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Abstract 

 

Triple negative breast cancer (TNBC) is a heterogeneous subtype representing 15-

20% of all breast cancers and is associated with a poor prognosis, despite the 

advances made in other breast cancer subtypes. TNBC is defined by the absence of 

the predictive targets oestrogen receptor (ER), progesterone receptor (PR) and 

human epidermal growth factor receptor 2 (HER2). Chemotherapy is the mainstay 

of treatment, as the use of targeted therapy has not improved outcome for this 

subtype of breast cancer. TNBCs are more common in patients with germline breast 

cancer 1 gene (BRCA1) mutations and therefore the role of DNA damaging agents 

has been explored as a therapeutic option for TNBCs. Anthracycline-taxane-based 

combination chemotherapy is currently considered the optimal regimen for patients 

with TNBC, but platinum-based neoadjuvant chemotherapy (NACT) has been 

shown to be associated with improved rates of pathological complete response 

(pCR) and improved survival in TNBC.  

 

The aims of this body of work are to examine the benefit of carboplatin-based 

NACT, with respect to pCR rates and outcomes for patients diagnosed with TNBC 

at University Hospital Galway (UHG) over a 16-year period; to determine if the 

presence of modifiable and non-modifiable TNBC risk factors can be predictive of 

response to NACT or associated with patient outcomes; to identify predictive and 

prognostic biomarkers in TNBC, with a focus on predicting TNBC subtypes most 

likely to respond to carboplatin-based chemotherapy; and to investigate if TNBC 

subtypes demonstrate different innate drug sensitivity patterns with respect to 

chemotherapy agents. 

 

A database of 355 patients with TNBC was constructed. Extensive details 

pertaining to clinical and pathological features, as well as outcome data were 

recorded. Forty-seven percent of all patients received adjuvant systemic 

chemotherapy and 27% received NACT. Among patients treated with NACT, a 

pCR breast/axilla was observed in 38% of patients. A pCR breast/axilla was more 

common in patients who received carboplatin-based NACT (55%) compared to 

those treated with anthracycline-taxane combination chemotherapy (28%) 

(p=0.011) By multivariable analysis, using non-pCR as the baseline parameter, 
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carboplatin use was associated with an 83% increased incidence of pCR 

breast/axilla (p=0.002). Grade 3 histology was also independently associated with 

pCR and was associated with a 95% increased incidence of pCR breast/axilla 

(p<0.001). After a follow-up of 30 months (range 5-126 months), pCR breast/axilla 

was found to be an independent predictor of survival, with respect to disease free 

survival (DFS), metastasis free survival (MFS) and breast cancer specific survival 

(BCSS).  

 

Modifiable risk factors for TNBC were studied: 60% of patients were classified as 

overweight and 28% were obese. Body mass index (BMI) was significantly 

associated with survival. Increasing BMI was associated with improved DFS 

(p=0.05), MFS (p=0.036) and BCSS (p=0.012) by univariate analysis, an effect 

which was most pronounced in post-menopausal patients. By multivariable 

analysis, increasing BMI was associated with improved BCSS: post-menopausal 

patients with increased BMI were 61% less likely to die of breast cancer compared 

to patients with normal BMI (p=0.045). 

 

Stromal tumour infiltrating lymphocytes (sTILs) and androgen receptor (AR) were 

evaluated as potential predictive and prognostic biomarkers. Among patients 

treated with NACT, sTILs, tumour grade and the use of carboplatin were found to 

be predictive for pCR by multivariable analysis using non-pCR as the baseline 

parameter. The likelihood of a pCR increased as sTILs increased: sTILs ≥50% 

increased the likelihood of a pCR breast/axilla by 86% (p=0.030). This effect was 

most pronounced among patients who did not receive a carboplatin-based regimen 

where sTILs >10% increased the likelihood of a pCR breast/axilla by 85% 

(p=0.009); and sTILs ≥50% increased the likelihood of a pCR breast/axilla by 94% 

(p=0.014).  

 

The drug sensitivity patterns of four TNBC cell lines were studied in vitro with 

chemotherapy drugs used in everyday clinical practice in both two dimensional (2-

D) and three dimensional (3-D) models, in order to study the differences between 

culture models and to investigate drug sensitivity patterns among TNBC subtypes. 

This work demonstrated different chemotherapy responses among TNBC subtypes. 

Both the basal-like 1 (BL1) and the luminal androgen receptor (LAR) subtypes 
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were sensitive to carboplatin, docetaxel, paclitaxel and doxorubicin, at small doses 

and as single agents. The basal-like 2 (BL2) subtype was sensitive only to a three-

drug regimen of carboplatin, paclitaxel and cetuximab. The mesenchymal stem-like 

(MSL) subtype was only sensitive to high dose combination chemotherapy with 

carboplatin and paclitaxel.  

 

The results of the work presented in this thesis add to the body of evidence showing 

improved rates of pCR with the incorporation of carboplatin in the neoadjuvant 

regimen for patients with TNBC. This work also supports the role of sTILs as a 

predictive biomarker in TNBC, and suggests that carboplatin-based chemotherapy 

could be reserved for low sTIL tumours. Prognostic candidate risk factors have been 

identified that require further evaluation: this study demonstrates that BMI has 

important prognostic value in post-menopausal patients. In addition, this thesis has 

shown that responses to chemotherapy vary by both TNBC subtype and 2-D versus 

3-D modelling in vitro, and has identified potential alternative approaches for 

chemoresistant TNBCs, with novel drug combinations and high dose therapies.   



 x 

Declaration  

 

This thesis is submitted to National University of Ireland, Galway in accordance 

with the requirements for the degree of Doctor of Philosophy (PhD) in the School 

of Medicine; College of Medicine, Nursing and Health Sciences.  

 

I declare that this thesis is a record of my own work and has not been submitted for 

any other academic award in this University, or in any other academic institution.  

 

Parts of this work have appeared in peer-reviewed publications and presentations. 

All information sources have been fully acknowledged and referenced. 

 

Elaine M Walsh 

November 2018  



 xi 

Acknowledgements 

 

I would like to thank my PhD supervisors Professor Grace Callagy and Professor 

Maccon Keane for their advice, guidance and encouragement throughout my PhD, 

and for helping me to develop my clinical research skills in my pursuit of academic 

excellence.  

 

I wish to thank my colleague Dr. Aliaa Shalaby, not only for her tremendous help 

in constructing the database, interpreting the pathological data, organizing and 

analyzing the TMA, but also for her support and encouragement along the way. I 

would like to acknowledge Mr. Mark Webber and Ms. Nessa Keane for their work 

on the TMAs and histological slides, and Ms. Lorraine Murphy for her 

administrative help, especially over the last year. 

 

To the Pathology Group in the Lambe Institute for Translational Research – Pablo, 

Ali, Marie, Nessa and Mark. Thank you all for helping me learn new skills and 

techniques and for providing endless entertainment while we were all slowly going 

crazy! I am grateful to Dr. Sharon Glynn for her help with analyzing and 

interpreting the huge volume of data that was gathered over the course of this work.  

 

I would like to acknowledge the College of Medicine, Nursing and Health Sciences 

who awarded me a scholarship to pursue this PhD. I would also like to acknowledge 

the financial support I received from Professor Michael Kerin and Breast Cancer 

Research Ireland.  

 

On a personal level, I am very grateful to my colleagues and friends Dr. Michelle 

Canavan and Dr. Andrew Smyth and for their support, advice and friendship during 

this PhD journey. I would also like to thank my new colleagues and friends in Johns 

Hopkins Hospital, Baltimore who have been extremely patient and accommodating 

in my endeavor to get this PhD completed.  

 

To my dearest friends, who are too many to mention individually. Thank you all 

for your friendship, love, support and humour. You are all so special to me and your 

friendship and encouragement have helped me more than words can express. 



 xii 

Last but not least, I wish to show my deepest appreciation to my parents Mary and 

Aidan, my sister Deirdre, my brother Conor, brother-in-law Sean and sister-in-law 

Tara for their unwavering support, encouragement and love, but most importantly 

for keeping me grounded. I am blessed to have such a wonderful, supportive family. 

Finally, to the newest member of our family, Miss Méabh Sloan, reach for the stars 

and may all your dreams come true.  



 xiii 

Dedication 

 

I dedicate this PhD to my parents, Mary and Aidan Walsh.  

Without your love, endless sacrifice and commitment to education, I would not be 

the person I am today. Thank you for your unwavering support and encouragement, 

and for helping me reach my potential, on both an academic and a personal level.  



 xiv 

Outputs Arising from this Work 

 

Publications: 
1. Bhattarai S, Klimov S, Mittal K, Krishnamurti U, Li X, Oprea-Ilies G, 

SonmezWetherilt C, Riaz A, Aleskandarany MA , Green AR , Ellis IO, 

Cantuaria G, Gupta M, Manne U, Agboola J, Baskovich B, Janssen EMA, 

Callagy G, Walsh EM , Mehta A, Dogra A, Shet T, Gajaria P, Traina T, Nggada 

HA, Omonisi A, Ahmed SA , Rakha EA, Rida P, Aneja R. Prognostic Role of 

Androgen Receptor in Triple Negative Breast Cancer: A Multi-Institutional 

Study. Cancers. 2019 Jul; 11(7): E995. doi: 10.3390/cancers11070995 

 

2. Walsh EM, Shalaby A, O'Loughlin MCS, Keane N, Webber M, Kerin MJ, 

Keane MM, Glynn SA, Callagy G. 

Outcome for Triple Negative Breast Cancer in a retrospective cohort with an 

emphasis on response to platinum based neoadjuvant therapy. 

Breast Cancer Res Treat. 2019 Feb; 174(1): 1-13. 

doi: 10.1007/s10549-018-5066-6 

 

3. O'Loughlin M, Andreu X, Bianchi S, Chemielik E, Cordoba A, Cserni G, 

Figueiredo P, Floris G, Foschini MP, Heikkilä P, Kulka J, Liepniece-Karele I, 

Regitnig P, Reiner A, Ryska A, Sapino A, Shalaby A, Stovgaard ES, Quinn C, 

Walsh EM, Zolota V, Glynn SA, Callagy G.  

Reproducibility and predictive value of scoring stromal tumour infiltrating 

lymphocytes in triple-negative breast cancer: a multi-institutional study.  

Breast Cancer Res Treat. 2018 Aug; 171(1): 1-9.  

doi: 10.1007/s10549-018-4825-8 

 

4. Garrido P, Shalaby A, Walsh EM, Keane N, Webber M, Keane MM, Sullivan 

FJ, Kerin MJ, Callagy G, Ryan AE, Glynn SA.  

Impact of inducible nitric oxide synthase (iNOS) expression on triple negative 

breast cancer outcome and activation of EGFR and ERK signalling pathways.  

Oncotarget. 2017 Jul; 8(46): 80568-80588.  

doi: 10.18632/oncotarget.19631 

 

5. Garrido P, Walsh EM, Glynn SA.  

Nitric Oxide and Nitric Oxide Donors in Preclinical Studies of Breast and Prostate 

Cancer 

Nitric Oxide (Donor/Induced) in Chemosensitizing. 2017; 1: 57-70. 

doi: 10.1016/B978-0-12-811020-1.00004-1 

 

6. Walsh EM, Keane MM, Wink DA, Callagy G, Glynn SA.  

Review of Triple Negative Breast Cancer and the Impact of Inducible Nitric Oxide 

Synthase on Tumour Biology and Patient Outcomes.  

Crit Rev Oncog. 2016; 21(5-6): 333-351.  

doi: 10.1615/CritRevOncog.2017021307 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/B9780128110201000041
https://www.sciencedirect.com/science/article/pii/B9780128110201000041
https://doi.org/10.1016/B978-0-12-811020-1.00004-1


 xv 

Poster Presentations: 
1. Walsh EM, O’Loughlin M, Shalaby A et al.  

Pathological Complete Response After Carboplatin-Based Neoadjuvant 

Chemotherapy In Triple Negative Breast Cancer: The Importance Of Stromal 

Tumor Infiltrating Lymphocytes As A Predictive Biomarker 

Accepted at San Antonio Breast Cancer Symposium, San Antonio Dec 2019 

 

2. Shalaby A, Walsh EM, Glynn S, Callagy G  

Stromal tumour lymphocyte infiltration as a prognostic marker in triple negative 

breast cancer.  

UK Interdisciplinary breast cancer symposium, Manchester January 2018 

 

3. Shalaby A, Walsh EM, Glynn S, Callagy G  

Stromal tumour lymphocyte infiltration as a prognostic tool in triple negative breast 

cancer.  

European Congress of Pathology, Amsterdam, September 2017  

  

4. Shalaby A, Walsh EM, Glynn S, Callagy G  

The prognostic relevance of stromal tumour lymphocyte infiltration in triple 

negative breast cancer.  

Irish Society of Surgical Pathology Annual Meeting, October 2016 

 

5. Walsh E.M., Shalaby A., Murillo L., et al 

Subtyping of triple negative breast cancer by a novel immunohistochemistry panel: 

Assessing the correlation between subtypes and clinical outcomes 

San Antonio Breast Cancer Symposium, San Antonio Dec 2015 

 

6. Walsh E.M., Shalaby A., Murillo L., et al 

Identification of triple negative breast cancer subtypes by an 

immunohistochemistry panel with impact on clinical outcomes  

AACR Annual Conference, Philadelphia April 2015 

 

 

 

Oral Presentations: 
1. Walsh E.M. 

Identification of TNBC subtypes by an IHC panel with impact on clinical outcomes 

Irish Society of Medical Oncology, January 2015 

 

 

 

Published Abstracts: 
1. Shalaby A, Walsh EM, Glynn S, Callagy G 

Stromal tumour lymphocyte infiltration as a prognostic tool in triple negative breast 

cancer.  

Virchows Arch. 2017; 471 (1 Suppl): S57.  

 

2. Walsh EM, Shalaby A, Murillo LS, Webber MJ, Kerin MJ, Glynn SA, Callagy 

GM, Ingoldsby H, Keane MM 



 xvi 

Subtyping of triple negative breast cancer by a novel immunohistochemistry panel: 

Assessing the correlation between subtypes and clinical outcomes 

Cancer Research. 2016; 76(4 Suppl): P6-05-09 

doi: 10.1158/1538-7445.SABCS15-P6-05-09  

 

3. Glynn S, Garrrido-Cuesta P, Wink D, Ridnour L, Ambs S, Keane M, Walsh 

EM, Callagy G 

NOS2 & COX2 activation of TLR4 & EGFR signalling causes poor outcome in 

oestrogen receptor-negative breast cancer via pro-survival signals and immune 

polarisation 

Cancer Research. 2016; 76(4 Suppl): P2-05-15 

doi: 10.1158/1538-7445.SABCS15-P2-05-15 

 

4. Walsh EM, Shalaby A, Murillo LS, Webber MJ, Kerin MJ, Glynn SA, Callagy 

GM, Ingoldsby H, Keane MM 

Identification of triple negative breast cancer subtypes by an 

immunohistochemistry panel with impact on clinical outcomes 

Cancer Research. 2015; 75(15 Suppl): 1708 

doi: 10.1158/1538-7445.AM2015-1708  

http://cancerres.aacrjournals.org/content/76/4_Supplement/P6-05-09.short
http://cancerres.aacrjournals.org/content/76/4_Supplement/P6-05-09.short
http://cancerres.aacrjournals.org/content/76/4_Supplement/P2-05-15.short
http://cancerres.aacrjournals.org/content/76/4_Supplement/P2-05-15.short
http://cancerres.aacrjournals.org/content/76/4_Supplement/P2-05-15.short
http://cancerres.aacrjournals.org/content/75/15_Supplement/1708.short
http://cancerres.aacrjournals.org/content/75/15_Supplement/1708.short


 xvii 

List of Figures 

 

Figure 1.1: Heat Map showing breast cancer subtyping by gene expression profiling

 ......................................................................................................................... 3 

Figure 1.2: (A) Kaplan Meier curves for PFS, (B) Hazard curves for PFS, (C) 

Hazard curves of PFS over time, (D) Kaplan Meier curves of OS, (E) Hazard 

curves of OS and (F) Hazard curves of OS over time between TNBC and non-

TNBCs ............................................................................................................ 9 

Figure 1.3: Kaplan Meier curves for (A) rates of distant recurrence, (B) rates of 

survival and (C) Hazard curves following surgery between TNBC and non-

TNBCs .......................................................................................................... 11 

Figure 1.4: Heat Map showing TNBC subtypes by gene expression profiling .... 21 

Figure 1.5: TNBC subtypes with survival data by molecular classifications ....... 26 

Figure 1.6: Association between pCR and survival, by breast cancer subtype ..... 37 

Figure 1.7: DNA Damage Repair Pathways ......................................................... 42 

Figure 1.8: The interlink between BRCA and PARP ........................................... 45 

Figure 1.9: Representation of VEGF Pathway ...................................................... 53 

Figure 1.10: Representation of EGFR Pathway .................................................... 53 

Figure 2.1: International Guidelines for the evaluation of TILs in breast cancer . 69 

Figure 2.2: Standardized approach for the evaluation of sTILs in breast cancer .. 70 

Figure 2.3: Chemotherapy Concentrations of Carboplatin ................................... 78 

Figure 2.4: Chemotherapy Concentrations of Docetaxel ...................................... 79 

Figure 2.5: Chemotherapy Concentrations of Paclitaxel ...................................... 80 

Figure 2.6: Chemotherapy Concentrations of Doxorubicin .................................. 81 

Figure 2.7: Chemotherapy Concentrations of Cetuximab .................................... 82 

Figure 3.1: Disease free, metastasis free and breast cancer specific survival for all 

patients ........................................................................................................ 106 

Figure 3.2. Disease free, metastasis free and breast cancer specific survival for 

patients according to schedule of chemotherapy ........................................ 107 

Figure 3.3. Disease free, metastasis free and breast cancer specific survival 

according to pathological response to NACT ............................................. 115 

Figure 3.4. Disease-free survival for patients who received NACT according to the 

administration of carboplatin ...................................................................... 117 

Figure 4.1. Disease free, metastasis free and breast cancer specific survival 

according to range of BMI in post-menopausal patients ............................ 155 

Figure 4.2. Disease free, metastasis free and breast cancer specific survival 

according to BMI category: <25 kg/m2 and ≥25 kg/m2 in post-menopausal 

patients ........................................................................................................ 156 

Figure 6.1: Comparison of IC50 between TNBC cell lines grown in 2-D to (A) 

Paclitaxel (B) Docetaxel, (C) Carboplatin (D) Doxorubicin ...................... 207 

Figure 6.2 (A-B): Cell viability assays assessing sensitivity of TNBC cell lines 

grown in 2-D to (A) 0.01-100 nM of Paclitaxel, (B) 0.02-200 nM of Docetaxel

 ..................................................................................................................... 209 

Figure 6.2 (C-D): Cell viability assays assessing sensitivity of TNBC cell lines 

grown in 2-D to (C) 0.01-100 µM of Carboplatin and (D) 0.5-500 nM of 

Doxorubicin ................................................................................................ 210 

Figure 6.3: Comparison of IC50 between TNBC cell lines grown in 3-D (A) 

Paclitaxel, (B) Docetaxel, (C) Carboplatin, (D) Doxorubicin .................... 221 



 xviii 

Figure 6.4 (A-B): Cell viability assays assessing sensitivity of TNBC cell lines 

grown in 3-D to (A) 0.01-100 nM of Paclitaxel (B) 0.02-200 nM of Docetaxel

 ..................................................................................................................... 224 

Figure 6.4 (C-D): Cell viability assays assessing sensitivity of TNBC cell lines 

grown in 3-D to (C) 0.01-100 µM of Carboplatin, and (D) 0.5-500 nM of 

Doxorubicin ................................................................................................ 225 

Figure 6.5: Comparison of IC50 between TNBC cell lines grown in 2-D and 3-D to 

(A) Paclitaxel, (B) Docetaxel, (C) Carboplatin, (D) Doxorubicin .............. 228 

Figure 6.6 (A-B): Cell viability assays assessing sensitivity of MDA-MB-231 

grown in 3-D to (A) 0.005 – 50 µM of Carboplatin and 0.005 – 50 nM of 

Paclitaxel, (B) 0.005 – 50 µM of Carboplatin and 0.01 – 100 nM of Paclitaxel

 ..................................................................................................................... 231 

Figure 6.6 (C-D): Cell viability assays assessing sensitivity of MDA-MB-231 

grown in 3-D to (C) 0.01 – 100 µM of Carboplatin and 0.005 – 50 nM of 

Paclitaxel, (D) 0.01 – 100 µM of Carboplatin and 0.01 – 100 nM of Paclitaxel

 ..................................................................................................................... 232 

Figure 6.6 (E): Cell viability assays assessing sensitivity of MDA-MB-231 grown 

in 3-D to (E) 0.02 – 200 µM of Carboplatin and 0.02 – 200 nM of Paclitaxel

 ..................................................................................................................... 233 

Figure 6.7 (A-B): Cell viability assays assessing sensitivity of HCC1806 grown in 

3-D to (A) 0.005 – 50 µM of Carboplatin and 0.005 – 50 nM of Paclitaxel, (B) 

0.005 – 50 µM of Carboplatin and 0.01 – 100 nM of Paclitaxel ................ 235 

Figure 6.7 (C-D): Cell viability assays assessing sensitivity of HCC1806 grown in 

3-D to (C) 0.01 – 100 µM of Carboplatin and 0.005 – 50 nM of Paclitaxel and 

(D) 0.02 – 200 µM of Carboplatin and 0.02 – 200 nM of Paclitaxel .......... 236 

Figure 6.8 (A-B): Cell viability assays assessing sensitivity of HCC1806 grown in 

3-D to (A) 0.5 – 500 nM of Doxorubicin and 0.01 – 100 nM of Paclitaxel and 

(B) 0.5 – 500 nM of Doxorubicin and 0.02 – 200 nM of Docetaxel .......... 237 

Figure 6.8 (C):  Cell viability assays assessing sensitivity of HCC1806 grown in 3-

D to (C) 0.005 – 50 µM of Carboplatin and 0.01 – 5 µg/ml of Cetuximab 238 

Figure 6.9 (A): Cell viability assays assessing sensitivity of HCC1806 grown in 3-

D to 0.02 – 200 µM of Carboplatin and 0.02 – 200 nM of Paclitaxel plus 0.005 

µg/ml – 2.5 µg/ml of Cetuximab ................................................................. 239 

Figure 6.9 (B): Cell viability assays assessing sensitivity of HCC1806 grown in 3-

D to 10 – 500 µM of Carboplatin and 10 – 500 nM of Paclitaxel plus 5 µg/ml, 

25 µg/ml, 50 µg/ml and 250 µg/ml of Cetuximab ...................................... 240 

Figure 6.10: Western Blot Images showing MDR1 expression in (A) protein 

extracted from TNBC cell lines grown in 2-D and (B) protein extracted from 

TNBC cell lines grown in 3-D .................................................................... 244 

  



 xix 

List of Pictures 

 

Picture 1.1: Photomicrographs of (A) Metaplastic TNBC, (B) Adenoid cystic 

TNBC, (C) Medullary TNBC with central necrosis, (D) TNBC with high 

mitoses .......................................................................................................... 17 

Picture 1.2: Photomicrographs of (A) TNBC with Low Lymphocyte Count and (B) 

TNBC with High Lymphocyte Count ........................................................... 34 

Picture 6.1 (A-B): MDA-MB-468 (BL1) 3-D cell growth patterns .................... 212 

Picture 6.1 (C): MDA-MB-468 (BL1) 3-D cell growth patterns ........................ 213 

Picture 6.2 (A-B): HCC1806 (BL2) 3-D cell growth patterns ............................ 214 

Picture 6.3 (A-B): MDA-MB-B231 (MSL) 3-D cell growth patterns ................ 215 

Picture 6.4 (A-B): MDA-MB-453 (LAR) 3-D cell growth patterns ................... 216 

Picture 6.4 (C): MDA-MB-453 (LAR) 3-D cell growth patterns ....................... 217 

Picture 6.5 (A-B): MCF10A (control) 3-D cell growth patterns ........................ 218 

 

  



 xx 

List of Tables 

 

Table 2.1: Primary antibodies, sources and optimization protocols used in this study

 ....................................................................................................................... 72 

Table 2.2: Breast cell lines used in this study ....................................................... 75 

Table 2.3: Recipes for Western blotting gels ........................................................ 87 

Table 2.4: Antibodies for Western blotting........................................................... 89 

Table 3.1: Patient Demographics .......................................................................... 96 

Table 3.2: Tumour Characteristics ........................................................................ 98 

Table 3.3: Systemic Chemotherapy Details ........................................................ 101 

Table 3.4: Outcomes for All Patients and Patients stratified according to Treatment

 ..................................................................................................................... 108 

Table 3.5: Univariate and Multivariable analysis of predictors of pCR Breast/Axilla

 ..................................................................................................................... 110 

Table 3.6: Univariate analysis of predictors of DFS among patients treated with 

NACT .......................................................................................................... 112 

Table 3.7: Univariate analysis of predictors of MFS among patients treated with 

NACT .......................................................................................................... 113 

Table 3.8: Univariate analysis of predictors of BCSS among patients treated with 

NACT .......................................................................................................... 114 

Table 3.9: Multivariable Analysis of DFS, MFS and BCSS for patients treated with 

NACT (with pCR Breast /axilla as a co-variable) ...................................... 116 

Table 3.10: Multivariable analysis of DFS at 24 months in patients who received 

NACT .......................................................................................................... 118 

Table 3.11: Univariate Analysis of predictors of DFS, MFS, BCSS for all non-

NACT patients (those treated with adjuvant or no chemotherapy)............. 120 

Table 3.12: Multivariable Analysis of DFS, MFS and BCSS for all non-NACT 

patients (those treated with adjuvant chemotherapy or no chemotherapy) . 121 

Table 3.13: Prospective NACT platinum based chemotherapy studies .............. 134 

Table 3.14: Retrospective NACT platinum based chemotherapy studies........... 135 

Table 3.15: Prospective metastatic platinum based chemotherapy studies......... 136 

Table 3.16: Prospective metastatic platinum + EGFR inhibitor studies ............. 137 

Table 3.17: Retrospective metastatic platinum based chemotherapy studies ..... 137 

Table 3.18: Prospective Platinums + PARP inhibitors studies ........................... 140 

Table 4.1: Patient and Demographic Risk Factors .............................................. 146 

Table 4.2: Univariate analysis of the association between demographic risk factors 

and pCR Breast/Axilla ................................................................................ 147 

Table 4.3: Univariate analysis of the association between demographic risk factors 

and DFS, MFS and BCSS in all patients..................................................... 148 

Table 4.4: Gynaecological Risk Factors among TNBCs .................................... 150 

Table 4.5: Univariate analysis of the association between gynaecological risk 

factors and pCR Breast and pCR Breast/Axilla .......................................... 150 

Table 4.6: Univariate analysis of the association between gynaecological risk 

factors and DFS, MFS and BCSS among all patients ................................. 151 

Table 4.7: Lifestyle Risk Factors among TNBCs ............................................... 152 

Table 4.8: Univariate analysis of the association between lifestyle risk factors and 

pCR Breast and pCR Breast/Axilla ............................................................. 153 

Table 4.9: Univariate analysis of the association between lifestyle risk factors and 

DFS, MFS and BCSS among all patients ................................................... 153 

Table 4.10: Multivariable analysis of pertinent risk factors and survival ........... 158 



 xxi 

Table 5.1: sTIL categories................................................................................... 173 

Table 5.2: Univariate Analysis of the Association between sTILs and Clinico-

Pathological Features .................................................................................. 174 

Table 5.3: Univariate Analysis of the Association between sTILs and pCR ...... 177 

Table 5.4: Fisher’s Exact Test showing Association between sTILs (≤10% & 

>10%) and pCR ........................................................................................... 178 

Table 5.5: Fisher’s Exact Test showing Association between sTILs (≤25% & 

>25%) and pCR ........................................................................................... 178 

Table 5.6: Fisher’s Exact Test showing Association between sTILs (<50% & 

≥50%) and pCR ........................................................................................... 179 

Table 5.7: Multivariable Analysis of Predictors of pCR Breast and pCR 

Breast/Axilla ............................................................................................... 180 

Table 5.8: Multivariable Analysis of Predictors of pCR Breast and pCR 

Breast/Axilla by Carboplatin Use ............................................................... 181 

Table 5.9: Univariate Analysis of the Association between sTILs and DFS, MFS, 

BCSS ........................................................................................................... 182 

Table 5.10: Patients Demographics for AR-positive and AR-negative TNBCs . 193 

Table 5.11: Tumour Characteristics for AR-positive and AR-negative TNBCs 194 

Table 5.12: Treatment details of AR-positive and AR-negative TNBCs ........... 195 

Table 6.1: Gene Expression Profiles of Lehmann’s TNBC Subtypes ................ 201 

Table 6.2: Differences in IC50 between TNBC cell lines grown in 2-D ............. 208 

Table 6.3: Differences in IC50 between this Study and GDSC Database ........... 208 

Table 6.4: Differences in IC50 between TNBC cell lines in 3-D ........................ 222 

Table 6.5: Fold differences between 2-D and 3-D models (IC
50 of 3-D model/ IC

50 

of 2-D model) .............................................................................................. 229 

Table 6.6: IC50 values of MDA-MB-231 treated with single agent and combination 

chemotherapy in 2-D and 3-D models ........................................................ 233 

Table 6.7: Combination assays of Carboplatin & Paclitaxel & Cetuximab in 3-D 

models of HCC1806 .................................................................................... 241 

  



 xxii 

Abbreviations 

 

2-D  two-dimensional 

3-D  three-dimensional 

A  Doxorubicin 

A1  absorbance of test wells at 570 nm 

A2  absorbance of test wells at 600 nm 

AJCC  American Joint Committee on Cancer 

AKT3  AKT serine/threonine kinase 3 

ANOVA analysis of variance  

AR  androgen receptor 

AS  Dr Aliaa Shalaby 

ASCO  American Society of Clinical Oncology 

AUC  area under the curve 

BC  breast cancer 

BCA  bicinchoninic assay 

BCIRG  Breast Cancer International Research Group 

BCRP   breast cancer resistance protein 

BCSS  breast cancer specific survival 

BCT  breast conserving therapy 

BEV  Bevacizumab 

BIG  Breast International Group 

BL1  basal-like 1 

BL2  basal-like 2  

BLIA  basal-like immune-activated 

BLIS  basal-like immunosuppressed 

BMI  body mass index 

BRAF  B-Raf proto-oncogene 

BRCA1 breast cancer 1 gene 

BRCA2  breast cancer 2 gene 

BSA  body surface area 

BSA  bovine serum albumin 

C  Cyclophosphamide 

CALGB Cancer and Leukaemia Group B 



 xxiii 

CARBO Carboplatin  

CBR  clinical benefit rate 

CCND1  cyclin D 1 

CDC  Centre for Disease Control 

CDH1   cadherin 1 

CDK6  cyclin dependent kinase 6 

cDNA  complementary DNA 

CETUX Cetuximab 

cGAS  GMP-AMP synthase 

CI   confidence interval 

CIS  Cisplatin 

CK  cytokeratin 

CLIA  Clinical Laboratory Improvement Amendments 

CMF  Cyclophosphamide Methotrexate 5-Fluorouracil 

C-MYC myc proto-oncogene 

CNA  copy number alterations 

CR  complete response 

CT  computed tomography  

DEPC  diethyl pyrocarbonate 

DEXA  dual energy X-ray absorptiometry  

DFS  disease free survival 

DMSO  dimethyl sulfoxide 

DOCE  Docetaxel 

D-PBS  Dulbecco’s phosphate buffered saline 

DSS  disease specific survival 

E  Epirubicin 

EBCTCG  Early Breast Cancer Trialists’ Collaborative Group 

ECL  enhanced chemiluminescence 

ECM  extra-cellular matrix 

ECOG  Eastern Cooperative Oncology Group 

EDTA  ethylene-diamine-tetra-acetic acid 

EFS  event-free survival 

EGFR  epidermal growth factor receptor 

EMA  European Medicines Agency 



 xxiv 

EMR  electronic medical records 

EMT  epithelial-mesenchymal transition 

EORTC European Organisation for Research and Treatment of Cancer 

ER  oestrogen receptor 

ERBB2 erb-b2 receptor tyrosine kinase 

ERBB3 erb-b3 receptor tyrosine kinase 

ERBB4 erb-b4 receptor tyrosine kinase 

ESR1  oestrogen receptor 1 

EV  Everolimus 

EW  Dr Elaine Walsh 

F  Fluorouracil 

FBS  foetal bovine serum 

FDA  Food and Drug Administration 

FFPE  formalin-fixed paraffin-embedded 

FGFR  fibroblast growth factor receptor 

FGFR1 fibroblast growth factor receptor 1 

FISH  fluorescent in situ hybridisation 

FOXA  forkhead box A 

GATA 3 GATA binding protein 3 

GC  Professor Grace Callagy 

GDSC  Genomics of Drug Sensitivity in Cancer database 

GEM  Gemcitabine 

GH1  growth hormone 1 

H&E  hematoxylin and eosin 

HDL  high density lipoprotein 

HER2  human epidermal growth factor receptor 2 

HI  Dr Helen Ingoldsby 

HR  hazard ratio 

HR  hormone receptor 

HRD  homologous recombination deficiency 

HRP  horseradish peroxidase enzyme 

HRT  hormone replacement therapy 

IC50  inhibitory concentration of 50% 

IDC  invasive ductal carcinoma 



 xxv 

IDFS  invasive disease free survival 

IFOS  Ifosfamide 

IGF1  insulin like growth factor 1 

IHC  immunohistochemistry 

ILC  invasive lobular carcinoma 

IM  immunomodulatory 

iTILs   Intra-tumoural tumour infiltrating lymphocytes  

JAK2  janus kinase 2 

KCL  potassium chloride 

KRAS  KRAS proto-oncogene 

LAR  luminal androgen receptor 

LBPC  lymphocyte predominant breast cancer 

LVI  lymphovascular invasion 

M  mesenchymal 

M  Mitomycin 

M0  non-metastatic disease 

M1  metastatic disease 

MAP2K4  mitogen-activated protein kinase kinase 4  

MAP3K1 mitogen-activated protein kinase kinase kinase 1 

MAPK  mitogen-activated protein kinase 

MCL1  myeloid cell leukaemia sequence 1 

MDR1  multi drug resistance gene 1 

MES  mesenchymal 

MET  met proto-oncogene 

MFS  metastasis free survival 

MHC   major histocompatibility complex 

MME  membrane metalloendopeptidase 

MRI   magnetic resonance imaging  

mRNA  messenger RNA 

MSDS  Material Safety Data Sheet 

MSL  mesenchymal stem-like  

mTOR  mechanistic (or mammalian) target of rapamycin  

MVA  multivariable analysis 

MW  Mr Mark Webber 



 xxvi 

MYO3A myosin 3A 

N  number 

N/A  not applicable 

NACT  neoadjuvant chemotherapy 

NaOH  sodium hydroxide 

NC  negative control 

NCCN  National Comprehensive Cancer Network 

NCCP  National Cancer Control Program 

NCI  National Cancer Institute 

NCT   National Clinical Trial 

NK  natural killer 

NO  number 

NOS  not otherwise specified 

NP  Nab-Paclitaxel 

NR  not reached 

NSABP National Surgical Breast and Bowel Project 

O1  molecular extinction coefficient of oxidized alamar blue 570 nm  

O2  molecular extinction coefficient of oxidized alamar blue 600 nm  

OCP  oral contraceptive pill 

OR  odds ratio 

ORR  objective response rate 

OS  overall survival 

OX  Oxaliplatin 

P1  average absorbance of untreated wells at 570 nm 

P2  average absorbance of untreated wells at 600 nm 

PACLI  Paclitaxel 

PARP  poly (ADP-ribose) polymerase 

pCR  pathological complete response  

PD-1  programmed cell death-1 

PD-L1  programmed cell death ligand-1 

PDX   patient derived xenograft 

PFS  progression free survival 

PGR  progesterone receptor 

PI3K  phosphatidylinositol 3-kinase 



 xxvii 

PIK3CA  phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit 

alpha 

pN  nodal status 

PR  partial response 

PR  progesterone receptor 

pT  tumour size 

PTEN  phosphatase and tensin homolog 

QNBC  quadruple negative breast cancer 

RB1   retinoblastoma protein 1 

RCB  residual cancer burden 

RCSI  Royal College of Surgeons of Ireland 

RFS  relapse free survival 

RIPA  radioimmunoprecipitation assay 

RPMI  Roswell Park Memorial Institute 

RR  response rates 

RT-PCR  reverse transcriptase polymerase chain reaction 

SD  stable disease 

SD  standard deviation 

SRC  SRC proto-oncogene 

STAT  signal transducer and activator of transcription 

sTILs  stromal tumour infiltrating lymphocytes 

STING  stimulator of interferon genes 

T  tween 

TBCRC Translational Breast Cancer Research Consortium 

TBS  tris buffered saline 

TCGA  The Cancer Genome Atlas 

TGF  transforming growth factor   

TILs  tumour infiltrating lymphocytes  

TKI  tyrosine kinase inhibitor 

TMA  tissue microarray 

TMB  tumour mutational burden 

TNBC  triple negative breast cancer 

TNM  tumour nodal metastases staging system 

TP53  tumour protein 53 



 xxviii 

TP63  tumour protein 63 

TTP  time to progression 

U/K  unknown 

UHG  University Hospital Galway 

UICC  Union for International Cancer Control 

UVA  univariate analysis 

VB  Vinblastine 

VEGF  vascular endothelial growth factor 

VEGF1 vascular endothelial growth factor 1 

VIN  Vinorelbine 

VS  versus 

WTS  whole tissue section  

X  Capecitabine 

XBP1  X box binding protein 1 

ypN  nodal status after NACT 

ypT  tumour size after NACT 

χ2  Chi squared 



Chapter 1: Introduction 

 

 1 

 
CHAPTER 1: INTRODUCTION 

  



Chapter 1: Introduction 

 

 2 

1.1 Breast Cancer 

Breast cancer is the most common female cancer worldwide with greater than 1.3 

million cases and 450,000 deaths each year (1, 2). Breast cancer is a heterogeneous 

disease, and encompasses a wide variety of entities, each with distinct 

morphological features and clinical behaviours. Tumours of the same histological 

subtype may show entirely different clinical behaviour (3), and the aim of current 

research is to improve our knowledge of tumour diversity and translate this into 

individualised therapeutic approaches.  

 

In 2001, a landmark paper by Perou et al. (4) reported that the phenotypic diversity 

seen in breast tumours is accompanied by molecular heterogeneity in gene 

expression patterns using complementary DNA (cDNA) microarray. Gene 

expression patterns of 65 breast tissue specimens from 42 patients were 

characterised, found to represent 8102 different human genes, and defined at least 

four breast cancer subtypes. The gene expression profiles that characterised the 

subtypes had biological implications. For example, breast cancers were shown to 

have varying expressions of both the oestrogen receptor-α (ER-α) gene, as well as 

the erb-b2 receptor tyrosine kinase 2 (ERBB2) gene which correlated with 

measurements of the ER and HER2 proteins respectively. Tumours in the ER-

positive group displayed high expression of genes expressed by breast luminal cells 

whereas ER-negative tumours expressed genes characteristic of breast basal cells. 

Expression of the ER-α gene was proportional to clinical measurement of ER 

protein levels in the tumours by immunohistochemistry (IHC). Similarly, tumours 

that were found to express genes representative of basal epithelial cells also stained 

positive for basal cell markers by IHC. Therefore, by using gene expression 

profiling, Perou et al. (4) were able to provide a distinctive “molecular portrait” of 

each tumour and classify breast cancer into four “intrinsic” subtypes: ER-

positive/luminal-like, basal-like, ERBB2 or HER2 positive and normal breast. 

 

Subsequently, in 2001, Sorlie et al. (5) analysed 85 breast samples from 84 patients 

using cDNA microarrays and validated the intrinsic subtype classification of Perou 

et al. (4). The subtypes were rationalised into luminal A, luminal B, basal-like, 
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ERBB2, and normal breast-like that were each associated with different clinical 

outcomes (5) (Figure 1.1).  

 

     

 
Figure 1.1: Heat Map showing breast cancer subtyping by gene expression 

profiling 
Reproduced with permission from Sorlie et al. (5).  

Copyright (2001) National Academy of Sciences, U.S.A. 
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The prognostic impact of the intrinsic subtypes was validated in a number of studies 

in subsequent years. In 2005, Rouzier et al. (6) showed that the basal-like and 

ERBB2 positive subgroups were associated with the highest rate of pCR to NACT 

(45% each), compared to the luminal subgroup (6%). The authors suggested that 

when predicting for pCR, molecular class alone could potentially replace standard 

histological predictive characteristics such as hormone receptor status or tumour 

grade (6). Since then, Parker et al. (7) developed the PAM50 assay (Nanostring, 

Seattle, WA) which used a 50-gene signature to define the intrinsic subtypes. This 

showed reproducibility of the intrinsic subtypes at population level and showed that 

the PAM50 assay could predict the risk of relapse and response to NACT across all 

intrinsic subtypes of breast cancer (7). 

 

Other gene signatures have been produced and some show overlap with the 

phenotypic characteristics seen in the intrinsic subtypes.  For example, in 2002, 

van’t Veer et al. (8) reported that detailed prognostic information could be derived 

from gene expression profiling of primary breast tumours using a 70 gene panel, 

now known commercially as MammaPrint (Agendia BV, Amsterdam). In this 

study, the authors identified a gene signature that could provide predictive 

information about the benefit of adjuvant chemotherapy and could potentially 

rationalize therapeutic decision making (8). In 2004, Paik et al. (9) developed a 

reverse transcriptase polymerase chain reaction (RT-PCR) based gene assay to 

predict response to treatment and relapse rates among luminal breast cancers and 

this 21-gene assay known as Oncotype Dx (Genomic Health, Redwood City, CA) 

is widely used in clinical practice today (10, 11).  Each of these different gene 

assays has been shown to be reproducible and highly concordant with the 

prognostic information given by the intrinsic subtypes (12).  

 

Since these early reports, several groups have carried out detailed molecular 

profiling in order to advance our understanding of the molecular characteristics of 

breast cancer subtypes. In 2012, a series of reports provided a very comprehensive 

profile of breast cancers using massively paralleled analysis (1, 13). Curtis et al. 

(13) identified new breast cancer subgroups in a large population scale study based 

on genomic changes that identified gene loci contributing to differing breast cancer 

phenotypes. The Cancer Genome Atlas Network (TCGA) (1) used six different 
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technology platforms to assay breast cancers and identified many intrinsic subtype 

specific gene mutations and copy number changes as well as potential therapeutic 

targets.  The mutation rate was lowest among the luminal A subtype and highest 

among the basal-like subtype. The luminal breast cancers were the most 

heterogeneous in terms of gene expression, mutation spectrum and patient 

outcomes. The luminal A subtype had the most significantly mutated genes, the 

commonest being phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit 

alpha (PIK3CA), mitogen-activated protein kinase kinase kinase 1 (MAP3K1), 

GATA binding protein 3 (GATA3), tumour protein 53 (TP53), cadherin 1 (CDH1) 

and mitogen-activated protein kinase kinase 4 (MAP2K4). Luminal B cancers had 

a diverse gene mutation pattern, with TP53 and PIK3CA being the most frequently 

mutated genes. The HER2 subtype showed high frequencies of amplification of 

HER2 and multiple HER2-associated genes, TP53 and PIK3CA. Basal-like breast 

cancers were shown to have high frequencies of TP53 and PIK3CA mutations, but 

other genes frequently seen among luminal cancers were not observed among basal-

like cancers. This study also showed that approximately 10% of sporadic breast 

cancers have strong germline predisposing variants, and there were strong links 

between basal-like breast cancers and serous ovarian tumours. In doing so, the 

association between basal-like and germline BRCA1 mutations were confirmed (1).  

 

In routine clinical practice, breast cancer subtypes are defined by using surrogate 

IHC stains for ER, PR and HER2 proteins that define three major subtypes of breast 

cancer: hormone receptor (HR) positive, HER2 positive and TNBC (14). The 

molecular signatures of Perou (4), Sorlie (5) and others form the basis of 

commercially available assays such as Oncotype Dx (Genomic Health, Redwood 

City, CA), MammaPrint (Agendia BV, Amsterdam), Prosigna PAM50 (NanoString 

Technologies, Seattle, WA) that are used to aid clinical decision making in select 

patient groups.  
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1.2  Triple Negative Breast Cancer 

TNBC is a subtype of breast cancer which shows pathological, molecular and 

clinical heterogeneity and is associated with distinct biological features (15). TNBC 

is defined by lack of IHC expression of ER, PR and lack of amplification or 

overexpression of HER2 (16-18). TNBC represents approximately 15-20% of all 

breast cancers (16) which varies depending on the thresholds used for ER and PR, 

and the assessment method for HER2 (19). TNBCs are unresponsive to endocrine 

therapies and to HER2-targeting therapies (15,17,18). Due to the heterogeneity of 

the disease, the potential benefits of targeted therapy have largely eluded TNBCs 

(20) and cytotoxic chemotherapy remains the mainstay of treatment for TNBC (17, 

18, 20).  

 

There are many similarities between TNBCs and basal-like breast cancer and 

although the terms TNBC and basal-like tumours are often used interchangeably in 

clinical practice and in clinical trials (21), these phenotypes are not synonymous (3, 

22). There is no accepted, standardised definition for basal-like breast cancers (3), 

making comparisons between basal-like and TNBCs difficult. Some groups have 

used gene expression profiling to define basal-like cancers (4, 5), whereas in the 

clinical setting IHC patterns are often used (23). Whilst the majority of tumours 

with basal-like gene expression are TNBC by IHC, not all TNBCs are basal-like 

breast cancers. Immunohistochemically, basal-like tumours are often defined as 

those that do not express ER, PR or HER2 but do express positivity for the basal 

markers, cytokeratin 5/6 (CK5/6) and/or epidermal growth factor receptor (EGFR) 

(3, 23). Using gene expression profiling, between 15-45% of basal-like cancers 

express ER (2, 21) and a further 14% overexpress HER2 (6). Conversely, 16-44% 

of TNBCs are negative for the IHC basal markers CK5/6 and CK14 (2). A study by 

Cheang et al. (24) showed that 17% of all breast cancers were TNBC by IHC, but 

only 9% were truly basal-like by IHC (ER, PR and HER2 negative and EGFR 

and/or CK5/6 positive). 

 

There are significant clinical differences between TNBCs that express basal 

markers by IHC and those that do not. Cheang et al. (24) have shown that basal-

like TNBCs were associated with a higher grade and a younger age patient 
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compared to TNBCs that did not express basal markers. In addition, basal-like 

TNBCs were associated with a worse prognosis, with a 5- and 10- year BCSS of 

68% and 62% respectively, compared to 79% and 72% among non-basal TNBCs 

(24). Similarly, Nielsen et al. (25) have shown that IHC positivity for basal markers 

(CK5/6 or CK17) was significantly associated with inferior BCSS, compared to 

tumours that were negative for CK5/6 or CK17. This effect was further exacerbated 

in the presence of lymph node positive disease (25). It has been suggested that 

among TNBCs, poor outcomes are almost exclusively seen among the subset that 

are basal-like by IHC (24).   

 

While basal-like cancers represent the majority of TNBCs, other molecular 

subtypes of breast cancer are also encompassed by TNBC. These include claudin-

low tumours which are enriched with cells with properties similar to those of stem 

cells and display features of epithelial-to-mesenchymal transition (EMT), the 

interferon-rich subgroup which appear to have a considerably better prognosis and 

the normal-breast-like subgroup (22). Although the clinical relevance of whether a 

TNBC is basal-like or otherwise by gene expression profiling is yet to be 

determined, TNBC and basal-like breast cancers should not be considered 

synonymous and the two categories should continue to be separated for both clinical 

and research purposes (26).  

 

 

1.3  Clinical Heterogeneity of Triple Negative Breast Cancer 

TNBCs show distinct features in terms of clinical presentations, histological 

features, chemotherapy response, patterns of relapse and outcomes (5). 

Histologically similar TNBCs can show marked differences in clinical behaviour, 

due in a large part to molecular differences between tumours (6). Although TNBC 

accounts for only 15-20% of all breast cancer subtypes, it occupies a 

disproportionate share of breast cancer mortality (2). TNBCs are a group of breast 

cancers which are distinctly aggressive in nature and are associated with higher 

rates of relapse and shorter survival, stage-for-stage, than ER/PR positive and 

HER2 positive disease (2, 16, 20, 27, 28). 
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TNBCs can often present as interval cancers, which occur between screening 

mammography, and are found to be clinically more aggressive than other breast 

cancer subtypes (3, 22, 29). TNBCs have been shown to present at a more advanced 

stage than other breast cancer subtypes, with respect to tumour size and nodal 

burden, are more likely to be poorly differentiated and more likely to be treatment 

resistant tumours (2, 28, 30). In other breast cancer subtypes, there is a linear 

correlation between tumour size and axillary metastases: as the size of the primary 

tumour increases, the rate of lymph node positivity increases. This pattern has not 

typically been observed in TNBC. Nodal status appears to be independent of tumour 

size in TNBCs, with a relative constant trend for axillary metastases of 20% (29, 

31). Dent et al. (29) have shown that there was no correlation between tumour size 

and nodal status among TNBCs <5 cm. However, it has been shown that TNBC 

patients with positive lymph nodes have an increased risk of recurrence and death 

compared to those with lymph node negative disease, irrespective of the absolute 

number of positive lymph nodes. As the number of involved lymph nodes increase, 

the 5-year overall survival (OS) rates decrease from 84% in pN0 patients to 52% 

for pN3 disease (30).  

 

A systematic review by Lowery et al. (32) demonstrated that patients with TNBC 

were more likely to develop locoregional recurrence after either breast conserving 

therapy (BCT) or mastectomy compared to other breast cancer subtypes. 

Locoregional recurrence has in turn been shown to predict for distant metastatic 

disease and a higher proportion of patients with TNBC develop distant metastases 

compared to patients with other breast cancer subtypes (3,29,33,34). TNBCs less 

frequently metastasize to bone and lymph nodes and are more likely to disseminate 

to viscera, such as the lungs and brain (3, 22). This pattern of metastases suggests 

that TNBC disseminates primarily by a haematogenous route rather than by 

lymphatic spread (3, 29). In view of the haematogenous pattern of dissemination, 

distant recurrence in TNBC is rarely preceded by local recurrence (19, 29). For 

example, Dent et al. (29) report that among patients with TNBC who had a distant 

recurrence, only 25% experienced a local recurrence prior to distant metastatic 

disease. The average time to recurrence is shorter in TNBCs, compared to other 

breast cancer subtypes; the incidence of distant recurrence peaks between the first 

and third years after the primary TNBC diagnosis (24,29,35). In a subset analysis 
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of the Breast Cancer International Research Group (BCIRG)-001 trial, TNBCs 

were associated with a 3-year DFS of only 68%, which was significantly lower than 

ER-positive disease (36). Similarly, Liedtke et al. (35) have shown significantly 

decreased 3-year progression free survival (PFS) for TNBC compared to non-

TNBC (63% versus 76% respectively) (Figure 1.2 A-C).  

 

 

 
 

Figure 1.2: (A) Kaplan Meier curves for PFS, (B) Hazard curves for PFS, (C) 

Hazard curves of PFS over time, (D) Kaplan Meier curves of OS, (E) Hazard curves 

of OS and (F) Hazard curves of OS over time between TNBC and non-TNBCs 
Reproduced with permission from Liedtke et al. (35).  

See Appendix 1.1 for permissions.  
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After the first development of metastatic disease, patients with TNBC have 

significantly shorter survival rates compared to patients with other disease subtypes 

(Figure 1.2 D-F) (3,29,33,35). Despite improvements in systemic chemotherapy, 

virtually all women with metastatic TNBC will ultimately die of their disease (20). 

There is often a rapid progression from first distant recurrence to death (19, 29). Up 

to 70% of deaths from TNBC occur in the first five years following diagnosis, 

compared with only 44% of deaths in the first five years in other subtypes, which 

typically have longer disease-free intervals (3, 22, 29). Dent et al. (29) showed that 

the median survival time from first recurrence to death from TNBC was 9 months 

and was significantly shorter than other breast cancer subtypes, which had a median 

survival of 20 months after first recurrence (29) (Figure 1.3). Bauer et al. (28) have 

shown that 77% of women diagnosed with TNBC survived 5 years after diagnosis, 

compared to a 93% 5-year survival rate for other breast cancer subtypes (28). 
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Figure 1.3: Kaplan Meier curves for (A) rates of distant 

recurrence, (B) rates of survival and (C) Hazard curves following 

surgery between TNBC and non-TNBCs 
Reproduced with permission from Dent et al. (29).  

See Appendix 1.2 for permissions. 

A

B
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The poor prognosis and increased mortality observed in TNBCs has been shown to 

persist after adjustment for other predictive variables such as age, race, grade, 

tumour size, nodal status and chemotherapy. However, despite having a high 

likelihood of early recurrence, patients with TNBC who remain disease-free eight 

or more years after initial diagnosis are exceedingly unlikely to die of breast cancer, 

unlike other breast cancer subtypes. Dent et al. (29) did not observe any distant 

recurrences in a group of TNBCs after eight years of follow-up, and all deaths from 

TNBC occurred within 10 years of diagnosis.  

 

There are several explanations for these poor outcomes: TNBC is a heterogeneous 

disease and is an umbrella term for all invasive breast cancers that lack expression 

of ER, PR and HER2. Within this group, there are subsets with aggressive 

biological features that are intrinsically resistant to standard chemotherapeutic 

agents (2) while in other subsets, treatment with chemotherapy facilitates the 

development of chemotherapy-resistant clones (15). The absence of molecular 

targets, that could potentially form the basis of targeted therapy, also contributes to 

the poor outcomes associated with TNBCs (37).  

 

There is a subgroup of TNBCs that are markedly sensitive to chemotherapy. This 

subgroup is associated with a relatively good prognosis even when treated with 

conventional chemotherapy regimens (22). Patients with ER-negative disease 

derive a greater benefit from chemotherapy than ER-positive patients and TNBCs 

have been shown to be more chemosensitive than hormone receptor positive breast 

cancers (35, 36). In fact, improvements in adjuvant chemotherapy seen over the 

past two decades have had a greater impact on the prognosis of TNBC than on ER-

positive breast cancers (38).  

 

In the neoadjuvant setting, Liedtke et al. (35) have shown higher rates of pCR 

among TNBCs, compared to other breast cancer subtypes. Patients with TNBC who 

achieve pCR after NACT have survival rates similar to those of other breast cancer 

subtypes (23,35,39). A study by Symmans et al. (40) has shown that among patients 

with TNBC who achieved a pCR, the estimated relapse free survival (RFS) was 

94% at 5 years and 86% at 10 years. On the contrary, TNBC patients with residual 

disease after NACT have significantly worse survival and have higher rates of 
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relapse within the first 3 years after treatment (23, 35, 37). The burden of residual 

disease post-NACT is inversely associated with prognosis: the higher the disease 

burden post-NACT, the worse the prognosis (40). Therefore, the potential to 

identify and stratify patients with chemosensitive disease and those with 

chemoresistant disease prior to systemic treatment could significantly impact on 

treatment selections and outcomes (15).  

 

Although a subset of patients with TNBC show chemosensitivity, the optimal 

cytotoxic regimen has not yet been identified (26).  Improvements in this regard 

will depend on advances in our understanding of the underlying molecular 

complexity of TNBC and identification of potential therapeutic targets (37).  The 

optimal treatment of TNBCs will require differing therapeutic approaches, assisted 

by the stratification of TNBCs based on chemosensitivity and by the development 

of novel targeted therapies.  

 

 

1.3.1 Risk Factors for Triple Negative Breast Cancer 

Population-based studies have consistently shown a higher incidence of TNBCs in 

younger, pre-menopausal, African American and Hispanic patients (2,3,22,28,41). 

Early age of menarche, higher parity (>4 births), recent childbirth (within 5 years 

of diagnosis) and a younger age at first full-term pregnancy (<26 years) have also 

been shown to be associated with an increased risk of developing TNBC. Shorter 

lifetime duration of breastfeeding (encompassing duration of lactation, number of 

children breastfed and average number of months breastfeeding per child) is 

adversely associated with the development of TNBC (22,41,42). Millikan et al. (41) 

reported that when all reproductive factors were taken into account, higher parity 

and lack of breastfeeding were the main contributors leading to increased risk of 

basal-like (or triple negative) breast cancer.  

 

A history of alcohol or cigarette use has not been shown to increase the risk of 

development of TNBC, but several studies have shown a correlation between body 

weight and breast cancer subtype (41-43). Among pre-menopausal women, both 

weight and BMI are adversely associated with risk of development of TNBC. For 
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every 5 kg increase in weight, a 5% increase in the risk of developing TNBC is 

observed; a 16% increase in risk is seen per 5 kg/m2 increase in BMI (44). Women 

with TNBC have a higher pre-menopausal BMI and an increased ratio of waist-to-

hip circumference compared to non-TNBC subtypes, but the effect of BMI on 

TNBC has been shown to be important in both pre- and post-menopausal women 

(41). Widschwendter et al. (43) have shown that severely obese patients, defined as 

a BMI ≥40 kg/m2, were diagnosed with TNBC more often than patients with a BMI 

<40 kg/m2. In addition, severely obese patients had significantly worse OS and DFS 

compared to underweight or normal weight patients with TNBC (43). Another 

study by Bonsang-Kitzis et al. (31) has shown that among patients treated with 

NACT, prognosis differed according to BMI: patients with a BMI ≥30 kg/m2 had a 

poorer prognosis than those with a BMI <30 kg/m2 despite the fact that both groups 

were lymph node negative after NACT (31).   

 

 

1.3.2 BRCA Mutations 

Clinically, TNBC phenotypes are often associated with dysfunction in the BRCA1 

gene and a diagnosis of TNBC suggests the possibility of a germline BRCA1 

mutation (2, 22). A meta-analysis by Tun et al. (45) reported that women with 

TNBC are 5.6 times more likely to harbour a BRCA1 mutation compared to women 

with other breast cancer subtypes and two in nine women with a diagnosis of TNBC 

were found to have BRCA1 mutations. BRCA1 mutated tumours are 

characteristically high grade with atypical medullary features, high proliferation 

indexes, pushing borders and dense lymphocytic infiltrate (46-48).  

 

Turner et al. (46) have described a concept known as “BRCAness” whereby up to 

25% of sporadic TNBCs share phenotypic properties with BRCA mutated tumours. 

This may reflect loss of homologous recombination resulting in the underlying 

DNA-repair defects that occurs in both BRCA mutated and some sporadic breast 

cancers. BRCA1 mutated tumours and basal-like sporadic cancers have similar gene 

expression profiles and similar profiles of TP53 mutations, myc proto-oncogene (c-

MYC) amplification, and multiple chromosome abnormalities (46, 49). McCabe et 

al. (50) have shown that not only are BRCA1 mutated cells sensitive to poly (ADP-
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ribose) polymerase (PARP) inhibition, but that a variety of tumours with 

homologous recombination deficiency (HRD) or displaying “BRCAness” are also 

susceptible to PARP inhibition.  

 

 

1.4  Pathological Heterogeneity of TNBC 

TNBCs are a diverse group of tumours at a morphological level. The majority of 

TNBCs are high-grade tumours with high proliferation indices (2, 3). TNBCs often 

lack an in situ component, which may reflect the fact that TNBCs progress rapidly 

from an in situ disease to an invasive breast cancer, and can obliterate the in situ 

precursor from which they arose (3).  

 

The majority (~80%) of TNBCs are invasive ductal carcinomas (IDC) that do not 

have specific differentiating features to allow categorization into any other category 

(not otherwise specified, NOS). Invasive cancers of special types, including lobular 

cancers, metaplastic, medullary, apocrine, adenoid cystic and secretory breast 

cancers account for <20% of all TNBCs (Picture 1.1). These special type cancers 

vary greatly with respect to behaviour and prognosis (51).  

 

Invasive lobular cancers (ILC) occur in about 5% of all TNBCs and are composed 

of small regular cells with infrequent mitoses. Pleomorphic lobular carcinoma is an 

uncommon subtype of ILC whose cells display nuclear atypia and pleomorphism. 

These tumours are more aggressive, with higher grade, lymphovascular invasion 

(LVI) and are diagnosed at a more advanced stage than other TNBCs (51-55). 

Although metaplastic breast cancers are seen more frequently in TNBCs than in 

other breast cancer subtypes, they are still relatively rare (<5%). Metaplastic 

carcinomas constitute a heterogeneous group of tumours with differentiation of 

epithelium into squamous or mesenchymal/sarcomatoid cells, such as spindle, 

chondroid or osseous cells. This group includes squamous cell carcinomas of the 

breast, as well as spindle cell carcinomas and low-grade adenosquamous 

carcinomas (51-53). The prognosis of metaplastic breast cancers has been shown to 

be poorer than that of TNBCs overall (56) as these tumours tend to be 

chemoresistant (37). 
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Other uncommon subgroups of TNBCs behave in an indolent manner and are with 

associated with a good prognosis. Adenoid cystic carcinomas are similar to those 

arising in the salivary glands, with low mitotic activity and are associated with 

excellent survival rates (51-53, 57). Secretory breast carcinomas are rare, with low 

Ki67 expression and are also associated with a good prognosis (51-53, 58). 

Medullary carcinomas account for <5% of TNBCs. These tumours show a 

constellation of pathological features including nuclear pleomorphism, cells 

arranged in syncytial sheets, pushing borders and a prominent lymphocytic 

infiltrate within the tumour and the periphery. Most medullary cancers are both 

TNBCs and basal-like, showing positivity for CK5/6. Despite the unfavourable 

histologic features, the prognosis of medullary cancers is generally good (51-53,59, 

60).  

 

Apocrine carcinomas are also a subtype of breast cancer that may be over-

represented in TNBCs, but account for <5% of all TNBCs. Pure apocrine 

carcinomas tend to be AR positive and therefore are seen in a subset of TNBCs that 

overexpress AR. It is not yet clear whether the apocrine subtype is prognostic (51-

53, 61). 

