-related gene sets (Iwamoto 

et al. 2011). 
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3.2 Neoadjuvant therapy: 

 

3.2.1) Neoadjuvant endocrine therapy: 

The use of reasonably tolerable and non-toxic hormonal therapy before surgery may allow for breast 

conservation to elderly postmenopausal patients who are unfit for chemotherapy and have hormone 

receptor positive tumours that are initially considered to be overly large or not suitable for surgery. 

Using traditional endocrine manipulation such as tamoxifen, studies have shown an objective 

response approaching 70% within approximately three months of treatment. Although newer 

endocrine agents such as letrozole have been found to be superior when compared with tamoxifen in 

overall objective response rate and rate of breast conserving surgery, the PCR rate for all primary 

endocrine therapies is low. Long-term survival data has shown no difference in survival in patients 

that received endocrine and cytotoxic therapies (Kaufmann et al. 2006; Eiermann et al. 2001; Cheung, 

Howell, and Robertson 2000; Cameron et al. 1997). 

 

3.2.2) The role of neoadjuvant chemotherapy: 

Neoadjuvant chemotherapy is an established alternative treatment modality in which patients with 

high-risk, large (≥2cm) or locally advanced CA are administered chemotherapy prior to surgery. 

When first introduced in the 1980’s, the goal of neoadjuvant chemotherapy was to convert inoperable 

tumours to operable CA by reducing tumour size. Today however, many additional clinical 

advantages are noted (Thompson and Moulder-Thompson 2012; Mieog, van der Hage, and van de 

Velde 2007).    

 

A significant benefit of neoadjuvant chemotherapy is that it allows for monitoring of treatment 

response. Neoadjuvant chemotherapy is an in-vivo assay of drug sensitivity as the primary tumour 

remains intact. Response-guided modifications to the neoadjuvant chemotherapy regimen will 

subsequently afford early non-responders the chance to receive alternative agents with the potential to 

improve survival (von Minckwitz et al. 2013). 
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Neoadjuvant chemotherapy has influenced standard surgical practice. Studies assessing pre- and 

postoperative chemotherapy in women with surgically treatable breast tumours have found equivalent 

overall survival and an increased breast conservation rate. Neoadjuvant chemotherapy therefore, is no 

longer reserved for merely down-staging of a primary tumour. It is appropriate for women with small 

operable tumours who would prefer breast conservation (Mieog, van der Hage, and van de Velde 

2007). Crucially, no significant difference in surgical complication rate is identified in patients 

receiving either neoadjuvant or adjuvant therapy (Hu et al. 2011). 

 

From a research perspective, neoadjuvant chemotherapy provides opportunities to analyse the 

biological modifications that occur within the microenvironment of tumours undergoing treatment. 

Through improved comprehension of key biologic alterations achieved in such research, 

histopathologists may assist in identifying patients who are most likely to benefit from neoadjuvant 

chemotherapy (Pinder et al. 2015).  

 

3.2.3) Mechanism of action of cytotoxic agents: 

Anthracyclines and taxanes are the two key groups of cytotoxic agents that exhibit most activity 

towards breast CA. They are often used in combination for enhanced efficacy. As tumours represent a 

heterogenous population of cells, combination treatment offers a broader range of coverage (Cleator 

et al. 2002).  

 

Anthracyclines function predominantly through their “interaction with the nuclear enzyme 

topoisomerase II” (Smith and Souès 1994). With the “formation of covalent topoisomerase IIa-DNA 

complexes, anthracyclines prevent topoisomerase from completing the re-ligation part of the ligation-

re-ligation reaction” (Chen and Liu 1994). 

 

Taxanes act as microtubule inhibitory agents. Microtubules are long filamentous protein polymers 

that have many cellular functions. They have key roles in preserving cell shape, movement, signalling 
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and division. It is these key roles that make them effective targets for chemotherapy (McGrogan et al. 

2008; Jordan and Wilson 2004). 

 

3.2.4) Gross effects of neoadjuvant chemotherapy on breast cancer: 

Various combinations of chemotherapeutic agents are used for the treatment of primary breast CA. 

Nonetheless, typical changes occur in most breast CAs with any treatment. The changes seen 

macroscopically vary depending on the response to treatment. In patients with a poor response, the 

remaining tumour may not appear dissimilar to that seen in patients who had not received neoadjuvant 

chemotherapy. In cases with a more clear response however, the tumour bed may be seen as an area 

of fibrosis with a pale and oedematous cut surface. Neoadjuvant therapy often reduces the size of the 

tumour bed which can often be assessed on palpation. However, in patients who have had a 

significant response, delineation on gross palpation may be challenging because of softening of the 

tumour stroma, alterations in stromal desmoplastic response and reduced tumour cellularity (Sahoo 

and Lester 2009; Pinder et al. 2015).  

 

3.2.5) Microscopic effects of neoadjuvant chemotherapy on breast cancer: 

As previously mentioned, alterations caused by neoadjuvant chemotherapy will vary depending on 

response to treatment.  

 

The histological appearance of a breast CA may remain relatively unchanged when compared to the 

diagnostic core biopsy. An alteration in cellularity and cytomorphology may be expected in patients 

who do demonstrate a response. Characteristically, breast CA will become less cellular. This often 

occurs even when features of tumour regression are not pronounced and the overall tumour size 

remains stable. When residual CA is not present, the tumour bed is characterised by a hyaline vascular 

stroma with oedema and fibroelastosis (Image 10). Normal glandular breast ducts and lobules are 

often absent. There may be an infiltrate of mononuclear inflammatory cells in which foamy 

histiocytes and aggregates of lymphocytes are identified (Sahoo and Lester 2009; Pinder et al. 2015).  
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Within the residual CA, an increase in nuclear grade is the most commonly appreciated histologic 

effect. There is an increase in nuclear size, multinucleation, prominent nucleoli and nuclear 

vacuolization. There is a decrease in mitotic activity. Tumour cells become enlarged due to an 

increase in cytoplasm. Cytoplasmic vacuolization and eosinophilic change may occur (Moll and 

Chumas 1997; Pinder et al. 2015). The observed changes are favoured to represent degeneration 

rather than dedifferentiation (Close, Tiltman, and Hacking 1987). 

 

Data regarding the influence of primary chemotherapy on histologic CA type is limited, but studies 

have shown that tumours may demonstrate a lobular morphology post treatment. This occurs due to a 

combination of fibrosis and decreased cellularity (Carder 1999).  

 

3.2.6) Effects of neoadjuvant chemotherapy on normal breast parenchyma: 

Non-carcinomatous breast tissue consistently demonstrates histologic effects of neoadjuvant 

chemotherapy. There is lobular atrophy often accompanied by intralobular fibrosis. The fibrosis may 

vary from basement membrane thickening to hyalinization. Normal breast epithelial structures show 

focal or widespread atypia in the form of enlarged and pleomorphic nuclei. Although the stromal 

compartment demonstrates the lowest frequency of drug-induced changes, elastosis and interstitial 

calcification have been reported (Moll and Chumas 1997). 

 

3.2.7) Effects of neoadjuvant chemotherapy on lymph nodes: 

Following neoadjuvant chemotherapy, lymph nodes may be difficult to appreciate macroscopically 

because of atrophy and fibrosis. As a result, fewer lymph nodes are retrieved. Microscopically, a 

complete response to treatment is characterised by hyaline stromal scars, aggregates of histiocytes or 

mucin pools (Image 9). The fibrotic scars have a wedge shape with the broad margin observed at the 

capsular edge. In addition, metastases may resolve without scar formation. In these cases, no residual 

viable tumour cells are identified and prior metastatic involvement cannot be determined. In lymph 

nodes showing a partial response, tumour cells are surrounded by hyaline stromal fibrosis (Sahoo and 

Lester 2009; Pinder et al. 2015). 
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3.2.8) Classification systems used to evaluate tumour response to chemotherapy: 

Numerous methods have been described to assess and classify tumour response to chemotherapy. 

These systems differ in their definitions of PCR and permittance of DCIS (Table 5) (Baker, King, and 

Schnitt 2019).  

 

Table 5 – Classification systems evaluating response to neoadjuvant chemotherapy – Adapted from 

Baker, King, and Schnitt 2019: 

Classification system: Pathological complete response 

(PCR): 

Is residual DCIS permitted in 

classification as PCR: 

Regression of Sinn 

(Sinn et al. 1994)  

 

Sataloff method 

(Sataloff et al. 1995) 

 

Chevallier method 

(Chevallier et al. 

1995) 

 

NSABP B-18 

(Wolmark et al. 2001)  

 

Miller-Payne system 

(Ogston et al. 2003)  

 

Pinder et al. 2007 

 

 

Residual cancer 

burden – RCB 

(Symmans et al. 

2007)  

 

No remaining CA in both breast 

and lymph nodes 

 

No remaining CA in both breast 

and lymph nodes 

 

No remaining CA in both breast 

and lymph nodes 

 

 

No remaining CA in breast only 

 

 

No remaining CA in breast only 

 

 

No remaining CA in both breast 

and lymph nodes 

 

No remaining CA in both breast 

and lymph nodes 

 

 

 

No 

 

 

Yes 

 

 

No 

 

 

 

Yes 

 

 

Yes 

 

 

Yes 

 

 

Yes 
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Residual disease in 

breast and nodes – 

RDBN 

(Chollet et al. 2008)  

 

AJCC ypTNM 

(Hortobagyi et al. 

2017)  

No remaining CA in both breast 

and lymph nodes 

 

 

 

No remaining CA in both breast 

and lymph nodes 

 

Yes 

 

 

 

 

Yes 

 

 

 

The significance of residual DCIS post primary chemotherapy in the absence of invasive CA is 

controversial. Research from the United States of America concluded that residual DCIS does not 

adversely affect survival or local recurrence rates (Mazouni et al. 2007). In contrast, research from the 

German breast group showed significantly superior disease free survival in patients with no invasive 

CA and no DCIS when compared to patients with residual DCIS only (von Minckwitz et al. 2012). 

For this reason, pathology reports should clearly state the presence of residual DCIS, especially if no 

invasive CA is present (Baker, King, and Schnitt 2019). 

 

Of significance, certain systems require that the pre-treatment specimen be re-evaluated in the 

assessment of treatment response. These particular systems emphasise change in cellularity when 

determining response to primary chemotherapy (Sataloff et al. 1995; Sinn et al. 1994; Ogston et al. 

2003; Pinder et al. 2007). 

 

3.2.9) The effect of neoadjuvant chemotherapy on hormone and HER2 receptor status: 

The use of neoadjuvant chemotherapy has raised many concerns. Its use may allow for in vivo 

selection of resistant tumour cells with altered expression (Neubauer et al. 2008). Histologic changes 

may influence tumour grade. In addition, neoadjuvant chemotherapy may change hormone or HER2 

receptor status (Adams et al. 2008).  

 

When reviewing previous studies that have considered the potential for hormone receptor status to 

change following neoadjuvant chemotherapy, conflicting results are observed (Table 6 and 7). 
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Nevertheless, majority of identified studies have concluded that neoadjuvant chemotherapy does alter 

hormone receptor status.   

 

Table 6 – Synopsis of studies that concluded neoadjuvant chemotherapy DOES alter hormone 

receptor status: 

Author: Study Design: Number of 

Patients: 

Receptor Status: 

ER:                             PR: 

1. Jain, Landry 

and Levine, 

(1996) 

Retrospective 

No control 

group 

18 17% alteration in 

status. 

Predominantly 

changed from (-) 

to (+). 

22% alteration. 

All changed 

from (+) to (-). 

2. MacGrogan et 

al. (1996) 

Retrospective 

No control 

group 

86 No statistically 

significant 

alteration 

Decrease PR 

expression 

(p=0.007) 

3. Frassoldati et 

al. (1997) 

Prospective 

No control 

group 

29 Decrease 

expression 

(p=0.015) 

 

4. Makris et al. 

(1999) 

Prospective 

Control group 

used 

31 46% change in 

expression. 

Predominantly 

decreased 

expression. 

58% change in 

expression. 

Predominantly 

increased 

expression. 

5. Taucher et al. 

(2003) 

 

Prospective 

Control group 

used 

191 (+) to (-) 

(p=0.02) 

(+) to (-) 

(p=0.0005) 

6. Colleoni et al. 

(2004) 

Retrospective 

No control 

group 

255 Premenopausal: 

7% change in 

status, 

predominantly 

(+) to (-). 

Postmenopausal: 

Premenopausal: 

24% change in 

status, 

Predominantly 

(+) to (-) 

Postmenopausal: 

23% alteration in 

status, 
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8% alteration in 

status, Equally 

distributed 

predominantly 

(+) to (-) 

7. Piper et al. 

(2004) 

Retrospective 

Control group  

35 33% alteration in 

expression 

42% alteration in 

expression 

8. Burcombe et 

al. (2005) 

Prospective 

No control 

group 

118 2.5% alteration in 

status, Equally 

distributed 

5.9% alteration 

in status, (-) to 

(+) 

9. Shet et al. 

(2007) 

Prospective 

No control 

group 

73 13% alteration in 

status. 

Predominantly (-) 

to (+) 

22% alteration in 

status. 

Predominantly  

(-) to (+) 

10. Tacca et al. 

(2007) 

Retrospective 

Control group  

420 23% change in hormone receptor 

status. Predominantly (-) to (+) 

11. Kasami et al. 

(2008) 

Prospective 

Control group  

173 11% change in 

status, (-) to (+) 

15.6% change in 

status, (+) to (-) 

12. Neubauer et 

al. (2008) 

Retrospective 

No control 

group 

87 8% change in 

status, 

Predominantly 

(+) to (-) 

18% change in 

status, 

Predominantly 

(+) to (-) 

13. Hirata et al. 

(2009) 

Retrospective 

No control 

group 

368 14.9% change in 

status 

29.1% change in 

status 

14. Mittendorf et 

al. (2009) 

Prospective 

No control 

group 

25 20% change from 

(-) to (+) 

Not tested 

15. Chen et al. 

(2012) 

Retrospective 

No control 

group 

224 Positive to 

Negative 

(p=0.010) 

Positive to 

Negative 

(p=0.019) 

16. Dede et al. 

(2013) 

Retrospective 

No control 

group 

63 5.7% change (+) 

to (-)  (p<0.001) 

30.1% change in 

PR status. 

(p=0.160) 

17. Yang et al. 

(2013) 

Retrospective 

Control group  

113 12.4% ER status 

modulation when 

compared with 

15.9% PR status 

alteration 

compared to 

6.9% alteration 
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3.9% in control 

(p=0.025) 

in control 

(p=0.038) 

18. Lee et al. 

(2013) 

Retrospective 

No control 

group 

345 ER expression 

did not change 

significantly 

(p=0.1185) 

42.2% change 

from PR-

positive to PR-

negative 

(p=0.0009) 

19. Cockburn et 

al. (2014) 

Retrospective 

Control group 

133 9.02% change in 

status (p=0.0148) 

18.4% change in 

status (p=0.011) 

20. Parinyanitikul 

et al. (2015) 

Retrospective 

No control 

group 

398 10.9% change in 

status from (+) to 

(-)  after 

treatment.  

20.8% status 

change from (-) to 

(+)  after 

treatment 

35.2% status 

change from (+) 

to (-)  after 

treatment.  

11.9% status 

change from (-) 

to (+)  after 

treatment 

21. Jin et al. 

(2015) 

Prospective 

No control 

group 

423 18.4% of patients showed a change in 

hormone receptor status. 13% 

showed a change from (+) to (-). 

22. Ozmen et al. 

(2015) 

Retrospective 

No control 

group 

128 11% change from 

(+) to (-) (p>0.05) 

13% change 

from (+) to (-) 

23. Zhou et al. 

(2015) 

Retrospective 

No control 

group 

107 14% change, 

predominantly (+) 

to (-) 

Significant 

decrease in 

expression 

(p=0.013) 

24. Gahlaut et al. 

(2016) 

Retrospective 

Control group 

133 12% change, 

predominantly (-) 

to (+) 

14.5% change, 

predominantly 

(+) to (-) 

(p=0.023) 

25. Xian et al. 

(2017) 

Retrospective 

No control 

group 

83 30% change in biomarker status 

26. Wu et al. 

(2017) 

Retrospective 525 Percentage of (+) 

cases decreased 

Percentage of 

(+) cases 
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No control 

group 

from 65.3 to 

63.2% (p>0.05) 

decreased from 

51.0 to 42.6% 

(p>0.05) 

27. Subhendu and 

Shekhar 

(2018) 

Prospective 

No control 

group 

100 Percentage of (+) 

cases dropped 

from 80 to 78% 

(p=0.671) 

Percentage of (-) 

cases increased 

from 34 to 38% 

(p=0.002) 

28. Xie et al. 

(2018) 

Retrospective 

Control group 

143 75.4% 

concordance rate 

(p=0.158) 

Significant 

decrease 

expression 

(p=0.003) 

29. Peng et al. 

(2019) 

Retrospective 

No control 

group 

112 ER (+) rate 

decrease from 

66.1% to 56.2% 

(p=0.04) 

No significant 

change in PR 

30. Sarıtaş et al. 

(2019) 

Prospective 

No control 

group 

69 Statistically significant reduction in 

ER and PR expression following 

neoadjuvant chemotherapy 

(p=0.0001) 

Key: (+) Positive, (-) Negative 

 

Table 7 – Synopsis of studies that concluded neoadjuvant chemotherapy does NOT alter hormone 

receptor status: 

Author: Study Design: Number of 

Patients: 

Receptor Status: 

ER:                             PR: 

1. Hawkins et 

al. (1990) 

Prospective 

No control group 

62 No change in expression 

2. Morris, 

Edwards, 

and Gelder 

(1991) 

Prospective 20 No substantial change in hormone 

receptor levels 

3. Lo et al. 

(1994) 

Prospective 

No control group 

10 No correlation between neoadjuvant 

chemotherapy on hormone receptor 

status 
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4. Bottini et al. 

(1996) 

Prospective 

No control group 

44 0.6% alteration in 

status 

4.5% alteration in 

status 

5. Makris et al. 

(1997) 

Prospective 

No control group 

128 91.5% 

concordance 

75.5% 

concordance 

6. Schneider et 

al. (2000) 

Prospective 

No control group 

37 No significant 

alteration in 

expression 

(p=0.8394) 

No significant 

alteration in 

expression 

(p=0.1881) 

7. Faneyte et 

al. (2003) 

Prospective 

No control group 

49 29% alteration in status (p=non-

significant) 

8. Lee et al. 

(2003) 

Prospective 

Control group 

56 18% alteration in status vs 21% 

alteration in the control group 

9. Penault-

Llorca et al. 

(2003) 

Retrospective 

No control group 

91 No significant alteration in expression 

10. Arens, Bleyl, 

and 

Hildenbrand 

(2005) 

Prospective 

Control group 

25 No change in 

status 

No change in 

status 

11. Varga, 

Caduff, and 

Pestalozzi 

(2005) 

Prospective 

No control group 

23 9% change in 

status (p=0.5) 

21% change in 

status 

12. Adams et al. 

(2008) 

Retrospective 

No control group 

26 7.7% change in 

status (p=non-

significant) 

19.2% change in 

status, Positive to 

Negative 

13. Miglietta et 

al. (2009) 

Retrospective 

No control group 

52 No alteration is 

status 

 

14. Pedrini et al. 

(2011) 

Retrospective 

No control group 

90 No alteration in steroid receptor status 

(p=0.83) 

15. Kinsella et 

al. (2012) 

Retrospective 

No control group 

38 ER status 

unchanged 

(p=1.00) 

37% positivity 

for PR pre-

neoadjuvant 

therapy and 21% 

positivity post-
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treatment 

(p=0.03) 

16. Avci et al. 

(2015) 

Prospective 

No control group 

100 No significant impact on ER or PR 

expression 

 

Similarly, conflicting results have been reported when reviewing articles investigating the effect of 

preoperative chemotherapy on HER2 status (See Table 8 and 9 below). It is only when primary 

chemotherapy is used in conjunction with trastuzumab that a significant reduction in HER2 receptor 

expression becomes noted (Mittendorf et al. 2009; Hurley et al. 2006). 

 

Table 8 – Studies demonstrating that preoperative chemotherapy does influence HER2 receptor status: 

Author: Study design: Number of patients: 

1. Rasbridge et al. (1994) Prospective 

No control group 

30 

2. MacGrogan et al. (1996) Retrospective 

No control group 

125 

3. Piper et al. (2004) Retrospective 

Control group 

35 

4. Burcombe et al. (2005) Prospective 

No control group 

118 

5. Shet et al. (2007) Prospective 

No control group 

73 

6. Neubauer et al. (2008) Retrospective 

No control group 

87 

7. Adams et al. (2008) Retrospective 

No control group 

26 

8. Hirata et al. (2009) Retrospective 

No control group 

368 

9. Avci et al. (2015) Prospective 

No control group 

100 

10. Parinyanitikul et al. (2015) Retrospective 

No control group 

398 

11. Xian et al. (2017) Retrospective 

No control group 

83 
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12. Subhendu and Shekhar 

(2018) 

Prospective 

No control group 

100 

13. Peng et al. (2019) Retrospective 

No control group 

112 

14. Sarıtaş et al. (2019) Prospective 

No control group 

69 

 

Table 9 – Studies reporting preoperative chemotherapy does NOT influence HER2 receptor status: 

Author: Study design: Number of patients: 

1. Bottini et al. (1996) Prospective 

No control group 

77 

2. Vargas-Roig et al. (1999) Prospective 

No control group 

37 

3. Vincent-Salomon et al. 

(2002) 

Retrospective 

No control group 

42 

4. Faneyte et al. (2003) Prospective 

No control group 

50 

5. Penault-Llorca et al. 

(2003) 

Retrospective 

No control group 

105 

6. Taucher et al. (2003) Prospective 

No control group 

85 

7. Arens, Bleyl, and 

Hildenbrand (2005) 

Prospective 

Control group 

25 

8. Quddus et al. (2005) Prospective 

Control group 

39 

9. Varga, Caduff, and 

Pestalozzi (2005) 

Prospective 

No control group 

23 

10. Kasami et al. (2008) Prospective 

Control group 

173 

11. Pedrini et al. (2011) Retrospective 

No control group 

90 

12. Kinsella et al. (2012) Retrospective 

No control group 

38 

13. Lee et al. (2013) Retrospective 

No control group 

345 
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14. Xie et al. (2018) Retrospective 

Control group 

143 

 

In a meta-analysis, Zhang et al. reviewed fourteen studies exploring the influence of primary 

chemotherapy on receptor status change in breast CA. They found that both ER and PR receptor 

status were altered significantly by neoadjuvant chemotherapy. Significant alterations in HER2 and 

Ki67 were not identified and were attributed to limited case numbers (Zhang et al. 2011). 

 

Jabbour et al. reviewed eight studies revealing an average of 12.9%, 32.0% and 8.9% discordant rates 

for ER, PR and HER2 expression respectively post-neoadjuvant chemotherapy. They concluded that 

primary chemotherapy reduces the expression of PR while the effect on ER and HER2 is not 

prominent (Jabbour, Massad, and Boulos 2012). 