 

TNBCs can be subdivided into different prognostic categories based on histological 

type. The high grade, aggressive tumours such as pleomorphic lobular and 

metaplastic carcinoma are associated with poor outcomes; low grade indolent 

tumours such as adenoid cystic and secretory carcinoma have excellent outcomes; 

and an intermediate group that includes ductal carcinoma NOS, medullary and 

apocrine carcinomas tend to have variable outcomes (3). Therefore, the histological 

classification, particularly of the less common indolent subtypes, influences 

treatment decision making.  
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Picture 1.1: Photomicrographs of (A) Metaplastic TNBC, (B) Adenoid cystic TNBC, 

(C) Medullary TNBC with central necrosis, (D) TNBC with high mitoses 
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1.5  Molecular Heterogeneity of TNBC 

In a pivotal paper in 2012, Shah et al. (62) reported on genomic sequencing of 104 

cases of treatment naïve TNBCs. Somatic mutations varied among tumours and 

were unrelated to copy number alterations (CNAs). TP53 mutations were the most 

frequent somatic mutations seen in TNBC with 62% of basal TNBCs and 43% of 

non-basal TNBCs having a TP53 mutation. After TP53, mutations in PIK3CA, 

retinoblastoma protein 1 (RB1), phosphatase and tensin homolog (PTEN), myosin 

3A (MYO3A) and growth hormone 1 (GH1) were the most frequent somatic 

alterations observed. This study found that approximately 20% of TNBCs had 

somatic mutations that were potentially “clinically actionable” such as B-Raf proto-

oncogene (BRAF) V600E mutations, EGFR amplifications and ERBB2 and ERBB3 

mutations. Overall however, TNBCs were found to be mutationally heterogeneous: 

some TNBCs have small numbers of implicated pathways, with relatively few 

identifiable mutations; others have multiple pathways involved and have significant 

mutational burdens. This study also showed that TNBCs displayed mutational 

heterogeneity, with tumours differing immensely in their clonal frequencies at any 

given time. Mutational status at diagnosis, for example, may be at differing phases 

of molecular progression, which could undoubtedly have treatment implications 

(62).  

 

The TCGA project examined the genomic heterogeneity of basal-like breast cancers 

and, like Shah et al. (62), found that the most frequent loss-of-function alterations 

in TNBC involve genes associated with DNA damage repair (1). The majority of 

genes normally associated with luminal cancers were not seen in basal-like cancers. 

Mutations in TP53 occurred in 80% of cases, suggesting that loss of TP53 function 

occurs in the majority of basal-like breast cancers (1, 36, 62, 63). The TP53 

mutations seen were mostly nonsense and frame shift mutations. The most common 

gain-of-function alterations in TNBC involve genes associated with the 

phosphatidylinositol 3-kinase (PI3K) signalling pathways. PIK3CA was the second 

most common mutation observed in approximately 9% of basal-like breast cancers 

(1, 20). 
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The mutation patterns seen in basal-like breast cancers were found to be similar to 

those seen in serous ovarian cancers with only one gene (TP53) seen in more than 

10% of cases (1, 64). Other similarities between ovarian and basal-like cancers 

include BRCA1 inactivation, RB1 loss and cyclin E1 amplification, high expression 

of AKT serine/threonine kinase 3 (AKT3), high expression and amplification of c-

MYC and high frequency of TP53 mutations. Germline mutations causing loss of 

function of the BRCA1 gene mean that cells are unable to repair DNA damage by 

homologous recombination (HR), are associated with hereditary breast cancers and 

therefore are more likely to be affected by platinum analogues and taxanes (1, 2, 

20, 65).  

 

More recently, Balko et al. (66) examined genomic alterations present in residual 

disease after NACT. Alterations in TP53, myeloid cell leukaemia sequence 1 

(MCL1) and c-MYC gene were the most common alterations with c-MYC 

amplifications primarily seen in basal-like TNBCs post-NACT, as opposed to non-

basal-like TNBCs. There was a higher incidence of MCL1 amplifications, PTEN 

deletions or mutations and janus kinase 2 (JAK2) amplifications observed in 

residual disease post-NACT than had been previously described in basal-like 

tumours by TCGA. Similarly, cyclin dependent kinase 6 (CDK6), cyclin D1 

(CCND1), CCND2 and CCND3 amplifications were found to be more frequent in 

the post-NACT group compared to the baseline group (1, 66). Genetic mutations 

were notably found to have prognostic implications. JAK2 amplifications were 

strongly associated with poor RFS, whereas BRCA1 mutations, JAK2 

amplifications and MYC amplifications were associated with poor OS. PTEN 

alterations were associated with good OS, compared to other alterations (66).  

 

 

1.6  Molecular Subtyping of TNBC 

1.6.1 Lehmann Subtypes 

In 2011, Lehmann and colleagues (37) performed a detailed characterisation of 

TNBCs and defined multiple TNBC subtypes on the basis of differential gene 

expression that were associated with different sensitivities to therapies (23, 37). By 

performing a large meta-analysis of 21 publicly available datasets containing 3247 
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primary breast cancers, 587 TNBCs were identified and divided into a training set 

of 386 samples and a validation set of 201 TNBC tumour samples. The training set 

was analysed and resulted in 13,060 unique TNBC gene profiles. Six subtypes of 

TNBCs were identified on the basis of gene ontologies and differential gene 

expressions. These subtypes were then independently validated using seven 

additional publicly available data sets, comprising 201 TNBC samples. 

“TNBCtype” subtypes identified and validated by gene expression profiling were: 

basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal 

(M), mesenchymal stem-like (MSL) and luminal androgen receptor (LAR). The 

BL1, BL2 and M subtypes express high levels of basal cytokeratins. On the 

contrary, LAR tumours express high levels of luminal cytokeratins and other 

luminal markers, but lack basal cytokeratin expression (37) (Figure 1.4).  

 

When the TNBCtype subtypes (37) were compared to the intrinsic subtypes (4, 5), 

the majority of TNBCs (49%) were basal-like by intrinsic classification, 14% were 

luminal A, 11% were normal breast-like, 8% were luminal B, 5% were HER2 and 

the remaining 13% were unclassifiable. The majority of BL1 tumours correlated to 

the basal-like intrinsic subtype, whereas the majority of the LAR subtype were 

classified as either luminal A or luminal B. The other TNBC subtypes were a 

mixture of intrinsic classifications, suggesting that the intrinsic system may not be 

an ideal classification system for these subtypes (37).  
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Figure 1.4: Heat Map showing TNBC subtypes by gene expression 

profiling  
Reproduced with permission from Lehmann et al. (37). 

See Appendix 1.3 for permissions.   
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Lehmann et al. (37) subsequently identified TNBC cell lines representing each of 

the TNBC subtypes. Five of seven cell lines that harboured BRCA1/2 mutations 

were classified as BL1 and BL2 subtypes, whereas the MSL subtype had 

dedifferentiated morphologies observed in breast carcinosarcomas, metaplastic and 

anaplastic carcinomas. The LAR cell lines had high levels of AR RNA and protein 

expression. The different subtypes showed different sensitivities to targeted 

therapies in both tissue culture and xenograft models. For example, basal-like cell 

lines were significantly more sensitive to cisplatin; the LAR cell lines were 

sensitive to the AR antagonist bicalutamide; the mesenchymal-like cell lines were 

sensitive to the SRC proto-oncogene (SRC) inhibitor, dasatinib (37).  

 

In 2016, further work by Lehmann et al. (67) refined the “TNBCtype” into four 

subtypes named “TNBCtype-4” comprising BL1, BL2, M and LAR subtypes. In 

that follow-up study, the authors used laser capture microdissection and 

demonstrated that infiltrating lymphocytes were strongly correlated with the gene 

expression profile of the IM subtype. It is now recognized that the gene signature 

observed in the IM subtype correlates to the immune state of the tumour at that 

particular time, as opposed to representing an independent subtype. Similarly, the 

MSL subtype has been shown to be comprised of tumours with a high abundance 

of tumour-associated mesenchymal tissue (67). Based on these combined analyses, 

three main TNBC groups were identified: basal-like (BL1 and BL2), mesenchymal-

like (M and MSL) and LAR (23,37,67).  

 

1.6.1 a Basal-Like Subtypes   

The basal-like subtypes encompass BL1 and BL2 subtypes. BL1 is enriched in 

pathways responsible for cell division and DNA damage repair. BL1 tumours also 

express genes associated with proliferation, having high levels of Ki67 expression 

on IHC and high Ki67 mRNA expression (15, 37). A combination of the enrichment 

of proliferation genes and increased Ki67 expression seen in this subtype suggests 

that BL1 TNBCs should be sensitive to antimitotic agents such as taxanes (37). The 

BL2 subtype expresses genes involved in growth factor signalling, glycolysis and 

gluconeogenesis. This subtype is heavily enriched in growth factor receptor gene 

expression (e.g. EGFR, MET proto-oncogene) and shows higher levels of tumour 
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protein 63 (TP63) and membrane metalloendopeptidase (MME) expression (15, 

37). In addition, the BL2 subtype is enriched in PIK3CA and PTEN mutations (27). 

 

1.6.1.b Mesenchymal-Like Subtypes 

The M subtype displays elevated expression of genes involved in EMT and growth 

factor pathways (15). The M subtype specifically expresses a variety of genes that 

are enriched in components and pathways involved in cell motility, interaction of 

the extra-cellular matrix (ECM) receptor and cell differentiation pathways (15, 37). 

Like the M subtype, the MSL subtype expresses genes representing growth factor 

signalling pathways. Unlike the M subtype however, the MSL subtype expresses 

low levels of proliferation genes and higher expression of genes associated with 

stem cells and mesenchymal stem cell-specific markers. Uniquely, the MSL 

subtype is also enriched in genes involved in angiogenesis and immune signalling 

(15, 37). The signalling pathway components differentially expressed in both the 

M and MSL subtypes share features similar to those seen in metaplastic breast 

cancers (37). Further work by Lehmann et al. (67) has demonstrated that the MSL 

subtype may represent tumour-associated mesenchymal cells.  

 

1.6.1.c Luminal Androgen Receptor Subtype 

The LAR subtype is driven by AR and is characterized by luminal gene expression 

(15). In Lehmann’s study, gene expression in the LAR group was the most 

differential among the six TNBC subtypes. Genes representing hormonally 

regulated pathways, including steroid synthesis and androgen/oestrogen 

metabolism, are heavily enriched in this subtype and numerous downstream AR 

targets and coactivators are expressed (15, 37). For example, PIK3CA mutations 

are significantly enriched in AR positive tumours compared to their AR negative 

counterparts (68), with mutation rates of 24-50% versus 6.5% respectively (27, 69). 

In addition to PIK3CA mutations, concurrent PIK3CA amplification can also be 

observed. Unlike other known oncogenes such as BRAF, KRAS or ERBB2 in which 

mutations and amplifications tend to be mutually exclusive, the co-occurrence of a 

PIK3CA amplification and a PIK3CA mutation is relatively frequent (68). From a 

practical perspective, AR protein has been shown to be a good surrogate for the 

LAR subtype, in the absence of gene expression profiling (23).  
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1.6.2 Burstein Subtypes 

Following the work of Lehmann, Burstein et al. reported on transcriptional analysis 

of a smaller TNBC cohort (70). The authors identified four stable but different 

TNBC subgroups, each associated with differing clinical outcomes. The subgroups 

were luminal androgen receptor (LAR), mesenchymal (MES), basal-like 

immunosuppressed (BLIS) and basal-like immune-activated (BLIA). Like the 

Lehmann group, TNBC patients with tumours expressing immune component 

features had the best outcome.  

 

Despite staining negatively for ER by IHC, LAR tumours exhibit AR, ER, prolactin 

and ERBB4 signaling. Gene expression profiling demonstrates expression of 

oestrogen-regulated genes such as oestrogen receptor 1 (ESR1), progesterone 

receptor (PGR), forkhead box A (FOXA), X box binding protein 1 (XBP1) and 

GATA3 (70). Therefore, although these tumours are ER negative, they demonstrate 

evidence of ER activation suggesting that LAR tumours may respond to traditional 

anti-oestrogen therapies as well as to anti-androgen therapy (37, 70).  

 

Mismatch repair and DNA damage pathways as well as hereditary breast cancer 

pathways characterize the MES subtype. In addition, genes normally expressed 

exclusively in osteocytes (osteoglycin) and adipocytes (adiponectin, perilipin 1) as 

well as essential growth factors (insulin like growth factor 1 - IGF1) are highly 

expressed in this subtype. This MES subtype has previously been described as 

mesenchymal stem–like or claudin-low (70).  

 

The BLIS subtype displays down-regulation of B cell, T cell, and natural killer 

(NK) cell immune-regulating pathways as well as cytokine pathways. In addition, 

factors controlling antigen presentation, immune cell differentiation and innate and 

adaptive immune cell communication are expressed at low levels. The BLIS 

subtype has been shown to be associated with the worst DFS and BCSS (70).  

 

Contrary to BLIS, in the BLIA subtype, there is upregulation of immune regulated 

pathways controlling B cell, T cell, and NK cells. The BLIA subtype exhibits 

activation of signal transducer and activator of transcription (STAT) transcription 
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factor-mediated pathways and has high expression of STAT genes. This subtype has 

the best prognosis among the four distinct subtypes (70). 

 

The TNBC subtyping reported by both Lehmann (37, 67) and Burstein (70) showed 

an overlap between MSL and MES, between BL1 and IM with BLIA, M with BLIS 

and the two LAR subtypes. The combined data shows that distinct transcriptional 

subtypes are reproducible and identifiable (15).  

 

 

1.6.3 Clinical Relevance of TNBC Subtyping 

Lehmann et al. (67) highlighted clinical differences and implications for treatment 

with each of the TNBC subtypes: BL1 tumours are higher-grade tumours, while 

LAR tumours are lower grade compared to other subtypes. BL1 tumours tend to be 

diagnosed at an earlier stage than BL2 and LAR tumours. LAR tumours are 

significantly more likely to have lymph node metastasis, with 47% having regional 

lymph node disease, compared to 32%, 33% and 21% for BL1, BL2 and M subtypes 

respectively. In addition, the incidence of bone metastasis was found to be 

significantly higher for the LAR subtype (46%) compared to other TNBC subtypes 

(16%) (67). RFS was significantly decreased in the LAR and M subtype compared 

to the BL subtypes, while the MSL subtype appeared to have higher RFS than the 

M subtype (37).  

 

The TNBC subtypes also showed different sensitivities to cytotoxic agents (37, 67). 

Pre-clinical studies suggest that BL1 TNBCs are sensitive to DNA damaging agents 

such as cisplatin: M and MSL subtypes are sensitive to dasatinib and show 

sensitivity to PI3K/ mechanistic (or mammalian) target of rapamycin (mTOR) 

inhibitors; LAR TNBCs are sensitive to bicalutamide and to PI3K inhibitors (15, 

27, 37).  

 

Masuda et al. (16) have shown that in the neoadjuvant setting, there is a significant 

association between TNBC subtype and achievement of a pCR. The BL1 subtype 

had higher rates of pCR (52%) compared to the BL2 and LAR subtypes (0% and 

10% respectively), without any significant association between TNBC subtype and 

DFS or OS. Despite its low pCR rates, the LAR subtype had delayed recurrences 
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compared with other groups and was associated with the best OS rates while the M 

subtype had the worst OS rate (16). On the other hand, Lehmann et al. (67) 

demonstrated better RFS and OS for BL1 patients compared to all other TNBC 

subtypes combined, with ~60% RFS at 10 years in the BL1 subtype (Figure 1.5).  

 

 

          

 
 
Figure 1.5: TNBC subtypes with survival data by molecular classifications  
Reproduced with permission from Lehmann et al. (67). 

Permission granted via open access from PlosOne Creative Commons Attribution. 

 

 

The subtyping described by Lehmann and Burstein (37,67,70) provides valuable 

insight into the molecular heterogeneity of TNBCs and reveals at least four 

subtypes with potential clinical relevance. In order for the clinical relevance of these 

subtypes to be realized, they need to be reproducible in clinical practice (24).  

Molecular drivers and/or surrogates of each subtype linked to therapeutic options 
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remains to be identified and validated.  However, to date, no candidate biomarkers 

have emerged. Potential IHC surrogates for Lehmann’s (15, 37, 67) and Burstein’s 

(70) subtypes have not been validated and it remains unclear if the gene expression 

profiles are truly overexpressed or are functionally activated at the protein 

expression level (16).  

 

Subtyping of TNBCs may facilitate the development of personalised treatment 

paradigms. Historically, clinical trials in TNBCs have tended to show lack of 

efficacy of many cytotoxic drugs and drug combinations. It is now evident that this 

is due, in part, to the non-specific inclusion of all TNBCs, including the LAR and 

M subtypes, into these clinical trials. When studies include all TNBC subtypes, 

effective therapies could be overlooked or eliminated as the response rates (RR), 

clinical benefit rates (CBR) and OS rates are diluted by chemoresistant subtypes 

(27). Prospective validation of response rates, and in particular pCR rates, among 

the different TNBC subtypes in different TNBC datasets is needed (71). In addition 

it is necessary to determine the potential of TNBC subtyping to guide systemic 

treatment and predict long-term patient outcomes (16, 71).  

 

 

1.7     Therapeutic Targets & Biomarkers 

There is an unmet need for the identification of targetable alterations and 

biomarkers, and the development of targeted therapies for TNBC, both in the 

untreated and post-NACT setting. Despite the mutational spectrum observed in 

TNBCs, only 20% of TNBCs have actionable targets. A number of somatic 

alterations that are potentially clinically actionable, based on the availability of 

therapeutic targets, have been identified but their clinical utility in TNBC is 

unknown. These include BRAF V600E mutations, EGFR amplifications and ERBB2 

and ERBB3 mutations (62). Such mutations are more frequently observed in 

residual disease post-NACT. Over 90% of patients with residual disease post-

NACT have alterations in at least one targetable pathway including cell-cycle 

alterations, PI3K/mTOR alterations, growth factor receptor amplifications, 

RAS/mitogen-activated protein kinase (MAPK) alterations and DNA repair 

alterations (66). In addition, potential therapeutic targets that are less common have 
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also been identified: PTEN alterations can be targeted by PI3K inhibitors and AKT 

inhibitors and CDK6, CCND1, CCND2 and CCND3 amplifications can be targeted 

by CDK4/6 inhibitors. Amplification of c-MYC oncogene coincides with MAP2K 

activity by gene expression signatures and therefore, MEK inhibitors could inhibit 

MYC overexpressing cells (66).  

 

The role of DNA damage repair has been explored as a therapeutic target. BRCA1/2 

associated TNBCs and other TNBCs with HRD are associated with underlying 

DNA-repair defects and can be considered a different clinical subset of TNBCs. 

Although they appear to have poor prognostic information with respect to 

presentation and tumour patterns, these tumours can have better outcomes with the 

use of DNA damaging agents such as platinums and PARP inhibitors (46, 50). In 

addition to germline BRCA1/2 mutations, other novel biomarkers of HRD are being 

studied, all of which have the potential to direct targeted therapy in TNBCs. These 

include somatic BRCA1/2 mutations, mutations in non-BRCA, HR repair genes 

such as PALB2, RAD51, ATM, CHEK2 and BRIP1 and genomic scar assays using 

single nucleotide polymorphism genotyping and next generation sequencing (72).   

 

Predictive biomarkers that could stratify patients with TNBC into treatment groups 

based on chemosensitivity or chemoresistance would facilitate more effective 

management using targeted therapies alone or in combination with chemotherapy. 

Such markers could predict treatment sensitivity, treatment resistance and 

subsequently guide optimal upfront treatment selection (3).  The use of NACT 

provides a unique opportunity to evaluate potential biomarkers of treatment 

response in both the pre-treatment tumour and post-treatment residual tumour. In 

patients with residual disease after NACT, the residual disease has been shown to 

be highly chemoresistant. Evaluating the characteristics of this residual disease can 

facilitate tailored therapies in patients who remain at high risk. To explore the 

molecular drivers of this treatment resistant disease, Balko et al. (66) performed 

comprehensive molecular analysis of residual TNBCs post-NACT, with matched 

analysis of samples pre- and post-chemotherapy. Residual tumours post-NACT 

were noted to have differing mutational burden patterns. For example, there were 

higher frequencies of MCL1, CDK6, CCND1, CCND2 and CCND3 amplifications, 

PTEN deletions or mutations and JAK2 mutations in chemotherapy treated residual 



Chapter 1: Introduction 

 

 29 

disease compared to primary treatment naïve disease. Therefore, genomic profiling 

may be performed in order to identify potentially actionable targets in the residual 

tumours, as these tumours are the source of future metastatic disease (66). Patients 

who fail to achieve a pCR after standard NACT should be considered for clinical 

trials wherever possible. 

 

Novel therapeutic approaches to identify actionable molecular targets and to target 

these residual oncogenic pathways are required (27) and several adjuvant clinical 

trials are underway in this population of patients. For example, the role of 

conventional chemotherapy agents such as carboplatin, cisplatin and capecitabine 

are being studied as adjuvant treatment of patients with residual TNBC post-NACT 

(National Clinical Trial (NCT) 02445391; NCT01752686) and mTOR inhibitors 

are being studied in combination with platinums in this setting (NCT01931163). 

Using alternative approaches, the role of PARP inhibitors plus chemotherapy 

(NCT01074970) and PARP inhibitors plus radiation (NCT03109080; 

NCT03945721) are being studied in this cohort. Immune checkpoint inhibitors are 

also under investigation in the adjuvant setting for patients who fail to achieve a 

pCR, as single agent (NCT02954874), in combination with chemotherapy 

(NCT03487666; NCT03756298) and in combination with radiation 

(NCT03818685). Novel immunotherapy agents such as adagloxad simolenin are 

also under investigation (NCT03562637). The PHOENIX trial is a pre-surgical 

window of opportunity phase II study which is not yet open but will aim to studying 

the effect of DNA damage response inhibitors and/or anti- programmed cell death 

ligand-1 (PD-L1) inhibitors in patients with residual disease post-NACT 

(NCT03740893).   Finally the role of autologous stem cell transplant is under 

investigation in patients with residual TNBC post-NACT (NCT02670109).  

 

The combination of inter- and intra-tumoural heterogeneity means that the 

identification of targets with the use of genomic profiling is complex and 

challenging in TNBC (22,23,27).  Despite this, genomic signatures have been 

shown to predict chemotherapy sensitivity, NACT response and survival post-

NACT among high-risk lymph node positive, HER2-negative patients. Based on 

gene signatures, patients can be classified into chemosensitive, good prognostic 

groups and chemoresistant, poor prognostic groups prior to receiving NACT (73). 
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However, in the case of TNBCs, these results are unlikely to de-escalate systemic 

therapy, like we have seen with Oncotype Dx testing (Genomic Health, Redwood 

City, CA) in ER-positive disease (10, 11). The use of genomic signatures in TNBCs 

could provide rationale for clinical trials to study the use of adjuvant or targeted 

therapy in chemoresistant, non-responding TNBCs after primary treatment with 

NACT and surgery (73).  

 

 

1.7.1 Stromal Tumour-Infiltrating Lymphocytes 

Breast cancer has historically been considered a non-immunogenic cancer. 

However, some breast cancers, such as medullary cancers, are known to have 

lymphoid infiltrates and are associated with good prognosis despite high grade 

features (74). Originally, high expression of immune-related genes in breast cancer 

was considered to be a confounding variable within microarray-based gene 

expression analyses. However, immune-related gene expression is now known to 

be a major molecular process associated with good prognosis, particularly in 

TNBCs, and the tumour immune microenvironment has been shown to be an 

important determinant of outcome and response to therapy (75). In a large meta-

analysis, immune response signatures were found to be associated with increased 

rates of pCR (76), thereby recognizing that immune gene signatures can signal the 

relative abundance of tumour-infiltrating immune cells and subpopulations of 

immune cells (77-80).  

 

In light of the successes of immunotherapy in other cancers and due to the high 

number of somatic mutations identified in TNBC genome analyses, there has been 

renewed interest in the assessment of the immune microenvironment in TNBC. 

Somatic mutations in the tumour are thought to be the source of mutated antigens 

(neoantigens) that are recognized by the host immune system as foreign-like 

peptides presented on major histocompatibility complex (MHC) molecules (81). 

Tumour mutational burden (TMB) reflects the total number of somatic mutations 

per coding area of a tumour genome. Tumours with higher TMB are more 

immunogenic due to the expression of neoantigens that can be recognized by 

specific T cells (82). Programmed cell death-1 (PD-1) and PD-L1, tumour 
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mismatch repair deficiency and TMB are inter-connected and have been shown to 

predict for response to immune checkpoint inhibition. For example, tumours with 

mismatch repair deficiency contain prominent lymphocyte infiltrates and have high 

TMB. Therefore, these tumours respond well to anti-PD-1 therapy (83-87).  

 

The correlation between PD-1 / PD-L1 and sTILs has also been well established. 

PD-L1 has been shown to be preferentially overexpressed on sTILs and is 

predictive of response to immune checkpoint inhibition (83). In melanoma for 

example, the presence of CD8-positive sTILs predicts response to anti-PD-L1 

antibodies such as nivolumab and pembrolizumab (88). Similarly, in TNBC, high 

PD-L1 expression is associated with higher sTIL infiltration and improved 

outcomes. Tumours with higher TMB, such as malignant melanoma and non-small 

cell lung cancer, have been treated with autologous TIL infusions and results 

demonstrate that tumours with high TMB are most susceptible to autologous TIL 

treatments (89, 90).  

 

sTILs tend to be higher in TNBC and HER2 positive cancers, compared to hormone 

receptor positive subtypes (91-93).  Tumours with high levels of sTILs can also be 

described as highly immunogenic. These are homogeneous tumours which grow 

rapidly, have high rates of necrosis, less LVI, less in situ components, low levels of 

tumour stroma and high levels of lymphocytic infiltration both around the tumour 

and in the adjacent tissue (94) (Picture 1.2). Many types of immune cells are 

increased in TNBCs, including B cells, T cells and macrophages, and TNBCs with 

sTILs may represent the immune phenotype that has been observed repeatedly in 

gene expression profiling (15,37,93,95).  

  

Several clinical studies have shown that sTILs are predictive of response to NACT: 

TNBCs with higher sTILs are associated with greater response to NACT (93, 96-

102). In addition, sTILs are associated with a favourable prognosis: TNBCs with 

increased sTIL counts have longer DFS and OS, and reduced risk of relapse and 

death compared to those with lower sTIL levels, independent of pCR rates. For each 

10% increase in sTILs, there is a 13-15% reduction in the risk of relapse, and a 17-

19% reduction in the risk of breast cancer related death, suggesting that higher 

sTILs lead to improved survival. These improvements are likely to be seen 
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irrespective of systemic therapy or pCR rates (67, 91, 93, 95, 97, 98, 103-106). 

Denkert et al. (93) studied the distribution of different cells that make up sTILs 

using Curtis’s genome expression data (13) and found that the presence of most 

immune cell types, including different types of T cells, NK cells, B cells, monocytes 

and myeloid-derived dendritic cells, were associated with improved OS in TNBC.  

 

The increasing evidence with regard to the prognostic influence of sTILs and the 

expression of PD-L1 in TNBCs has led to the study of checkpoint blockade in 

TNBC. Ongoing studies are investigating the role of anti-PD-1 antibodies in 

combination with other agents, such as other immunotherapeutic agents, 

conventional chemotherapy, radiotherapy, or targeted agents (107). Chemotherapy 

has been shown to induce immunogenic cell death and reduce tumour burden, 

thereby rendering immunotherapy more effective (108). There is a growing body 

of evidence that chemotherapy agents, in addition to their cytotoxic effects, 

stimulate the immune response in a tumour by releasing tumour antigen and by 

decreasing the number of immunosuppressive cells but that a pre-existing host 

immune response can also enhance the effect of immunogenic chemotherapy (109). 

 

At present, the assessment of sTILs has not translated into clinical practice, as the 

assessment of sTILs has not yet been standardized to a level that allows its 

incorporation into routine clinical practice (95, 98). To this end, an international 

working group of breast pathologists introduced guidance with the aim of 

standardizing assessment of sTILs in breast cancer (110). sTILs could play a role 

in facilitating the development of efficient immunotherapeutic approaches in 

TNBCs if sTIL assessment becomes standardized and validated (94).  

 

Like sTILs, Ki67 has also been evaluated as a predictive and prognostic biomarker 

and the validity of Ki67 in TNBCs has been shown in several studies (111, 112). 

The Ki67 score of residual disease after NACT has been shown to be prognostic, 

as Ki67 correlates with the underlying molecular subtype of the residual tumour. 

However, as Ki67 does not identify a pathogenic driver of the chemoresistant 

tumour, it is not yet an actionable target (66). In addition, despite ongoing 

international efforts and guidelines, the best way to measure Ki67, with respect to 

cut off values and assessment, remains unclear. Ki67 measurements are not static, 
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but rather are continuous markers reflecting the fluidity of proliferation among 

tumours (113, 114). An international Ki67 reproducibility study evaluated the 

consistency of Ki67 reporting among eight leading laboratories worldwide and 

showed that Ki67 scoring did not meet the standards of analytic validity required 

for routine clinical practice in view of the significant variability in reporting (115). 

As a result, the International Ki67 Working Group has carried out a series of studies 

attempting to standardize Ki67 scoring in order to decrease variability and improve 

Ki67 assessment and web-based image analysis tools have been developed to 

improve the accuracy and consistency of Ki67 scoring (115-117). To date, like 

histological subtypes and sTILs, Ki67 scores are not yet being used in treatment 

decision making for TNBCs. 
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Picture 1.2: Photomicrographs of (A) TNBC with Low Lymphocyte Count and (B) 

TNBC with High Lymphocyte Count   

A

B
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1.8      Treatment of Triple Negative Breast Cancer 

1.8.1 Chemotherapy 

Chemotherapy is the only modality of systemic therapy currently available for 

TNBC (3,22,27). TNBCs show unique chemotherapy sensitivity patterns, and 30-

60% of patients with TNBC show excellent pathological responses to NACT. It is 

suggested that TNBCs respond better to chemotherapy in both the neoadjuvant and 

adjuvant setting, when compared to other breast cancer subtypes (15). A study by 

Colleoni et al. (118) showed that patients with TNBC derive a large benefit from 

adjuvant chemotherapy, even in lymph-node negative disease. This study 

demonstrated a reduction in hazard ratio (HR) for chemotherapy versus no 

chemotherapy of 0.46 with standard CMF chemotherapy (Cyclophosphamide 

Methotrexate 5-Fluorouracil) (118). In the Cancer and Leukaemia Group B 

(CALGB) 9741 study, assessing the use of a dose dense chemotherapy regimen, 

patients with TNBC derived the most benefit from adjuvant chemotherapy 

compared to other breast cancer subtypes (119).  

 

Despite the known benefit of chemotherapy in TNBCs, there is currently no 

standard of care with regards to timing of administration of chemotherapy or 

chemotherapy regimen selection for TNBCs. Many drugs including anthracyclines 

and taxanes are currently standard choices (119-122). The National Comprehensive 

Cancer Network (NCCN) guidelines (123) currently recommend the selection of 

adjuvant versus NACT based on standard prognostic criteria, such as tumour size 

and lymph node burden, as opposed to breast cancer subtypes. In addition, these 

guidelines recommend a dose dense anthracycline-taxane-based regimen for 

TNBCs, such as doxorubicin plus cyclophosphamide followed by paclitaxel, or any 

of several other regimens (123). These recommendations are identical to those 

recommended for hormone receptor positive breast cancers (119-122). The NCCN 

currently does not recommend the use of platinums outside of the clinical trial 

setting, even though the benefit is acknowledged with respect to response to NACT 

(124, 125). A large proportion of patients with TNBC who respond initially to 

standard chemotherapy will relapse and succumb to their disease (15,27,126).  
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1.8.2 Neoadjuvant Chemotherapy 

The principal aim of NACT is to treat clinically measurable disease, to increase 

pCR in order to prevent distant recurrences, to improve prognosis and ultimately to 

prevent breast cancer related mortality. NACT also increases the possibility of 

breast-conserving surgery and, importantly, gives prognostic information by 

attempting to eliminate clinically silent micrometastases (20, 127). A meta-analysis 

of almost 4000 patients by Mauri et al. (128) has shown that there was no significant 

difference between NACT and adjuvant chemotherapy with respect to death, 

disease progression or distant disease recurrence and concluded that neoadjuvant 

and adjuvant therapies are equivalent in terms of overall survival outcomes. 

Therefore, based on the important prognostic information garnered with the use of 

NACT and the fact that NACT and adjuvant chemotherapy are equivalent with 

respect to survival outcomes, NACT is increasingly used in the treatment of TNBCs 

and is considered standard of care for TNBCs in many centres.  

 

Carey et al. (39) have shown that TNBC is more chemosensitive than other breast 

cancer subtypes and therefore, patients with TNBC have a higher chance of 

achieving a pCR compared to non-TNBCs. Similarly, in the GeparTrio study, 

negative hormone status was the strongest single predictor of pCR (129). The 

National Surgical Breast and Bowel Project (NSABP) B-18 and NSABP B-27 

studies compared neoadjuvant and adjuvant chemotherapy using either 

anthracycline or anthracycline-taxane combinations. Although there was no 

difference in outcomes whether chemotherapy was given in the neoadjuvant or 

adjuvant setting, patients who achieved a pCR to NACT had superior DFS and OS, 

compared to those who did not achieve a pCR (130-132).  

 

1.8.2.a Pathological Response to NACT 

Similar to other breast cancer subtypes, TNBCs show a strong association between 

pCR and both event free survival (EFS) and OS (133) (Figure 1.6). The 

achievement of pCR after NACT is used as a surrogate marker of treatment efficacy 

in TNBCs (134, 135). Patients with TNBC who attain a pCR after NACT have 

excellent survival outcomes, comparable to their non-TNBC counterparts who 

attain a pCR (22,35,135).  
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Figure 1.6: Association between pCR and survival, by breast cancer subtype  
Reproduced with Permission from Cortazar et al. (133). 

See Appendix 1.4 for permissions. 

 

 

Those TNBCs who fail to achieve pCR after NACT have a significantly worse 

prognosis (3,22,29,63). Hurley et al. (63) demonstrated that the presence of residual 

axillary node metastases after NACT in TNBCs is among the worst prognostic 

factors and is predictive for markedly shortened OS. In that study, the 5-year 

survival for women with any lymph node involvement was 30% and reduced to 

only 15% for those with over three nodes involved (63). Similarly, other studies 

have shown that patients with residual disease after NACT are six times more likely 

to have recurrence and twelve times more likely to die of metastatic disease 

compared to those patients who achieve a pCR (16, 35). Currently, despite the high 

likelihood of recurrence in patients with residual disease after NACT, the standard 

of care continues to be observation only as there are no available targeted therapies 

to effectively reduce these future recurrences and the use of adjuvant chemotherapy 

is controversial in this setting (66). A recent study by Masuda et al. (136) 
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randomized patients with residual disease post-NACT to six months of adjuvant 

capecitabine. Among patients with TNBC, the DFS was 70% in the capecitabine 

group, compared to 56% in the control group (HR 0.58). The OS was 79% versus 

70% favouring the capecitabine group (HR 0.52) (136). However, this study carried 

out in Japan and Korea has several limitations, most notably the study design and 

concerns about generalisability given the patient population studied. For example, 

the dose of capecitabine used in this study was higher than the dose used routinely 

in non-Asian patients and only 38% of all patients completed the six months of 

therapy as planned. In addition, this study was designed to study all patients with 

HER2-negative disease, and the results in TNBCs were reported as a small 

unplanned subgroup analysis. Therefore, despite the positive results reported from 

this study, capecitabine has not yet been incorporated into standard of care 

treatment paradigms for TNBCs with residual disease post-NACT (123).  

 

Viable tumour cells that remain after NACT are likely to contain a population of 

intrinsically chemo-resistant cells (137, 138). These tumour cells mimic the 

micrometastatic component of the disease and are considered responsible for the 

development of distant metastases. Patients who develop metastatic disease after 

NACT are unlikely to respond well to further conventional chemotherapy because 

the micrometastases responsible for these recurrences have already been exposed 

to standard of care chemotherapy in the neoadjuvant setting (66). 

 

The attainment of a pCR has had mixed fortunes from a biomarker perspective. The 

NSABP B-27 is one of the largest randomised NACT trials to date, with over 2400 

patients enrolled. In this study, despite doubling of pCR rates with the addition of 

a taxane to an anthracycline-based NACT regimen (26% versus 13%), there was no 

significant improvement in 5-year DFS or OS (131, 132). The CTNeoBC trial was 

a US Food and Drug Administration (FDA) sponsored meta-analysis of 12 NACT 

trials of almost 12,000 patients that also failed to validate pCR as a surrogate 

endpoint for improved EFS or OS. In this study, at a patient level, pCR appeared 

prognostic. However, across studies, at a clinical trial level, there was no significant 

association between pCR and EFS (133), suggesting that significant improvements 

in pCR rates at a patient level can translate to non-significant changes in survival 

in large clinical trials (139).  
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Finally, in the HER2 setting, much has been learned about the discrepancies 

between pCR rates and outcomes from both the NEOALTTO (140) and ALTTO 

(141) studies. In the neoadjuvant NEOALLTO study, the addition of lapatinib to 

trastuzumab plus chemotherapy significantly improved pCR rates (140). These 

results led to the FDA granting accelerated approval to lapatinib based on 

neoadjuvant pCR rates. However, when the results of the adjuvant ALTTO trial 

were presented, there was no significant improvement in survival with the addition 

of lapatinib, despite an initial improvement in pCR rate (141). Similarly, 

pertuzumab was granted FDA approval based on the neoadjuvant NeoSphere study 

in which patients treated with a combination of dual anti-HER2 therapy 

(pertuzumab and trastuzumab) plus chemotherapy had higher rates of pCR 

compared to patients treated with single agent anti-HER2 therapy plus 

chemotherapy (142). In the subsequent adjuvant APHINITY study, while the 

addition of pertuzumab to trastuzumab and chemotherapy did improve DFS overall, 

the benefit was only observed in patients with lymph node positive disease (143). 

 

While pCR is an important predictor of outcome for an individual patient, caution 

is needed when extrapolating pCR data to infer survival advantage at a population 

level. It is important that clinical trials continue to be designed with survival as a 

primary endpoint.  

 

 

1.9 Chemotherapy Selection 

1.9.1 Anthracycline-Taxane Combinations 

NCCN guidelines currently recommend a chemotherapy regimen containing at 

least an anthracycline or taxane, but ideally both an anthracycline and taxane for 

early stage TNBCs (123). Like other breast cancer subtypes, anthracycline 

containing regimens have been shown to be effective in the treatment of TNBCs in 

both the neoadjuvant and adjuvant setting (35). A reported 17-58% of patients with 

TNBC achieve a pCR after anthracycline-based NACT (3). In the adjuvant setting, 

TNBCs were found to derive significant benefit from anthracycline-based 

chemotherapy, in terms of RFS and OS (144).  
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Subset analyses of several large clinical trials have shown taxane-based 

combination chemotherapy to be very beneficial in the treatment of TNBCs (36, 

145). Patients with ER-negative disease have been shown to have a better response 

to taxane-based adjuvant chemotherapy regimens compared to non-taxane-based 

chemotherapy regimens (36). A study by Jones et al. (145) has shown that among 

all breast cancers, the substitution of docetaxel for an anthracycline in the adjuvant 

setting improved both DFS and OS. An unplanned exploratory analysis of this study 

showed that taxanes were equally effective in both HR-negative and HR-positive 

disease (145). In the neoadjuvant setting, taxanes are more active in TNBCs than in 

HR-positive breast cancers (2,6,36).  

 

Much of the current information on the benefit of anthracycline-taxane-based 

combination chemotherapy in TNBCs comes from the neoadjuvant setting. Patients 

with TNBC have an increased probability of obtaining a pCR compared with their 

non-TNBC counterparts when treated with combination anthracycline-taxane- 

based chemotherapy (27, 135). Sikov et al. (124) demonstrated that 42% of patients 

with stage II-III TNBC treated with anthracycline-taxane-based chemotherapy 

achieved a pCR in the breast and 39% achieved a pCR in the breast and axilla (124). 

In the adjuvant setting, dose-dense anthracycline-taxane-based chemotherapy has 

been shown to have superior outcomes compared to standard 3-weekly dosing in 

TNBCs (146). Sparano et al. (147) has shown that weekly paclitaxel, given 

sequentially after an anthracycline, is superior to conventional 3-weekly dosing in 

the adjuvant treatment of TNBCs (147). A large analysis by Blum et al. (148) has 

shown that docetaxel-cyclophosphamide was inferior to anthracycline-taxane-

based chemotherapy, with the largest difference seen in TNBCs. In particular, 

TNBCs have been shown to derive benefit from the sequential addition of paclitaxel 

to the combination of doxorubicin and cyclophosphamide (120, 149). Therefore, 

unless medically contraindicated, ideally patients with TNBC should be treated 

with anthracycline-taxane combinations, at the very least. 

 

 

1.9.2 Platinums 

There has been promising data for the use of platinum salts in the treatment of 
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TNBCs in both the neoadjuvant and metastatic setting. Platinum salts induce 

double-strand DNA breaks to cause cell death. Both BRCA1 and BRCA2 genes 

encode proteins that play an important role in double-strand DNA repair (124). As 

a result, cells that are deficient in homologous recombination repair mechanisms, 

such as BRCA-mutated cells or TNBCs can be exquisitely sensitive to platinum 

agents (20,27,71) (Figure 1.7).  

 

In particular, tumours with BRCA1 mutations have a reduced capacity for DNA 

damage repair and are unable to completely recover from the effects of DNA 

damaging agents such as platinums. In view of the high frequency of BRCA1 

germline mutations in TNBCs, platinum salts are highly active in this cohort of 

patients (149). In fact, an early study by Byrski et al. (150) has shown that among 

BRCA1 mutation carriers, the highest rate of pCR was in those women treated with 

single-agent cisplatin, with pCR rates of 83%.  

 

Combination chemotherapy with a platinum backbone has also been shown to be 

both effective and well tolerated in the neoadjuvant treatment of TNBCs. Most 

studies investigating the use of platinums in combination with taxanes in the 

neoadjuvant setting use carboplatin and paclitaxel as this regimen is well tolerated, 

with less toxicities than other regimens (151, 152). Two pivotal phase II studies, 

the GeparSixto and CALGB 40603 have shown the most promising and practice 

changing results (124, 125). The CALGB 40603 study reported that the addition of 

carboplatin to a neoadjuvant regimen containing a taxane, anthracycline and/or 

bevacizumab, resulted in a significant improvement in pCR rate among stage II-III 

TNBCs. Sixty percent (60%) of patients treated with carboplatin achieved a pCR in 

the breast and 54% had a pCR in the breast and axilla compared with 46% and 41% 

respectively among those not treated with carboplatin (124). The GeparSixto study 

assessed the effect of adding carboplatin to a neoadjuvant regimen containing an 

anthracycline, a taxane and bevacizumab and showed that the addition of 

carboplatin resulted in an absolute increase of 16%, from 37% to 53%, in the rate 

of pCR in the breast and axilla in 158 stage II-III TNBC patients (125). Based on 

those results, a phase III study (GeparOcto: NCT02125344) is currently ongoing to 

fully assess the value of adding carboplatin to an anthracycline-taxane backbone in 

the neoadjuvant setting (125). 
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Figure 1.7: DNA Damage Repair Pathways  
Reproduced with Permission from Helleday et al. (153). 

See Appendix 1.5 for permissions. 

 

 

There are also studies assessing the use of platinums in non-anthracycline 

containing NACT regimens. The Ca.Pa.Be study assessed the use of carboplatin 

and paclitaxel plus bevacizumab neoadjuvantly in TNBCs, showing pCR rates of 

50% (154). Similarly other non-anthracycline NACT regimens have shown pCR 

rates of 33-55% (155-158).  

 

In the metastatic setting, platinums have also been shown to be beneficial. In the 

phase III TNT trial patients with metastatic TNBC were randomized to either single 

agent carboplatin or docetaxel. The ORR was 31% for all patients treated with 

carboplatin. Patients with BRCA1/2 mutations treated with carboplatin had an 

increased objective response rate (ORR), compared to those treated with docetaxel 

(68% versus 33% respectively; p=0.01).  However, the so-called “BRCAness” 
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patients (those with BRCA1 methylation, BRCA1 mRNA-low tumours or a high 

HRD score) did not derive the same benefit from carboplatin. This suggests that 

TNBCs derived from germline BRCA1/2 mutations may be fundamentally different 

from non-BRCA1/2 tumours, even if certain features appear similar between the 

two groups (159). Other studies have shown ORRs of 26% among unselected 

metastatic TNBCs treated with single agent platinum and ORRs of 63% with a 

median PFS of 7.2 months with the use of cisplatin plus gemcitabine in metastatic 

TNBCs (160, 161).  

 

While awaiting definitive phase III trials, most centres consider platinum agents in 

the neoadjuvant setting for select TNBC patients, particularly as part of an 

anthracycline-taxane-based chemotherapy regimen, or as part of a clinical trial. In 

addition, platinums are considered in the treatment of metastatic TNBCs either as 

single agent or in combination with other agents such as gemcitabine or docetaxel 

(103,124,125,160-162). 

 

 

1.9.3 Other Chemotherapeutic Agents 

There is encouraging data on the use of capecitabine in TNBC. The FinXX trial 

reported improved DFS and OS for patients with TNBC who received capecitabine 

added to an anthracycline-taxane chemotherapy backbone in the adjuvant setting, 

with no improvement observed in non-TNBC patients (163). As discussed 

previously, the CREATE-X study demonstrated improvements in DFS and OS with 

six months of adjuvant capecitabine in patients with residual disease post-NACT 

(136). Based on these two studies, capecitabine could certainly be considered in the 

adjuvant treatment of TNBC, although it is not yet standard of care.   

 

 

1.10    Targeted Therapy 

Currently, there is no specific targeted agent with US FDA or European Medicines 

Agency (EMA) approval to treat TNBCs in the neoadjuvant, adjuvant, or metastatic 

setting (15). The absence of robust molecular targets means that those patients who 

are likely to benefit from a specific agent cannot be reliable identified.  For the most 
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part, when targeted therapies are being investigated for use in TNBCs, these 

tumours are treated as a single disease entity. The evaluation of targeted therapies 

in unselected TNBCs may mask a benefit in a subset of the disease (15).  

 

Combination therapy using targeted therapies is likely to be a more optimal strategy 

in the treatment of TNBCs (20,27,71). Strategies that selectively inhibit one cellular 

pathway may be less effective if a compensatory pathway becomes activated (71). 

Ideally, complementary combinations of two or more targeted agents, with or 

without systemic chemotherapy, could maximise treatment efficacy and minimise 

therapeutic resistance.  

 

The use or development of targeted therapies in TNBC has been studied in small, 

unselected patient cohorts. Recently, Bardia et al. (164) reported promising data 

with the use of an antibody drug conjugate, sacituzumab govitecan, in a small study 

of less than 70 patients. Similarly, the EMERGE study assessing glembatumumab 

vedotin included only 28 patients with TNBC (165). Even among large phase III 

studies of standard chemotherapy use, patient numbers are small; few studies 

include more than 500 patients (166, 167). Enrolling TNBC patients onto large 

international collaborative studies will be essential in order to make progress in 

developing targeted treatments for this disease. 

 

 

1.10.1  PARP Inhibitors 

Single strand DNA breaks are normally repaired by base excision repair using 

PARP enzymes (20). In their role as tumour suppressor genes, BRCA1 and BRCA2 

encode proteins responsible for DNA damage repair of double strand DNA breaks 

through the homologous recombination pathway. Mutations in BRCA1/2 lead to the 

development of cancers with homologous recombination deficiencies with 

decreased capacity for DNA damage repair. In the presence of both BRCA1/2 

mutations and PARP inhibition, cells either fail to repair DNA damage resulting in 

cell death, or attempt DNA repair using error-prone processes such as non-

homologous end joining, leading to significant genomic instability that is 

incompatible with cell survival. As a result, tumours with loss of homologous 
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recombination such as BRCA1/2 associated tumours are sensitive to PARP 

inhibitors, as synthetic lethality is achieved by failure to repair both single strand 

and double strand DNA breaks, resulting in cell death (2, 50, 168, 169). 

 

The term synthetic lethality describes the concept whereby the presence of one 

mutated gene alone is compatible with cell viability, but the presence of two 

mutations results in cell death (170) as is evident with BRCA1/2 and PARP 

inhibition. Therefore, PARP inhibitors act by inhibiting the repair of DNA strand 

breaks and are most effective in patients with germline BRCA1/2 mutations or in 

those with “BRCA-like” tumours such as TNBCs (2, 20, 65) (Figure 1.8).  

 

 

 

 
Figure 1.8: The interlink between BRCA and PARP 
Reproduced with permission from Gibson et al. (171).  

Permission granted via open access from BioMed Central. 

 

 

There are several potential clinical uses for PARP inhibitors: inducing cell kill in 

patients with BRCA1/2 mutations, enhancing the “BRCA-like” DNA repair defects 

seen in TNBCs and increasing sensitization to both chemotherapy and radiotherapy 

(2, 19, 71). Early clinical studies using PARP inhibitors in TNBC showed great 

promise and, as a result, several PARP inhibitors are currently being developed as 

therapeutic agents for TNBCs (2, 19, 65). However, there have been mixed results 
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with the use of PARP inhibitors as single agents in TNBCs. For example, Gelmon 

et al. (172) conducted a phase II study of single agent olaparib in women with 

advanced TNBC or BRCA-mutated breast (and ovarian) cancer. This study failed 

to show any objective responses to olaparib in the breast cancer cohorts, but did 

report good activity in pre-treated high-grade serous ovarian cancer (172).  

 

On the contrary, two recent studies have shown benefit for PARP inhibition in 

BRCA mutated breast cancers. The phase III OlympiAD trial compared olaparib to 

chemotherapy in patients with BRCA1/2 mutated, metastatic HER2-negative breast 

cancer. This study demonstrated significant benefit with the use of olaparib over 

chemotherapy with 42% reduction in  the risk of disease progression or death and 

a 2.8 month improvement in PFS with the use of the PARP inhibitor (173). 

Similarly, the recently reported EMBRACA study was a randomized phase III 

study of talazoparib versus standard single agent chemotherapy in metastatic 

BRCA1/2 mutated breast cancer of all subtypes. This study has shown that the 

median PFS was significantly longer in those treated with PARP inhibition (8.6 

months versus 5.6 months for talazoparib versus chemotherapy respectively), and 

the ORR were higher in those treated with talazoparib (63%) compared to those 

treated with chemotherapy (27%) (174).  

 

 

1.10.2  PARP Inhibitors plus Platinums 

PARP inhibitors have been assessed in combination with chemotherapy, and in 

particular combined with platinum-based chemotherapy in TNBCs. The I-SPY 2 

study was a phase II adaptively randomized study assessing, among other 

treatments, the addition of the PARP inhibitor, veliparib, plus carboplatin to an 

anthracycline-taxane NACT backbone. In this study of 72 patients, 17% of whom 

were known to have a BRCA1/2 mutation, the addition of veliparib and carboplatin 

marginally increased the pCR rate across all HER2-negative subtypes (33% versus 

22%). Among TNBCs, the pCR rate with veliparib plus carboplatin was 

significantly increased when compared to standard chemotherapy alone (51% 

versus 26% respectively). However, details about the specific benefit in BRCA1/2-

associated TNBCs versus sporadic TNBCs were not reported in this study. Based 
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on this phase II study, a phase III study is ongoing to compare the efficacy of 

standard chemotherapy alone, with carboplatin, versus carboplatin plus veliparib 

(175). 

 

The Brightness study assessed the addition of carboplatin with or without veliparib 

to anthracycline-taxane-based NACT in stage II-III TNBC. The results showed that 

the rates of pCR were higher among patients treated with carboplatin-based 

chemotherapy, compared to those treated with standard anthracycline-taxane 

chemotherapy (58% versus 31% respectively). However, the addition of veliparib 

to carboplatin did not further increase the pCR rates compared to platinum-based 

chemotherapy (53% versus 58% respectively). This study further enforced the 

importance of platinum-based chemotherapy in this setting, but failed to show any 

improvement with the use of a PARP inhibitor (176).  

 

Clinical trials investigating the role of iniparib plus carboplatin in TNBCs have 

shown contradictory results. The PrECOG study reported that 36% of all patients 

achieved a pCR, with the pCR rate rising to 56% in BRCA1/2 mutation carriers 

(177). However, a phase III study by O’Shaughnessy et al. failed to replicate the 

results of a prior phase II study, and did not show any improvement in PFS or OS 

(65, 178). In addition, almost all patients in the original phase II study eventually 

progressed while receiving treatment with iniparib plus chemotherapy, suggesting 

that TNBCs have the potential to acquire resistance to PARP inhibition (65). 

Subsequent data has suggested that iniparib does not display the typical 

characteristics usually seen in PARP inhibitors and may not be a true PARP 

inhibitor, explaining the underwhelming results seen with this drug (26, 178). 

Interestingly, both the phase II and phase III studies by O’Shaughnessy et al. (65, 

178) had ORRs of approximately 30% with carboplatin-gemcitabine alone, once 

again outlining the efficacy of platinum agents in the treatment of TNBC. 

 

Although promising, the optimal use of PARP inhibitors in the treatment of TNBC, 

either as single agents or in combination with platinum-based chemotherapy, is yet 

to be established. However, extensive research is being carried out in this area. The 

OlympiA study (NSABP B-55) is a phase III study of BRCA1/2 mutated patients 

who have residual disease post-NACT. This study randomises patients to either 
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olaparib or placebo in the adjuvant setting, with a primary endpoint of invasive DFS 

(NCT02032823). The SWOG 1416 study is an ongoing phase II study assessing the 

use of cisplatin with or without veliparib in metastatic TNBC and/or BRCA1/2 

mutated breast cancers, with a primary endpoint of PFS (NCT02595905). The 

results of these studies are needed before PARP inhibitors can be routinely 

incorporated into clinical practice among TNBCs (19). 

 

 

1.11 Other Potential Therapeutic Agents 

1.11.1  Immune Checkpoint Inhibitors 

A wide range of other therapeutic agents have been explored in both pre-clinical 

and clinical trials in an attempt to improve responses seen with cytotoxic agents, 

and to improve survival from TNBC. Immune checkpoint inhibitors are being 

studied in TNBCs. Polónia et al. (92) showed that PD-L1 expression was 

significantly associated with higher grade TNBCs and with high expression of 

Ki67. There was also a significant association between PD-L1 expression and basal 

cell markers, such as CK5, CK14, EGFR and P-cadherin (92). The phase Ib 

KEYNOTE-012 trial assessed single agent pembrolizumab, a monoclonal anti-PD-

1 antibody, in heavily pre-treated metastatic TNBC with >1% PD-L1 positivity by 

IHC and showed an ORR of 19% (179). The I-SPY2 study showed that 

pembrolizumab, in combination with an anthracycline and taxane, increased the 

pCR rate from 20% to 60% among TNBCs undergoing NACT (180).  

 

The recently reported IMpassion 130 study was a phase III trial of the anti-PD-L1 

antibody atezolizumab plus nab-paclitaxel as first line therapy in untreated 

metastatic TNBC. In this study, the combination of atezolizumab plus 

chemotherapy increased both PFS and OS compared to chemotherapy alone, with 

the largest benefit seen among patients with PD-L1 positive tumours (median PFS 

7.5 months versus 5.0 months; median OS 25 months versus 15.5 months 

respectively) (181). The GeparNuevo study is an ongoing phase II study of the anti-

PD-L1 monoclonal antibody durvalumab added to anthracycline-taxane-based 

NACT. Preliminary results from this “window of opportunity” study have 

demonstrated that patients treated with durvalumab prior to NACT had improved 
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pCR rates compared to those treated with chemotherapy alone. Final analysis and 

results are awaited (NCT02685059).  

 

In other diseases, such as non-small cell lung cancer, PD-L1 positivity >50% has 

been shown to predict response to anti-PD-1 antibodies (182, 183) whereas in 

TNBC, PD-L1 positivity ≥1% appears to be predictive (179, 181). However, there 

are concerns about the analytic validity of PD-L1. The assays for PD-L1 expression 

can be difficult to perform, different antibodies are used, and inter-observer 

variability and tumour heterogeneity confound ongoing efforts to standardize 

assessment (184). In addition, there is a lack of valid assays to predict the 

immunogenicity or to monitor relevant antigen specific immune responses. A 

model combining PD-L1 expression with sTIL infiltration has been proposed to 

classify the tumour microenvironment and to discriminate tumours that are most 

likely to respond to PD-1 blockade (185, 186). 

 

A number of other clinical trials are underway in both the neoadjuvant and 

metastatic setting to determine the clinical role of immunotherapies and their 

combinations in TNBC (187). The phase II KEYNOTE-086 study is evaluating 

single agent pembrolizumab in metastatic TNBC (NCT02447003), while the phase 

III KEYNOTE-119 study is assessing single agent pembrolizumab versus standard 

chemotherapy in metastatic TNBC (NCT02555657). The NeoTRIP study is 

assessing the addition of atezolizumab, to carboplatin plus nab-paclitaxel in the 

neoadjuvant treatment of TNBC (NCT02620280). While immunotherapy remains 

under investigation for TNBCs, it is highly likely that immune checkpoint inhibitors 

such as anti-PD-1 and anti-PD-L1 antibodies will become part of the treatment 

paradigm of TNBCs in the not too distant future. 

 

 

1.11.2  Anti-Androgens 

AR is expressed in 60-90% of all breast cancers and typically correlates with older 

patients, earlier stage disease and lower grade tumours (67,69,188). Between 10 

and 25% of TNBCs express AR, by both molecular and IHC analyses 

(17,18,69,189). Barton et al. (189, 190) demonstrated AR expression in 22% of 
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TNBCs and used Lehmann’s subtypes to show that AR was expressed across 

multiple molecular subtypes of TNBC, not just the LAR subtype (37, 189, 190). 

The LAR subtype exhibits different clinical features compared to other TNBC 

subtypes: 75% of distant metastases occurred more than 3 years after diagnosis, 

compared to other TNBC subtypes which recur within 3 years (3, 16, 22, 36). While 

some studies suggest that TNBCs with high levels of AR expression are associated 

with a good prognosis, others have not shown any association with clinic-

pathological features or survival (189-191). In both pre-clinical and clinical studies, 

the LAR subtype has been shown to benefit from treatment with AR antagonists 

(16-18, 23).   

 

A robust biomarker for the LAR subtype has not yet been definitively identified 

but, in the absence of molecular subtyping, AR protein has been proposed as a 

reliable surrogate marker for the LAR subtype (23,68,192). However, AR has been 

shown to be positive in 77% of all breast cancers and therefore it is unlikely to be 

specific for LAR tumours (193). Like ER-positive disease, AR-positive TNBCs 

may not derive significant benefit from standard chemotherapy regimens; therefore, 

treatment with AR antagonists could potentially spare patients the toxicity of 

chemotherapy without compromising clinical benefit (16, 20, 23, 68). Efforts to 

examine the benefit of AR-targeted therapies and the utility of AR expression as a 

biomarker of response in TNBCs are underway. A multicenter phase II study by 

Gucalp et al. (194) has shown that patients with metastatic AR-positive TNBCs 

treated with bicalutamide had a CBR (defined as complete response - CR, partial 

response - PR, or stable disease - SD) of 19%, and a median PFS of 12 weeks, 

comparable to systemic chemotherapy in the same setting. Early studies suggest 

that patients who do not respond to bicalutamide may be sensitive to the second-

generation AR antagonist, enzalutamide (17,18,188-190). Recently, Traina et al. 

(195) reported that among TNBCs expressing AR and treated with enzalutamide, 

39% and 20% of patients experienced clinical benefit at 16 and 24 weeks 

respectively, with a median PFS of 3 months and median OS of 13 months. 

Exploiting AR dependence using AR-targeted therapies may prove effective for 

this subgroup of TNBCs (189, 190) and several other phase II studies are underway 

investigating the role of androgen antagonists in this setting (NCT02689427, 

NCT02750358). 
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1.11.3  PIK3CA Inhibitors 

Alterations in the PI3K pathway, including PIK3CA and PTEN mutations occur in 

less than 20% of all TNBCs (20, 62). PI3K inhibition creates a BRCA-deficient 

state by down-regulating BRCA1 and BRCA2 and promoting HRD. As a result, 

PI3K inhibition may sensitize TNBCs to DNA-damaging agents such as PARP 

inhibitors and platinums (71).  

 

PIK3CA mutations have been shown to occur more frequently in AR-positive 

tumours than in AR-negative tumours, with mutation rates of 24-50% versus 7% 

respectively (27, 68, 69) and PI3KCA mutations predict for strong sensitivity to 

PI3K inhibitors in TNBC (20, 37, 71). In pre-clinical studies of LAR cell lines, the 

combination of bicalutamide with a PI3K inhibitor produces synergistic effects (37, 

71). Therefore, dual targeting of both the PI3K pathway and AR could provide 

additive anti-tumour effects in AR-positive TNBCs and to this end several phase II 

studies are underway to investigate the role of AR antagonists with or without PI3K 

inhibitors in TNBC (27, 37, 68, 71). For example, the phase Ib/II TBCRC 032 study 

is assessing the CBR of enzalutamide with or without taselisib (a PI3K inhibitor) 

in metastatic AR-positive TNBCs. The study is estimated to complete in December 

2019 (NCT02457910). Further studies are needed to investigate the clinical use of 

PI3K inhibitors in LAR and possibly other TNBC subtypes. 

 

 

1.11.4  VEGF Inhibitors 

TNBCs have been shown to express increased levels of vascular endothelial growth 

factor (VEGF), which has been explored as a potential target for therapeutic 

intervention (2). Vascular endothelial growth factor 1 (VEGF1) supports growth 

and maintenance of tumour vasculature, which is necessary for tumour cell survival 

and metastasis (Figure 1.9).  

 

Bevacizumab, a humanised monoclonal antibody, binds to and inactivates VEGF1 

(124). In the phase III GeparQuinto study the addition of bevacizumab to 

anthracycline-taxane-based NACT significantly increased the pCR rate in TNBCs 
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from 28% to 39% (167). In the CALGB 40603 study, bevacizumab increased the 

pCR rate in TNBCs from 47% to 59% (124). The addition of bevacizumab to 

weekly paclitaxel has also been shown to improve response rates and time to 

progression (TTP) in metastatic TNBCs (196). Despite the good results seen with 

bevacizumab in the neoadjuvant and metastatic settings, the adjuvant phase III 

BEATRICE study failed to show any improvement in DFS with the addition of 

bevacizumab to anthracycline- and/or taxane-based chemotherapy (166). 

Therefore, while bevacizumab may be considered in the neoadjuvant or metastatic 

setting, it cannot currently be recommended in the adjuvant setting in unselected 

TNBCs. 

 

Cabozantinib is a small molecule multiple tyrosine kinase inhibitor (TKI) of 

vascular endothelial growth factor receptor 2 (VEGFR2). Tolaney et al. (197) 

showed that cabozantinib monotherapy resulted in a CBR of 34% and an ORR of 

9% among metastatic TNBCs. 
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Figure 1.9: Representation of VEGF Pathway 
Reproduced with permission from Kerbel (198). 

Copyright Massachusetts Medical Society (NEJM). 

1.11.5  EGFR Inhibitors  

EGFR is a transmembrane tyrosine kinase receptor member of the HER family and 

plays a critical role in normal cell proliferation and migration by helping cells to 

evade apoptosis (199, 200) (Figure 1.10). EGFR over-expression is seen in up to 

80% of TNBCs, is associated with a poorer prognosis, and therefore could 

potentially act as a therapeutic target for TNBCs (19).  

 

 

 
 

Figure 1.10: Representation of EGFR Pathway 
Reproduced with permission from Scaltriti et al. (201). 

See Appendix 1.6 for permissions. 

 

 

Cetuximab is a chimeric IgG1 monoclonal antibody that binds to EGFR (202). 