 

Similarly, van de Ven et al. reviewed thirty-two studies (including nine trials evaluated in the meta-

analysis by Zhang et al.) investigating the concordance of hormone receptors and HER2 after 

neoadjuvant chemotherapy with or without trastuzumab. There was a change of between 8–33% in 

hormone receptor status after neoadjuvant chemotherapy. A change in PR receptor status was more 

common when compared to ER. Although results varied, most studies found the PR receptor changed 

from positive to negative. Studies found HER2 to be more constant, with discordance only reported in 

one of the seven trials that tested HER2 using fluorescence in situ hybridization (FISH). A positive-

to-negative conversion of the HER2 receptor status was more likely when neoadjuvant chemotherapy 

was combined with trastuzumab (van de Ven et al. 2011). 

 

3.2.10) Implications of neoadjuvant chemotherapy induced alteration in hormone receptor status: 

Differing conclusions have been reported with regards the prognostic impact of receptor status 

alteration. Nevertheless, data does exist and a change in biologic markers may be of prognostic value.  
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Kaplan-Meier survival analysis by Ozmen et al. showed a significant relationship between positive-

to-negative hormone receptor alteration and survival with a worse prognosis noted in terms of overall 

and disease free survival (Ozmen et al. 2015).  Patients with a negative-to-positive conversion in 

hormone receptor status may benefit from adjuvant endocrine therapy. A positive switch may indicate 

a better prognosis with studies reporting a better overall and disease free survival in patients that were 

treated with adjuvant endocrine therapy to those with a positive switch who were not (Hirata et al. 

2009; Tacca et al. 2007).  

 

Other studies have shown that a specific reduction or loss in PR expression following neoadjuvant 

chemotherapy may have a positive impact on outcome for breast CA patients (Montagna et al. 2015). 

However, metastatic tumours with an ER-positive / PR-negative phenotype have a more aggressive 

course and are associated with a reduced overall survival when compared to those retaining PR (Gross 

et al. 1984; Balleine et al. 1999).  

 

Identifying any alteration in biologic marker status will be of therapeutic and financial value for both 

the patient and health care providers. By re-evaluating receptor status, patient tailored regimens can 

be chosen that could improve treatment outcomes. 

 

3.2.11)  Discordance in hormone receptor status in the absence of neoadjuvant chemotherapy: 

It is significant to note that studies have reported an alteration in hormone receptor status in the 

absence of confounding factors and neoadjuvant chemotherapy (Piper et al. 2004; Lee et al. 2003). 

Such discordant results are to be attributed to technical artefacts as previously mentioned.  

 

Intra- and interobserver variability should also be considered in these cases. A false-positive result 

may occur when entrapped normal cells are incorrectly interpreted as malignant. In addition, the 

misinterpretation of in situ carcinoma as invasive carcinoma can cause a false-positive result. Image 

analysis devices can generate false-positive results by counting overstained nuclei. Although not 
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proven by clinical trial, “highly sensitive assays may detect very low levels of ER in CA that will not 

respond to hormone therapy” (Fitzgibbons et al. 2014).  

 

3.2.12) Radiotherapy: 

With regards neoadjuvant treatment of breast CA, radiotherapy is not usually considered. Unlike anal, 

rectal and oesophageal CA, neoadjuvant radiotherapy has been little studied nor used in breast 

tumours. Nevertheless, dramatic effects have been achieved on large locally advanced disease.  In 

addition, radiotherapy still has a central role in palliation and haemostasis of inoperable bleeding 

tumours (Thompson and Moulder-Thompson 2012). 
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CHAPTER 4: METHODOLOGY 

 

4.1 Study design and setting: 

 

4.1.1)  Study Design:  

A non-interventional, cross-sectional, retrospective and comparative analysis was performed. The 

study was performed within a laboratory setting. 

 

4.1.2) Study setting: 

Research was conducted within the department of Anatomical Pathology at the National Health 

Laboratory Service (NHLS) laboratory at Chris Hani Baragwanath Academic Hospital (CHBAH).  

CHBAH is situated in Soweto within the southern part of Johannesburg, South Africa. It is the third 

largest hospital in the world and occupies 173 acres with 3200 beds and 6760 staff members (“Chris 

Hani Baragwanath Hospital” 2020).  The Batho Pele Breast Clinic run at CHBAH is an open access 

walk-in clinic. Approximately 1100 patients are treated at the clinic per month with an estimated 350 

new cases of CA diagnosed in a year.  

 

4.2 Study population and sampling technique:  

 

4.2.1) Study population: 

The study population included all cases of histologically diagnosed invasive (ductal and lobular) 

breast CA that were treated with primary neoadjuvant chemotherapy followed by surgery at CHBAH 

from 01 January 2014 to 30 June 2015.  

 

4.2.2) Sampling technique: 

The sampling technique was purposive. All cases of invasive breast CA who received neoadjuvant 

chemotherapy and then underwent surgery were identified.  
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4.3 Ethics:  

 

The Division of Anatomical Pathology has been granted blanket approval by the Committee for 

Research on Human Subjects (Medical) of the University of the Witwatersrand (M150555) to conduct 

retrospective studies using archived material. A formal project specific ethics clearance was obtained 

from the Human Research Ethics Committee of the University of the Witwatersrand (M151048) 

(ANNEXURE A).  

 

The patients’ names were not recorded on the data capture sheet. Each case was identified by 

laboratory number and recorded successively. The identity of the patient was known only to the 

principal investigator and was not divulged.  

 

Permission to utilise the TrakCare system was obtained from the National Health Laboratory Services 

(NHLS) CHBAH Business Manager (Violet Gabashane – ANNEXURE B).  

 

Permission for use of the CHBAH breast unit’s database was obtained from the head of the Breast 

Unit (Dr H. Cubasch – ANNEXURE C). 

 

4.4 Material and data collection:  

 

4.4.1) Case selection: 

All patients diagnosed with invasive (ductal and lobular) breast CA and treated with primary 

neoadjuvant chemotherapy followed by surgery at CHBAH from 01 January 2014 to 30 June 2015 

were identified by searching the laboratory’s electronic database (TrakCare). 

 

The following identifying words were used to identify cases using the TrakCare search function: 

- Breast 

- Malignant neoplasm 
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- Carcinoma 

- Infiltrating duct carcinoma 

- Infiltrating lobular carcinoma 

 

4.4.2) Exclusion criteria: 

Once all cases of invasive breast CA were identified, the following cases were excluded: 

- Metastatic CA to the breast. 

- Patients who had not received neoadjuvant chemotherapy. 

- No available surgical pathology report. 

- Absent histology slides for either the pre- or post-neoadjuvant chemotherapy biopsies or if 

they were performed and interpreted at a separate laboratory. 

- Tumours without complete immunohistochemical expression profiles corresponding to both 

pre- and post-neoadjuvant chemotherapy.  

- All male patients with breast CA.  

 

4.4.3) Data collection: 

The formal histopathological reports of the diagnostic core biopsy and corresponding post 

chemotherapy excision were retrieved and the following were recorded: 

- Patient age, breast laterality, tumour location and time from diagnosis to excision was 

gathered from the formal histopathological reports at the NHLS at CHBAH. 

- Diagnosis and histopathologic tumour type pre- and post- neoadjuvant chemotherapy. 

- Hormone receptor status (As detailed in ANNEXURE D)  pre- and post- neoadjuvant 

chemotherapy. 

- Histologic grade (As detailed in ANNEXURE E) pre- and post- neoadjuvant chemotherapy. 

- HER2 receptor status (As detailed in ANNEXURE F) pre- and post- neoadjuvant 

chemotherapy. In the event of an equivocal HER2 immunohistochemical stain (i.e. score of 

2+) the results of FISH were obtained from TrakCare. 
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- Ki67 proliferative index (As detailed in ANNEXURE G) pre- and post- neoadjuvant 

chemotherapy. 

- Tumour regression (i.e. evidence of chemotherapy effect – As detailed in ANNEXURE H)  

- Cases with residual tumour following neoadjuvant chemotherapy were classified as either 

having no change in grade or biomarker status OR as having any change in grade, hormone or 

HER2 status.  

- The hormone and HER2 receptor statuses were assessed as positive or negative as defined by 

the Allred score and ASCO/CAP guidelines (As detailed in ANNEXURES D & F 

respectively). 

- Concordance was defined as biomarker receptor status that remained positive or remained 

negative. Discordance was defined as change in hormone or HER2 receptor status from 

positive-to-negative or from negative-to-positive. 

- All relevant clinical data and information regarding chemotherapy cytostatic agents, number 

of cycles, hormonal therapy and use of Trastuzumab were retrieved from the CHBAH Breast 

Unit’s database.  

- Relevant information was entered into a data capture sheet (ANNEXURE I) and then 

transferred onto an Microsoft Excel® spreadsheet for statistical analysis. 

 

4.5 Reliability of data 

 

4.5.1) Pilot study  

A re-evaluation pilot study (ANNEXURE J) was performed to assess consistency in histopathological 

reporting:  

a. Of the cases identified on the TrakCare database, ten percent (quantity determined with 

the aid of a statistician) were randomly selected using online research randomization 

software. 



 38 

b. Relevant slides from both the diagnostic core biopsy and corresponding post 

chemotherapy excision were examined and the abovementioned variables were re-

evaluated in a blinded fashion. 

c. The principal investigator assessed all relevant slides for the pilot study. Thereafter, these 

slides were reviewed by the supervisor. In all cases, the principal investigator and the 

supervisor were blinded to reported results and previous findings.  

d. Findings on review of the slides included in the pilot study were compared with the 

findings recorded on the formal histopathological report at time of sign out. 

i. No significant differences in the findings on review obviated the need for 

continued re-evaluation of all relevant slides. Therefore, only 

histopathological reports were used to gather the aforementioned 

information for the remainder of the study. 

ii. Should there have been a statistically significant difference in reporting, 

continued re-evaluation of all relevant slides for the remainder of the 

study would have been performed. 

 

4.5.2) Immunohistochemistry:  

All stains during this period were performed on the same fully automated Ventana Benchmark XT 

immunostainer. All samples had been processed in the presence of adequate positive and negative 

controls and checked by a qualified pathologist within the department daily. The NHLS CHBAH 

laboratory is accredited by the South African National Accreditation System (SANAS), which 

performs annual quality-control checks. In addition, the Department of Anatomical Pathology at 

CHBAH participates in external quality assurance tests run by the Royal College of Pathologists of 

Australasia (RCPA). 

 

4.5.3) Accuracy of demographic data and clinical information: 

Demographic data entered onto the TrakCare system were obtained from the requisition slip 

completed by the submitting clinical doctor. The accuracy of data obtained from TrakCare and the 
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Breast Unit’s database are dependent on the accuracy of data capturers and on clinicians who submit 

information on requisition slips.  

 

4.6 Data analysis:  

 

The data entered on a Microsoft Excel® spreadsheet were analysed using Stata® (version 14.2). This 

was done in consultation with a statistician from the University of the Witwatersrand.  

 

4.6.1) Descriptive demographic data were analysed as follows: 

- Mean/median age of patients and age distribution of patients with CA. 

 

4.6.2) Descriptive data regarding the tumour were analysed as follows: 

- Range, mean/median number and length of diagnostic tissue cores. 

- Range and mean/median size of tumour before and following neoadjuvant chemotherapy. 

- Frequency of each histopathologic type (ductal or lobular). 

- Frequency of biomarker positive and negative receptor status (As defined in ANNEXURES 

D, F & G respectively) before and after neoadjuvant chemotherapy.  

- Frequency of each histologic grade (As defined in ANNEXURE E) before and after 

neoadjuvant chemotherapy. 

- Chemotherapy response rate - Frequency of response and non-response following 

neoadjuvant chemotherapy (As defined in ANNEXURE H).  

- Frequency of positive lymph nodes and nodes that show chemotherapy effect.  

 

4.6.3) Descriptive data regarding treatment were analysed as follows: 

- Frequency of each agent used and the range and mean number of cycles received. 
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4.6.4) Statistical calculations: 

- The difference between biomarker status in pre- and post- neoadjuvant chemotherapy 

specimens were compared using the McNemar’s test.  P-values less than 0.05 were considered 

significant.   

- The difference between histologic grade in pre- and post- neoadjuvant chemotherapy 

specimens were compared using a Wilcoxon signed-rank test. P-values less than 0.05 were 

considered significant.   

- A Wilcoxon signed-rank test was used in the analysis of Ki67. 

- The pilot study (ANNEXURE J) compared findings from the reviewed random cases with the 

results of the formal histopathological reports at time of sign out. The data was gathered from 

the same participants and was therefore paired. Any reported difference in biomarker status 

was accordingly evaluated using the McNemar’s test. Any reported difference in histologic 

grade was evaluated using Cohen's kappa coefficient. This test measures inter-rater 

agreement.  P-values less than 0.05 were considered significant.  
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CHAPTER FIVE: RESULTS 

 

5.1 Overview: 

 

On review of the NHLS TrakCare database, three hundred and seventy-three patients were newly 

diagnosed with an invasive mammary CA in the department of Anatomical Pathology at CHBAH 

between 01 January 2014 and 30 June 2015. Chapter 5.1 briefly summarises the findings of all core 

biopsies in this period. 

 

5.1.1) Patient Demographics: 

Three-hundred and sixty-seven of the identified patients were female (98%). Six males (2%) were 

diagnosed with CA. The female-to-male ratio was 62.2:1.  

 

Figure 1 – Graphical Representation of Gender Distribution: 

 

Age was available for 355 (95%) of the total 373 patients. Patients ages ranged from 25-to-94-years 

with mean age of 54.5-years (SD = 15.12). The median age was 53-years (IQR = 44-65).  Forty-five 

percent of patients were between 41-years and 60-years of age (See Figure 2). No information 

regarding family history was available for any patients. 

Female
98%

Male
2%

Female Male
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Figure 2 – Graphical Representation of Age Distribution: 

 

5.1.2) Tumour Characteristics: 

5.1.2.1) Histological type:  

Invasive CA of no special type was the most frequent diagnosis (86%) with 320 cases identified. 

There were 15 patients (4%) who were diagnosed with an invasive lobular CA. Thirteen cases of 

mucinous CA (3%) were noted. A mixed-type CA was detected in 8 patients (2%). As illustrated in 

Figure 3 below, micropapillary CA, metaplastic CA, CA with medullary features, tubular CA, 

secretory CA and CA with apocrine and neuroendocrine differentiation encompassed less than 5% of 

diagnoses made in the 18-month period. 

 

Figure 3 – Graphical Representation of Diagnosis Distribution: 
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5.1.2.1.) Tumour grade:  

Using the Nottingham Histologic Score, 51% of tumours were classified as Grade 2, 38% as Grade 3 

and 9% as Grade 1 (See figure 4). Four cases (2%) were not graded as submitted tissue was too sparse 

to make an accurate assessment.  

 

 

Figure 4 – Graphical Representation of Histologic grade: 

 

ER was positive in 229 patients (62%), PR was positive in 211 patients (57%) and HER2 was positive 

in 86 patients (23%) on core biopsy. 

 

Of the 373 diagnostic biopsies found, 74 patients (20%) underwent post-primary chemotherapy 

excision by the Breast Unit in the Department of Surgery at CHBAH. These 74 patients and their 

corresponding histology formed the study population for evaluation of alterations in 

immunohistochemical biologic markers.  

 

Ninety (24%) of the total 373 patients underwent primary surgical excision and further treatment and 

follow-up data was not found for the remaining 209 patients (56%). 
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Figure 5 – Graphical Representation of Primary Patient Treatment: 

 

5.2 Individuals Who Received Neoadjuvant Chemotherapy: 

 

5.2.1) Pre-treatment clinicopathological characteristics of patients: 

The pre-treatment clinicopathological characteristics of patients who received neoadjuvant 

chemotherapy are presented in Table 10 below: 

 

Table 10 - Pre-treatment clinicopathological characteristics of patients: 

 N (%) 

Total 

Age 

< 50 years 

≥ 50 years 

Ethnicity 

Asian / Indian 

Black African 

Coloured 

74 (100) 

 

35 (47) 

39 (53) 

 

1 (1) 

64 (87) 

6 (8) 

20%

24%

56%

0 10 20 30 40 50 60

Primary chemotherapy

Primary surgery

Mising Data
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White / Caucasian 

Missing 

HIV status 

Positive 

Negative 

Unknown 

Missing 

Laterality 

Left 

Right 

Histology 

Invasive carcinoma of no special type 

Invasive lobular carcinoma 

Mucinous carcinoma 

Other 

Grade 

1 

2 

3 

ER status 

Positive 

Negative 

PR status 

Positive 

Negative 

HER2 status 

0/1+ 

1 (1) 

2 (3) 

 

14 (18) 

56 (76) 

2 (3) 

2 (3) 

 

36 (49) 

38 (51) 

 

61 (82) 

2 (3) 

4 (6) 

7 (9) 

 

4 (5) 

43 (58) 

27 (37) 

 

54 (73) 

20 (27) 

 

46 (62) 

28 (38) 

 

40 (54) 
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2+ 

3+ 

Ki67: 

≥14% 

<14% 

10 (14) 

24 (32) 

 

73 (99) 

1 (1) 

 

 

Age within the study population was normally distributed (Shapiro-Wilk test p=0.091). The mean 

patient age for individuals who received neoadjuvant chemotherapy treatment was 51.8 years (SD = 

12.56). Using 50 years of age as a surrogate for menopause, 47% of patients were premenopausal and 

53% of patients were menopausal  / post-menopausal.  

 

A total of 251 needle cores of the breast from 74 patients were submitted for histopathological 

assessment. The core length ranged from 1mm to 32mm in length. The median core length was 15mm 

(IQR = 12-20).  

 

The predominant histologic tumour classification was invasive CA of no special type (82%). Invasive 

mucinous CA was identified in four patients (5%). Two cases (3%) of invasive lobular CA underwent 

neoadjuvant chemotherapy (See figure 6). 
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Figure 6 – Diagnosis in Patients Who Received Neoadjuvant Chemotherapy: 

 

 

Image 1 - Micrograph at the original magnification of x200 showing an invasive mucinous carcinoma: 
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Of the 74 patients who underwent neoadjuvant chemotherapy, 43 patients had tumours classified as a 

Grade 2 using the Nottingham grading system. In 4 patients, carcinoma was categorised as a Grade 1. 

Twenty-seven patients had tumours categorised as a Grade 3 (See figure 7). 

 

Figure 7 – Graphical Representation of Histologic Grade Before Neoadjuvant Chemotherapy: 

 

Image 2 - Micrograph at the original magnification of x400 showing a Grade 3 invasive carcinoma 

with lack of tubular differentiation and high-grade nuclear features: 
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From the needle core biopsy, lymphovascular invasion was documented in 17 patients (23%).  

Lymphovascular invasion was not identified in 54 patients (73%) and further data was missing for 3 

patients (4%). 

 

On immunohistochemistry, tumours were positive for ER in 54 patients (73%). Twenty patients 

(27%) had tumours that were ER-negative. Tumours were positive for PR in 46 patients (62%) and 

negative for PR in 28 patients (38%).  In eight patients (11%), tumours were ER-positive, PR-

negative.  

 

HER2 (using immunohistochemistry and, if indicated, FISH) was negative in 50 patients (67%). 

HER2 was positive in 24 patients (33%). In nine patients (12%), HER2 was equivocal on 

immunohistochemistry and HER2 status was determined using FISH. 

 

Expression of Ki67 was high (≥14%) in 73 patients (99%). One patient (1%) had a low Ki67 

proliferative index (<14%). 

 

Figure 8 – Graphical Representation of Oestrogen Receptor Status Before Neoadjuvant 

Chemotherapy: 
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Figure 9 – Graphical Representation of Progesterone Receptor Status Before Neoadjuvant 

Chemotherapy: 

 

 

Figure 10 – Graphical Representation of HER2 Receptor Status Before Neoadjuvant Chemotherapy: 
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Figure 11 – Graphical Representation of Ki67 Before Neoadjuvant Chemotherapy: 
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Image 3 - Micrograph at the original magnification of x400 showing a positive ER 

immunohistochemical stain:  

 

Image 4 - Micrograph at the original magnification of x200 showing a negative ER 

immunohistochemical stain: 
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Image 5 - Micrograph at the original magnification of x400 showing a positive PR 

immunohistochemical stain: 

 

Image 6 - Micrograph at the original magnification of x200 showing a negative PR 

immunohistochemical stain: 
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Image 7 - Micrograph showing a positive HER2 immunohistochemical stain (Score 3+) at the original 

magnification x200: 

 

Image 8 - Micrograph at the original magnification of x200 showing a negative HER2 (Score 0) 

immunohistochemical stain: 
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With data regarding biomarker status, the tumours were further classified into molecular subtypes 

including luminal A, luminal B, HER2 amplified, triple negative and luminal-HER2 groups (See 

figure 12). 

 

Figure 12 – Graphical Representation of Molecular Subtypes: 

 

The duration from the core biopsy to excision varied from four to twenty-three months (See table 11 

below). The average duration was 7.68 months (SD = 2.48).  Median duration was 7 months (IQR = 

6-9).   

Table 11 – Duration between core biopsy and excision biopsy: 

Duration (Months): N (%): 

≥ 9 18 (24) 

8 ≤ time < 9 16 (22) 

7 ≤ time < 8 16 (22) 

6 ≤ time < 7 17 (23) 

4 ≤ time < 6 7 (9) 

Total:  74 (100) 

 

1

34

6

13

20

0 5 10 15 20 25 30 35 40

Luminal A

Luminal B

HER2 Amplified

Triple Negative

Luminal-HER2



 56 

5.2.2) Pre-treatment clinicopathological characteristics of patients with a complete pathological 

response to neoadjuvant chemotherapy: 

 

Of the 74 patients who received neoadjuvant chemotherapy, 7 (9%) had a PCR. The remaining 91% 

of patients had no response or a partial response to preoperative treatment (See figure 13).  

 

Figure 13 – Graphical Representation of Chemotherapeutic Response: 

 

The pre-treatment clinicopathological characteristics of patients who showed a PCR are presented in 

Table 12 below: 

 

Table 12 - Clinicopathological features of patients who showed a complete pathological response: 

 N (%) 

Total 

Age 

< 50 years 

≥ 50 years 

7 (100) 

 

6 (86) 

1 (14) 

9%

84%

7%

Complete Response Partial Response No Response
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Ethnicity 

Asian / Indian 

Black African 

Coloured 

White / Caucasian 

Missing 

HIV 

Positive 

Negative 

Unknown 

Missing 

Laterality 

Left 

Right 

Histology 

Invasive carcinoma of no special type 

Invasive lobular carcinoma 

Mucinous carcinoma 

Other 

Grade 

1 

2 

3 

ER status 

Positive 

Negative 

PR status 

 

0 (0) 

6 (86) 

0 (0) 

0 (0) 

1 (14) 

 

1 (14) 

5 (72) 

0 (0) 

1 (14) 

 

6 (86) 

1 (14) 

 

6 (86) 

0 (0) 

0 (0) 

1 (14) 

 

0 (0) 

4 (57) 

3 (43) 

 

3 (43) 

4 (57) 
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Positive 

Negative 

HER2 status 

0/1+ 

2+ 

3+ 

Ki67 

≥14% 

<14% 

3 (43) 

4 (57) 

 

5 (71) 

0 (0) 

2 (29) 

 

7 (100) 

0 (0) 
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Figure 14 – Graphical Representation of Molecular Subtypes with a Complete Pathological Response 

to Neoadjuvant Chemotherapy: 

 

Image 9 - Micrograph at the original magnification of x40 showing hyaline stromal scarring within a 

lymph node showing complete response to chemotherapy: 
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Image 10 - Micrographs at the original magnification of x100 showing a loose, oedematous, vascular 

fibroelastotic area of connective tissue representing tumour bed in the same lesion having undergone a 

complete pathological response (A & B). 

A 

B 
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PCR to chemotherapy was found to be dependent on patient age (Pearson’s chi-squared test, 

p=0.024). Six of the seven patients (86%) who showed a complete response were under 50-years of 

age. 

 

The relation between laterality and PCR was statistically significant (Pearson’s chi-squared test, 

p=0.037) with 86% of these tumours being detected in the left breast. 

 

No statistically significant relation exists between histologic tumour type and PCR to chemotherapy 

(Pearson’s chi-squared test, p=0.858).  

 

PCR to chemotherapy was found to be independent of hormone receptor immunohistochemical status. 

The relation between ER (Pearson’s chi-squared test, p=0.061), PR (Pearson’s chi-squared test, 

p=0.309) and chemotherapeutic response was insignificant. Similarly, pathological response to 

chemotherapy was found to be independent of HER2 receptor status (Pearson’s chi-squared test, 

p=0.823). A statistically significant correlation did not exist between Ki67 and tumour response to 

chemotherapy (Spearman’s rank correlation p=0.845). 

 

Pathological response to chemotherapy was independent of HIV status. The relation between these 

variables was insignificant (Pearson’s chi-squared test, p=0.932). A logistic regression analysis was 

conducted to predict response to chemotherapy in HIV positive patients.  Although the model 

suggests that HIV positive patients are 34% less likely to have a PCR to chemotherapy, the result was 

statistically insignificant (p=0.707). 

 

 

 

 

 

 



 62 

5.2.3) Alterations in tumour biology following neoadjuvant chemotherapy: 

As immunohistochemical expression profiles could not be repeated, patients who showed a PCR were 

omitted from further assessment. In addition, tissue for immunohistochemistry from a post-

chemotherapy mastectomy specimen repeatedly washed away in one case. After applying exclusion 

criteria, complete data sets were available for 66 patients. 

 

5.2.3.1) Tumour grade post chemotherapy: 

A change in overall histologic grade was identified in 18 patients (27%) (See table 13). An alteration 

in Grades 1, 2 and 3 was observed in 1 (2%), 9 (14%) and 8 (12%) patients respectively. A reduction 

in histologic grade from Grade 3 to Grade 2 was observed in 14 (21%) patients following neoadjuvant 

chemotherapy. There was a reduction in histologic grade from Grade 2 to Grade 1 in 2 (3%) patients.  

 

A total of 9 (14%) patients had an increase in histologic grade following neoadjuvant chemotherapy. 

An increase in histologic grade from Grade 1 to Grade 2 and Grade 2 to Grade 3 was observed in 3 

(4%) and 6 (9%) patients respectively.  

 

Table 13 – Histologic grade before and after neoadjuvant chemotherapy: 

Histologic Grade: Before treatment 

N (%): 

After treatment 

N (%): 

1 4 (6) 3 (5) 

2 38 (58) 47 (71) 

3 24 (36) 16 (24) 

 

Table 14 – Histologic grade on core and excision biopsy specimens: 

Grade Core: Grade Excision Biopsy: Total: 

1 2 3 

1 1 3 0 4 
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2 2 30 6 38 

3 0 14 10 24 

Total: 3 47 16 66 

 

A statistically significant overall change in histologic grade was not demonstrated (Wilcoxon signed-

rank test, p=0.230). No statistically significant difference in the scores of the pre- and post-treatment 

groups was observed for the individual parameters of tubular differentiation, nuclear pleomorphism or 

mitoses (Stuart-Maxwell test, p=0.321, 0.846 & 0.160 respectively) . In addition, no significant 

change in histologic grade was demonstrated after neoadjuvant chemotherapy when separating 

patients into those <50 years (Wilcoxon signed-rank test, p=0.06) and ≥50 years (Wilcoxon signed-

rank test, p=0.796) of age.  

 

Table 15 – Effect of neoadjuvant chemotherapy on histologic grade in various tumour subtypes: 

Histologic tumour type: Median Grade Post-

chemotherapy: 

p-value: 

Invasive carcinoma of no special type: 2 0.179 

Carcinoma other than no special type: 2 0.655 

 

No significant change in histologic grade was demonstrated in various histologic tumour types (See 

Table 15 above, Wilcoxon signed-rank test). 

 

5.2.3.2) Hormone and HER2 receptor expression before and after chemotherapy: 

Twelve patients had a change in ER receptor status. ER receptor status changed from positive-to-

negative in 9 (14%) patients. ER receptor status changed from negative-to-positive in 3 (4%) patients.  

 

16 patients had a change in PR receptor status. PR receptor status changed from positive-to-negative 

in 14 (21%) patients. PR receptor status changed from negative-to-positive in 2 (3%) patients.  
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Image 11 - Micrographs showing a change in progesterone receptor status from positive (A) to 

negative (B)  in the same tumour following neoadjuvant chemotherapy at the original magnification, 

x200 

A 

B 
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Table 16 – Hormone and HER2 receptor expression before and after neoadjuvant chemotherapy: 

Receptor: Before treatment 

N (%): 

After treatment 

N (%): 

ER: Positive 50 (76) 44 (67) 

Negative 16 (24) 22 (33) 

PR: Positive 42 (64) 30 (45) 

Negative 24 (36) 36 (55) 

HER2: Positive 23 (35) 24 (36) 

Negative 43 (65) 42 (64) 

 

 

 

 

Figure 15 – Graphical Representation Showing Paired Expression of ER: 
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Figure 16 – Graphical Representation Showing Paired Expression of PR: 

 

Table 17 – Treatment related changes of ER and PR: 

ER Status: PR Status: Total N (%): 

Neg-Neg Neg-Pos Pos-Neg Pos-Pos 

Neg-Neg* 13 0 0 0 13 (20) 

Neg-Pos 3 0 0 0 3 (4) 

Pos-Neg 5 0 4 0 9 (14) 

Pos-Pos 1 2 10 28 41 (62) 

Total N (%): 22 (33) 2 (3) 14 (21) 28 (43) 66 (100) 

*the first represents the status on the core and the second the status in the excision post neoadjuvant therapy 

 

Hormone and HER2 receptor expression between core biopsy and excision specimen was further 

assessed using a McNemar’s test. A significant reduction in PR expression (p=0.003) was found in 

post-neoadjuvant chemotherapy tumours when compared with the needle core biopsy.  
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No significant change in receptor status was found for ER (p=0.08).  A change in HER2 receptor 

status did not reach statistical significance (p=0.655). 

 

5.2.3.3)  Ki67 pre and post chemotherapy: 

A significant decrease in Ki67 (See figure 17) expression was identified following neoadjuvant 

chemotherapy (Wilcoxon signed-rank test, p=<0.001). A reduction in Ki67 from high (≥14) to low 

(<14%) was observed in 22 (33%) patients (McNemar’s test p=<0.001). 

 

Figure 17 - Graphical Representation Showing Treatment Effect on Ki67: 

 

5.2.3.4)  Size of tumour bed: 

Data regarding the size of the tumour bed post-neoadjuvant chemotherapy was not uniformly 

(Kolmogorov-Smirnov, p < 0.001) and not normally (Shapiro-Wilk test, p<0.001) distributed. The 

tumour bed had a median size of 45mm (IQR = 23-65) and mean size of 46.4mm (SD = 33.97).  
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Table 18 – Size range of the tumour bed following neoadjuvant chemotherapy: 

Tumour Size Range (mm): N (%) 

2 ≤ tumour size < 10 11 (17) 

10 ≤ tumour size < 25 6 (9) 

25 ≤ tumour size < 45 15 (22) 

45 ≤ tumour size < 60 12 (18) 

60 ≤ tumour size < 75  11 (17) 

  Tumour size ≤ 75 11 (17) 

Total: 66 (100) 

 

Size of the tumour bed was independent of hormone receptor status. The hormone receptor status, as 

assessed before and after neoadjuvant chemotherapy, showed no statistically significant correlation 

with the size of the tumour bed (Chi Square test, Table 19 below). 

 

Table 19 – The influence of hormone receptor expression on size of the tumour bed: 

Expressed Receptor: Chi-Square test, p-value: 

Before Chemotherapy After Chemotherapy 

ER: 0.336 0.485 

PR: 0.673 0.074 

 

 

5.2.3.5) Chemotherapy regimen: 

Information regarding chemotherapy regimen was available for 26 patients (35%). Data was missing 

for the remaining 48 patients (65%). Of the 26 patients for whom information regarding 

chemotherapy regimen was available, 18 (69%) received sequential doxorubicin/cyclophosphamide 

followed by paclitaxel (AC-T). Five patients (19%) received cyclophosphamide, doxorubicin and  5-

fluorouracil (FAC). Two patients (8%) were involved in a clinical trial. One patient (4%) received a 
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platinum containing regimen. Due to the limited available data, further stratification of tumour 

response to specific chemotherapy regimen was not possible. 
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CHAPTER SIX: DISCUSSION 

 

6.1 Patient demographics 

 

6.1.1) Patient gender: 

Majority of CA types often occur more frequently in males relative to females (Cook et al. 2009). 

With only two percent of newly diagnosed patients seen at CHBAH being of male gender, breast CA 

is unmistakeably the exception. This corresponds with findings from international data sets (Ly et al. 

2013). Considered as a disease that occurs predominantly in females, there may be a lack of breast 

CA awareness in men which may lead to diagnosis at a later age and more advanced stage (Miao et al. 

2011). 

 

6.1.2) Patient age: 

Patients newly diagnosed with breast CA ranged from 25-years to 94-years in age, highlighting the 

broad age range in which breast CA can occur. The incidence of breast CA increases with age (See 

Figure 2). The median age of diagnosis in the present study is 53-years-old. This is similar to the 

results reported by McCormack et al. and Ruff et al. in their studies of breast CA patients in 

Johannesburg, South Africa (McCormack et al. 2013; Ruff et al. 2018). This is younger when 

compared with age reports from the American National Cancer Institute who describe a median age of 

62-years (Howlader et al. 2017). A younger age at diagnosis is a finding South Africa shares with 

other sub-Saharan countries and developing countries in Asia (Hisham and Yip 2003; Son et al. 2006; 

Fregene and Newman 2005).  

 

Breast CA incidence peaked between the ages of 41-years and 50-years. Consistent with studies from 

other African countries, breast CA incidence decreases following menopause. This lower 

postmenopausal incidence is postulated to be as a result of demographics, especially population age 

and overall life expectancy. In comparison with American women with a life expectancy of 81-years, 
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the life expectancy of South African women is only 67-years (Fregene and Newman 2005; 

Adebamowo and Ajayi 2000; WHO 2018).  

 

Although rare, breast CA does occur in very young patients. It has a significant effect on a young 

patient’s life and future which extends to her family and society in general (Kruger and Apffelstaedt 

2007). At CHBAH, fifteen patients (4%) were between the age of 25 and 30-years (See Figure 2). 

Tumours in young patients have more aggressive biologic features. They are more advanced at 

diagnosis and have a poorer prognosis when compared with tumours that occur in older 

premenopausal patients (Gonzalez-Angulo et al. 2005; Shannon and Smith 2003). 

 

6.2 Tumour characteristics: 

 

6.2.1) Histologic type: 

Consistent with findings from other studies in sub-Saharan Africa, invasive CA of no special type was 

the most frequently made histopathological diagnosis (86%) (See Figure 3). This is comparable with 

the histopathologic predominance reported in western populations (Amir, Kitinya, and Parkin 1994; 

Fregene and Newman 2005; Amir et al. 1997). 

 

As the second most frequent diagnosis (4%), invasive lobular CA is comparable with reports as the 

most common “special” morphologic subtype of breast CA (Reed et al. 2015). Nonetheless, assessing 

prevalence of distinct subtypes in Africa is challenging because of the frequency in which advanced-

stage tumours are detected. These tumours are often poorly differentiated, having lost distinguishing 

features (Bjerregaard and Kung’u 1992). 

 

6.2.2) Histologic grade: 

Using the Nottingham histologic score, the majority (51%) of breast CA seen at CHBAH was 

assessed as grade 2 (See Figure 4 and 7). Grade 2 is the most frequent grade reported by the 

ONCOPOOL European database which includes 16,944 breast CA cases (Blamey et al. 2010). Grade 
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2 tumours are considered to be comparable to other parameters of intermediate risk significance 

including tumour dimension between 20mm and 50mm, one-to-three involved lymph nodes and 

intermediate scores on multigene assays (Goldhirsch et al. 2009).  

 

Assigning histologic grade 2 to a breast tumour, however, is less informative for a clinical assessment 

of adjuvant chemotherapy than either grade 1 or grade 3. Distinct genetic differences between grade 1 

and grade 3 tumours have been identified by applying comparative genomic hybridisation. This 

suggests that grade 1 and grade 3 tumours are two distinct diseases that have distinct molecular 

origins, pathogenesis and behaviour (Roylance et al. 1999). Similarly, when applying a gene 

expression grade index to grade 2 breast CA, patients with grade 2 tumours can be reclassified into 

two groups. Each group has a different clinical outcome similar to those with histologic grade 1 and 3 

tumours respectively. This result challenges the existence and clinical value of an intermediate grade 

classification (Ignatiadis and Sotiriou 2008). 

 

6.3 Tumour biology and the influence of neoadjuvant chemotherapy: 

 

In the pathologic evaluation of tumours, various elements are essential and assist oncologists in their 

determination of treatment prospects and patient prognosis. In breast pathology, biologic markers, 

tumour histologic grade and proliferation index are among factors commonly used. Similar to studies 

previously performed at CHBAH, majority of patients with breast CA are hormone receptor positive 

(See Figure 8 and 9) and HER2 receptor negative (See Figure 10) (McCormack et al. 2013).  

 

With the increasing use of preoperative primary chemotherapy, the question has arisen as to what 

consequence this has on these factors. 

 

6.3.1) Effect of neoadjuvant chemotherapy on hormone receptor status: 

In this single site analysis within a South African public sector hospital,  a noteworthy proportion of 

tumours that received neoadjuvant chemotherapy underwent an alteration in immunohistochemical 
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biologic markers (See Figure 15 and 16). There was an 18% discordance in ER receptor status with 

the majority of cases (75%) shifting from positive-to-negative. Twenty-four percent of tumours 

underwent alteration of PR status with the majority (88%) of  these tumours changing from PR-

positive to PR-negative (Image 11).  

 

The change in receptor status, however, only reached statistical significance for PR (p=0.003).  

Neoadjuvant chemotherapy has no statistically significant effect on expression of ER and therefore no 

alteration in overall hormone receptor status.  

 

When reviewing previous studies that have considered the potential for hormone receptor status to 

change following neoadjuvant chemotherapy, conflicting results are observed (Table 6 and 7).   

Nevertheless, the majority of identified studies have concluded that neoadjuvant chemotherapy does 

alter hormone receptor status. 

 

The differing conclusions from previous studies can be explained by variances in the regimens of 

chemotherapeutic agents used and the duration of treatment received. In addition, the values used to 

define hormone receptor positivity differed between studies with limits of 1% (Yang et al. 2013), 5% 

(Cockburn et al. 2014) and 10% (Adams et al. 2008) noted. In this study, an Allred score of greater 

than two (i.e. 1%) was used to reflect hormone receptor positivity. In the Allred system, the survival 

of patients with tumours demonstrating a receptor score of two (corresponding to less than 1% of 

weakly staining positive tumour cells) is similar to patients with CAs that are completely negative for 

ER (Harvey et al. 1999). 

 

The absence of a control group in many studies also raises the possibility that pre-analytical factors 

and interobserver variability influenced interpretation of biologic markers. Finally, some studies had a 

very limited number of specimens and therefore study population may have been too small to identify 

a statistically significant alteration.  
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The alteration in PR status as the only marker with significant change in expression has been reported 

by five other authors (Kasami et al. 2008; Kinsella et al. 2012; Gahlaut et al. 2016; Xie et al. 2018; 

Lee et al. 2013). This alteration in biologic marker status  may be explained by technical artefacts 

resulting in “pseudo-discordance”. Such technical artefacts may include differential sampling of the 

tumour on the core and surgical specimen. Breast CA is a heterogenous disease demonstrating intra-

tumoural heterogeneity. PR in particular is noted to be concentrated more diversely within a tumour 

(See Image 12). Inconsistency of the PR immunohistochemical stain and intra- and interobserver 

variability with regards interpretation of the stain are also important factors to contemplate as possible 

causes for differences in receptor status (Kinsella et al. 2012; Zidan et al. 1997). Studies have also 

shown that there is a propensity for higher hormone receptor status scoring in needle core biopsies. 

This may be due to better fixation (Arnedos et al. 2009; Cahill et al. 2006). 

 

In the absence of technical artefacts, neoadjuvant chemotherapy may exert a modulatory effect on 

hormone and HER2 expression. More specifically, the chemotherapeutic regimen used may have 

shown a greater degree of cytotoxicity for PR expressing tumour cells (Kinsella et al. 2012). The 

regimen may have targeted sensitive cells, leaving insensitive PR-negative clones behind. An 

alteration in receptor status may also occur as a “survival mechanism” of tumour cells, resulting in 

resistance to a specific agent (van de Ven et al. 2011). In addition, downregulation of intra-tumoural 

aromatase expression by the cytotoxic activity of certain taxanes may result in the suppression of 

intra-tumoural oestradiol synthesis thereby causing suppression of PR expression (Miyoshi et al. 

2004). Finally chemotherapy may lower circulating levels of oestrogen thereby causing 

downregulation of hormone receptors, including PR (Bines, Oleske, and Cobleigh 1996). 

 

The alteration in PR status may be unrelated to chemotherapy and simply reflect “loss of PR” over 

time (Broom et al. 2009).  ER-positive / PR-negative tumours have higher levels of EGFR expression. 

This increased EGFR expression may implicate high growth factor activity with a decrease in 

expression or complete loss of PR (i.e. ER independent growth factor-mediated downregulation of 
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PR) (Arpino et al. 2005; Cui et al. 2005). Other hypothesised mechanisms include genetic loss of the 

PR gene locus or hypermethylation of the PR promoter (Lapidus, Nass, and Davidson 1998). 

 

Change of PR status in the absence of alteration in ER expression following neoadjuvant 

chemotherapy remains of undetermined clinical significance and requires further research (Kinsella et 

al. 2012).  

 

The consequence of having hormonal therapy withheld in patients who have undergone a positive-to-

negative alteration in ER expression is unknown as no published literature has been identified. 

Hormone therapy after surgery in these patients may be less effective. Although denying patients 

treatment can be considered by many as unethical, the use of any medication is not without risk and 

an association between tamoxifen use and endometrial CA is well documented (Fisher et al. 1994). 

With authors of similar studies advocating the continued use of endocrine therapy, deliberation is 

required regarding the need for repeat hormone receptor status in patients who have ER-positive 

tumours prior to neoadjuvant treatment (Gahlaut et al. 2016). 

 

Repeat biomarker testing is recommended in ER-negative CA as a change in hormonal status may 

influence treatment strategy and identify those who may benefit from endocrine therapy. 
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Image 12 - Micrographs showing a change in progesterone receptor status from positive (A) to 

negative (B) in the same tumour following neoadjuvant chemotherapy at the original magnification, 

x100 (A) and x200 (B). Note the intra-tumoural heterogeneity on the core biopsy (A). This receptor 

status alteration may reflect a “pseudo-discordance” due to differential sampling. 

A 

B 
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6.3.2) Effect of neoadjuvant chemotherapy on HER2 receptor status: 

In this analysis, only a single patient (2%) showed alteration in HER2 receptor status following 

neoadjuvant chemotherapy. In this case, a shift from negative-to-positive was noted. HER2, therefore, 

appears to be more stable in response to chemotherapy. As illustrated in table 9, this is in agreement 

with many previous studies concluding that neoadjuvant chemotherapy does not change the HER2 

receptor status (Kasami et al. 2008; Taucher et al. 2003; Bottini et al. 1996; Faneyte et al. 2003; 

Arens, Bleyl, and Hildenbrand 2005; Varga, Caduff, and Pestalozzi 2005; Penault-Llorca et al. 2003; 

Lee et al. 2013).   

 

Unfortunately, due to its prohibitive cost and the limited resources within our setting, trastuzumab is 

not available in the neoadjuvant setting. Nevertheless, research shows that when neoadjuvant 

chemotherapy is used in combination with trastuzumab, a loss of between 32% and 43% of HER2 

amplification in the residual CA has been reported (Mittendorf et al. 2009; Hurley et al. 2006). 

 

The possibility that the isolated alteration in HER2 receptor status observed in this study is a false 

immunohistochemical result has strongly been considered. False-positive results can occur due to 

unique technical artefacts on HER2 immunohistochemistry. Factors commonly misinterpreted include 

edge artefact, cytoplasmic positivity and overstaining due to improper antibody titration. In addition, 

high grade DCIS is often HER2 positive. Therefore, misinterpretation of DCIS may also produce a 

false-positive result. Alternatively, a false-negative result may have been reported on the initial 

biopsy, justified by tumour sampling and heterogeneity (Fitzgibbons et al. 2014). Idyllically, both the 

preoperative core and excision specimen should be re-evaluated using in situ hybridization (FISH). 

 

The findings from this study suggest that repeating HER2 receptor status following neoadjuvant 

chemotherapy may be of little value especially in the absence of pre-operative trastuzumab.  

 

Repeating HER2 status should be limited to those with a negative pre-operative result.  
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6.3.3) Effect of neoadjuvant chemotherapy on Ki67: 

With regards Ki67, a significant reduction in proliferative activity was observed following 

neoadjuvant chemotherapy (p=<0.001) (Figures 11 and 17). This is in line with findings from similar 

studies (Xie et al. 2018; Dede et al. 2013; Burcombe et al. 2005; Arens, Bleyl, and Hildenbrand 2005; 

Koda et al. 2007; Bottini et al. 2001, 1996; Lee et al. 2013).  

 

Tumour cell proliferation is reduced due to the microtubule stabilization effect induced by taxane 

containing chemotherapy regimens (Schiff, Fant, and Horwitz 1979; Horwitz 2004). A higher 

proliferative activity renders breast CA cells more chemo-sensitive. The newly formed CA cells are 

less viable due to the structural damage incurred during DNA synthesis (Makris et al. 1999; Honkoop 

et al. 1997; Schneider et al. 2000).  A significant reduction in Ki67 is vital as it correlates with a better 

disease free and overall survival (Cabrera-Galeana et al. 2018).  

 

Despite an overall reduction in Ki67 expression, 61% of tumours continued to have a high 

proliferative index (Ki67 greater or equal to 14%)  following neoadjuvant chemotherapy. This is 

suggestive of a more aggressive malignant phenotype (Bottini et al. 2001). Other studies have shown 

that Ki67 measurement following neoadjuvant chemotherapy has more value than simply to assess for 

a treatment induced change. Patients with a high Ki67 proliferative index at surgery have a high risk 

of relapse for the first three years following diagnosis (von Minckwitz et al. 2013). 