Phase II trials investigating the addition of cetuximab to platinum-based 

chemotherapy in metastatic TNBCs have shown an improvement in ORR (203, 
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204). Baselga et al. (204) studied cisplatin with or without cetuximab in metastatic 

TNBC. Patients treated with cisplatin plus cetuximab had ORR of 20% and a 

median PFS of 3.7 months, compared to 10% and 1.5 months respectively with 

cisplatin alone (204). Nechushtan et al. (205) demonstrated clinical response rates 

of 28% when cetuximab was combined with weekly paclitaxel. In addition, a phase 

II study by Nabholtz et al. (101) demonstrated pCR rates of 24% using neoadjuvant 

docetaxel in combination with cetuximab.  

 

Panitumumab is a fully humanized IgG2 monoclonal antibody that competitively 

inhibits EGFR (206). Nabholtz et al. (207) reported that panitumumab plus an 

anthracycline-taxane-based NACT regimen resulted in pCR rates of 47-55% in 

TNBCs. Cowherd et al. (208) reported ORR of 46% when panitumumab was 

combined with carboplatin and paclitaxel in metastatic TNBCs.  

 

EGFR over-expression does not predict response to EGFR inhibitors, and EGFR 

inhibition is unlikely to be beneficial in an unselected population of TNBCs (19,23, 

209). Prospectively identifying TNBCs with EGFR amplifications or activating 

mutations may yield more promising results in terms of identifying patients most 

likely to respond to EGFR inhibition (23). Currently, there is insufficient evidence 

to support the use of EGFR inhibitors outside of the clinical trial setting (2). 

 

 

1.11.6  mTOR Inhibitors 

There is a high frequency of PTEN loss in TNBCs. Loss of PTEN can result in 

activation of mTOR, which in turn leads to resistance to platinum agents. Therefore, 

mTOR inhibitors, such as everolimus, can reverse platinum resistance in TNBCs 

(210). Singh et al. (211) demonstrated that the combination of everolimus plus 

carboplatin in metastatic TNBCs resulted in a CBR of 36% and a median PFS of 3 

months. However, the routine use of everolimus cannot be recommended based on 

the evidence to date outside of the clinical trial setting.  
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1.11.7  TP53 

The TP53 family of transcription factors, which incorporates p53, p63 and p73, 

controls the signaling pathways that regulate tumour suppression. TP53 is the most 

frequently mutated gene in TNBCs (37, 71). Mutations in TP53 usually result in 

increased protein accumulation and therefore IHC measurement of p53 can be 

reliably used as a surrogate marker for TP53 mutations (212). Any drug with the 

ability to synergistically regulate the p63/p73-signaling axis, such as mTOR 

inhibitors, paclitaxel or cisplatin, could promote increased apoptosis in TNBCs (71, 

149, 213). Rocca et al. (213) have shown that in p63-positive tumours, the use of 

cisplatin, without anthracyclines, yielded a higher rate of pCR compared to those 

tumours that were p63-negative (23% versus 0% respectively).  

 

Further studies are needed to assess the benefit of cisplatin-based chemotherapy in 

p63 expressing tumours, which could provide further indications of the 

effectiveness of platinum-based chemotherapy regimens in TNBCs (213).  

Although there are not currently any clinical trials exploring p53 overexpression in 

TNBC, there are at least five studies currently enrolling (www.clinicaltrials.gov) 

assessing p53 mutations in ovarian cancer. Given the link between ovarian cancer 

and TNBC, it is plausible that this pathway will become the subject of investigation 

for TNBCs in the not too distant future.  

 

 

1.11.8  FGFR Inhibitors 

Finally, approximately 12% of TNBCs have alterations in fibroblast growth factor 

receptor (FGFR). Fibroblast growth factor receptor 1 (FGFR1) amplifications occur 

in about 9% of all TNBCs and therefore patients with known FGFR alterations may 

be candidates for FGFR-based targeted therapies (1, 23). There are no National 

Cancer Institute (NCI) clinical trials currently underway to specifically assess the 

use of FGFR inhibitors in TNBC, although this pathway is the subject of 

investigation in other cancer types. Similar to other potential targets, clinical trials 

are needed prior to the incorporation of FGFR inhibitors into routine clinical 

practice.  

 

http://www.clinicaltrials.gov/
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1.12 Summary 

TNBC accounts for 15-20% of breast cancers and this group of breast cancers have 

important clinical and prognostic implications. TNBCs show remarkable 

heterogeneity with respect to clinical presentations, morphology, molecular 

characteristics and outcomes. This heterogeneity is in keeping with the clinical 

patterns oncologists have observed in this cohort of patients for many years and 

suggests that TNBC can be regarded as an umbrella term that encompasses a 

spectrum of diseases. On one end of the spectrum are the phenotypic aggressive, 

chemo-resistant tumours and on the other is a group of low grade, chemo-sensitive, 

excellent prognostic tumours. In addition, BRCA1/2 mutation carriers can be 

considered a different clinical subset of TNBC, as although they appear to have 

poor prognostic features, they have been shown to be sensitive to DNA damaging 

agents (46, 50).  

 

The understanding of the molecular landscape of TNBCs has been greatly advanced 

from work by several groups including TCGA, as well as by detailed morphological 

analysis (1, 37, 62, 214, 215). At a genomic level, TNBCs have been shown to be 

mutationally heterogeneous at both inter- and intra-tumoural levels. In addition, the 

mutational burden of any given TNBC can differ at any given time (62).  Despite 

knowledge of the diverse molecular and morphological patterns of TNBC, whereby 

some tumours have relatively few mutations and others have significant mutational 

burden with multiple mutations identified, few actionable targets have been 

identified and there are no specific targeted treatments currently available (22, 38, 

167). Most TNBCs exhibit a basal phenotype and several groups report improved 

chemosensitivity and outcomes for a subset of basal tumours (16, 24, 25, 37, 67). 

Similarly, multiple clinical studies have consistently shown that increasing sTILs 

are associated with favourable responses to NACT and improved outcomes among 

TNBCs (91, 95, 97, 98, 101, 103). However, there is not yet an actionable target 

for basal status and the analytic validity and clinical utility of sTILs has not been 

established. Equally, morphological subtypes of TNBCs that have an indolent 

behaviour are well recognised but these are a rare group of tumours and there is no 

consensus in the literature regarding the optimal treatment for these tumours. These 
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examples of disease heterogeneity re-enforce the fact that TNBC is not a single 

disease but rather constitutes a disparate group of cancers. The low prevalence of 

TNBC subtypes creates additional challenges for the evaluation of more 

individualized treatment strategies for patients with TNBC. Despite this well 

documented heterogeneity, standard of care paradigms recommend that TNBCs be 

treated as a single disease entity, albeit with modest success. 

 

Outcomes from TNBC have not improved significantly with these standard 

approaches, with a median 3-year DFS of approximately 65% (35, 36) and a median 

5-year OS of approximately 77% (28), and the advances seen in in other breast 

cancer subtypes have not translated into survival improvements in TNBCs. 

Standard chemotherapy regimens, in either the neoadjuvant or adjuvant setting, can 

prove effective for a subgroup of patients with early stage, chemosensitive disease. 

At present, like other breast cancer subtypes, anthracycline-taxane-based 

combination chemotherapy is considered the optimal regimen for patients with 

TNBC. Platinums have been shown to be very effective in the treatment of TNBCs 

and platinum-based regimens are associated with increased pCR rates in the 

neoadjuvant setting. Studies are ongoing to establish the optimal way to incorporate 

platinums into standard therapeutic regimens. Preselection of patients most likely 

to respond to platinums would require a robust predictive biomarker, which is not 

yet available. Patients with metastatic TNBC often respond poorly to currently 

available chemotherapy agents and, even if an initial chemotherapy response is 

seen, these patients tend to eventually show rapid disease progression and die from 

their disease soon after diagnosis (26).  

 

Patient factors that increase the risk of developing TNBC have been well described 

but the predictive and prognostic role of these patient risk factors remain unknown. 

The identification of potentially modifiable predictive and prognostic risk factors 

could guide cancer strategic planning, focus cancer services and direct patient 

resources in order to improve TNBC related outcomes. Multi-centre, international 

studies are critical in order to study large numbers of patients, facilitate robust 

subtyping and align patients to differing therapies based on their TNBC subtype or 

mutational burdens. Only then will progress be made from a therapeutic and 

prognostic point of view (27).   
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1.13 Aims and Objectives 

Based on this data, the aims of this body of work are: 

1. To examine the benefit of carboplatin-based NACT, with respect to pCR 

rates and outcomes for patients with TNBC. Specifically, the outcomes for 

patients treated with neoadjuvant carboplatin plus anthracycline-taxane will 

be compared to those treated with anthracycline-taxane-based NACT, and 

to those treated with adjuvant chemotherapy (Chapter 3).  

2. To determine if the presence of modifiable and non-modifiable TNBC risk 

factors can be either predictive of response to NACT or associated with 

patient outcomes in a homogeneous cohort of patients with TNBC (Chapter 

4). 

3. To identify predictive and prognostic biomarkers in TNBC, with a focus on 

predicting those TNBC subtypes most likely to respond to carboplatin-

based chemotherapy (Chapter 5).  

4. To investigate if TNBC subtypes demonstrate different innate drug 

sensitivity patterns with respect to chemotherapy agents. Specifically, 

TNBC cell lines grown in 3-D representing different TNBC subtypes will 

be treated with standard of care chemotherapy drugs in order to decipher the 

variable responses to treatment seen in everyday clinical practice (Chapter 

6).  

 

In order to achieve these aims, this body of work entailed: 

 Creation of a database of 355 patients diagnosed with TNBC at UHG from 

January 1, 2000 – December 31, 2015 

 Recording of >200 clinical variables for each patient  

o Demographic data  

o Risk factor data  

o Treatment history and chemotherapy details 

o Follow-up and outcomes  

 Documentation of >150 pathological variables for each patient 

o Pathological parameters containing minimum datasets for reporting 

invasive breast cancer 

 Tumour size, tumour grade, tumour type, nodal status etc. 
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o Pathological response to NACT 

 Analysis of potential predictive and prognostic biomarkers in TNBC  

o sTILs  

 Evaluated on pre-NACT biopsies 

o AR 

 Evaluated on Tissue Microarray 

o Basal status  

 Evaluated on pre-NACT biopsies 

 Evaluated on full face whole tissue section 

 Evaluated on Tissue Microarray 

 Evaluation of TNBC cell lines (representing BL1, BL2, MSL, LAR) in 2-

D and 3-D cultures to identify differences in chemosensitivity patterns 
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2.1 Organisation of Cancer Services in Ireland 

In Ireland in 2006, cancer services were re-organised following the publication of 

the second cancer strategy, called “A Strategy for Cancer Control in Ireland” (216). 

Unlike the first strategy published in 1996, which brought coherence to the 

development of cancer services in Ireland and lead to the appointment of a variety 

of cancer specialists (217), the second strategy focused on population needs reform 

and focused on the way cancer services were delivered in Ireland. There was a 

particular focus on the centralisation of diagnostic and therapeutic procedures. 

Under this strategy, designated cancer centres were established, in an attempt to 

ensure equal access to high quality diagnosis, treatment and multidisciplinary 

management of all cancer patients, as well as the development of rapid access 

clinics and cancer screening programmes. Following on from the second cancer 

strategy, the National Cancer Control Program (NCCP) was established in 2007. 

The aims of the NCCP are to standardize prevention, early detection, treatment and 

follow-up for all cancer patients, by providing guidance for the delivery of cancer 

care. Based on the recommendations of both the second cancer strategy and the 

NCCP, cancer services in Ireland became centralised. Eight cancer centres were 

designated, each covering a population of at least 500,000 people, and the majority, 

if not all, cancer patients are seen at one of these cancer centres. In addition, all 

oncology surgery now takes place in one of these eight cancer centres. Based on 

these eight cancer centres, six Hospital Groups were established in 2013, with each 

hospital group having at least one cancer centre. An additional 18 hospitals, or 

satellite centres, were also nominated, each of which are linked to one of the main 

cancer centres. 

 

University Hospital Galway is a designated cancer centre, under the Saolta Hospital 

Group, and is one of Ireland’s eight designated breast cancer surgery sites. There 

are seven designated hospitals under the Saolta Hospital Group, with UHG being 

the main hub where all breast cancer surgery, pathological assessment and 

radiotherapy is carried out. There are four other hospitals under the Saolta group 

where chemotherapy can be administered: two of these fall under the UHG network, 

with care provided by Medical Oncologists from UHG, while the other two 

hospitals have independent practicing Medical Oncologists. In addition, a private 
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hospital in the Galway area is closely linked to UHG, and offers patients all aspects 

of cancer treatment, from diagnosis to treatment, under the care of cancer specialists 

from UHG.  

 

All patients included in this study had their pathological diagnosis of TNBC and 

their therapeutic surgery performed at UHG. Systemic treatment, if given, was 

administered in a Saolta hospital, either at UHG or a designated satellite centre of 

UHG, or in a private hospital linked to UHG.   

 

 

2.2 Case Selection and Database Construction 

Using a combination of surgical and pathological records, all consecutive cases 

of TNBC diagnosed at UHG between January 1, 2000 and December 31, 2015 

were identified and included in this study. The last patients included in this study 

were diagnosed in December 2015 and had been followed up for a minimum of 

12 months at the time of study completion. A database was constructed in order 

to systematically record all relevant data. An extensive retrospective review of 

electronic medical records (EMR), hospital charts, pharmacy records and 

pathology reports was carried out and all relevant information was entered into 

the database. This study was designed in such a way that the relevant exposures 

and outcomes were clearly defined from the outset, incorporating variables used 

both internationally in other studies, and in other Irish cancer centres. EW 

performed data collection in order to minimize both intra- and inter-observer 

variability. All data was entered using standardised coding systems appropriate 

for statistical analysis.  

 

This was a retrospective study and the issue of data variability and missing data was 

unavoidable. EW obtained clinical and pathological information from a review of 

healthcare records that had been previously collected and recorded by third parties 

in different sites, and over many years. There was variability in the standard of data 

that was collected at different sites and by different operators. The use of minimum 

data sets for recording pathology data also varied over the years. In particular, 

guidance for recording pathological data post-NACT changed and was refined over 
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recent years. These factors resulted in variability in terms of quality, type and 

completeness of some data that was available for this study. Pathology reports, 

surgical procedure reports, radiology reports and pharmacy records were found to 

be recorded and reported in a consistent manner over time. Clinical data was noted 

to vary in its consistency but was found to be more standardized in its reporting in 

the latter years of the study. Therefore, upon completion of the study, any poor 

quality or missing data was identified and minimized by re-examining all available 

records in as far as was feasible.  

 

 

2.3 Clinical Data 

Three hundred and fifty-five patients with a diagnosis of TNBC were identified 

and included in this study. Clinical data including patient demographics, 

epidemiological risk factors, treatment history and outcomes pertaining to each 

TNBC patient were obtained and recorded in the database. EMRs have been 

used in both the Medical and Radiation Oncology departments in UHG since 

2005. The Lantis Oncology Information System (Siemens) was used from 2005-

2013, and in 2013, this was upgraded to the Mosaiq Oncology Information 

System (Elekta). For patients diagnosed and treated in UHG from 2005-2015, 

these EMRs were the main source of data collection for patients in this study. 

For patients diagnosed in UHG prior to the introduction of EMRs in 2005, 

medical charts were obtained from the medical records department, and 

pharmacy dispensing information was accessed through the UHG pharmacy 

department.  

 

Given the wide geographical catchment area that is covered by the Saolta group and 

UHG, some patients elected to receive their treatment, continue their care or be 

followed-up in hospitals geographically closer to home. For these patients, 

pertinent information was not available through UHG medical records or the 

UHG EMR system. In these cases, in order to obtain accurate information, the 

primary investigator (EW) travelled to three other hospitals in the Saolta Hospital 

Group and/or West of Ireland region (Mayo University Hospital, Portiuncla 

University Hospital and Galway Clinic) on several occasions to review medical 
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notes, pharmacy details and follow-up data from these patients who chose to 

continue their care in centres other than UHG.  

 

In total, more than 200 clinical variables were identified and recorded, if 

applicable, for each patient. Patient demographics, such as age, menopausal 

status, family history, gynaecological and pregnancy related information and 

exogenous hormone use, as well as social risk factors such as smoking history, 

alcohol use and BMI were recorded for each patient. Treatment information such 

as timing of chemotherapy (neoadjuvant or adjuvant) and details about other 

adjuvant therapy such as radiation and ovarian suppression were recorded. 

Chemotherapy drugs used, namely anthracyclines, anthracycline-taxanes or 

platinum-anthracycline-taxanes, the number of cycles administered, as well as 

any dose modifications or delays were recorded. Clinical response to NACT was 

recorded, if documented by the primary oncologist or surgeon prior to definitive 

surgery. Clinical response was measured by clinical exam of the breast and 

axilla with or without radiological assessment, and was described as complete 

clinical response when the mass was no longer detected; partial clinical 

response, when the mass was smaller but still detectable; no clinical response; 

or progression of disease (218-220). Clinical response in both the breast and 

axilla was noted. However, it is well documented that clinical response does not 

reliably predict pathological response, and therefore clinical response was not 

used as an endpoint in this study (220, 221).   

 

 

2.3.1 Follow-Up 

Follow-up details for the entire patient cohort were updated on an ongoing basis, 

twice each year during the course of this work, to ensure that the most up to date 

outcomes and events were recorded. This data was obtained both from UHG, and 

by travelling to other cancer centres to obtain this information. In particular, as 

follow-up for those treated with NACT was short, this information was updated on 

an ongoing basis. Date of last follow-up for each patient and patient status at last 

follow-up was determined by an extensive review of either EMR or chart-based 

medical records, hospital outpatient correspondence, hospital electronic 
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appointment systems, hospital radiology appointments and GP laboratory services. 

In the event of a patient being lost to follow-up, every effort was made to ascertain 

their last known status. Medical charts and physician communications were 

assessed, in addition to radiology and laboratory studies, as well as hospital records 

from outside institutions. Information on the date and cause of death, if applicable, 

was ascertained from hospital correspondence, hospital electronic systems and 

publically available web-based death notification services. After this extensive 

effort to locate patient data, only a small number of patients (n=14; 4%) were 

deemed lost to follow-up and had not been reviewed in the 5 years prior to study 

completion (2013-2017).  

 

 

2.3.2 New Adverse Event 

A new event was defined as a recurrence of TNBC, either local or distant; a new 

primary invasive breast cancer, either ipsilateral or contralateral; a new cancer 

outside the breast; or death from breast or another invasive cancer. In-situ disease, 

non-melanoma skin cancers and non-cancer related deaths were excluded. The 

presence of metastatic disease (M1) at diagnosis was not classified as an event.  

 

DFS was used as a surrogate endpoint for OS, as DFS identifies recurrent disease, 

which itself is predictive of adverse OS (222). In this study, DFS was defined as 

the number of months from initial diagnosis to the date of a new event, specifically 

recurrent TNBC, a second primary breast cancer, a second primary non-breast 

cancer or death from cancer. MFS was defined as the number of months from 

diagnosis to the date of new distant metastatic TNBC, or death from metastatic 

TNBC and excluded the development of new non-breast cancers. BCSS was 

defined as the time interval between diagnosis and the date of death due to breast 

cancer, and excluded death from non-breast cancer related causes. These definitions 

are in line with standardized end points recommended by an expert panel (222, 

223).  
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2.4 Pathological Data 

Pathological data was retrieved from an extensive review of pathology reports 

and incorporated into the database. In total, 374 tumours were identified in 355 

patients and were included for analysis. Over 150 pathological variables were 

identified and recorded, if applicable, for each patient. Pathological data 

including histological subtype, tumour grade, tumour size, nodal status, the 

presence of an in situ component and diagnostic and therapeutic procedures was 

obtained from the pathology reports and entered into the database. In addition, 

details pertaining to pathological response to neoadjuvant chemotherapy and 

immunohistochemical data such as Ki67, basal markers (CK5/6 and EGFR) and 

E-cadherin were recorded, if documented in pathological reports.  

 

All tumour blocks were retrieved from pathology archives, either in UHG or in off-

site storage facilities, and were manually reviewed by a breast pathologist (GC) and 

a trainee pathologist (AS) for this study. Tumour grade, histological type and HR 

status were re-assessed on full-face haematoxylin and eosin (H&E) sections for 

each case. Cases were reported according to minimum data sets (52, 224, 225) and 

were included in this study if ER and PR were negative by IHC using the Allred 

score (226) and if HER2 was negative by IHC with/or without a negative result 

by fluorescent in situ hybridisation (FISH).  

 

Cases with low levels of ER expression (1-9% ER positive cells or Allred score 3) 

were included in this study. Although >1% ER positivity is technically 

considered ER positive disease (227), clinical experience would suggest that 

cases with low levels of ER expression behave more like ER negative disease 

than ER positive disease, and tend to respond poorly to endocrine therapy (228-

230). In UHG, after each case is discussed at a multidisciplinary team meeting, 

these low ER positive cases are primarily treated as ER negative disease although 

some do go on to receive adjuvant endocrine therapy, with unknown benefit. For 

this reason, as these patients are clinically considered ER negative disease, they are 

included for analysis in this study. 
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Finally, all cases were examined and scored for sTILs on full-face H&E sections 

of diagnostic biopsies at the time of data collection for this study, as this 

information was not part of standard diagnostic pathological diagnostic 

evaluation. 

 

 

2.4.1 Pathological Response to NACT 

Response to NACT was determined by an extensive review of pathology reports 

from therapeutic excisions, which had been reported by a number of specialist 

breast pathologists in UHG at the time of surgery. If there was any ambiguity or 

missing data from the pathology report, each case was re-evaluated for the 

purposes of this study. All cases were reported according to minimum data sets 

(52, 133, 224, 225). Cases were reported according to the American Joint 

Committee on Cancer (AJCC) 7th edition (231) and the Union for International 

Cancer Control (UICC) 7th edition TNM staging (232). As per international 

guidelines, a pathological complete response was defined as no residual invasive 

tumour in the breast with or without residual in situ disease (ypT0/is) and no 

residual invasive disease in the axilla (ypT0/is, ypN0) (233, 234).  

 

With respect to scoring systems that record and quantify the pathological 

response to NACT, the retrospective review of pathology reports carried out for 

the purposes of this study found that the degree of response to NACT was 

inconsistently reported over time at UHG. The Sataloff method (221) has been 

used consistently to report pathological response to NACT in UHG since 2013, 

but was used infrequently and inconsistently prior to 2013. Therefore, the 

Sataloff method was not used as a measure of response or an endpoint for this 

work. The residual cancer burden (RCB) scoring system (235) has the advantage 

of not requiring pretreatment evaluation, but rather assesses tumour cellularity 

in the residual tumour bed, and like other scoring systems, also takes in situ 

disease into account. However, this was not reported at UHG. 
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2.5 Stromal Tumour Infiltrating Lymphocytes 

sTILs were scored according to the recommendations of the International TILs 

Working Group (110) (Figure 2.1-2.2). In summary, sTILs were reported as 

percentage sTILs, as opposed to intra-tumoural TILs (iTILs) on digitized slides of 

full-face tumour sections. sTILs are the immune cells in the stromal tissue, and 

exclude the tumour cells. sTIL assessment has been found to be superior and more 

reproducible than iTIL assessment. Scoring was carried out by EW, GC and AS on 

a single representative H&E slide from chemotherapy naïve samples, namely 

diagnostic needle core biopsies in those treated with NACT. Only invasive tumours 

were evaluated, in situ components, areas of necrosis or previous biopsy sites were 

not studied. The absolute percentage of the tumour stromal area occupied by sTILs 

was recorded for each digitized slide and the percentage was graded on a continuous 

scale (0-100%). In addition, the percentage sTILs were expressed as categorical 

variables: 0-10%; 11-25% sTILs; 26-50% sTILs; and ≥50% sTILs. Cases with 

sTILs ≤25% were considered sTILs low, while cases with >25% were considered 

sTILs high. Lymphocyte predominant breast cancer (LPBC) was defined as sTILs 

≥50% and cases with sTILs <50% were defined as non-LPBC. 
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Figure 2.1: International Guidelines for the evaluation of TILs in breast cancer  
Reproduced with permission from Salgado et al. (110). 

See Appendix 1.7 for permissions. 
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Figure 2.2: Standardized approach for the evaluation of sTILs in breast cancer 
Reproduced with permission from Salgado et al. (110). 

See Appendix 2.7 for permissions. 
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2.6 Ethical Approval  

Ethical approval for this project (and all other work ongoing simultaneously in the 

Department of Pathology, NUI Galway) was obtained from the Clinical Research 

Ethics Committee at UHG, ethical approval reference CA.1012, on January 23, 

2014.  

 

 

2.7 Tissue Microarray Construction 

A tissue microarray (TMA) was constructed, and all TNBC cases identified in 

section 2.2 above were considered for inclusion in the TMA. To facilitate 

construction of the TMA, the whole tissue section (WTS) of all cases were reviewed 

by a pathologist (AS) to confirm the diagnosis of TNBC and to select areas suitable 

for coring. From the routinely prepared formalin-fixed paraffin-embedded (FFPE) 

blocks of invasive breast cancers, quadruplicate tissue cores (0.6 mm diameter, 2-3 

mm depth) were taken from central cellular areas of each tumour with a tissue 

arrayer instrument, in those cases that had sufficient tumour remaining. Prior use, 

exhaustion of some tissue cores and treatment with NACT reduced the interpretable 

cohort size. Therefore, the TMA was predominantly constructed from resected 

tumour samples representing either chemotherapy naïve tumours or tumours 

with significant residual disease post-NACT. The construction of the TMA was 

carried out in the Discipline of Pathology, NUI Galway (AS, MW). In total, 374 

tumours were identified. Eighty seven tumours were unable to be punched onto the 

TMA for reasons including pCR, insufficient tumour material or resection not 

performed or unavailable, resulting in 287 tumours punched onto the TMA and 

included for analysis. 

 

 

2.7.1 Antibodies 

Based on the TNBC subtyping data by Lehmann et al. (37), the TMA was stained 

with commercially available antibodies, ER, PR, HER2, CK5/6, EGFR, AR, Ki67, 

p53 as shown in Table 2.1.  
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Table 2.1: Primary antibodies, sources and optimization protocols used in this study 
Antibody Source Clone Dilution Detection 

Kit 

Antigen 

Retrieval 

ER Thermo-

Scientific 

SP1 Rabbit 

Monoclonal 

Antibody  

1:100 for 32 

minutes at 

37°C  

Ultraview 

DAB 

CC1 for 36 

minutes 

PR Lecia 16/SAN27 

Mouse 

Monoclonal 

Antibody  

1:200 for 32 

minutes 

Ultraview 

DAB 

CC1 for 64 

minutes 

HER2 Roche 4B5 Rabbit 

Monoclonal 

Antibody  

Pre-filled 

dilution for 

12 minutes at 

37°C 

Ultraview 

DAB 

CC1 for 32 

minutes 

CK5/6 Dako D5/6 B4 Mouse 

Monoclonal 

Antibody 

1:100 for 24 

minutes at 

37°C 

Optiview 

DAB 

Detection Kit 

CC1 for 32 

minutes 

EGFR Leica EGFR.25 1:100 for 60 

minutes at 

25°C 

Optiview 

DAB 

Detection Kit 

ER2 for 20 

minutes 

AR Dako AR441 Murine 

Monoclonal 

Antibody 

1:50 for 32 

minutes at 

37°C 

Optiview 

DAB 

Detection Kit 

CC1 for 34 

minutes 

Ki67 Dako MIB-1 1:200 for 30 

minutes at 

37°C 

Optiview 

DAB 

Detection Kit 

CC1 for 30 

minutes 

p53 Roche DO-7 Mouse 

Monoclonal 

Antibody 

Pre-filled 

dilution for 

32 minutes at 

37°C 

Optiview 

DAB 

Detection Kit 

CC1 for 64 

minutes 

 
AR: Androgen receptor; CC1: Ventana Antigen Retrieval Cell Conditioning Buffer 1 (Tris/Borate/EDTA 

Buffer pH 8.4); CK: Cytokeratin; EGFR: Epidermal growth factor receptor; ER: Oestrogen receptor; 

ER2: EDTA based epitope retrieval ready to use solution (pH 9.0); HER2: Human epidermal growth 

factor receptor 2; PR: Progesterone receptor 

 

 

 

IHC staining was carried out in the Departments of Histopathology at UHG (ER, 

PR, HER2, CK5/6, AR, Ki67, and p53) and the Royal College of Surgeons of 

Ireland (RCSI) (EGFR). The staining conditions and cut-off values had changed 

during the period of this study (2000-2015), therefore, all cases were re-evaluated 

by IHC on the TMA according to the current guidelines for ER, PR and HER2 in 

order to confirm TNBC status (227, 236). The cut-off values applied were based 

on those values currently used in routine practice according to the College of 

American Pathologists guidelines (236, 237). For ER and PR, > 1% positive cells 

were used as a cut off (227) and for HER2, cases were deemed to be positive if 

HER2 was 3+ by IHC, or 2+ with a positive FISH test on full face sections (236). 
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Any case that showed positivity for ER, PR and HER2 were excluded, with the 

exception of cases with low levels of ER expression (1-9% ER positive cells or 

Allred score 3) which were included in this study..  

 

Basal status was evaluated using IHC for CK5/6 and EGFR as most basal-like 

breast cancers have been shown to reliably express positivity for CK5/6 and/or 

EGFR. The so-called “five-marker method” (ER/PR/HER2-negative and CK5/6 

and/or EGFR-positive) has been shown to correlate IHC with gene expression data 

in basal-like breast cancers (24, 25). IHC for these basal markers was performed on 

diagnostic needle core biopsies for cases that had a pCR post-NACT, on full-face 

WTS at the time of resection for cases not treated with NACT or those with residual 

disease post-NACT and on TMA sections for all other cases.  In this way, systemic 

treatment, and in particular, NACT, did not impact basal status. Cases were deemed 

to be basal if there was any CK5/6 positivity and/or any EGFR intensity. Those that 

did not express either CK5/6 or EGFR by IHC were deemed non-basal like TNBCs 

(24).  

 

IHC for AR was evaluated on TMA cases. Therefore, for cases treated with NACT, 

AR staining was evaluated on the post-treatment resection specimen, if there was 

sufficient residual tumour available for the TMA. Cases with a pCR were not 

evaluated. Cases were deemed to be AR positive if there was ≥10% positivity by 

IHC (194, 195). Cases that did not express ER, PR, HER2 or AR by IHC were 

deemed AR-negative TNBCs.  

 

Other markers such as Ki67 and p53 were stained and scored on the TMA, 

representing either chemotherapy naïve disease or residual disease post-NACT. For 

both Ki67 and p53, the absolute percentage of positive cells was scored: >20% was 

the cut off for positivity for Ki67 (238) and >10% was used for p53 positivity (239). 

 

Antibodies for the TMA were scored by at least two operators (AS, GC, MW, HI) 

and a consensus was reached. For tumours with more than one satisfactory core, 

the results were averaged. Otherwise, results were based on a single interpretable 

core.  A blinded operator rescored 20% of these cases, with a discordance rate 

of 3%. Both observers subsequently assessed all discordant cases 
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simultaneously and a consensus was reached. 

 

All H&E sections, TMA sections and immunohistochemical stained sections were 

digitized using an Olympus VS120 slide scanner in the Department of Pathology, 

NUI Galway (MW). The immunohistochemical stained sections were scored on the 

digitized images and a proportion of cases was also scored by light microscopy 

examination.  

 

 

2.8 Chemotherapy Drugs Used in Cell Line Work 

Chemotherapy drugs paclitaxel, docetaxel, doxorubicin and carboplatin were all 

obtained from Sigma-Aldrich (Arklow, Ireland). An EGFR inhibitor, cetuximab, 

was kindly provided as research material by Merck (Germany). However, Merck 

did not have any role in the design of experiments, collection of data or analysis of 

results. All drugs were dissolved as outlined in their respective Material Safety Data 

Sheet (MSDS). With the exception of carboplatin, which was dissolved in diethyl 

pyrocarbonate (DEPC)-treated and sterile filtered water (Sigma), the remaining 

chemotherapy drugs were dissolved in dimethyl sulfoxide (DMSO) (Sigma). The 

dissolved chemotherapy drugs were aliquoted and stored at -80°C until required. 

Cetuximab was dissolved in Dulbecco’s phosphate buffered saline (D-PBS) and 

was stored at +2-8°C to avoid the freeze-thaw cycle as per manufacturer’s 

recommendations. Drug Stocks were made up as per Appendix 4.  

 

 

2.9 Cell Culture 

2.9.1 Cells 

Four TNBC cell lines MDA-MB-468, HCC1806, MDA-MB-231 and MDA-MB-

453, as well as the non-malignant, immortalized human breast epithelial MCF10A 

cell line were all obtained from American Type Culture Collection (ATCC; VA, 

USA), distributed by LGC Standards (Europe) (Table 2.2). All cells were used for 

a maximum of 10 passages before a new vial was thawed.  
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Table 2.2: Breast cell lines used in this study 

Cell Line 
Site of 

Origin 
Pathology Grade 

Patient 

Age 
Ethnicity 

Molecular  

Classification 
P53 BRCA 1/2 

PI3K 

Pathway 

MCF10A Normal 

Breast 

Fibrocystic disease N/A 36 Caucasian Basal  Wild type N/A N/A 

MDA-MB-468 Pleural 

Effusion  

Adenocarcinoma  N/A 51 Black Basal Mutated Wild type PTEN 

homodeletion 

HCC1806 Primary 

Tumour 

Acantholytic 

squamous 

carcinoma 

2 60 Black N/A Mutated Wild type N/A 

MDA-MB-231 Pleural 

Effusion 

Adenocarcinoma 3 51 Caucasian Basal Mutated Wild type Wild type 

MDA-MB-453 Pleural 

Effusion 

Infiltrating Ductal 

Carcinoma 

N/A 31 Caucasian Basal Mutated Wild type Wild type 

 
Adapted from Chavez et al. (240). 

N/A: Not applicable 
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2.9.2 Cell Culture Conditions 

The MDA-MB-468, HCC1806, MDA-MB-231 and MDA-MB-453 cell lines were 

maintained in Roswell Park Memorial Institute (RPMI)-1640 medium (Sigma) 

supplemented with 10% foetal bovine serum (FBS) (Sigma) and 1% 

antibiotic/antimycotic 100 X, containing 100 units/mL of penicillin, 100 μg/mL of 

streptomycin, and 0.25 μg/mL amphotericin B (Gibco, USA). The MCF10A cells 

were grown in Dulbecco’s Modified Eagle’s Medium/Nutrient Mixture F-12 Ham 

(Sigma) supplemented with 5% horse serum (Sigma), 20 ng/ml epidermal growth 

factor (Sigma), 0.5 μg/ml hydrocortisone (Sigma), 100 ng/ml cholera toxin 

(Sigma), 10 μg/ml insulin (Sigma) and 1% antibiotic/antimycotic 100 X (Gibco). 

All cells were grown in T75 culture flasks and were maintained through continued 

passaging at 37°C in a humidified atmosphere of 5% CO2. Culture medium was 

changed every 2-3 days. Upon reaching 70-80% confluence, the cells were 

passaged by removing the media and rinsing the cells with D-PBS (Sigma). This 

was followed by trypsinisation using 0.05% trypsin-ethylene-diamine-tetra-acetic 

acid (trypsin-EDTA) (Bioscience) at 37°C for 5-10 minutes or until the monolayer 

detached. Complete medium was added to the detached cells following 

trypsinisation to neutralize the trypsin and the resulting suspension was centrifuged 

at 1000 rpm for 5 minutes at room temperature. The resulting pellet was re-

suspended in complete media. The re-suspended cells were transferred to a T75 

flask containing enough complete medium to cover the entire bottom surface of the 

flask. The flask was placed in a cell culture incubator at 37°C and 5% CO2, allowing 

the cells to attach and grow. 

 

 

2.9.3 Freezing and Thawing of Cells 

All breast cell lines were stored at -80°C. All cell lines were cryopreserved in a 

freezing media composed of 90% FBS and 10% DMSO (Sigma). Cells were 

harvested and the pellets were re-suspended in 1 mL of freezing media at a 

concentration of up to 3 x 10
6 cells/ml and pipetted into cryovials (Nunc, USA). 

The cryovials were placed in a Mr. Frosty (Nalgene, USA) that was filled with 2-

propanol (Sigma) at room temperature, which was then transferred to a -80°C 

freezer.  
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Cell lines were restored by rapidly thawing the cryovials in a 37°C water-bath and 

transferring the contents to a sterile 15 ml tube (Sarstedt, Germany) containing 10 

ml complete medium at room temperature. In order to remove the DMSO used for 

cryopreservation, the cell suspension was then centrifuged at 1000 rpm for 5 

minutes. The cell pellet was re-suspended in complete medium. The re-suspended 

cells were transferred to a T75 flask containing enough complete medium to cover 

the entire bottom surface of the flask. The flask was placed in a cell culture 

incubator at 37°C and 5% CO2, allowing the cells to attach and grow.  

 

 

2.9.4 Cell Morphology and Size 

Images were taken of each TNBC cell line, as well as the control cell line, while 

seeded in 3-D round bottom, ultra-low attachment 96-well plates (Costar, Corning) 

at time points of 24, 48, 72 and 96 hours using the EVOS Cell Imaging System 

(ThermoFisher).  

 

 

2.10 Treatment with Chemotherapy  

All cell lines were harvested as described in section 2.9.2. A 5,000 cell/100 µl 

suspension was made up for each cell line in complete media. Each treatment was 

carried out in triplicate. For 2-dimensional (2-D) assays, cells were seeded at 5,000 

cells per well (100 µl) into a 96-well standard plate (Sarstedt); for 3-dimensional 

(3-D) assays, cells were seeded at 5,000 cells per well (100 µl) into a round bottom, 

ultra-low attachment 96-well plate (Costar, Corning). The 96-well plates were 

returned to the incubator at 37°C and 5% CO
2 and allowed to attach for 24 hours. 

After 24 hours, differing concentrations of chemotherapy drugs were made up in 

complete media as per Figures 2.3-2.7 below.   

 

In both 2-D and 3-D models, untreated cells were cultured in parallel and used as a 

negative control reference. In the negative control wells, complete medium 

containing DMSO at the same concentration as present in the maximum drug 

dilution was used, with the exception of carboplatin which was originally dissolved 

in DEPC-treated and sterile filtered water (Sigma).  
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Figure 2.3: Chemotherapy Concentrations of Carboplatin 
NC: negative control

Carboplatin 20mM 
Stock

100µM = 

10µl:1990µl

10µM = 

400µl:3600µl

6µM = 

1200µl:800µl

3µM = 

600µl:1400µl

1µM = 

200µl:1800µl 

0.1µM = 

200µl:1800µl

0.01µM  = 

200µl:1800µl

NC = 

2000µl
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Figure 2.4: Chemotherapy Concentrations of Docetaxel 
NC: negative control 

 

 

Docetaxel 

2mM Stock

Docetaxel 1% 
Working Solution = 

20,000nM

200nM =

20µl:1980µl 

20nM = 

200µl:1800µl 

2nM = 

400µl:1600µl 

1.4nM = 

1400µl:600µl 

0.8nM = 

800µl:1200µl 

0.2nM = 

200µl:1800µl 

0.02nM  = 

200µl:1800µl

NC = 

20µl:1980µl
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Figure 2.5: Chemotherapy Concentrations of Paclitaxel  
NC: negative control 

Paclitaxel

10mM Stock

Paclitaxel 1% 
Working Solution -

100,000nM

100nM = 

2µl:1998µl

10nM = 

400µl:3600µl

6nM = 

1200µl:800µl

3nM = 

600µl:1400µl

1nM = 

200µl:1800µl

0.1nM = 

200µl:1800µl

0.01nM = 

200µl:1800µl

NC = 

2µl:1998µl
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Figure 2.6: Chemotherapy Concentrations of Doxorubicin 
NC: negative control 

  

Doxorubicin 

5mM Stock

Doxorubicin 1% 
Working Solution -

50,000nM

500nM = 

40µl:3960µl 

300nM = 

1800µl:1200µl

150nM =

1000µl:1000µl

50nM = 

300µl:2700µl

25nM = 

1000µl:1000µl

5nM = 

200µl:1800µl

0.5nM = 

20µl:1980µl

NC = 

20µl:1980µl
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Figure 2.7: Chemotherapy Concentrations of Cetuximab 
NC: negative control 

 

 

Cetuximab 

5mg/ml Stock

5µg/ml =

5µl:4995µl 

4µg/ml = 

1600µl:400µl

3µg/ml = 

1200µl:800µl

2µg/ml = 

1600µl:2400µl

1µg/ml = 

1000µl:1000µl

0.1ug/ml = 

200µl:1800µl

0.01µg/ml = 

200µl:1800µl

NC = 

2000µl



Chapter 2: Materials and Methods 

 83 

Drug doses described above were the doses used for 2-D treatments, where the 

existing culture media was removed from each well and 100 μl of chemotherapy 

solution was subsequently added to each well.  

 

For 3-D treatments, round bottom, low attachment plates were used. In order to 

avoid aspirating the cell spheroid, the existing 100 μl of media was not removed 

from the well prior to treatment. As a result, chemotherapy solutions were made up 

at 2 X concentrations and 100 μl of solution was added to each well, with a final 

volume of 200 μl /well. For 3-D multi-drug treatments, where for example, 50 μl of 

chemotherapy solution was required, chemotherapy solutions were made up at 4 X 

concentrations and 50 μl of drug solution was added to each well, with a final 

volume of 200 μl /well. All 3-D drug concentrations (50 μl and 100 μl) are shown 

in Appendix 3 (Supplementary Figures 3.5-3.10). 

 

The 96-well plates were removed from the incubator and the media was either 

removed from the wells (2-D) or left in the wells (3-D). Cells were treated with 

differing doses of chemotherapy agents by adding 50-100 μl of each treatment to 

the appropriate wells in triplicate.  

 

The plates were returned to the incubator at 37°C and 5% CO
2 for 96 hours. 

Viability assays were carried out after 96 hours, as described below in section 2.11. 

For 2-D plates, an alamar blue viability assay was carried out; for 3-D assays, an 

acid phosphatase assay was performed. These assays sought to determine the 

sensitivity (or resistance) of each TNBC cell line to select chemotherapy drugs used 

in everyday clinical practice. The viability was expressed as a percentage of the 

untreated (100% viability) per cell line per plate.  

 

 

2.11 Viability Assays 

Cell viability in vitro can be determined using a number of methods. A common 

parameter among all cell viability methods is determining metabolic activity post-

intervention. Damaged or non-viable cells have lower innate metabolic activity than 

normal healthy cells and thus generate a proportionally lower amount of 
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fluorescence or absorbance. Therefore the amount of fluorescence or absorbance is 

proportional to the number of living cells and corresponds to cell metabolic activity.  

 

 

2.11.1 Alamar Blue Assay for 2-D Treatments 

A 560 μM stock solution of alamar blue (resazurin) (Sigma) was made up in Hank’s 

balanced salt solution (Sigma). This solution was sterile filtered and kept at 4°C 

until required. When required for viability assay (after 96 hour incubation), the 

alamar blue solution was diluted 1:6 using complete media and mixed thoroughly.  

 

The existing media (chemotherapy solution) was fully aspirated from each well and 

replaced with 100 μl of the diluted alamar blue reagent per well. The plate was 

returned to the incubator for 6-8 hours at 37°C and 5% CO2. After incubation, the 

absorbance was read using a Biotek Synergy HT Plate Reader at 570 nm and 600 

nm. After the absorbance readings were taken, the following equation was used to 

measure cell viability:  

 

% difference between treated and untreated cells =  (O2 x A1) – (O1 x A2) x 100  

(O2 x P1) – (O1 x P2)  

Meaning: 

O1 = molecular extinction coefficient of oxidized alamar blue at 570 nm (80,856)  

O2 =molecular extinction coefficient of oxidized alamar blue at 600 nm (117,216)  

A1 = absorbance of test wells at 570 nm  

A2 = absorbance of test wells at 600 nm  

P1 = average absorbance of untreated wells at 570 nm  

P2 = average absorbance of untreated wells at 600 nm  

 

 

2.11.2  Acid Phosphatase Assay for 3-D Treatments 

The acid phosphatase assay has been validated as a useful assay to determine cell 

viability and, therefore, facilitate drug testing for single tumour spheroids in 96-

well plates. The assay is based on quantification of cytosolic acid phosphatase 
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activity. The absorption of acid phosphatase at 405 nm is directly proportional to 

the viable number of cells (241).  

 

Assay buffer was made up of 0.1M sodium acetate (Sigma) and 0.1% Triton-X-100 

(Sigma) in water to achieve a pH of 5.5. The buffer could be made up in large 

volumes and stored at +2-8°C until required. Once required, the buffer was placed 

at room temperature for 30 minutes prior to use.  

 

Phosphatase substrate tablets (Sigma) were stored at -20°C, and once required, were 

placed at room temperature for 30 minutes prior to use. The substrate tablets were 

dissolved in the assay buffer at a ratio of 5 mg: 2.5 ml immediately prior to use. 

The resulting solution was further diluted in equal parts Dulbecco’s PBS (Sigma). 

For example, to analyse one 96-well plate, 10 ml of total solution was required. The 

solution was made up of 5 ml buffer/substrate: 5 ml PBS. The 5 ml buffer/substrate 

was in turn made of 10 mg phosphatase substrate: 5 ml assay buffer.  

 

As the final volume in each 3-D well was ~200 µl (allowing for some evaporation 

during incubation), 150 µl of media was carefully aspirated from each well using a 

multi-pipette. Extreme care was needed not to aspirate the cell spheroid, as it was 

non-adherent to the bottom of the plate. The wells were checked by direct 

visualization or under a microscope to ensure the spheroid had not been aspirated. 

 

100 µl of the assay solution was added to each well, for a total volume of ~150 µl 

and the plate was incubated at 37°C and 5% CO2 for 2-3 hours. Following 

incubation, 10 µl of 1N of sodium hydroxide (NaOH) was added to each well. 

Absorption was measured at 405 nm within 10 minutes on a Multiskan RC Plate 

Reader (Thermofisher).  

 

After the absorbance readings were taken, the following equation was used to 

measure cell viability: 

 

% difference between treated and untreated cells =  

(Absorbance of test well – Background absorbance)  x100 

  Average absorbance in untreated wells  
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The absorption measurements were corrected for background absorption at 405 nm 

by measuring the absorbance in a well that was empty apart from the assay solution.  

 

For both 2-D and 3-D plates, data was entered into Graphpad. The data was fitted 

using a 4- parameter logistic fit, from which each of the inhibitory concentration of 

50% (IC
50) values was interpolated. The IC50 was determined using the untreated 

wells as a reference comparison for uninhibited (100%) growth. 

 

 

2.12 Protein Detection - Immunoblotting  

2.12.1 Sample Preparation 

Cells pellets were obtained as described in sections 2.9.2. Cell pellets were washed 

with D-PBS. A radioimmunoprecipitation assay (RIPA) buffer solution was made 

of RIPA buffer (Sigma) containing 1 X Protease Inhibitor Cocktail III (Fisher) and 

1 X PhosSTOPTM protease inhibitor (Roche Life Science). 35 μl-50 μl of RIPA 

buffer solution was used to re-suspend the cell pellet. The solution was transferred 

to a sterile eppendorf and left on ice for 30 minutes. 

 

The samples were centrifuged in a bench-top centrifuge at 13,000 rpm for 10 

minutes at 4°C. Supernatants were transferred to fresh eppendorf tubes and the 

protein concentration was determined on all protein supernatants using the 

bicinchoninic assay (BCA) (Thermo Fisher). The BCA assay was performed in 

triplicate using bovine serum albumin (BSA) at a concentration of 2 μg/ml as the 

standard. A standard solution was made at concentrations ranging from 0-10 μg 

BSA, dissolved in H20 to make up a volume of 19 μl. For the protein quantities 

being determined, a solution was made up with 1 μl of protein sample and 19 μl of 

H20. 1 μl of RIPA buffer solution was added to these solutions to make final 

volumes of 20 μl. BCA working reagent was made by mixing 50 parts BCA reagent 

A to 1 part BCA reagent B (50:1, Reagent A: B). 80 μl of BCA working reagent 

was added to 20 μl of the protein solution in a 96-well plate to make a final volume 

of 100 μl. The plates were covered and incubated at 37°C and 5% CO2 for 20 

minutes. Absorption was measured at 592 nm within 10 minutes on a Multiskan 

RC Plate Reader (Thermofisher).  
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For sample preparation for immunoblotting, loading buffer was made up of 16% β-

mercaptopurine and 84% NuPage LDS Sample Buffer 4 X (Thermofisher). The 

loading buffer solution made up 25% of a final solution containing protein, 

deionised water and buffer. For example, if a protein concentration of 40 μg in a 

final volume of 35 μl was required, the solution would contain 8.75 μl of buffer 

solution, 40 μg of protein with the remaining volume made up with deionized water. 

The supernatants and prepared samples could be stored in the -80°C and -20°C 

freezers respectively. 

 

 

2.12.2   Tris-Glycine gels  

Tris-Glycine gels were hand casted using the Mini-PROTEAN Tetra Cell Casting 

Stand with Clamp Kit (Bio-Rad Laboratories Inc., USA). Briefly, a short plate and 

spacer plate (1.5 mm) were inserted and fastened into each casting frame, which 

was placed and secured into the casting stand. A 10% resolving gel and a stacking 

gel were made up according to Table 2.3 with all components from Sigma. 8 ml of 

the 10% resolving gel was poured between the glass plates, with enough room left 

over for the stacking gel. Immediately after pouring, 2-propanol was added to 

ensure that the gel set evenly. Once the resolving gel had set, the 2-propanol was 

poured off and the stacking gel solution was poured on top of resolving gel. The 

appropriate comb (10 or 15-well) was inserted and the gel was allowed to set. 

 

  

Table 2.3: Recipes for Western blotting gels  

 10% Resolving Gel (per gel) Stacking Gel (per gel) 

Deionised H20 7.8 ml 4.5 ml 

30% Bis-acrylamide 6.3 ml 0.864 ml 

1M Tris-HCl pH 8.8 with 10% 

SDS 
4.8 ml 0  

1M Tris-HCl pH 6.8 with 10% 

SDS 
0  1.8 ml 

10% APS (μl)  76.5 μl 60 μl 

TEMED (μl)  30 μl  30 μl 

Total (ml)  20 ml 20 ml 
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2.12.3    Western blotting  

Once the samples were prepared and the Tris-glycine gel had set, immunoblotting 

was carried out using the Mini-PROTEAN Tetra Electrophoresis Cell System (Bio-

Rad Laboratories Inc.). Up to two hand-casted gels were placed and secured into 

each electrode module, which was then placed in the buffer tank. Enough 1 X 

running buffer was added to submerge the gels. The combs were carefully removed 

from the gels.  

 

The prepared samples were removed from the freezer and heated to 95°C in a 

heating block for 5 minutes before the samples were carefully loaded onto the gels 

in individual lanes. To allow correct protein identification, 2.5 μl of the Pageruler 

Plus Pre-stained Protein Ladder (Thermofisher) was loaded into one lane of each 

gel to run alongside the samples. The buffer tank lid was replaced and the gel was 

set to run at 120v for approximately 90 minutes, until the protein ladder spanned 

the entire length of the gel.  

 

The gel was subsequently transferred on to nitrocellulose membrane (GE 

Healthcare) using the Mini Trans-Blot
 
wet-transfer system (Bio-Rad Laboratories 

Inc.). 1 X Transfer buffer was made using 700 ml water, 200 ml methanol and 100 

ml of 10 X transfer buffer. The transfer buffer was cooled at -20°C until required. 

The western blot transfer components (sponges, filter paper and nitrocellulose 

membrane) were pre-soaked in transfer buffer. The gel was carefully removed from 

the blot assembly unit and the transfer “sandwich” was assembled using transfer 

cassette in the following order:  

 

Black side down – Sponge – Filter Paper – Gel (with highest protein to bottom 

right) – Nitrocellulose Membrane – Filter Paper – Sponge – Clear/red side. 

 

The cassette was sealed and placed in the cassette holder, which was then placed in 

the buffer tank. The unit was filled with 1 X transfer buffer. An ice pack was placed 

inside the unit and the lid was attached. The unit was connected to a power pack 

and the transfer was run at 90v (constant) for 90 minutes.  
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Once the transfer was complete, the cassette was removed and the gel was separated 

from the transferred membrane. The transferred membrane was stained with 

Ponceau S (Sigma) in order to visualize the loading lanes and to assess equal protein 

loading. Ponceau S was washed off using 1 X TBS-T which is made up with 1 X 

tris buffered saline (TBS) and 0.1% tween (T) (Sigma). TBS is made from 25 mM 

Trizma base (Sigma), 3 mM potassium chloride (KCl) (Sigma) and 68.5 mM 

sodium chloride (Sigma) all at pH 8.0.  

 

The transfer membrane was blocked in 5% BSA (Sigma) diluted in in TBS-T for 

45 minutes hour at room temperature. The membrane was incubated on a roller 

overnight at 4°C in primary antibody that was diluted to the appropriate 

concentration in 5% BSA made up in TBS-T. Table 2.4 shows primary and 

secondary antibodies used.  

 

 

Table 2.4: Antibodies for Western blotting 

Antibody Type of Antibody Dilution Company 
Product 

Number 

Anti-β-actin  
Primary 

1:20,000  Sigma  A5441  

Anti-P-gp (MDR1) 
Primary 

1:1,000 CST 12273 

Anti-Rabbit IgG 
Secondary 

1:4000 Santa Cruz Sc-2004 

 

 

The next day, in order to image the immunoblots, the membrane was removed from 

the primary antibody solution and washed with TBS-T for 10 minutes. This wash 

was repeated three times.  This was followed by incubation with anti-Rabbit HRP-

linked IgG secondary antibody (Santa Cruz, USA) diluted in 5% BSA in TBS-T for 

1 hour at room temperature. The membrane was removed from the secondary 

antibody solution and washed with TBS-T for 10 minutes. This wash was repeated 

three times. After the final wash, imaging of the blot was carried out using the 

Universal Hood III imager (Bio-Rad Laboratories Inc.). The enhanced 

chemiluminescence (ECL) horseradish peroxidase enzyme (HRP) substrate was 

used to detect the target protein using the SuperSignal West Dura Extended 

Substrate (Thermo Scientific). 
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2.13 Data Analysis and Statistics  

Statistical analysis was performed using Stata/IC (v14.0), SPSS (v24) and 

GraphPad Prism (v7.0). For clinical data, descriptive statistics were used to present 

baseline demographics and risk factors. The Kruskal Wallis Test with Dunns post-

estimation was used to examine the differences in age between treatment groups. 

Fisher’s exact test was used to examine the statistical significance of the differences 

observed in clinico-pathological characteristics between treatment groups.  

Differences in follow-up times and survival times between treatment groups were 

analysed using Oneway analysis of variance (ANOVA) with Bonferroni post-

estimation. The association between clinico-pathological characteristics and 

survival were assessed using Log rank tests. Two proportion tests were then used 

to estimate the effect (difference in proportions) of significant variables. Pearson χ2 

testing was used to assess the interaction between variables. Both univariate and 

multivariable Cox regression analysis was used to calculate hazard ratios and 95% 

confidence intervals, adjusting for prognostic variables.  Similarly, univariate and 

multivariable Logistic regression analysis was used to calculate odds ratio (OR) and 

95% CI to adjust for prognostic variables. Test for trend of survivor testing assessed 

the impact of increasing prognostic variables on outcomes. Kaplan-Meier estimates 

were plotted for DFS, MFS and BCSS. p values reported were two tailed and p<0.05 

was considered statistically significant. 

 

For pre-clinical data, multiple-group comparisons were made using a two-way 

ANOVA followed by the Bonferroni post-hoc test to confirm statistical differences 

between groups. Error bars represent the standard deviation (SD) on all graphs and 

were calculated using GraphPad Prism. Statistical significance (p-value) was 

assigned for values <0.05.  
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3.1 Background 

Significant efforts have focused on modifying standard chemotherapeutic regimens 

by using new therapeutic agents and novel combinations to improve outcomes.  The 

observation that many TNBCs exhibit dysfunction of DNA damage repair pathways 

(46, 242) has led to several phase II trials studying the inclusion of platinum salts 

in the treatment regimen of TNBCs, resulting in improved rates of pCR in both 

BRCA1/2 mutation carriers and in sporadic tumours (124, 125, 154, 157, 162, 175, 

243, 244). The phase II GeparSixto study found that the addition of neoadjuvant 

carboplatin to a regimen containing an anthracycline, a taxane and bevacizumab 

resulted in an absolute increase of 16% in the proportion of patients achieving a 

pCR (37% to 53%) (125). In the CALGB 40603 phase II study, carboplatin was 

added to a neoadjuvant regimen containing a taxane, anthracycline, and an 

alkylating agent with or without bevacizumab resulting in a significant 

improvement in pCR rate. Sixty percent of patients treated with carboplatin 

achieved a pCR in the breast and 54% had a pCR in the breast and axilla compared 

with 46% and 41% respectively among those not treated with carboplatin (124). In 

the metastatic setting, TNBCs treated with a combination of cisplatin and docetaxel 

showed higher RR, improved PFS and improved OS compared to those treated with 

capecitabine and docetaxel (162).  

 

Despite promising phase II data, there has not yet been a definitive phase III study 

showing an improvement in DFS or OS with the use of platinums in the treatment 

of TNBCs (20, 38). The optimal way to incorporate platinums into the treatment 

paradigm of TNBCs has not yet been clearly established. It is unclear whether 

platinums should be added to standard chemotherapy regimens or substituted for 

one or more traditional chemotherapy drugs. In the absence of routine TNBC 

subtyping, it remains unclear whether all TNBCs benefit equally from platinums, 

or whether some TNBC subsets derive particular benefit (38).  

 

A small number of studies, outside of the clinical trial setting, have reported 

outcomes of TNBC cohorts treated with platinum agents. In 2013, carboplatin was 

added to the NACT regimen for patients with TNBC in UHG based on promising 
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data from phase II studies (124, 125, 154, 157, 162, 175, 243, 244) and a strong 

desire to improve the outcomes of TNBC patients.  

 

The primary aim of this work was to examine the effect of the addition of 

carboplatin to anthracycline-taxane-based NACT on pathological response to 

therapy and outcome in TNBC in order to validate the results of improved rates of 

pCR with carboplatin from phase II clinical trials. In this work, the clinical patterns, 

treatment strategies and outcomes for one of the largest clinical cohorts of TNBCs 

reported outside the clinical trial setting is described. This cohort includes patients 

treated with NACT before and after the addition of carboplatin to an anthracycline-

taxane chemotherapy backbone.  

 

 

3.2  Methodology 

3.2.1 Patient and tumour characteristics 

Case selection and data retrieval was performed as described in Chapter 2: 

Materials and Methods (Sections 2.2, 2.3, 2.4). In brief, 355 consecutive patients 

who were diagnosed with TNBC at UHG between January 1, 2000 and December 

31, 2015 were included. Twenty-seven cases with low ER expression (Allred score 

3) were included because these cases behave clinically like TNBC (228-230). All 

patients had therapeutic surgery performed at UHG and systemic treatment was 

administered in UHG or at a satellite centre of UHG. A new event was defined as 

a TNBC recurrence, a new primary breast primary cancer; or a new cancer, outside 

of the breast. The presence of metastatic disease at diagnosis was not classified as 

an event. A pCR breast/axilla was defined as no residual invasive tumour in the 

breast or lymph nodes (ypT0/isN0).    

 

 

3.3  Results 

3.3.1 Demographics 

Three hundred and fifty five patients (n=355) who were diagnosed with TNBC were 

included in this study. Patients were classified according to treatment schedule: 

47% (n=168) were treated with adjuvant chemotherapy, 27% (n=97) were treated 
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with NACT, 19.5% (n=68) did not receive chemotherapy with curative intent and 

in 6.5% (n=22), details about systemic therapy were unknown. There were 

significant differences in demographics between patients receiving different 

schedules of systemic chemotherapy. Patient demographics are shown in Table 3.1. 

The median patient age was 55 years (range 24-92 years) and most patients (n = 

215, 61%) were post-menopausal at the time of diagnosis. Patients who received 

NACT were significantly younger than those who received adjuvant chemotherapy 

and those who did not receive primary chemotherapy (median age 48, 55 and 75 

years respectively; p < 0.001) and those treated with NACT were more often pre-

menopausal than those who received adjuvant chemotherapy and those who did not 

receive primary chemotherapy (59%, 34.5%, 6% respectively; p<0.001).   

 

BRCA1/2 mutations were identified infrequently (n = 20, 5.5%), whereas 45% of 

patients (n=101) reported a family history of breast cancer. In this cohort, 26.5% of 

patients (n=94) did not have genetic testing carried out. The criteria for genetic 

testing are updated frequently as research in the field evolves. Current Irish 

guidelines recommend germline breast/ovarian cancer genetic testing based on the 

Manchester Scoring System, with testing recommended for patients with a score of 

≥15 which equates to an approximate 10% chance of identifying a BRCA1/2 

mutation (245). In addition, genetic testing in Ireland is currently recommended for 

all patients diagnosed with TNBC <45 years and all patients diagnosed with ER-

positive breast cancer <30 years (246, 247). NCCN guidelines recommend germline 

breast and/or ovarian cancer genetic assessment in the following circumstances: (i) 

breast cancer diagnosed <50 years, (ii) TNBC diagnosed <60 years, (iii) two breast 

cancer diagnoses in the same patient, (iv) breast cancer at any age with a family 

history (first, second or third degree relative) of breast cancer <50 years, ovarian 

cancer, male breast cancer, pancreatic cancer, or high grade/metastatic prostate 

cancer and for any individuals (v) with a known family history of a pathogenic 

variant in a cancer susceptibility gene (vi) found to have a pathogenic somatic 

mutation in a cancer susceptibility gene, (vii) diagnosed at any age with ovarian 

cancer, pancreatic cancer, metastatic prostate cancer, breast or high grade prostate 

cancer in patients of Ashkenazi Jewish ancestry (248). However, more recent 

guidelines from the American Society of Breast Surgeons have recommended 

genetic testing for all patients with a personal history of breast cancer, and that 
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individuals without breast cancer should be tested as per the NCCN guidelines 

(249).  