 

The use of Ki67 however, is controversial and continues to generate robust debate especially for its 

potential for significant intra- and interobserver variability. This is largely due to the lack of 

agreement on scoring, confusion as to the definition of low versus high expression, the absence of an 

appropriate cut point for positivity and the uncertainty as to what part of the tumour should be scored.  

Assessing Ki67 proliferation index at the “leading edge, hot spots or taking the overall average” 

remains unclear for many pathologists. In addition, the manual counting of cells is labour intensive, 

time consuming and subjective. Furthermore, there are no recognised “quality assurance schemes in 

place to ensure that Ki67 analysis in one laboratory leads to scores comparable to those in others”. 
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Regarding the effect of pre-analytic variables on Ki67, data is limited. “Consequently, routine testing 

of breast CA for Ki67 expression is not currently recommended by either ASCO or the National 

Comprehensive Cancer Network (NCCN)” (Dowsett et al. 2011; Fitzgibbons et al. 2014). 

 

The inconsistency in Ki67 interpretation is emphasised when one analyses the results of the current 

report’s re-evaluation pilot study. Ki67 was the only biomarker with an interobserver discrepancy 

(ANNEXURE J). 

 

Despite its controversy, Ki67 continues to be used by pathologists in Johannesburg. This is mainly 

due to the significant value oncologists in the area have assigned to its use. Robust prognostic 

information proposed by the Saint Gallen Consensus Meeting and its central role in differentiating 

luminal A from luminal B ER-positive breast CA assists oncologists and influences their decision on 

the need for cytotoxic chemotherapy (Coates et al. 2015; de Azambuja et al. 2007).  

 

In order to reduce intra- and interobserver variability in Ki67 interpretation, standardised 

measurement methodologies must be adopted. A departmental protocol with clear guidelines and 

recommendations is mandatory.  

 

As an alternative to manual scoring of whole sections, virtual dual staining and interpretation with 

digital image analysis software is essential to consider and is likely to be used with increasing 

frequency in the future. In combination with a cytokeratin stain, image analysis has proven to be an 

accurate method for the determination of Ki67 proliferation index (Koopman et al. 2018; Røge et al. 

2016). Current barriers to this approach however, may include the high cost of hardware, software and 

system maintenance. Other important obstacles to consider may include digital slide storage, image 

quality, validation, regulatory hurdles, time spent in training and pathologist reluctance for its 

adoption (Pantanowitz, Farahani, and Parwani 2015).  
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An unconventional approach worth considering is employing cytotechnologists to interpret and report 

Ki67 assays. Cytotechnologists are highly skilled morphologists trained to distinguish neoplastic from 

non-neoplastic cell populations. Manual counts of Ki67 index by cytotechnologists in surgical 

pathology specimens have been found to be more accurate when compared with eyeball estimates by 

pathologists (Cottenden et al. 2018). 

 

As Ki67 acts as a dynamic biomarker in assessment of treatment effectiveness in the neoadjuvant 

setting, repeating Ki67 is recommended. In patients who do not achieve a PCR, a high proliferation 

index is associated with a poor outcome. It is important therefore to recognise these patients as they 

may benefit from non-cross resistant adjuvant chemotherapy schedules (Jones et al. 2009).   

 

6.3.4) Effect of neoadjuvant chemotherapy on histologic grade: 

With regards histologic grade, assessment is dependent upon architectural and cytologic features 

including tubular differentiation, nuclear pleomorphism and mitotic activity.  

 

Twelve percent of cases underwent an increase in nuclear grade following neoadjuvant chemotherapy. 

This increase in nuclear grade is a commonly described histologic effect of neoadjuvant 

chemotherapy. Nevertheless it failed to reach statistical significance in this study. A substantial 

proportion of tumours (47%) had grade 3 nuclear features that remained unchanged following 

neoadjuvant chemotherapy. There has been no correlation between the morphological changes that 

occur following neoadjuvant chemotherapy to increase nuclear grade and disease free survival period 

(Close, Tiltman, and Hacking 1987). 

 

Neoadjuvant chemotherapy caused a reduction in mitotic activity in 24% of tumours (p=0.160). The 

decrease in mitotic activity can be explained by the effect of microtubule targeting agents such as 

taxanes. These drugs function by “suppressing spindle microtubule dynamics, thus inhibiting the 

metaphase-to-anaphase transition and preventing cell cycle progression and cellular proliferation” 

(Jordan and Wilson 2004).  
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Overall, histologic grade showed no statistically significant alteration and remained unchanged in 

62% of tumours. This correlates with findings from previous studies (Moll and Chumas 1997). 

 

6.3.5) Effect of neoadjuvant chemotherapy on pathological response: 

PCR is defined in this study as the absence of residual tumour in the breast and lymph nodes 

following preoperative chemotherapy.  

 

Neoadjuvant chemotherapy resulted in PCR in 9% of tumours (Figure 13). The majority (43%) of 

these tumours were of triple negative type. In comparison to other types of breast CA, higher rates of 

PCR have been described in triple negative breast CA (Denkert et al. 2017; Hahnen et al. 2017; Sikov 

et al. 2015; Byrski et al. 2010). Triple negative breast CA is characterised by a heterogenous 

phenotype with the majority of tumours being high grade invasive CA of no special type. 

Nevertheless, there is a significant proportion of relatively rare histology subtypes that also lack 

expression of hormone and HER2 receptor status. Such histotypes include medullary, metaplastic, 

adenoid cystic and apocrine CA (Palma et al. 2015; Nakashoji et al. 2017).  

 

Using gene expression profiles, triple negative breast CA can be divided into six subtypes including 

“basal-like 1 and 2, immunomodulatory, mesenchymal, mesenchymal stem-like and luminal androgen 

receptor subtype”. The basal-like 1 subtype is associated with the highest PCR rate (Lehmann et al. 

2011).  

 

Clinically, complete response in triple negative breast CA has been described in patients with less 

advanced tumours demonstrating less frequent mammographic calcifications. Pathologically, 

sensitivity of these tumours to chemotherapy has been noted in invasive CA of no special type with a 

negative androgen receptor status and high Ki67 (Nakashoji et al. 2017). 
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Comparable to the findings of similar studies, tumours of luminal A subtype are the least likely to 

undergo complete response (0%) (Zhao et al. 2015; Liedtke et al. 2008; Haque et al. 2018). Luminal 

A tumours formed a very small group within this study. Due to the poor response to neoadjuvant 

chemotherapy, many patients with luminal A tumours undergo primary surgery. 

 

Five patients (7%) were reported to have no response to chemotherapy. These tumours had a high 

histologic grade and proliferative index. Of interest, these are features shared with tumour 

characteristics commonly associated with likelihood of a PCR (Faneyte et al. 2003). This may 

indicate that morphologically comparable, highly proliferative CA may contain two subpopulations – 

one that is highly sensitive to chemotherapy and one that is highly chemotherapy resistant (Caudle et 

al. 2010). In contrast to other studies that found these tumours to be largely triple negative however, 

80% of tumours that showed no response to chemotherapy in this study had a positive HER2 receptor 

status. This emphasizes the critical need for neoadjuvant trastuzumab in our setting. 

 

Research has shown that patients with a PCR have an improved outcome (Rastogi et al. 2008; 

Montagna et al. 2010). When considering molecular subtypes, improved disease free survival is 

described in luminal B, HER2 positive and triple negative breast CA that show PCR (von Minckwitz 

et al. 2012). 

 

6.4 Limitations of this study: 

 

An important limitation of this study is the absence of a non-interventional control group. Thus, part 

of the variation in hormone receptor expression identified in this study may either be attributed to 

interobserver variability or sampling error within a heterogenous tumour population. Of note, studies 

have reported a perceived alteration in hormone receptor status of between 5% and 6% in the absence 

of intervening preoperative treatment. This has been attributed to sampling (Piper et al. 2004; Lee et 

al. 2003). Nevertheless, if 5% is deducted from the 24% alteration identified for PR in this study, 

approximately 19% of PR receptor modulation could be attributed to neoadjuvant chemotherapy. As 
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previously discussed, there is excellent concordance with regards hormone and HER2 receptor status 

between core biopsy and excision specimen (Hodi et al. 2007; Dekker et al. 2013; Wood et al. 2007). 

In addition, findings from other studies with control groups of up to 180 patients failed to demonstrate 

any difference by sequential steroid hormone receptor assessment (Taucher et al. 2003).  

 

A significant limiting factor compromising the strength of this study is incomplete data sets. Follow-

up data could not be found for 209 patients diagnosed with invasive CA on core biopsy. The reason 

for this is likely to be multifactorial. A high mortality rate has been reported among African breast CA 

patients. Thus, patient demise may explain a proportion of the missing data. Various factors have been 

postulated for higher mortality rate including delayed presentation and predisposition to biologically 

more aggressive tumours (Fregene and Newman 2005).  

 

Paper-based artefacts and poor penmanship have “historically plagued” medical professionals 

(Rodríguez-Vera et al. 2002). Errors made whilst completing requisition forms or during the capturing 

of patient and specimen details on the NHLS TrakCare system is likely to have had an impact on data 

retrieval. The innocuous omission or addition of a single character in a patients name or hospital 

number; or the use of a second name, nickname or maiden name causes considerable difficulty in 

attempts to review patient history. A possible solution would be to adopt a standard operating 

procedure in which the inclusion of the patient’s South African identification (ID) number is 

mandatory for specimen registration.  

 

Looking to the future, a hospital workflow automation system and electronic health record-based 

referral system has many advantages. Studies have shown that the use of electronic health record 

systems improved clinical, organizational and societal outcomes  including allowing for the improved 

ability to conduct research (Menachemi and Collum 2011).  

 

Similar difficulties were experienced retrieving data on chemotherapy regimen. Information from the 

database was missing for 65% of patients. As a result, biomarker alteration could not be stratified 
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according to chemotherapy regimen. In addition, no follow-up data was available and consequently, 

the prognostic impact of receptor status modification could not be evaluated.  

 

This study has been performed within a single site in Johannesburg, South Africa, thus potentially 

generating a sampling bias. The findings of this study may not be generalizable to other regions, 

particularly more rural areas in the country. Nevertheless, CHBAH is a referral centre. As such, it 

caters to a diverse population group including patients from nearby clinics and patients referred from 

hospitals in neighbouring provinces. 

 

A particular disadvantage associated with cross-sectional studies is that results have been generated 

from data sets assigned for other purposes. In this particular study, data was collected from authorised 

pathology reports. As such, confounding factors such as fixation times have not been assessed and 

causality cannot be inferred. 

 

These caveats notwithstanding, the results of this study show that neoadjuvant chemotherapy causes a 

reduction in PR expression and Ki67 index.  The significance of neoadjuvant chemotherapy induced 

changes in hormone receptor expression should be further studied with specific attention given to its 

prognostic value. 

 

6.5 Recommendations for pathologists: 

 

In order to avoid false-positive and false-negative results when interpreting hormone receptor status, it 

is essential that pathologists take note of the staining of normal breast duct epithelium. The non-

neoplastic breast epithelium serves as a valuable positive internal control. The immunohistochemical 

stain must be repeated if non-neoplastic breast epithelial cells are negative. In addition, the 

ASCO/CAP guidelines recommend that a “test be repeated on another block or subsequent specimen 

if normal cells are not present and the test result is negative” (Fitzgibbons et al. 2014). 
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External controls are valuable additions as they confirm that the reagent used has been distributed 

correctly onto the slide with the tissue sample. The external control must stain as expected.  Finally, 

pathologists must show insight when interpreting a result and should correlate the findings in light of 

the histologic type and grade of CA. Discordant results, such as an ER-negative low-grade CA, should 

prompt one to repeat the study (Fitzgibbons et al. 2014). 

 

With regards Ki67, only nuclear staining plus mitotic figures should be incorporated into the score. 

As with all stains, it is essential to have positive internal controls which may be identified within 

normal duct cells, lymphocytes, endothelial cells and stromal cells (Dowsett et al. 2011).  

 

Ki67 staining pattern may be homogenous or heterogenous. “If a homogenous staining pattern is 

noted, scoring should incorporate the average of at least three randomly selected high power (x40 

objective) fields. With regards heterogenous Ki67 staining, two patterns exist – a gradient of 

increased staining towards the tumour edge and tumour hot spots. For the former, it is recommended 

that three fields from the tumour edge be assessed. Assessing the whole section and recording the 

overall average is recommended with regards Ki67 hot spots” (Dowsett et al. 2011). 

 

Although a 14% Ki67 cut-off was previously endorsed in St Gallen to separate luminal B CA from 

luminal A CA, a new cut-off of 20% is recommended by the 2013 St Gallen conference (Goldhirsch 

et al. 2013). 
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CHAPTER SEVEN: CONCLUSION 

 

Breast CA is the most common malignancy in women worldwide with more than one million newly 

diagnosed patients each year. As an already noteworthy cause of death, CA incidence is projected to 

rise as society grows and ages. It will become an even larger crisis in developing countries as 

epidemiological transition continues to shift the burden of disease from infectious to non-

communicable diseases (Ferlay et al. 2015; Ginsburg et al. 2017). Through revolutionary advances in 

CA diagnostics, pathologists are now moving towards the management forefront with sophisticated 

laboratory techniques to aid oncologists with targeted therapies (Stone et al. 2003; Melmed 2006).   

 

Accuracy of immunohistochemical biomarker assessment in breast pathology is essential. In addition 

to being therapy predictive and prognostic, the biologic markers ER, PR, HER2 and Ki67 can also be 

used as surrogate markers to gene expression profiling of breast tumours with potential to predict 

long-term outcome (Carey et al. 2006).  

 

With the capability to down-stage large tumours or offer patients the option of breast conserving 

surgery, neoadjuvant chemotherapy is a well-established treatment modality likely to be used with 

increasing frequency. This approach has allowed treating physicians, surgeons and pathologists the 

opportunity to evaluate treatment response in vivo, thus opening the door for further research (Jones 

and Smith 2006).  

 

The outcome that primary chemotherapy has on hormone status, HER2 receptor status and Ki67 has 

generated considerable literature with studies reporting conflicting results. No such research has been 

published from South Africa however. This study adds to existing data and provides valuable 

information from the African continent.  

 

Following neoadjuvant chemotherapy, hormone receptor status should be re-evaluated in the surgical 

excision specimen as an alteration in biomarker status can occur. In current practice, repeating HER2 
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status may be of limited value in the absence of neoadjuvant trastuzumab.  The assessment of Ki67 is 

controversial. A departmental protocol with clear guidelines is required.  

 

The clinical relevance and prognosis of patients who demonstrate an alteration in biomarker 

expression requires further investigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 88 

REFERENCE LIST: 

 

Adams, Amy L, Isam Eltoum, Helen Krontiras, Wenquan Wang, and David C Chhieng. 2008. “The 

Effect of Neoadjuvant Chemotherapy on Histologic Grade, Hormone Receptor Status, and 

HER2/Neu Status in Breast Carcinoma.” The Breast Journal 14 (2): 141–46. 

https://doi.org/10.1111/j.1524-4741.2007.00544.x. 

Adebamowo, C A, and O O Ajayi. 2000. “Breast Cancer in Nigeria.” West African Journal of 

Medicine 19 (3): 179–91. http://www.ncbi.nlm.nih.gov/pubmed/11126081. 

Alizart, Michelle, Jodi Saunus, Margaret Cummings, and Sunil R. Lakhani. 2012. “Molecular 

Classification of Breast Carcinoma.” Diagnostic Histopathology 18 (3): 97–103. 

https://doi.org/10.1016/j.mpdhp.2011.12.003. 

Allison, Kimberly H. 2012. “Molecular Pathology of Breast Cancer: What a Pathologist Needs to 

Know.” American Journal of Clinical Pathology 138 (6): 770–80. 

https://doi.org/10.1309/AJCPIV9IQ1MRQMOO. 

Allred, D C, J M Harvey, M Berardo, and G M Clark. 1998. “Prognostic and Predictive Factors in 

Breast Cancer by Immunohistochemical Analysis.” Modern Pathology : An Official Journal of 

the United States and Canadian Academy of Pathology, Inc 11 (2): 155–68. 

http://www.ncbi.nlm.nih.gov/pubmed/9504686. 

American Cancer Society. 2014. “Cancer Treatment & Survivorship Facts and Figures 2014-2015.” 

Atlanta: American Cancer Society. https://doi.org/10.3322/caac.21235. 

Amir, H, M R Azizi, C K Makwaya, and S Jessani. 1997. “TNM Classification and Breast Cancer in 

an African Population: A Descriptive Study.” The Central African Journal of Medicine 43 (12): 

357–59. http://www.ncbi.nlm.nih.gov/pubmed/9631114. 

Amir, H, J N Kitinya, and D M Parkin. 1994. “A Comparative Study of Carcinoma of the Breast in an 

African Population.” East African Medical Journal 71 (4): 215–18. 

http://www.ncbi.nlm.nih.gov/pubmed/8062765. 

Arber, Daniel A. 2002. “Effect of Prolonged Formalin Fixation on the Immunohistochemical 

Reactivity of Breast Markers.” Applied Immunohistochemistry & Molecular Morphology : 



 89 

AIMM 10 (2): 183–86. http://www.ncbi.nlm.nih.gov/pubmed/12051639. 

Arber, Janet;, Daniel; Arber, Kay; Jenkins, and Hector Battifora. 1996. “Effect of Decalcification and 

Fixation in Paraffin-Section Immunohistochemistry.” Applied Immunohistochemistry 4 (4): 241–

48. 

Archer, C D, M Parton, I E Smith, P A Ellis, J Salter, S Ashley, G Gui, et al. 2003. “Early Changes in 

Apoptosis and Proliferation Following Primary Chemotherapy for Breast Cancer.” British 

Journal of Cancer 89 (6): 1035–41. https://doi.org/10.1038/sj.bjc.6601173. 

Arens, Norbert, Uwe Bleyl, and Ralf Hildenbrand. 2005. “HER2/Neu, P53, Ki67, and Hormone 

Receptors Do Not Change during Neoadjuvant Chemotherapy in Breast Cancer.” Virchows 

Archiv 446 (5): 489–96. https://doi.org/10.1007/s00428-005-1244-0. 

Arnedos, M., A. Nerurkar, P. Osin, R. A’Hern, I. E. Smith, and M. Dowsett. 2009. “Discordance 

between Core Needle Biopsy (CNB) and Excisional Biopsy (EB) for Estrogen Receptor (ER), 

Progesterone Receptor (PgR) and HER2 Status in Early Breast Cancer (EBC).” Annals of 

Oncology 20 (12): 1948–52. https://doi.org/10.1093/annonc/mdp234. 

Arpino, Grazia, Heidi Weiss, Adrian V Lee, Rachel Schiff, Sabino De Placido, C Kent Osborne, and 

Richard M Elledge. 2005. “Estrogen Receptor-Positive, Progesterone Receptor-Negative Breast 

Cancer: Association with Growth Factor Receptor Expression and Tamoxifen Resistance.” 

Journal of the National Cancer Institute 97 (17): 1254–61. https://doi.org/10.1093/jnci/dji249. 

Asogan, Aravind Barathi, Ga Sze Hong, and Subash Kumar Arni Prabhakaran. 2017. “Concordance 

between Core Needle Biopsy and Surgical Specimen for Oestrogen Receptor, Progesterone 

Receptor and Human Epidermal Growth Factor Receptor 2 Status in Breast Cancer.” Singapore 

Medical Journal 58 (3): 145–49. https://doi.org/10.11622/smedj.2016062. 

Avci, Nilufer, Adem Deligonul, Sahsine Tolunay, Erdem Cubukcu, Omer Fatih Olmez, Arife Ulas, 

Mustafa Hartavi, Ender Kurt, and Turkkan Evrensel. 2015. “Neoadjuvant Chemotherapy-

Induced Changes in Immunohistochemical Expression of Estrogen Receptor, Progesterone 

Receptor, HER2, and Ki-67 in Patients with Breast Cancer.” Journal of B.U.ON. : Official 

Journal of the Balkan Union of Oncology 20 (1): 45–49. 

http://www.ncbi.nlm.nih.gov/pubmed/25778295. 



 90 

Azambuja, E de, F Cardoso, G de Castro, M Colozza, M S Mano, V Durbecq, C Sotiriou, D 

Larsimont, M J Piccart-Gebhart, and M Paesmans. 2007. “Ki-67 as Prognostic Marker in Early 

Breast Cancer: A Meta-Analysis of Published Studies Involving 12,155 Patients.” British 

Journal of Cancer 96 (10): 1504–13. https://doi.org/10.1038/sj.bjc.6603756. 

Baker, Gabrielle M, Tari A King, and Stuart J Schnitt. 2019. “Evaluation of Breast and Axillary 

Lymph Node Specimens in Breast Cancer Patients Treated With Neoadjuvant Systemic 

Therapy.” Advances in Anatomic Pathology 26 (4): 221–34. 

https://doi.org/10.1097/PAP.0000000000000237. 

Balleine, R L, M J Earl, M L Greenberg, and C L Clarke. 1999. “Absence of Progesterone Receptor 

Associated with Secondary Breast Cancer in Postmenopausal Women.” British Journal of 

Cancer 79 (9–10): 1564–71. https://doi.org/10.1038/sj.bjc.6690249. 

Bardou, Valerie-Jeanne, Grazia Arpino, Richard M Elledge, C Kent Osborne, and Gary M Clark. 

2003. “Progesterone Receptor Status Significantly Improves Outcome Prediction over Estrogen 

Receptor Status Alone for Adjuvant Endocrine Therapy in Two Large Breast Cancer 

Databases.” Journal of Clinical Oncology : Official Journal of the American Society of Clinical 

Oncology 21 (10): 1973–79. https://doi.org/10.1200/JCO.2003.09.099. 

Bhargava, Rohit, and David J Dabbs. 2007. “Use of Immunohistochemistry in Diagnosis of Breast 

Epithelial Lesions.” Advances in Anatomic Pathology 14 (2): 93–107. 

https://doi.org/10.1097/PAP.0b013e31803244d5. 

Bines, J, D M Oleske, and M A Cobleigh. 1996. “Ovarian Function in Premenopausal Women 

Treated with Adjuvant Chemotherapy for Breast Cancer.” Journal of Clinical Oncology : 

Official Journal of the American Society of Clinical Oncology 14 (5): 1718–29. 

https://doi.org/10.1200/JCO.1996.14.5.1718. 

Bjerregaard, B, and A Kung’u. 1992. “Breast Cancer in Kenya: A Histopathologic and Epidemiologic 

Study.” East African Medical Journal 69 (1): 22–26. 

http://www.ncbi.nlm.nih.gov/pubmed/1628543. 

Björnström, Linda, and Maria Sjöberg. 2005. “Mechanisms of Estrogen Receptor Signaling: 

Convergence of Genomic and Nongenomic Actions on Target Genes.” Molecular 



 91 

Endocrinology (Baltimore, Md.) 19 (4): 833–42. https://doi.org/10.1210/me.2004-0486. 

Blamey, R W, B Hornmark-Stenstam, G Ball, M Blichert-Toft, L Cataliotti, A Fourquet, J Gee, et al. 

2010. “ONCOPOOL - a European Database for 16,944 Cases of Breast Cancer.” European 

Journal of Cancer (Oxford, England : 1990) 46 (1): 56–71. 

https://doi.org/10.1016/j.ejca.2009.09.009. 

Bottini, A, A Berruti, A Bersiga, M P Brizzi, P Bruzzi, S Aguggini, A Brunelli, et al. 2001. 

“Relationship between Tumour Shrinkage and Reduction in Ki67 Expression after Primary 

Chemotherapy in Human Breast Cancer.” British Journal of Cancer 85 (8): 1106–12. 

https://doi.org/10.1054/bjoc.2001.2048. 

Bottini, A, A Berruti, A Bersiga, A Brunelli, M P Brizzi, B D Marco, F Cirillo, et al. 1996. “Effect of 

Neoadjuvant Chemotherapy on Ki67 Labelling Index, c-ErbB-2 Expression and Steroid 

Hormone Receptor Status in Human Breast Tumours.” Anticancer Research 16 (5B): 3105–10. 

http://www.ncbi.nlm.nih.gov/pubmed/8920776. 

Broom, Reuben J, Patricia A Tang, Christine Simmons, Louise Bordeleau, Anna Marie Mulligan, 

Frances P O’Malley, Naomi Miller, Irene L Andrulis, Darren M Brenner, and Mark J Clemons. 

2009. “Changes in Estrogen Receptor, Progesterone Receptor and Her-2/Neu Status with Time: 

Discordance Rates between Primary and Metastatic Breast Cancer.” Anticancer Research 29 (5): 

1557–62. http://www.ncbi.nlm.nih.gov/pubmed/19443366. 

Burcombe, R J, A Makris, P I Richman, F M Daley, S Noble, M Pittam, D Wright, S A Allen, J Dove, 

and G D Wilson. 2005. “Evaluation of ER, PgR, HER-2 and Ki-67 as Predictors of Response to 

Neoadjuvant Anthracycline Chemotherapy for Operable Breast Cancer.” British Journal of 

Cancer 92 (1): 147–55. https://doi.org/10.1038/sj.bjc.6602256. 

Burstein, Harold J. 2005. “The Distinctive Nature of HER2-Positive Breast Cancers.” The New 

England Journal of Medicine 353 (16): 1652–54. https://doi.org/10.1056/NEJMp058197. 

Byrski, Tomasz, Jacek Gronwald, Tomasz Huzarski, Ewa Grzybowska, Magdalena Budryk, 

Malgorzata Stawicka, Tomasz Mierzwa, et al. 2010. “Pathologic Complete Response Rates in 

Young Women with BRCA1-Positive Breast Cancers after Neoadjuvant Chemotherapy.” 

Journal of Clinical Oncology : Official Journal of the American Society of Clinical Oncology 28 



 92 

(3): 375–79. https://doi.org/10.1200/JCO.2008.20.7019. 

Cabrera-Galeana, Paula, Wendy Muñoz-Montaño, Fernando Lara-Medina, Alberto Alvarado-

Miranda, Victor Pérez-Sánchez, Cynthia Villarreal-Garza, R. Marisol Quintero, et al. 2018. 

“Ki67 Changes Identify Worse Outcomes in Residual Breast Cancer Tumors After Neoadjuvant 

Chemotherapy.” The Oncologist 23 (6): 670–78. https://doi.org/10.1634/theoncologist.2017-

0396. 

Cahill, Ronan A, Daniel Walsh, Rob J Landers, and R Gordon Watson. 2006. “Preoperative Profiling 

of Symptomatic Breast Cancer by Diagnostic Core Biopsy.” Annals of Surgical Oncology 13 

(1): 45–51. https://doi.org/10.1245/ASO.2006.03.047. 

Cameron, DA, EDC Anderson, P Levack, RA Hawkins, TJ Anderson, RCF Leonard, APM Forrest, 

and U Chetty. 1997. “Primary Systemic Therapy for Operable Breast Cancer - 10-Year Survival 

Data after Chemotherapy and Hormone Therapy.” British Journal of Cancer 76 (8): 1099–1105. 

https://doi.org/10.1038/bjc.1997.514. 

Carder, P. 1999. “Typing Breast Cancer Following Primary Chemotherapy.” Histopathology 35 (6): 

584–85. http://www.ncbi.nlm.nih.gov/pubmed/10583584. 

Carey, Lisa A., Charles M. Perou, Chad A. Livasy, Lynn G. Dressler, David Cowan, Kathleen 

Conway, Gamze Karaca, et al. 2006. “Race, Breast Cancer Subtypes, and Survival in the 

Carolina Breast Cancer Study.” JAMA 295 (21): 2492. 

https://doi.org/10.1001/jama.295.21.2492. 

Caudle, Abigail S, Ana M Gonzalez-Angulo, Kelly K Hunt, Ping Liu, Lajos Pusztai, W Fraser 

Symmans, Henry M Kuerer, Elizabeth A Mittendorf, Gabriel N Hortobagyi, and Funda Meric-

Bernstam. 2010. “Predictors of Tumor Progression during Neoadjuvant Chemotherapy in Breast 

Cancer.” Journal of Clinical Oncology : Official Journal of the American Society of Clinical 

Oncology 28 (11): 1821–28. https://doi.org/10.1200/JCO.2009.25.3286. 

Chen, Allan Y, and Leroy F Liu. 1994. “DNA Topoisomerases: Essential Enzymes and Lethal 

Targets.” Annual Review of Pharmacology and Toxicology 34 (58): 191–218. 

https://doi.org/10.1146/annurev.pa.34.040194.001203. 

Chen, Sheng, Can-Ming Chen, Ke-Da Yu, Ruo-Ji Zhou, and Zhi-Ming Shao. 2012. “Prognostic Value 



 93 

of a Positive-to-Negative Change in Hormone Receptor Status after Neoadjuvant Chemotherapy 

in Patients with Hormone Receptor–Positive Breast Cancer.” Annals of Surgical Oncology 19 

(9): 3002–11. https://doi.org/10.1245/s10434-012-2318-2. 

Chen, Xiaosong, Ying Yuan, Zhaoxiang Gu, and Kunwei Shen. 2012. “Accuracy of Estrogen 

Receptor, Progesterone Receptor, and HER2 Status between Core Needle and Open Excision 

Biopsy in Breast Cancer: A Meta-Analysis.” Breast Cancer Research and Treatment 134 (3): 

957–67. https://doi.org/10.1007/s10549-012-1990-z. 

Cheung, K L, A Howell, and J F Robertson. 2000. “Preoperative Endocrine Therapy for Breast 

Cancer.” Endocrine-Related Cancer 7 (3): 131–41. 

http://www.ncbi.nlm.nih.gov/pubmed/11021962. 

Chevallier, B, P Chollet, Y Merrouche, H Roche, P Fumoleau, P Kerbrat, J Y Genot, P Fargeot, J P 

Olivier, and C Fizames. 1995. “Lenograstim Prevents Morbidity from Intensive Induction 

Chemotherapy in the Treatment of Inflammatory Breast Cancer.” Journal of Clinical Oncology : 

Official Journal of the American Society of Clinical Oncology 13 (7): 1564–71. 

https://doi.org/10.1200/JCO.1995.13.7.1564. 

Chlebowski, Rowan T, Garnet L Anderson, Margery Gass, Dorothy S Lane, Aaron K Aragaki, Lewis 

H Kuller, JoAnn E Manson, et al. 2010. “Estrogen plus Progestin and Breast Cancer Incidence 

and Mortality in Postmenopausal Women.” JAMA : The Journal of the American Medical 

Association 304 (15): 1684–92. https://doi.org/10.1001/jama.2010.1500. 

Chollet, Philippe, Catherine Abrial, Xavier Durando, Emilie Thivat, Olivier Tacca, Marie-Ange 

Mouret-Reynier, Marianne Leheurteur, et al. 2008. “A New Prognostic Classification after 

Primary Chemotherapy for Breast Cancer: Residual Disease in Breast and Nodes (RDBN).” 

Cancer Journal (Sudbury, Mass.) 14 (2): 128–32. 

https://doi.org/10.1097/PPO.0b013e31816bdea2. 

“Chris Hani Baragwanath Hospital.” 2020. 2020. https://www.chrishanibaragwanathhospital.co.za. 

Clark, G M, W L McGuire, C A Hubay, O H Pearson, and J S Marshall. 1983. “Progesterone 

Receptors as a Prognostic Factor in Stage II Breast Cancer.” The New England Journal of 

Medicine 309 (22): 1343–47. http://www.ncbi.nlm.nih.gov/pubmed/6633596. 



 94 

Cleator, S., M. Parton, and M. Dowsett. 2002. “The Biology of Neoadjuvant Chemotherapy for Breast 

Cancer.” Endocrine-Related Cancer 9 (3): 183–95. https://doi.org/10.1677/erc.0.0090183. 

Close, P M, A J Tiltman, and E A Hacking. 1987. “The Effect of Chemotherapy on the Morphology 

of Human Breast Carcinoma.” South African Medical Journal = Suid-Afrikaanse Tydskrif Vir 

Geneeskunde 72 (2): 103–6. http://www.ncbi.nlm.nih.gov/pubmed/3039671. 

Coates, A S, E P Winer, A Goldhirsch, R D Gelber, M Gnant, M Piccart-Gebhart, B Thürlimann, H-J 

Senn, and Panel Members. 2015. “Tailoring Therapies--Improving the Management of Early 

Breast Cancer: St Gallen International Expert Consensus on the Primary Therapy of Early Breast 

Cancer 2015.” Annals of Oncology : Official Journal of the European Society for Medical 

Oncology 26 (8): 1533–46. https://doi.org/10.1093/annonc/mdv221. 

Cockburn, Amber, Jingsheng Yan, Dewi Rahardja, David Euhus, Yan Peng, Yisheng Fang, and 

Venetia Rumnong Sarode. 2014. “Modulatory Effect of Neoadjuvant Chemotherapy on 

Biomarkers Expression; Assessment by Digital Image Analysis and Relationship to Residual 

Cancer Burden in Patients with Invasive Breast Cancer.” Human Pathology 45 (2): 249–58. 

https://doi.org/10.1016/j.humpath.2013.09.002. 

Colleoni, Marco, Giuseppe Viale, David Zahrieh, Giancarlo Pruneri, Oreste Gentilini, Paolo Veronesi, 

Richard D Gelber, et al. 2004. “Chemotherapy Is More Effective in Patients with Breast Cancer 

Not Expressing Steroid Hormone Receptors: A Study of Preoperative Treatment.” Clinical 

Cancer Research : An Official Journal of the American Association for Cancer Research 10 

(19): 6622–28. https://doi.org/10.1158/1078-0432.CCR-04-0380. 

Conneely, Orla M., Biserka M. Jericevic, and John P. Lydon. 2003. “Progesterone Receptors in 

Mammary Gland Development and Tumorigenesis.” Journal of Mammary Gland Biology and 

Neoplasia. https://doi.org/10.1023/A:1025952924864. 

Cook, Michael B, Sanford M Dawsey, Neal D Freedman, Peter D Inskip, Sara M Wichner, Sabah M 

Quraishi, Susan S Devesa, and Katherine A McGlynn. 2009. “Sex Disparities in Cancer 

Incidence by Period and Age.” Cancer Epidemiology, Biomarkers & Prevention : A Publication 

of the American Association for Cancer Research, Cosponsored by the American Society of 

Preventive Oncology 18 (4): 1174–82. https://doi.org/10.1158/1055-9965.EPI-08-1118. 



 95 

Cottenden, Jennielee, Emily R Filter, Jon Cottreau, David Moore, Martin Bullock, Weei-Yuarn 

Huang, and Thomas Arnason. 2018. “Validation of a Cytotechnologist Manual Counting Service 

for the Ki67 Index in Neuroendocrine Tumors of the Pancreas and Gastrointestinal Tract.” 

Archives of Pathology & Laboratory Medicine 142 (3): 402–7. 

https://doi.org/10.5858/arpa.2017-0203-OA. 

Cui, Xiaojiang, Rachel Schiff, Grazia Arpino, C Kent Osborne, and Adrian V Lee. 2005. “Biology of 

Progesterone Receptor Loss in Breast Cancer and Its Implications for Endocrine Therapy.” 

Journal of Clinical Oncology : Official Journal of the American Society of Clinical Oncology 23 

(30): 7721–35. https://doi.org/10.1200/JCO.2005.09.004. 

Dede, D S, B Gumuskaya, G Guler, D Onat, K Altundag, and Y Ozisik. 2013. “Evaluation of 

Changes in Biologic Markers ER, PR, HER 2 and Ki-67 Index in Breast Cancer with 

Administration of Neoadjuvant Dose Dense Doxorubicin, Cyclophosphamide Followed by 

Paclitaxel Chemotherapy.” Journal of B.U.ON. : Official Journal of the Balkan Union of 

Oncology 18 (2): 366–71. http://www.ncbi.nlm.nih.gov/pubmed/23818347. 

Dekker, T J A, V T H B M Smit, G K J Hooijer, M J Van de Vijver, W E Mesker, R A E M 

Tollenaar, J W R Nortier, and J R Kroep. 2013. “Reliability of Core Needle Biopsy for 

Determining ER and HER2 Status in Breast Cancer.” Annals of Oncology : Official Journal of 

the European Society for Medical Oncology 24 (4): 931–37. 

https://doi.org/10.1093/annonc/mds599. 

Denkert, Carsten, Cornelia Liedtke, Andrew Tutt, and Gunter von Minckwitz. 2017. “Molecular 

Alterations in Triple-Negative Breast Cancer-the Road to New Treatment Strategies.” Lancet 

(London, England) 389 (10087): 2430–42. https://doi.org/10.1016/S0140-6736(16)32454-0. 

Dowsett, Mitch, Jack Cuzick, Chris Wale, Tony Howell, Joan Houghton, and Michael Baum. 2005. 

“Retrospective Analysis of Time to Recurrence in the ATAC Trial According to Hormone 

Receptor Status: An Hypothesis-Generating Study.” Journal of Clinical Oncology : Official 

Journal of the American Society of Clinical Oncology 23 (30): 7512–17. 

https://doi.org/10.1200/JCO.2005.01.4829. 

Dowsett, Mitch, Torsten O Nielsen, Roger A’Hern, John Bartlett, R Charles Coombes, Jack Cuzick, 



 96 

Matthew Ellis, et al. 2011. “Assessment of Ki67 in Breast Cancer: Recommendations from the 

International Ki67 in Breast Cancer Working Group.” Journal of the National Cancer Institute 

103 (22): 1656–64. https://doi.org/10.1093/jnci/djr393. 

Dressler, L G, L Seamer, M A Owens, G M Clark, and W L McGuire. 1987. “Evaluation of a 

Modeling System for S-Phase Estimation in Breast Cancer by Flow Cytometry.” Cancer 

Research 47 (20): 5294–5302. http://www.ncbi.nlm.nih.gov/pubmed/3652035. 

Eccles, Suzanne A. 2011. “The Epidermal Growth Factor Receptor/Erb-B/HER Family in Normal and 

Malignant Breast Biology.” International Journal of Developmental Biology 55 (7–9): 685–96. 

https://doi.org/10.1387/ijdb.113396se. 

Egner, James R. 2010. “AJCC Cancer Staging Manual.” JAMA: The Journal of the American Medical 

Association. https://doi.org/10.1001/jama.2010.1525. 

Eiermann, W, S Paepke, J Appfelstaedt, A Llombart-Cussac, J Eremin, J Vinholes, L Mauriac, et al. 

2001. “Preoperative Treatment of Postmenopausal Breast Cancer Patients with Letrozole: A 

Randomized Double-Blind Multicenter Study.” Annals of Oncology : Official Journal of the 

European Society for Medical Oncology 12 (11): 1527–32. 

https://doi.org/10.1023/a:1013128213451. 

Ellis, P.A., I.E. Smith, S. Detre, S.A. Burton, J. Salter, R. A’Hern, G. Walsh, S.R.D. Johnston, and M. 

Dowsett. 1998. “Reduced Apoptosis and Proliferation and Increased Bcl-2 in Residual Breast 

Cancer Following Preoperative Chemotherapy.” Breast Cancer Research and Treatment 48 (2): 

107–16. https://doi.org/10.1023/A:1005933815809. 

Elston, C W, and I O Ellis. 1991. “Pathological Prognostic Factors in Breast Cancer. I. The Value of 

Histological Grade in Breast Cancer: Experience from a Large Study with Long-Term Follow-

Up.” Histopathology 19 (5): 403–10. http://www.ncbi.nlm.nih.gov/pubmed/1757079. 

Eroles, Pilar, Ana Bosch, J Alejandro Pérez-Fidalgo, and Ana Lluch. 2012. “Molecular Biology in 

Breast Cancer: Intrinsic Subtypes and Signaling Pathways.” Cancer Treatment Reviews 38 (6): 

698–707. https://doi.org/10.1016/j.ctrv.2011.11.005. 

Faneyte, I F, J G Schrama, J L Peterse, P L Remijnse, S Rodenhuis, and M J van de Vijver. 2003. 

“Breast Cancer Response to Neoadjuvant Chemotherapy: Predictive Markers and Relation with 



 97 

Outcome.” British Journal of Cancer 88 (3): 406–12. https://doi.org/10.1038/sj.bjc.6600749. 

Farmer, Pierre, Herve Bonnefoi, Veronique Becette, Michele Tubiana-Hulin, Pierre Fumoleau, Denis 

Larsimont, Gaetan Macgrogan, et al. 2005. “Identification of Molecular Apocrine Breast 

Tumours by Microarray Analysis.” Oncogene 24 (29): 4660–71. 

https://doi.org/10.1038/sj.onc.1208561. 

Feeley, Linda P, Anna M Mulligan, Dushanthi Pinnaduwage, Shelley B Bull, and Irene L Andrulis. 

2014. “Distinguishing Luminal Breast Cancer Subtypes by Ki67, Progesterone Receptor or 

TP53 Status Provides Prognostic Information.” Modern Pathology : An Official Journal of the 

United States and Canadian Academy of Pathology, Inc 27 (4): 554–61. 

https://doi.org/10.1038/modpathol.2013.153. 

Ferlay, Jacques, Isabelle Soerjomataram, Rajesh Dikshit, Sultan Eser, Colin Mathers, Marise Rebelo, 

Donald Maxwell Parkin, David Forman, and Freddie Bray. 2015. “Cancer Incidence and 

Mortality Worldwide: Sources, Methods and Major Patterns in GLOBOCAN 2012.” 

International Journal of Cancer 136 (5): E359-86. https://doi.org/10.1002/ijc.29210. 

Fisher, B, C Redmond, A Brown, D L Wickerham, N Wolmark, J Allegra, G Escher, M Lippman, E 

Savlov, and J Wittliff. 1983. “Influence of Tumor Estrogen and Progesterone Receptor Levels 

on the Response to Tamoxifen and Chemotherapy in Primary Breast Cancer.” Journal of 

Clinical Oncology : Official Journal of the American Society of Clinical Oncology 1 (4): 227–

41. http://www.ncbi.nlm.nih.gov/pubmed/6366135. 

Fisher, Bernard, Joseph P. Costantino, Carol K. Redmond, Edwin R. Fisher, D. Lawrence 

Wickerham, and Walter M. Cronin. 1994. “Endometrial Cancer in Tamoxifen-Treated Breast 

Cancer Patients: Findings From the National Surgical Adjuvant Breast and Bowel Project 

(NSABP) B-14 *.” JNCI: Journal of the National Cancer Institute 86 (7): 527–37. 

https://doi.org/10.1093/jnci/86.7.527. 

Fitzgibbons, Patrick L., Deborah A. Dillon, Randa Alsabeh, Michael A. Berman, Daniel F. Hayes, 

David G. Hicks, Kevin S. Hughes, and Sharon Nofech-Mozes. 2014. “Template for Reporting 

Results of Biomarker Testing of Specimens From Patients With Carcinoma of the Breast.” 

Archives of Pathology & Laboratory Medicine 138 (5): 595–601. 



 98 

https://doi.org/10.5858/arpa.2013-0566-CP. 

Fox, C H, F B Johnson, J Whiting, and P P Roller. 1985. “Formaldehyde Fixation.” Journal of 

Histochemistry & Cytochemistry 33 (8): 845–53. https://doi.org/10.1177/33.8.3894502. 

Frassoldati, A, F Adami, C Banzi, M Criscuolo, L Piccinini, and V Silingardi. 1997. “Changes of 

Biological Features in Breast Cancer Cells Determined by Primary Chemotherapy.” Breast 

Cancer Research and Treatment 44 (3): 185–92. 

http://www.ncbi.nlm.nih.gov/pubmed/9266097. 

Fregene, Alero, and Lisa A Newman. 2005. “Breast Cancer in Sub-Saharan Africa: How Does It 

Relate to Breast Cancer in African-American Women?” Cancer 103 (8): 1540–50. 

https://doi.org/10.1002/cncr.20978. 

Gahlaut, Renu, Aneliese Bennett, Hiba Fatayer, Barbara J. Dall, Nisha Sharma, Galina Velikova, Tim 

Perren, David Dodwell, Mark Lansdown, and Abeer M. Shaaban. 2016. “Effect of Neoadjuvant 

Chemotherapy on Breast Cancer Phenotype, ER/PR and HER2 Expression - Implications for the 

Practising Oncologist.” European Journal of Cancer (Oxford, England : 1990) 60: 40–48. 

https://doi.org/10.1016/j.ejca.2016.03.006. 

Gerdes, J, H Lemke, H Baisch, H H Wacker, U Schwab, and H Stein. 1984. “Cell Cycle Analysis of a 

Cell Proliferation-Associated Human Nuclear Antigen Defined by the Monoclonal Antibody Ki-

67.” Journal of Immunology (Baltimore, Md. : 1950) 133 (4): 1710–15. 

http://www.ncbi.nlm.nih.gov/pubmed/6206131. 

Geyer, Felipe C., Maria A. Lopez-Garcia, Maryou B. Lambros, and Jorge S. Reis-Filho. 2009. 

“Genetic Characterization of Breast Cancer and Implications for Clinical Management.” Journal 

of Cellular and Molecular Medicine 13 (10): 4090–4103. https://doi.org/10.1111/j.1582-

4934.2009.00906.x. 

Ginsburg, Ophira, Freddie Bray, Michel P Coleman, Verna Vanderpuye, Alexandru Eniu, S Rani 

Kotha, Malabika Sarker, et al. 2017. “The Global Burden of Women’s Cancers: A Grand 

Challenge in Global Health.” The Lancet 389 (10071): 847–60. https://doi.org/10.1016/S0140-

6736(16)31392-7. 

Goldhirsch, A., E. P. Winer, A. S. Coates, R. D. Gelber, M. Piccart-Gebhart, B. Thürlimann, H.-J. 



 99 

Senn, et al. 2013. “Personalizing the Treatment of Women with Early Breast Cancer: Highlights 

of the St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 

2013.” Annals of Oncology 24 (9): 2206–23. https://doi.org/10.1093/annonc/mdt303. 

Goldhirsch, A, J N Ingle, R D Gelber, A S Coates, B Thürlimann, H-J Senn, and Panel members. 

2009. “Thresholds for Therapies: Highlights of the St Gallen International Expert Consensus on 

the Primary Therapy of Early Breast Cancer 2009.” Annals of Oncology : Official Journal of the 

European Society for Medical Oncology 20 (8): 1319–29. 

https://doi.org/10.1093/annonc/mdp322. 