 

There were no differences in the numbers of patients with BRCA1/2 mutations 

(p=0.086), or with a family history of breast cancer (p=0.956) between the different 

treatment groups. The majority of patients (n = 340) had one tumour, eight patients 

had multiple TNBCs in the same breast at the time of diagnosis and seven patients 

had bilateral synchronous TNBCs.   
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Table 3.1: Patient Demographics 
 

 

 All 

Patients 

 

n (%) 

NACT 

 

 

n (%) 

Adjuvant 

Chemotherapy 

 

n (%) 

No 

Chemotherapy 

 

n (%) 

Chemotherapy 

Unknown 

 

n (%) 

p value: 

None vs 

NACT vs 

Adjuvant 

p value: 

NACT 

vs 

Adjuvant 

 
n 

(%) 

 355 97  

(27%) 

168  

(47%) 

68  

(19.5%) 

22  

(6.5%) 

  

Age 

(Range) 

Median 

Range 

55  

24 – 92 

48  

24 – 73 

55  

30 – 79 

75  

30 – 92 

59  

39 – 91 

<0.001 <0.001 

Menopausal 

Status 

Pre 

Post 

Unknown 

124 (35%) 

215 (61%) 

16 (4%) 

57 (59%) 

33 (34%) 

7 (7%) 

58 (34.5%) 

105 (62.5%) 

5 (3%) 

4 (6%) 

62 (91%) 

2 (3%) 

5 (23%) 

15 (68%) 

2 (9%) 

<0.001 <0.001 

BRCA 

Mutation 

Negative 

BRCA1  

BRCA2 

Present but Unknowna 

Not Tested/Unknownb 

241 (68%) 

12 (3%) 

7 (2%) 

1 (0.5%) 

94 (26.5%) 

73 (75%) 

4 (4%) 

2 (2%) 

0 

18 (19%) 

127 (75.5%) 

8 (5%) 

5 (3%) 

1 (0.5%) 

27 (16%) 

39 (57%) 

0 

0 

0 

29 (43%) 

2 (9%) 

0 

0 

0 

20 (91%) 

0.086 

 

0.807 

 

Family 

History 

Breast Cancer 

No 

Yes 

123 (55%) 

101 (45%) 

40 (56%) 

31 (44%) 

66 (54%) 

56 (46%) 

17 (55%) 

14 (45%) 

0 

0 

0.956 0.763 

 
a: BRCA mutation present but gene unknown; b: Patient either not tested or details about testing unknown; n: Number of patients; NACT: Neoadjuvant Chemotherapy; vs: 

versus 
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3.3.2   Pathology 

Tumour characteristics are shown in Table 3.2. Most tumours (82%) were ductal 

(NOS) type. Other subtypes were uncommon with lobular, metaplastic, medullary-

like (and medullary) and apocrine types accounting for 5%, 4.5%, 4% and 2.5% of 

all cases respectively. Although most tumours across all chemotherapy treatment 

groups were ductal (NOS) type, both lobular carcinomas and apocrine tumours 

were more common in those who did not receive chemotherapy (12% and 9% 

respectively; p=0.004 for tumour type).  

 

The majority of all tumours (80%) were grade 3, 18.5% grade 2, and one tumour 

was reported as grade 1. However a greater proportion of those who received NACT 

had grade 2 tumours (28%) compared to patients treated with adjuvant therapy (9%) 

(p<0.001), which was likely a reflection of a higher mitotic score in tumours 

examined on full face sections in cases treated with adjuvant therapy, compared to 

needle core biopsy assessment for those who received NACT (mitotic score 

p<0.001) (Appendix 2: Supplementary Table 2.1).  Similarly, among those who did 

not receive chemotherapy, more tumours were reported as grade 2 (31%) compared 

to those who received chemotherapy (p<0.001). Expression of the basal markers 

CK5/6 and/or EGFR was observed in 76% (n=269) of all cases. There were no 

differences in basal status between treatment groups (p=0.225). 

 

Most patients had pT2 tumours (50%), 33% had pT1 tumours and pT3 and pT4 

tumours accounted for 5.5% and 6% respectively. The majority of cases (59%) were 

lymph node negative, 19% of patients had between 1-3 lymph nodes involved and 

13% had four or more lymph nodes involved with metastatic disease. There was no 

difference between tumour size or nodal status between those patients treated with 

adjuvant chemotherapy, compared to those who did not receive chemotherapy 

(p=0.088 for tumour size; p=0.619 for nodal status). A small number of cases 

(n=17, 5%) had metastatic disease at diagnosis and these patients generally did not 

receive systemic chemotherapy (n=13) or received NACT if the volume of 

metastatic disease was low (n=4) (p< 0.001).  
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Table 3.2: Tumour Characteristics 
 

 

 All Patients 
 

 

n (%) 

NACT 
 

 

n (%) 

Adjuvant 

Chemotherapy 
 

n (%) 

No 

Chemotherapy 

 

n (%) 

Chemotherapy 

Unknown 
 

n (%) 

p value: 

None vs 

NACT vs 

Adjuvant 

p value: 

NACT 

vs 

Adjuvant 
 

n  

(%) 

 355 97  

(27%) 

168  

(47%) 

68  

(19.5%) 

22  

(6.5%) 

  

Tumour Grade  

 

1 

2 

3 

Unknown 

1 (0.5%) 

65 (18.5%) 

285 (80%) 

4 (1%) 

0  

27 (28%) 

70 (72%) 

0 

1 (1%) 

15 (9%) 

148 (88%) 

4 (2%) 

0  

21 (31%) 

47 (69%) 

0 

0  

2 (9%) 

20 (91%) 

0 

<0.001 <0.001 

Tumour Type IDC 

ILC 

Metaplastic 

Medullary 

Apocrine 

Othera 

Unknown 

 

290 (82%) 

18 (5%) 

16 (4.5%) 

14 (4.5%) 

9 (2.5%) 

4 (1%) 

4 (1%) 

87 (90%) 

1 (1%) 

4 (4%) 

4 (4%) 

1 (1%) 

0 

0  

138 (82%) 

7 (4%) 

6 (4%) 

8 (5%) 

2 (1%) 

3 (2%) 

4 (2%) 

46 (68%) 

8 (12%) 

5 (7%) 

2 (3%) 

6 (9%) 

1 (1%) 

0  

19 (86%) 

2 (9%) 

1 (5%) 

0  

0 

0 

0  

0.004 0.595 

Basal Statusb Positive 

Negative 

Unknown 

269 (76%) 

62 (17%) 

24 (7%) 

79 (81.5%) 

12 (12.5%) 

6 (6%) 

131 (78%) 

31 (18%) 

6 (4%) 

44 (65%) 

14 (20%) 

10 (15%) 

15 (68%) 

5 (23%) 

2 (9%) 

0.225 0.227 

 
a: Other tumour types include micropapillary (n=1), mixed ductal-lobular (n=1), mixed ductal-micropapillary (n=1) and papillary carcinoma (n=1); b: Basal status: any positivity for 

either cytokeratin 5/6 or EGFR by IHC; IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma; n: Number of patients; NACT: Neoadjuvant Chemotherapy; vs: versus 
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       Table 3.2 (cont.): Tumour Characteristics 
 
 

 All Patients 
 

 

n (%) 

NACT 
 

 

n (%) 

Adjuvant 

Chemotherapy 
 

n (%) 

No 

Chemotherapy 

 

n (%) 

Chemotherapy 

Unknown 
 

n (%) 

p value: 

None vs 

NACT vs 

Adjuvant 

p value: 

NACT 

vs 

Adjuvant 
 

pT Stage 1 

2 

3 

4 

Unknown 

86 (33%) 

129 (50%) 

14 (5.5%) 

15 (6%) 

14 (5.5%) 

 57 (34%) 

92 (55%) 

8 (5%) 

6 (3%) 

5 (3%) 

21 (31%) 

29 (43%) 

3 (4%) 

8 (12%) 

7 (10%) 

8 (36%) 

8 (36%) 

3 (14%) 

1 (5%) 

2 (9%) 

0.088 N/A 

 

pN Stage 0 

1 

2 

3 

Unknown 

151 (59%) 

48 (19%) 

19 (7%) 

16 (6%) 

24 (9%) 

 104 (62%) 

33 (20%) 

12 (7%) 

8 (5%) 

11 (6%) 

36 (53%) 

10 (15%) 

7 (10%) 

4 (6%) 

11 (16%) 

11 (50%) 

5 (23%) 

0  

4 (18%) 

2 (9%) 

0.619 N/A 

ypT Stage 0 

In situ 

1 

2 

3 

4 

35 (36%) 

8 (8%) 

27 (28%) 

12 (13%) 

5 (5%) 

10 (10%) 

35 (36%) 

8 (8%) 

27 (28%) 

12 (13%) 

5 (5%) 

10 (10%) 

  

 

 

 

 

 

 N/A N/A 

ypN Stage 0 

1 

2 

3 

Unknown 

64 (66%) 

11 (11.5%) 

13 (13.5 %) 

8 (8%) 

1 (1%) 

64 (66%) 

11 (11.5%) 

13 (13.5%) 

8 (8%) 

1 (1%) 

  

 

 

 

 

 N/A N/A 

M Stage 0 

1 

Unknown 

316 (89%) 

17 (5%) 

22 (6%) 

93 (96%) 

4 (4%) 

0 

168 (100%) 

0 

0 

55 (81%) 

13 (19%) 

0 

0 

0 

22 (100%) 

<0.001 0.008 

 
n: Number of patients; NACT: Neoadjuvant Chemotherapy; N/A, Not applicable; vs: versus  
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3.3.3 Treatment 

Details of systemic chemotherapy were known for 94% of patients and are shown 

in Table 3.3. Forty seven percent (47%) of all patients received adjuvant systemic 

chemotherapy (n = 168) and 27% (n=97) received NACT, including six patients 

who received both NACT and adjuvant chemotherapy. The majority of all patients 

treated with curative intent chemotherapy (n=124, 47%) received an anthracycline-

taxane combination, 12% were treated with a carboplatin-anthracycline-taxane 

combination, 24% received a taxane only-based combination, and 11% received an 

anthracycline only-based regimen. For 6.5% of patients (n=22), details of systemic 

chemotherapy were unknown as some of these patients were lost to follow-up.   

Systemic chemotherapy with curative intent was not given to 68 patients (19.5%) 

for reasons that included the presence of metastatic disease at diagnosis (n=13), 

patient deemed unfit for chemotherapy (n=16), patient preference (n=11), 

chemotherapy not warranted in view of small tumour (n=2), the presence of other 

malignancy requiring treatment (n=2), other reasons (n=2) or for unknown reasons 

(n=22). In those patients who had metastatic disease at diagnosis and were not 

treated with curative intent (n=13), six patients were treated with palliative 

chemotherapy, one patient received palliative radiation, one patient did not receive 

any chemotherapy and in the remainder (n=5), palliative treatment was unknown.  

 

Specific details of the systemic chemotherapy agents used were known for most 

patients who received either NACT (98%) or adjuvant (95%) therapy. In UHG, 

NACT has been the standard of care in the management of TNBCs since 2010. 

NACT consisted of an anthracycline-taxane combination for 64 patients (66%), 

with carboplatin incorporated into the regimen since 2013 (n=31; 32%).  In those 

treated with a carboplatin based regimen, paclitaxel was given weekly for 12 weeks 

in combination with carboplatin administered at an area under the curve (AUC) = 

5 mg/ml.min every 3 weeks, followed by dose dense doxorubicin plus 

cyclophosphamide for 4 cycles. In the non-carboplatin containing NACT regimens, 

four cycles of dose dense doxorubicin plus cyclophosphamide, followed by weekly 

paclitaxel for 12 weeks was the most frequently administered regimen. In the 

adjuvant setting, most patients received a taxane (n=64, 38%); an anthracycline-

taxane (n=60, 35.5%); or an anthracycline combination (n= 30, 18%).   
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Table 3.3: Systemic Chemotherapy Details 
 

 

 All 

Patients 

 

n (%) 

NACT 

 

 

n (%) 

Adjuvant 

Chemotherapy 

 

n (%) 
Number of 

patients 

 265 97 (27%) 168 (47%) 

Chemotherapy 

Agentsa  

Anthracycline-Taxane 

Taxane 

Carboplatin-Anthracycline-Taxane  

Anthracycline 

Other 

Unknown Regimen 

124 

(47%) 

64 (24%) 

31 (12%) 

30 (11%) 

6 (2%) 

10 (4%) 

64 (66%) 

0 

31 (32%) 

0 

0 

2 (2%) 

60 (35.5%) 

64 (38%) 

0 

30 (18%) 

6 (3.5%) 

8 (5%) 

Cycles of 

Chemotherapy  

 

Median 

Range 

 

1 – 3 Cycles 

4 Cycles 

5 – 7 Cycles 

8 Cycles 

11 Cycles 

Unknown No. Cycles 

 7.6 Cycles 

4 – 11 

 

0 

3 (3%) 

13 (13.5%) 

78 (80.5%) 

1 (1%) 

2 (2%) 

5.3 Cycles 

1 – 8 

 

9 (5%) 

85 (51%) 

14 (8%) 

50 (30%) 

0 

10 (6%) 

 
a: Chemotherapeutic agents listed for patients known to have received either NACT (n=97) or adjuvant 

chemotherapy (n=168); n: Number of patients; NACT: Neoadjuvant Chemotherapy 

 

 

 

NACT was reasonably well tolerated. There appeared to be more toxicities recorded 

among those who received carboplatin, although the numbers are too small to 

definitively comment: 19% (n=6) versus 13% (n=8) had a treatment delay, 19% 

(n=6) versus 5% (n=3) failed to complete their recommended course of treatment, 

and 7% (n=2) versus 0% had a dose reduction in the carboplatin and non-

carboplatin treated groups respectively. Despite failing to complete their 

recommended NACT, four of six patients treated with carboplatin achieved a pCR, 

whereas none of the three patients treated with non-carboplatin NACT who failed 

to complete their NACT achieved a pCR. Neither of the two patients who had a 

dose reduction while on carboplatin-based chemotherapy achieved a pCR. All 

adjuvant chemotherapy was well tolerated. Treatment delays were seen in 22%, 

20% and 3% among adjuvant anthracycline, anthracycline-taxane and taxane 

combinations respectively and dose reductions were very infrequent, seen in 4%, 

0%, and 2% respectively.   

 

The median number of cycles of chemotherapy was 6.2 and was higher for NACT 

regimens compared to adjuvant therapy (7.6 and 5.3 respectively), reflecting the 
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different regimens used in each setting.  Weekly paclitaxel, delivered over 12 

weeks, was counted as 4 cycles. For the six patients who received both NACT and 

adjuvant chemotherapy, only the neoadjuvant cycles delivered were counted, as 

these cycles determined the pathological response.   

 

Follow-up times were significantly different between treatment groups (p<0.001). 

As expected, follow-up time was longer for those who received adjuvant therapy 

(median 64 months, range 2–186 months) compared to those who received NACT 

(median 30 months, range 5–126 months). This paralleled the changing pattern of 

chemotherapy administration over time with a shift from adjuvant chemotherapy to 

NACT from 2010 onwards: 54% of those who received NACT were diagnosed after 

2012 and 60% were diagnosed since 2013. The follow-up time was shortest for 

those who did not receive therapy (median 24 months, range 0–199 months). 

 

3.3.3.a Surgical treatment, radiotherapy and other adjuvant therapy  

At diagnosis, 303 patients (85%) had a needle core biopsy performed to confirm 

the diagnosis of TNBC, 25 patients (7%) had an excisional biopsy, one patient had 

a fine needle aspirate (FNA) and in 26 patients (7%) the diagnostic procedure was 

unknown. With respect to assessment of lymph node status at diagnosis, 261 (74%) 

did not have lymph node sampling at the time of diagnosis, 51 patients (14%) had 

an axillary lymph node needle core biopsy, 28 patients (8%) had an axillary lymph 

node FNA, 13 patients (4%) had a sentinel lymph node excision, 1 patient (who 

was going on to receive NACT) had a sentinel lymph node excision followed by an 

axillary lymph node dissection and 1 patient had a supraclavicular FNA.  

 

The primary surgical therapeutic excision in the breast was recorded as a wide local 

excision in 216 patients (61%), 120 patients (34%) had a mastectomy, no 

therapeutic excision was performed in 15 patients (4%), 1 patient had excision of 

margins after an excisional breast biopsy and in 3 patients the primary therapeutic 

procedure was unknown. The primary axillary therapeutic procedure was an 

axillary lymph node clearance in 151 patients (43%), sentinel lymph node sampling 

in 126 patients (36%), sentinel lymph node sampling with immediate axillary 

lymph node clearance in 33 patients (9%), contralateral axillary lymph node 



Chapter 3: Patient Outcomes in a Cohort of TNBC 

 103 

sampling in 2 patients and intramammary and sentinel lymph node excision in 1 

patient. Forty patients (11%) did not have any therapeutic axillary procedure and in 

2 patients the axillary therapeutic procedure was unknown.  

 

Twenty four patients (7%) required a second therapeutic breast procedure: 21 

patients had a mastectomy and 3 patients had re-excision of margins. Eighteen 

patients (5%) required a second therapeutic axillary surgery: 13 had an axillary 

lymph node clearance, 3 patients had a sentinel lymph node excised, 1 patient had 

an intramammary lymph node excised and 1 patient had a sentinel lymph node 

followed by an immediate axillary lymph node clearance.  

 

Adjuvant radiotherapy was given to 79% (n=253) of all patients including 92% of 

patients who had BCT (n=180/196). The median dose of radiation administered was 

50 Gray (range 30-72 Gray), and the median number of fractions administered was 

25 fractions (range 15-36). Adjuvant radiotherapy was given less often (60%) to 

patients who did not receive any primary systemic chemotherapy (but did have 

definitive breast surgery), as these patients were more likely to have mastectomies 

than BCT (54% versus 46% respectively). 

 

Other adjuvant therapies were uncommon. Adjuvant endocrine therapy was given 

in 5% of all cases in which the tumours had very low levels of ER or PR expression, 

or in cases of concurrent or recurrent ER-positive breast cancer. Adjuvant 

bisphosphonates and ovarian suppression were used infrequently (5% and 4% 

respectively). 

 

 

3.3.4 Outcomes 

Survival was examined using Kaplan Meier curves to assess DFS, MFS and BCSS. 

The median DFS, MFS and BCSS for all patients was 38, 40 and 42 months 

respectively (range 0-199 months) (Figure 3.1). The survival times were longest for 

those who received adjuvant therapy (DFS 58 months, MFS 62 months, BCSS 64 

months; range 2-186 months) compared to those who received NACT (DFS and 

MFS 29 months, BCSS 30 months; range 5-126 months) or who received no 

therapy (DFS and MFS 26 months, BCSS 24 months; range 0-199 months). 
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The DFS, MFS and BCSS in patients who received NACT versus adjuvant 

chemotherapy versus no systemic chemotherapy were compared (Figure 3.2). 

Overall the Kaplan Meier curves indicate that there were statistically significant 

differences between the different treatment arms (Log rank test for DFS, p=0.024; 

Log rank test for MFS, p=0.045; Log rank test for BCSS, p<0.001). When 

comparing DFS and MFS outcomes between patients receiving NACT versus 

adjuvant therapy, no significant differences were seen in DFS (Log rank test, 

p=0.352) or MFS (Log rank test, p=0.094).  However, when examining BCSS, a 

marginally significant improvement in BCSS was seen in patients receiving 

adjuvant therapy compared to NACT (Log rank test, p=0.049).  

 

After a median follow-up time of 41 months (range 0-199), a significant proportion 

of all patients (29%; n=98) experienced a new event, with 20% having distant 

recurrence, 5% local recurrence, and 4% having either non-TNBC or non-breast 

cancer events (Table 3.4). There was no significant difference in the number of new 

events across the three different treatment groups (23%, 27% and 38% for NACT, 

adjuvant and no treatment respectively; p=0.121) and no significant difference in 

the number of adverse events recorded in those treated with NACT or adjuvant 

chemotherapy (23% versus 27%, p=0.395). The majority of new events (85%) 

across all treatment settings were TNBC related: most were either local (n=18, 

18%) or more commonly distant (n=66, 67%) recurrences of TNBC. Seventeen 

patients had metastatic disease at diagnosis and these patients were excluded from 

analysis of events. Twenty-two percent (n=78) of all patients died from TNBC.  

 

In this cohort, distant metastases were more common than local recurrences in those 

who received NACT compared to those who received adjuvant therapy (p=0.013). 

In patients treated with NACT who had a TNBC recurrence (n=20), 35% (n=7) had 

BCT after NACT and 65% (n=13) had mastectomy after NACT. In the BCT post-

NACT group (n=7), there were no local recurrence events: all 7 patients had distant 

recurrence after BCT. In the mastectomy after NACT group (n=13), there was one 

local recurrence event and 12 distant recurrence events. In patients treated with 

adjuvant chemotherapy who had a TNBC recurrence (n=37), 41% (n=15) had BCT 

and 59% (n=22) had mastectomies. In the BCT group, 20% (n=3) had local 
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recurrences and 80% (n=12) had distant recurrences. In the mastectomy group, 36% 

(n=8) had local recurrences and 64% (n=14) had distant recurrences.  

 

Irrespective of whether local recurrence or distant metastatic disease developed 

first, there was no difference in the number of patients who eventually developed 

metastatic disease among those treated with either NACT (n=19, 20%) or adjuvant 

therapy (n=29, 17%) (p=0.527) (Data not shown).  Non-TNBC related events were 

infrequent. A new breast cancer with a non-TNBC profile was uncommon (n = 4, 

1%).  New primary cancers outside the breast were also uncommon (n=10; 3%) and 

most of these (n = 8) occurred in those who received adjuvant therapy, possibly due 

to their longer follow-up time.   

 

At last follow-up, the majority of patients (65%) who had experienced an event had 

died from disease. Overall, there were 78 (22%) deaths from disease including 64 

deaths (19%) in those who were non-metastatic (M0) at diagnosis. The incidence 

of deaths from disease was significantly higher in those who did not receive 

chemotherapy (n=25, 39%) compared to those who had either NACT or adjuvant 

chemotherapy (p<0.001), but was similar in patients treated with NACT and 

adjuvant chemotherapy (n=18; 19% and n=25; 16% respectively, p=0.503).  Once 

an event occurred, the time from recurrence to death was short for all patients 

(median 8 months; 0-33 months).  This interval was shortest for those who did not 

receive any chemotherapy (median 3 months; range 0-29 months) and slightly 

longer for those who received either NACT (median 8 months; range 0-18 months) 

or adjuvant chemotherapy (median 13 months; range 0-33 months). A small number 

of patients died either from another cancer (n=7) or from a non-cancer related cause 

(n=9), and were free from TNBC at the time of last follow-up.  There were no cases 

of treatment-related deaths.
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Figure 3.1: Disease free, metastasis free and breast cancer specific survival for all 

patients 
Kaplan-Meier cumulative survival curves for all TNBC patients for (A) DFS (n=338), (B) MFS (n=338) and 

(C) BCSS (n=340). 

 

A

B

C
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Figure 3.2. Disease free, metastasis free and breast cancer specific survival for 

patients according to schedule of chemotherapy 
Kaplan-Meier cumulative survival curves for (A) DFS and (B) MFS for patients who received adjuvant 

chemotherapy (CT) (n=168), NACT (n=93) or no CT (n=55) (Log rank test for DFS p=0.024 and Log rank test 

for MFS p=0.045). 

(C) Kaplan-Meier cumulative survival curves for BCSS for patients for patients who received adjuvant CT 

(n=161), NACT (n=96) or no CT (n=64) (Log rank test p<0.001).  

Patients for whom details of chemotherapy were unknown (n=22) are excluded.  

 

A

B

C
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  Table 3.4: Outcomes for All Patients and Patients stratified according to Treatment 
 

 

 All 

Patients 

 

n (%) 

NACT 

 

 

n (%) 

Adjuvant 

Chemotherapy 

 

n (%) 

No 

Chemotherapy 

 

n (%) 

Chemotherapy 

Unknown 

 

n (%) 

p value 

None vs 

NACT vs 

Adjuvant 

p value 

NACT 

vs 

Adjuvant 

n  

(%) 

 355 97  

(27%) 

168  

(47%) 

68  

(19.5%) 

22  

(6.5%) 

  

Follow-up 

(months) 

Median 

Range 

Mean 

Standard Deviation 

41 

0 – 199 

54.5 

42.5 

30 

5 – 126 

38.4 

27.9 

64 

2 – 186 

72.7 

45.6 

24 

0 – 199 

38.1 

38 

32 

0 – 99 

36.9 

26.9 

<0.001 

 

<0.001 

 

<0.001 

 

<0.001 

New 

Event 

Yesa 

No 

M1 at Diagnosis 

98 (29%) 

240 (71%) 

17 

21 (23%) 

72 (77%) 

4 

46 (27%) 

122 (73%) 

0 

21 (38%) 

34 (62%) 

13 

10 (45%) 

12 (55%) 

0 

0.121 0.395 

Type of 

New 

Event 

Local Recurrence 

Distant Recurrence 

 

Non-TNBC Breast Cancer  

Other Cancer (non-breast)b 

18 (5%) 

66 (20%) 

 

4 (1%) 

10 (3%) 

1 (1%) 

19 (21%) 

 

1 (1%) 

0 

11 (7%) 

26 (15%) 

 

1 (0.5%) 

8 (4.5%) 

4 (7%) 

14 (26%) 

 

1 (1.5%) 

2 (3.5%) 

2 (9%) 

7 (32%) 

 

1 (4%) 

0 

0.035 0.013 

Death 

from 

TNBC  

Deaths from Diseasec 

Deaths in M0 at Diagnosis 

78 (22%) 

64 (19%) 

 

18 (19%) 

15 (16%) 

 

25 (16%) 

25 (16%) 

 

25 (39%) 

15 (23%) 

 

9 (47%) 

9 (47%) 

 

<0.001 0.503 

 
a: Number of patients evaluable for events (Disease Free Survival, Metastasis Free Survival) = 338: NACT (n = 93), adjuvant chemotherapy (n=168), no chemotherapy 

(n = 55), unknown (n=22); b: Other cancer, non-breast cancer and excluding non-melanoma skin cancer; c: Number of patients evaluable for death (Breast Cancer Specific 

Survival) = 340: NACT (n = 96), adjuvant chemotherapy (n=161), no chemotherapy (n = 64), unknown (n=19); M0: Non-metastatic; n: Number of patients; NACT: 

Neoadjuvant Chemotherapy; TNBC, triple negative breast cancer; vs: versus 
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3.3.5   Response to NACT 

Ninety-seven patients (27%) were treated with NACT. Of those, 67% (n=64) 

received an anthracycline-taxane combination and 33% (n=31) received a 

carboplatin-anthracycline-taxane combination.  A pCR breast/axilla, defined by the 

TNM 7th edition as no invasive disease in the breast or axilla, with or without 

residual in situ disease in the breast (ypT0/isN0) (231), was recorded in 38% 

(n=37). 

 

A pCR breast/axilla was significantly more common in patients who received 

carboplatin-based NACT (n=17, 55%) compared to treated with standard 

anthracycline-taxane combination chemotherapy (n=18, 28%) (Pearson χ2 6.41; 

p=0.011). Odds ratio was calculated using non-pCR as the baseline parameter and 

therefore results are shown as the odds of a decreased risk of non-pCR. Univariate 

logistic regression analysis (Table 3.5) revealed that the inclusion of carboplatin in 

the chemotherapy regimen increased the likelihood of a pCR breast/axilla by 68% 

(ORnon-pCR 0.32; 95% CI 0.13-0.79; p = 0.013). Grade 3 tumours also increased the 

likelihood of a pCR breast/axilla by 92% (OR 0.08; 95% CI 0.02-0.36; p = 0.001).   

 

Patient age, menopausal status, basal status (Table 3.5) or the number of 

chemotherapy cycles (data not shown) were not associated with the achievement of 

a pCR breast/axilla by univariate analysis. 

 

By multivariable analysis (Table 3.5), the administration of carboplatin remained 

independently associated with pCR. Carboplatin use was associated with an 83% 

increased incidence of pCR breast/axilla (OR 0.17; 95% CI 0.06-0.54; p=0.002). 

Grade 3 histology remained independently associated with pCR and was associated 

with a 95% increased likelihood of pCR breast/axilla (OR 0.05; 95% CI 0.01-0.27; 

p<0.001). 
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Table 3.5: Univariate and Multivariable analysis of predictors of pCR Breast/Axilla 
 n ORa 95% CI p-value 

Univariate Analysis 

pCR Breast/Axilla 

Age at Diagnosis 97 1.01 0.98-1.05 0.454 

Menopausal Statusb 90 1.1 0.45-2.67 0.833 

Tumour Gradec 97 0.08 0.02-0.36 0.001 

Basal Statusd 91 0.49 0.12-1.95 0.311 

Carboplatin-Based NACT 95 0.32 0.13-0.79 0.013 

 

Multivariable Analysis 

pCR Breast/Axilla 95 

Age at Diagnosis 

Tumour Grade 

Carboplatin-Based NACT 

 1.01 

0.05 

0.17 

0.97-1.05 

0.01-0.27 

0.06-0.54 

0.704 

< 0.001 

0.002 

 
a: OR for a non-pCR by Logistic regression analysis; b: Pre-menopausal set as baseline parameter; c: 

Tumour grade 1 set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either 

cytokeratin 5/6 or EGFR by IHC; n: Number of patients; NACT: Neoadjuvant chemotherapy; OR: Odds 

Ratio; pCR: Pathological complete response 

 

 

 

3.3.6 DFS, MFS and BCSS by Treatment Group 

3.3.6.a Patients treated with NACT 

Twenty-nine percent of all patients (n=97) for whom chemotherapy details were 

known were treated with NACT. Univariate analyses of DFS, MFS and BCSS for 

patients treated with NACT are shown in Tables 3.6, 3.7 and 3.8 respectively, after 

a median follow-up of 30 months (range 5-126 months). Hazard ratios for survival 

were calculated using the development of a new event as the intervention and lack 

of event as the control, and therefore results are shown as the ratio of event : no 

event. Those patients who did not achieve a pCR breast/axilla were 6.66 times more 

likely to recur or develop a new cancer (HR for DFS 6.66; 95% CI 1.54-28.58; p = 

0.011); 5.90 times more likely to develop metastatic disease (HR for MFS 5.90; 

95% CI 1.36-25.56; p=0.018); and 10.30 times more likely to die of disease (HR 

for BCSS 10.30; 95% CI 1.37-77.38; p=0.023) compared to those who did achieve 

a pCR breast/axilla (Figure 3.3). The presence of metastatic disease at diagnosis 

was, as expected, significantly associated with adverse BCSS (HR 9.22; 95% CI 

2.99-28.48; p<0.001). 
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There was a significant trend of association between the quantification of tumour 

size according to ypT category and adverse DFS (χ2 test for trend 13.56; p=0.002), 

MFS (χ2 test for trend 12.90; p<0.001) and BCSS (χ2 test for trend 11.14; p<0.001). 

However, the difference in outcome for patients with a small size of residual 

disease, amounting to ypT1, was not significantly worse than that for patients with 

ypT0 or ypTis disease. A significant trend of association was also observed between 

an increasing number of positive nodes and adverse DFS (χ2 test for trend 18.32; p 

<0.001), MFS (χ2 test for trend 17.20; p <0.001) and BCSS (χ2 test for trend 33.56; 

p<0.001). The worst outcome was recorded for those with more than ten positive 

nodes (ypN3) compared to those with no nodal disease in terms of DFS (HR 17.27; 

95% CI 5.48-54.46; p<0.001) MFS (HR 18.75; 95% CI 5.82-60.43; p<0.001) and 

BCSS (HR 41.99; 95% CI 10.9-160.30; p<0.001). None of the other parameters 

tested, including age at diagnosis, menopausal status, tumour type, tumour grade, 

basal status, BRCA mutation or inclusion of carboplatin in the therapeutic regimen, 

were associated with DFS (Table 3.6), MFS (Table 3.7) or with BCSS (Table 3.8).  

 

Multivariable analyses of patients treated with NACT were performed. Patients 

who did not achieve a pCR breast/axilla were 6.23 times more likely to recur or 

develop a new cancer (HR for DFS 6.23; 95% CI 1.36-28.50; p=0.018), 5.08 times 

more likely to develop metastatic disease (HR for MFS 5.08; 95% CI 1.09-23.65; 

p=0.038) and 8.52 times more likely to die from disease (HR for BCSS 8.52; 95% 

CI 1.09-66.64; p=0.041) compared to those who did achieve a pCR breast/axilla, 

when adjusted for age at diagnosis, tumour grade, tumour type, basal status and the 

administration of carboplatin (Table 3.9). None of the other variables examined, 

such as age, tumour grade, tumour type, basal status and the use of carboplatin were 

associated with DFS, MFS or BCSS by multivariable analyses.  
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Table 3.6: Univariate analysis of predictors of DFS among patients treated with 

NACT 

 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 93 0.99 0.95-1.03 0.525 

Menopausal Statusb 86 0.73 0.26-2.04 0.551 

Tumour Gradec 93 0.74 0.30-1.83 0.511 

Basal Statusd 87 1.34 0.31-5.77 0.697 

Tumour Typee 93 0.99 0.68-1.46 0.992 

pCR Breast/Axillaf 93 6.66 1.54-28.58 0.011 

ypT Stageg 

ypTis 

ypT1 

ypT2 

ypT3 

ypT4 

93 

 

 

8.66e-16 

2.54 

4.44 

5.40 

7.84 

 

0 

0.63-10.15 

1.06-18.6 

0.9-32.37 

1.87-32.85 

 

1.00 

0.188 

0.041 

0.065 

0.005 

ypN Stageh 

ypN1 

ypN2 

ypN3 

92 

 

 

3.44 

1.99 

17.27 

 

1.05-11.21 

0.54-7.37 

5.48-54.46 

 

0.041 

0.304 

<0.001 

Carboplatin-Based NACT 

Carboplatin-Based NACT Limited to 24/12i 

91 

91 

0.49 

0.34 

0.14-1.74 

0.08-1.5 

0.273 

0.153 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 or 

EGFR by IHC; e: Ductal tumour type set as baseline parameter; f: HR given for a non-pCR using pCR as the 

baseline value; g: Tumour size ypT0 set as baseline parameter and ypT χ2 test for trend 13.56 (p=0.002); h: 

Tumour nodal status ypN0 set as baseline parameter and ypN χ2 test for trend 18.32 (p<0.001); i: Analysis 

limited to 24 months follow-up; HR: Hazard Ratio; n: Number of patients; NACT: Neoadjuvant 

chemotherapy; pCR: Pathological complete response 

Note: There was no association between the six tumour types and DFS (Data not shown). 
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Table 3.7: Univariate analysis of predictors of MFS among patients treated with 

NACT 

 n HRa 95% CI p-value 

Metastasis Free Survival 

Age at Diagnosis 93 0.99 0.95-1.03 0.608 

Menopausal Statusb 86 0.86 0.30-2.45 0.777 

Tumour Gradec 93 0.62 0.25-1.59 0.322 

Basal Statusd 87 1.18 0.27-5.12 0.829 

pCR Breast/Axillae 93 5.90 1.36-25.56 0.018 

ypT Stagef 

ypTis 

ypT1 

ypT2 

ypT3 

ypT4 

93 

 

 

1.76e-15 

2.09 

3.48 

5.47 

7.80 

 

0 

0.50-8.77 

0.78-15.57 

0.91-32.78 

1.86-32.67 

 

1.000 

0.312 

0.103 

0.063 

0.005 

ypN Stageg 

ypN1 

ypN2 

ypN3 

92 

 

 

3.85 

1.49 

18.75 

 

1.16-12.86 

0.32-7.05 

5.82-60.43 

 

0.028 

0.614 

<0.001 

Carboplatin-Based NACT 91 0.54 0.15-1.93 0.347 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 

1 set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 

5/6 or EGFR by IHC; e: HR given for a non-pCR using pCR as the baseline value; f: Tumour size ypT0 

set as baseline parameter and ypT χ2 test for trend 12.90 (p<0.001); g: Tumour nodal status ypN0 set as 

baseline parameter and ypN χ2 test for trend 17.20 (p<0.001); HR: Hazard Ratio; n: Number of patients; 

NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response 

Note: There was no association between the six tumour types and MFS (Data not shown).  
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Table 3.8: Univariate analysis of predictors of BCSS among patients treated with 

NACT 

 n HRa 95% CI p-value 

Breast Cancer Specific Survival 

Age at Diagnosis 96 0.99 0.96-1.04 0.973 

Menopausal Statusb 89 0.93 0.32-2.69 0.898 

Tumour Gradec 96 0.80 0.30-2.13 0.651 

Basal Statusd 90 1.13 0.26-4.93 0.875 

pCR Breast/Axillae 96 10.30 1.37-77.38 0.023 

ypT Stagef  

ypTis 

ypT1 

ypT2 

ypT3 

ypT4 

96  

4.20e-15 

2.13 

1.61 

5.20 

6.89 

 

0 

0.51-8.91 

0.27-9.63 

0.87-31.18 

1.72-27.60 

 

1.000 

0.302 

0.603 

0.071 

0.006 

ypN Stageg 

ypN1 

ypN2 

ypN3 

95  

6.31 

3.58 

41.99 

 

1.57-25.31 

0.80-16.06 

10.99-

160.30 

 

0.009 

0.095 

<0.001 

M1 at Diagnosis 96 9.22 2.99-28.48 <0.001 

Carboplatin-Based NACT 94 0.20 0.03-1.57 0.126 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 

1 set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 

5/6 or EGFR by IHC; e: HR given for a non-pCR using pCR as the baseline value; f: Tumour size ypT0 

set as baseline parameter and ypT χ2 test for trend 11.14 (p=0.001); g: Tumour nodal status ypN0 set as 

baseline parameter and ypN χ2 test for trend 33.56 (p<0.001); HR: Hazard Ratio; M1: Metastatic disease; 

n: Number of patients; NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response 

Note: There was no association between the six tumour types and BCSS (Data not shown). 
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Figure 3.3. Disease free, metastasis free and breast cancer specific survival according 

to pathological response to NACT 
Kaplan-Meier cumulative survival curves show the association between pCR Breast/Axilla and (A) DFS (n= 

93) Log rank test p=0.003, (B) MFS (n=93) Log rank test p=0.007 and (C) BCSS (n=96) Log rank test p=0.005.   

A pCR Breast/Axilla is defined as ypT0/isN0. 

A

B

C
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Table 3.9: Multivariable Analysis of DFS, MFS and BCSS for patients treated with 

NACT (with pCR Breast /axilla as a co-variable) 

 n HRa 95% CI p-value 

Disease Free Survival 85 

Age at Diagnosis 

Tumour Gradeb 

Tumour Typec 

Basal Statusd 

Carboplatin-Based NACT 

pCR Breast/Axillae 

 

 

 

 

 

 

0.99 

1.05 

0.64 

1.61 

0.68 

6.23 

0.95-1.04 

0.39-2.81 

0.27-1.49 

0.36-7.20 

0.18-2.56 

1.36-28.50 

0.776 

0.926 

0.298 

0.530 

0.566 

0.018 

 

Metastasis Free Survival  85 

Age at Diagnosis 

Tumour Gradeb 

Tumour Typec 

Basal Statusd 

Carboplatin-Based NACT 

pCR Breast/Axillae 

 

 

 

 

 

 

0.99 

0.85 

0.67 

1.47 

0.69 

5.08 

0.95-1.04 

0.31-2.37 

0.30-1.52 

0.32-6.63 

0.18-2.65 

1.09-23.65 

0.841 

0.759 

0.343 

0.619 

0.590 

0.038 

 

Breast Cancer Specific Survival 88 

Age at Diagnosis 

Tumour Gradeb 

Tumour Typec 

Basal Statusd 

Carboplatin-Based NACT 

pCR Breast/Axillae 

 

 

 

 

 

1.01 

1.14 

0.77 

1.32 

0.310 

8.52 

0.96-1.06 

0.40-3.26 

0.40-1.49 

0.29-6.07 

0.04-2.50 

1.09-66.64 

0.714 

0.813 

0.441 

0.719 

0.272 

0.041 

 
a: Cox regression survival analysis; b: Tumour grade 1 set as baseline parameter; c: Ductal tumour type 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 

or EGFR by IHC; e: HR given for a non-pCR using pCR as the baseline value; HR: Hazard Ratio; n: 

Number of patients; NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response 

 

 

 

In view of several phase II studies showing that the inclusion of platinums into a 

neoadjuvant chemotherapy regimen significantly improved pCR rates (124, 125, 

154, 157, 162, 175, 243, 244), carboplatin was incorporated into the NACT 

paradigm for TNBCs in UHG from 2013. For this reason the median follow-up time 

for patients who received carboplatin combination was shorter than those treated 

with anthracycline-taxane combination (18 months; range 8-34 months for 

carboplatin versus 41 months; range 5-126 months for anthracycline-taxane). 

Therefore, the association between carboplatin and outcome was limited to 24 

months follow-up time (Figure 3.4). A trend towards improved DFS was observed 

for those who received carboplatin compared to those who did not although this did 

not achieve statistical significance (HR 0.34; 95% CI 0.75-1.50; p=0.153).  
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Figure 3.4. Disease-free survival for patients who received NACT according to the 

administration of carboplatin  
Kaplan-Meier curves show the disease free survival for patients stratified according to the administration of 

carboplatin based NACT. The analysis was confined to a 24 month follow-up period because the follow-up 

time for patients who received a carboplatin-based regimen was short. A new event was observed in two of 31 

patients who received carboplatin and in 12 of 60 patients who received standard anthracycline-taxane-based 

NACT (Log rank test p=0.262). 

 

 

Multivariable analysis examining the effect of carboplatin use on DFS at 24 months 

failed to show any significant predictors of outcome, when age, grade, carboplatin 

or pCR were examined (Table 3.10). However, when ypT and ypN were used 

instead of pCR breast/axilla respectively, both age (HR 0.91; p=0.015) and nodal 

status (HR 3.69; p<0.001) were found to be significantly associated with DFS at 24 

months (Appendix 2: Supplementary Table 2.2).  
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Table 3.10: Multivariable analysis of DFS at 24 months in patients who received 

NACT 
 n HRa 95% CI p-value 

Disease Free Survival (limited to 24 months) 

Age at Diagnosis 

Tumour Gradeb 

Carboplatin-Based NACT 

pCR Breast/Axillac 

91 0.97 

0.83 

0.39 

3.55 

0.92-1.02 

0.25-2.68 

0.08-1.84 

0.73-17.25 

0.245 

0.749 

0.233 

0.116 

 
a: Cox regression survival analysis; b: Tumour grade 1 set as baseline parameter; c: HR for non-pCR using 

pCR as the baseline value; CI: Confidence Interval; HR: Hazard Ratio; n: Number of patients 

 

 

 

3.3.6.b Patients who did not receive NACT 

The majority of patients (71%; n=236) in this cohort, for whom chemotherapy 

details were known, were not treated with NACT. Over half of patients (51%; 

n=168) received adjuvant chemotherapy and 20% (n=68) did not receive any 

chemotherapy. Tumour stage was an important predictor of outcome in patients 

who received either adjuvant chemotherapy or no chemotherapy. In these patients, 

univariate survival analysis revealed that there was a significant trend of association 

between increasing tumour size and DFS (χ2 test for trend 8.83; p=0.003), MFS (χ2 

test for trend 24.92; p<0.001) and BCSS (χ2 test for trend 32.40; p<0.001). 

However, there was no statistical significance difference in any of the survival 

endpoints between patients with pT1 and pT2 tumours. The presence of nodal 

disease also increased the risk of an adverse outcome compared to node-negative 

status for DFS (χ2 test for trend 29.06; p<0.001), MFS (χ2 test for trend 29.46; 

p<0.001) and BCSS (χ2 test for trend 31.55; p<0.001). However, the survival for 

patients with 1-3 positive lymph nodes (pN1) was not significantly different to that 

observed for patients with lymph node negative disease.  There was a strong 

positive correlation between tumour size and nodal status in patients who did not 

receive NACT (Pearson χ2 73.01; p<0.001). As expected, the presence of metastatic 

disease at diagnosis was a predictor of poor BCSS (HR 9.14; 95% CI 6.24-13.39; 

p<0.001).  
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There was no difference in DFS, MFS or BCSS between those treated with adjuvant 

therapy compared to those treated with NACT (Figure 3.2). Similarly, by univariate 

analysis, there was no association between age at diagnosis, menopausal status, 

tumour grade, basal status, or tumour type and DFS or MFS (Table 3.11 and 

Appendix 2: Supplementary Tables 2.3-2.8). Although not significantly associated 

with either DFS or MFS, both age (HR 1.02; 95% CI 1.01-1.04; p=0.033) and 

tumour type, specifically lobular subtype (n=17) (HR 2.35; 95% CI 1.10-4.99; 

p=0.027) were associated with adverse BCSS.  

 

Multivariable analysis adjusting for age, grade, pT and pN was performed using 

different outcome endpoints for all non-NACT patients (i.e. those who were either 

treated with adjuvant chemotherapy or did not receive chemotherapy) (Table 3.12 

and Appendix 2: Supplementary Tables 2.9-2.10). Only nodal stage at diagnosis 

was an independent predictor of DFS (HR 1.75; 95% CI 1.30-2.34; p<0.001); both 

pT (HR 1.70; 95% CI 1.10-2.62; p=0.017) and pN (HR 1.57; 95% CI 1.11-2.21; 

p=0.009) were independent predictors of MFS and pT (HR 2.05; 95% CI 1.37-3.10; 

p=0.001) and the presence of metastatic disease at diagnosis (HR 7.66; 95% CI 

2.72-20.08; p<0.001) independently predicted for BCSS in a multivariable model 

that adjusted for age, grade and nodal status. When those who were M1 at diagnosis 

were excluded, pT remained the only independent predictor of BCSS (HR 2.08; 

95% CI 1.39-3.11; p <0.001) (data not shown).  
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Table 3.11: Univariate Analysis of predictors of DFS, MFS and BCSS for all non-

NACT patients (those treated with adjuvant or no chemotherapy) 

 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 234 1.01 0.99-1.03 0.187 

Menopausal Statusb 234 1.15 0.68-1.95 0.602 

Tumour Gradec 230 0.91 0.50-1.64 0.742 

Basal Statusd 231 1.02 0.59-1.78 0.941 

Tumour Typee 228 0.99 0.89-1.12 0.955 

pT Stagef 

pT2 

pT3 

pT4 

234  

0.86 

2.13 

4.87 

 

0.51-1.45 

0.96-4.75 

2.10-11.34 

 

0.570 

0.064 

<0.001 

pN Stageg 

pN1 

pN2 

pN3 

226  

0.66 

2.96 

6.74 

 

0.32-1.37 

1.48-5.98 

3.48-13.06 

 

0.264 

0.002 

<0.001 

 

Metastases Free Survival 

Age at Diagnosis 236 1.01 0.99-1.03 0.381 

Menopausal Statusb 236 0.94 0.50-1.77 0.851 

Tumour Gradec 232 1.16 0.51-2.64 0.731 

Basal Statusd 232 1.03 0.51-2.07 0.933 

Tumour Typee 230 1.05 0.92-1.19 0.504 

pT Stagef 

pT2 

pT3 

pT4 

235  

1.39 

4.27 

11.20 

 

0.68-2.87 

1.58-11.55 

4.32-29.03 

 

0.372 

0.004 

<0.001 

pN Stageg 

pN1 

pN2 

pN3 

227  

1.22 

4.98 

6.52 

 

0.54-2.80 

2.25-11.02 

2.85-14.94 

 

0.632 

<0.001 

<0.001 

 

Breast Cancer Specific Survival 

Age at Diagnosis 234 1.02 1.01-1.04 0.033 

Menopausal Statusb 233 1.23 0.67-2.26 0.504 

Tumour Gradec 230 1.02 0.52-2.03 0.945 

Basal Statusd 228 1.23 0.64-2.39 0.537 

Tumour Typee 228 0.958 0.83-1.10 0.547 

pT Stagef 

pT2 

pT3 

pT4 

231  

1.22 

3.20 

10.89 

 

0.62-2.40 

1.22-8.43 

4.83-24.56 

 

0.561 

0.018 

<0.001 

pN Stageg 

pN1 

pN2 

pN3 

222  

1.16 

4.07 

6.58 

 

0.54-2.53 

1.92-8.60 

3.09-13.99 

 

0.704 

<0.001 

<0.001 

M1 at Diagnosis 234 9.14 6.24-13.39 <0.001 

 

a: Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 set as 

baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 or 

EGFR by IHC; e: Ductal tumour type set as baseline parameter; f: Tumour size pT1 set as baseline parameter 

and pT χ2 for trend DFS 8.83, MFS 24.92, BCSS 32.40; g: Tumour nodal status pN0 set as baseline parameter 

and pN χ2 for trend DFS 29.06, MFS 29.46, BCSS 31.55; HR: Hazard Ratio; n: Number of patients; M1: 

Metastatic disease. Note: There was no association between the six tumour types and DFS or MFS and only 

lobular subtype was associated with adverse BCSS (Data not shown). 
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Table 3.12: Multivariable Analysis of DFS, MFS and BCSS for all non-NACT patients 

(those treated with adjuvant chemotherapy or no chemotherapy) 

 n HRa 95% CI p-value 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

206 1.02 

0.78 

1.07 

1.75 

0.99-1.04 

0.40-1.51 

0.73-1.59 

1.30-2.34 

0.128 

0.455 

0.723 

<0.001 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

206 1.01 

1.18 

1.70 

1.57 

0.99-1.04 

0.47-3.04 

1.10-2.62 

1.11-2.21 

0.275 

0.340 

0.017 

0.009 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

M1 at Diagnosis 

203 1.01 

1.46 

2.05 

1.30 

7.66 

0.99-1.04 

0.57-3.76 

1.37-3.10 

0.91-1.84 

2.72-20.08 

0.238 

0.427 

0.001 

0.154 

<0.001 

 
a: Cox regression survival analysis; b: Tumour grade 1 set as baseline parameter; c: Tumour size pT0 set as 

baseline parameter; CI: Confidence Interval; d: Tumour nodal status pN0 set as baseline parameter; HR: 

Hazard Ratio; n: Number of patients; M1: Metastatic disease 

 

 

 

3.4 Discussion 

This work presents real world outcome data for a series of 355 patients diagnosed 

with TNBC in UHG from 2000-2015, which includes a subset of patients who 

received carboplatin as part of their NACT regimen. Seventy one percent of all 

patients remained disease free after a median of 41 months post-diagnosis. Twenty 

nine percent of patients experienced a new event with a median DFS of 38 months 

and the majority of recurrences were distant metastases. Twenty two percent of 

patients died from their disease after a median BCSS of 42 months. In those who 

received NACT, a pCR breast/axilla, achieved in 38% of cases, was the only 

independent predictor of DFS, MFS and BCSS. Both the incorporation of 

carboplatin into the NACT regimen, which became routine in 2013, and high 

tumour grade were independent predictors of a pCR.  In those who did not receive 

NACT, tumour size, nodal status, and where present, the presence of metastatic 

disease at diagnosis, were independent predictors of outcome. 
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3.4.1   Outcomes 

The overall outcome and pattern of recurrence in this series is in line with that 

reported by others (5, 24, 29, 30, 35, 250, 251). It has been reported that the median 

5-year OS rate for TNBCs is 77%, which is worse than the median 5-year OS rate 

of 93% for other breast cancer subtypes (28). In this cohort, distant metastases were 

more common than local recurrences as a first event, after a median of 40 months, 

in line with the pattern of metastases peaking between the first and third years after 

diagnosis reported for other series (24, 29, 35). After the development of recurrent 

or metastatic disease, patients with TNBC have significantly shorter survival rates 

compared to patients with other breast cancer subtypes (3, 33). The short median 

survival time from first recurrence to death of 8 months in this study is comparable 

to 9 months recorded by Dent et al. and contrasts to 20 months for other breast 

cancer subtypes (29, 35). However, a small subset of patients (n=55; 16%) were 

alive and disease-free > 8 years after diagnosis. 

 

A meta-analysis by the Early Breast Cancer Trialists’ Collaborative Group 

(EBCTCG) has reported that the rates of local recurrence are 5.5% higher among 

patients treated with NACT compared to adjuvant chemotherapy (21.4% versus 

15.9% respectively; p<0.001) (252). These results contrast with the outcomes seen 

in this cohort where the rates of local recurrence were significantly lower in patients 

treated with NACT compared to patients treated with adjuvant chemotherapy (1% 

versus 7% respectively; p=0.013). However, there are some significant differences 

between the patients treated in this study, and the patients included in the meta-

analysis, which limits cross-trial comparisons between the two studies. The highest 

rates of local recurrence post-NACT in the meta-analyses were observed in clinical 

trials where surgery was omitted after NACT when a good clinical response was 

observed. When these non-surgical trials were excluded, the difference in local 

recurrence rates between NACT and adjuvant groups was only 3%. Current clinical 

practice does not recommend omitting surgery in patients who respond to NACT, 

and so all patients treated with NACT in this current study had definitive surgical 

therapeutic procedures (123). In addition, and importantly, patients included in the 

meta-analysis were treated prior to 2005, meaning that older chemotherapy 

regimens, which are no longer used in current clinical practice, were studied. For 
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example, only one trial included patients treated with neoadjuvant anthracycline-

taxane-based chemotherapy, and no trials included patients treated with 

carboplatin-based combination chemotherapy (252, 253). In this current study, 67% 

of patients were treated with anthracycline-taxane-based chemotherapy, and 33% 

were treated with carboplatin-anthracycline-taxane-based chemotherapy. 

 

Finally, the EBCTCG meta-analysis included >4750 patients of all breast cancer 

subtypes: 1276 were reported to be ER-poor, and 1039 were PR-poor but patients 

were not specifically studied by breast cancer subtype (252). The numbers in this 

current study were small but were limited to patients with TNBC (n=355, including 

97 treated with NACT and 168 treated with adjuvant chemotherapy). In addition, 

follow-up in this current study was much shorter than that in the meta-analysis: 

median 30 months for patients treated with NACT and 64 months for patients 

treated with adjuvant chemotherapy.  

 

Nonetheless, and most crucially, despite differences in the rates of local recurrence 

observed between treatment groups, neither this study nor the EBCTCB meta-

analysis observed any difference in breast cancer mortality or overall survival 

between treatment groups (252). Longer follow-up is needed to see if the 3% 

difference observed in the EBCTCG meta-analysis (after a median of 9 years) 

unfolds in this current cohort.  Similarly, future work by the EBCTCG would 

ideally address differences in outcomes according to treatment, with the use of 

current modern treatment paradigms.  

 

 

3.4.2   pCR as a Predictor of Outcome in Those Treated with 

Neoadjuvant Chemotherapy 

NACT become the standard of care for TNBC in UHG in 2010. The association 

between pCR following NACT and improved outcome was first reported in the 

NSABP B18 and B27 trials (130, 131, 254, 255) and since then, pCR has been 

examined as a surrogate endpoint for survival outcomes (35, 133). A number of 

studies have shown that the outcome for patients with TNBC who attain a pCR is 

comparable to that for patients with non-TNBC who attain a pCR (35,39, 133,135). 
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There is general agreement that a pCR in the breast and axilla is a stronger predictor 

of outcome than a pCR in the breast alone (133).  

 

This study demonstrated a positive association between pCR and outcome although 

the overall follow-up time was short.  pCR has been examined as a surrogate 

endpoint for overall survival in several studies (35, 133) and has been used to 

facilitate the accelerated approval of novel therapies by the FDA, as well as 

facilitating study design adaptation among all subtypes of breast cancer (175). 

However, formal validation of the surrogacy of pCR for outcome is still required. 

In the pooled analysis of 12 international trials comprising almost 12,000 patients, 

a pCR was affirmed as a strong predictor of survival at patient level analysis (133) 

however this association has not yet been demonstrated at trial level (125, 132, 133, 

139). Further studies have also confirmed that although pCR is a good surrogate for 

survival at an individual patient level, pCR does not predict for survival at a trial 

level (135).  

 

The reasons for the differences observed between patient level and trial level 

outcomes are complex and are poorly understood, but are thought to be related to 

the interplay between a number of variables affecting the relationship between pCR 

and survival.  First, effective post-neoadjuvant therapy can improve outcomes in 

the absence of pCR. For example, the Cortazar pooled analysis included patients of 

all breast cancer subtypes. Hormone receptor positive breast cancers are unlikely to 

achieve pCR, but are associated with favourable long term prognosis with post-

neoadjuvant endocrine therapy, thereby potentially confounding the association 

between pCR and outcomes. Future analyses by breast cancer subtype may yield 

more informative results and may demonstrate correlation between pCR and 

outcomes, based on hormone receptor status (133). Second, the baseline prognosis 

of the patient can impact survival benefit: those with good prognostic features at 

baseline may only experience small absolute improvements in survival. In addition, 

pCR may be higher in patients with good initial prognosis, resulting in increased 

pCR rates with little impact on survival. Similarly, a large improvement in pCR rate 

could result in either small or large survival differences, or potentially result in 

worse EFS (256). Bevacizumab, for example, significantly increased pCR rates but 

was not associated with improved outcomes in the adjuvant setting (257, 258). 
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Finally, 5% of patients that achieve a pCR go on to develop recurrent or metastatic 

disease, whereas other patients who do not achieve a pCR will never relapse, 

making the association between pCR and outcomes difficult to interpret at a trial 

level. Overall, the achievement of a pCR involves a complex interaction between 

the treatments used, the absolute improvement in pCR, baseline prognostic 

characteristics and interactions between pCR and other variables (139, 259).  

Therefore, to assess whether pCR is an appropriate end point in clinical trials, one 

needs to evaluate trial-level pCR rates and survival data across trials. New statistical 

models have been able to successfully predict the correlation between pCR and both 

EFS and OS at trial level analysis, and could be incorporated into the design of 

future trials examining the prognostic value of pCR (260). Nonetheless, from a 

patient perspective, the value of pCR should not be underestimated. At the 

individual level, pCR remains a very good surrogate marker of long term prognosis 

and this information can be invaluable to both patients and physicians alike.  

 

 

3.4.3   Platinum Use as a Predictor for pCR  

In the absence of predictive molecular markers for TNBC, efforts have focused on 

modifying the standard chemotherapeutic regimens to improve pCR and survival 

outcomes. Thirty-eight percent of all patients in this cohort achieved a pCR, which 

is higher than the pCR rates of approximately 30% reported in a pooled meta-

analysis of TNBC (133). Recent data shows that higher rates of pCR can be 

achieved for TNBCs with the incorporation of platinum salts into an anthracycline-

taxane containing regimen for TNBCs in the neoadjuvant setting (124, 125, 175, 

176) compared to the standard anthracycline-taxane chemotherapeutic regimens. In 

UHG, based on this promising phase II data, carboplatin has been incorporated into 

NACT regimens since 2013 and this review of patients treated with NACT supports 

the emerging evidence that a pCR is higher in those who receive carboplatin. 

 

Those who received carboplatin in this series had the highest rate of pCR 

breast/axilla (55%). These pCR rates are higher than the 33% reported by Cortazar 

et al. for TNBCs (133) and are comparable to those reported in robust phase II 

NACT trials (50-61%) (124, 125, 154, 157, 175, 244) as well as a recent phase III 
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randomized trial that evaluated the effect of carboplatin added to anthracycline-

taxane-based NACT (176). In the GeparSixto trial, the addition of carboplatin to 

anthracycline, taxane and bevacizumab resulted in an absolute increase of 16%, 

from 37% to 53%, in the rate of pCR in the breast/axilla in 158 stage II-III TNBC 

patients (125). The CALGB 40603 Alliance study (124) reported a pCR 

breast/axilla of 54% among stage II-III TNBCs treated with carboplatin combined 

with a taxane, anthracycline and an alkylating agent.  

 

The phase II adaptively randomized I-SPY 2 study (175) which assessed the 

addition of a PARP inhibitor, veliparib, plus carboplatin to a standard 

anthracycline-taxane NACT backbone reported a pCR in 51% of those who 

received veliparib and carboplatin, compared to 26% in those treated with standard 

anthracycline-taxane based chemotherapy alone. Similarly, the recently published 

BrighTNess study examined neoadjuvant carboplatin and the PARP inhibitor 

veliparib added to an anthracycline-taxane-based regimen in unselected stage II-III 

TNBCs. This study showed that pCR breast/axilla rates were higher among those 

treated with the PARP inhibitor plus platinum combination, compared to those who 

received standard therapy (53% versus 31% respectively; p<0.0001). However, 

pCR rates were comparable among those treated with carboplatin plus veliparib, 

compared to carboplatin alone (53% versus 58% respectively; p=0.36), suggesting 

that platinums are a critically important component of the neoadjuvant regimen for 

TNBCs (176). 

 

Despite the promising results with the use of carboplatin in the neoadjuvant setting, 

a definite survival benefit has not been demonstrated. In this retrospective series, 

carboplatin use has been shown to increase the rate of pCR, and pCR has been 

shown to correlate with outcomes. However, the incorporation of carboplatin into 

a neoadjuvant regimen was not found to be an independent predictor of survival. 

The median follow-up time for those who received carboplatin was only 18 months. 

Nevertheless, at 24 months follow-up there was a trend of improved DFS for those 

who received carboplatin.  

 



Chapter 3: Patient Outcomes in a Cohort of TNBC 

 127 

3.4.3.a Toxicities Associated with Platinums 

Combination chemotherapy with a platinum backbone has been shown to be both 

effective and well tolerated in the treatment of TNBCs. Carboplatin appears to have 

similar efficacy and less toxicities when used in combination regimens, compared 

to cisplatin (261, 262). In addition, carboplatin plus paclitaxel has been shown to 

have less haematological toxicities than carboplatin plus docetaxel (151,152,263). 

Therefore, on balance, most studies investigating the use of platinums and taxanes 

in the neoadjuvant setting use the less toxic carboplatin and paclitaxel regimen. 

 

Platinum agents are reportedly associated with increased toxicity relative to 

standard chemotherapeutic regimens, with many patients reportedly failing to 

complete their therapy (124,125,176). Overall, chemotherapy was reasonably well 

tolerated in this cohort. However, there were more toxicities recorded among those 

who received carboplatin based NACT compared to those treated with non-

carboplatin based NACT: 19% versus 13% had a treatment delay, 19% versus 5% 

failed to complete their recommended treatment and 7% versus 0% had a dose 

reduction in the carboplatin and non- carboplatin groups respectively. The toxicity 

profile seen in this cohort is similar to that reported in other studies. In the 

BrighTNess study, Loibl et al. (176) have reported that 12% of patients treated with 

carboplatin plus paclitaxel failed to complete their recommended course of 

treatment. Similarly, treatment delays and dose reductions were more frequent in 

the carboplatin treated group: 42% of patients required a dose reduction of 

carboplatin from AUC=6 to AUC=5, and 17% required a second dose reduction to 

AUC=4.  

 

 

3.4.4   Tumour Grade as a Predictor for pCR  

TNBCs tend to be high-grade tumours (2, 3) although there are differences in 

tumour grade between TNBC subtypes, with BL1 tumours being higher grade than 

LAR tumours (67). In this study tumour grade was the only other tumour variable 

that was an independent predictor of a pCR in the breast/axilla. The CTNeoBC 

meta-analysis demonstrated that high-grade tumours achieved a pCR more often 

than low-grade tumours, an effect that was most pronounced in HR-positive 
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disease, although the effect of grade on pCR among TNBCs was not specifically 

examined. In addition, the association between pCR and OS was stronger in patients 

with high-grade tumours compared to those with low-grade tumours, irrespective 

of HR status (133). In this study, tumour grade was an independent predictor of 

pCR, and patients with less mitotically active grade 2 tumours were less likely to 

achieve a pCR. The majority of tumours (81%) in this study were grade 3 and these 

results are in keeping with recent work that demonstrated increased chemo-

sensitivity for grade 3 compared to lower grade TNBCs (67). Assessment of grade 

in needle core biopsies pre-NACT is often limited by sample size. In this series the 

difference observed in grade was due to a lower mitotic count in grade 2 tumours 

suggesting that careful evaluation of mitotic scores in pre-treatment cores is 

important.  