Goldstein, Neal S., Monica Ferkowicz, Eva Odish, Anju Mani, and Farnaz Hastah. 2003. “Minimum 

Formalin Fixation Time for Consistent Estrogen Receptor Immunohistochemical Staining of 

Invasive Breast Carcinoma.” American Journal of Clinical Pathology 120 (1): 86–92. 

https://doi.org/10.1309/QPHD-RB00-QXGM-UQ9N. 

Gonzalez-Angulo, Ana M, Kristine Broglio, Shu-Wan Kau, Yesmin Eralp, Julie Erlichman, Vicente 

Valero, Richard Theriault, et al. 2005. “Women Age < or = 35 Years with Primary Breast 

Carcinoma: Disease Features at Presentation.” Cancer 103 (12): 2466–72. 

https://doi.org/10.1002/cncr.21070. 

Gown, Allen M. 2008. “Current Issues in ER and HER2 Testing by IHC in Breast Cancer.” Modern 

Pathology 21 (May): S8–15. https://doi.org/10.1038/modpathol.2008.34. 

Gross, G E, G M Clark, G C Chamness, and W L McGuire. 1984. “Multiple Progesterone Receptor 

Assays in Human Breast Cancer.” Cancer Research 44 (2): 836–40. 

http://www.ncbi.nlm.nih.gov/pubmed/6692382. 

Hahnen, Eric, Bianca Lederer, Jan Hauke, Sibylle Loibl, Sandra Kröber, Andreas Schneeweiss, 

Carsten Denkert, et al. 2017. “Germline Mutation Status, Pathological Complete Response, and 

Disease-Free Survival in Triple-Negative Breast Cancer: Secondary Analysis of the GeparSixto 

Randomized Clinical Trial.” JAMA Oncology 3 (10): 1378–85. 

https://doi.org/10.1001/jamaoncol.2017.1007. 

Hammond, M Elizabeth H, Daniel F Hayes, Antonio C Wolff, Pamela B Mangu, and Sarah Temin. 

2010. “American Society of Clinical Oncology/College of American Pathologists Guideline 



 100 

Recommendations for Immunohistochemical Testing of Estrogen and Progesterone Receptors in 

Breast Cancer.” Journal of Oncology Practice / American Society of Clinical Oncology 6 (4): 

195–97. https://doi.org/10.1200/JOP.777003. 

Hanahan, D, and R A Weinberg. 2000. “The Hallmarks of Cancer.” Cell 100 (1): 57–70. 

https://doi.org/10.1016/s0092-8674(00)81683-9. 

Haque, Waqar, Vivek Verma, Sandra Hatch, V. Suzanne Klimberg, E. Brian Butler, and Bin S. Teh. 

2018. “Response Rates and Pathologic Complete Response by Breast Cancer Molecular Subtype 

Following Neoadjuvant Chemotherapy.” Breast Cancer Research and Treatment 170 (3): 559–

67. https://doi.org/10.1007/s10549-018-4801-3. 

Harvey, J M, G M Clark, C K Osborne, and D C Allred. 1999. “Estrogen Receptor Status by 

Immunohistochemistry Is Superior to the Ligand-Binding Assay for Predicting Response to 

Adjuvant Endocrine Therapy in Breast Cancer.” Journal of Clinical Oncology : Official Journal 

of the American Society of Clinical Oncology 17 (5): 1474–81. 

https://doi.org/10.1200/JCO.1999.17.5.1474. 

Hawkins, R A, A L Tesdale, E D Anderson, P A Levack, U Chetty, and A P Forrest. 1990. “Does the 

Oestrogen Receptor Concentration of a Breast Cancer Change during Systemic Therapy?” 

British Journal of Cancer 61 (6): 877–80. https://doi.org/10.1038/bjc.1990.196. 

Henson, D E, L Ries, L S Freedman, and M Carriaga. 1991. “Relationship among Outcome, Stage of 

Disease, and Histologic Grade for 22,616 Cases of Breast Cancer. The Basis for a Prognostic 

Index.” Cancer 68 (10): 2142–49. http://www.ncbi.nlm.nih.gov/pubmed/1913453. 

Hirata, T, C Shimizu, K Yonemori, A Hirakawa, T Kouno, K Tamura, M Ando, N Katsumata, and Y 

Fujiwara. 2009. “Change in the Hormone Receptor Status Following Administration of 

Neoadjuvant Chemotherapy and Its Impact on the Long-Term Outcome in Patients with Primary 

Breast Cancer.” British Journal of Cancer 101 (9): 1529–36. 

https://doi.org/10.1038/sj.bjc.6605360. 

Hisham, Abdullah Noor, and Cheng Har Yip. 2003. “Spectrum of Breast Cancer in Malaysian 

Women: Overview.” World Journal of Surgery 27 (8): 921–23. https://doi.org/10.1007/s00268-

003-6976-x. 



 101 

Hodi, Zsolt, Jayeta Chakrabarti, Andrew H S Lee, John E Ronan, Christopher W Elston, Kwok Leung 

Cheung, John F R Robertson, and Ian O Ellis. 2007. “The Reliability of Assessment of 

Oestrogen Receptor Expression on Needle Core Biopsy Specimens of Invasive Carcinomas of 

the Breast.” Journal of Clinical Pathology 60 (3): 299–302. 

https://doi.org/10.1136/jcp.2006.036665. 

Honkoop, A H, H M Pinedo, J S De Jong, H M Verheul, S C Linn, K Hoekman, J Wagstaff, and P J 

van Diest. 1997. “Effects of Chemotherapy on Pathologic and Biologic Characteristics of 

Locally Advanced Breast Cancer.” American Journal of Clinical Pathology 107 (2): 211–18. 

https://doi.org/10.1093/ajcp/107.2.211. 

Hortobagyi, GN, J Connolly, CJ D’Orsi, S Edge, E Mittendorf, H Rugo, L Solin, D Weaver, and D 

Winchester. 2017. American Joint Committee on Cancer (AJCC) AJCC Cancer Staging Manual. 

8th ed. New York: Springer. 

Horwitz, K. B., and W. L. McGuire. 1978. “Estrogen Control of Progesterone Receptor in Human 

Breast Cancer. Correlation with Nuclear Processing of Estrogen Receptor.” Journal of 

Biological Chemistry 253 (7): 2223–28. 

Horwitz, Susan Band. 2004. “Personal Recollections on the Early Development of Taxol.” Journal of 

Natural Products 67 (2): 136–38. https://doi.org/10.1021/np0304464. 

Howlader N; Noone AM; Krapcho M; Miller D; Bishop K; Kosary CL; Yu M; Ruhl J; Tatalovich Z; 

Mariotto A; Lewis DR; Chen HS; Feuer EJ; Cronin, KA. 2017. “SEER Cancer Statistics 

Review, 1975-2014.” National Cancer Institute. Bethesda, MD Based on November 2016 SEER 

Data Submission, Posted to the SEER Web Site, April 2017. 

https://seer.cancer.gov/csr/1975_2014/. 

Hu, Yue-Yung, Christine M. Weeks, Haejin In, Christopher M. Dodgion, Mehra Golshan, Yoon S. 

Chun, Michael J. Hassett, et al. 2011. “Impact of Neoadjuvant Chemotherapy on Breast 

Reconstruction.” Cancer 117 (13): 2833–41. https://doi.org/10.1002/cncr.25872. 

Hu, Zhiyuan, Cheng Fan, Daniel S Oh, JS Marron, Xiaping He, Bahjat F Qaqish, Chad Livasy, et al. 

2006. “The Molecular Portraits of Breast Tumors Are Conserved across Microarray Platforms.” 

BMC Genomics 7 (1): 96. https://doi.org/10.1186/1471-2164-7-96. 



 102 

Huang, Erich, Skye H. Cheng, Holly Dressman, Jennifer Pittman, Mei Hua Tsou, Cheng Fang Horng, 

Andrea Bild, et al. 2003. “Gene Expression Predictors of Breast Cancer Outcomes.” Lancet 361 

(9369): 1590–96. https://doi.org/10.1016/S0140-6736(03)13308-9. 

Hurley, Judith, Philomena Doliny, Isildinha Reis, Orlando Silva, Carmen Gomez-Fernandez, Pedro 

Velez, Giovanni Pauletti, Jodeen E Powell, Mark D Pegram, and Dennis J Slamon. 2006. 

“Docetaxel, Cisplatin, and Trastuzumab as Primary Systemic Therapy for Human Epidermal 

Growth Factor Receptor 2-Positive Locally Advanced Breast Cancer.” Journal of Clinical 

Oncology : Official Journal of the American Society of Clinical Oncology 24 (12): 1831–38. 

https://doi.org/10.1200/JCO.2005.02.8886. 

Ignatiadis, M., and C. Sotiriou. 2008. “Understanding the Molecular Basis of Histologic Grade.” 

Pathobiology 75 (2): 104–11. https://doi.org/10.1159/000123848. 

Iqbal, N. 2014. “Human Epidermal Growth Factor Receptor 2 (HER2) in Cancers: Overexpression 

and Therapeutic Implications.” Mol Biol Int 2014: 852748. https://doi.org/10.1155/2014/852748. 

Iwamoto, Takayuki, Giampaolo Bianchini, Daniel Booser, Yuan Qi, Charles Coutant, Christine Ya-

Hui Shiang, Libero Santarpia, et al. 2011. “Gene Pathways Associated with Prognosis and 

Chemotherapy Sensitivity in Molecular Subtypes of Breast Cancer.” Journal of the National 

Cancer Institute 103 (3): 264–72. https://doi.org/10.1093/jnci/djq524. 

Jabbour, Mark N, Cleo Y Massad, and Fouad I Boulos. 2012. “Variability in Hormone and Growth 

Factor Receptor Expression in Primary versus Recurrent, Metastatic, and Post-Neoadjuvant 

Breast Carcinoma.” Breast Cancer Research and Treatment 135 (1): 29–37. 

https://doi.org/10.1007/s10549-012-2047-z. 

Jain, V, M Landry, and E A Levine. 1996. “The Stability of Estrogen and Progesterone Receptors in 

Patients Receiving Preoperative Chemotherapy for Locally Advanced Breast Carcinoma.” The 

American Surgeon 62 (2): 162–65. http://www.ncbi.nlm.nih.gov/pubmed/8554195. 

Jin, Xi, Yi-Zhou Jiang, Sheng Chen, Ke-Da Yu, Zhi-Ming Shao, and Gen-Hong Di. 2015. “Prognostic 

Value of Receptor Conversion after Neoadjuvant Chemotherapy in Breast Cancer Patients: A 

Prospective Observational Study.” Oncotarget 6 (11): 9600–9611. 

https://doi.org/10.18632/oncotarget.3292. 



 103 

Jones, Robin L., Janine Salter, Roger A’Hern, Ash Nerurkar, Marina Parton, Jorge S. Reis-Filho, Ian 

E. Smith, and Mitchell Dowsett. 2009. “The Prognostic Significance of Ki67 before and after 

Neoadjuvant Chemotherapy in Breast Cancer.” Breast Cancer Research and Treatment 116 (1): 

53–68. https://doi.org/10.1007/s10549-008-0081-7. 

Jones, Robin L, and Ian E Smith. 2006. “Neoadjuvant Treatment for Early-Stage Breast Cancer: 

Opportunities to Assess Tumour Response.” The Lancet Oncology 7 (10): 869–74. 

https://doi.org/10.1016/S1470-2045(06)70906-8. 

Jordan, Mary Ann, and Leslie Wilson. 2004. “Microtubules as a Target for Anticancer Drugs.” Nature 

Reviews. Cancer 4 (4): 253–65. https://doi.org/10.1038/nrc1317. 

Kasami, Masako, Takayoshi Uematsu, Masatake Honda, Tsugumi Yabuzaki, Junichi Sanuki, 

Yoshihiro Uchida, and Haruhiko Sugimura. 2008. “Comparison of Estrogen Receptor, 

Progesterone Receptor and Her-2 Status in Breast Cancer Pre- and Post-Neoadjuvant 

Chemotherapy.” Breast (Edinburgh, Scotland) 17 (5): 523–27. 

https://doi.org/10.1016/j.breast.2008.04.002. 

Kaufmann, Manfred, Gabriel N Hortobagyi, Aron Goldhirsch, Suzy Scholl, Andreas Makris, Pinuccia 

Valagussa, Jens-Uwe Blohmer, et al. 2006. “Recommendations from an International Expert 

Panel on the Use of Neoadjuvant (Primary) Systemic Treatment of Operable Breast Cancer: An 

Update.” Journal of Clinical Oncology : Official Journal of the American Society of Clinical 

Oncology 24 (12): 1940–49. https://doi.org/10.1200/JCO.2005.02.6187. 

King, C. Richter, Matthias H Kraus, and Stuart A Aaronson. 1985. “Amplification of a Novel V-

ErbB-Related Gene in a Human Mammary Carcinoma.” Science 6 (229): 974–76. 

https://doi.org/10.1126/science.2992089. 

Kinsella, Mary Diane, Aziza Nassar, Momin T. Siddiqui, and Cynthia Cohen. 2012. “Estrogen 

Receptor (ER), Progesterone Receptor (PR), and HER2 Expression Pre- and Post- Neoadjuvant 

Chemotherapy in Primary Breast Carcinoma: A Single Institutional Experience.” International 

Journal of Clinical and Experimental Pathology 5 (6): 530–36. 

Koda, Mariusz, Mariola Sulkowska, Luiza Kanczuga-Koda, Jakub Tomaszewski, Waldemar 

Kucharczuk, Tomasz Lesniewicz, Slawomir Cymek, and Stanislaw Sulkowski. 2007. “The 



 104 

Effect of Chemotherapy on Ki-67, Bcl-2 and Bak Expression in Primary Tumors and Lymph 

Node Metastases of Breast Cancer.” Oncology Reports 18 (1): 113–19. 

http://www.ncbi.nlm.nih.gov/pubmed/17549355. 

Koopman, Timco, Henk J Buikema, Harry Hollema, Geertruida H de Bock, and Bert van der Vegt. 

2018. “Digital Image Analysis of Ki67 Proliferation Index in Breast Cancer Using Virtual Dual 

Staining on Whole Tissue Sections: Clinical Validation and Inter-Platform Agreement.” Breast 

Cancer Research and Treatment 169 (1): 33–42. https://doi.org/10.1007/s10549-018-4669-2. 

Kruger, WM, and JP Apffelstaedt. 2007. “Young Breast Cancer Patients in the Developing World: 

Incidence, Choice of Surgical Treatment and Genetic Factors.” South African Family Practice 

49 (9): 18–24. https://doi.org/10.1080/20786204.2007.10873634. 

Lapidus, R G, S J Nass, and N E Davidson. 1998. “The Loss of Estrogen and Progesterone Receptor 

Gene Expression in Human Breast Cancer.” Journal of Mammary Gland Biology and Neoplasia 

3 (1): 85–94. http://www.ncbi.nlm.nih.gov/pubmed/10819507. 

Lee, Ho-chang, Hyoungsuk Ko, Hyesil Seol, Dong-Young Noh, Wonshik Han, Tae-You Kim, Seock-

Ah Im, and In Ae Park. 2013. “Expression of Immunohistochemical Markers before and after 

Neoadjuvant Chemotherapy in Breast Carcinoma, and Their Use as Predictors of Response.” 

Journal of Breast Cancer 16 (4): 395. https://doi.org/10.4048/jbc.2013.16.4.395. 

Lee, J, Y H Im, S H Lee, E Y Cho, Y L Choi, Y H Ko, J H Kim, et al. 2008. “Evaluation of ER and 

Ki-67 Proliferation Index as Prognostic Factors for Survival Following Neoadjuvant 

Chemotherapy with Doxorubicin/Docetaxel for Locally Advanced Breast Cancer.” Cancer 

Chemotherapy and Pharmacology 61 (4): 569–77. https://doi.org/10.1007/s00280-007-0506-8. 

Lee, Susan H., Maureen A. Chung, M. Ruhul Quddus, Margaret M. Steinhoff, and Blake Cady. 2003. 

“The Effect of Neoadjuvant Chemotherapy on Estrogen and Progesterone Receptor Expression 

and Hormone Receptor Status in Breast Cancer.” American Journal of Surgery 186 (4): 348–50. 

https://doi.org/10.1016/S0002-9610(03)00271-X. 

Lehmann, Brian D, Joshua A Bauer, Xi Chen, Melinda E Sanders, A Bapsi Chakravarthy, Yu Shyr, 

and Jennifer A Pietenpol. 2011. “Identification of Human Triple-Negative Breast Cancer 

Subtypes and Preclinical Models for Selection of Targeted Therapies.” The Journal of Clinical 



 105 

Investigation 121 (7): 2750–67. https://doi.org/10.1172/JCI45014. 

Liedtke, Cornelia, Chafika Mazouni, Kenneth R Hess, Fabrice André, Attila Tordai, Jaime A Mejia, 

W Fraser Symmans, et al. 2008. “Response to Neoadjuvant Therapy and Long-Term Survival in 

Patients with Triple-Negative Breast Cancer.” Journal of Clinical Oncology : Official Journal of 

the American Society of Clinical Oncology 26 (8): 1275–81. 

https://doi.org/10.1200/JCO.2007.14.4147. 

Livasy, Chad A, Gamze Karaca, Rita Nanda, Maria S Tretiakova, Olufunmilayo I Olopade, Dominic 

T Moore, and Charles M Perou. 2006. “Phenotypic Evaluation of the Basal-like Subtype of 

Invasive Breast Carcinoma.” Modern Pathology : An Official Journal of the United States and 

Canadian Academy of Pathology, Inc 19 (2): 264–71. 

https://doi.org/10.1038/modpathol.3800528. 

Lo, S S, H C Wang, Y M Shyr, and W Y Lui. 1994. “Can the Hormonal Receptor Status of Primary 

Breast Cancer Be Altered by Neoadjuvant Chemotherapy?” Journal of Surgical Oncology 57 

(2): 94–96. http://www.ncbi.nlm.nih.gov/pubmed/7934069. 

Lu, Shaolei, Kamaljeet Singh, Shamlal Mangray, Rose Tavares, Lelia Noble, Murray B Resnick, and 

Evgeny Yakirevich. 2013. “Claudin Expression in High-Grade Invasive Ductal Carcinoma of 

the Breast: Correlation with the Molecular Subtype.” Modern Pathology : An Official Journal of 

the United States and Canadian Academy of Pathology, Inc 26 (4): 485–95. 

https://doi.org/10.1038/modpathol.2012.187. 

Luini, Alberto, Marisel Aguilar, Giovanna Gatti, Roberta Fasani, Edoardo Botteri, Jack Antonio Diaz 

Brito, Patrick Maisonneuve, Anna Rita Vento, and Giuseppe Viale. 2007. “Metaplastic 

Carcinoma of the Breast, an Unusual Disease with Worse Prognosis: The Experience of the 

European Institute of Oncology and Review of the Literature.” Breast Cancer Research and 

Treatment 101 (3): 349–53. https://doi.org/10.1007/s10549-006-9301-1. 

Ly, Diana, David Forman, Jacques Ferlay, Louise A Brinton, and Michael B Cook. 2013. “An 

International Comparison of Male and Female Breast Cancer Incidence Rates.” International 

Journal of Cancer 132 (8): 1918–26. https://doi.org/10.1002/ijc.27841. 

MacGrogan, G, L Mauriac, M Durand, F Bonichon, M Trojani, I de Mascarel, and J M Coindre. 1996. 



 106 

“Primary Chemotherapy in Breast Invasive Carcinoma: Predictive Value of the 

Immunohistochemical Detection of Hormonal Receptors, P53, c-ErbB-2, MiB1, PS2 and GST 

Pi.” British Journal of Cancer 74 (9): 1458–65. https://doi.org/10.1038/bjc.1996.565. 

Makris, A, T J Powles, D C Allred, S E Ashley, P A Trott, M G Ormerod, J C Titley, and M Dowsett. 

1999. “Quantitative Changes in Cytological Molecular Markers during Primary Medical 

Treatment of Breast Cancer: A Pilot Study.” Breast Cancer Research and Treatment 53 (1): 51–

59. http://www.ncbi.nlm.nih.gov/pubmed/10206072. 

Makris, A, T J Powles, M Dowsett, C K Osborne, P A Trott, I N Fernando, S E Ashley, et al. 1997. 

“Prediction of Response to Neoadjuvant Chemoendocrine Therapy in Primary Breast 

Carcinomas.” Clinical Cancer Research : An Official Journal of the American Association for 

Cancer Research 3 (4): 593–600. http://www.ncbi.nlm.nih.gov/pubmed/9815725. 

Mann, G Bruce, Vanessa D Fahey, Frank Feleppa, and Malcolm R Buchanan. 2005. “Reliance on 

Hormone Receptor Assays of Surgical Specimens May Compromise Outcome in Patients with 

Breast Cancer.” Journal of Clinical Oncology : Official Journal of the American Society of 

Clinical Oncology 23 (22): 5148–54. https://doi.org/10.1200/JCO.2005.02.076. 

Mazouni, Chafika, Florentia Peintinger, Shu Wan-Kau, Fabrice Andre, Ana M Gonzalez-Angulo, W 

Fraser Symmans, Funda Meric-Bernstam, Vicente Valero, Gabriel N Hortobagyi, and Lajos 

Pusztai. 2007. “Residual Ductal Carcinoma in Situ in Patients with Complete Eradication of 

Invasive Breast Cancer after Neoadjuvant Chemotherapy Does Not Adversely Affect Patient 

Outcome.” Journal of Clinical Oncology : Official Journal of the American Society of Clinical 

Oncology 25 (19): 2650–55. https://doi.org/10.1200/JCO.2006.08.2271. 

McCormack, Valerie A, Maureen Joffe, Eunice van den Berg, Nadine Broeze, Isabel dos Santos 

Silva, Isabelle Romieu, Judith S Jacobson, Alfred I Neugut, Joachim Schüz, and Herbert 

Cubasch. 2013. “Breast Cancer Receptor Status and Stage at Diagnosis in over 1,200 

Consecutive Public Hospital Patients in Soweto, South Africa: A Case Series.” Breast Cancer 

Research : BCR 15 (5): R84. https://doi.org/10.1186/bcr3478. 

McGrogan, Barbara T, Breege Gilmartin, Desmond N Carney, and Amanda McCann. 2008. 

“Taxanes, Microtubules and Chemoresistant Breast Cancer.” Biochimica et Biophysica Acta 



 107 

1785 (2): 96–132. https://doi.org/10.1016/j.bbcan.2007.10.004. 

Melmed, Gavin. 2006. “The War on Cancer: A Report from the Front Lines.” Proceedings (Baylor 

University. Medical Center) 19 (4): 323–34. https://doi.org/10.1080/08998280.2006.11928194. 

Menachemi, Nir, and Taleah H Collum. 2011. “Benefits and Drawbacks of Electronic Health Record 

Systems.” Risk Management and Healthcare Policy 4: 47–55. 

https://doi.org/10.2147/RMHP.S12985. 

Miao, Hui, Helena M Verkooijen, Kee-Seng Chia, Christine Bouchardy, Eero Pukkala, Siri 

Larønningen, Lene Mellemkjær, Kamila Czene, and Mikael Hartman. 2011. “Incidence and 

Outcome of Male Breast Cancer: An International Population-Based Study.” Journal of Clinical 

Oncology : Official Journal of the American Society of Clinical Oncology 29 (33): 4381–86. 

https://doi.org/10.1200/JCO.2011.36.8902. 