 

 

3.4.5 Tumour Stage as a Predictor of Outcome in Those Not 

Treated with Neoadjuvant Chemotherapy 

In the non-neoadjuvant setting, a significant trend of association was observed 

between both increasing tumour size and nodal stage and DFS, MFS and BCSS. 

However, there was no survival difference between patients with pT2 versus pT1 

disease or between those who were node negative and those with up to three 

positive nodes (pN1 versus pN0 disease).  This is at odds with results from a 

retrospective analysis of 1711 TNBCs in which Hernandez-Aya et al. (30) showed 

that patients with positive lymph nodes have an increased risk of recurrence and 

death compared to those with lymph node negative disease, irrespective of the 

absolute number of positive lymph nodes. As the number of involved lymph nodes 

increased in that study, the 5-year OS rates decreased from 84% in pN0 patients to 

52% for pN3 disease (30). The inconsistency between that study and this current 

study may be explained by the small number of cases with pN1 disease in this series 

(n = 48). In line with the observations of Hernandez-Aya et al. (30), others have 

also observed a non-linear correlation between both tumour size and nodal status 

with outcome in TNBC (29, 215, 264) suggesting that the traditional prognostic 

associations established for tumour size and nodal stage in breast cancer may be 

less valid for TNBC with their more aggressive biological behaviour.   
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3.4.6   Variables that were not associated with response to NACT 

or outcome: 

3.4.6.a Basal Status 

Basal status by IHC did not identify patients who were more likely to attain a pCR 

and did not confer any prognostic value. This contrasts with the work of Cheang et 

al. (24) which reported an adverse outcome for basal TNBCs, and with other studies 

showing enhanced chemosensitivity and higher rates of pCR for BL1 TNBCs 

defined by the TNBCtype-4 classification (16, 67). At present, basal status is not 

routinely assessed in TNBCs and there is no consensus on either the definition or 

on the clinical significance of the basal phenotype. Basal status was determined in 

this study by IHC evaluation of CK 5/6 and EGFR and showed that 81% of all 

TNBCs were basal.  It is likely that this classification of TNBCs using IHC is 

oversimplified and that basal TNBCs comprise biologically distinct tumours. 

Tumours identified as basal using different platforms overlap but the platforms do 

not characterize the same tumours as basal and the drivers of chemosensitivity and 

outcome for these tumours remain unclear (1, 5, 24, 25, 37, 67, 214). In addition, 

even among basal tumours, studies have shown that BL1 and BL2 subtypes, 

described by Lehmann et al. (37, 67), have significant differences in pCR rates with 

the BL1 subtype having high rates of pCR (52%) and the BL2 subtype failing to 

respond to NACT, with pCR rates of 0% (16). 

 

3.4.6.b Histological Type 

The number of different histological subtypes in this study was small and did not 

predict for either pCR or outcome. The vast majority (82%) of TNBCs were IDC 

(NOS) and the numbers of other histological subtypes present were too small to be 

informative: there were 18 cases of ILC and 16 cases of metaplastic TNBC 

identified in the cohort overall. In the NACT cohort, there was only 1 case of ILC 

and 4 cases of metaplastic carcinomas. Of the four cases of metaplastic TNBC, one 

had a pCR breast/axilla post-NACT and three failed to achieve a pCR breast/axilla. 

This cohort did not include any of the indolent histological types, highlighting the 

difficulty in morphological examination and classification of rare subtypes. 

Therefore, although tumour type was not predictive of pCR, this was most likely 
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related to the small number of patients who had histological subtypes other than 

IDC-NOS.  

 

 

3.5 Limitations 

This study has some limitations.  Although this study assesses TNBCs diagnosed 

from 2000 to 2015, the median follow-up in the cohort is only 41 months (range 0-

199 months). Among the different treatment groups, the median follow-up varies 

from 64 months (range 2-186 months) in the adjuvant treated cohort, to 30 months 

(range 5-126 months) in the NACT cohort (p<0.001). The follow-up time for those 

treated with carboplatin is even shorter, with a median time of 18 months (range 8-

34 months). These differences in follow-up times reflect the change in treatment 

practices over time, with a change from adjuvant to neoadjuvant chemotherapy and 

more recently, the incorporation of carboplatin into the NACT treatment paradigm. 

Notwithstanding, the natural history of TNBCs, which shows early recurrences 

peaking between the first and third years after diagnosis (5, 24, 29, 30, 35, 250, 

251), mitigates to some degree the effect of short follow-up time on DFS and re-

analysis of this series at an extended follow-up time will be informative in 

validating the outcome results.  

 

As TNBC represents only 15-20% of all breast cancers, the numbers in this study, 

from a single tertiary cancer centre in Ireland, are relatively small (n=355).  

Therefore, the size of our series was not large enough to explore prognostic 

differences between subsets of TNBC. However, this study represents one of the 

largest clinical TNBC cohorts reported; only a small number of published studies, 

performed outside of the clinical trial setting with larger cohorts of TNBC patients 

were identified (30, 265-267). These primarily focused on surgical procedures (265, 

266) or loco-regional recurrences as primary outcomes (265-267). Even when 

clinical trials are included, this cohort represents a large, significant patient sample 

as only the BEATRICE (n=2591) (166), GeparQuinto (n=663) (167), BrighTNess 

(n=634) (176), NSABP-B40 (n=479) (268) and CALGB 40603 (n=433) (124) trials 

had larger TNBC patient cohorts.   
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Third, the ypT stage assigned by the reporting breast pathologist at the time of 

diagnosis was used for analyses; the degree of response to chemotherapy was not 

examined because it had been reported inconsistently in UHG before 2013.  It is 

likely that the measure of residual disease was subject to inter-observer variability 

over time because quantification of residual disease is challenging (233, 269). It is 

generally accepted that the TNM system is not well suited to post-NACT staging 

and other approaches are now advocated (233). The Residual Cancer Burden score 

(270) is the most promising in this regard and provides an index that is predictive 

of long term survival (40, 233, 271) and is now used in many clinical trials with 

reports of good reproducibility (271).   

 

Finally, 27 patients with low levels of ER expression (1-9% ER positive cells) were 

included in this cohort. These ‘ER poor’ cancers constitute a rare subset of breast 

cancers for which the optimal treatment is not defined. In UHG, these patients are 

treated as ER-negative disease, although some receive adjuvant endocrine therapy. 

Whether including these patients could skew our results is a legitimate question, 

however molecular subtype analysis suggests that the majority of these cancers 

have the same profiles and clinical outcome as ER-negative disease (230, 272). 

 

 

3.6 Conclusions 

In conclusion, this study has shown that carboplatin based combination 

chemotherapy is very effective in the neoadjuvant treatment of TNBCs. In this 

cohort, pCR rates were significantly improved by the addition of carboplatin to an 

anthracycline-taxane backbone, with pCR breast/axilla rates of 55%, compared to 

28% among those not treated with carboplatin-based combination. Histological 

grade was also associated with pCR rates by multivariable analysis: higher-grade 

tumours were more likely to achieve pCR. This work has also shown, although with 

a median follow-up of 30 months among the NACT cohort, that pCR breast/axilla 

is a strong and independent predictor of DFS, MFS and BCSS by multivariable 

analysis. In both the neoadjuvant and the non-neoadjuvant setting, increasing 

tumour size and increasing nodal status were associated with adverse DFS, MFS 
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and BCSS by univariate analysis and the presence of metastatic disease at diagnosis 

was associated with adverse BCSS. 

 

This real-world data from a large retrospective study has affirmed reports from 

other large randomized studies demonstrating the importance of carboplatin in the 

neoadjuvant treatment of TNBCs (124,125,175,176). Incorporating carboplatin into 

an anthracycline-taxane-based chemotherapy regimen increases pCR rates, which 

is associated with improved survival, albeit at short follow-up time. Efforts should 

be made where possible to strongly consider platinum use in the neoadjuvant setting 

of TNBCs in an effort to improve outcomes. In addition, enrolment in clinical trials 

will provide ongoing direction as to the optimal way to include platinums in 

neoadjuvant standard of care paradigms.  

 

 

3.7 Future Therapeutic Strategies Incorporating the Use of 

Platinums in TNBC 

The use of platinums has been well studied in TNBCs, more recently in the 

neoadjuvant setting, and most studies concur that the addition of platinum increases 

the rates of pCR. Tables 3.13 and 3.14 outline key prospective and retrospective 

studies assessing the use of platinums in the neoadjuvant treatment of TNBC.  

These phase II and retrospective trials have contributed to the body of evidence 

regarding the use of platinums in the neoadjuvant treatment of TNBCs. Despite 

these results, and despite the known association between pCR and outcomes, there 

has not yet been a study showing improved survival with the use of platinums and 

therefore platinums are not yet standard of care for patients with TNBC (123). 

Therefore, efforts are ongoing to further characterize the role of platinums and to 

identify the cohort of patients who should be treated with platinum-based 

chemotherapy (20,27,71,149).  Many clinical trials are ongoing in this area and 

patients should be recruited to available clinical trials wherever possible.  

 

Studies powered to detect improvements in DFS and/or OS with the addition of 

platinums to standard chemotherapy drugs are necessary (20, 38) and are feasible 

given the natural history of the disease with short time to recurrence and poor OS 
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rates after recurrence. To this end, the ongoing phase III NRG-BR003 study aims 

to assess the addition of carboplatin to a standard backbone of doxorubicin plus 

cyclophosphamide, followed by paclitaxel in the adjuvant treatment of TNBC. The 

primary endpoint is invasive disease free survival (IDFS), and secondary endpoints 

include OS. Completion of this study is expected in 2021 (NCT02488967). Another 

phase III adjuvant study is assessing the use of platinum versus capecitabine in 

patients with residual triple-negative basal-like breast cancer post-NACT. The 

primary endpoint is IDFS and results are expected in 2019 (NCT02445391). 

 

Data suggests that combination chemotherapy is superior to single agent 

chemotherapy in early stage TNBCs and should be used where possible, except 

perhaps in those patients with a gBRCA1/2 mutation (63). Byrski et al. (150) 

showed that among BRCA1 mutation carriers, the highest rate of pCR was in those 

women treated with single-agent cisplatin, with pCR rates of 83%. A phase II 

clinical trial is ongoing at present, to assess the use of single agent cisplatin versus 

standard of care anthracycline plus cyclophosphamide in the neoadjuvant treatment 

of BRCA1/2 mutated TNBCs. The primary endpoint is pCR, and recruitment is 

ongoing with an expected end date of October 2021 (NCT01670500). The 

Translational Breast Cancer Research Consortium (TBCRC) 030 phase II study is 

assessing the use of neoadjuvant single agent cisplatin versus single agent paclitaxel 

in TNBCs. The primary endpoints are to compare the pCR rates in patients with 

and without HRD (defined as BRCA mutation or high HRD score) with each 

chemotherapy arm. Preliminary results are anticipated in 2021 (NCT01982448). 

 

Platinums have also been extensively studied in metastatic TNBC, both as single 

agents and combined with other drugs, and have repeatedly been shown to be 

beneficial. Tables 3.15, 3.16 and 3.17 outline some important studies using 

platinums in the metastatic setting.   
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Table 3.13: Prospective NACT platinum-based chemotherapy studies 
 Study 

Type 

Disease Stage No. TNBCs 

(Total No.) 

 

No. Treated Platinum 

(No. Treated Other) 

Primary 

Endpoint 

Results with Platinum 

(95% CI) 

Median 

Follow-Up 

Regimen 

Jovanovic 2017 

(273) 

Phase II II - III 145 

(145) 

145 

(N/A) 

pCR 40-48% pCR 

(Unknown) 

42 months Cis + Pacli +/- Ev 

Ca.Pa.Be 2015 

(154) 

Phase II II - III  44 

(44) 

44 

(N/A) 

pCR 50% pCR 

(Unknown) 

N/A Carbo + Pacli + Bev 

Alliance  

(CALGB 

40603) 2014 

(124) 

Phase II II - III  443  

(443) 

225 

(218) 

pCR 60% pCR 

(54-66%) 

N/A Pacli-AC  

+/- Carbo 

+/- Bev 

GeparSixto 

(GBG 66) 2014 

(125) 

Phase II II - III  315 

(588) 

158 

(157) 

pCR 53% pCR 

(54-61%) 

N/A Pacli + A + Bev  

+/- Carbo 

Ando 2014 

(244) 

Phase II II - IIIA  75 

(179) 

37 

(38) 

pCR 61% pCR 

(CI 1.72-12.27) 

12 months Pacli-CEF 

+/- Carbo 

Mrozek 2014 

(156) 

Phase II  II-III 12 

(33) 

12 

(N/A) 

pCR, 

Toxicity 

50% 

(Unknown) 

N/A Carbo + nP + Bev 

KCSG  

BR-0905 2013 

(155) 

Phase II II – III  45 

(45) 

45 

(N/A) 

pCR 42% pCR 

(28-57%) 

N/A Carbo + Doce + 

Bev 

GEICAM/ 

2006-03 2012 

(274) 

Phase II I – III  94 

(94) 

48 

(46) 

pCR 30% pCR 

(17-43%) 

N/A EC-Doce  

+/- Carbo 

Chen 2010 

(158)  

Phase II II-III 24 

(108) 

24 

(N/A) 

pCR 33% 

(Unknown) 

N/A Carbo + Pacli 

Chang 2010 

(157)  

Phase II II – III  11 

(74) 

11 

(N/A) 

pCR 55% pCR 

(Unknown) 

1.9 years Carbo + Doce 

Silver 2010 

(275) 

Phase II  II-III 29 

(29) 

29 

(N/A) 

pCR 21% 

(9-43%) 

N/A Cis 

 
A: Doxorubicin; Bev: Bevacizumab; C: Cyclophosphamide; Carbo: Carboplatin; CI: confidence interval; Cis: Cisplatin; Doce: Docetaxel; E: Epirubicin; Ev: Everolimus; F: 

Fluorouracil; N/A: Not applicable; No: Number; nP: Nab-Paclitaxel; Pacli: Paclitaxel; pCR: Pathological complete response 
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Table 3.14: Retrospective NACT platinum-based chemotherapy studies 

 Disease 

Stage 

No. TNBCs 

(Total No.) 

 

No. Treated Platinum 

(No. Treated Other) 

Primary Endpoint Results with Platinum 

(95% CI) 

Median 

Follow-Up 

Regimen 

Hurley 2013 

(63) 

II-III 144 

(144) 

144 

(N/A) 

pCR, PFS, OS 31% pCR 

(24-39%) 

 

55% 5-yr PFS 

61% 5-yr OS 

3.8 years 

(0.7-11.3) 

Carbo + Doce-AC  

Or 

Cis + Doce-AC  

Sirohi 2008 

(276) 

II-III 17 

(94) 

17 

(N/A) 

ORR  100% 

 

68 months 

(median DFS) 

Cis + F + E 

Or 

Carbo + F + E 

 
A: Doxorubicin; C: Cyclophosphamide; Carbo: Carboplatin; CI: confidence interval; Cis: Cisplatin; Doce: Docetaxel; E: Epirubicin; F: Fluorouracil; N/A: Not applicable; No: 

Number; ORR: Objective response rate; OS: Overall survival; pCR: Pathological complete response; PFS: Progression free survival 
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Table 3.15: Prospective metastatic platinum-based chemotherapy studies  
 Study Type No. TNBCs 

(Total No.) 

 

No. Treated Platinum 

(No. Treated Other) 

Primary Endpoint Results with Platinum 

(95% CI) 

Follow-Up Regimen 

TNT 

2018 

(159) 

Phase III 376 

(376) 

188 

(188) 

ORR 31% ORR 

(25-38%) 

12.4 months 

(median OS) 

Carbo vs Doce 

TBCRC 

009 2015 

(160) 

Phase II 86 

(86) 

86 

(N/A) 

RR 26% RR 

(17-36%) 

49.9 months Carbo vs Cis 

Zhang 

2015 

(161) 

Phase II 64 

(64) 

64 

(N/A) 

PFS 7.2 months PFS 

(5.6-8.9) 

19.1 months 

(median OS) 

Cis + Gem 

Zhang 

2015 

(277) 

Phase II 44 

(44) 

44 

(N/A) 

PFS 4.3 months PFS 

(3.6-5.0) 

12.6 months 

(median OS) 

Ox + Vin 

Singh 

2014 

(211) 

Phase II 25 

(25) 

25 

(N/A) 

CBR 36% CBR 

(21-57%) 

16.6 months 

(median OS) 

Carbo + Ev 

Fan 2013 

(162) 

Phase II 53 

(53) 

27 

(26) 

RR 63% RR 

(U/K) 

32.8 months 

(median OS) 

Cis + Doce vs  

X + Doce 

Hamilton 

2013 

(278) 

Phase II 34 

(34) 

34 

(N/A) 

Safety & Tolerability Efficacious & well-tolerated  9.2 months 

(median DFS) 

nP + Carbo + Bev 

Chan 

2010 

(279)  

Phase II 5 

(41) 

5 

(N/A) 

ORR 40% ORR 10.2 months Carbo + Gem 

 
Bev: Bevacizumab; Carbo: Carboplatin; CBR: Clinical benefit rate; CI: Confidence interval; Cis: Cisplatin; Doce: Docetaxel; Ev: Everolimus; Gem: Gemcitabine; N/A: Not applicable; 

No: Number; nP: Nab-Paclitaxel; ORR: Objective response rate; OS: Overall survival; Ox: Oxaliplatin; PFS: Progression free survival; RR: Response rate; U/K: Unknown; Vin: 

Vinorelbine; vs: versus; X: Capecitabine 

 



Chapter 3: Patient Outcomes in a Cohort of TNBC 

 137 

Table 3.16: Prospective metastatic platinum + EGFR inhibitor studies  
 Study Type No. TNBCs 

(Total) 

No. Treated Platinum 

(No. Treated Other) 

Primary 

Endpoint 

Results with Platinum 

(95% CI) 

Follow-Up Regimen 

Baselga 2013 

(204) 

Phase II 173 

(173) 

115 

(58) 

RR 20% RR 

(13-29%) 

12.9 months 

(median OS) 

Cis 

+/- Cetux 

TBCRC 001 

2012 (203) 

Phase II 102 

(102) 

71 

(31) 

(cross-over permitted) 

RR 17% 

(9-28%) 

26 months Cetux  

+/- Carbo 

 

Carbo,: Carboplatin; CI: confidence interval; Cis: Cisplatin; Cetux: Cetuximab; No: Number; RR: Response rate 

 

Table 3.17: Retrospective metastatic platinum based chemotherapy studies  
 

 

No. TNBCs 

(Total No.) 

No. Treated Platinum 

(No. Treated Other) 

Primary Endpoint Results with Platinum 

(95% CI) 

Follow-Up Regimen 

Staudacher 

2011 (280)  

93  

(143) 

93 

(N/A) 

ORR 33% 

(U/K) 

22 months 

(median OS) 

Carbo + Ifos 

Cis + Ifos +/- Bev 

Cis + Gem 

Cis + C 

Cis + Doce 

Cis + Vin + Ifos 

Koshy 

2010 (281)  

17 

(36) 

17 

(N/A) 

PFS 5.3 months PFS 11 months  

(median OS) 

Cis + Gem 

Uhm 2009 

(282)  

36 

(106) 

36 

(N/A) 

RR, PFS 38% RR 

6.3 months PFS 

(4.5-8.1) 

19 months  

(median OS) 

Carbo + Pacli/Doce 

Cis + Pacli/Doce 

 

Sirohi 2008 

(276)  

34 

(155) 

34 

(N/A) 

ORR 41% ORR 

(25-58%) 

6 months  

(median PFS) 

Cis + M + Vb 

 

Bev: Bevacizumab; C: Cyclophosphamide; Carbo: Carboplatin; CI: Confidence interval; Ci:, Cisplatin; Doce: Docetaxel; Gem: Gemcitabine; Ifos: Ifosfamide; M: Mitomycin C; N/A: 

Not applicable; No: Number; ORR: Objective response rate; OS: Overall survival; P: Paclitaxel; PFS: Progression free survival; RR: Response rate; U/K: Unknown; Vb: Vinblastine; 

Vin: Vinorelbine 
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3.7.1   Platinums plus PARP Inhibitors in TNBC 

PARP inhibitors block DNA repair and have been found to be most effective in 

BRCA1/2 associated tumours and TNBCs (2,20,65). PARP inhibitors have been 

assessed in combination with platinum based chemotherapy in the treatment of both 

early stage and metastatic TNBC.  

 

A phase II study by O’Shaughnessy et al. (65) showed that the addition of iniparib 

to carboplatin plus gemcitabine significantly improved ORR, PFS and OS in 

metastatic TNBCs. However, a phase III study by the same group failed to show 

any improvement in survival. An unplanned subgroup analysis did suggest an 

improvement in PFS and OS in patients treated with iniparib in the second and 

third-line setting, although this has yet to be confirmed in further studies (178). 

Both these phase II and phase III studies had ORRs of approximately 30% with 

carboplatin-gemcitabine alone, once again outlining the efficacy of platinum agents 

in the treatment of TNBC (65, 178). It has subsequently been suggested that iniparib 

is not a true PARP inhibitor, as it does not display the typical characteristics seen 

in PARP inhibitors (26, 178). Therefore work has been ongoing to assess the benefit 

of true PARP inhibitors, such as veliparib and olaparib, in the treatment of TNBCs, 

both alone and in combination with platinum chemotherapy.  

 

A phase III study is underway comparing the efficacy of standard anthracycline-

taxane-based chemotherapy, anthracycline-taxane chemotherapy plus carboplatin 

and anthracycline-taxane chemotherapy plus carboplatin and veliparib in the 

neoadjuvant treatment of patients with early stage TNBCs (NCT02032277). The 

primary outcome is pCR, with secondary outcomes being EFS, OS and eligibility 

for breast conserving therapy. Similarly, the phase II/III PARTNER study is 

ongoing to evaluate the safety and efficacy of the addition of olaparib to carboplatin 

plus paclitaxel in the neoadjuvant treatment of patients with TNBC and/or 

gBRCA1/2 mutations. Recruitment is ongoing and the study hopes to enrol >527 

patients with an estimated primary completion date of January 2022 

(NCT03150576).  
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The place of PARP inhibition in the treatment paradigm of TNBCs has yet to be 

determined and studies are ongoing to assess the benefit of PARP inhibitors in 

TNBCs. Until further evidence becomes available about the efficacy and optimal 

use of PARP inhibitors in TNBC, their use should be reserved for a small subset of 

patients, such as BRCA mutated metastatic TNBCs. Where available, all patients 

with TNBC, especially those patients with a germline BRCA mutation should be 

considered for enrolment in clinical trials.  
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Table 3.18: Prospective Platinums + PARP inhibitors studies  

 Study 

Type 

Disease Stage No. TNBCs 

(Total No.) 

 

No. Treated 

Platinum 

(No. Treated Other) 

Primary 

Endpoint 

Results with 

Platinum 

(95% CI) 

Follow-Up Regimen 

I-SPY 2 2016 

(175) 

Phase II 

NACT 

II – III 72 

(116) 

72 

(N/A) 

pCR 51% pCR 

(36-66%) 

Study on going 

(different arms) 

Pacli + Carbo 

+ Veliparib – 

AC 

prECOG 0105 

2015 (177) 

Phase II 

NACT 

I – IIIA 90 

(93) 

90 

(N/A) 

pCR 33% pCR 

(25-42%*) 

*90% CI 

Unknown Gem + Carbo 

+ Iniparib 

O’Shaughnessy 

2014 (178) 

Phase III IV/ Locally 

Recurrent 

519 

(519) 

519 

(N/A) 

OS, PFS OS:11.1-11.8 

(HR 0.88; 0.69-1.12) 

DFS:4.1-5.1 

(HR 0.79; 0.65-0.98) 

Unknown Gem + Carbo 

+/- Iniparib 

 
A: Doxorubicin; C: Cyclophosphamide; Carbo: Carboplatin; CI: Confidence interval; DFS: Disease free survival; Gem: Gemcitabine; HR: Hazard ratio; N/A: Not applicable; 

NACT: Neoadjuvant chemotherapy; No: Number; OS: Overall survival; Pacli: Paclitaxel; pCR: Pathological complete response; PFS: Progression free survival 
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3.8 Conclusions 

In the neoadjuvant treatment of TNBCs, platinum-based combination 

chemotherapy has been shown to be both effective and well tolerated. pCR rates 

are significantly improved with the addition of platinums, most notably when added 

to an anthracycline-taxane backbone. This study has shown high rates of pCR 

among TNBCs treated with carboplatin added to anthracycline-taxane combination 

NACT. While platinum therapy is not yet standard of care for TNBC (123), these 

results and review of the literature adds to the data demonstrating improved pCR 

rates with the addition of carboplatin to NACT treatment regimen for TNBC. 

 

It remains unclear whether all TNBCs benefit equally from a platinum or whether 

some TNBC subsets derive particular benefit (38). The data presented in this work 

supports the proposal that, while awaiting the results from phase III trials examining 

the survival advantage for platinums in TNBC (NCT02488967; NCT02445391), 

carboplatin should be considered in the neoadjuvant setting for TNBC patients, 

particularly as part of an anthracycline-taxane-based chemotherapy regimen (103), 

and particularly as these patients represent a younger cohort with more aggressive 

life-threatening disease. 

 

In the metastatic setting of TNBCs, platinums have been shown to be efficacious, 

especially in patients with germline BRCA1/2 mutations, suggesting that platinums 

should be considered as part of the metastatic TNBC treatment paradigm, either as 

a single agent or as part of a combination regimen.  

 

Where possible, all patients with TNBC should be considered for enrolment in 

clinical trials. Only then will the precise role of platinums, in both early and 

advanced stage, as single agents, or in combination with chemotherapy or PARP 

inhibitors, become clear.  
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4.1 Background 

The predisposing risk factor profiles identified in the development of TNBC are 

inherently different to those risk factors described for other invasive breast cancer 

subtypes (41, 283). TNBCs are more common in younger patients (2,3,22,28,41). 

Bauer et al. (28) showed that approximately 63% of women with TNBC were 

diagnosed before age 60, compared to other subtypes of breast cancer where less 

than half of women are diagnosed before age 60. Higher parity and a younger age 

at first full-term pregnancy have also been shown to be associated with the 

development of TNBC (22,41,42).  TNBCs are more commonly diagnosed in 

certain ethnic groups, such as African American and Hispanic patients 

(2,3,22,28,41). In the Carolina Breast Cancer Study, 54% of basal tumours were 

among African American women, compared to 36% luminal cancers and 41% 

HER2-positive cancers observed among African American women (41). Similarly, 

the California Cancer Registry has shown that patients with TNBC were more likely 

to be African American (10%) or Hispanic (19%), and less likely to be Caucasian 

(62%) compared to other breast cancer subtypes (4% African American; 13% 

Hispanic and 73% Caucasian) (28).  

 

TNBCs often present as interval cancers, between screening mammography (3, 22). 

In addition, it is well known that a diagnosis of TNBC is associated with an 

increased likelihood of a germline BRCA1 mutation (2, 22). With respect to 

modifiable risk factors, the impact of body weight and BMI on TNBC development 

and outcomes remain unclear: some studies have shown that increased BMI is 

associated with an increased risk of TNBC and with adverse survival (41-44) while 

other studies have failed to show an association between TNBC and BMI, either 

from a risk factor or outcome perspective (42, 284, 285). The effect of BMI differs 

markedly between pre- and post-menopausal women. Chen et al. (44) have shown 

that increased BMI is associated with an increased risk of developing TNBC among 

pre-menopausal women, but is associated with a decreased risk of developing 

TNBC among post-menopausal women.  

 

In this study, the risk factor profile and epidemiological characteristics of patients 

diagnosed with TNBC were collated in order to identify risk factors associated with 
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the development of TNBC and with outcomes (i.e. pCR and survival) in a relatively 

homogeneous group of Caucasian patients who were diagnosed with TNBC from 

2000-2015. 

 

 

4.2 Results 

4.2.1 Demographic Risk Factors 

Patient demographics with respect to risk factors are shown in Table 4.1, the 

association between risk factors and pCR for those treated with NACT are shown 

in Table 4.2 and the association between risk factors and survival outcomes for all 

patients are shown in Table 4.3.  

 

Among the 355 patients with TNBC, the median patient age was 55 years (range 

24-92 years); almost 25% of all TNBCs were diagnosed in patients younger than 

45 years. Among those treated with NACT, when DFS was limited to 24 months, 

younger age at diagnosis was significantly associated with improved DFS, when 

adjusted for grade, tumour stage and use of carboplatin-based chemotherapy (HR 

0.91; 95% CI 0.84-0.98; p=0.015) (Appendix 2: Supplementary Table 2.2). Age 

was not predictive of DFS, MFS or BCSS (p=0.354; p=0.857; p=0.068 

respectively) in all patents. In those treated with NACT, there was no association 

between age and pCR breast/axilla (p=0.454). Menopausal status was not 

associated with DFS, MFS or BCSS (p=0.802; p=0.602; p=0.571 respectively) in 

all patients and was not associated with pCR in the breast/axilla (p=0.833) in those 

treated with NACT.  

 

BRCA1/2 mutations were uncommon in this cohort (n = 20, 5.5%). Six patients who 

received NACT had BRCA1/2 mutations: four of these BRCA1/2 mutation carriers 

had a pCR breast/axilla, and there was a near total response (ypT1mi, ypN0 or 

ypT1b, ypN0) in the other two patients. A significant number of patients (n=101, 

45%) had a positive family history of breast cancer, independent of BRCA1/2 

mutations. Among those with a family history, 23% of patients (n=52) reported one 

family member with a history of breast cancer, while another 18.5% (n=42) had 

two or three family members affected. When family history was examined with 
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respect to response to NACT, there was no association between family history and 

pCR breast/axilla (OR 0.51; 95% CI 0.19-1.31; p=0.162). It is unknown whether 

extended germline genetic panels were tested in any of these patients, or if BRCA1/2 

mutations were tested only as part of a limited panel. Access to the germline genetic 

test results were not accessible as part of this study; information about BRCA1/2 

results was taken solely from the medical records.  

 

The majority of patients (83%) in this cohort were from rural areas. However, 

neither urban nor rural dwellings were associated with pCR in the breast/axilla 

(p=0.123) or survival (p=0.330, p=0.816 and p=0.416 for DFS, MFS and BCSS 

respectively).  

 

A small number of patients (12%) in the entire cohort who developed TNBC had a 

previous personal history of cancer and a previous history of cancer was adversely 

associated with DFS (HR 2.30; 95% CI 1.35-3.92; p=0.002), MFS (HR 2.06; 95% 

CI 1.07-3.99; p=0.031) and BCSS (HR 2.60; 95% CI 1.40-4.83; p=0.002). The 

majority of these previous cancers were non-TNBC breast cancers (6%, n=19), 

followed by colorectal cancer (1.5%, n=5), cervical cancer (1%, n=3) and small 

numbers of other cancers such as ovarian cancer and Hodgkin’s lymphoma (n=2 

each), lung cancer, renal cell carcinoma, endometrial cancer, melanoma and acute 

leukaemia (n=1 each).   
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Table 4.1: Patient and Demographic Risk Factors  
 n                                                     n (%) 

Age  

 

355 Median 

Range 

55 

24 – 92 

Age Range 355 ≤34 

35 – 44  

45 – 54  

55 – 64  

65 – 74  

≥75 

23 (7%) 

59 (17%) 

83 (23%) 

86 (24%) 

54 (15%) 

50 (14%) 

Menopausal Status 

 

339 Pre 

Post 

124 (37%) 

215 (63%) 

BRCA mutation 

 

268 Negative 

BRCA1 

BRCA2 

Present but Unknowna 

 

Not Tested/Unknownb 

241 (68%) 

12 (3%) 

7 (2%) 

1 (0.5%) 

 

94 (26.5%) 

Family History 

Breast Cancer 

 

No. Family 

Members Affected 

225 

 

No 

Yes 

 

1 

2 

3 

4 

5 

6 

Family history (unknown no.) 

124 (55%) 

101 (45%) 

 

52 (23%) 

23 (10%) 

19 (8.5%) 

4 (2%) 

1 (0.5%) 

1 (0.5%) 

1 (0.5%) 

Family History 

Ovarian Cancer 

 

No. Family 

Members Affected 

220 

 

 

 

No 

Yes 

 

1 

2 

203 (92%) 

17 (8%) 

 

14 (6.5%) 

3 (1.5%) 

Previous History of 

cancer 

295 No 

Yes 

 

Breast cancer (non TNBC) 

Colorectal cancer 

Cervical Cancer 

Ovarian Cancer 

Hodgkin’s Lymphoma 

Lung cancer 

Renal cell carcinoma 

Endometrial cancer 

Melanoma 

Acute leukaemia 

259 (88%) 

36 (12%) 

 

19 (6%) 

5 (1.5%) 

3 (1%) 

2 (0.5%) 

2 (0.5%) 

1 (0.5%) 

1 (0.5%) 

1 (0.5%) 

1 (0.5%) 

1 (0.5%) 

 
a: BRCA mutation present but gene unknown; b: Patient either not tested or details about testing 

unknown; n: Number of patients; No: Number 
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Table 4.2: Univariate analysis of the association between demographic risk factors 

and pCR Breast/Axilla  
 n ORa 95% CI p-value 

 

pCR Breast/Axilla 

Age at Diagnosis 97 1.01 0.98-1.05 0.454 

Menopausal statusb 90 1.1 0.45-2.67 0.833 

BRCA Mutation 75 0.30 0.05-1.77 0.184 

Family History Breast Cancer 71 0.51 0.19-1.32 0.162 

Family History Ovarian Cancer 70 0.25 0.02-2.49 0.235 

Urban/Rural Dwellingc 95 0.29 0.06-1.40 0.123 

 
a: OR for a non-pCR by Logistic regression analysis; b: Pre-menopausal set as baseline parameter; c: 

Urban dwelling set as baseline parameter; CI: Confidence Interval; n: Number of patients; OR: Odds 

Ratio; pCR: Pathological complete response 
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Table 4.3: Univariate analysis of the association between demographic risk factors 

and DFS, MFS and BCSS in all patients 

 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 335 1.01 0.99-1.02 0.354 

Menopausal statusb 320 1.06 0.68-1.62 0.802 

BRCA Mutation 265 0.94 0.46-1.88 0.851 

Family History Breast Cancer 221 0.89 0.55-1.44 0.625 

Family History Ovarian Cancer 216 0.59 0.18-1.87 0.368 

Urban/Rural Dwellingc 328 0.78 0.47-1.29 0.330 

Previous History of Cancer 282 2.30 1.35-3.92 0.002 

 

Metastasis Free Survival 

Age at Diagnosis 337 1.00 0.98-1.02 0.857 

Menopausal statusb 322 0.88 0.53-1.45 0.602 

BRCA Mutation 265 1.03 0.48-2.18 0.949 

Family History Breast Cancer 221 1.04 0.59-1.86 0.885 

Family History Ovarian Cancer 216 5.39e-16 N/A 1.000 

Urban/Rural Dwellingc 330 1.08 0.55-2.12 0.816 

Previous History of Cancer 283 2.06 1.07-3.99 0.031 

 

Breast Cancer Specific Survival 

Age at Diagnosis 338 1.02 0.99-1.03 0.068 

Menopausal statusb 322 1.15 0.71-1.87 0.571 

BRCA Mutation 265 0.74 0.28-1.91 0.527 

Family History Breast Cancer 216 1.05 0.57-1.93 0.883 

Family History Ovarian Cancer 212 0.30 0.04-2.17 0.232 

Urban/Rural Dwellingc 331 0.79 0.45-1.39 0.416 

Previous History of Cancer 281 2.60 1.40-4.83 0.002 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Urban dwelling 

set as baseline parameter; CI: Confidence Interval; HR: Hazard Ratio; n: Number of patients; N/A: Not 

applicable 
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4.2.2   Gynaecological Risk Factors 

Gynaecological risk factors recorded in patients are shown in Table 4.4, the 

association between gynaecological risk factors and pCR for those treated with 

NACT is shown in Table 4.5 and the association between gynaecological risk 

factors and survival outcomes for all patients are shown in Table 4.6. The median 

age of menarche was 14 years (range 10-17 years), and the median age of 

menopause was 48 years (range 25-58 years). The majority of patients in this study 

(75%) were multiparous, with a median of 3.6 births (range 1-13 births). A further 

7.5% were primiparous, and 15% were nulliparous. Among those who had children, 

38% documented their first live birth between 20-24 years and 36% between 25-29 

years. Only 21% of all women delivered their first child over the age of 30 years. 

Among those treated with NACT, there was no significant association between 

parity and pCR breast/axilla rates (p=0.617). Similarly, among all patients there 

was no association between parity and survival (p=0.413; p=0.910 and p=0.849 for 

DFS, MFS and BCSS respectively). Breastfeeding was infrequent in this cohort: 

37% of women reported a lifetime history of breastfeeding. However, among those 

who did breastfeed, the median lifetime duration of breastfeeding was 14.6 months 

(range 3-28 months). There was no association between breastfeeding and the 

achievement of pCR in those treated with NACT (p=0.697), or with DFS, MFS or 

BCSS (p=0.469; p=0.829; p=0.636 respectively) among all patients.  

 

Over 50% of patients reported a history of oral hormonal contraception (OCP) use 

and the median duration of use was 5.83 years (range 0.25-26 years). OCP use was 

significantly associated with improved MFS and decreased the risk of an adverse 

event by 51% (HR 0.49; 95% CI 0.25-0.97; p=0.040). Among the entire cohort, 

there was no association between OCP use and DFS (p=0.171) or BCSS (p=0.080). 

The majority of post-menopausal patients (73%) reported never using hormone 

replacement therapy (HRT). Among the 27% who did report HRT use, the median 

duration of use was 3.81 years (range 0.5-15 years) but there was no association 

between HRT use and pCR or survival. 
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Table 4.4: Gynaecological Risk Factors among TNBCs 
 n  n (%) 

Parity 239 Nulliparous 

Primiparous 

Multiparous 

Parous but unknown number 

37 (15%) 

18 (7.5%) 

178 (75%) 

6 (2.5) 

Age 1st Full-

Term 

Pregnancy 

152 17 – 19  

20 – 24 

25 – 29  

30 – 34 

35 – 39 

>40 

7 (5%) 

58 (38%) 

54 (36%) 

26 (17%) 

5 (3%) 

2 (1%) 

History of 

Breastfeeding 

124 Yes 

No 

46 (37%) 

78 (63%) 

Age Menarche 174 10 

11 

12 

13 

14 

15 

16 

17 

1 (0.5%) 

9 (5%) 

20 (11%) 

41 (24%) 

61 (35%) 

34 (19.5%) 

3 (2%) 

5 (3%) 

Age Menopause 97 <40  

40 – 44 

45 – 49 

50 – 54 

≥55 

8 (8%) 

12 (12%) 

18 (19%) 

53 (55%) 

6 (6%) 

OCP Use 172 Yes 

No 

89 (52%) 

83 (48%) 

HRT Use 112 Yes 

No 

30 (27%) 

82 (73%) 

 
HRT: Hormone Replacement Therapy; n: Number of patients; OCP: Oral Contraceptive Use 

 

 
 

Table 4.5: Univariate analysis of the association between gynaecological risk factors 

and pCR Breast and pCR Breast/Axilla  
 n ORa 95% CI p-value 

 

pCR Breast/Axilla 

Parityb 70 0.73 0.22-2.47 0.617 

Breastfeeding 57 0.77 0.21-2.83 0.697 

OCP 57 0.86 0.29-2.59 0.791 

HRT 75 1.54 0.12-∞ 0.519 

 
a: OR for a non-pCR by Logistic regression analysis; b: Non-nulliparous set as baseline parameter; CI: 

Confidence Interval; n: Number of patients; OR: Odds Ratio; pCR: Pathological complete response 
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Table 4.6: Univariate analysis of the association between gynaecological risk factors 

and DFS, MFS and BCSS among all patients 

 n HRa 95% CI p-value 

Disease Free Survival 

Parityb 225 1.30 0.69-2.44 0.413 

Breastfeeding 156 0.78 0.40-1.52 0.469 

OCP 168 0.68 0.39-1.18 0.171 

HRT 226 0.84 0.40-1.76 0.638 

 

Metastasis Free Survival 

Parityb 225 0.96 0.43-2.14 0.910 

Breastfeeding 156 0.92 0.42-1.99 0.829 

OCP 168 0.49 0.25-0.97 0.040 

HRT 226 0.57 0.20-1.59 0.282 

 

Breast Cancer Specific Survival 

Parityb 224 1.08 0.48-2.45 0.849 

Breastfeeding 155 0.82 0.36-1.86 0.636 

OCP 166 0.53 0.26-1.08 0.080 

HRT 227 0.94 0.39-2.22 0.889 

 
a: HR by Cox regression survival analysis; b: Non-nulliparous set as baseline parameter; CI: Confidence 

Interval; HR: Hazard Ratio; HRT: Hormone Replacement Therapy; n: Number of patients; OCP: Oral 

Contraceptive Use 

 

 

 

4.2.3   Lifestyle Risk Factors 

Lifestyle risk factors recorded for patients are shown in Table 4.7, the association 

between lifestyle risk factors and pCR for those treated with NACT is shown in 

Table 4.8 and the association between lifestyle risk factors and survival outcomes 

for all patients are shown in Table 4.9. The majority of patients in this study (60%) 

were classified as overweight, with a BMI ≥25.0 kg/m2 and 28% were classified as 

obese, defined as a BMI ≥30.0 kg/m2. Among those treated with NACT, 54% were 

overweight and 29% were obese.  

 

Patients with normal BMI were significantly more likely to be pre-menopausal 

while patients with increased BMI were significantly more likely to be post-

menopausal (Pearson χ2 12.31; p=0.031). Similarly, there was a significant 

association between BMI and menopausal status when BMI was dichotomised into 
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non-overweight (BMI <25 kg/m2) and overweight (BMI ≥25 kg/m2) categories (OR 

3.21; 95% CI 1.53-6.72; p=0.002). 

 
 

Table 4.7: Lifestyle Risk Factors among TNBCs 

 n  n (%) 

BMI Range 128 <18.5 kg/m2 

18.5 – 24.9 kg/m2 

25 – 29.9 kg/m2 

30 – 34.9 kg/m2 

35 – 40 kg/m2 

>40 kg/m2 

2 (2%) 

49 (38%) 

41 (32%) 

24 (19%) 

6 (4.5%) 

6 (4.5%) 

Alcohol 

History 

198 Never 

Current 

Former 

 

Heavy consumption 

Social consumption 

47 (23.5%) 

150 (76%) 

1 (0.5%) 

 

7 (5%) 

144 (95%) 

Smoking 

History 

225 Never 

Current 

Former 

 

Median Number  Pack Years  

Range 

133 (59%) 

43 (19%) 

49 (22%) 

 

20.7 

2.5 – 50 

 
BMI: body mass index; n: Number of patients 

 

 

 

BMI was significantly associated with survival among the cohort overall, although 

it was not associated with pCR breast/axilla (p=0.393). In the entire cohort, patients 

with an increased BMI had a 26% decreased risk of developing disease recurrence 

(HR 0.74 for DFS; 95% CI 0.55-1.00; p=0.05), a 31% decreased risk of developing 

metastatic disease (HR 0.69 for MFS; 95% CI 0.48-0.98; p=0.036) and a 41% 

decreased risk of death from breast cancer (HR 0.59 for BCSS; 95% CI 0.39-0.89; 

p=0.012) compared to patients with normal BMI. There was a significant trend of 

association between BMI range (<18.5 kg/m2; 18.5-24.9 kg/m2; 25-29.9 kg/m2; 30-

34.9 kg/m2; 35-40 kg/m2; >40 kg/m2) and DFS (χ2 test for trend 3.92; p=0.048), 

MFS (χ2 test for trend 4.48, p=0.034) and BCSS (χ2 test for trend 6.45, p=0.011).  
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Table 4.8: Univariate analysis of the association between lifestyle risk factors and pCR 

Breast and pCR Breast/Axilla  
 n ORa 95% CI p-value 

pCR Breast/Axilla 

BMIb 41 1.31 0.71-2.42 0.393 

Smoking History 71 0.74 0.41-1.32 0.304 

Alcohol Use 64 0.29 0.06-1.47 0.135 

 
a: OR for a non-pCR by Logistic regression analysis; b: BMI <25 kg/m2 set as baseline parameter; CI: 

Confidence Interval; n: Number of patients; OR: Odds Ratio; pCR: Pathological complete response 

 

 

 

Table 4.9: Univariate analysis of the association between lifestyle risk factors and 

DFS, MFS and BCSS among all patients 

 n HRa 95% CI p-value 

Disease Free Survival 

BMIb 125 0.74 0.55-1.00 0.05 

Smoking History 220 1.03 0.76-1.38 0.863 

Alcohol Use 193 0.61 0.34-1.08 0.092 

 

Metastasis Free Survival 

BMIc 125 0.69 0.48-0.98 0.036 

Smoking History 221 0.99 0.69-1.43 0.957 

Alcohol Use 194 0.59 0.30-1.21 0.152 

 

Breast Cancer Specific Survival 

BMId 125 0.59 0.39-0.89 0.012 

Smoking History 217 0.89 0.59-1.34 0.590 

Alcohol Use 191 0.34 0.17-0.68 0.002 

 
a: HR by Cox regression survival analysis; b: BMI <25 kg/m2 set as baseline parameter and DFS χ2 test 

for trend 3.92 (p=0.048); c: BMI <25 kg/m2 set as baseline parameter and MFS χ2 test for trend 4.48 

(p=0.034); CI: Confidence Interval; d: BMI <25 kg/m2 set as baseline parameter and BCSS χ2 test for trend 

6.45 (p=0.011); HR: Hazard Ratio; n: Number of patients 

 

 

 

The improved survival outcomes associated with increasing BMI were found to be 

directly related to menopausal status with the benefits observed solely in post-

menopausal patients. There was no association between BMI and survival in pre-

menopausal patients. Post-menopausal patients with increased BMI were 

significantly less likely to develop an event (HR for DFS 0.64; 95% CI 0.43-0.94; 

p=0.023), less likely to develop metastatic disease (HR for MFS 0.60; 95% CI 0.36-

0.98; p=0.040) and less likely to die from breast cancer (HR for BCSS 0.50; 95% 
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CI 0.28-0.88; p=0.016) (Figure 4.1) compared to pre-menopausal patients with 

increased BMI (p=0.490 for DFS, p=0.515 for MFS and p=0.293 for BCSS) (Data 

not shown). When BMI was dichotomised into non-overweight (BMI <25 kg/m2) 

and overweight (BMI ≥25 kg/m2) categories, similar trends towards improved 

survival were seen with increased BMI. Among all patients, those with BMI ≥25 

kg/m2 had a 50% reduction in the risk of metastatic disease (HR for MFS 0.50; 95% 

CI 0.26-0.97; p=0.039) and a 54% reduction in the risk of death from breast cancer 

(HR for BCSS 0.46; 95% CI 0.22-0.94; p=0.034), but there was no association 

between DFS and BMI (HR for DFS 0.61; 95% CI 0.34-1.10; p=0.100). In post-

menopausal patients, trends towards improved survival were observed in patients 

with BMI ≥25 kg/m2 (HR for DFS 0.48; p=0.074; HR for MFS 0.39; p=0.050 and 

HR for BCSS 0.42; p=0.082) (Figure 4.2) while there were no associations between 

survival and BMI ≥25 kg/m2 in pre-menopausal patients (p=0.396; p=0.369; 

p=0.204 for DFS, MFS and BCSS respectively) (Data not shown).  

 

Details about alcohol use was obtained from the medical records and was available 

for 56% of all patients (n=198). The majority of patients (76%) were current alcohol 

consumers, 24% had never consumed alcohol and one patient was a former alcohol 

user. The majority of current alcohol users (95%) reported consumption within 

recommended limits. Although self-reporting of alcohol consumption can be 

misconstrued as biased and inaccurate, the accuracy of self-reported drinking 

behaviours has been demonstrated in large cohort studies. In one study of >400,000 

patients, self-reported alcohol use was found to be both reliable and valid (286). 

Therefore, in the absence of standardised alcohol evaluation methods, self-reported 

measures remain the most valid and reliable way to accurately quantify 

consumption (287). In this cohort, alcohol use was associated with a 66% decreased 

risk of breast cancer related mortality (HR 0.34 for BCSS; 95% CI 0.17-0.68; 

p=0.002) but was not associated with DFS (p=0.092) or MFS (p=0.152) and there 

was no association between alcohol use and pCR rates (p=0.135).  

 

A history of smoking was recorded in 41% of patients: 22% were former smokers 

and 19% current smokers and the median number of pack years was 20.7 (range 

2.5-50 pack years).  There was no association observed between smoking as a risk 

factor and either pCR or survival outcomes.   
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Figure 4.1. Disease free, metastasis free and breast cancer specific survival according 

to range of BMI in post-menopausal patients 
Kaplan-Meier cumulative survival curves for (A) DFS by BMI in post-menopausal patients (n=67; Log rank 

test p=0.001), (B) MFS by BMI in post-menopausal patients (n=67; Log rank test p<0.001) and (C) BCSS by 

BMI in post-menopausal patients (n=66; p=<0.001). 

Data not shown for DFS in all patients (n=125; Log rank test p=0.288), DFS in pre-menopausal patients (n=58; 

p=0.868), MFS in all patients (n=125; Log rank test p=0.274), MFS in pre-menopausal (n=58; Log rank test 

p=0.848), BCSS in all patients (n=125; Log rank test p=0.183) or BCSS in pre-menopausal patients (n=59; Log 

rank test p=0.651). 

A

B

C
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Figure 4.2. Disease free, metastasis free and breast cancer specific survival according 

to BMI category: <25 kg/m2 and ≥25 kg/m2 in post-menopausal patients 
Kaplan-Meier cumulative survival curves for (A) DFS by BMI category in post-menopausal patients (n=67; 

Log rank test p=0.067), (B) MFS by BMI category in post-menopausal patients (n=67; Log rank test p=0.042) 

and (C) BCSS by BMI category in post-menopausal patients (n=66; p=0.073). 

Data not shown for DFS in all patients (n=125; Log rank test p=0.051), DFS in pre-menopausal patients (n=58; 

p=0.573), MFS in all patients (n=125; Log rank test p=0.199, MFS in pre-menopausal (n=58; Log rank test 

p=0.380), BCSS in all patients (n=125; Log rank test p=0.128) or BCSS in pre-menopausal patients (n=59; Log 

rank test p=0.483). 

A

B

C
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4.2.4   Association between Risk Factors and known Prognostic 

Factors  

The association between established prognostic factors and those risk factors that 

were found to be significantly associated with either pCR or survival outcomes by 

univariate analysis in this study was examined.  

 

Univariate logistic regression analysis of the association between previous history 

of cancer, OCP use, alcohol use and BMI and tumour type, tumour size and nodal 

status was performed (Appendix 2: Supplementary Table 2.11). There was no 

significant association between any of the risk factors and tumour type, tumour size 

or nodal status among all patients or those treated with NACT.  There was no 

association between age and tumour type (p=0.172) or tumour stage by univariate 

analysis (pT p=0.273; ypT p=0.601; pN p=0.577 and ypN p=0.316). 

 

 

4.2.5   Multivariable Analyses of Pertinent Risk Factors and 

Outcomes  

Multivariable analysis of the association between those risk factors that were found 

to be associated with DFS, MFS and BCSS by univariate analysis were further 

examined in a multivariable model, and different endpoints were tested in different 

models. BMI remained the only independent predictor of survival: increasing BMI 

was associated with improved BCSS in all patients. Patients with increased BMI 

were 51% less likely to die of breast cancer (HR 0.49; 95% CI 0.25-0.99; p=0.046), 

when adjusted for age, previous history of cancer, OCP use and alcohol use. When 

stratified according to menopausal status, by multivariable modelling, BMI 

remained independently associated with improved BCSS in post-menopausal 

patients (HR 0.39; 95% CI 0.16-0.98; p=0.045), while there was no association 

between BMI and BCSS in pre-menopausal patients (HR 0.54; 95% CI 0.10-2.82; 

p=0.464). BMI was not found to be significantly associated with either DFS (HR 

0.68; 95% CI 0.41-1.11; p=0.123) or MFS (HR 0.62; 95% CI 0.36-1.08; p=0.093) 

among all patients, nor was BMI associated with DFS or MFS in either pre- or post-

menopausal patients. None of the other variables examined (age, previous history 

of cancer, OCP use and alcohol use) were associated with DFS, MFS or BCSS by 

multivariable analyses (Table 4.10).  
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Table 4.10: Multivariable analysis of pertinent risk factors and survival  
 

n HR a 95% CI p-value 

Disease Free Survival 79 

Age at Diagnosis 

Previous history of cancer 

OCP Use 

BMIb 

Alcohol Use 

 1.00 

0.62 

0.41 

0.68 

0.97 

0.97-1.04 

0.08-4.84 

0.15-1.14 

0.41-1.11 

0.31-3.07 

0.915 

0.650 

0.087 

0.123 

0.963 

 

Metastasis Free Survival 79 

Age at Diagnosis 

Previous history of cancer 

OCP Use 

BMIb 

Alcohol Use 

 1.00 

0.76 

0.36 

0.62 

1.09 

0.96-1.04 

0.09-6.07 

0.12-1.09 

0.36-1.08 

0.29-4.02 

0.939 

0.793 

0.070 

0.093 

0.900 

 

Breast Cancer Specific 

Survival 

79 

Age at Diagnosis 

Previous history of cancer 

OCP Use 

BMIb 

Alcohol Use 

 1.01 

1.19 

0.33 

0.49 

0.79 

0.96-1.06 

0.14-10.33 

0.08-1.31 

0.25-0.99 

0.19-3.37 

0.760 

0.875 

0.116 

0.046 

0.753 

 
a: HR by Cox regression survival analysis; b: BMI <25 kg/m2 set as baseline parameter; CI: Confidence 

Interval; HR: Hazard Ratio; n: Number of patients; OCP: Oral Contraceptive Use 

 

 

 

4.3 Discussion 

There is an increasing body of literature outlining the differences in risk factor 

profiles between different breast cancer subtypes. Breast cancer risk factors play an 

important role in patient outcomes from TNBCs (14,41,44,283,288-290). Most 

crucially, modifiable TNBC risk factors have been identified suggesting that TNBC 

outcomes could be improved on both a patient and a population basis, irrespective 

of therapeutic selection.  

 

In this series of 355 patients diagnosed with TNBC, a prior history of cancer was 

associated with adverse survival by univariate analysis. On the contrary, younger 

age at diagnosis and increased BMI in post-menopausal patients were associated 

with improved survival outcomes by univariate analysis. Alcohol use and prior 

OCP use were also associated with improved survival outcomes by univariate 

analysis. Increasing BMI, most notably in post-menopausal women remained 
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significantly associated with improved BCSS by multivariable analysis. This was a 

retrospective study, and TNBC risk factor data was not available for all patients, 

and as risk factor data was documented at the time of breast cancer diagnosis, an 

element of recall bias is likely. Furthermore, awareness about risk factor profiles 

among medical practitioners changed over the 16-year period of this study.  

 

 

4.3.1 Demographic Risk Factors 

4.3.1.a Age 

Population based studies have consistently shown that patients with TNBC are 

more likely to be younger and pre-menopausal, compared to other breast cancer 

subtypes (14, 41, 44, 283, 288, 289). In this study, neither age nor menopausal status 

were directly associated with outcomes. However, among those treated with 

NACT, younger age at diagnosis was significantly associated with improved DFS 

when limited to 24 months follow-up (HR 0.91; p=0.015). Almost 25% of all 

TNBCs in this study were diagnosed in patients younger than 45 years and 37% of 

patients were pre-menopausal at diagnosis, age groups that often fall outside of 

national screening programme schedules. However, earlier or more intensive 

screening programmes are unlikely to be beneficial in this patient population as 

TNBCs often present as interval cancers, in between screening studies (3, 22). 

 

4.3.1.b Family History and BRCA Mutation 

Between 13-23% of patients with TNBC report a first-degree family history of 

breast cancer, and a family history of breast cancer is significantly associated with 

a higher risk of TNBC (14,44,288,289). Women under 45 years with a first-degree 

family history of breast cancer are reported to have a five-fold increase in the risk 

of TNBC (14).  The age of diagnosis of both the index patient and their affected 

relative is predictive: the risk of ER-negative breast cancer is increased when the 

index case is less than 35 years, independent of BRCA1/2 mutation status (291). A 

family history of breast cancer was more common in this study than that reported 

in the literature: 45% of patients were reported as having a positive family history 

of breast cancer. The retrospective nature of this study means that it is unknown 

whether only first-degree family history was recorded, as in many cases any 
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significant family history was considered relevant.  A family history of breast 

cancer was not significantly associated with a pCR in the breast/axilla post-NACT, 

nor was it associated with survival. 

 

The number of germline BRCA1/2 mutation carriers in this series was too small to 

be informative (8%) and therefore it was difficult to tease out the relationship 

between family history and BRCA1/2 status. In the NACT cohort, only three of the 

six patients who had BRCA1/2 mutations had a family history. All six BRCA1/2 

mutation carriers showed a pathological response to NACT: four had a pCR 

breast/axilla, one had a near total response (ypT1mi, ypN0) and one was staged as 

ypT1b, ypN0. There was no association between BRCA mutation status and either 

pCR or outcome.  

 

International guidelines recommend that women with a significant family history, 

who are deemed to be at higher than average risk of developing breast cancer, 

should engage in early screening commencing 10 years prior to the youngest family 

member with breast cancer (292, 293). Across breast cancer subtypes, screen 

detected cancers are diagnosed at an earlier stage and in turn are associated with 

superior outcomes compared to symptomatic breast cancers. Cortesi et al. (294) 

demonstrated that screen detected cancers were smaller, more likely to be lymph 

node negative, low grade tumours with lower proliferation indices compared to 

symptomatic cancers. In addition, the 5-year OS was 94% in screen detected 

cancers compared to 84% in symptomatic cancers. This survival advantage for 

screen detected over symptomatic breast cancers has also been demonstrated in 

other studies (295). However, TNBCs often present as interval cancers, in between 

screening studies, and therefore the benefit of screening in this population is 

uncertain (3, 22).  

 

Nonetheless, in this study (Chapter 3:  Patient Outcomes in a Cohort of TNBCs), 

increasing pathological stage has been shown to be associated with worse DFS, 

MFS and BCSS in both neoadjuvant and non-neoadjuvant treated patients.  

Similarly, a study by Goorts et al. (296) of over 2000 patients treated with NACT 

has demonstrated that lower tumour stage was a significant independent predictor 

of increased pCR rates: as tumour size increased, the rates of pCR decreased. 



Chapter 4: Risk Factor Profiles in TNBC 

 161 

Therefore, if cases of TNBC could be diagnosed at an earlier stage, and these earlier 

stage tumours are treated with NACT, both pCR rates and patient outcomes can be 

improved.  

 

4.3.1.c Previous History of Cancer 

A personal history of cancer is known to be a risk factor for the development of 

breast, as well as other cancers (297-299). A small number of patients in this study 

(n=36) had a previous history of cancer prior to developing TNBC and this personal 

history of cancer was adversely associated with survival by univariate analysis. The 

risk of developing a new event was 2.3 times higher in those with a prior history of 

cancer (HR for DFS 2.30; p=0.002); the risk of developing metastatic disease was 

2.07 times higher (HR for MFS 2.07; p=0.031); and the risk of death from TNBC 

was 2.61 times higher in those with a prior history of cancer (HR for BCSS 2.61; 

p=0.002), but a personal history of cancer was not found to be significantly 

associated with survival on multivariable modeling.  

 

 

4.3.2   Gynaecological Risk Factors 

In this study, over half of the patient cohort reported a history of OCP use, which 

is considerably higher than the 18% reported by others (44). The median length of 

OCP was 5.83 years and a history of OCP use was significantly associated with 

MFS (HR 0.49; p=0.040) on univariate analysis but not with other survival 

endpoints.  

 

Among women with TNBC, 9-28% of patients are nulliparous; 12-18% are 

primiparous; and 59-79% are multiparous but there is conflicting data about the 

impact of parity on the development of TNBCs (41,44,288-290,300). Several large 

cohort studies have shown that patients with TNBC were less likely to be 

nulliparous and more likely to have three or more children compared to other breast 

cancer subtypes (41, 300). In this study, 16% of patients were nulliparous, 8% were 

primiparous and 76% were multiparous, data which is comparable to other 

published studies (41, 44, 288-290, 300) but there was no significant association 

between parity and either pCR rates or survival. Therefore, although the parity 
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profile differs in patients with TNBC compared to other breast cancer subtypes, 

parity was not associated with adverse outcomes in TNBC.  

 

The pivotal Carolina Breast Cancer Study showed that the development of basal-

like breast cancers was associated with lack of breastfeeding (41), and this data has 

been supported by other studies showing that increased duration of breastfeeding 

(≥6 months) is associated with a reduced risk of developing TNBC compared to 

parous women who have never breastfed (14, 283, 290). In this study, only 37% of 

women reported a lifetime history of breastfeeding, which is lower than the 46% 

reported for TNBCs reported by Phipps et al. (283) but a history of breastfeeding 

was not associated with response to NACT or to survival.  

 

 

4.3.3 Lifestyle Risk Factors 

Over the 16-year period of this study, information and awareness pertaining to the 

association of modifiable risk factors and breast cancer has changed. Although clear 

documentation of lifestyle risk factors was not always available for each patient, 

significant and potentially modifiable risk factors have been identified.  

 

4.3.3.a BMI 

Obesity is a complex disease causing oestrogen dysregulation and increased levels 

of insulin and related growth factors, thereby increasing the risk of development of 

TNBC (301). Body weight, BMI and central obesity have been shown to be 

adversely associated with the risk of TNBC in younger, pre-menopausal women, 

even after adjustment for tumour stage, grade and histological subtype. As body 

weight and BMI increases, the risk of TNBC increases (14,41,42,44,300). Pre-

menopausal women in the highest BMI quartile (>30 kg/m2) have a significantly 

elevated risk of TNBC compared to overweight or normal-weight women 

(43,288,302). Changes in BMI, as opposed to absolute values, contribute to the 

development of TNBC: a BMI change of ≥10 kg/m2 from age 18 years has been 

shown to be associated with a 2.0 fold increase in the risk of TNBC (303). There is 

also a significantly higher prevalence of metabolic syndrome, characterized by 

central obesity, high BMI, insulin resistance, hypertension, elevated triglycerides 
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and low levels of high density lipoprotein (HDL), in TNBCs compared to non-

TNBCs (301). The more advanced the insulin resistance, the higher the risk of 

TNBC (304). In an Irish population, Healy et al. (305) reported that metabolic 

syndrome is observed in 39% of post-menopausal breast cancer patients and TNBC 

patients were more likely than not to have metabolic syndrome.  