Mieog, J S D, Jos A van der Hage, and C J H van de Velde. 2007. “Preoperative Chemotherapy for 

Women with Operable Breast Cancer.” Edited by Sven JSD Mieog. The Cochrane Database of 

Systematic Reviews, no. 2 (April): CD005002. 

https://doi.org/10.1002/14651858.CD005002.pub2. 

Miglietta, Loredana, Paola Vanella, Luciano Canobbio, Maria Angela Parodi, Pamela Guglielmini, 

and Francesco Boccardo. 2009. “Clinical and Pathological Response to Primary Chemotherapy 

in Patients with Locally Advanced Breast Cancer Grouped According to Hormonal Receptors, 

Her2 Status, Grading and Ki-67 Proliferation Index.” Anticancer Research 29 (5): 1621–25. 

http://www.ncbi.nlm.nih.gov/pubmed/19443376. 

Minckwitz, G. von, W. D. Schmitt, S. Loibl, B. M. Muller, J. U. Blohmer, B. V. Sinn, H. Eidtmann, et 

al. 2013. “Ki67 Measured after Neoadjuvant Chemotherapy for Primary Breast Cancer.” 

Clinical Cancer Research 19 (16): 4521–31. https://doi.org/10.1158/1078-0432.CCR-12-3628. 

Minckwitz, Gunter von, Jens Uwe Blohmer, Serban Dan Costa, Carsten Denkert, Holger Eidtmann, 

Wolfgang Eiermann, Bernd Gerber, et al. 2013. “Response-Guided Neoadjuvant Chemotherapy 

for Breast Cancer.” Journal of Clinical Oncology : Official Journal of the American Society of 

Clinical Oncology 31 (29): 3623–30. https://doi.org/10.1200/JCO.2012.45.0940. 

Minckwitz, Gunter von, Michael Untch, Jens-Uwe Blohmer, Serban D Costa, Holger Eidtmann, Peter 



 108 

A Fasching, Bernd Gerber, et al. 2012. “Definition and Impact of Pathologic Complete 

Response on Prognosis after Neoadjuvant Chemotherapy in Various Intrinsic Breast Cancer 

Subtypes.” Journal of Clinical Oncology : Official Journal of the American Society of Clinical 

Oncology 30 (15): 1796–1804. https://doi.org/10.1200/JCO.2011.38.8595. 

Mittendorf, Elizabeth A, Yun Wu, Maurizio Scaltriti, Funda Meric-Bernstam, Kelly K Hunt, 

Shaheenah Dawood, Francisco J Esteva, et al. 2009. “Loss of HER2 Amplification Following 

Trastuzumab-Based Neoadjuvant Systemic Therapy and Survival Outcomes.” Clinical Cancer 

Research : An Official Journal of the American Association for Cancer Research 15 (23): 7381–

88. https://doi.org/10.1158/1078-0432.CCR-09-1735. 

Miyoshi, Yasuo, Seung Jin Kim, Kenji Akazawa, Shunji Kamigaki, Satsuki Ueda, Tetsu Yanagisawa, 

Tomoo Inoue, Tetsuya Taguchi, Yasuhiro Tamaki, and Shinzaburo Noguchi. 2004. “Down-

Regulation of Intratumoral Aromatase Messenger RNA Levels by Docetaxel in Human Breast 

Cancers.” Clinical Cancer Research : An Official Journal of the American Association for 

Cancer Research 10 (24): 8163–69. https://doi.org/10.1158/1078-0432.CCR-04-1310. 

Moll, U M, and J Chumas. 1997. “Morphologic Effects of Neoadjuvant Chemotherapy in Locally 

Advanced Breast Cancer.” Pathology, Research and Practice 193 (3): 187–96. 

https://doi.org/10.1016/S0344-0338(97)80076-3. 

Montagna, E., V. Bagnardi, G. Viale, N. Rotmensz, A. Sporchia, G. Cancello, A. Balduzzi, et al. 

2015. “Changes in PgR and Ki-67 in Residual Tumour and Outcome of Breast Cancer Patients 

Treated with Neoadjuvant Chemotherapy.” Annals of Oncology 26 (2): 307–13. 

https://doi.org/10.1093/annonc/mdu528. 

Montagna, Emilia, Vincenzo Bagnardi, Nicole Rotmensz, Giuseppe Viale, Giancarlo Pruneri, Paolo 

Veronesi, Giuseppe Cancello, et al. 2010. “Pathological Complete Response after Preoperative 

Systemic Therapy and Outcome: Relevance of Clinical and Biologic Baseline Features.” Breast 

Cancer Research and Treatment 124 (3): 689–99. https://doi.org/10.1007/s10549-010-1027-4. 

Morris, Don M., Jackie Edwards, and Frank Gelder. 1991. “Hormonal Receptors in Locally Advanced 

Breast Cancer: Change with Response to Neoadjuvant Chemotherapy?” Journal of Surgical 

Oncology 46 (3): 156–58. https://doi.org/10.1002/jso.2930460306. 



 109 

Muthuswamy, S K, D Li, S Lelievre, M J Bissell, and J S Brugge. 2001. “ErbB2, but Not ErbB1, 

Reinitiates Proliferation and Induces Luminal Repopulation in Epithelial Acini.” Nature Cell 

Biology 3 (9): 785–92. https://doi.org/10.1038/ncb0901-785. 

Nadji, Mehrdad, Carmen Gomez-Fernandez, Parvin Ganjei-Azar, and Azorides R. Morales. 2005. 

“Immunohistochemistry of Estrogen and Progesterone Receptors Reconsidered.” American 

Journal of Clinical Pathology 123 (1): 21–27. https://doi.org/10.1309/4WV79N2GHJ3X1841. 

Nakashoji, Ayako, Akira Matsui, Aiko Nagayama, Yuko Iwata, Manami Sasahara, and Yuya Murata. 

2017. “Clinical Predictors of Pathological Complete Response to Neoadjuvant Chemotherapy in 

Triple-Negative Breast Cancer.” Oncology Letters 14 (4): 4135–41. 

https://doi.org/10.3892/ol.2017.6692. 

NCBI. 2019. “ERBB2 Erb-B2 Receptor Tyrosine Kinase 2 [ Homo Sapiens (Human) ].” 2019. 

https://www.ncbi.nlm.nih.gov/gene/2064. 

Neubauer, Hans, Christian Gall, Ulrich Vogel, Rene Hornung, Diethelm Wallwiener, Erich 

Solomayer, and Tanja Fehm. 2008. “Changes in Tumour Biological Markers during Primary 

Systemic Chemotherapy (PST).” Anticancer Research 28 (3B): 1797–1804. 

http://www.ncbi.nlm.nih.gov/pubmed/18630463. 

Nielsen, Torsten O, Forrest D Hsu, Kristin Jensen, Maggie Cheang, Gamze Karaca, Zhiyuan Hu, Tina 

Hernandez-Boussard, et al. 2004. “Immunohistochemical and Clinical Characterization of the 

Basal-like Subtype of Invasive Breast Carcinoma.” Clinical Cancer Research : An Official 

Journal of the American Association for Cancer Research 10 (16): 5367–74. 

https://doi.org/10.1158/1078-0432.CCR-04-0220. 

Nilsson, S, S Mäkelä, E Treuter, M Tujague, J Thomsen, G Andersson, E Enmark, K Pettersson, M 

Warner, and J A Gustafsson. 2001. “Mechanisms of Estrogen Action.” Physiological Reviews 

81 (4): 1535–65. http://www.ncbi.nlm.nih.gov/pubmed/11581496. 

Northridge, M E, G G Rhoads, D Wartenberg, and D Koffman. 1997. “The Importance of Histologic 

Type on Breast Cancer Survival.” Journal of Clinical Epidemiology 50 (3): 283–90. 

https://doi.org/10.1016/s0895-4356(96)00366-6. 

Ogston, Keith N, Iain D Miller, Simon Payne, Andrew W Hutcheon, Tarun K Sarkar, Ian Smith, A 



 110 

Schofield, and Steven D Heys. 2003. “A New Histological Grading System to Assess Response 

of Breast Cancers to Primary Chemotherapy: Prognostic Significance and Survival.” Breast 

(Edinburgh, Scotland) 12 (5): 320–27. http://www.ncbi.nlm.nih.gov/pubmed/14659147. 

Ozmen, Vahit, Ajlan Atasoy, Atilla Bozdogan, Maktav Dincer, Yesim Eralp, and Sitki Tuzlali. 2015. 

“Prognostic Value of Receptor Status Change Following Neoadjuvant Chemotherapy in Locally 

Advanced Breast Cancer.” Cancer Treatment Communications 4: 89–95. 

https://doi.org/10.1016/j.ctrc.2015.07.001. 

Palma, Giuseppe, Giuseppe Frasci, Andrea Chirico, Emanuela Esposito, Claudio Siani, Carmela 

Saturnino, Claudio Arra, Gennaro Ciliberto, Antonio Giordano, and Massimiliano D’Aiuto. 

2015. “Triple Negative Breast Cancer: Looking for the Missing Link between Biology and 

Treatments.” Oncotarget 6 (29): 26560–74. https://doi.org/10.18632/oncotarget.5306. 

Pantanowitz, Liron, Navid Farahani, and Anil Parwani. 2015. “Whole Slide Imaging in Pathology: 

Advantages, Limitations, and Emerging Perspectives.” Pathology and Laboratory Medicine 

International, June, 23. https://doi.org/10.2147/PLMI.S59826. 

Parinyanitikul, Napa, Xiudong Lei, Mariana Chavez-macgregor, Shuying Liu, Elizabeth a Mittendorf, 

Jennifer K Litton, Wendy Woodward, et al. 2015. “Receptor Status Change from Primary to 

Residual Breast Cancer after Neoadjuvant Chemotherapy and Analysis of Survival Outcomes.” 

Clinical Breast Cancer 15 (2): 153–60. https://doi.org/10.1016/j.clbc.2014.09.006. 

Park, K, S Han, H J Kim, J Kim, and E Shin. 2006. “HER2 Status in Pure Ductal Carcinoma in Situ 

and in the Intraductal and Invasive Components of Invasive Ductal Carcinoma Determined by 

Fluorescence in Situ Hybridization and Immunohistochemistry.” Histopathology 48 (6): 702–7. 

https://doi.org/10.1111/j.1365-2559.2006.02403.x. 

Parker, Joel S, Michael Mullins, Maggie C U Cheang, Samuel Leung, David Voduc, Tammi Vickery, 

Sherri Davies, et al. 2009. “Supervised Risk Predictor of Breast Cancer Based on Intrinsic 

Subtypes.” Journal of Clinical Oncology : Official Journal of the American Society of Clinical 

Oncology 27 (8): 1160–67. https://doi.org/10.1200/JCO.2008.18.1370. 

Pedrini, José Luiz, Ricardo Francalacci Savaris, Mario Casales Schorr, Eduardo Cambruzi, Melina 

Grudzinski, and Cláudio Galleano Zettler. 2011. “The Effect of Neoadjuvant Chemotherapy on 



 111 

Hormone Receptor Status, HER2/Neu and Prolactin in Breast Cancer.” Tumori 97 (6): 704–10. 

https://doi.org/10.1700/1018.11085. 

Penault-Llorca, Frédérique, Fabrice André, Christine Sagan, Magali Lacroix-Triki, Yves Denoux, 

Veronique Verriele, Jocelyne Jacquemier, et al. 2009. “Ki67 Expression and Docetaxel Efficacy 

in Patients with Estrogen Receptor-Positive Breast Cancer.” Journal of Clinical Oncology : 

Official Journal of the American Society of Clinical Oncology 27 (17): 2809–15. 

https://doi.org/10.1200/JCO.2008.18.2808. 

Penault-Llorca, Frédérique, Anne Cayre, Florence Bouchet Mishellany, Sophie Amat, Viviane Feillel, 

Guillaume Le Bouedec, Jean-Pierre Ferrière, Monique De Latour, and Philippe Chollet. 2003. 

“Induction Chemotherapy for Breast Carcinoma: Predictive Markers and Relation with 

Outcome.” International Journal of Oncology 22 (6): 1319–25. 

http://www.ncbi.nlm.nih.gov/pubmed/12739000. 

Peng, Jian-Heng, Xiang Zhang, Jun-Long Song, Liang Ran, Rong Luo, Hong-Yuan Li, and Yong-

Hong Wang. 2019. “Neoadjuvant Chemotherapy Reduces the Expression Rates of ER, PR, 

HER2, Ki67, and P53 of Invasive Ductal Carcinoma.” Medicine 98 (2): e13554. 

https://doi.org/10.1097/MD.0000000000013554. 

Pereira, H, S E Pinder, D M Sibbering, M H Galea, C W Elston, R W Blamey, J F Robertson, and I O 

Ellis. 1995. “Pathological Prognostic Factors in Breast Cancer. IV: Should You Be a Typer or a 

Grader? A Comparative Study of Two Histological Prognostic Features in Operable Breast 

Carcinoma.” Histopathology 27 (3): 219–26. http://www.ncbi.nlm.nih.gov/pubmed/8522285. 

Perou, C M, T Sørlie, M B Eisen, M van de Rijn, S S Jeffrey, C a Rees, J R Pollack, et al. 2000. 

“Molecular Portraits of Human Breast Tumours.” Nature 406 (6797): 747–52. 

https://doi.org/10.1038/35021093. 

Piccart-Gebhart, MJ, Tamás Süto Marion Procter, M.Sci., Brian Leyland-Jones, M.D., Ph.D., Aron 

Goldhirsch, M.D., Michael Untch, M.D., Ian Smith, M.D., Luca Gianni, M.D., Jose Baselga, 

M.D., Richard Bell, M.D., Christian Jackisch, M.D., David Cameron, M.D., Mitch Dowsett, 

Ph.D., Carlos H, Ph.D. ý , M.D., and Ph.D Victoria Greatorex, M.Sc., Carol Ward, M.Sc., 

Carolyn Straehle, Ph.D., Eleanor McFadden, M.A., M. Stella Dolci, and Richard D. Gelber. 



 112 

2005. “Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Breast Cancer.” The New 

England Journal of Medicine 353 (16): 1659–72. https://doi.org/10.1056/NEJMoa052306. 

Pichon, Marie France, Edwin Milgrom, Claude Pallud, and Maurice Brunet. 1980. “Relationship of 

Presence of Progesterone Receptors to Prognosis in Early Breast Cancer.” Cancer Research 40 

(9): 3357–60. https://doi.org/10.1097/00006534-198103000-00063. 

Pinder, S E, E Provenzano, H Earl, and I O Ellis. 2007. “Laboratory Handling and Histology 

Reporting of Breast Specimens from Patients Who Have Received Neoadjuvant Chemotherapy.” 

Histopathology 50 (4): 409–17. https://doi.org/10.1111/j.1365-2559.2006.02419.x. 

Pinder, Sarah E., Emad A. Rakha, Colin A. Purdie, John M S Bartlett, Adele Francis, Robert C. Stein, 

Alastair M. Thompson, and Abeer M. Shaaban. 2015. “Macroscopic Handling and Reporting of 

Breast Cancer Specimens Pre- and Post-Neoadjuvant Chemotherapy Treatment: Review of 

Pathological Issues and Suggested Approaches.” Histopathology 67 (3): 279–93. 

https://doi.org/10.1111/his.12649. 

Piper, G L, N A Patel, J A Patel, M B Malay, and T B Julian. 2004. “Neoadjuvant Chemotherapy for 

Locally Advanced Breast Cancer Results in Alterations in Preoperative Tumor Marker Status.” 

The American Surgeon 70 (12): 1103–6. http://www.ncbi.nlm.nih.gov/pubmed/15663054. 

Prat, Aleix, Joel S Parker, Olga Karginova, Cheng Fan, Chad Livasy, Jason I Herschkowitz, Xiaping 

He, and Charles M Perou. 2010. “Phenotypic and Molecular Characterization of the Claudin-

Low Intrinsic Subtype of Breast Cancer.” Breast Cancer Research : BCR 12 (5): R68. 

https://doi.org/10.1186/bcr2635. 

Quddus, Ruhul M, James C Sung, Cunxian Zhang, Terese Pasqueriello, Meryle Eklund, and Margaret 

M Steinhoff. 2005. “HER-2/Neu Expression in Locally Advanced Breast Carcinomas: Pre-and 

Post-Neoadjuvant Chemotherapy.” Breast Cancer (Tokyo, Japan) 12 (4): 294–98. 

http://www.ncbi.nlm.nih.gov/pubmed/16286910. 

Rakha, Emad A, Andrew H S Lee, Andrew J Evans, Sindhu Menon, Nancy Y Assad, Zsolt Hodi, 

Douglas Macmillan, Roger W Blamey, and Ian O Ellis. 2010. “Tubular Carcinoma of the 

Breast: Further Evidence to Support Its Excellent Prognosis.” Journal of Clinical Oncology : 

Official Journal of the American Society of Clinical Oncology 28 (1): 99–104. 



 113 

https://doi.org/10.1200/JCO.2009.23.5051. 

Rasbridge, S A, C E Gillett, A M Seymour, K Patel, M A Richards, R D Rubens, and R R Millis. 

1994. “The Effects of Chemotherapy on Morphology, Cellular Proliferation, Apoptosis and 

Oncoprotein Expression in Primary Breast Carcinoma.” British Journal of Cancer 70 (2): 335–

41. https://doi.org/10.1038/bjc.1994.303. 

Rastogi, P., S. J. Anderson, H. D. Bear, C. E. Geyer, M. S. Kahlenberg, A. Robidoux, R. G. 

Margolese, et al. 2008. “Preoperative Chemotherapy: Updates of National Surgical Adjuvant 

Breast and Bowel Project Protocols B-18 and B-27.” Journal of Clinical Oncology 26 (5): 778–

85. https://doi.org/10.1200/JCO.2007.15.0235. 

Ravdin, P M, S Green, T M Dorr, W L McGuire, C Fabian, R P Pugh, R D Carter, S E Rivkin, J R 

Borst, and R J Belt. 1992. “Prognostic Significance of Progesterone Receptor Levels in Estrogen 

Receptor-Positive Patients with Metastatic Breast Cancer Treated with Tamoxifen: Results of a 

Prospective Southwest Oncology Group Study.” Journal of Clinical Oncology : Official Journal 

of the American Society of Clinical Oncology 10 (8): 1284–91. 

https://doi.org/10.1200/JCO.1992.10.8.1284. 

Reed, Amy E McCart, Jamie R Kutasovic, Sunil R Lakhani, and Peter T Simpson. 2015. “Invasive 

Lobular Carcinoma of the Breast: Morphology, Biomarkers and ’omics.” Breast Cancer 

Research 17 (1): 12. https://doi.org/10.1186/s13058-015-0519-x. 

Riese, David J., and David F. Stern. 1998. “Specificity within the EGF Family/ErbB Receptor Family 

Signaling Network.” BioEssays. https://doi.org/10.1002/(SICI)1521-

1878(199801)20:1<41::AID-BIES7>3.0.CO;2-V. 

Rijn, Matt van de, Charles M Perou, Rob Tibshirani, Phillippe Haas, Olli Kallioniemi, Juha Kononen, 

Joachim Torhorst, et al. 2002. “Expression of Cytokeratins 17 and 5 Identifies a Group of Breast 

Carcinomas with Poor Clinical Outcome.” The American Journal of Pathology 161 (6): 1991–

96. https://doi.org/10.1016/S0002-9440(10)64476-8. 

Rodríguez-Vera, F Javier, Y Marín, A Sánchez, C Borrachero, and E Pujol. 2002. “Illegible 

Handwriting in Medical Records.” Journal of the Royal Society of Medicine 95 (11): 545–46. 

https://doi.org/10.1258/jrsm.95.11.545. 



 114 

Røge, Rasmus, Rikke Riber-Hansen, Søren Nielsen, and Mogens Vyberg. 2016. “Proliferation 

Assessment in Breast Carcinomas Using Digital Image Analysis Based on Virtual 

Ki67/Cytokeratin Double Staining.” Breast Cancer Research and Treatment 158 (1): 11–19. 

https://doi.org/10.1007/s10549-016-3852-6. 

Roger, P, M E Sahla, S Makela, J A Gustafsson, P Baldet, and H Rochefort. 2001. “Decreased 

Expression of Estrogen Receptor Beta Protein in Proliferative Preinvasive Mammary Tumors.” 

Cancer Research 61 (6): 2537–41. http://www.ncbi.nlm.nih.gov/pubmed/11289127. 

Romond, Edward H., Edith A. Perez, John Bryant, Vera J. Suman, Charles E. Geyer, Nancy E. 

Davidson, Elizabeth Tan-Chiu, et al. 2005. “Trastuzumab plus Adjuvant Chemotherapy for 

Operable HER2-Positive Breast Cancer.” New England Journal of Medicine 353 (16): 1673–84. 

https://doi.org/10.1056/NEJMoa052122. 

Rouzier, Roman, Charles M Perou, W Fraser Symmans, Nuhad Ibrahim, Massimo Cristofanilli, Keith 

Anderson, Kenneth R Hess, et al. 2005. “Breast Cancer Molecular Subtypes Respond 

Differently to Preoperative Chemotherapy.” Clinical Cancer Research : An Official Journal of 

the American Association for Cancer Research 11 (16): 5678–85. https://doi.org/10.1158/1078-

0432.CCR-04-2421. 

Roylance, R, P Gorman, W Harris, R Liebmann, D Barnes, A Hanby, and D Sheer. 1999. 

“Comparative Genomic Hybridization of Breast Tumors Stratified by Histological Grade 

Reveals New Insights into the Biological Progression of Breast Cancer.” Cancer Research 59 

(7): 1433–36. http://www.ncbi.nlm.nih.gov/pubmed/10197608. 

Ruff, Paul, Herbert Cubasch, Maureen Joffe, Evan Rosenbaum, Nivashini Murugan, Ming-Chih Tsai, 

Oluwatosin Ayeni, Katherine D Crew, Judith S Jacobson, and Alfred I Neugut. 2018. 

“Neoadjuvant Chemotherapy among Patients Treated for Nonmetastatic Breast Cancer in a 

Population with a High HIV Prevalence in Johannesburg, South Africa.” Cancer Management 

and Research Volume 10 (February): 279–86. https://doi.org/10.2147/CMAR.S148317. 

Sahoo, Sunati, and Susan C. Lester. 2009. “Pathology of Breast Carcinomas after Neoadjuvant 

Chemotherapy an Overview with Recommendations on Specimen Processing and Reporting.” 

Archives of Pathology and Laboratory Medicine. https://doi.org/10.1043/1543-2165-133.4.633. 



 115 

Sarıtaş, Ahmet Gökhan, Orçun Yalav, Yalçın Kekeç, Gürhan Sakman, Emine Kılıç, Suzan 

Zorludemir, Melek Ergin, İsmail Cem Eray, Oğuz Kara, and Semra Paydaş. 2019. “Lokal Ileri 

Evre Meme Kanserli Hastalarda Neoadjuvan Kemoterapinin ER, PR, c-Erb2, VEGF ve Ki-67 

Üzerine Etkisi.” Cukurova Medical Journal 44 (1): 226–31. 

https://doi.org/10.17826/cumj.412192. 

Sataloff, D M, B A Mason, A J Prestipino, U L Seinige, C P Lieber, and Z Baloch. 1995. “Pathologic 

Response to Induction Chemotherapy in Locally Advanced Carcinoma of the Breast: A 

Determinant of Outcome.” Journal of the American College of Surgeons 180 (3): 297–306. 

http://www.ncbi.nlm.nih.gov/pubmed/7874340. 

Schiff, P B, J Fant, and S B Horwitz. 1979. “Promotion of Microtubule Assembly in Vitro by Taxol.” 

Nature 277 (5698): 665–67. https://doi.org/10.1038/277665a0. 

Schneider, J, R Lucas, J Sánchez, A Ruibal, A Tejerina, and M Martín. 2000. “Modulation of 

Molecular Marker Expression by Induction Chemotherapy in Locally Advanced Breast Cancer: 

Correlation with the Response to Therapy and the Expression of MDR1 and LRP.” Anticancer 

Research 20 (6B): 4373–77. http://www.ncbi.nlm.nih.gov/pubmed/11205274. 

Shannon, C, and I E Smith. 2003. “Breast Cancer in Adolescents and Young Women.” European 

Journal of Cancer (Oxford, England : 1990) 39 (18): 2632–42. https://doi.org/10.1016/s0959-

8049(03)00669-5. 

Shet, Tanuja, Atin Agrawal, Roshni Chinoy, Rohini Havaldar, Vani Parmar, and Rajan Badwe. 2007. 

“Changes in the Tumor Grade and Biological Markers in Locally Advanced Breast Cancer after 

Chemotherapy--Implications for a Pathologist.” The Breast Journal 13 (5): 457–64. 

https://doi.org/10.1111/j.1524-4741.2007.00465.x. 

Sikov, William M, Donald A Berry, Charles M Perou, Baljit Singh, Constance T Cirrincione, Sara M 

Tolaney, Charles S Kuzma, et al. 2015. “Impact of the Addition of Carboplatin and/or 

Bevacizumab to Neoadjuvant Once-per-Week Paclitaxel Followed by Dose-Dense Doxorubicin 

and Cyclophosphamide on Pathologic Complete Response Rates in Stage II to III Triple-

Negative Breast Cancer: CALGB 40603 (A.” Journal of Clinical Oncology : Official Journal of 

the American Society of Clinical Oncology 33 (1): 13–21. 



 116 

https://doi.org/10.1200/JCO.2014.57.0572. 

Sinn, H P, H Schmid, H Junkermann, J Huober, G Leppien, M Kaufmann, G Bastert, and H F Otto. 

1994. “[Histologic Regression of Breast Cancer after Primary (Neoadjuvant) Chemotherapy].” 

Geburtshilfe Und Frauenheilkunde 54 (10): 552–58. https://doi.org/10.1055/s-2007-1022338. 

Slamon, D., G. Clark, S. Wong, W. Levin, A Ullrich, and W. McGuire. 1987. “Human Breast Cancer: 

Correlation of Relapse and Survival with Amplification of the HER-2/Neu Oncogene.” Science 

235 (4785): 177–82. https://doi.org/10.1126/science.3798106. 

Slamon, Dennis J., Brian Leyland-Jones, Steven Shak, Hank Fuchs, Virginia Paton, Alex Bajamonde, 

Thomas Fleming, et al. 2001. “Use of Chemotherapy plus a Monoclonal Antibody against HER2 

for Metastatic Breast Cancer That Overexpresses HER2.” The New England Journal of 

Medicine 344 (11): 783–92. https://doi.org/10.1056/NEJM200103153441101. 

Smith, P J, and S Souès. 1994. “Multilevel Therapeutic Targeting by Topoisomerase Inhibitors.” The 

British Journal of Cancer. Supplement 23: S47-51. 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2149715&tool=pmcentrez&renderty

pe=abstract. 

Son, Byung Ho, Beom Seok Kwak, Jeong Kyeung Kim, Hee Jeong Kim, Soo Jung Hong, Jung Sun 

Lee, Ui Kang Hwang, Ho Sung Yoon, and Sei Hyun Ahn. 2006. “Changing Patterns in the 

Clinical Characteristics of Korean Patients with Breast Cancer during the Last 15 Years.” 

Archives of Surgery (Chicago, Ill. : 1960) 141 (2): 155–60. 

https://doi.org/10.1001/archsurg.141.2.155. 

Sørlie, T, C M Perou, R Tibshirani, T Aas, S Geisler, H Johnsen, T Hastie, et al. 2001. “Gene 

Expression Patterns of Breast Carcinomas Distinguish Tumor Subclasses with Clinical 

Implications.” Proceedings of the National Academy of Sciences of the United States of America 

98 (19): 10869–74. https://doi.org/10.1073/pnas.191367098. 

Sorlie, Therese, Robert Tibshirani, Joel Parker, Trevor Hastie, J S Marron, Andrew Nobel, Shibing 

Deng, et al. 2003. “Repeated Observation of Breast Tumor Subtypes in Independent Gene 

Expression Data Sets.” Proceedings of the National Academy of Sciences of the United States of 

America 100 (14): 8418–23. https://doi.org/10.1073/pnas.0932692100. 



 117 

Stewart, a J, M D Johnson, F E May, and B R Westley. 1990. “Role of Insulin-like Growth Factors 

and the Type I Insulin-like Growth Factor Receptor in the Estrogen-Stimulated Proliferation of 

Human Breast Cancer Cells.” The Journal of Biological Chemistry 265 (34): 21172–78. 

http://www.ncbi.nlm.nih.gov/pubmed/2174437. 

Stone, Marvin J, Billie E Aronoff, W Phil Evans, Joseph W Fay, Z H Lieberman, Carolyn M 

Matthews, George J Race, R Pickett Scruggs, and C Allen Stringer. 2003. “History of the Baylor 

Charles A. Sammons Cancer Center.” Proceedings (Baylor University. Medical Center) 16 (1): 

30–58. https://doi.org/10.1080/08998280.2003.11927886. 

Subhendu, BS, and R Shekhar. 2018. “The Effect of Neoadjuvant Chemotherapy on Pathological 

Response and the Hormone Receptor Profile in Locally Advanced Breast Carcinomas.” South 

African Journal of Surgery 56 (4): 10–13. https://doi.org/10.17159/2078-

5151/2018/v56n4a2609. 

Symmans, W Fraser, Florentia Peintinger, Christos Hatzis, Radhika Rajan, Henry Kuerer, Vicente 

Valero, Lina Assad, et al. 2007. “Measurement of Residual Breast Cancer Burden to Predict 

Survival after Neoadjuvant Chemotherapy.” Journal of Clinical Oncology : Official Journal of 

the American Society of Clinical Oncology 25 (28): 4414–22. 

https://doi.org/10.1200/JCO.2007.10.6823. 

Tacca, O., F. Penault-Llorca, C. Abrial, M.-A. Mouret-Reynier, I. Raoelfils, X. Durando, J.-L. 

Achard, P. Gimbergues, H. Cure, and P. Chollet. 2007. “Changes in and Prognostic Value of 

Hormone Receptor Status in a Series of Operable Breast Cancer Patients Treated with 

Neoadjuvant Chemotherapy.” The Oncologist 12 (6): 636–43. 

https://doi.org/10.1634/theoncologist.12-6-636. 

Tan, Qi-xing, Qing-hong Qin, Wei-ping Yang, Bin Lian, and Chang-yuan Wei. 2014. “Prognostic 

Value of Hormone Receptor Status Conversion Following Neoadjuvant Chemotherapy in a 

Series of Operable Breast Cancer Patients.” International Journal of Clinical and Experimental 

Pathology 7 (7): 4086–94. 

http://www.ncbi.nlm.nih.gov/pubmed/25120787%5Cnhttp://www.pubmedcentral.nih.gov/article

render.fcgi?artid=PMC4129022. 



 118 

Taucher, S, M Rudas, M Gnant, K Thomanek, P Dubsky, S Roka, T Bachleitner, et al. 2003. 

“Sequential Steroid Hormone Receptor Measurements in Primary Breast Cancer with and 

without Intervening Primary Chemotherapy.” Endocrine-Related Cancer 10 (1): 91–98. 

http://www.ncbi.nlm.nih.gov/pubmed/12653672. 

Thompson, A. M., and S. L. Moulder-Thompson. 2012. “Neoadjuvant Treatment of Breast Cancer.” 

Annals of Oncology 23 (SUPPL. 10): x231–36. https://doi.org/10.1093/annonc/mds324. 

Tubiana, M, M H Pejovic, N Chavaudra, G Contesso, and E P Malaise. 1984. “The Long-Term 

Prognostic Significance of the Thymidine Labelling Index in Breast Cancer.” International 

Journal of Cancer 33 (4): 441–45. https://doi.org/10.1002/ijc.2910330404. 

Varga, Zsuzsanna, Rosmarie Caduff, and Bernhard Pestalozzi. 2005. “Stability of the HER2 Gene 

after Primary Chemotherapy in Advanced Breast Cancer.” Virchows Archiv : An International 

Journal of Pathology 446 (2): 136–41. https://doi.org/10.1007/s00428-004-1164-4. 

Vargas-Roig, L M, F E Gago, O Tello, M T Martin de Civetta, and D R Ciocca. 1999. “C-ErbB-2 

(HER-2/Neu) Protein and Drug Resistance in Breast Cancer Patients Treated with Induction 

Chemotherapy.” International Journal of Cancer 84 (2): 129–34. 

https://doi.org/10.1002/(sici)1097-0215(19990420)84:2<129::aid-ijc6>3.0.co;2-4. 

Ven, S van de, V T H B M Smit, T J A Dekker, J W R Nortier, and J R Kroep. 2011. “Discordances 

in ER, PR and HER2 Receptors after Neoadjuvant Chemotherapy in Breast Cancer.” Cancer 

Treatment Reviews 37 (6): 422–30. https://doi.org/10.1016/j.ctrv.2010.11.006. 

Viale, Giuseppe, Meredith M. Regan, Eugenio Maiorano, Mauro G. Mastropasqua, Patrizia Dell’Orto, 

Birgitte Bruun Rasmussen, Johnny Raffoul, et al. 2007. “Prognostic and Predictive Value of 

Centrally Reviewed Expression of Estrogen and Progesterone Receptors in a Randomized Trial 

Comparing Letrozole and Tamoxifen Adjuvant Therapy for Postmenopausal Early Breast 

Cancer: BIG 1-98.” Journal of Clinical Oncology 25 (25): 3846–52. 

https://doi.org/10.1200/JCO.2007.11.9453. 

Vincent-Salomon, Anne, Michel Jouve, Pascal Genin, Paul Fréneaux, Brigitte Sigal-Zafrani, Martial 

Caly, Philippe Beuzeboc, Pierre Pouillart, and Xavier Sastre-Garau. 2002. “HER2 Status in 

Patients with Breast Carcinoma Is Not Modified Selectively by Preoperative Chemotherapy and 



 119 

Is Stable during the Metastatic Process.” Cancer 94 (8): 2169–73. 

https://doi.org/10.1002/cncr.10456. 

Walker, R. 2003. Prognostic and Predictive Factors in Breast Cancer. 1st ed. New York: Informa 

Healthcare. 

Weigelt, Britta, Frederick L Baehner, and Jorge S Reis-Filho. 2010. “The Contribution of Gene 

Expression Profiling to Breast Cancer Classification, Prognostication and Prediction: A 

Retrospective of the Last Decade.” The Journal of Pathology 220 (2): 263–80. 

https://doi.org/10.1002/path.2648. 

WHO. 2018. “World Health Organisation: Life Tables for 194 Countries Updated in 2018.” 2018. 

http://apps.who.int/gho/data/?theme=main&vid=61540. 

Wolff, Antonio C, M Elizabeth H Hammond, David G Hicks, Mitch Dowsett, Lisa M McShane, 

Kimberly H Allison, Donald C Allred, et al. 2013. “Recommendations for Human Epidermal 

Growth Factor Receptor 2 Testing in Breast Cancer: American Society of Clinical 

Oncology/College of American Pathologists Clinical Practice Guideline Update.” Journal of 

Clinical Oncology : Official Journal of the American Society of Clinical Oncology 31 (31): 

3997–4013. https://doi.org/10.1200/JCO.2013.50.9984. 

Wolff, Antonio C, M Elizabeth H Hammond, Jared N Schwartz, Karen L Hagerty, D Craig Allred, 

Richard J Cote, Mitchell Dowsett, et al. 2007. “American Society of Clinical Oncology/College 

of American Pathologists Guideline Recommendations for Human Epidermal Growth Factor 

Receptor 2 Testing in Breast Cancer.” Archives of Pathology & Laboratory Medicine 3 (1): 48–

50. https://doi.org/10.1043/1543-2165(2007)131[18:ASOCCO]2.0.CO;2. 

Wolmark, N, J Wang, E Mamounas, J Bryant, and B Fisher. 2001. “Preoperative Chemotherapy in 

Patients with Operable Breast Cancer: Nine-Year Results from National Surgical Adjuvant 

Breast and Bowel Project B-18.” Journal of the National Cancer Institute. Monographs, no. 30: 

96–102. https://doi.org/10.1093/oxfordjournals.jncimonographs.a003469. 

Wood, Benjamin, Reimar Junckerstorff, Gregory Sterrett, Felicity Frost, Jennet Harvey, and Peter 

Robbins. 2007. “A Comparison of Immunohistochemical Staining for Oestrogen Receptor, 

Progesterone Receptor and HER-2 in Breast Core Biopsies and Subsequent Excisions.” 



 120 

Pathology 39 (4): 391–95. https://doi.org/10.1080/00313020701444465. 

Wu, Yu-Tuan, Xin Li, Lin-Jie Lu, Lu Gan, Wei Dai, Yan-Ling Shi, Vishnu Prasad Adhikari, Kai-Nan 

Wu, and Ling-Quan Kong. 2017. “Effect of Neoadjuvant Chemotherapy on the Expression of 

Hormone Receptors and Ki-67 in Chinese Breast Cancer Patients: A Retrospective Study of 525 

Patients.” Journal of Biomedical Research, November. 

https://doi.org/10.7555/JBR.32.20170059. 

Xian, Zhaoying, Alexander K. Quinones, Gary Tozbikian, and Debra L. Zynger. 2017. “Breast 

Cancer Biomarkers before and after Neoadjuvant Chemotherapy: Does Repeat Testing Impact 

Therapeutic Management?” Human Pathology 62 (April): 215–21. 

https://doi.org/10.1016/j.humpath.2016.12.019. 

Xie, Lingmin, Xiaolei Li, Qinchuan Wang, Jichun Zhou, Jun Shen, Lixi Luo, Yi Lu, and Linbo Wang. 

2018. “Effects of Core Needle Biopsy and Subsequent Neoadjuvant Chemotherapy on 

Molecular Alterations and Outcome in Breast Cancer.” OncoTargets and Therapy 11: 677–85. 

https://doi.org/10.2147/OTT.S145715. 

Yang, Yu-Feng, Ying-Yang Liao, Le-Qun Li, Shu-Rui Xie, Yan-Fang Xie, and Ning-Fu Peng. 2013. 

“Changes in ER, PR and HER2 Receptors Status after Neoadjuvant Chemotherapy in Breast 

Cancer.” Pathology, Research and Practice 209 (12): 797–802. 

https://doi.org/10.1016/j.prp.2013.08.012. 

Yildiz-Aktas, Isil Z, David J Dabbs, and Rohit Bhargava. 2012. “The Effect of Cold Ischemic Time 

on the Immunohistochemical Evaluation of Estrogen Receptor, Progesterone Receptor, and 

HER2 Expression in Invasive Breast Carcinoma.” Modern Pathology : An Official Journal of 

the United States and Canadian Academy of Pathology, Inc 25 (8): 1098–1105. 

https://doi.org/10.1038/modpathol.2012.59. 

Yoshioka, Tatsuya, Mitsuchika Hosoda, Mitsugu Yamamoto, Kazunori Taguchi, Kanako C Hatanaka, 

Emi Takakuwa, Yutaka Hatanaka, Yoshihiro Matsuno, and Hiroko Yamashita. 2015. 

“Prognostic Significance of Pathologic Complete Response and Ki67 Expression after 

Neoadjuvant Chemotherapy in Breast Cancer.” Breast Cancer (Tokyo, Japan) 22 (2): 185–91. 

https://doi.org/10.1007/s12282-013-0474-2. 



 121 

Zhang, Ning, Meena S Moran, Qiang Huo, Bruce G Haffty, and Qifeng Yang. 2011. “The Hormonal 

Receptor Status in Breast Cancer Can Be Altered by Neoadjuvant Chemotherapy: A Meta-

Analysis.” Cancer Investigation 29 (9): 594–98. https://doi.org/10.3109/07357907.2011.621913. 

Zhao, Yue, Xiaoqiu Dong, Rongguo Li, Xiao Ma, Jian Song, Yingjie Li, and Dongwei Zhang. 2015. 

“Evaluation of the Pathological Response and Prognosis Following Neoadjuvant Chemotherapy 

in Molecular Subtypes of Breast Cancer.” OncoTargets and Therapy 8: 1511–21. 

https://doi.org/10.2147/OTT.S83243. 

Zhou, Xingchen, Junyong Zhang, Haiqin Yun, Ranran Shi, Yan Wang, Wei Wang, Svetlana Bajalica 

Lagercrantz, and Kun Mu. 2015. “Alterations of Biomarker Profiles after Neoadjuvant 

Chemotherapy in Breast Cancer: Tumor Heterogeneity Should Be Taken into Consideration.” 

Oncotarget 6 (34): 36894–902. https://doi.org/10.18632/oncotarget.5050. 

Zidan, A, J S Christie Brown, D Peston, and S Shousha. 1997. “Oestrogen and Progesterone Receptor 

Assessment in Core Biopsy Specimens of Breast Carcinoma.” Journal of Clinical Pathology 50 

(1): 27–29. https://doi.org/10.1136/jcp.50.1.27. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 122 

ANNEXURE A – Project specific ethical clearance certificate 

 

 



 123 

ANNEXURE B – Permission regarding the use of the NHLS database 
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ANNEXURE C – Permission to use the CHBAH breast unit database 
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ANNEXURE D  – Interpretation of hormone receptor status 

 

The Allred score (Allred et al, 1998): 

 

Proportion Score: Positive nuclear 

staining (%): 

Intensity:  Intensity Score: 

0 0 None 0 

1 <1 Weak  1 

2 1 - 10 Intermediate  2 

3 11 - 33 Strong  3 

4 34 - 66   

5 67 – 100   

 

The 2 scores were added together for a final score with 8 possible values.  

Scores of 0 and 2  : Negative 

Scores of 3 to 8   : Positive 
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ANNEXURE E – Histologic Grade  

 

Nottingham Grading System (Elston & Ellis, 1991): 

 

The Nottingham grading system considers tubule differentiation, mitotic count and nuclear 

pleomorphism. Each component was given a score of between 1 & 3. The scores were added to give a 

grade. 

 

Feature: Score: 

Tubule formation: 

▪ Majority of tumour (>75%) 

▪ Moderate (10-75%) 

▪ Minimal (<10%) 

 

1 

2 

3 

Nuclear pleomorphism: 

▪ Small regular nuclei 

▪ Moderate increase in size 

▪ Marked variation in size, nucleoli, chromatin clumping 

 

1 

2 

3 

Mitotic count (25x objective with field diameter of 0.59mm): 

▪ Less than 10/10 HPF 

▪ 10-20/10 HPF 

▪ >20/10 HPF 

 

1 

2 

3 

Mitotic count (40x objective with field diameter of 0.44mm): 

▪ <5/10 HPF 

▪ 6-10/10 HPF 

▪ >10/10 HPF 

 

1 

2 

3 

 

The total score was added and the grade assigned as follows: 

Grade I   : 3 to 5 points 

Grade II  : 6 to 7 points 

Grade III : 8 to 9 points 
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ANNEXURE F – Interpretation of HER2 receptor expression 

 

American Society of Clinical Oncology (ASCO) / College of American Pathologists (CAP) HER2 

test guideline recommendations (Wolff et al, 2013): 

 

NEGATIVE:  

Immunohistochemistry: 

• 0  : defined as no staining or incomplete, faint/barely perceptible membrane staining 

in ≤10% of invasive tumour cells, 

• 1+ : defined as weak, incomplete, faint/barely perceptible membrane staining in 

>10% of invasive tumour cells,  

In situ hybridization negative (ISH): 

• Single-probe average HER2 copy number < 4.0 signals/cell. 

• Dual-probe HER2/CEP17 ratio <2.0 with an average HER2 copy number <4.0 

signals/cell. 

 

EQUIVOCAL: 

• 2+ : defined as incomplete membrane staining that is weak/moderate or non-uniform 

in >10% of tumour cells or intense complete staining ≤10% of tumour cells  

 

POSITIVE: 

Immunohistochemistry: 

• 3+ : intense, complete circumferential membranous staining occurs in >10% of 

invasive tumour cells 

In situ hybridization positive (ISH): 

• Single-probe average HER2 copy number ≥6.0 signals/cell 

• Dual-probe HER2/CEP17 ratio ≥2.0 with an average HER2 copy number ≥4.0 signals 

per cell 
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ANNEXURE G – Interpretation of Ki67 proliferative index 

 

Manual cell counting was employed to calculate the Ki67 proliferative index:  

 

• Positive cells (nuclear staining and mitotic figures) were counted and compared to the 

total number of nuclei visible in a high power field (x40 objective) 

• This processes was repeated in three different fields showing the greatest expression 

and an average of the three areas calculated  
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ANNEXURE H – Response to chemotherapy 

 

Response to chemotherapy was assessed histologically as follows: 

 

1) Pathologic complete response (PCR):  

• This was defined as the absence of any residual invasive carcinoma within the breast 

and lymph nodes 

 

2) Partial response to chemotherapy:  

• This was defined as the presence of residual invasive carcinoma but showing 

histopathological characteristics of chemotherapy exposure 

 

3) No response to chemotherapy: 

• This was defined as the absence of qualitative or quantitative pathologic evidence of 

tumour response to chemotherapy 
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ANNEXURE I – Data capture sheet 
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ANNEXURE J – Pilot Study: 

 

A re-evaluation pilot study was performed to assess consistency in histopathological reporting. Eight 

patients (11%) from the study population were randomly selected and slides re-evaluated in a blind 

manner.  

 

The re-evaluated histologic grade of both the core and excision specimens were in 100% agreement 

with the reported histologic grade (Kappa: 1.0, p=0.002). In addition, no significant differences in re-

evaluated hormone or HER2 receptor status were identified when compared with the reported 

receptor status.  

 

When reclassifying Ki67 as high (≥14%) or low (<14%), findings of the re-evaluation pilot study 

were in 100% agreement with the reported results on core biopsies. The re-evaluation pilot study 

revealed 75% agreement with the reported Ki67 results of the excision specimen. 

 

A summary of results of the re-evaluation pilot study is presented in the table below:  

 

Summary of results of the re-evaluation pilot study:  

Biomarker: Agreement (%): Statistics: 

Core: Excision: 

Grade: 100 100 Kappa: 1.0 

ER: 100 100 N/S 

PR: 100 100 N/S 

HER2: 100 100 N/S 

Ki67: 100 75 McNemar p=1.000 
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