 

BMI also appears to have important prognostic implications, although this is less 

well defined than the associations between BMI and disease development. While 

some studies suggest that obese patients have significantly worse survival outcomes 

compared to underweight or normal weight patients (43, 306), many other studies 

have failed to show an association between BMI and survival in TNBC (42, 284, 

285, 307). A large analysis of >15,500 patients from four NSABP studies (NSABP 

B-30, B-31, B-34 and B-38) demonstrated that only the NSABP-B30 study (308) 

showed an association between increasing BMI and adverse survival, but this was 

significant only in ER-positive disease and was not seen in ER-negative disease. 

BMI was not associated with survival in the other three studies which examined 

>10,000 patients (284).  A systematic review by Azrad et al. (307) failed to show 

any association between obesity and TNBC, despite definite evidence of an 

association in both ER-positive and HER2 positive disease.  

 

The potential effect of BMI on breast cancer outcomes differs significantly between 

pre- and post-menopausal women. In the Million Women Study, increased BMI 

was associated with an increased risk of breast cancer and adverse survival in post-

menopausal women, but was associated with a decreased risk of breast cancer 

without any impact on survival in pre-menopausal women. However, this study 

reported breast cancer of all subtypes and did not analyse outcomes by hormone 

receptor status (309). An EBCTCG meta-analysis reported on >80,000 patients 

from 70 clinical trials and found that obesity was associated with breast cancer 

mortality, exclusively in pre-menopausal women with ER-positive disease (310). 

In TNBC, Chen et al. (44) have shown that increased BMI is associated with an 

increased risk of TNBC among pre-menopausal women, but is associated with a 

decreased risk of TNBC among post-menopausal women. 

 

Although BMI is a standardized, widely used measurement, it does not precisely 
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measure body composition. There are several other methods available to determine 

body composition. However, none of these are currently considered a single 

universal assessment method and there is no consensus on which method to use in 

the oncology setting (311). Direct methods of body composition analysis can 

measure tissue density or distribution of skeletal, muscle and adipose tissues. These 

methods include computed tomography (CT), dual energy X-ray absorptiometry 

(DEXA), magnetic resonance imaging (MRI) and densitometry. CT assessment is 

the most widely used method of body composition analysis. CTs give information 

about muscle mass, muscle quality and fat and may be particularly useful in the 

oncology setting if patients are undergoing CT scans for the purposes of staging 

(311). DEXA is another widely used technique for body composition analysis and 

studies fat, bone and bone-free lean values for each limb and the trunk, as well as 

bone mineral density. MRI facilitates measurement of total adipose tissue, 

subcutaneous, intramuscular and visceral adipose tissue, in addition to skeletal 

muscle mass and specific organ mass. Quantitative MRI assesses fat mass, lean 

mass and total body water and can accurately assess changes in fat mass with both 

weight loss and weight gain. Indirect methods of body composition analysis provide 

estimates of body composition and include standard anthropometric data (height 

and weight) and bioelectrical impedance analysis. Bioelectrical impedance, or 

bioimpedance, is a commonly used technology that measures total body water and 

free fat mass. However, bioimpedance is limited by hydration status, which may 

limit its use in malignancies associated with ascites (312, 313). Despite the 

limitations and potential inaccuracies associated with indirect body composition 

assessment, anthropometric data are used in everyday clinical practice and in the 

clinical trial setting in order to calculate both BMI and body surface area (BSA) for 

drug dosing. Further research is needed to develop a gold standard method for body 

composition analysis in the context of a cancer diagnosis and to ensure existing 

composition analysis techniques are both accurate and reliable (313).  

 

In this current study, BMI range was categorized according to the WHO criteria as 

underweight (<18.5 kg/m2), normal weight (18.5-24.9 kg/m2), overweight (25-29.9 

kg/m2), moderately obese (30-34.9 kg/m2), severely obese (35-40 kg/m2) and very 

severely obese (>40 kg/m2). Details about weight and height were taken from 

patient medical records and were only available for 36% of all patients (n=128). 
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Sixty percent of patients were overweight, with a BMI ≥25.0 kg/m2 and 28% were 

obese, with a BMI ≥30.0 kg/m2.  As this study reported on confirmed cases of 

TNBC, without controls, no information can be reported on the association between 

BMI and risk of development of TNBC. This study examined the prognostic value 

of BMI with respect to menopausal status. In post-menopausal women, increasing 

BMI was associated with improved DFS (HR 0.64; p=0.023), MFS (0.60; p=0.040) 

and BCSS (HR 0.50; p=0.016), but was not associated with survival in pre-

menopausal women. By multivariable analysis, post-menopausal patients with 

increased BMI had superior outcomes and were 61% less likely to die of breast 

cancer compared to normal weight patients when adjusted for age, prior history of 

cancer, OCP use, and alcohol (HR for BCSS 0.39; p=0.045). While several large 

studies have shown differences in breast cancer survival between pre- and post-

menopausal women (309, 310), no other studies have reported improved survival 

for post-menopausal patients with increases in BMI.  

 

There are a number of possible explanations for the differences observed between 

this and other studies, with respect to BMI and outcomes. Critically, given the 

retrospective nature of this study, data pertaining to height and body weight was 

missing for the majority of patients (64%). Efforts were made to gather this 

information in as many cases as possible using a combination of medical and 

pharmacy records. Nonetheless, this missing data restricts the interpretation of these 

results. In addition, patient height and weight was recorded at the initial medical 

oncology outpatient consultation in order to calculate BMI and BSA. In some cases, 

such as those treated with NACT, these measurements accurately reflected patient 

assessments at diagnosis. In other cases, such as those treated with adjuvant 

chemotherapy, these measurements may have been taken after surgical procedures 

and hospitalizations, and therefore may not reflect BMI and BSA at diagnosis.  

 

Prognostic differences may be partly explained by different patterns of 

chemotherapy dosing in overweight patients. Prior to the publication of American 

Society of Clinical Oncology (ASCO) guidelines in 2012 (314), chemotherapy 

doses were often based on ideal body weight, as opposed to actual body weight, 

and body surface area (BSA) calculation was capped at 2.0/m2 (31). Fontanella et 

al. (306) reported a pooled analysis of eight neoadjuvant clinical trials carried out 
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between 1999 and 2011 and demonstrated that a significantly lower percentage of 

obese (BMI 30-39 kg/m2) and very obese patients (BMI ≥40 kg/m2) received full-

dose taxane chemotherapy, compared to other BMI groups. In addition, as BMI 

increased, pCR rates were shown to decrease. pCR rates in normal weight patients 

were significantly higher than all other BMI groups, which is likely also a reflection 

of underdosing of chemotherapy in overweight patients (306). Specific details 

regarding chemotherapy dosing relative to body weight was not recorded for this 

study. However, since the publication of the ASCO guidelines in May 2012 (314), 

actual body weight has been used to calculate BSA and chemotherapy dosing in 

UHG. Further work is planned to study differences in outcomes, with respect to 

BMI, in patients diagnosed before (n=228; 64%) and after (n=127; 36%) the 

incorporation of the ASCO dosing guidelines and to further explore the association 

between survival and BMI in post-menopausal patients observed in this study.  

 

The biological rationale for the association between increased BMI and improved 

BCSS observed in this study is unclear. It is possible that this association is spurious 

and is falsely affected by small patient numbers. However, data was available for 

128 patients and the association between BMI and outcome was observed in both 

univariate and multivariable analyses, making this explanation less likely. 

Differences in chemotherapy dosing based on ideal versus actual BSA may also 

have influenced the survival of women with increased BMI. However, if this was 

the case, one would expect comparable outcomes between BMI groups, as opposed 

to the superior outcomes observed in obese patients in this study. A recent phase II 

study by Yam et al. (315) demonstrated that obese patients with ER-positive breast 

cancer had improved PFS compared to overweight patients with ER-positive breast 

cancer (HR 0.25; p=0.015). At present time, while the biological association 

between BMI and prognosis remains poorly understood, the results from this 

current study, and that by Yam et al. (315) support the need for further research in 

this area.  

 

The work presented here suggests that the outcomes for patients who develop 

TNBC can be significantly impacted by non-pharmacological measures. The 

association between lifestyle risk factors and TNBC outcomes needs further 

investigation with more detailed analysis of both body composition metrics and the 
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impact of chemotherapy dosing on outcomes (316).  

 

 

4.4 Limitations 

Given the retrospective nature of this study, clear documentation of TNBC risk 

factors was not always available for each patient. Similarly, as this cohort assessed 

patients over a 16-year period, awareness about risk factor profiles changed over 

time. As a result, the numbers available to analyse in this cohort were small and 

there was a significant amount of missing or incomplete data. In addition, as this is 

a retrospective study and only cases of TNBC are studied, only the associations 

observed between the risk factors and outcomes can be reported, and no comment 

can be made in relation to causality. A case control study would potentially be 

warranted to truly ascertain causation between the pertinent risk factors identified, 

and outcomes.  

 
 

4.5  Conclusions 

TNBCs have a risk factor profile that is distinct from other subtypes of breast 

cancer. This current study explored the association between risk factors and 

outcome. Some risk factors such as age, family history and personal history of 

cancer are non-modifiable. However, modifiable risk factors, namely BMI, alcohol 

and OCP use were identified as being potentially important in terms of patient 

outcomes. The association between BMI and outcome in post-menopausal patients 

is unexpected and of unclear significance. Further studies are needed to clarify the 

association between menopausal status and BMI with respect to survival. The 

heterogeneity of TNBC, and the small patient numbers that constitute different risk 

factor profile groups make examinations of these associations difficult in single 

institution studies.  

 

Prospective studies are needed to evaluate the association between modifiable risk 

factors and the development of, and outcomes from, TNBC. In the future, clinical 

trials assessing TNBCs should be designed to detect and stratify differences in 

baseline risk factor profiles. High-risk individuals could be identified and enrolled 
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into more intensive screening programmes or referred for risk-reducing 

interventions. If modifiable risk factors are associated with an increased risk of 

developing TNBCs, approaches to modify lifestyle factors could be an important 

part of disease prevention and improving outcomes. 
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CHAPTER 5:  THE EVALUATION OF PREDICTIVE AND 

PROGNOSTIC TARGETS IN TNBC: sTILs & AR 
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5.1 Background 

Current research is focusing on the identification of predictive and prognostic 

biomarkers in TNBC which has proven to be challenging (22,23,27). Several 

biomarkers that predict drug sensitivity have been studied in TNBC, including PD-

L1 expression (92), PI3KCA mutations (62), VEGF1 (124, 258), EGFR (19) and 

mTOR (210) but these targets have not been validated for use in routine clinical 

practice and are confounded by the fact that only 20% of TNBCs have actionable 

targets or mutations (62). Ideally, predictive biomarkers would pre-select tumours 

based on sensitivity or resistance to chemotherapy. In doing so, treatment selections 

could be stratified and patients would be treated with more effective individualised 

therapy, with the potential to either intensify or de-escalate therapy based on 

expected response to treatment (3). In this chapter, the predictive and prognostic 

roles of two biomarkers, sTILs and AR, are investigated in this cohort of TNBCs.  

 

A number of studies have shown that increasing levels of sTILs are predictive of 

increased rates of pCR after anthracycline-taxane-based NACT (93, 96-102) and 

that sTILs are prognostic for improved survival, independent of pCR rates (67, 91, 

93, 95, 97, 98, 103-106).  However, there are very few reports on the role of sTILs 

in predicting response to carboplatin-based NACT. Denkert et al. (100) evaluated 

sTILs in the GeparSixto study, where carboplatin was added to anthracycline-

taxane-based NACT (125). In TNBCs with high levels of sTILs, the addition of 

carboplatin increased the pCR rate by 31% (74% among those treated with 

carboplatin versus 43% among those not treated with carboplatin) (p<0.001) (100). 

In this chapter, the role of sTILs both as a prognostic marker and as a predictor of 

response to anthracycline-taxane chemotherapy, with and without the addition of 

carboplatin, was investigated. 

 

Second, the predictive and prognostic role of AR was studied. AR has been shown 

to predict for response to anti-androgen therapy and for lack of response to 

chemotherapy (194,195,317). AR has also been shown to be prognostic for 

improved survival (16,318,319) despite the lack of response to standard 

chemotherapy.  
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5.2 Stromal Tumour Infiltrating Lymphocytes 

sTILs are frequently found in highly proliferative tumours and tend to be associated 

with ER negativity, HER2 over-expression, larger tumours, lymph node metastases, 

ductal histology, high histologic grade and high Ki67. As a result, sTIL levels tend 

to be higher in TNBC and HER2-positive cancers (91-93). sTILs at baseline 

represent a strong prognostic factor for TNBCs and large prospective studies have 

shown that the prognostic significance of sTILs is independent of other known 

prognostic factors (97, 98). Fifteen to twenty percent of TNBCs have no 

lymphocytic infiltration, whereas the majority of TNBCs (65-80%) have low to 

moderate levels of lymphocytes. LPBC, defined as tumours with 50-60% 

lymphocytes in the stroma, account for 5-30% of all TNBCs (93,94,98).  

 

Despite the apparent high-risk pathological features seen in tumours with sTILs, 

TNBCs with high levels of sTILs are associated with greater pathological response 

to NACT (93,99-102,320). This has been reported most consistently among those 

treated with anthracycline and anthracycline-taxane-based chemotherapy. West et 

al. (104) examined two independent cohorts of ER-negative breast cancers. One 

cohort had previously received anthracycline or anthracycline-taxane-based NACT 

as part of the European Organisation for Research and Treatment of Cancer 

(EORTC) 10994/ Breast International Group (BIG) 01-00 study (321) and the 

results found a significant difference between pCR rates in tumours with high 

sTILs, compared to those with low sTILs, which was most notable among TNBCs. 

sTIL status was independently associated with response to NACT, irrespective of 

whether patients received anthracycline or anthracycline-taxane chemotherapy 

(p=0.0035) (104). Similarly, Denkert et al. (99) analysed two large breast cancer 

cohorts (>1000 samples) and showed that sTILs predicted a favourable response to 

anthracycline-taxane-based NACT. pCR rates in tumours with >10% sTILs was 

31%, which increased to 42% in LPBC tumours, and was higher than the 19% seen 

in the cohort overall (99).  

 

sTILs are also prognostic in TNBCs. TNBCs with high sTILs have been reported 

to have better outcomes and better survival after chemotherapy, compared to 

TNBCs with low sTILs (95, 97, 98, 103, 104, 106, 322). Adams et al. (98) studied 
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the prognostic impact of sTILs in TNBCs in the adjuvant setting by way of the 

Eastern Cooperative Oncology Group (ECOG) E2197 and E1199 trials and found 

that in patients treated with anthracycline or anthracycline-taxane chemotherapy, 

higher sTIL levels were prognostic for DFS and OS. These results were validated 

by a correlative biomarker analysis of the FinHER trial (323), carried out by Loi et 

al. (91), in which sTILs were found to be associated with improved outcomes 

among patients with TNBC treated with adjuvant anthracycline-based 

chemotherapy. It is thought that once an immune response has been stimulated, the 

overall prognosis is improved, independent of which chemotherapy drugs are 

administered and irrespective of response rates (105). In addition, in the 

neoadjuvant setting, the presence of increased sTILs in residual disease after NACT 

seems to be associated with more favourable outcomes (322).  

 

The aim of this section was to examine the predictive and prognostic role of sTILs 

in TNBCs, with respect to clinical and pathological features, response rates and 

outcomes. In particular, the association between sTILs and pCR rates, and sTILs 

and patient outcomes with and without the use of carboplatin-based NACT is 

examined.  

 

 

5.3 sTILs Methodology 

sTILs were scored as described in Chapter 2: Materials and Methods (Section 2.5) 

according to the International TILs Working Group (110). The percentage sTILs 

was scored on digitized slides of full-face tumour sections from needle core 

biopsies in those treated with NACT.  

 

sTILs were scored as a continuous variable (0-100%). For statistical analysis, the 

percentage sTILs were represented as a categorical variable using different cut-offs 

as follows: 

(i) Categorised as four groups: 0-10% sTILs, 11-25% sTILs, 26-49% sTILs 

and ≥50% sTILs  
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(ii) Binary categorical variables using a 25% cut-off: cases with sTILs <25% 

were considered sTILs low, while cases with ≥25% were considered sTILs 

high 

(iii) Binary categorical variables using a 50% cut-off: cases with sTILs ≥50% 

were deemed LPBC and cases with sTILs <50% were defined as non-LPBC. 

 

 

5.4 sTILs Results 

Of the 97 cases of TNBC treated with NACT in this entire cohort, 91% (n=88) were 

evaluable for sTILs assessment and included in this study. Nine biopsies were 

ineligible for sTIL evaluation, due to the original core biopsies being performed at 

an institution outside UHG and therefore not available for review (n=6) and 

insufficient tumour specimen for analysis (n=3). The median follow-up among the 

NACT cohort overall was 30 months (range 5-126 months). The median sTIL count 

was 12.5% (range 0-75%). The breakdown of sTILs by categories is shown in Table 

5.1.   

 

 

Table 5.1: sTIL categories 

sTIL Scores 

sTIL Categories n (%) 

0-10% sTILs 44 (50%) 

 

11-25% sTILs 22 (25%) 

 

26-49% sTILs 12 (14%) 

 

≥50% sTILs 10 (11%) 

 

 

 

5.4.1 Association between sTILs and Clinico-Pathological 

Variables 

The association between sTILs and clinical and pathological features is shown in 

Table 5.2. When sTILs are represented as a categorical variable with a 10% cut-off, 

a positive family history of breast cancer was significantly associated with a sTIL 

count of >10% (OR 2.79; 95% CI 1.01-7.70; p=0.048). Tumour grade was also 
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significantly associated with a sTIL count of >10% (OR 3.22; 95% CI 1.17-8.89; 

p=0.024). The association between sTILs and both grade and family history was 

not maintained when sTIL scores were dichotomized using >25% and ≥50% 

thresholds. None of the other clinical or pathological variables examined (age, 

tumour type, basal status) were associated with sTILs. There was no association 

between Ki67 score and sTILs >10% (p=0.115), sTILs >25% (p=0.214) or sTILs 

≥50% (p=0.107) (data not shown).  

 

 

Table 5.2: Univariate Analysis of the Association between sTILs and Clinico-

Pathological Features 
 n ORa 95% CI p-value 

sTILs >10% 

Age at Diagnosis 88 1.02 0.98-1.06 0.309 

Family History of Breast Cancer 64 2.79 1.01-7.70 0.048 

Tumour Gradeb 88 3.22 1.17-8.89 0.024 

Tumour Typec 88 1.21 0.84-1.74 0.315 

Basal Statusd 85 1.32 0.33-5.29 0.697 

Carboplatin-Based NACT 84 0.93 0.38-2.27 0.871 

 

sTILs >25% 

Age at Diagnosis 88 0.99 0.96-1.04 0.996 

Family History of Breast Cancer 64 2.57 0.85-7.77 0.094 

Tumour Gradeb 88 1.72 0.56-5.26 0.343 

Tumour Typec 88 1.35 0.95-1.91 0.094 

Basal Statusd 85 1.52 0.29-7.88 0.619 

Carboplatin-Based NACT 84 1.11 0.42-2.98 0.829 

 

sTILs ≥50% 

Age at Diagnosis 88 1.02 0.96-1.08 0.614 

Family History of Breast Cancer 64 1.59 0.33-7.76 0.567 

Tumour Gradeb 88 3.54 0.42-29.58 0.244 

Tumour Typec 88 1.34 0.92-1.95 0.133 

Basal Statusd 76 1.00 N/A N/A 

Carboplatin-Based NACT 84 0.89 0.21-3.84 0.875 

 
a: OR for sTILs by Logistic regression analysis; b: Tumour grade 1 set as baseline parameter; c: Ductal 

tumour type set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either 

CK5/6 or EGFR by IHC; n: number of patients; N/A: Not applicable; NACT: Neoadjuvant chemotherapy; 

OR: Odds Ratio; sTILs: Stromal tumour infiltrating lymphocytes 
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5.4.2 Association between sTILs and pCR 

The association between sTILs and pCR was analysed by univariate logistic 

regression analysis using sTILs as a categorical variable with different thresholds 

(10%, 25% and 50%) in all patients who received NACT, in those treated with 

carboplatin-based NACT and in those who did not receive carboplatin (Table 5.3). 

Odds ratio was calculated using non-pCR as the baseline parameter and therefore 

results are shown as the odds of a decreased risk of non-pCR. In all patients, 

increasing levels of sTILs was associated with an increased likelihood of a pCR 

breast/axilla for sTILs >10% and ≥50%. The magnitude of the association with pCR 

was greatest with sTILs ≥50% (ORnon-pCR 0.14; 95% CI 0.03-0.70; p=0.016).  

 

Next, the association between sTILs and pCR rates was examined in patients who 

did not receive carboplatin-based NACT (n=54). Increasing levels of sTILs were 

significantly associated with an increased likelihood of a pCR breast/axilla, which 

was greatest for those with sTILs ≥50% (ORnon-pCR 0.06; 95% CI 0.01-0.56; 

p=0.014). In contrast, among patients who received a carboplatin-based NACT 

regimen (n=30), increasing sTILs was not associated with pCR breast/axilla 

(p=0.713; p=0.472; p=0.714 with a sTIL count >10%, >25% and ≥50% 

respectively). 

 

In order to establish if the association between sTILs and pCR was related to sample 

size, Fisher’s exact test was performed. The association between sTILs and pCR 

was confirmed by Fisher’s exact test, meaning that the significant association 

observed on univariate analysis had not been confounded by small patient numbers 

(Table 5.4-5.6). The association between sTILs and pCR breast/axilla was 

confirmed using the 10% threshold: patients with sTILs >10% were more likely to 

have a pCR breast/axilla than patients with sTILs ≤10% (52% versus 29% 

respectively; p=0.021) Among patients who were not treated with carboplatin, there 

were significant differences in rates of pCR breast/axilla between sTILs >10% and 

sTILs ≤10% (46% versus 12%, p=0.005). However, there were no differences in 

pCR breast/axilla rates between sTILs >10% and sTILs ≤10% among patients who 

did receive carboplatin (60% versus 53% respectively; p=0.500) (Table 5.4). This 

is not overlooking the fact that in tumours with sTILs ≤10%, the absolute pCR rates 
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were higher in patients treated with carboplatin (53% pCR with carboplatin versus 

12% without carboplatin).  

 

Similar associations between pCR rates and sTILs were observed when sTIL cut-

offs of 25% and 50% were used, and this was most pronounced among those not 

treated with carboplatin, but was not observed among those who did receive 

carboplatin. The absolute rates of pCR were highest among patients with LPBC: 

patients with sTILs ≥50% were significantly more likely to have a pCR breast/axilla 

than patients with sTILs <50% (80% versus 36% respectively; p=0.010). The 

association between sTILs and carboplatin remained significant in LPBC where 

patients who did not receive carboplatin were significantly more likely to achieve 

a pCR breast/axilla than patients with sTILs <50% (83% versus 23%; p=0.007). 

Once again, among patients treated with carboplatin, there were no differences in 

rates of pCR breast/axilla between sTILs ≥50% and sTILs <50% (67% versus 56% 

respectively; p=0.603) (Table 5.6). In non-LPBC, absolute pCR rates were higher 

in patients treated with carboplatin compared to those who did not receive 

carboplatin (56% pCR with carboplatin versus 23% pCR without carboplatin). 

Overall, across all sTIL cut off values, carboplatin was found to increase the rates 

of pCR irrespective of sTIL counts, thereby counteracting the differences usually 

observed between low and high sTIL tumours. 

 

When sTILs were evaluated by a categorical scale (0-10%, 11-25%, 26-49% and 

≥50% sTILs), similar patterns of association between pCR and carboplatin use were 

observed. Higher sTIL counts were associated with higher rates of pCR, and this 

effect was most pronounced among those not treated with carboplatin (Appendix 2: 

Supplementary Table 2.12). 
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Table 5.3: Univariate Analysis of the Association between sTILs and pCR 
 n ORa 95% CI p-value 

All Patients 

 

pCR Breast/Axilla 

 

sTILs >10% 86 0.37 0.15-0.89 0.027 

sTILs >25% 86 0.41 0.16-1.07 0.068 

sTILs ≥50% 86 0.14 0.03-0.70 0.016 

 

Patients Treated without Carboplatin-Based NACT 

 

pCR Breast/Axilla  

sTILs >10% 54 0.15 0.04-0.62 0.009 

sTILs >25% 54 0.34 0.10-1.21 0.095 

sTILs ≥50% 54 0.06 0.01-0.56 0.014 

 

Patients Treated with Carboplatin-Based NACT 

 

pCR Breast/Axilla 

sTILs >10% 30 0.76 0.18-3.24 0.713 

sTILs >25% 30 0.55 0.11-2.81 0.472 

sTILs ≥50% 30 0.63 0.05-7.75 0.714 

 
a: OR for non-pCR by Logistic regression analysis; CI: Confidence Interval; n: Number of patients; NACT: 

Neoadjuvant chemotherapy; OR: Odds Ratio; pCR: Pathological complete response; sTILs: Stromal 

tumour infiltrating lymphocytes 
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Table 5.4: Fisher’s Exact Test showing Association between sTILs (≤10% & >10%) 

and pCR  

 ≤10% sTILs 

n (%) 

>10% sTILs 

n (%) 

p-value 

All Patients 

pCR Breast/Axilla 

non pCR Breast/Axilla 

12 (29%) 

30 (71%) 

23 (52%) 

21 (48%) 

0.021 

 

Patients Treated without Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

3 (12%) 

23 (88%) 

13 (46%) 

15 (54%) 

0.005 

 

Patients Treated with Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

8 (53%) 

7 (47%) 

9 (60%) 

6 (40%) 

0.500 

 
n: Number of patients; NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response; sTILs: 

Stromal tumour infiltrating lymphocytes 

 

 

 

Table 5.5: Fisher’s Exact Test showing Association between sTILs (≤25% & >25%) 

and pCR 

 ≤25% sTILs 

n (%) 

>25% sTILs 

n (%) 

p-value 

All Patients 

pCR Breast/Axilla  

non pCR Breast/Axilla  

21 (34%) 

40 (66%) 

14 (56%) 

11 (44%) 

0.055 

 

Patients Treated without Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

9 (23%) 

30 (77%) 

7 (47%) 

8 (53%) 

0.088 

 

Patients Treated with Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

11 (52%) 

10 (48%) 

6 (67%) 

3 (33%) 

0.377 

 
n: Number of patients; NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response; sTILs: 

Stromal tumour infiltrating lymphocytes 
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Table 5.6: Fisher’s Exact Test showing Association between sTILs (<50% & ≥50%) 

and pCR 

 <50% sTILs 

n (%) 

≥50% sTILs 

n (%) 

p-value 

All Patients 

pCR Breast/Axilla  

non pCR Breast/Axilla  

27 (36%) 

49 (64%) 

8 (80%) 

2 (20%) 

0.010 

 

Patients Treated without Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

11 (23%) 

37 (77%) 

5 (83%) 

1 (17%) 

0.007 

 

Patients Treated with Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

15 (56%) 

12 (44%) 

2 (67%) 

1 (33%) 

0.603 

 
n: Number of patients; NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response; sTILs: 

Stromal tumour infiltrating lymphocytes 

 

 

 

5.4.3 Multivariable Analysis of the Association between sTILs and 

pCR 

By multivariable analysis, the association between sTILs and pCR breast/axilla was 

examined with the inclusion of grade and the use of carboplatin as co-variables, and 

in three different models using sTILs >10%, sTILs >25% and sTILs ≥50% (Table 

5.7). In this cohort, both tumour grade and the use of carboplatin were 

independently associated with pCR breast/axilla (Chapter 3: Patient Outcomes in a 

Cohort of TNBCs).  

 

When sTILs were added to the multivariable model with tumour grade and the 

administration of carboplatin, tumour grade and carboplatin use remained 

associated with pCR breast/axilla. sTILs ≥50% were the only cut-off that was 

independently associated with pCR breast/axilla: sTILs ≥50% increased the 

likelihood of a pCR breast/axilla by 86% (ORnon-pCR 0.14; 95% CI 0.03-0.83; 

p=0.030). 
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Table 5.7: Multivariable Analysis of Predictors of pCR Breast and pCR Breast/Axilla 
 n ORa 95% CI p-value 

pCR Breast/Axilla 

Tumour Gradeb 

Carboplatin-Based NACT 

sTIL >10% 

84 0.07 

0.17 

0.42 

0.01-0.36 

0.05-0.56 

0.15-1.23 

0.002 

0.003 

0.113 

Tumour Gradeb 

Carboplatin-Based NACT 

sTIL >25% 

84 0.06 

0.18 

0.43 

0.01-0.31 

0.06-0.58 

0.14-1.32 

0.001 

0.004 

0.139 

Tumour Gradeb 

Carboplatin-Based NACT 

sTIL ≥50% 

84 0.05 

0.16 

0.14 

0.01-0.31 

0.05-0.53 

0.03-0.83 

0.001 

0.003 

0.030 

 
a: OR for non-pCR by Logistic regression analysis; b: Tumour grade 1 set as baseline parameter; CI: 

Confidence Interval; n: Number of patients; NACT: Neoadjuvant chemotherapy; OR: Odds Ratio; sTILs: 

Stromal tumour infiltrating lymphocytes 

 

 

 

Next, using a different model of multivariable analysis, the association between 

sTILs and both pCR rates and tumour grade were examined with respect to 

carboplatin treatment. These were analysed in three different models using sTILs 

>10%, sTILs >25% and sTILs ≥50% and stratified by those treated with and 

without carboplatin (Table 5.8). In patients who did not receive carboplatin-based 

NACT (n=54), increasing sTILs remained independently associated with pCR 

breast/axilla by multivariable analysis. Both sTILs >10% and sTILs ≥50% were 

associated with an increased likelihood of pCR breast/axilla (ORnon-pCR 0.18; 95% 

CI 0.04-0.75; p=0.019 for sTILs >10% and ORnon-pCR 0.08; 95% CI 0.01-0.77; 

p=0.029 for sTILs ≥50%). sTILs >25% were not an independent predictor of pCR 

breast/axilla (ORnon-pCR 0.34; 95% CI 0.09-1.28; p=0.110). Tumour grade did not 

remain independently associated with pCR breast/axilla by multivariable analysis 

in this model.  

 

In patients who did receive carboplatin-based NACT (n=30), by multivariable 

analysis increasing sTILs were not independently associated with a pCR 

breast/axilla (p=0.372; p=0.831; p=0.622 for sTILs >10%, >25% and ≥50% 

respectively). In this model, tumour grade remained independently associated with 

pCR breast/axilla (p=0.004; p=0.003 and p=0.003 for sTILs >10%, >25% and 

≥50% respectively).  
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Table 5.8: Multivariable Analysis of Predictors of pCR Breast and pCR Breast/Axilla 

by Carboplatin Use 

 n ORa 95% CI p-value 

 

pCR Breast/Axilla in Patients treated without Carboplatin-Based NACT 

Tumour Gradeb 

sTIL >10% 

54 0.20 

0.18 

0.02-1.78 

0.04-0.75 

0.147 

0.019 

Tumour Gradeb 

sTIL >25% 

54 0.14 

0.34 

0.02-1.25 

0.09-1.28 

0.079 

0.110 

Tumour Gradeb 

sTIL ≥50% 

54 0.21 

0.08 

0.02-1.82 

0.01-0.77 

0.156 

0.029 

 

pCR Breast/Axilla in Patients treated with Carboplatin-Based NACT 

Tumour Gradeb 

sTIL >10% 
30 0.02 

2.93 
0.001-0.27 

0.28-31.04 
0.004 

0.372 

Tumour Gradeb 

sTIL >25% 
30 0.03 

0.79 
0.003-0.30 

0.09-6.62 
0.003 

0.831 

Tumour Gradeb 

sTIL ≥50% 
30 0.03 

0.40 
0.002-0.29 

0.01-14.83 
0.003 

0.622 

 
a: OR for non-pCR by Logistic regression analysis; b: Tumour grade 1 set as baseline parameter; CI: 

Confidence Interval; n: Number of patients; NACT: Neoadjuvant chemotherapy; OR: Odds Ratio; sTILs: 

Stromal tumour infiltrating lymphocytes 

 

 

 

5.4.4   Association between sTILs and Survival 

Univariate analyses of the association between DFS, MFS and BCSS and sTILs 

were analysed. Hazard ratios for survival were calculated using the development of 

a new event as the intervention and lack of event as the control, and therefore results 

are shown as the ratio of event : no event. The median DFS and MFS were 29 

months and the median BCSS was 30 months (range 5-126 months). There was no 

significant association between DFS, MFS or BCSS and sTILs, at any of the three 

cut-offs used (>10%, >25%, ≥50%) (Table 5.9). Further survival analysis was 

performed using Kaplan Meier curves to assess DFS, MFS and BCSS. There were 

no significant differences in survival according to percentage sTILs by any of the 

cut-offs used (>10%; >25%; ≥50%) or by scale (0-10%; 11-25%; 26-49%; ≥50% 

%) (Appendix 3: Supplementary Figures 3.1 - 3.4).  
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Table 5.9: Univariate Analysis of the Association between sTILs and DFS, MFS, 

BCSS 
 n HRa 95% CI p-value 

Disease Free Survival 

sTILs >10% 84 0.65 0.26-1.60 0.346 

sTILs >25% 84 1.44 0.55-3.80 0.459 

sTILs ≥50% 84 1.01 0.23-4.37 0.992 

 

Metastasis Free Survival 

sTILs >10% 84 0.48 0.18-1.29 0.146 

sTILs >25% 84 1.29 0.45-3.66 0.637 

sTILs ≥50% 84 1.14 0.26-5.00 0.860 

 

Breast Cancer Specific Survival 

sTILs >10% 87 0.57 0.21-1.57 0.276 

sTILs >25% 87 1.84 0.67-5.12 0.240 

sTILs ≥50% 87 1.37 0.31-6.05 0.678 

 
a: HR by Cox regression survival analysis; CI: Confidence Interval; HR: Hazard Ratio; n: Number of 

patients; sTILs: Stromal tumour infiltrating lymphocytes 

 

 

 

5.5 sTILs Discussion 

sTILs have consistently been shown to be predictive of response to NACT in 

TNBCs (93,99,100,320). Denkert et al. (93) studied almost 4000 patients from six 

randomised trials carried out by the German Breast Cancer Group and analysed 

sTILs as both a continuous parameter and in groups of low (1-10% sTILs), 

intermediate (11-59% sTILs) and high sTILs (≥60% sTILs). All patients received 

taxane-based chemotherapy but specifics about other drugs used, such as 

carboplatin, were not reported. Among TNBCs, increasing sTILs was associated 

with increased rates of pCR: pCR was seen in 31% of patients with both low and 

intermediate sTILs and 50% of patients with high sTILs (p<0.001). Similarly, for 

every 10% increase in sTIL count, the odds of a pCR increased (93). It is unclear 

whether sTILs can predict for response to specific NACT regimens, or just predict 

for response to chemotherapy.  
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The GeparSixto trial studied the addition of carboplatin to anthracycline and 

taxane-based NACT in TNBC and HER2-positive breast cancer (125) and a follow-

up study by Denkert et al. (100) prospectively evaluated sTILs in tumour samples 

from that study. Among non-LPBCs, the addition of carboplatin did not 

significantly change pCR rates: 46% pCR in those treated with carboplatin and 34% 

pCR in those who did not receive carboplatin (p=0.08). In LPBC, the pCR rate was 

74% in those treated with carboplatin, compared to 43% in those not treated with 

carboplatin (p<0.001) suggesting that LPBC derived the greatest benefit from the 

addition of carboplatin to a NACT regimen. However, the interaction between 

LPBC and response to carboplatin was only observed in HER2-positive breast 

cancers. Among TNBCs, there was no interaction between LPBC and carboplatin 

use. Similarly, when sTILs were studied as a continuous variable, there was no 

significant interaction between sTILs and TNBC (100).  

 

In the work presented here, sTILs were predictive of response to NACT: pCR 

breast/axilla rates increased as sTIL counts increased. The likelihood of a pCR 

breast/axilla was increased by 63% with sTILs >10% with the largest effect 

observed among tumours with sTILs ≥50% (ORnon-pCR 0.14). The association 

between sTILs and pCR remained significant in multivariable models, where grade 

and the use of carboplatin were included as co-variables. sTILs ≥50% increased the 

likelihood of a pCR breast/axilla by 86% (ORnon-pCR 0.14; p=0.030). However, 

sTILs were not found to be predictive of DFS, MFS or BCSS. 

 

The association between sTILs and response to carboplatin-based therapy was 

examined in this work. The effect of increasing sTILs on rates of pCR was found 

to be most notable among patients who did not receive carboplatin as part of their 

NACT regimen, although the numbers of cases were small. Among patients treated 

with anthracycline-taxane combination only, without carboplatin, sTILs >10% 

increased the likelihood of a pCR breast/axilla by 85% (ORnon-pCR 0.15; p=0.009) 

and sTILs ≥50% increased the odds of a pCR breast/axilla by 94% (ORnon-pCR 0.06; 

p=0.014). However, among patients who received a carboplatin-based NACT 

regimen, there was no association between increasing sTILs and pCR. For example, 

among LPBCs (11%; n=10), the addition of carboplatin did not significantly 

increase pCR breast/axilla rates: 67% versus 83% for carboplatin and non-
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carboplatin containing regimens respectively (p=0.583). Although carboplatin did 

increase pCR breast/axilla rates among non-LPBC, 56% versus 23% for carboplatin 

and non-carboplatin regimens respectively (p=0.005), there were no differences 

seen in pCR rates with carboplatin across any of the sTIL categorical cut-offs 

(>10%, >25%, ≥50%).  

 

The association between sTILs and pCR remained significant in multivariable 

models when adjusted for tumour grade and stratified by carboplatin use. Among 

patients treated with anthracycline-taxane combination only, without carboplatin, 

sTILs >10% increased the likelihood of a pCR breast/axilla by 82% (ORnon-pCR 0.18; 

p=0.019) and sTILs ≥50% increased the likelihood of a pCR breast/axilla by 92% 

(ORnon-pCR 0.08; p=0.029) 

 

The explanation for the lack of benefit observed in those treated with carboplatin is 

not entirely clear. One explanation is that any potential benefit is masked by small 

patient numbers, and even smaller patient numbers in each subset. For example, of 

the 30 patients treated with carboplatin, 15 had sTILs ≤10% and 15 had sTILs 

>10%. This is in contrast to 26 patients with sTILs ≤10% and 28 patients with sTILs 

>10% not treated with carboplatin. On the contrary, in the LPBC subgroup, small 

patient numbers were present in both cohorts: only 3 patients with LPBC were 

treated with carboplatin and 6 patients with LPBC were treated without carboplatin. 

Despite these small numbers, a statistically significant difference was observed 

between sTILs ≥50% and sTILs <50% in those not treated with carboplatin in 

Fisher’s testing, univariate and multivariable analyses, suggesting that the 

differences are significant and not confounded by small patient numbers.  

 

A more plausible explanation for the lack of increased benefit with the addition of 

carboplatin is that tumours with high sTILs are more chemosensitive than tumours 

with lower levels of sTILs (93,99,100,104). Therefore, increasing the intensity of 

chemotherapy, such as with the addition of carboplatin, is not necessary in these 

tumours and does not increase pCR rates. In this study, tumours with high sTIL 

counts responded well to standard anthracycline-taxane-based chemotherapy and 

did not derive extra benefit from the addition of carboplatin. Thus, carboplatin-

based chemotherapy could potentially be reserved for patients with lower sTIL 
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counts, and may be used to increase the rates of pCR in that subgroup of patients, 

who were shown to have low rates of pCR in this study. For example, pCR 

breast/axilla rates in tumours with ≤10% sTILs was 53% in those treated with 

carboplatin, compared to 12% in those not treated with carboplatin (p=0.006). 

 

sTILs could be explored as a biomarker in order to intensify chemotherapy by 

adding carboplatin in those with low levels of sTILs, and to de-escalate or 

rationalise chemotherapy in tumours with high levels of sTILs. In line with this, 

Tung and Winer (324) had previously questioned the benefit of adding platinum to 

anthracycline-taxane-based chemotherapy, and suggested that the benefit observed 

with carboplatin simply reflected the fact that chemosensitive tumours were being 

treated with more chemotherapy and that if tumours with increased sTILs respond 

best to chemotherapy, there would be little benefit derived from intensifying 

treatment.  

 

Another therapeutic strategy under consideration in tumours with high sTIL counts 

is the use of immunotherapy in view of the association between sTILs and response 

to immune checkpoint inhibition. There are several clinical trials ongoing that aim 

to study the role of anti-PD-L1 antibodies in the neoadjuvant treatment of TNBC, 

focusing on the effects of immune checkpoint inhibition on sTILs (NCT02977468; 

NCT03197389; NCT03366844; NCT03289819). It has also been proposed that a 

model combining PD-L1 expression with sTIL infiltration is required in order to 

prospectively identify tumours that are most likely to respond to anti-PD-1 and anti-

PD-L1 antibodies, since the role of PD-L1 as a biomarker is controversial and has 

not yet been standardised (185, 186).  

 

From a prognostic point of view, Loi et al. (97) studied correlative data from the 

BIG 02-98 study, a large phase III adjuvant trial randomising >2000 patients to 

either anthracycline or anthracycline-taxane chemotherapy (325). The correlative 

study has shown that in TNBCs, sTILs were not predictive of DFS or OS when 

comparing anthracycline versus anthracycline-taxane chemotherapy. The authors 

concluded that, unlike HER2-positive breast cancer where there is an association 

between sTILs and magnitude of benefit with chemotherapy, increased sTILs in 

TNBCs are significantly associated with good prognosis irrespective of 
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chemotherapy (97). 

 

While the presence of sTILs, reflecting an immune infiltrate in the tumour, is known 

to be prognostic in TNBCs, the underlying mechanisms driving this immune 

response remain unclear. The role of PD-1/PD-L1, TMB and mismatch repair 

deficiency predicting for response to immune checkpoint inhibition and the link 

between PD-1 and sTILs has been previously discussed (Chapter 1: Introduction). 

However, sTILs are known to be associated with improved prognosis irrespective 

of the type of treatment used. One hypothesis for the improved prognosis associated 

with increased levels of sTILs relates to response of the tumour to DNA damage. 

In pre-clinical work, Parkes et al. (326) identified a molecular subtype of TNBC 

deficient in DNA damage repair, and therefore likely to benefit from DNA 

damaging chemotherapy. TNBCs that were deficient in DNA damage repair 

responses had significantly higher levels of intratumoural and stromal CD4-positive 

and CD8-positive lymphocytes. Similarly, DNA damage response deficiency was 

shown to increase chemokine production which in turn stimulated lymphocytic 

infiltration. DNA damage also upregulated interferon-related genes, which in turn 

upregulated the stimulator of interferon genes (STING) signaling pathway. In 

addition, cytosolic DNA detected by cyclic GMP-AMP synthase (cGAS) was 

shown to activate the STING pathway by upregulation of chemokines in response 

to DNA damage. In this way, both endogenous DNA damage and activation of the 

STING pathway were shown to be associated with the immune response in DNA 

damage repair deficient breast cancers. Finally, PD-L1 expression was significantly 

associated with deficient DNA damage response, suggesting that DNA deficiency 

is not only associated with PD-L1 expression but may also induce PD-L1 

expression in sTILs (326). 

 

Further pre-clinical work by Pantelidou et al. (327) reported that PARP inhibition 

activates STING-dependent signaling in BRCA-associated TNBCs, leading to anti-

tumour responses. Olaparib was shown to induce pro-inflammatory cytokine 

production and T-cell infiltration which was dependent on the cGAS/STING 

pathway activation. In keeping with Parkes et al. (326), this effect was more 

pronounced in TNBCs with HRD, providing further evidence for the use of DNA 

damaging agents in combination with immune checkpoint agents in HRD TNBCs.  
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Here, in this retrospective series, a prognostic role for sTILs with respect to DFS, 

MFS or BCSS was not confirmed. Increasing sTILs have been shown to increase 

the rate of pCR. However, as was the case in the assessment of other variables in 

this cohort of patients (Chapter 3: Patient Outcomes in a Cohort of TNBCs), pCR 

was the only variable found to be independently associated with survival.  The 

presence of sTILs in neoadjuvant treated patients was not found to be an 

independent predictor of survival outcome. The lack of survival benefit observed 

in this study may be explained by the small number of cases analysed in this series 

(n=88), and the short follow-up time for patients treated with NACT (median 30 

months; range 5-126 months). However, in line with this study, other published 

data have shown the predictive impact of sTILs with respect to pCR in the 

neoadjuvant setting, but the prognostic impact of sTILs has only been demonstrated 

to date in the adjuvant setting (97). In addition, studies evaluating the predictive 

and prognostic impact of sTILs in both the neoadjuvant and adjuvant settings are 

not readily translatable to clinical practice as the reproducibility of sTIL scoring has 

not yet been established (320). In the clinical trial setting, sTIL scoring is 

centralized and performed by a limited number of expert pathologists (93, 97-102, 

104) meaning that their widespread utility remains unknown. Larger prospective 

studies with longer follow-up that also aim to examine reproducibility would be 

required in order to demonstrate both the predictive role of sTILs with respect to 

pCR, and the prognostic role of sTILs with respect to survival in the neoadjuvant 

setting.  

 

 

5.6 Limitations 

There were a number of limitations with this work. First, the follow-up times in this 

study were short (30 months among all TNBCs treated with NACT) and is likely to 

have hampered the survival analyses. However, this is mitigated by the use of pCR 

as an endpoint in this study, as pCR has been shown to be a surrogate for survival 

and the assessment of pCR does not rely on follow-up time.  

 

Secondly, the number of patients treated with NACT with tumours evaluable for 

sTILs was small (n=88). Carboplatin was added to the treatment regimen for 

file://///oncdata5.win.ad.jhu.edu/ewalsh13$/Thesis/Thesis%20corrections%20_%20May%202019.docx%23_ENREF_320
file://///oncdata5.win.ad.jhu.edu/ewalsh13$/Thesis/Thesis%20corrections%20_%20May%202019.docx%23_ENREF_93
file://///oncdata5.win.ad.jhu.edu/ewalsh13$/Thesis/Thesis%20corrections%20_%20May%202019.docx%23_ENREF_99
file://///oncdata5.win.ad.jhu.edu/ewalsh13$/Thesis/Thesis%20corrections%20_%20May%202019.docx%23_ENREF_104
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TNBCs in UHG in 2013 and therefore the numbers of those treated with carboplatin 

was also small (n=30). However, UHG is one of few cancer centres that have 

adopted the widespread use of carboplatin in the neoadjuvant setting and therefore 

this cohort represents a relatively large sample size.  

 

Thirdly, carboplatin has been shown to increase rates of pCR breast/axilla in this 

cohort and therefore it is possible that effect of sTILs on pCR was masked by the 

addition of carboplatin. Among patients treated with carboplatin, pCR rates were 

high irrespective of sTIL counts: pCR breast/axilla was 67% among sTILs >10% 

and 53% among sTILs ≤10% treated with carboplatin. Therefore, it is possible that 

the apparent lack of benefit observed in this study is confounded by the high rates 

of pCR seen among those treated with carboplatin. 

 

 

5.7 sTILs Conclusions 

This data shows that sTILs are predictive of response to therapy among TNBCs in 

the neoadjuvant setting: as sTIL counts increase, the rates of pCR increase and 

sTILs remained significantly associated with pCR on multivariable analysis. 

However, the rates of pCR after carboplatin-based therapy were not associated with 

increasing sTILs.  These results suggest that tumours with low sTILs, which may 

be less chemosensitive, can achieve higher pCR rates with the addition of 

carboplatin. This data adds to the work of others supporting a predictive role for 

sTILs in TNBC.  

 

The evaluation of sTILs is an area of ongoing exploration. Larger studies are needed 

to address whether the predictive role of sTILs is specific to certain chemotherapy 

agents.  Data on the predictive and prognostic value of sTILs in TNBCs is limited 

to patients who receive chemotherapy. Information is lacking for TNBC patients 

not treated with chemotherapy, or for those treated with less intensive therapy 

(99,100,320). The role of sTILs as a predictive and prognostic biomarker in TNBC 

needs to be prospectively studied in clinical trials and the analytical validity of 

sTILs need to be further assessed before they are ready for clinical use (95, 98, 

110). An improved understanding of the mechanism and impact of sTILs could 
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pave the way for the development of efficient immunotherapeutic approaches in 

TNBCs, and clarify the role of sTILs as a reliable biomarker (94).  

 

 

5.8 Androgen Receptor 

Hormone receptor targeted therapies have greatly improved the prognosis of many 

hormone related malignancies, such as breast and prostate cancers (18, 189). AR is 

a steroid receptor expressed in both normal breast tissue as well as 60-90% of all 

breast cancers (67,69,188). The Nurses’ Health Study was a prospective cohort 

study of 121,700 nurses carried out across the U.S.A. over a 40-year period. A 

subset analysis of post-menopausal women with stage I-III breast cancer found that 

77% of all breast cancers were AR-positive by IHC: 88% of ER-positive tumours 

were AR-positive, 59% of HER2-positive were AR-positive and 32% of TNBCs 

were AR-positive (193).  

 

Between 10-32% of TNBCs express AR, by molecular and IHC analyses 

(18,69,193). The LAR subtype defined by gene expression profiling (37, 214) is 

driven by AR, lacks basal cytokeratins, and expresses high levels of luminal 

markers. Despite staining negatively for ERα by IHC, LAR tumours demonstrate 

ER activation and express oestrogen-regulated genes, and may respond to both anti-

oestrogen and anti-androgen therapy (37,70,214). AR expression, as measured by 

IHC has been used as a surrogate marker for the LAR subtype of TNBC (23). AR-

positive TNBCs are more indolent tumours than AR-negative TNBCs. Patients are 

older at diagnosis, present with earlier stage disease, have lower grade tumours and 

have improved DFS. In AR-positive TNBCs, 75% of metastases occur more than 3 

years after diagnosis, compared to AR-negative TNBC subtypes which tend to recur 

within 3 years (3, 16, 22, 36, 67, 69).  

 

AR targeted therapies are being explored as potential therapeutic options in TNBCs 

(16,18,23,189). As AR-positive TNBCs are associated with better prognosis than 

AR-negative TNBCs, targeted therapies may facilitate less intensive therapeutic 

approaches (3, 16, 20, 22, 23, 36, 67-69, 319). Studies assessing the use of anti-

androgens in metastatic TNBCs have shown CBR around 20% and median PFS of 
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approximately 12 weeks (194,195,317). Given the potential implications for future 

trials and therapy, it has been proposed that the routine breast cancer IHC panel 

should automatically include AR and that AR-negative TNBCs, referred to as 

quadruple negative breast cancers (QNBCs), should be considered a different 

disease than AR-positive TNBCs (188).  

 

The aim of the work presented in this section was to investigate the predictive and 

prognostic association of AR expression as measured by IHC, with respect to 

clinical patterns, morphological type, treatment strategies and outcomes in a 

relatively homogenous population of patients with TNBC.  

 

 

5.9 AR Methodology 

Immunohistochemistry for AR was performed on TMA sections of the TNBC 

series as described in Chapter 2: Materials and Methods (Section 2.7.1). In view of 

the nature of the TMA, the cases stained and scored for AR comprised (i) 

chemotherapy naïve tumours and (ii) tumours with significant residual disease 

post-NACT.  AR staining was not performed on pre-treatment diagnostic biopsies 

in cases treated with NACT as tumour tissue had been exhausted. Cases were 

deemed to be AR positive if there was ≥10% positivity by IHC, based on the cutoff 

used most frequently in clinical trials (193, 194, 317). As outlined in Chapter 2: 

Materials and Methods, 374 tumours were identified in 355 patients, and 287 

tumours were punched onto the TMA. Of these 287 tumours, 90% (n=258) had 

sufficient tissue on TMA to be stained and scored for AR.  

 

 

5.10 AR Results 

Twelve percent (n=30) of TNBCs were AR-positive, while the majority (n=228, 

88%) of TNBCs were AR-negative. The median AR score was 50% (range 10-

95%). Follow-up time for patients with AR-positive disease (median 48 months; 

range 11-199 months) and patients with AR-negative disease (median 49 

months; range 1-186 months) were similar (p=0.439). Patient characteristics are 

shown in Table 5.10. Patients with AR-positive disease were older (64 years; range 
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37-85 years) than those with AR-negative disease (56 years; range 29-92 years) 

(p=0.016). AR-positive patients were more likely to be post-menopausal at 

diagnosis, compared to patients with AR-negative disease (87% versus 63.5% 

respectively; p=0.004).  

 

Tumour characteristics are shown in Table 5.11. There were significant differences 

in tumour type between AR-positive and AR-negative TNBCs (p<0.001). The 

majority of tumours in both AR-positive and AR-negative groups were ductal 

(NOS), although this type was more common in AR-negative tumours (84% versus 

63% for AR-negative and AR-positive respectively; p<0.001). Apocrine type was 

uncommon in the whole series (n=9; 3%), but a proportionately large number of 

AR-positive tumours were apocrine (17%). Lobular histology was also more 

common in AR-positive compared to AR-negative TNBCs (17% versus 5% 

respectively). Despite the differences between groups, apocrine subtype was not 

associated with DFS (HR 1.16; 95% CI 0.36-3.67; p=0.807), MFS (HR 1.58; 95% 

CI 0.49-5.05; p=0.443) or BCSS (HR 0.91; 95% CI 0.22-3.74; p=0.899) by 

univariate analysis. 

 

Tumour grade differed significantly between AR-positive and AR-negative 

TNBCs. AR-positive TNBCs were less likely than AR-negative tumours to be 

grade 3 (60% versus 87% respectively) and were more likely to be grade 2 (40% 

versus 12% respectively) (p<0.001). The difference observed in grade was due to 

differences in mitotic score (p<0.001), while tubule score (p=0.252) and nuclear 

pleomorphism (p=0.102) did not differ between the two groups, using the 

Nottingham Histological Grade system (328). There were no significant differences 

in tumour size, lymph node status or the presence of metastatic disease at diagnosis 

between AR-positive and AR-negative TNBCs.  

 

AR-positive and AR-negative TNBC differed with respect to other pathological 

features. Basal expression was more common in AR-negative compared to AR-

positive tumours: 83% of AR-negative TNBCs expressed basal markers, 

compared to 60% of AR-positive TNBCs (p=0.003). High proliferation indices, 

defined as Ki67 ≥20%, were seen among 39% of AR-negative TNBCs compared 

to 13% of AR-positive TNBCs (p<0.001). p53 expression was recorded in 84% 
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(n=240) of all cases on the TMA. In view of the fact that p53 has been shown to 

negatively regulate AR expression (329), the association between p53 and AR 

was specifically examined. There was no difference in p53 positivity, defined 

as p53 ≥10% by IHC, between AR-positive and AR-negative TNBCs (57% 

versus 56% respectively; p=0.634) (Data not shown). Similarly, in the entire 

TMA, there was no association between p53 and age (p=0.644), menopausal 

status (p=0.380), BRCA1/2 mutations (p=0.265), family history of breast cancer 

(p=0.719), tumour type (p=0.402) or tumour grade (p=0.933). p53 expression 

was not associated with DFS (p=0.717), MFS (p=0.677) or BCSS (p=-0.597) 

(Data not shown). 

 

By univariate analysis, AR status did not predict for DFS (HR 1.44; 95% CI 

0.79-2.61; p=0.233), MFS (HR 1.26; 95% CI 0.60-2.68; p=0.543) or BCSS (HR 

1.18; 95% CI 0.58-2.39; p=0.648). Neither the development of new adverse 

events nor the types of new adverse events differed between the two groups. The 

majority of new events were TNBC related (92% and 86% among AR-positive and 

AR-negative TNBCs respectively) (p=0.710). Twenty-nine percent of patients with 

AR-positive TNBC and 23% of patients with AR-negative TNBCs died of disease 

(p=0.681) with a median overall survival of 36 months (range 13-55 months) and 

26 months (range 2-128 months) for AR-positive and AR-negative respectively. 

There were no differences in systemic treatment, chemotherapy schedules or drugs 

used between patients with AR-positive TNBCs and patients with AR-negative 

TNBCs (Table 5.12).  
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Table 5.10: Patients Demographics for AR-positive and AR-negative TNBCs 
  

AR-Positive TNBCs AR-Negative TNBCs 

p-value 

(AR positive vs 

AR negative) 

Age  

 

Median 

Range 

n=30 64 

37 – 85  

n=228 56 

29 – 92  

p-0.016 

Menopausal Status Pre 

Post  

Unknown 

n=30 3 (10%) 

26 (87%) 

1 (3%) 

n=228 77 (34%) 

145 (63.5%) 

6 (2.5%) 

p=0.004 

BRCA Mutation No 

Yes 

 

BRCA1 

BRCA2 

Mutation Unknown 

n=0 0 

0 

 

0 

0 

0 

n=171 159 (93%) 

12 (7%) 

 

7 (4%) 

4 (2%) 

1 (1%) 

N/A 

Family History of Breast 

Cancer 

No 

Yes 

n=22 11 (50%) 

11 (50%) 

n=140 81 (58%) 

59 (42%) 

p=0.460 

 
AR: Androgen receptor; n: Number; N/A: Not applicable; vs: versus 
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Table 5.11: Tumour Characteristics for AR-positive and AR-negative TNBCs 
 

 AR-Positive TNBCs AR-Negative TNBCs 

p-value 

(AR positive vs 

AR negative) 

Tumour Type 

 

Ductal 

Lobular 

Metaplastic 

Medullary 

Apocrine 

Other 

n=30 19 (63%) 

5 (17%) 

0 

1 (3%) 

5 (17%) 

0 

n=228 191 (84%) 

12 (5%) 

12 (5%) 

9 (4%) 

1 (0.5%) 

3 (1.5%) 

p<0.001 

Tumour Grade 

 

Grade 1 

Grade 2 

Grade 3 

n=30 0 

12 (40%) 

18 (60%) 

n=228 1 (1%) 

27 (12%) 

200 (87%) 

p<0.001 

pT Stage 1 

2 

3 

4 

n=26 7 (27%) 

14 (54%) 

3 (11%) 

2 (8%) 

n=200 70 (35%) 

110 (55%) 

11 (5.5%) 

9 (4.5%) 

p=0.533 

ypT Stage 0 

1 

2 

3 

4 

n=4 0 

1 (25%) 

2 (50%) 

1 (25%) 

0 

n=28 1 (4%) 

10 (36%) 

7 (25%) 

4 (14%) 

6 (21%) 

p=0.583 

pN Stage 0 

1 

2 

3 

Unknown 

n=26 12 (46%) 

5 (19%) 

4 (15.5%) 

4 (15.5%) 

1 (4%) 

n=200 130 (65%) 

38 (19%) 

14 (7%) 

10 (5%) 

8 (4%) 

p=0.095 

ypN Stage 0 

1 

2 

3 

n=4 1 (25%) 

0 

3 (75%) 

0 

n=28 15 (53.5%) 

3 (10.5%) 

5 (18%) 

5 (18%) 

p=0.060 

M Stage 0 

1 

n=30 29 (97%) 

1 (3%) 

n=228 219 (96%) 

9 (4%) 

p=0.831 

 
AR: Androgen receptor; n: Number; vs: versus 
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Table 5.12: Treatment details of AR-positive and AR-negative TNBCs 
  AR-Positive TNBCs 

 

 

AR-Negative TNBCs 

 

 

p-value (AR positive vs 

AR negative) 

Treatment Data NACT 

Adjuvant 

None 

Unknown 

n=30 4 (13.3%) 

13 (43.3%) 

10 (33.4%) 

3 (10%) 

n=228 28 (12%) 

141 (62%) 

43 (19%) 

16 (7%) 

p=0.122 

Chemotherapy 

Regimen 

Anthracycline 

Anthracycline-Taxane 

Carboplatin 

Carboplatin-Taxane  

Carboplatin-Anthracycline-Taxane  

Taxane 

Other  

Unknown   

None 

n=27 2 (12%) 

8 (47%) 

0 

0 

0 

6 (35%) 

0 

1 (6%) 

10 

n=212 26 (15%) 

70 (41%) 

1 (0.5%) 

2 (1%) 

6 (4%) 

55 (33%) 

3 (1.5%) 

6 (4%) 

43 

p=0.972 

 
AR: Androgen receptor; n: Number; NACT: Neoadjuvant chemotherapy; vs: versus 
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5.11 AR Discussion  

In this current study, AR expression was low amongst TNBCs (12%), which is in 

keeping with other studies reporting rates of 10-33% (18, 69, 193, 318, 330-334). 

There were significant differences in demographics and pathological features 

between patients with AR-positive and AR-negative disease. However, these 

differences did not translate into differences in either outcomes or survival, 

although the number of patients with AR-positive disease was small. Patients with 

AR-positive disease were older and more likely to be post-menopausal than those 

with AR-negative disease (p=0.016 for age; p=0.004 for menopausal status). AR-

positive TNBCs were more likely to be grade 2 (p<0.001), less likely to express 

basal markers (p=0.003) and less likely to have high Ki67 (p<0.001) than AR-

negative TNBCs. AR status was not associated with tumour size, nodal burden 

or the presence of metastatic disease at diagnosis. Similarly, AR status did not 

predict for DFS, MFS or BCSS.  

 

 

5.11.1 AR Antibody as a Biomarker in TNBC 

IHC evaluation of AR protein has been proposed as a surrogate for the LAR subtype 

of TNBC (23, 68). Lehmann et al. (23) have shown that a percentage of TNBCs are 

highly enriched for both AR and luminal gene expression. The LAR subtype is 

dependent on AR signalling and this subtype can be inhibited by the AR-antagonist 

bicalutamide (23). In addition, the LAR subtype has high levels of both AR RNA 

and AR protein and AR has been shown to be highly expressed in LAR TNBC cell 

lines (68). Therefore, measuring AR expression by IHC evaluation of AR protein 

has been shown to be a good surrogate for the LAR subtype of TNBC (23, 68). 

 

The AR antibody is robust and reliable and has been validated by Clinical 

Laboratory Improvement Amendments (CLIA) criteria and approved by both the 

FDA and Centre for Disease Control (CDC) (68,335,336). A study by Kumar et al. 

(337) examined the efficacy of IHC expression of AR in TNBC, as a biomarker for 

enzalutamide for the purposes of the companion study by Traina et al. (195). In that 

study, two commercially available AR antibodies were used, which had previously 

been validated for detecting AR expression in prostate cancer. These antibodies 
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were found to be sensitive but not specific in TNBC. At a cutoff of 10% positivity, 

AR was found to be 90% sensitive and 30% specific, with a positive predictive 

value of 30% and a negative predictive value of 90% (337). Despite being a robust 

antibody, there is no consensus on the appropriate definition of AR positivity by 

IHC and cut off values can vary from ≥1% to ≥10% depending on the study (193-

195, 317). The lack of consensus between studies can make it difficult to interpret 

and compare the prognostic value of AR expression (338). In this study, ≥10% was 

used as a cut-off value for positivity, based on the cutoff used most frequently in 

clinical trials (193,194,317).  

 

The terms apocrine, AR-positive and the molecular apocrine subtype of breast 

cancer overlap but there are significant differences between the categories. 

Apocrine carcinoma, based on morphological classification, is reported as 

representing 0.3-4% of all breast cancers and describes only those cancers 

composed entirely of apocrine differentiation. On the contrary, up to 90% of all 

breast cancers express AR by IHC (67,69,188, 339-341). Pure apocrine carcinomas 

are typically ER/PR/HER2-negative and AR-positive by IHC, but overexpression 

of HER2 can be seen in up to 54% of cases (339-341). A study by Niemeier et al. 

(341) has shown that 30% of TNBCs showed some degree of apocrine 

differentiation, whereas only 7% of TNBCs were AR-positive. Histologically 

defined apocrine carcinomas may have multiple heterogeneous gene expression 

profiles and cross multiple molecular subtypes (342, 343).  

 

In this cohort of 355 TNBCs, 258 cases were stained for AR and 12% (n=30) were 

AR-positive. Apocrine tumours accounted for 17% (n=5) of all AR-positive 

tumours, but <1% of all TNBCs were apocrine. Apocrine tumours were not 

associated with DFS, MFS or BCSS but the small numbers of patients with apocrine 

tumours makes it difficult to draw conclusions about the prognostic significance of 

this subtype. There is conflicting data on the prognostic impact of apocrine 

carcinomas, with some studies suggesting that the prognosis is dependent on 

tumour grade, hormone receptor and HER2 status (51). A study by Dellapasqua et 

al. (344) analysed over 6,800 cases of IDC (NOS) including 72 apocrine carcinomas 

and subdivided apocrine carcinomas into pure apocrine (ER/PR-negative, AR-

positive) and apocrine-like (apocrine phenotype, ER/PR-positive and AR-negative) 
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carcinomas. Pure apocrine carcinomas were associated with a worse DFS compared 

to IDCs. However, among TNBCs, the prognosis of apocrine cancers lay on the 

spectrum between medullary cancers, associated with excellent outcomes, and 

metaplastic carcinomas, associated with poor outcomes (344).  

 

 

5.12 Limitations 

AR-positive TNBCs are very uncommon and there were only 30 cases in this series 

of 258 TNBCs, which limits the analyses of correlation and survival. This study 

was limited to evaluation of AR on the TMA in the adjuvant setting. In the cases 

treated with NACT, AR assessment was carried out exclusively on post treatment 

residual disease and therefore only those cases that failed to achieve a pCR were 

included. This is a limitation and skews the data to include only high-risk, chemo-

resistant, non-responding tumours. Therefore the results need to be interpreted with 

caution in this context. However, as discussed previously in this thesis, tumours 

treated with NACT that fail to achieve a pCR have worse outcomes compared to 

those that do achieve a pCR. Current research efforts are focusing on the study of 

tumours that do not achieve a pCR, in order to consider adjuvant or targeted therapy 

for residual disease. Therefore, the study of AR on the TMA in this study could still 

provide useful information in an attempt to identify a potential biomarker for future 

targeted therapy. In addition, AR status was not assessed in matched pre- and post-

NACT samples and therefore a change in AR status pre- and post-NACT could not 

be assessed. A change in breast cancer AR status pre- and post-NACT has not been 

described but changes in ER, PR and HER2 status after NACT have been reported 

(345, 346). AR antagonists are not yet standard of care in AR-positive TNBCs and 

are not currently recommended outside of the clinical trial setting. Therefore, none 

of the patients in this cohort were treated with AR antagonists and the potential 

therapeutic benefits of targeted therapy were not examined. 

 

 

5.13 AR Conclusions  

In this cohort, there were differences in patient demographics and differences in 

pathological features between AR-positive and AR-negative tumours. Patients with 



Chapter 5: Predictive and Prognostic Targets in TNBC 

 

 199 

AR-positive tumours were more likely to be older with lower grade, lower Ki67 

and apocrine tumours, compared to AR-negative patients. However, AR status did 

not have a significant predictive or prognostic impact.  

 

AR-positive TNBCs, the LAR subtype of TNBCs and apocrine carcinomas are rare 

and this hampers the elucidation of the clinical implications of these subtypes. As 

AR targeted therapy becomes available, the role of AR in TNBC needs to be further 

evaluated. Current research is focusing on the role of AR antagonists in the 

neoadjuvant setting. For example a phase IIB study aims to evaluate the use of 

paclitaxel plus enzalutamide in early stage TNBC with primary endpoints of pCR 

and RCB. This study is currently ongoing and results are expected in 2021 (NCT 

02689427). Future clinical trials assessing AR in TNBCs should be designed with 

clearly defined biomarker correlative studies, as simply studying the efficacy of 

anti-androgen therapy may not take disease heterogeneity into consideration. Along 

these lines, window of opportunity studies can facilitate biomarker development 

and correlative analyses prior to standard of care therapy. These studies are 

designed to treat patients with novel drugs between diagnosis and standard 

treatment, with serial biopsies collected for correlative studies. For example, the 

ARB study is a window of opportunity study of enzalutamide given for 2-4 weeks 

prior to surgery, with correlative tumour testing performed to assess the effects of 

AR antagonists on Ki67. This study has completed accrual and results are expected 

in 2020 (NCT02676986).  In addition, in view of the relatively rare nature of AR-

positive TNBC, large multicentre trials are essential. To this end, an international 

collaborative study evaluating AR data from several international datasets, that 

includes this cohort of patients, is underway. 
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CHAPTER 6: DRUG SENSITIVITY PATTERNS IN TNBC  
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6.1 Introduction 

In 2011, Lehmann et al. (37) subtyped TNBCs by evaluating gene expression 

profiles from 21 breast cancer data sets and defined six TNBCs subtypes (BL1, 

BL2, IM, M, MSL and LAR) each displaying unique gene expression profiles 

(Table 6.1).  These “TNBC Type” subtypes can be classified into 3 main groups: 

basal-like (BL1 and BL2), mesenchymal-like (M and MSL) and LAR 

(15,23,37,67). 

 

 

Table 6.1: Gene Expression Profiles of Lehmann’s TNBC Subtypes 

Lehmann Subtype Patterns of Genes Expressed Other Notable Features 

Basal-Like 1 (BL1) Cell division & DNA damage repair 

pathways 

Genes associated with proliferation 

High Ki67  

High pCR rates 

High levels of basal cytokeratins 

BRCA1/2 mutations  

Sensitive to cisplatin & taxanes 

Basal-Like 2 (BL2) Growth factor receptor genes (EGFR, 

MET), glycolysis & gluconeogenesis 

genes  

High TP63 & MME expression 

Enriched in PIK3CA & PTEN 

mutations 

 

High levels of basal cytokeratins  

BRCA1/2 mutations  

Sensitive to cisplatin 

Immunomodulatory 

(IM) 

Immune cell processes 

Cell signaling 

Overlaps with medullary 

phenotype 

Mesenchymal (M) Cell motility 

Interaction of the ECM receptor 

Cell differentiation pathways 

EMT 

Growth factor pathways  

Phenotypically similar to 

metaplastic cancers 

Sensitive to SRC inhibitor 

dasatinib  

 

Mesenchymal Stem-

Like (MSL) 

Growth factor signaling  

Stem cells & mesenchymal stem cell 

specific markers  

Low proliferation  

Angiogenesis 

Immune signalling 

 

Phenotypically similar to 

metaplastic cancers  

Sensitive to SRC inhibitor, 

dasatinib 

Luminal Androgen 

Receptor (LAR) 

Express AR 

Luminal gene expression 

Hormonally regulated pathways  

Co-occurrence of PIK3CA 

amplification & PIK3CA mutation  

Associated with luminal features 

Sensitive to AR antagonist 

bicalutamide 
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In addition to performing gene expression assays on tumours in publicly available 

datasets, Lehmann et al. (37) used two independent breast cancer cell line datasets 

(GSE-10890 and ETABM-157) to identify TNBC cell lines. Gene expression 

profiling was then carried out on 30 non-overlapping TNBC cell lines identified in 

these cell line datasets, allowing these cell lines to be correlated to the six previously 

described TNBC subtypes. Analysis of all TNBC cell lines using the most 

differentially expressed genes from tumours confirmed that gene expression 

patterns of the cell lines are similar within TNBC subtypes. In doing so, each of 

these 30 cell lines were classified as BL1, BL2, IM, M, MSL or LAR. Mutations 

present in each cell line were well characterised and were cross referenced using 

the COSMIC database (37, 347). 

 

The work performed in both tissue culture and xenograft models by Lehmann et al. 

(37) showed a significant association between TNBC subtypes and response to 

chemotherapy and confirmed the heterogeneity of TNBC with respect to drug 

sensitivity. Basal-like subtypes were sensitive to cisplatin, mesenchymal subtypes 

were sensitive to dasatinib and the LAR subtype was sensitive to bicalutamide.  

Masuda et al. (16) showed that despite BL1 and BL2 subtypes sharing similar 

biological features, they exhibit differences in response to standard anthracycline 

and taxane NACT. The BL1 subtype responds well to chemotherapy, with high 

rates of pCR, while the BL2 subtype responds poorly to chemotherapy, with very 

low pCR rates. Similarly, the LAR subtype is associated with low rates of pCR (16).  

 

Despite studies showing differences in drug sensitivity among TNBC subtypes, the 

clinical implications of these differences is poorly understood. In the in vitro work 

by Lehmann et al. (37), the drugs tested were not standard of care for TNBC. 

Targeted therapies such as dasatinib and bicalutamide are investigational and, 

although promising, platinums are not yet standard of care but notably carboplatin 

is preferred to cisplatin. While Masuda et al. (16) did study the use of standard 

chemotherapy drugs in a retrospective analysis of prospectively gathered in vivo 

data, the focus in that study was on the absolute difference in pCR rates, as opposed 

to deciphering the benefit of different chemotherapy regimens in TNBC subtypes. 

There is little in vitro data studying the differences in drug sensitivity patterns 

among TNBC subtypes with the use of standard chemotherapy drugs, such as 
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paclitaxel, docetaxel, doxorubicin and carboplatin.  

 

The aim of this current work was to determine if TNBC subtypes exhibit different 

sensitivity patterns to chemotherapeutic agents used in everyday clinical practice. 

To this end, the responses of four TNBC subtypes to different chemotherapy agents 

(paclitaxel, docetaxel, doxorubicin and carboplatin) were evaluated in vitro. Based 

on our own laboratory’s experience with the use of cell lines, and the commercial 

availability of these cell lines, four TNBC cell lines were selected from the dataset 

created by Lehmann et al. These cell lines represented BL1, BL2, MSL and LAR 

subtypes: MDA-MB-468 representing BL1, HCC1806 representing BL2, MDA-

MB-231 representing MSL subtype and MDA-MB-453 representing the LAR 

subtype. Each of these cell lines were BRCA1/2 wild type and these were selected 

in an attempt to more accurately reflect the population of TNBC patients observed 

in clinical practice in UHG. MCF10A was selected as a breast epithelial 

transformed non-tumourigenic (control) cell line (15,23,37).  

 

 

6.2 Methodology 

This in vitro work was performed as described in Chapter 2: Materials and Methods 

(Sections 2.8-2.12). In summary, for 2-D models, 96-well plates were seeded with 

5000 cells/well and incubated for 24 hours. Each well was then treated with varying 

concentrations of chemotherapy. After 96 hours of treatment, cell viability was 

assessed using the Alamar Blue cell viability assay and the IC
50

 was calculated. For 

3-D models, round bottom low attachment 96-well plates were seeded with 5000 

cells/well and incubated for 24 hours to allow 3-D spheroids to form. Each well 

was then treated with varying concentrations of chemotherapy. After 96 hours of 

treatment, cell viability was assessed using the Acid Phosphatase cell viability assay 

and the IC
50

 was calculated. Statistical analyses are shown in Appendix 2: 

Supplementary Tables 2.13-2.21. 
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6.3 Results 

6.3.1 Cell Viability 

TNBC cell lines were treated with a selection of chemotherapy drugs that are 

commonly used in clinical practice: paclitaxel, docetaxel, doxorubicin, carboplatin 

and cetuximab (Chapter 2: Materials and Methods; Section 2.8). For a 

chemotherapeutic drug, the inhibitory concentration at 50% (IC
50

) is a measure of 

drug potency and reflects the concentration at which the drug is cytotoxic to 50% 

of cells in vitro. In the case of evaluating differences in drug sensitivity between 

different models, such as 2-D and 3-D models, the IC
50 

can be compared by 

expressing it as fold difference between the 2-D and 3-D model (IC
50 of the 3-D 

model/ IC
50 

of the 2-D model).  

 

 

6.3.2 Chemotherapy Response in 2-D Models 

Drug toxicity assays in 2-D models were performed as described in Chapter 2: 

Materials and Methods (Section 2.11.1). In brief, standard 96-well plates were 

seeded with 5000 cells/well and incubated for 24 hours. After 24 hours, each well 

was treated with varying concentrations of the chemotherapy drugs carboplatin, 

docetaxel, paclitaxel and doxorubicin. After 96 hours of treatment, cell viability 

was assessed using the Alamar Blue cell viability assay and the IC
50

 was calculated. 

Statistical analysis was performed using 2-way ANOVA with Bonferroni 

comparison to compare the difference between cell lines. Data is presented as the 

mean ± SD of 3 independent experiments, with each treatment carried out in 

triplicate. 

 

In 2-D models, TNBC cell lines were found to show differing sensitivities to all 

four chemotherapy drugs tested (Figure 6.1). All cell lines were found to be 

sensitive to paclitaxel and docetaxel. However, the MDA-MB-231 cell line (MSL 

subtype) was relatively more resistant to both taxanes compared to other TNBC cell 

lines: higher absolute IC50 values were observed when MDA-MB-231 was treated 

with both paclitaxel and docetaxel (Table 6.2). Across all cell lines, the absolute 

IC50 values (expressed in nM) were significantly lower for docetaxel compared to 

paclitaxel, reflecting the fact that docetaxel and paclitaxel are not identical agents. 
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Dose for dose, docetaxel has been consistently shown to be more potent than 

paclitaxel, with some studies suggesting that docetaxel is twice as potent as 

paclitaxel (348-351). Three of four TNBC cell lines, MDA-MB-468 (BL1), 

HCC1806 (BL2) and MDA-MB-453 (LAR) were sensitive to carboplatin. On the 

contrary, the MDA-MB-231 (MSL) cell line was resistant to carboplatin. There 

were variations in doxorubicin sensitivity between cell lines. Overall, all four 

TNBC cell lines were less sensitive to doxorubicin, compared to the other drugs 

tested. MDA-MB-468 (BL1) was the only cell line sensitive to doxorubicin. 

Although an IC50 was calculated for HCC1806 (BL2), the 95% CI was not reached. 

Both the MDA-MB-231 (MSL) and MDA-MB-453 (LAR) cell lines were resistant 

to doxorubicin. 

 

In order to compare the IC50s calculated for each cell line in this study to those 

reported in the literature, the Genomics of Drug Sensitivity in Cancer database 

(GDSC) was analysed and cross-referenced (352). Neither carboplatin nor 

paclitaxel were available for analysis in the GDSC database. Therefore docetaxel 

and doxorubicin were analysed as comparators. Table 6.3 demonstrates the IC50s 

reported in the GDSC database for docetaxel and doxorubicin compared to the IC50s 

for the same drugs resulted in this study. Overall when comparing docetaxel, the 

IC50s were considerably lower in this study than those reported in the literature. The 

IC50 for MDA-MB-468 was 10 times lower in this study compared to the GDSC 

database, the IC50 for MDA-MB-453 was 6.85 times lower and the IC50 for MDA-

MB-231 was 1.6 times lower compared to the GDSC database. There was no 

publically available data for the use of docetaxel in the HCC1806 cell line and 

therefore this could not be compared. When comparing the IC50s of doxorubicin, 

there were no obvious trends between this work and the GDSC database. The IC50 

was 1.35 times lower for MDA-MB-468 in this work compared to the GDSC 

database, but 3.04 times higher for HCC1806 in this work compared to GDSC. As 

the IC50s were not reached in this study for MDA-MB-231 or MDA-MB-453, no 

comparisons could be made (352). The reasons for the differences in IC50s observed 

in this work compared to those observed in the GDSC database are unclear. Both 

sets of data were analysed using fluorescence-based cell viability assays and both 

analysed in tissue culture 2-D models. In this study, viability assays were performed 

after 96 hours of drug treatment, compared to 72 hours of treatment in the GDSC 
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database. Therefore, it is possible that tissue culture techniques and differences in 

viability assay methodology could account for some of the differences observed.    

 

Figure 6.2 shows the differences in cytotoxic effect between TNBC (and control) 

cell lines treated with the same doses of chemotherapy. For example, when all cell 

lines are treated with paclitaxel, there are significant differences between drug 

concentrations and cell lines, with respect to percentage of cells alive at the time of 

analysis (p<0.001) (Figure 6.2 (A)).  
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Figure 6.1: Comparison of IC50 between TNBC cell lines grown in 2-D to (A) Paclitaxel (B) Docetaxel, (C) Carboplatin (D) Doxorubicin  
NR: IC50 not reached 
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Table 6.2: Differences in IC50 between TNBC cell lines grown in 2-D  
 

 

 

Cell Line 

2-D IC50 

Paclitaxel 

(nM) 

(95% CI) 

Docetaxel 

(nM) 

(95% CI) 

 

Carboplatin 

(µM) 

(95% CI) 

Doxorubicin 

(nM) 

(95% CI) 

 

MCF10A 

(Control) 

2.736 

(1.5 – 4.8) 

0.1993 

(0.1 – 0.4) 

153.4 

(NR) 

457.4 

(NR) 

MDA-MB-468 

(BL1) 

1.651 

(1.2 – 2.3) 

0.5782 

(0.4 – 0.8) 

1.781 

(1.1 – 2.8) 

57.19 

(32.6 – 105) 

HCC1806 

(BL2) 

1.825 

(1.3 – 2.6) 

0.8349 

(0.7 – 1.1) 

60.12 

(37.3 – 128.9) 

267.2 

(NR) 

MDA-MB-231 

(MSL) 

3.594 

(2.7 – 4.8) 

3.434 

(2.5 – 4.9) 

NR 

(N/A) 

NR 

(N/A) 

MDA-MB-453 

(LAR) 

2.296 

(1.3 – 3.9) 

0.6738 

(0.4 – 1.1) 

20.76 

(15.7 – 28.5) 

NR 

(N/A) 

 
CI: Confidence interval; N/A: Not applicable; NR: IC50 not reached 

 

 

 

Table 6.3: Differences in IC50 between this Study and GDSC Database  

 

 

 

Cell Line 

2-D IC50 

Docetaxel 

(nM) 

 

Doxorubicin 

(nM) 

 

 NUIG Study GDSC Database  NUIG Study GDSC Database 

MDA-MB-468 

(BL1) 

0.5782 nM 

 

5.71 nM 57.19 nM 

 

77.6 nM 

HCC1806 

(BL2) 

0.8349 nM 

 

N/A 267.2 nM 

 

88 nM 

MDA-MB-231 

(MSL) 

3.434 nM 

 

5.71 nM NR 

 

1240 nM 

MDA-MB-453 

(LAR) 

0.6738 nM 

 

4.62 nM NR 

 

2530 nM 

 
GDSC: Genomics of Drug Sensitivity in Cancer; N/A: Data not available on GDSC database NR: IC50 not 

reached 
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Figure 6.2 (A-B): Cell viability assays assessing sensitivity of TNBC cell lines grown 

in 2-D to (A) 0.01-100 nM of Paclitaxel, (B) 0.02-200 nM of Docetaxel 
Data presented as mean ± SD of 3 independent experiments with each treatment performed in triplicate. 

p<0.001 (***) by 2-way ANOVA with Bonferroni comparison for each experiment comparing interaction 

between drug concentration and cell line. 
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Figure 6.2 (C-D): Cell viability assays assessing sensitivity of TNBC cell lines grown 

in 2-D to (C) 0.01-100 µM of Carboplatin and (D) 0.5-500 nM of Doxorubicin 
Data presented as mean ± SD of 3 independent experiments with each treatment performed in triplicate. 

p<0.001 (***) by 2-way ANOVA with Bonferroni comparison for each experiment comparing interaction 

between drug concentration and cell line. 
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6.3.3  TNBC subtypes show differential growth patterns in 3-D 

In 2-D monolayer culture, as described in Section 6.3.2 above, cells adhere and 

grow on a flat surface, and all cells receive equitable amounts of nutrients and 

growth factors from the cultured media (353, 354). Cells grown in 2-D culture 

appear more flat and stretched than they do in vivo and this difference in 

morphology can influence cell proliferation, differentiation and apoptosis. Cells 

adherent to the 2-D surface are often proliferating, as necrotic cells tend to detach 

and float in the medium. Therefore 2-D growth patterns do not accurately reflect 

cell behaviours in vivo. However, when cells are grown in a 3-D culture system, 

such as in a suspension medium, cell aggregates and spheroids as well as cell-to-

cell interactions more closely resemble those behaviours found in vivo (353, 355, 

356). For example, cell morphology more closely resembles the shape naturally 

found in vivo and cells are seen across a spectrum of stages including proliferation, 

quiescent, apoptotic and necrotic cells (356). Most often, the outer layers of the 

spheroid are viable proliferating cells which are exposed to growth factors and 

nutrients of the media. The cells on the inside of the spheroid or aggregate receive 

less growth factors and oxygen, and therefore are often quiescent or hypoxic (356, 

357).  

 

Based on the assumption that 2-D and 3-D cultured cells behave differently, TNBC 

cell lines were grown in 96-well round bottom ultra-low attachment plates to 

facilitate the development of 3-D spheroids. Images were taken of each TNBC cell 

line, as well as the control cell line, at time points of 24, 48, 72 and 96 hours as 

described in Chapter 2: Materials and Methods (Section 2.9.4). On microscopy, 

each of the TNBC cells lines and the control cell line show different 3-D growth 

patterns in vitro, especially when differences in magnification are taken into 

account (Pictures 6.1-6.5). The HCC1806 TNBC cell line (BL2) was the only cell 

line that formed a tight 3-D spheroid when grown in 3-D culture. The other TNBC 

cell lines, grown in identical conditions, formed looser aggregates as opposed to 

spheroids, and were found to grow in a more linear fashion similar to those observed 

in 2-D cultures.  
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Picture 6.1 (A-B): MDA-MB-468 (BL1) 3-D cell growth patterns 
5000 cells at (A) 24 hours incubation and 10 X magnification (B) 24 hours incubation and 4 X magnification   
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Picture 6.1 (C): MDA-MB-468 (BL1) 3-D cell growth patterns 
5000 cells at (C) 96 hours incubation and 4 X magnification 
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Picture 6.2 (A-B): HCC1806 (BL2) 3-D cell growth patterns 
5000 cells at (A) 24 hours incubation and 10 X magnification (B) 96 hours incubation and 10 X magnification   
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Picture 6.3 (A-B): MDA-MB-B231 (MSL) 3-D cell growth patterns 
5000 cells at (A) 24 hours incubation and 10 X magnification (B) 96 hours incubation and 10 X magnification  
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Picture 6.4 (A-B): MDA-MB-453 (LAR) 3-D cell growth patterns 
5000 cells at (A) 24 hours incubation and 10 X magnification (B) 24 hours incubation and 4 X magnification 
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Picture 6.4 (C): MDA-MB-453 (LAR) 3-D cell growth patterns 
5000 cells at (C) 96 hours incubation and 4 X magnification 
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Picture 6.5 (A-B): MCF10A (control) 3-D cell growth patterns 
5000 cells at (A) 24 hours incubation and 10 X magnification (B) 96 hours incubation and 10 X magnification 
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6.3.4 Chemotherapy Response in 3-D Models 

In 2-D cell line models, most cells are proliferating, whereas in 3-D models, cells 

are at various stages along a spectrum: the outermost cells are often proliferating 

and inner cells are often quiescent (353, 355-357). Similarly, drug exposure can 

vary between 2-D and 3-D models. In 2-D models, cells are equally exposed to 

drugs that are distributed in the growth medium, whereas in 3-D models, drugs may 

not be able to fully penetrate the spheroid and may not be able to reach all cells 

(358). Therefore in 2-D models, drugs may falsely appear efficacious if cytotoxic 

effects are observed, whereas in 3-D models, the true cytotoxic effects of a drug 

can be observed (359).  

 

As each of the TNBC cells lines in this study show different 3-D growth patterns 

in vitro (Section 6.3.3), and the fact that 3-D models more accurately reflect the 

behaviour of cells in vivo, 3-D drug toxicity assays were performed as described in 

Chapter 2: Materials and Methods (Section 2.11.2). In brief, round bottom low 

attachment 96-well plates were seeded with 5000 cells/well and incubated for 24 

hours. After 24 hours, each well was treated with varying concentrations of 

carboplatin, docetaxel, paclitaxel or doxorubicin. After 96 hours of treatment, cell 

viability was assessed using the Acid Phosphatase cell viability assay and the IC
50

 

was calculated. Statistical analysis was performed using 2-way ANOVA with 

Bonferroni comparison to compare the difference between cell lines. Data is 

presented as the mean ± SD of 3 independent experiments, with each treatment 

carried out in triplicate. 

 

In 3-D models, all TNBC cell lines showed differential sensitivities to standard 

chemotherapy agents (Figure 6.3 and Table 6.4). MDA-MB-468 (BL1) was the 

most chemosensitive cell line as it was found to be sensitive to all four drugs: 

paclitaxel, docetaxel, carboplatin and doxorubicin. MDA-MB-453 (LAR) was 

sensitive to paclitaxel, carboplatin and docetaxel, but was less sensitive to 

doxorubicin. While both MDA-MB-468 (BL1) and MDA-MB-453 (LAR) had 

comparable IC50 values with taxanes, MDA-MB-468 (BL1) was more sensitive to 

carboplatin than MDA-MB-453 (LAR): the LAR subtype required a dose 13 times 

that of the BL1 subtype to achieve an equivalent amount of cell kill. While both of 
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these cell lines were sensitive to doxorubicin, high doses of the drug were needed 

for both and for the MDA-MB-453 (LAR) cell line, the upper limit of the 95% CI 

was not reached.  

 

Both HCC1806 (BL2) and MDA-MB-231 (MSL) were resistant to all four drugs 

tested in 3-D models. This 3-D sensitivity profile contrasts with the results seen in 

2-D models where both cell lines were sensitive to taxanes, but HCC1806 (BL2) 

was partially resistant to doxorubicin and MDA-MB-231 (MSL) was resistant to 

both carboplatin and doxorubicin.  

 

 



Chapter 6: Drug Sensitivity Patterns in TNBC 

   221 

 

 
Figure 6.3: Comparison of IC50 between TNBC cell lines grown in 3-D (A) Paclitaxel, (B) Docetaxel, (C) Carboplatin, (D) Doxorubicin  
NR: IC50 not reached 

M
C
F10

A

M
D
A
-M

B
-4

68

H
C
C
18

06

M
D
A
-M

B
-2

31

M
D
A
-M

B
-4

53
0

1

2

3

4

5

30

40

50

60

Cell Line

%
 o

f 
L

iv
e
 C

e
ll
s

Paclitaxel 3D
MCF10A

MDA-MB-468

HCC1806

MDA-MB-231

MDA-MB-453

NR NR NR

M
C
F10

A

M
D
A
-M

B
-4

68

H
C
C
18

06

M
D
A
-M

B
-2

31

M
D
A
-M

B
-4

53
0
1
2
3
4
5

25
30
35
40
45
50

80
100
120
140

Cell Line

IC
5
0

Carboplatin 3D

MCF10A

MDA-MB-468

HCC1806

MDA-MB-231

MDA-MB-453

NR NR NR

M
C
F10

A

M
D
A
-M

B
-4

68

H
C
C
18

06

M
D
A
-M

B
-2

31

M
D
A
-M

B
-4

53
0

1

2

3

4

5

30

40

50

60

Cell Line

IC
5
0

Docetaxel 3D
MCF10A

MDA-MB-468

HCC1806

MDA-MB-231

MDA-MB-453

NR NRNR

M
C
F10

A

M
D
A
-M

B
-4

68

H
C
C
18

06

M
D
A
-M

B
-2

31

M
D
A
-M

B
-4

53
0

20
40
60
80

200
210
220
230
240
250

400
450
500
550
600

Cell Line
%

 o
f 

L
iv

e
 C

e
ll
s

Doxorubicin 3D
MCF10A

MDA-MB-468

HCC1806

MDA-MB-231

MDA-MB-453

NR NR NR

A B

C D



Chapter 6: Drug Sensitivity Patterns in TNBC 

   222 

 

Table 6.4: Differences in IC50 between TNBC cell lines in 3-D 
 

 

 

Cell Line 

3-D IC50 

Paclitaxel  

(nM) 

(95% CI) 

Docetaxel 

(nM) 

(95% CI) 

 

Carboplatin 

(µM) 

(95% CI) 

Doxorubicin  

(nM) 

(95% CI) 

 

MCF10A 

(Control) 

NR 

(N/A) 

NR 

(N/A) 

NR 

(N/A) 

NR 

(N/A) 

MDA-MB-468 

(BL1) 

2.688 

(2.2 - 3.2) 

1.045 

(0.8 - 1.3) 

2.583 

(2.2 - 3.1) 

66.62 

(51.8 - 92.0) 

HCC1806 

(BL2) 

NR 

(N/A) 

NR 

(N/A) 

NR 

(N/A) 

NR 

(N/A) 

MDA-MB-231 

(MSL) 

NR 

(N/A) 

NR 

(N/A) 

NR 

(N/A) 

NR 

(N/A) 

MDA-MB-453 

(LAR) 

3.494 

(2.7 - 4.4) 

2.153 

(1.6 - 4.2) 

33.66 

(26.8 - 102) 

227.7 

(106.3 - ∞) 

 
CI: Confidence interval; N/A: Not applicable; NR: IC50 Not reached 

 

 

 

Although MDA-MB-468 and HCC1806 both represent basal-like TNBC subtypes 

(BL1 and BL2 respectively), there are major differences in the patterns of drug 

sensitivity observed between these two subtypes. The BL1 subtype was found to be 

the most chemosensitive, responding to all chemotherapy drugs tested, whereas the 

BL2 subtype was the most chemoresistant, failing to respond to any of the 

chemotherapy agents tested in 3-D models.  

 

Given the differences observed in chemosensitivity profiles between each of the 

TNBC cell lines, one hypothesis was that the morphological patterns observed in 

3-D cell suspension could account for the some of the different sensitivity patterns. 

For example, the HCC1806 (BL2) cell line has been shown to grow in tight 

spheroids in 3-D patterns, which could account for the lack of penetrance and lack 

of cell kill observed with this cell line. However, the MDA-MB-231 (MSL) cell 

line was also found to be intrinsically chemo-resistant but was observed to grow in 

a loose aggregation pattern, as opposed to a tight spheroid, suggesting that the 

differences observed between cell lines cannot be explained simply by the growth 
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patterns observed in 3-D cultures. One possibility for the chemoresistance observed 

in the MDA-MB-231 (MSL) cell line is that this cell line is composed of 

mesenchymal stem-like cells and stem cells are known to be chemoresistant (360). 

In addition, this cell line has been shown to express genes involved in cell motility 

and the EMT process (15, 37) which could explain the combination of both the 

loose aggregation patterns and chemoresistance seen in this subtype.  

 

Figure 6.4 shows the differences in cytotoxic effect between TNBC cell lines 

treated with the same doses of chemotherapy. For example, when all cell lines are 

treated with paclitaxel, there are significant differences between drug 

concentrations and cell lines, with respect to percentage of cells alive at the time of 

analysis (p<0.001) (Figure 6.4 (A)). 
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Figure 6.4 (A-B): Cell viability assays assessing sensitivity of TNBC cell lines grown 

in 3-D to (A) 0.01-100 nM of Paclitaxel (B) 0.02-200 nM of Docetaxel  
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 

p<0.001 (***) by 2-way ANOVA with Bonferroni comparison for each experiment comparing interaction 

between drug concentration and cell line. 
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Figure 6.4 (C-D): Cell viability assays assessing sensitivity of TNBC cell lines grown 

in 3-D to (C) 0.01-100 µM of Carboplatin, and (D) 0.5-500 nM of Doxorubicin 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 

p<0.001 (***) by 2-way ANOVA with Bonferroni comparison for each experiment comparing interaction 

between drug concentration and cell line. 
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6.3.5 Differences in Chemotherapy Response between 2-D and 3-

D Models 

The differences between the IC50 values observed in 2-D and 3-D models are 

demonstrated in Table 6.5 and Figure 6.5. The concentration of drugs required to 

kill 50% of cells were higher in 3-D models compared to 2-D models, with the 

exception of the MDA-MB-468 (BL1) cell line. The BL1 subtype was sensitive to 

all four chemotherapy drugs, with little differences in IC50 values between 2-D and 

3-D models. The MDA-MB-453 (LAR) cell line was the only cell line to 

demonstrate increased sensitivity in 3-D compared to 2-D models: this cell line was 

resistant to doxorubicin in 2-D culture but was found to be sensitive to doxorubicin 

in 3-D culture. The reasons for this difference are unclear but could relate to the 

pattern of growth observed in 3-D culture, which more accurately reflects the 

pattern of growth in vivo, or perhaps is a reflection of the different viability assays 

used in 2-D and 3-D. However, all 2-D models were assayed using the Alamar Blue 

assay and all 3-D models were assayed using the Acid Phosphatase assay but this 

cell line was the only cell line to show this difference. Therefore the difference 

observed in this cell line is unlikely to be purely a technical difference related to 

the assay.  

 

Both the HCC1806 (BL2) and MDA-MB-231 (MSL) cell lines showed differences 

in IC50 values between 2-D and 3-D cultures and were resistant to all drugs tested 

in 3-D models. Therefore, in order to demonstrate the fold differences between 2-

D and 3-D models, the 3-D IC50 values were given arbitrary values of either 1000 

nM (for paclitaxel, docetaxel and doxorubicin) or 1000 µM (for carboplatin). As 

MDA-MB-231 (MSL) was resistant to both carboplatin and doxorubicin in 2-D 

models, the fold difference between 2-D and 3-D models could not be calculated.  

 

When the use of taxanes was specifically examined, the largest differences in 

chemotherapy sensitivity between 2-D and 3-D models was observed in the 

HCC1806 (BL2) and the MDA-MB-231 (MSL) cell lines. Taxanes are microtubule 

inhibitors that have been shown to exert their effect by anti-mitotic actions (361, 

362). In this study, there were no differences observed in rate of growth between 

cell lines in 2-D and 3-D cultures to account for the differences observed in taxane 

sensitivity. Instead, it is more likely that the differences observed in drug response 
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are determined by other factors. For example, proteins such as BRCA1 and AR are 

known to be associated with microtubules which could explain why cell lines 

representing BL1 (MDA-MB-468) and LAR (MDA-MB-453) were most sensitive 

to microtubule inhibitors (361-363). Unlike the taxanes, the DNA-damaging agents 

carboplatin and doxorubicin were less likely to show large differences in 

chemotherapy sensitivity between 2-D and 3-D culture models.  
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Figure 6.5: Comparison of IC50 between TNBC cell lines grown in 2-D and 3-D to (A) Paclitaxel, (B) Docetaxel, (C) Carboplatin, (D) Doxorubicin  
NR: IC50 not reached 
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Table 6.5: Fold differences between 2-D and 3-D models (IC
50 of 3-D model/ IC

50 
of 2-

D model) 

Cell Line Fold Difference in IC50 Between 3-D & 2-D models
 

 

Paclitaxel  

(nM) 

Docetaxel 

(nM) 

Carboplatin 

(µM) 

Doxorubicin 

(nM) 

MCF10A 

(Control) 

365.5 fold* 

 

5017.6 fold* 6.52 fold* 2.19 fold* 

MDA-MB-468 

(BL1) 

1.63 fold 

 

1.8 fold 

 

1.45 fold 

 

1.17 fold 

 

HCC1806 

(BL2) 

548 fold* 

 

 1197.8 fold* 16.64 fold* 3.74 fold* 

MDA-MB-231 

(MSL) 

278.2 fold* 

 

291.2 fold* N/A N/A 

MDA-MB-453 

(LAR) 

1.52 fold 

 

3.2 fold 

 

1.62 fold 

 

0.23 fold* 

 

 
*If IC

50 not reached, arbitrarily given value of 1000 in order to demonstrate trend in fold difference, as opposed 

to absolute fold difference; N/A: Not applicable 

 

 

 

6.3.6 Response to Combination Chemotherapy in 3-D Models 

As the TNBC cells lines in this study showed different sensitivity patterns to single 

agent chemotherapy drugs, next the use of combination chemotherapy treatments 

were studied in 3-D models. However, as MDA-MB-468 (BL1) and MDA-MB-

453 (LAR) had been shown to be sensitive to all chemotherapy agents tested, the 

use of combination chemotherapy treatment was limited to the cell lines HCC1806 

(BL2) and MDA-MB-231 (MSL) which were resistant to single agent 

chemotherapy drugs. 

 

Drug toxicity assays with combination chemotherapy drugs were performed as 

described in Chapter 2: Materials and Methods (Sections 2.10 and 2.11.2). In brief, 

round bottom low attachment 96-well plates were seeded with 5000 cells/well and 

incubated for 24 hours. After 24 hours, each well was treated with varying 

concentrations of the following chemotherapy combinations: carboplatin plus 

paclitaxel, carboplatin plus docetaxel, carboplatin plus cetuximab, doxorubicin plus 
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paclitaxel, doxorubicin plus docetaxel and the three drug regimen carboplatin plus 

paclitaxel plus cetuximab (Appendix 3: Supplementary Figures 3.5 - 3.10). After 

96 hours of treatment, cell viability was assessed using the Acid Phosphatase cell 

viability assay, as described in Chapter 2: Materials and Methods (Section 2.11.2) 

and the IC
50

 was calculated.  

 

6.3.6.a MDA-MB-231 

Ultimately, MDA-MB-231 (MSL) became sensitive to increasing concentrations of 

carboplatin and taxane chemotherapy. Initially, MDA-MB-231 was resistant to low 

doses of combination carboplatin and paclitaxel: 0.005-50 µM of carboplatin plus 

0.005-50 nM of paclitaxel and 0.005-50 µM of carboplatin plus 0.01-100 nM of 

paclitaxel. The cell line began to display some sensitivity to combination 

chemotherapy at concentrations of 0.01-100 µM of carboplatin plus 0.005-50 nM 

of paclitaxel and 0.01-100 µM of carboplatin plus 0.01-100 nM of paclitaxel. 

Ultimately, more than 50% cell kill was achieved at doses of 0.02-200 µM of 

carboplatin plus 0.02-200 nM of paclitaxel, representing a drug concentration scale 

of twice that used in the 2-D and 3-D setting for other cell line treatments (Figure 

6.6 and Appendix 3: Supplementary Figures 3.5(B), 3.5 (C), 3.7 (B)).  

 

Previously, MDA-MB-231 had been shown to be resistant to carboplatin in both 2-

D and 3-D models. However, when carboplatin was combined with paclitaxel, cell 

kill was ultimately achieved. This effect seems to be a class effect of taxanes, as 

similar results were seen when MDA-MB-231 was treated with 0.02-200 µM of 

carboplatin plus 0.04-400 nM of docetaxel (Appendix 3: Supplementary Figure 

3.11). 
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Figure 6.6 (A-B): Cell viability assays assessing sensitivity of MDA-MB-231 grown in 

3-D to (A) 0.005 – 50 µM of Carboplatin and 0.005 – 50 nM of Paclitaxel, (B) 0.005 – 

50 µM of Carboplatin and 0.01 – 100 nM of Paclitaxel 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 
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Figure 6.6 (C-D): Cell viability assays assessing sensitivity of MDA-MB-231 grown in 

3-D to (C) 0.01 – 100 µM of Carboplatin and 0.005 – 50 nM of Paclitaxel, (D) 0.01 – 

100 µM of Carboplatin and 0.01 – 100 nM of Paclitaxel  
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 
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Figure 6.6 (E): Cell viability assays assessing sensitivity of MDA-MB-231 grown in 3-

D to (E) 0.02 – 200 µM of Carboplatin and 0.02 – 200 nM of Paclitaxel  
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 

 

 

Table 6.6: IC50 values of MDA-MB-231 treated with single agent and combination 

chemotherapy in 2-D and 3-D models 
Cell Line IC50 

Carboplatin (µM) 

 

(95% CI) 

Paclitaxel (nM) 

 

(95% CI) 

Carboplatin (µM)  

& Paclitaxel (nM) 

(95% CI) 

MDA-MB-231 2-D NR 3.594 

(2.7 – 4.8) 

- 

MDA-MB-231 3-D NR NR 53.29 

24.11 – 1738  

 
CI: Confidence Interval; NR: IC50 not reached 
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6.3.6.b HCC1806 

HCC1806 (BL2) has been shown to be resistant to standard single agent 

chemotherapy. Similarly, when combinations of carboplatin and paclitaxel were 

used, HCC1806 remained chemoresistant despite increasing drug concentrations of 

combination chemotherapy (Figure 6.7).  

 

Attempts were made to identify a combination of cytotoxic drugs that would kill 

more than 50% of viable HCC1806 cells. As combinations of carboplatin and 

paclitaxel were not effective in this cell line, other therapeutic combinations were 

explored. The HCC1806 (BL2) subtype is enriched in the expression of growth 

factor receptor genes such as EGFR. Therefore, in addition to standard 

chemotherapy regimens, the EGFR inhibitor cetuximab was used. Specifically, 

HCC1806 was treated with doxorubicin plus docetaxel, doxorubicin plus paclitaxel 

and carboplatin plus cetuximab. HCC1806 remained resistant to all treatment 

combinations, including the addition of the EGFR inhibitor cetuximab to 

carboplatin (Figure 6.8). 

 

Finally, multi-drug treatments using two chemotherapy agents plus cetuximab were 

used to treat HCC1806 (Figure 6.9). Increasing doses of carboplatin and paclitaxel 

(10-500 µM of carboplatin plus 10-500 nM of paclitaxel) were added to 5 µg/ml, 

25 µg/ml, 50 µg/ml and 250 µg/ml of cetuximab. The addition of cetuximab 

increased the sensitivity of HCC1806 to carboplatin and paclitaxel: more than 50% 

cell kill was achieved by the addition of cetuximab to relatively large doses of 

carboplatin and paclitaxel. While all tested doses of cetuximab greater than 5 µg/ml 

caused cell death, the higher the dose of cetuximab used, the lower the IC50 of 

carboplatin and paclitaxel (Table 6.7).  
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Figure 6.7 (A-B): Cell viability assays assessing sensitivity of HCC1806 grown in 3-D 

to (A) 0.005 – 50 µM of Carboplatin and 0.005 – 50 nM of Paclitaxel, (B) 0.005 – 50 

µM of Carboplatin and 0.01 – 100 nM of Paclitaxel 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 
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Figure 6.7 (C-D): Cell viability assays assessing sensitivity of HCC1806 grown in 3-D 

to (C) 0.01 – 100 µM of Carboplatin and 0.005 – 50 nM of Paclitaxel and (D) 0.02 – 

200 µM of Carboplatin and 0.02 – 200 nM of Paclitaxel  
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 

C
ontr

ol

10
0
µM

 C
ar

bopla
tin

 

10
0n

M 
Pa

cl
ita

xe
l

0.0
1
µM

 C
ar

bopla
tin

 &
 0

.0
05

nM 
Pa

cl
ita

xe
l

0.1
µM

 C
ar

bopla
tin

 &
 0

.0
5n

M 
Pa

cl
ita

xe
l

1µ
M 

C
ar

bopla
tin

 &
 0

.5
nM 

Pa
cl

ita
xe

l

3µ
M 

C
ar

bopla
tin

 &
 1

.5
nM 

Pa
cl

ita
xe

l

6µ
M 

C
ar

bopla
tin

 &
 3

nM 
Pa

cl
ita

xe
l

10
µM

 C
ar

bopla
tin

 &
 5

nM 
Pa

cl
ita

xe
l

10
0
µM

 C
ar

bopla
tin

 &
 5

0n
M 

Pa
cl

ita
xe

l
0

50

100

150

%
 o

f 
L

iv
e
 C

e
ll
s

HCC1806

% of Live Cells

C
ontr

ol

10
0
µM

 C
ar

bopla
tin

 

10
0n

M 
Pa

cl
ita

xe
l

0.0
2
µM

 C
ar

bopla
tin

 &
 0

.0
2n

M 
Pa

cl
ita

xe
l

0.2
µM

 C
ar

bopla
tin

 &
 0

.2
nM 

Pa
cl

ita
xe

l

2µ
M 

C
ar

bopla
tin

 &
 2

nM 
Pa

cl
ita

xe
l

6µ
M 

C
ar

bopla
tin

 &
 6

nM 
Pa

cl
ita

xe
l

12
µM

 C
ar

bopla
tin

 &
 1

2n
M 

Pa
cl

ita
xe

l

20
µM

 C
ar

bopla
tin

 &
 2

0n
M 

Pa
cl

ita
xe

l

20
0
µM

 C
ar

bopla
tin

 &
 2

00
nM 

Pa
cl

ita
xe

l
0

50

100

150

200

%
 o

f 
L

iv
e
 C

e
ll
s

HCC1806

% of Live Cells

C

D



Chapter 6: Drug Sensitivity Patterns in TNBC 

   237 

  
 
Figure 6.8 (A-B): Cell viability assays assessing sensitivity of HCC1806 grown in 3-D 

to (A) 0.5 – 500 nM of Doxorubicin and 0.01 – 100 nM of Paclitaxel and (B) 0.5 – 500 

nM of Doxorubicin and 0.02 – 200 nM of Docetaxel  
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 
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Figure 6.8 (C):  Cell viability assays assessing sensitivity of HCC1806 grown in 3-D to 

(C) 0.005 – 50 µM of Carboplatin and 0.01 – 5 µg/ml of Cetuximab 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate.   
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Figure 6.9 (A): Cell viability assays assessing sensitivity of HCC1806 grown in 3-D to 

0.02 – 200 µM of Carboplatin and 0.02 – 200 nM of Paclitaxel plus 0.005 µg/ml – 2.5 

µg/ml of Cetuximab 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 
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Figure 6.9 (B): Cell viability assays assessing sensitivity of HCC1806 grown in 3-D to 

10 – 500 µM of Carboplatin and 10 – 500 nM of Paclitaxel plus 5 µg/ml, 25 µg/ml, 50 

µg/ml and 250 µg/ml of Cetuximab 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. p-

values reported as p<0.001 (***), p<0.005 (**) or p<0.05 (*) by 2-way ANOVA with Bonferroni comparison 

for each experiment comparing interaction between drug concentrations.  

Data compared between each variable in each treatment arm: e.g. for 10 µM carboplatin and 10 nM paclitaxel, 

p<0.05 for 5 µg/ml cetuximab vs 25 µg/ml cetuximab and p<0.001 for 5 µg/ml cetuximab vs 250 µg/ml 

cetuximab, with all other comparisons not significant.   
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Table 6.7: Combination assays of Carboplatin & Paclitaxel & Cetuximab in 3-D 

models of HCC1806  

 Average % of 

live cells 

SD 

Carboplatin 100 µM 36.5%* 11.9 

Paclitaxel 100 nM 66.1% 30.2 

Cetuximab 5 µg/ml 77.2% 3.8 

Carboplatin 100 µM & Paclitaxel 100 nM 60.5% 10.3 

Carboplatin 100 µM & Paclitaxel 100 nM & 2.5 µg/ml Cetuximab 55.9% 9.4 

Carboplatin 100 µM & Paclitaxel 100 nM & 5 µg/ml Cetuximab 69.4% 9.3 

Carboplatin 100 µM & Paclitaxel 100 nM & 25 µg/ml Cetuximab 58.3% 14.8 

Carboplatin 100 µM & Paclitaxel 100 nM & 50 µg/ml Cetuximab 58.2% 13.9 

Carboplatin 100 µM & Paclitaxel 100 nM & 250 µg/ml Cetuximab 49.8% 4.4 

Carboplatin 200 µM & Paclitaxel 200 nM 70.1% 10.7 

Carboplatin 200 µM & Paclitaxel 200 nM & 2.5 µg/ml Cetuximab 42.3% 13.1 

Carboplatin 250 µM & Paclitaxel 250 nM & 2.5 µg/ml Cetuximab 43.5% 8.5 

Carboplatin 250 µM & Paclitaxel 250 nM & 5 µg/ml Cetuximab 53.2% 3.9 

Carboplatin 250 µM & Paclitaxel 250 nM & 25 µg/ml Cetuximab 47.4% 10.1 

Carboplatin 250 µM & Paclitaxel 250 nM & 50 µg/ml Cetuximab 48.6% 8.2 

Carboplatin 250 µM & Paclitaxel 250 nM & 250 µg/ml Cetuximab 43.1% 6.9 

Carboplatin 500 µM & Paclitaxel 500 nM & 2.5 µg/ml Cetuximab 40.3% 7.3 

Carboplatin 500 µM & Paclitaxel 500 nM & 5 µg/ml Cetuximab 47% 4.2 

Carboplatin 500 µM & Paclitaxel 500 nM & 25 µg/ml Cetuximab 42.1% 10.3 

Carboplatin 500 µM & Paclitaxel 500 nM & 50 µg/ml Cetuximab 42.9% 6.5 

Carboplatin 500 µM & Paclitaxel 500 nM & 250 µg/ml Cetuximab 35.2% 11.4 

 
* Although 36.5% of cells alive at analysis, IC50 not reached; SD: standard deviation 
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6.3.7 Mechanisms of Drug Resistance  

Various mechanisms of drug resistance have been described in breast cancer cell 

lines. The multi drug resistance (MDR1) gene, which encodes the multidrug efflux 

protein P-glycoprotein, is one of the better understood mechanisms of drug 

resistance. MDR1-related drug resistance has been implicated as a mechanism of 

resistance to taxanes, anthracyclines and vinca alkaloids, and both intrinsic and 

acquired expression of P-glycoprotein in breast cancer cells can contribute to drug 

failure and the development of recurrent disease (364-367). Based on this data, 

MDR1 was studied in order to ascertain whether this gene was responsible for the 

patterns of drug resistance seen in TNBC cell lines and in particular in the 

HCC1806 (BL2) and MDA-MB-231 (MSL) cell lines. As described in Chapter 2: 

Materials and Methods (Section 2.12), immunoblotting was performed. Imaging of 

the blot was carried out using the Universal Hood III imager (Bio-Rad Laboratories 

Inc.).  

 

MDR1 was not over-expressed in protein extracted from HCC1806 or MDA-MB-

231 cell lines grown in either 2-D or 3-D culture (Figure 6.10). Therefore, MDR1 

does not appear to account for the intrinsic drug resistance of any TNBC cell lines 

demonstrated in this study in 2-D or 3-D models. Therefore, further work needs to 

be carried out to demonstrate the method of drug resistance observed in these TNBC 

subtypes. For example, the breast cancer resistance protein (BCRP) gene is similar 

to MDR1 and is a major drug efflux transporter associated with drug resistance in 

breast cancer. This protein also acts as a marker of cancer stem cells, which are 

known to be chemoresistant (368). The demonstration of BCRP overexpression by 

Western blotting could identify one possible cause of drug resistance in these cell 

lines. Similarly, using the same methodology, overexpression of genes involved in 

DNA damage repair could cause reduced efficacy of chemotherapeutic agents and 

cell survival.  

 

Using another approach, the development of resistant cell lines by exposure to 

increasing concentrations of chemotherapy agents, could also assist in identifying 

mechanisms of cellular drug resistance. Genetic analysis of such cell lines have 

shown increasing numbers of genetic alterations, which are not usually present in 
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non-resistant cells. These alterations can be mutations or amplifications of genes 

known to cause drug resistance, which in turn leads to altered protein production. 

By identifying these genetic changes, possible causes of resistance could be 

identified (369).  

 

Despite the various in vitro methods that could be explored to identify mechanisms 

of drug resistance, patient derived xenograft (PDX) models, whereby tumour tissue 

from patients is directly implanted into immunodeficient mice, should be 

considered the future of preclinical research. PDXs are known to be better 

predictors of response to therapy and reflect original tumours much more than 

immortalised cell lines which have undergone countless passages, with resultant 

adaptations and genetic transformations (370, 371). Using PDX models, 2-D and 

3-D cell cultures can be cultivated and drug sensitivity or resistance can be 

prospectively predicted, thereby potentially saving patients the cost and toxicity 

associated with futile therapies (372). To this end, a clinical trial is currently 

underway assessing if PDX mouse models can reliably predict treatment response 

for individual patients with TNBC and to provide insight into mechanisms of 

therapeutic resistance for individual patients. In this study, paired tumour samples 

collected (pre-and post-NACT) aim to enhance the understanding of the genomic 

basis for treatment response on an individual patient basis and potentially lead to 

new therapeutic options for high-risk TNBC patients with residual disease post-

NACT (NCT02247037). 



Chapter 6: Drug Sensitivity Patterns in TNBC 

   244 

 
 
Figure 6.10: Western Blot Images showing MDR1 expression in (A) protein extracted from TNBC cell lines grown in 2-D and (B) protein extracted 

from TNBC cell lines grown in 3-D 

Reference gene β-actin also shown in (A) 2-D and (B) 3-D 
Immunoblots are representative of 2 independent experiments.  
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6.4 Discussion 

This study has shown that different TNBC subtypes behave differently in vitro and 

have different patterns of response to standard cytotoxic chemotherapy used in 

routine clinical practice.  

 

 

6.4.1 2-D versus 3-D models 

Cells of both normal and malignant origin may lose some of their phenotypic 

characteristics when grown in 2-D monolayer cultures in vitro. This has led to the 

development of 3-D culture systems, which are thought to reflect the human tissue 

environment more accurately. Multicellular tumour spheroids are routinely used in 

antitumour drug testing as the spheroids can mimic the tumour in vivo, with cell-

to-cell interactions very similar to those of tumour nodules, micrometastases or 

intervascular regions of large solid tumours (241). In this study, there were 

significant differences in the sensitivity profile between cell lines in 2-D and 3-D 

models. For the most part, the IC
50

s were significantly higher in 3-D compared to 

2-D models, for all drugs and all cell lines. This was most apparent in the two 

chemoresistant cell lines, HCC1806 (BL2) and MDA-MB-231 (MSL). In these two 

cell lines, 2-D models initially suggested that both cell lines were sensitive to taxane 

chemotherapy, but subsequent 3-D models proved that both cell lines were 

markedly chemoresistant to all drugs, including taxanes. These results demonstrate 

that while 2-D models can be hypothesis generating, multicellular tumour spheroids 

or 3-D models more accurately reflect the tumour environment in vivo.   

 

 

6.4.2 Basal Like 1 

The BL1 subtype is enriched in pathways responsible for cell division and DNA 

damage repair and expresses genes associated with proliferation, resulting in high 

levels of Ki67 IHC expression and high Ki67 mRNA expression. As a result, the 

BL1 subtype has been shown to be intrinsically chemosensitive (15, 37). The BL1 

cell line used in this study (MDA-MB-468) was derived from an invasive ductal 

carcinoma and as per the COSMIC database was noted to have validated pathogenic 

mutations in PTEN, TP53, RB1, BLM, SMAD4 and PLAG1 (37, 347, 373). Of these, 
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TP53 is involved in DNA damage repair while RB1, BLM and SMAD4 are involved 

in DNA replication. In keeping with these mutations and the impact of these 

mutations on DNA damage repair and DNA replication, MDA-MB-468 was found 

to be exquisitely chemosensitive, responding to all chemotherapy drugs tested in 

both 2-D and 3-D models, even at the smallest doses tested. This is in keeping with 

other studies showing that BL1 TNBCs have the highest rates of pCR to NACT 

(49-52%) (16, 67). In addition, BL1 patients have been shown to have better RFS 

and OS than all other TNBC subtypes combined, with reports of 72% of patients 

relapse free at 7-year follow-up (67). 

 

 

6.4.3 Basal Like 2 

The BL2 subtype expresses genes involved in growth factor signaling and glucose 

metabolism and expresses growth factor receptor genes (EGFR, MET) (15, 37). The 

BL2 cell line used in this study (HCC1806) was derived from an acantholytic 

squamous cell carcinoma of the breast, which is thought to be a subset of 

metaplastic breast carcinoma. As per the COSMIC database, this cell line is known 

to have validated pathogenic mutations in CDKN2A, TP53, UTX, PREX2 and 

TCF12 (37,347,373). With the exception of TP53 which is responsible for the 

control of DNA damage repair, none of the pathways affected by these mutations 

are involved in DNA regulation or would predict response to chemotherapeutic 

agents. Therefore, this study has shown that in 3-D models, the BL2 cell line 

(HCC1806) was intrinsically chemoresistant despite increasing concentrations of 

combination chemotherapy regimens. Standard two-drug chemotherapy 

combinations (carboplatin plus taxane, anthracycline plus taxane and carboplatin 

plus an EGFR inhibitor) were essentially ineffective in this TNBC subtype. 

Eventually, cell kill was achieved by using large doses of a multi-drug regimen of 

carboplatin plus paclitaxel plus the EGFR inhibitor, cetuximab. The dose of 

cetuximab had an inverse correlation with the IC50 of carboplatin and paclitaxel: 

higher doses of cetuximab resulted in more cell kill and a lower IC50 of carboplatin 

and paclitaxel.  

 

These results are in keeping with other studies which have shown that current 
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chemotherapy regimens are ineffective in BL2 TNBCs. The BL2 subtype has been 

shown to have little or no response to NACT with studies showing pCR rates of 0-

18% (16, 67). In addition, the BL2 subtype has been consistently shown to have the 

worst outcomes of all TNBC subtypes, with respect to MFS and OS (16, 67). 

Lehmann et al. (67) have shown a median survival of 2.4 years for BL2 TNBCs, 

compared to over 7 years among other TNBCs. This current study affirms previous 

work by Corkery et al. (209) in which basal TNBC cell lines that overexpressed 

EGFR were treated with the EGFR inhibitor gefitinib, in combination with 

carboplatin and docetaxel. That study showed that the addition of the EGFR 

inhibitor resulted in improved responses compared to chemotherapy alone (209). 

Similarly, Hoadley et al. (374) have shown that basal-like cell lines were sensitive 

to both gefitinib and cetuximab and that cetuximab and carboplatin were highly 

synergistic.  

 

The inherent resistance to chemotherapy seen in the BL2 cell line could be 

explained in part by the pattern of 3-D growth observed in vitro. The HCC1806 cell 

line was the only malignant cell line found to form a spheroid when grown in 3-D 

culture. It is possible that due to the spheroid structure, the tumour is less 

susceptible to the effects of chemotherapy and that alternative chemotherapy 

delivery methods could be explored in order to enhance cell kill.  

 

 

6.4.4 Mesenchymal Stem Like 

The MSL subtype expresses genes associated with stem cells, genes representing 

growth factor signalling pathways and genes involved in angiogenesis and immune 

signalling. This subtype is phenotypically similar to metaplastic breast cancers, 

which are characterised by sarcomatoid or squamous features and tend to be 

intrinsically chemoresistant (15, 37). Up to 30% of mesenchymal TNBCs can be 

classified histologically as metaplastic breast cancers (375). The MSL cell line 

(MDA-MB-231) used in this study was an invasive ductal carcinoma and as per the 

COSMIC database is known to have pathogenic mutations in BRAF, CDKN2A, 

KRAS, NF2, TP53, PDGFRA and CD79A (37, 347, 373). The only common 

pathway affected by these mutations is the RAS/MAPK pathway, which involves 
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both KRAS and BRAF. In other cancer types, both BRAF and KRAS mutations are 

known to predict resistance to systemic therapy. Similarly, in this study, MDA-MB-

231 was found to be intrinsically chemoresistant to standard doses of combination 

chemotherapy. Eventually, resistance was overcome by high concentrations of 

chemotherapy. The concentration of drug required to achieve cell kill in the MSL 

subtype was twice that required in other TNBC cell lines. The MSL subtype was 

shown to be resistant to carboplatin in both 2-D and 3-D models, but a synergistic 

cell death effect was observed when carboplatin was combined with either 

paclitaxel or docetaxel. Masuda et al. (16) have previously showed that the MSL 

subtype had modest response rates to NACT, with a pCR rate of 23%. The MFS 

and OS have been shown to be marginally better than those seen in the BL2 subtype, 

but worse than those seen in the BL1 subtype (16, 37). 

 

 

6.4.5 Luminal Androgen Receptor 

The LAR subtype is driven by AR and displays luminal gene expression. Genes 

representing hormonally regulated pathways are heavily enriched in this subtype 

(15, 37). The LAR cell line (MDA-MB-453) was derived from an adenocarcinoma 

and, as per the COSMIC database, is known to have pathogenic mutations in TP53, 

PLAG1, BLM, PIK3CA, CDH1 and PTEN (37, 347, 373). TP53 is involved in DNA 

damage repair and BLM is involved in DNA replication and both of these genes are 

also noted to be mutated in the BL1 cell line. In keeping with these mutations and 

the similarity in the mutation profile between the BL1 and LAR subtypes, in this 

current study, the LAR cell line was one of the more chemosensitive subtypes 

responding to all four chemotherapy drugs, in both 2-D and 3-D models. This 

contrasts to results seen by Masuda et al. (16) where the LAR subtype was found 

to have low rates of pCR (10%). In that study, the LAR subtype was one of the most 

chemoresistant subtypes, second only to BL2 (16). The differences in 

chemosensitivity between the study by Masuda et al. (16) and this study are unclear. 

One potential explanation is that the Masuda study demonstrated lower than 

expected pCR rates, as other studies have demonstrated that this subtype is 

relatively more chemosensitive with pCR rates of 14% and CBR of 19-29% (194, 

376). In addition, when categorizing TNBCs into intrinsic subtypes, LAR tumours 
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have been shown to be present in both the basal-like (5%) and non-basal-like (17%) 

subtypes. As expected, LAR tumours in the basal-like subtype would be more 

chemosensitive than those in the non-basal-like subset which could also account for 

differences in sensitivity patterns. Finally, Masuda et al. (16) reported tumour 

samples from patients undergoing NACT, whereas this current study reported 

chemosensitivity from cell line models. Therefore, the differences between in vitro 

and in vivo models could also explain the differing results observed. One way to 

study this further would be to perform drug viability assays on a different LAR 

TNBC cell line in order to compare results in vitro.   

 

However, despite poor responses to chemotherapy in the literature, there are mixed 

reports about the outcomes of LAR TNBCs. Some studies have demonstrated that 

the LAR subtype had the highest MFS and OS rates of all TNBC subtypes (16), 

while others have shown that DFS was significantly decreased in the LAR subtype, 

compared to the BL1 and MSL subtypes (37). This study would favour the former, 

as the chemosensitive nature of LAR TNBCs observed in this study would suggest 

favourable long-term outcomes for this cohort of TNBCs. However, earlier results 

from Chapter 5 (Evaluation of Predictive and Prognostic Targets in TNBC) did not 

demonstrate any predictive or prognostic role for AR-expressing TNBCs.  

 

 

6.5 Clinical Implications 

In this study, the BL1 TNBC subtype has been shown to be exquisitely 

chemosensitive and responds to single agent standard chemotherapy agents, at 

modest doses. Based on these in vitro observations, this subtype is likely to 

represent the good prognostic, chemosensitive, long-term TNBC survivors 

observed in clinical practice. If this subtype could be prospectively identified prior 

to starting systemic treatment, chemotherapy regimens could potentially be 

rationalised or de-escalated for this subset of TNBCs. Naturally, this hypothesis 

would need to be tested in clinical trials in vivo, prior to any change in practice but 

this concept is thought provoking and worth pursuing in future research.  
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Other studies have reported that the LAR subtype does not benefit from standard 

chemotherapy agents. Attempts are being made to de-escalate or remove 

chemotherapy in this cohort and to pursue endocrine based therapy with AR 

antagonists, or PIK3CA inhibitors (16-18, 20, 23, 37, 71, 189, 190). On the 

contrary, this study has reported that the LAR subtype is intrinsically 

chemosensitive and responded to all chemotherapy agents at comparable IC50s to 

those observed in the BL1 subtype. There will inevitably be intra-tumoural 

heterogeneity but based on these observations, it would appear counter-intuitive to 

exclude chemotherapy entirely from the treatment paradigm of this TNBC subtype 

until further information is gathered. On one hand, if the LAR subtype is truly 

chemosensitive, it may not be necessary to intensify efforts to develop new 

therapeutic strategies and targets. Instead chemotherapy regimens could be 

rationalised. On the other hand, if the LAR subtype does in fact respond poorly to 

chemotherapy, perhaps chemotherapy regimens in combination with AR 

antagonists or PIK3CA inhibitors, rather than either modality alone, should be a 

therapeutic strategy explored in the future.  

 

In this study, two other TNBC subtypes, BL2 and MSL, were found to be 

intrinsically chemoresistant to standard chemotherapy drugs and doses, responding 

only to the addition of EGFR inhibition, and high dose chemotherapy respectively. 

As there is currently no clinically validated mechanism to prospectively identify 

these poor prognostic subtypes in clinical practice, it is safe to assume that these 

TNBCs are being inadequately treated with current standard of care chemotherapy. 

Prospective identification of the BL2 subtype, for example, could pave the way for 

further studies to facilitate better selection of chemotherapeutic agents, and in 

particular to investigate the upfront addition of an EGFR inhibitor to combination 

chemotherapy. A study by Baselga et al. (204) showed that the addition of 

cetuximab to cisplatin resulted in an improvement in DFS and OS among an 

unselected population of TNBCs, although the study failed to meet its primary 

endpoint of ORR. However, if future studies stratify tumours according to EGFR 

expression or EGFR mutations, more encouraging results may be observed with 

EGFR inhibition.  

 



Chapter 6: Drug Sensitivity Patterns in TNBC 

   251 

Similarly, prospective identification of the MSL subtype could lead to the 

exploration of high dose chemotherapy regimens for this subtype of TNBC. In fact, 

high dose chemotherapy with autologous stem cell rescue has been previously 

studied in breast cancer, albeit with mixed results, throughout the 1990s and 2000s 

(377-379). Rodenhuis et al. (379) reported that the 5-year OS benefit of high dose 

chemotherapy followed by peripheral blood stem cell transplant seemed to favour 

those patients that were hormone receptor and HER2 negative, although the 

differences did not reach statistical significance. Similarly, a meta-analysis by 

Berry et al. (380) showed that there was a 33% reduction in the risk of death for 

TNBCs treated with high dose chemotherapy plus stem cell rescue, compared to 

chemotherapy alone. If either of these two subtypes of TNBCs, BL2 or MSL, could 

be prospectively identified, it could facilitate more focused efforts to identify the 

optimal treatment pathways for these chemoresistant TNBC subtypes. 

 

 

6.6 Limitations 

This study has several limitations. First, as outlined in Section 6.3.2 (Chemotherapy 

Response in 2-D Models), there were differences observed in IC50 values between 

this study and those reported in publically available datasets, such as the Genomics 

of Drug Sensitivity in Cancer database (352). Reasons for such differences in IC50s 

are unclear, but may be a result of differing techniques in cell culture or assays. 

However, given the large scale of resources such as the GDSC, whereby >1000 cell 

lines were screened with a large number of therapeutic agents, and sensitivity 

patterns were correlated with genomic data, one must assume that the GDSC gives 

more accurate and sensitive results. 

 

Second, clonogenic assays were not performed in this study and therefore the cell 

viability assays performed in this study may not be the optimal way of assessing 

response to chemotherapeutic agents. Clonogenic assays are cell survival assays 

that evaluate all modalities of cell death based on the ability of a single cell to grow 

into a colony. These assays have the ability to detect all cells that retain the capacity 

to produce a large number of daughter cells after cytotoxic treatments and test the 

effects of external stress signals on cell survival. Clonogenic assays were initially 
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developed to study the effects of radiation on cells, and are now considered to be 

the optimal method to determine cell reproductive death after treatment with 

cytotoxic agents (381-383). The cell viability assays used in this study (Alamar 

Blue for 2-D and Acid Phosphatase for 3-D) quantify the amount of cell growth 

after therapy, at a single point in time after treatment. However, studies have shown 

that fluorescence based cell viability assays, such as those used in this study, can 

be used as a surrogate for clonogenic assays, as they are reproducible and less time 

consuming (384). For this reason, the viability assays used in this study were felt to 

be appropriate and an adequate way of analysing cell death for the purposes of this 

study.  

 

Finally, it is well known that 2-D cell line models display cell bioactivities that are 

different from the in vivo response of the cell. In this regard, 3-D models are 

superior to 2-D models as they can preserve the original shape and heterogeneity of 

both the tumour and stromal cells. Despite the perceived advantages associated with 

3-D models, technical difficulties and the challenges of performing cell viability 

assays in 3-D models have limited their use. In addition, assessing the tumour 

microenvironment, which is a critical component of cell migration, can be 

technically difficult in standard 2-D and 3-D tissue culture models (385). For 

example, the response of cancer cells to cytotoxic treatment is affected by both 

stromal cells and the extracellular matrix, neither of which are routinely studied in 

standard tissue culture models. While 3-D co-culture models can facilitate the study 

of stromal cells on cancer cell proliferation and migration and facilitate the study 

of the immune microenvironment, these cell line models are more complex than 

standard tissue culture models (385, 386). In this study, although both 2-D and 3-D 

tissue culture models were used, co-culture models were beyond the scope of this 

work. In view of the results shown in this body of work (Chapter 5: The Evaluation 

of Predictive and Prognostic Targets in TNBCs), where sTILs played an important 

role in both response to therapy and outcomes, the lack of co-culture models and 

the inability to study the tumour microenvironment is a drawback of this in vitro 

data. Cell-based assays in which the effects of the tissue microenvironment on drug 

efficacy can be evaluated in 3-D models, such as that reported by Sherman et al. 

(387) would be an appropriate next step in this in vitro work.  
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6.7 Conclusions 

This study adds significantly to the growing body of evidence that TNBC is a 

markedly heterogeneous disease. It is generally thought that most basal-like TNBCs 

behave in a similar fashion, albeit differently from other TNBC subtypes. However, 

this study has shown significant and clinically important differences in 

chemotherapeutic sensitivities between basal-like TNBCs. In the same way that the 

BL1 subtype is intrinsically chemosensitive and associated with a good prognosis, 

the BL2 subtype is chemoresistant, overcome only by the addition of an EGFR 

inhibitor and has been shown to have very poor outcomes. Similarly, the MSL 

subtype is chemoresistant, and this subtype was only successfully treated by high 

dose chemotherapy. Finally this study has shown, contrary to other reports, that the 

LAR subtype is a chemosensitive subtype, which is likely associated with good 

outcomes. Therefore efforts to identify targeted therapy could facilitate de-

escalation of treatment in this subtype. Ultimately, this work has shown that 

different subtypes of TNBC respond differently to standard of care systemic 

chemotherapy agents and these results can ultimately have important clinical 

implications. 
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7.1  Conclusions 

In this work, it was shown that the addition of carboplatin to an anthracycline-

taxane-based NACT regimen significantly improved pCR rates. The addition of 

carboplatin resulted in an absolute increase of 27% in the rates of pCR breast/axilla. 

Carboplatin and tumour grade were independently associated with pCR 

breast/axilla which was in turn an independent predictor of survival, although the 

length of follow-up was short. This data validates the results of large phase II 

randomised controlled clinical trials of carboplatin in the neoadjuvant treatment of 

TNBC and translates these results into routine clinical practice. Based on this data, 

carboplatin should now be considered a pivotal component of standard of care in 

the neoadjuvant treatment of TNBCs, with the caveat being that survival 

improvements with the inclusion of carboplatin have yet to be demonstrated.  

 

Epidemiological characteristics of this cohort of TNBCs were examined with 

respect to patient outcomes. Both non-modifiable and modifiable risk factors had 

prognostic significance. Most notably, increasing BMI was associated with 

improved breast cancer specific survival. Historically, patients with increased BMI 

were under-dosed with chemotherapy, which in turn lead to decreased response to 

chemotherapy and poorer survival. This study has shown that with adequate 

chemotherapy dosing, increased BMI is no longer considered a poor prognostic 

factor. Furthermore in this study, post-menopausal patients with increased BMI had 

improved breast cancer specific survival, highlighting the complexity of TNBC risk 

factors and the differences in risk factor profiles between TNBCs and other breast 

cancer subtypes. In the future, outcomes from TNBC may be significantly impacted 

by non-pharmacological, lifestyle measures which may provide another means of 

improving patient survival.  

 

A number of potential biomarkers predictive of response to NACT and prognostic 

for outcomes were investigated. sTILs were identified as a predictive biomarker 

that were significantly associated with pCR. Increasing sTILs were associated with 

increased rates of pCR. This adds to the emerging consensus that sTILs have a 

predictive role in TNBCs. In this study, the effect of increasing sTILs on pCR was 

greatest in patients who did not receive carboplatin. In addition, this study has 
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shown that the addition of carboplatin did not increase pCR among LPBCs, who 

had very high pCR rates with standard anthracycline-taxane-based chemotherapy, 

thereby demonstrating that tumours with high sTILs are adequately treated with 

standard combination chemotherapy. Treatment intensification with carboplatin is 

not necessary in these immune mediated tumours, whereas carboplatin should be 

used in patients with lower sTIL counts, in order to increase the rates of pCR. 

Although the prognostic value of sTILs was not confirmed in this study, pCR was 

shown to be associated with survival in this cohort, albeit at short follow-up. Large 

studies are necessary in order to validate the analytical validity of sTILs for routine 

use and to test their predictive value in response to different chemotherapeutic drugs 

and different breast cancer subtypes.  

 

Finally, the behaviour and drug sensitivity patterns of TNBC subtypes were 

evaluated in 2-D and 3-D models in vitro using standard of care chemotherapy 

drugs. This work has shown that different TNBC subtypes respond differently to 

chemotherapy in vitro, providing robust translational evidence to explain the 

differing clinical behaviour and chemotherapy responses observed in everyday 

clinical practice. In this study, the BL1 cell line was sensitive to all chemotherapy 

drug, only a three-drug regimen of carboplatin-paclitaxel-cetuximab was found to 

be effective for the BL2 subtype, high dose combination chemotherapy was the 

only strategy effective for the MSL subtype and the LAR subtype responded to all 

chemotherapy drugs tested. In addition, each cell line behaved differently in 2-D 

compared to 3-D models, showing the heterogeneity associated with TNBC while 

also demonstrating that 3-D models are a better reflection of in vivo models.  While 

gene expression profiling has identified TNBC subtypes, this approach has not 

translated into a practical diagnostic tool applicable to routine clinical practice.  IHC 

has been explored as a surrogate method of defining subtypes of TNBC but has not 

been validated (3). Therefore the clinical impact of TNBC subtyping cannot reach 

its full potential until robust biomarkers are identified and validated for clinical use 

(16, 24). Ultimately, this study has shown that until such time as TNBCs can be 

prospectively subtyped in the clinical setting, some TNBCs will be undertreated 

and others will be over-treated. The results from this study can be used to influence 

clinical trial design with respect to TNBC subtypes.  
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This body of work has demonstrated that not all TNBCs are equal. There is 

heterogeneity among TNBCs with respect to biomarkers, response to chemotherapy 

and outcomes. Therefore, current practice whereby all TNBCs are considered one 

disease for the purposes of clinical trial design, does not account for the 

heterogeneity of the disease that is clinically apparent. This work adds weight to 

the concept that TNBCs should be subtyped prior to clinical trial enrollment, 

thereby facilitating clinical trial stratification and the study of TNBC subtypes in a 

prospective fashion. For example, the use of biomarkers such as sTILs or AR could 

be used to stratify patients in clinical trials in order to prospectively study the effect 

of these biomarkers on response to therapy. In view of the rarity of TNBC relative 

to other breast cancer subtypes, prospective clinical trials need to be carried out 

across multiple institutions in order for these studies to be statistically powered to 

detect differences in TNBC subtypes.  In addition, current clinical practice whereby 

all TNBCs are considered one disease for the purposes of treatment decision 

making does not take TNBC heterogeneity into account. By influencing future 

clinical trial design, results from this body of work could subsequently be used to 

direct therapeutic decision making and to re-enforce that treatment of TNBC should 

be individualized based on established chemosensitivity patterns in order to 

improve response rates and outcomes.  

 

 

7.2 Future Directions 

TNBC is an umbrella term for all invasive breast cancers that lack expression of 

ER, PR and HER2 and TNBCs are a heterogeneous group of cancers that comprise 

a number of different subtypes. A number of clinical trials are underway in TNBC 

to establish the role for platinums in both the neoadjuvant and adjuvant setting, to 

explore the potential use of immunotherapy and targeted therapies such as PARP 

inhibitors and to identify predictive and prognostic biomarkers with the use of 

correlative studies.  

 

The search for predictive and prognostic biomarkers in TNBC is underway in the 

hope that therapeutic strategies can be modified and outcomes improved. Due to 

the heterogeneity of TNBCs, it is very unlikely that a “one size fits all” approach to 
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biomarkers will have much success. Efforts are hindered by the relatively small 

numbers of TNBCs and the even smaller numbers of each TNBC subtype. Progress 

in this area is critically dependent on the optimisation of multi-centre clinical trials 

and international registries, in order to recruit sufficient patients to give clinically 

meaningful results. In addition, it is likely that the optimal approach to biomarker 

evaluation will require a combination of diagnostic models using IHC, molecular 

profiling and other methods of pathological evaluation.  

 

One of the most promising and exciting potential biomarkers, which should be the 

focus of future research endeavours, are sTILs. In this and other studies, sTILs have 

consistently been shown to be good predictors of response to chemotherapy. 

However, it remains unclear whether sTILs predict response to carboplatin, whether 

TNBCs with high sTILs truly derive benefit from carboplatin, or whether 

carboplatin should be reserved for tumours with low sTILs (99,100,104). Going 

forward, sTIL scores should be used as a predictive biomarker in TNBC and future 

clinical trials should stratify TNBCs based on sTILs levels in order to explore the 

precise role of sTILs in TNBCs with respect to chemotherapy selection (324). 

 

In order for sTILs to be used as a reliable and reproducible biomarker, the 

evaluation of sTILs must be standardized. As with any pathological tumour 

assessment, there is inevitably some degree of inconsistency and inaccuracy in the 

reporting of sTILs. To this end, this group has previously reported the results of a 

study examining scoring patterns of sTILs among a group of European breast 

pathologists. There was moderate agreement between pathologists when absolute 

sTILs were reported but reporting was found to be less consistent at cut-offs of 

>25% and >60%, concluding that current H&E assessment may not be reliable in 

everyday clinical practice (320). Efforts are ongoing to standardize sTIL 

assessment. Both the International TILs working group (110) and two subsequent 

Ring studies (388) have shown that sTIL assessment can be reproducible and can 

be enhanced by using additional tools such as software-guided images.  

 

Not only is the study of biomarkers an important future direction in TNBC research, 

but the identification of reliable and consistent endpoints for clinical trials is crucial. 

pCR is repeatedly used as a surrogate endpoint for survival in neoadjuvant studies. 
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However, this has been shown to be limited, and does not always correlate with 

survival (125,132,133,139). Despite a large cohort reported in this study, the 

identification of prognostic factors remains challenging and few factors have been 

shown to impact survival. Therefore, when trials are being designed to investigate 

potential biomarkers in TNBC, careful consideration should be given not only to 

study design but also to the use of reliable endpoints. In this way, the true 

association between pCR and survival can be explored. 

 

On a personal level, I am continuing my research into TNBC in the hopes of 

advancing the scientific knowledge base and ultimately improving outcomes from 

this disease. To this end, this series of patients from UHG will be prospectively 

followed over time and the cohort will be re-analysed after an extended period of 

follow-up in order to validate the outcomes observed in this study. As the short 

follow-up time was felt to be the potential reason why survival benefits were not 

directly observed with the use of carboplatin for example, longer follow-up will 

allow the demonstration of significant predictors of survival. I plan to re-analyse 

this cohort in 2021, meaning that all patients will have at least 5 years follow-up, 

after the completion of the study (December 31, 2015). In view of the natural 

history of TNBC, where most patients relapse and die within the first 5 years after 

diagnosis, analysis in 2021 will allow sufficient time to see the true effect of 

neoadjuvant chemotherapy and the effects of carboplatin based chemotherapy in 

particular. Ideally, patient data would be prospectively collected and entered into a 

cancer centre, or preferably a national database so that large multi-centre studies 

can provide more extensive information and allow more advances to be made in 

this relatively rare disease.  

 

This body of work and the pursuit of this higher degree have provided a springboard 

for my future research and academic career. As I am now enrolled in a Medical 

Oncology clinical and research fellowship program in Johns Hopkins Hospital, 

Baltimore, I am fortunate to be able to continue to research TNBC and also to 

expand my research portfolio to include ovarian cancer. My primary focus will be 

on the role of DNA damage repair pathways and the exploitation of these pathways 

in the search for therapeutic targets. To this end, I will be developing early phase 

(phase I-II) clinical trials in both TNBC and ovarian cancer.  



Chapter 7: Conclusions and Future Directions 

   260 

One such clinical trial aims to explore the use of a Glutaminase inhibitor in patients 

with metastatic TNBC and metastatic ovarian cancer. In normal cells, glucose and 

glutamine are key nutrients that facilitate cell proliferation and survival. In cancer 

cells, altered glucose metabolism increases the dependence on glutamine for cell 

growth and survival. Glutaminase (GLS) is responsible for the conversion of 

glutamine to glutamate and has been shown to be overexpressed in TNBC and 

recurrent ovarian cancer. In breast cancer, GLS high tumours are associated with 

worse prognosis than GLS low tumours and are associated with poorer response 

rates to carboplatin. CB-839 is a potent, selective, reversible, orally bioavailable 

small molecule inhibitor of GLS, which blocks the production of glutamate and its 

downstream metabolites, leading to increased DNA replication stress, increased 

DNA damage and renders cells sensitive to genotoxic drugs. Pre-clinically, CB-839 

has anti-tumour activity in TNBC and ovarian cancer with TNBC cell lines showing 

increased sensitivity to GLS inhibition compared to ER-positive or HER2-positive 

cell lines. It is hypothesized that combining CB-839 with genotoxic drugs may 

increase anti-tumour effects. In this regard, pre-clinical models of both TNBC and 

ovarian cancer have demonstrated increased anti-tumour activity with combinations 

of CB-839 plus carboplatin and CB-839 plus PARP inhibitors, compared to either 

agent alone. In addition, CB-839 has been shown to re-sensitise GLS-high tumours 

to carboplatin (389-395). Based on this pre-clinical data, I have hypothesized that 

in both metastatic TNBC and platinum resistant ovarian cancer, the addition of the 

GLS inhibitor CB-839 to carboplatin can re-sensitise tumours to platinum. 

Similarly, CB-839 combined with PARP inhibitors can increase the anti-tumour 

effects of PARP inhibition. Therefore, the use of GLS inhibition combined with 

DNA damaging agents can provide additional therapeutic benefits in these patients.  

 

Another study will evaluate the use of a Spleen Tyrosine Kinase inhibitor in 

combination with paclitaxel in patients with metastatic TNBC. Spleen tyrosine 

kinase (SYK) is a non-receptor tyrosine kinase involved in immunoregulation, 

proliferation, differentiation, and cellular migration. Fostamatinib is an oral pro-

drug of the ATP-competitive SYK inhibitor, R406. Fostamatinib has been 

evaluated in clinical trials for the treatment of immune mediated diseases such as 

rheumatoid arthritis, immune thrombocytopenia and IgA nephropathy, as well as 

hematologic malignancies and solid tumours. In ovarian cancer, SYK has been 
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found to be an important mediator of recurrence and SYK levels are increased in 

recurrent high-grade serous ovarian tumours. In both ovarian cancer cell lines and 

ovarian tumour xenografts, the inactivation of SYK sensitized cells to paclitaxel, 

thereby overcoming paclitaxel resistance (396-398).  A phase I study of 

Fostamatinib and paclitaxel in ovarian cancer is currently underway in Johns 

Hopkins (NCT03246074). Based on this pre-clinical work, the biological 

similarities between breast cancer and high-grade serous ovarian cancer and the fact 

that paclitaxel is considered standard of care chemotherapy in both diseases, I have 

hypothesized that the addition of Fostamatinib to paclitaxel will have increased 

anti-tumour effects in patients with metastatic breast cancer who have been treated 

with prior paclitaxel chemotherapy. Pre-clinical work with breast cancer cell lines 

and breast tumour xenografts is currently underway and aims to show that the 

inactivation of SYK sensitizes breast cancer cells to paclitaxel.  

 

A third clinical trial is being developed using liquid biopsies and circulating tumour 

DNA assays to identify reversion BRCA1/2 mutations that lead to resistance to 

PARP inhibitors. Finally, a collaborative project is being planned between NUI 

Galway and Johns Hopkins Hospital using the TMA that was created for this current 

study. In this project, the BLM antibody, which is being developed in Johns 

Hopkins Hospital, will be analysed on the NUIG TMA. In this way, BLM 

expression will be correlated with clinical and pathological features, as well as 

patient outcomes, in the ongoing search for a predictive and prognostic biomarker 

for TNBC. 
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̂ _̀ TO\̂ 'AWZZ'OOO'QN'_a\'NWba_̂ aQZ[\N'c\'ZẀcZ\'LQN'̀Td'[WN\O_F'WT[WN\O_F'OQT̂ \eP\T_ẀZ'QN'WTOW[\T_̀Z'[̀ ]̀ b\̂ 'CWTOZP[WTb'AW_aQP_'ZW]W_̀_WQT'[̀ ]̀ b\̂ 'LQN'ZQ̂ '̂QL'cP̂ WT\̂ '̂fNQLW_̂ 'QN'WTLQN]̀ _WQTF'QN'LQN'cP̂ WT\̂ '̂WT_\NNPf_WQTH'̀NŴWTb'QP_'QL'_a\'P̂ \'QN'WT̀ cWZW_d'_Q'P̂ \'̀'AQNgF'\h\T'WL'QT\'QL'_a\]'à '̂c\\T'̀[hŴ\['QL'_a\'fQ̂ ŴcWZW_d'QL'̂POa'[̀ ]̀ b\̂ K'W3'23>'1U137F'7<1'7@72:':/28/:/7>'@D'7<1'N/J<7.<@:41='234'OOO'C/3;:64/3J'7<1/='=1.91;7/U1'159:@>11.'234'4/=1;7@=.H'.<2::'3@7'1E;114'7<1'7@72:'25@637'2;762::>'92/4'8>'P.1='D@='7</.':/;13.1K'P.1='2..651.'D6::':/28/:/7>'D@='7<1'2;7/@3.'234'@5/../@3.'@D'/7.'9=/3;/92:.F'159:@>11.F'2J137.F'2DD/:/271.F'.6;;1..@=.'234'2../J3.K'' SK'Z/5/714'A2==237/1.K'_a\'AQNgĈH'̀T['NWba_ĈH'̀N\'fNQhW[\['ì '̂ŴjK'OOO'à '̂_a\'NWba_'_Q'bǸ T_'_Q'P̂ \N'_a\'NWba_̂ 'bǸ T_\['WT'_a\'QN[\N'OQTLWN]̀ _WQT'[QOP]\T_K'OOO'̀T['_a\'NWba_̂ aQZ[\N'[ŴOZ̀W]'̀ZZ'Q_a\N'A ǸǸ T_W\̂ 'N\Z̀_WTb'_Q'_a\'AQNgĈH'̀T['NWba_ĈHF'\W_a\N'\kfN\̂ '̂QN'W]fZW\[F'WTOZP[WTb'AW_aQP_'ZW]W_̀ _WQT'W]fZW\['A ǸǸ T_W\̂ 'QL']\NOà T_̀ cWZW_d'QN'LW_T\̂ '̂LQN'̀'f̀ N_WOPZ̀N'fPNfQ̂ \K'̀[[W_WQT̀ Z'NWba_̂ ']̀ d'c\'N\ePWN\['_Q'P̂ \'WZZP̂ _Ǹ _WQT̂ F'bǸ fâ F'faQ_QbǸ fâ F'̀ĉ _Ǹ O_̂ F'WT̂ \N_̂ 'QN'Q_a\N'fQN_WQT̂ 'QL'_a\'AQNg'C̀ '̂QffQ̂ \['_Q'_a\'\T_WN\'AQNgH'WT'̀']̀ TT\N'OQT_\]fZ̀_\['cd'P̂ \Nl'P̂ \N'PT[\N̂ _̀ T[̂ '̀T['̀bN\\̂ '_à _'T\W_a\N'OOO'TQN'_a\'NWba_̂ aQZ[\N']̀ d'à h\'̂POa'̀[[W_WQT̀ Z'NWba_̂ '_Q'bǸ T_K'' mK'\DD1;7'@D'c=12;<K'̀3>'D2/:6=1'8>'P.1='7@'92>'23>'25@637'I<13'461F'@='23>'6.1'8>'P.1='@D'2'A@=B'81>@34'7<1'.;@91'@D'7<1':/;13.1'.17'D@=7<'/3'7<1'Q=41='O@3D/=527/@3'234n@='7<1.1'71=5.'234';@34/7/@3.F'.<2::'81'2'5271=/2:'8=12;<'@D'7<1':/;13.1';=12714'8>'7<1'Q=41='O@3D/=527/@3'234'7<1.1'71=5.'234';@34/7/@3.K'̀3>'8=12;<'3@7';6=14'I/7</3'Ro'42>.'@D'I=/7713'3@7/;1'7<1=1@D'.<2::'=1.6:7'/3'/5514/271'71=5/327/@3'@D'.6;<':/;13.1'I/7<@67'D6=7<1='3@7/;1K'̀3>'63267<@=/014'C867':/;13.28:1H'''6.1'@D'2'A@=B'7<27'/.'71=5/32714'/5514/271:>'69@3'3@7/;1'7<1=1@D'52>'81':/M6/42714'8>'92>5137'@D'7<1'N/J<7.<@:41=V.'@=4/32=>':/;13.1'9=/;1'7<1=1D@=l'23>'63267<@=/014'C234'63:/;13.28:1H'6.1'7<27'/.'3@7'71=5/32714'/5514/271:>''''''''''''''''''D@='23>'=12.@3'C/3;:64/3JF'D@='1E259:1F'81;26.1'5271=/2:.';@372/3/3J'7<1'A@=B';233@7'=12.@328:>'81'=1;2::14H''''''''''''''I/::'81'.68?1;7'7@'2::'=1514/1.'2U2/:28:1'27':2I'@='/3'1M6/7>F'867'/3'3@'1U137'7@'2'92>5137'@D':1..'7<23'7<=11'7/51.'7<1'N/J<7.<@:41=V.'@=4/32=>':/;13.1'9=/;1'D@='7<1'5@.7';:@.1:>'232:@J@6.':/;13.28:1'6.1'9:6.'N/J<7.<@:41=V.'234n@='OOOV.';@.7.'234'1E913.1.'/3;6==14'/3';@::1;7/3J'.6;<'92>5137K'' pK'qrstuvvwxuyzs{'' pK|'P.1='2;B3@I:14J1.'7<27'OOO'52>F'D=@5'7/51'7@'7/51F'52B1';<23J1.'@='244/7/@3.'7@'7<1'̂1=U/;1'@='7@'7<1.1'71=5.'234';@34/7/@3.F'234'OOO'=1.1=U1.'7<1'=/J<7'7@'.134'3@7/;1'7@'7<1'P.1='8>'1:1;7=@3/;'52/:'@='@7<1=I/.1'D@='7<1'96=9@.1.'@D'3@7/D>/3J'P.1='@D'.6;<';<23J1.'@='244/7/@3.l'9=@U/414'7<27'23>'.6;<';<23J1.'@='244/7/@3.'.<2::'3@7'299:>'7@'91=5/../@3.'2:=124>'.1;6=14'234'92/4'D@=K'' pK}'P.1'@D'P.1=G=1:2714'/3D@=527/@3';@::1;714'7<=@6J<'7<1'̂1=U/;1'/.'J@U1=314'8>'OOO~.'9=/U2;>'9@:/;>F'2U2/:28:1'@3:/31'<1=1�''''<779�nnIIIK;@9>=/J<7K;@5n;@37137n;;Rn13n7@@:.nD@@71=n9=/U2;>9@:/;>K<75:K'' pKR'_<1':/;13./3J'7=23.2;7/@3'41.;=/814'/3'7<1'Q=41='O@3D/=527/@3'/.'91=.@32:'7@'P.1=K'_<1=1D@=1F'P.1='52>'3@7'2../J3'@='7=23.D1='7@'23>'@7<1='91=.@3'CI<17<1='2'3276=2:'91=.@3'@='23'@=J23/027/@3'@D'23>'B/34H'7<1':/;13.1';=12714'8>'7<1'Q=41='O@3D/=527/@3'234'7<1.1'71=5.'234';@34/7/@3.'@='23>'=/J<7.'J=23714'<1=16341=l'9=@U/414F'<@I1U1=F'7<27'P.1='52>'2../J3'.6;<':/;13.1'/3'/7.'137/=17>'@3'I=/7713'3@7/;1'7@'OOO'/3'7<1'1U137'@D'2'7=23.D1='@D'2::'@='.68.7237/2::>'2::'@D'P.1=~.'=/J<7.'/3'7<1'31I'5271=/2:'I</;<'/3;:641.'7<1'A@=BC.H':/;13.14'6341='7</.'̂1=U/;1K'' pKX'T@'251345137'@='I2/U1='@D'23>'71=5.'/.'8/34/3J'63:1..'.17'D@=7<'/3'I=/7/3J'234'./J314'8>'7<1'92=7/1.K'_<1'N/J<7.<@:41='234'OOO'<1=18>'@8?1;7'7@'23>'71=5.';@372/314'/3'23>'I=/7/3J'9=192=14'8>'7<1'P.1='@='/7.'9=/3;/92:.F'159:@>11.F'2J137.'@='2DD/:/271.'234'96=9@=7/3J'7@'J@U1=3'@='@7<1=I/.1'=1:271'7@'7<1':/;13./3J'7=23.2;7/@3'41.;=/814'/3'7<1'Q=41='O@3D/=527/@3F'I</;<'71=5.'2=1'/3'23>'I2>'/3;@3./.7137'I/7<'23>'71=5.'.17'D@=7<'/3'7<1'Q=41='O@3D/=527/@3'234n@='/3'7<1.1'71=5.'234';@34/7/@3.'@='OOOV.'.72342=4'@91=27/3J'9=@;146=1.F'I<17<1='.6;<'I=/7/3J'/.'9=192=14'9=/@='7@F'./56:7231@6.:>'I/7<'@='.68.1M6137'7@'7<1'Q=41='O@3D/=527/@3F'234'I<17<1='.6;<'I=/7/3J'29912=.'@3'2';@9>'@D'7<1'Q=41='O@3D/=527/@3'@='/3'2'.192=271'/3.7=65137K'' pKY'_<1':/;13./3J'7=23.2;7/@3'41.;=/814'/3'7<1'Q=41='O@3D/=527/@3'4@;65137'.<2::'81'J@U1=314'8>'234';@3.7=614'6341='7<1':2I'@D'7<1'̂7271'@D'T1I'd@=BF'P̂ F̀'I/7<@67'=1J2=4'7@'7<1'9=/3;/9:1.'7<1=1@D'@D';@3D:/;7.'@D':2IK'̀3>';2.1F';@37=@U1=.>F'.6/7F'2;7/@3F'@='9=@;114/3J'2=/./3J'@67'@DF'/3';@331;7/@3'I/7<F'@='=1:2714'7@'.6;<':/;13./3J'7=23.2;7/@3'.<2::'81'8=@6J<7F'27'OOOV.'.@:1'4/.;=17/@3F'/3'23>'D141=2:'@='.7271';@6=7':@;2714'/3'7<1'O@637>'@D'T1I'd@=BF'̂7271'@D'T1I'd@=BF'P̂ F̀'@='/3'23>'D141=2:'@='.7271';@6=7'I<@.1'J1@J=29</;2:'?6=/.4/;7/@3';@U1=.'7<1':@;27/@3'@D'7<1'N/J<7.<@:41='.17'D@=7<'/3'7<1'Q=41='O@3D/=527/@3K'_<1'92=7/1.'1E9=1..:>'.685/7'7@'7<1'91=.@32:'?6=/.4/;7/@3'234'U1361'@D'12;<'.6;<'D141=2:'@='.7271';@6=7KWD'>@6'<2U1'23>';@55137.'@='M61.7/@3.'28@67'7<1'̂1=U/;1'@='O@9>=/J<7'O:12=23;1'O1371=F'9:12.1';@372;7'6.'27'�mpGmYoG'



������������	
�������	
�������
�
�������	������
�
�����
���������������
��	
����������� !""����
�#�����
��#$%&' ����'!'
�'!'

�
������'�������	�'������' "!�"(�)"�!*'�+, "''

'

'
'

'-./0.'102345'617'89:;9<=>''?-@ABCD'-E'FD6B6FCD'6BGHIJ6KCJ6-BL'-BD6BH'MN'COHA6FCB'I-F6HJP'E-A'FD6B6FCD'6BGHIJ6KCJ6-BL'A0Q.R/ST0/'U42V'Q0.W4XX4RY'RZ'COHA6FCB'I-F6HJP'E-A'FD6B6FCD'6BGHIJ6KCJ6-B'4Y'2V0'ZR.W32'A0QSM54XV'4Y'3'2V0X4X[/4XX0.2324RY'\43'FRQN.4]V2'F503.3YT0'F0Y20.L'
FRYZ4.W324RY'BSWM0.7'̂ _̂̀ abb̂ 'F42324RY'6YZR.W324RY''''''''''' cdefg'



������������	
�������	
������������
�������� �������������

������������ ��!��������!�����
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Supplementary Table 2.1: Evaluation of Grade by Treatment Group 

 

 

 All Patients 
 

 

n (%) 

NACT 
 

 

n (%) 

Adjuvant 

Chemotherapy 
 

n (%) 

No 

Chemotherapy 

 

n (%) 

Chemotherapy 

Unknown 

 

n (%) 

p value: 

None vs 

NACT vs 

Adjuvant 

p value: 

NACT 

vs 

Adjuvant 
 

Tumour Grade  

 

1 

2 

3 

Unknown 

1 (0.5%) 

65 (18.5%) 

285 (81%) 

4 

0  

27 (28%) 

70 (72%) 

0 

1 (0.5%) 

15 (9%) 

148 (90.5%) 

4 

0  

21 (31%) 

47 (69%) 

0 

0  

2 (9%) 

20 (91%) 

0 

<0.001 <0.001 

Tumour Mitosis 1 

2 

3 

Unknown 

60 (17%) 

86 (25%) 

203 (58%) 

6 

26 (28%) 

29 (31%) 

40 (42%) 

2 

13 (8%) 

32 (20%) 

119 (73%) 

4 

19 (28%) 

16 (24%) 

33 (49%) 

0 

2 (9%) 

9 (41%) 

11 (50%) 

0 

<0.001 <0.001 

Tumour Tubule 1 

2 

3 

Unknown 

2 (1%) 

26 (7%) 

322 (92%) 

4 

0 (0%) 

8 (8%) 

88 (88%) 

0 

2 (1%) 

11 (7%) 

151 (92%) 

4 

0 (0%) 

6 (9%) 

62 (91%) 

0 

0 (0%) 

1 (5%) 

21 (95%) 

0 

0.838 0.601 

Tumour 

Nuclearpleomorphism 

1 

2 

3 

Unknown 

1 (1%) 

21 (6%) 

328 (93%) 

4 

0 (0%) 

8 (8%) 

88 (92%) 

0 

1 (1%) 

5 (3%) 

158 (96%) 

4 

0 (0%) 

5 (7%) 

63 (93%) 

0 

0 (0%) 

3 (14%) 

19 (86%) 

0 

0.183 0.101 

 
n: Number of patients; NACT: Neoadjuvant Chemotherapy; vs: versus 
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Supplementary Table 2.2: Multivariable analysis of DFS at 24 months in patients who 

received NACT  
 n HRa 95% CI p-value 

Disease Free Survival (limited to 24 months) 

Age at Diagnosis 

Tumour Gradeb 

Carboplatin-based NACT 

ypTc 

ypNd 

90 0.91 

1.57 

0.60 

1.10 

3.69 

0.84-0.98 

0.47-5.30 

0.12-2.88 

0.71-1.71 

1.88-7.25 

0.015 

0.468 

0.521 

0.681 

<0.001 

Age at Diagnosis 

Tumour Grade 

Carboplatin-based NACT 

pCR Breast & Axillae 

91 0.97 

0.83 

0.39 

3.55 

0.92-1.02 

0.25-2.68 

0.08-1.84 

0.73-17.25 

0.245 

0.749 

0.233 

0.116 

 
a: Cox regression survival analysis; b: Tumour grade 1 set as baseline parameter; c: Tumour size ypT0 set 

as baseline parameter; d: Tumour nodal status ypN0 set as baseline parameter; e: HR for non-pCR using pCR 

as the baseline value; CI: Confidence Interval; HR: Hazard Ratio; n: Number of patients; NACT: 

Neoadjuvant chemotherapy 

 

 

 

Supplementary Table 2.3: Univariate analysis of predictors of DFS among patients 

treated with adjuvant chemotherapy 
 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 168 0.99 0.97-1.03 0.976 

Menopausal Statusb 163 1.07 0.57-1.99 0.836 

Tumour Gradec 

Tumour Grade 2 vs Grade 3 

164 

163 

0.87 

1.15 

0.39-1.93 

0.41-3.22 

0.726 

0.797 

Basal Statusd 162 0.98 0.47-2.04 0.958 

Tumour Typee 168 1.01 0.87-1.16 0.935 

pT Stagef 

pT2 

pT3 

pT4 

163 

 

 

0.84 

1.83 

5.13 

 

0.43-1.64 

0.61-5.54 

1.69-15.61 

 

0.610 

0.284 

0.004 

pN Stageg 

pN1 

pN2 

pN3 

157 

 

 

0.53 

2.52 

6.03 

 

0.20-1.40 

1.03-6.18 

2.44-14.90 

 

0.200 

0.043 

<0.001 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 

or EGFR by IHC; e: Ductal tumour type set as baseline parameter; f: Tumour size pT1 set as baseline 

parameter; g: Tumour nodal status pN0 set as baseline parameter; HR: Hazard Ratio; n: Number of patients; 

vs: versus 
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Supplementary Table 2.4: Univariate analysis of predictors of DFS among patients 

not treated with chemotherapy 
 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 54 1.04 0.99-1.09 0.130 

Menopausal Statusb 53 8.50e+14 0 1.000 

Tumour Gradec 54 1.75 0.63-4.86 0.286 

Basal Statusd 50 0.89 0.34-2.37 0.822 

Tumour Typee 54 0.94 0.76-1.17 0.597 

pT Stagef 

pT2 

pT3 

pT4 

52 

 

 

1.09 

2.93 

5.87 

 

0.39-3.04 

0.61-14.2 

1.15-30.07 

 

0.869 

0.181 

0.034 

pN Stageg 

pN1 

pN2 

pN3 

50  

1.05 

6.69 

7.77 

 

0.22-4.96 

1.83-24.57 

1.97-30.58 

 

0.950 

0.004 

0.003 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 or 

EGFR by IHC; e: Ductal tumour type set as baseline parameter; f: Tumour size pT1 set as baseline parameter; 

g: Tumour nodal status pN0 set as baseline parameter; HR: Hazard Ratio; n: Number of patients 

 

 

 
Supplementary Table 2.5: Univariate analysis of predictors of MFS among patients 

treated with adjuvant chemotherapy 
 n HRa 95% CI p-value 

Metastasis Free Survival 

Age at Diagnosis 168 0.99 0.96-1.02 0.597 

Menopausal Statusb 163 0.80 0.37-1.73 0.576 

Tumour Gradec 

Tumour Grade 2 vs Grade 3 

164 

163 

1.47 

1.33 

0.37-5.80 

0.31-5.59 

0.579 

0.702 

Basal Statusd 162 1.11 0.42-2.92 0.831 

pT Stagee 

pT2 

pT3 

pT4 

163 

 

 

2.03 

3.19 

14.45 

 

0.74-5.54 

0.62-16.48 

3.87-54.01 

 

0.167 

0.165 

<0.001 

pN Stagef 

pN1 

pN2 

pN3 

157 

 

 

0.90 

3.77 

4.48 

 

0.29-2.75 

1.34-10.58 

1.27-15.75 

 

0.848 

0.012 

0.019 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 

or EGFR by IHC; e: Tumour size pT1 set as baseline parameter; f: Tumour nodal status pN0 set as baseline 

parameter; HR: Hazard Ratio; n: Number of patients; vs: versus 
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Supplementary Table 2.6: Univariate analysis of predictors of MFS among patients 

not treated with chemotherapy 
 n HRa 95% CI p-value 

Metastasis Free Survival 

Age at Diagnosis 55 1.06 0.99-1.12 0.086 

Menopausal Statusb 54 2.23e+14 0 1.000 

Tumour Gradec 55 1.52 0.47-4.91 0.486 

Basal Statusd 50 0.73 0.24-2.19 0.574 

pT Stagee 

pT2 

pT3 

pT4 

52 

 

 

0.94 

4.47 

8.54 

 

0.27-3.28 

0.86-23.17 

1.54-47.37 

 

0.917 

0.074 

0.014 

pN Stagef 

pN1 

pN2 

pN3 

50 

 

 

1.75 

9.74 

11.80 

 

0.34-9.09 

2.39-39.70 

2.70-51.63 

 

0.504 

0.002 

0.001 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 

or EGFR by IHC; e: Tumour size pT1 set as baseline parameter; f: Tumour nodal status pN0 set as baseline 

parameter; HR: Hazard Ratio; n: Number of patients 

 

 

 

Supplementary Table 2.7: Univariate analysis of predictors of BCSS among patients 

treated with adjuvant chemotherapy 
 n HRa 95% CI p-value 

Breast Cancer Specific Survival 

Age at Diagnosis 161 1.00 0.98-1.04 0.942 

Menopausal Statusb 156 1.05 0.45-2.48 0.906 

Tumour Gradec 

Tumour Grade 2 v Grade 3 

157 

156 

1.28 

1.11 

0.33-4.97 

0.26-4.73 

0.722 

0.887 

Basal Statusd 155 0.97 0.36-2.59 0.943 

pT Stagee 

pT2 

pT3 

pT4 

156 

 

 

2.06 

3.79 

13.88 

 

0.68-6.24 

0.69-20.72 

3.46-55.64 

 

0.204 

0.124 

<0.001 

pN Stagef 

pN1 

pN2 

pN3 

150  

0.76 

4.23 

4.85 

 

0.21-2.71 

1.47-12.18 

1.35-17.44 

 

0.666 

0.008 

0.016 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 

1 set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 

5/6 or EGFR by IHC; e: Tumour size pT1 set as baseline parameter; f: Tumour nodal status pN0 set as 

baseline parameter; HR: Hazard Ratio; n: Number of patients; vs: versus 
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Supplementary Table 2.8: Univariate analysis of predictors of BCSS among patients 

not treated with chemotherapy 
 n HRa 95% CI p-value 

Breast Cancer Specific Survival 

Age at Diagnosis 63 1.00 0.97-1.04 0.817 

Menopausal Statusb 61 0.48 0.11-2.05 0.318 

Tumour Gradec 63 2.04 0.80-5.17 0.135 

Basal Statusd 55 1.67 0.61-4.60 0.322 

pT Stagee 

pT2 

pT3 

pT4 

57 

 

 

1.14 

2.85 

17.51 

 

0.36-3.60 

0.57-14.17 

4.39-69.87 

 

0.822 

0.202 

<0.001 

pN Stagef 

pN1 

pN2 

pN3 

54 

 

 

2.40 

4.79 

8.13 

 

0.69-8.27 

1.50-15.33 

1.99-33.12 

 

0.167 

0.008 

0.003 

M1 at Diagnosis 63 4.94 2.13-11.48 <0.001 

 
a: HR by Cox regression survival analysis; b: Pre-menopausal set as baseline parameter; c: Tumour grade 1 

set as baseline parameter; CI: Confidence Interval; d: Basal status: any positivity for either cytokeratin 5/6 

or EGFR by IHC; e: Tumour size pT1 set as baseline parameter; f: Tumour nodal status pN0 set as baseline 

parameter; HR: Hazard Ratio; M1: Metastatic; n: Number of patients 

 

 

 

Supplementary Table 2.9: Multivariable Analysis of DFS, MFS and BCSS for patients 

treated with adjuvant chemotherapy 
 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

156 0.99 

0.69 

1.15 

1.68 

0.97-1.03 

0.29-1.70 

0.71-1.84 

1.16-2.43 

0.964 

0.423 

0.570 

0.006 

Metastasis Free Survival 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

156 0.98 

2.21 

2.28 

1.37 

0.95-1.02 

0.30-16.52 

1.30-4.01 

0.87-2.15 

0.392 

0.440 

0.004 

0.173 

Breast Cancer Specific Survival 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

149 0.99 

2.04 

2.28 

1.35 

0.95-1.03 

0.27-15.37 

1.25-4.20 

0.82-2.20 

0.643 

0.488 

0.008 

0.236 

 
a: HR by Cox regression survival analysis; b: Tumour grade 1 set as baseline parameter; CI: Confidence 

Interval; c: Tumour size pT1 set as baseline parameter; d: Tumour nodal status pN0 set as baseline parameter; 

HR: Hazard Ratio; n: Number of patients 
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Supplementary Table 2.10: Multivariable Analysis of DFS, MFS and BCSS among 

patients not treated with chemotherapy 
 n HRa 95% CI p-value 

Disease Free Survival 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

50 1.01 

1.23 

1.18 

1.91 

0.95-1.07 

0.41-3.64 

0.57-2.40 

1.14-3.22 

0.765 

0.712 

0.659 

0.015 

Metastasis Free Survival 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

50 1.00 

1.32 

1.36 

2.23 

0.94-1.07 

0.40-4.38 

0.65-2.84 

1.26-3.94 

0.995 

0.655 

0.409 

0.006 

Breast Cancer Specific Survival 

Age at Diagnosis 

Tumour Gradeb 

pTc 

pNd 

54 0.98 

1.63 

2.31 

1.57 

0.95-1.02 

0.58-4.60 

1.30-4.11 

0.92-2.70 

0.396 

0.355 

0.004 

0.100 

 
a: HR by Cox regression survival analysis; b: Tumour grade 1 set as baseline parameter; CI: Confidence 

Interval; c: Tumour size pT1 set as baseline parameter; d: Tumour nodal status pN0 set as baseline parameter; 

HR: Hazard Ratio; n: Number of patients 
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Supplementary Table 2.11: Univariate analysis of the association between history of 

cancer, OCP, BMI and alcohol use and known prognostic factors  
 n ORa 95% CI p-value 

Tumour Type 

Previous History of Cancer 289 0.88 0.68-1.15 0.346 

OCP 170 0.91 0.75-1.10 0.325 

BMIb 127 0.98 0.76-1.26 0.866 

Alcohol Use 196 0.96 0.80-1.15 0.634 

 

pT Stage 

Previous History of Cancer 202 1.04 0.64-1.69 0.870 

OCP 111 1.08 0.66-1.78 0.753 

BMIb 86 0.98 0.54-1.80 0.954 

Alcohol Use 129 0.81 0.48-1.35 0.416 

 

ypT Stage 

Previous History of Cancer 84 1.38 0.89-2.15 0.156 

OCP 57 0.72 0.51-1.02 0.066 

BMIb 41 1.22 0.83-1.80 0.309 

Alcohol Use 64 1.14 0.73-1.78 0.579 

 

pN Stage 

Previous History of Cancer 194 1.35 0.91-2.01 0.131 

OCP 107 0.79 0.49-1.27 0.323 

BMIb 85 0.91 0.55-1.53 0.732 

Alcohol Use 125 0.69 0.45-1.07 0.098 

 

ypN Stage 

Previous History of Cancer 84 1.24 0.58-2.69 0.579 

OCP 57 0.58 0.33-1.03 0.064 

BMIb 41 1.13 0.64-2.00 0.666 

Alcohol Use 64 0.65 0.34-1.22 0.179 

 
a: OR by Logistic regression analysis; b: Association between BMI and other variables calculated using 

BMI dichotomised into non-overweight (BMI <25 kg/m2) and overweight (BMI >25kg/m2) categories; 

BMI: Body mass index; CI: Confidence interval; OCP: Oral contraceptive pill; n: Number; OR: Odds ratio 
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Supplementary Table 2.12: Association between sTILs (by categorical scale) and pCR (Fisher’s Exact) 
 0-10% sTILs 

n (%) 

11-25% sTILs 

n (%) 

26-49% sTILs 

n (%) 

≥50% sTILs 

n (%) 

p-value 

All Patients 

pCR Breast/Axilla  

non pCR Breast  

12 (28%) 

31 (72%) 

10 (45%) 

12 (55%) 

5 (45%) 

6 (55%) 

8 (80%) 

2 (20%) 

0.022 

 

Patients Treated without Carboplatin-Based NACT 

pCR Breast /Axilla 

non pCR Breast/Axilla 

3 (12%) 

23 (88%) 

6 (37.5%) 

10 (62.5%) 

2 (33%) 

4 (67%) 

5 (83%) 

1 (17%) 

0.004 

 

Patients Treated with Carboplatin-Based NACT 

pCR Breast/Axilla  

non pCR Breast/Axilla  

8 (50%) 

8 (50%) 

4 (67%) 

2 (33%) 

3 (60%) 

2 (40%) 

2 (67%) 

1 (33%) 

0.943 

 
n: Number; NACT: Neoadjuvant chemotherapy; pCR: Pathological complete response; sTILs: Stromal tumour infiltrating lymphocytes 
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Supplementary Table 2.13: Statistics from 2-D models of Paclitaxel assays (Figure 6.2 A) 

Table Analysed 

Paclitaxel Combined 2-

D     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 2.359 <0.001 *** Yes  
Drug Concentrations 81.74 <0.001 *** Yes  
Cell Line 3.124 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 16387 28 585.2 F (28, 345) = 2.28 P<0.001 

Drug Concentrations 567884 7 81126 F (7, 345) = 316.1 P<0.001 

Cell Line 21700 4 5425 F (4, 345) = 21.14 P<0.001 

Residual 88553 345 256.7   

 
Within each row, compare columns (simple effects within rows)      
      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
      
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
      
Row 1      
MCF10A vs MDA-MB-468 1.667e-006 -18.48 to 18.48 No ns >0.99 

MCF10A vs HCC1806 0 -18.48 to 18.48 No ns >0.99 

MCF10A vs MDA-MB-231 -8.333e-007 -18.48 to 18.48 No ns >0.99 

MCF10A vs MDA-MB-453 -5.833e-006 -18.48 to 18.48 No ns >0.99 

MDA-MB-468 vs HCC1806 -1.667e-006 -18.48 to 18.48 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -2.5e-006 -18.48 to 18.48 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -7.5e-006 -18.48 to 18.48 No ns >0.99 

HCC1806 vs MDA-MB-231 -8.333e-007 -18.48 to 18.48 No ns >0.99 

HCC1806 vs MDA-MB-453 -5.833e-006 -18.48 to 18.48 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -5e-006 -18.48 to 18.48 No ns >0.99 
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Row 2      
MCF10A vs MDA-MB-468 -5.074 -28.93 to 18.78 No ns >0.99 

MCF10A vs HCC1806 1.427 -22.43 to 25.28 No ns >0.99 

MCF10A vs MDA-MB-231 -1.858 -25.71 to 22 No ns >0.99 

MCF10A vs MDA-MB-453 -12.08 -35.93 to 11.78 No ns >0.99 

MDA-MB-468 vs HCC1806 6.501 -14.84 to 27.84 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 3.216 -18.12 to 24.55 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -7.005 -28.34 to 14.33 No ns >0.99 

HCC1806 vs MDA-MB-231 -3.285 -24.62 to 18.05 No ns >0.99 

HCC1806 vs MDA-MB-453 -13.51 -34.84 to 7.831 No ns 0.75 

MDA-MB-231 vs MDA-MB-453 -10.22 -31.56 to 11.12 No ns >0.99 
      
Row 3      
MCF10A vs MDA-MB-468 4.276 -17.06 to 25.61 No ns >0.99 

MCF10A vs HCC1806 3.032 -18.3 to 24.37 No ns >0.99 

MCF10A vs MDA-MB-231 2.107 -19.23 to 23.44 No ns >0.99 

MCF10A vs MDA-MB-453 -12.8 -34.13 to 8.541 No ns 0.91 

MDA-MB-468 vs HCC1806 -1.243 -22.58 to 20.09 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -2.168 -23.51 to 19.17 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -17.07 -38.41 to 4.265 No ns 0.24 

HCC1806 vs MDA-MB-231 -0.9249 -22.26 to 20.41 No ns >0.99 

HCC1806 vs MDA-MB-453 -15.83 -37.17 to 5.508 No ns 0.37 

MDA-MB-231 vs MDA-MB-453 -14.9 -36.24 to 6.433 No ns 0.49 
      
 

Row 4      
MCF10A vs MDA-MB-468 1.33 -17.15 to 19.81 No ns >0.99 

MCF10A vs HCC1806 -5.872 -24.35 to 12.61 No ns >0.99 

MCF10A vs MDA-MB-231 -18.07 -36.55 to 0.4086 No ns 0.06 

MCF10A vs MDA-MB-453 -10.74 -29.21 to 7.743 No ns >0.99 

MDA-MB-468 vs HCC1806 -7.202 -25.68 to 11.28 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -19.4 -37.88 to -0.9213 Yes * 0.03 

MDA-MB-468 vs MDA-MB-453 -12.07 -30.54 to 6.413 No ns 0.66 

HCC1806 vs MDA-MB-231 -12.2 -30.68 to 6.28 No ns 0.63 

HCC1806 vs MDA-MB-453 -4.864 -23.34 to 13.61 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 7.334 -11.14 to 25.81 No ns >0.99 
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Row 5      
MCF10A vs MDA-MB-468 27.91 1.778 to 54.04 Yes * 0.03 

MCF10A vs HCC1806 36.14 10.01 to 62.27 Yes ** 0.001 

MCF10A vs MDA-MB-231 -13.67 -39.8 to 12.47 No ns >0.99 

MCF10A vs MDA-MB-453 2.621 -23.51 to 28.75 No ns >0.99 

MDA-MB-468 vs HCC1806 8.227 -17.91 to 34.36 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -41.58 -67.71 to -15.44 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -25.29 -51.42 to 0.8428 No ns 0.07 

HCC1806 vs MDA-MB-231 -49.8 -75.94 to -23.67 Yes *** <0.001 

HCC1806 vs MDA-MB-453 -33.52 -59.65 to -7.385 Yes ** 0.003 

MDA-MB-231 vs MDA-MB-453 16.29 -9.846 to 42.42 No ns 0.79 
      
Row 6      
MCF10A vs MDA-MB-468 20.08 -6.052 to 46.21 No ns 0.31 

MCF10A vs HCC1806 12.28 -13.85 to 38.41 No ns >0.99 

MCF10A vs MDA-MB-231 -25.77 -51.9 to 0.3663 No ns 0.06 

MCF10A vs MDA-MB-453 -11.34 -37.47 to 14.79 No ns >0.99 

MDA-MB-468 vs HCC1806 -7.801 -33.93 to 18.33 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -45.85 -71.98 to -19.71 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -31.42 -57.55 to -5.287 Yes ** 0.008 

HCC1806 vs MDA-MB-231 -38.05 -64.18 to -11.91 Yes *** <0.001 

HCC1806 vs MDA-MB-453 -23.62 -49.75 to 2.513 No ns 0.11 

MDA-MB-231 vs MDA-MB-453 14.43 -11.71 to 40.56 No ns >0.99 
      
Row 7      
MCF10A vs MDA-MB-468 14.32 -4.157 to 32.8 No ns 0.29 

MCF10A vs HCC1806 10.5 -7.974 to 28.98 No ns >0.99 

MCF10A vs MDA-MB-231 -6.849 -25.33 to 11.63 No ns >0.99 

MCF10A vs MDA-MB-453 -14.22 -32.7 to 4.255 No ns 0.30 

MDA-MB-468 vs HCC1806 -3.817 -22.3 to 14.66 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -21.17 -39.65 to -2.692 Yes * 0.01 

MDA-MB-468 vs MDA-MB-453 -28.54 -47.02 to -10.07 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -17.35 -35.83 to 1.125 No ns 0.08 

HCC1806 vs MDA-MB-453 -24.73 -43.21 to -6.249 Yes ** 0.002 
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MDA-MB-231 vs MDA-MB-453 -7.375 -25.85 to 11.1 No ns >0.99 

Row 8      

MCF10A vs MDA-MB-468 8.775 -10.61 to 28.16 No ns >0.99 

MCF10A vs HCC1806 6.352 -13.03 to 25.73 No ns >0.99 

MCF10A vs MDA-MB-231 -11.81 -31.19 to 7.57 No ns 0.86 

MCF10A vs MDA-MB-453 -7.222 -26.6 to 12.16 No ns >0.99 

MDA-MB-468 vs HCC1806 -2.423 -20.9 to 16.06 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -20.59 -39.06 to -2.107 Yes * 0.02 

MDA-MB-468 vs MDA-MB-453 -16 -34.48 to 2.481 No ns 0.15 

HCC1806 vs MDA-MB-231 -18.16 -36.64 to 0.316 No ns 0.06 

HCC1806 vs MDA-MB-453 -13.57 -32.05 to 4.905 No ns 0.39 

MDA-MB-231 vs MDA-MB-453 4.589 -13.89 to 23.07 No ns >0.99 
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Supplementary Table 2.14: Statistics from 2-D models of Docetaxel assays (Figure 6.2 B) 
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 9.686 <0.001 *** Yes  
Drug Concentration 73.35 <0.001 *** Yes  
Cell Line 5.567 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 63685 28 2274 F (28, 350) = 9.806 P<0.001 

Drug Concentration 482260 7 68894 F (7, 350) = 297 P<0.001 

Cell Line 36603 4 9151 F (4, 350) = 39.45 P<0.001 

Residual 81182 350 231.9   

 
Within each row, compare columns (simple effects within rows)      
      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
      
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 

      
Row 1      
MCF10A vs MDA-MB-468 8.333e-007 -17.56 to 17.56 No ns >0.99 

MCF10A vs HCC1806 -5.833e-006 -17.56 to 17.56 No ns >0.99 

MCF10A vs MDA-MB-231 6.667e-006 -17.56 to 17.56 No ns >0.99 

MCF10A vs MDA-MB-453 1.167e-005 -17.56 to 17.56 No ns >0.99 

MDA-MB-468 vs HCC1806 -6.667e-006 -17.56 to 17.56 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 5.833e-006 -17.56 to 17.56 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 1.083e-005 -17.56 to 17.56 No ns >0.99 

HCC1806 vs MDA-MB-231 1.25e-005 -17.56 to 17.56 No ns >0.99 

HCC1806 vs MDA-MB-453 1.75e-005 -17.56 to 17.56 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 5e-006 -17.56 to 17.56 No ns >0.99 
      
Row 2      
MCF10A vs MDA-MB-468 1.998 -18.28 to 22.28 No ns >0.99 

MCF10A vs HCC1806 20.97 0.686 to 41.25 Yes * 0.04 
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MCF10A vs MDA-MB-231 14.42 -5.865 to 34.7 No ns 0.45 

MCF10A vs MDA-MB-453 27.45 7.169 to 47.73 Yes ** 0.002 

MDA-MB-468 vs HCC1806 18.97 -1.312 to 39.25 No ns 0.09 

MDA-MB-468 vs MDA-MB-231 12.42 -7.862 to 32.7 No ns 0.85 

MDA-MB-468 vs MDA-MB-453 25.45 5.171 to 45.73 Yes ** 0.004 

HCC1806 vs MDA-MB-231 -6.551 -26.83 to 13.73 No ns >0.99 

HCC1806 vs MDA-MB-453 6.483 -13.8 to 26.76 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 13.03 -7.248 to 33.31 No ns 0.70 
      
Row 3      
MCF10A vs MDA-MB-468 -29.14 -46.71 to -11.58 Yes *** <0.001 

MCF10A vs HCC1806 -31.39 -48.96 to -13.83 Yes *** <0.001 

MCF10A vs MDA-MB-231 -33.83 -51.39 to -16.26 Yes *** <0.001 

MCF10A vs MDA-MB-453 -8.885 -26.45 to 8.679 No ns >0.99 

MDA-MB-468 vs HCC1806 -2.25 -19.81 to 15.31 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -4.687 -22.25 to 12.88 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 20.26 2.692 to 37.82 Yes * 0.01 

HCC1806 vs MDA-MB-231 -2.437 -20 to 15.13 No ns >0.99 

HCC1806 vs MDA-MB-453 22.51 4.942 to 40.07 Yes ** 0.003 

MDA-MB-231 vs MDA-MB-453 24.94 7.379 to 42.51 Yes *** <0.001 

      
Row 4      
MCF10A vs MDA-MB-468 -13.96 -38.8 to 10.88 No ns >0.99 

MCF10A vs HCC1806 -43.54 -68.38 to -18.7 Yes *** <0.001 

MCF10A vs MDA-MB-231 -69.78 -94.62 to -44.94 Yes *** <0.001 

MCF10A vs MDA-MB-453 -35.79 -60.63 to -10.95 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -29.58 -54.42 to -4.741 Yes ** 0.009 

MDA-MB-468 vs MDA-MB-231 -55.81 -80.65 to -30.97 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -21.83 -46.67 to 3.01 No ns 0.14 

HCC1806 vs MDA-MB-231 -26.23 -51.07 to -1.393 Yes * 0.03 

HCC1806 vs MDA-MB-453 7.751 -17.09 to 32.59 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 33.98 9.144 to 58.82 Yes ** 0.001 
      
Row 5      
MCF10A vs MDA-MB-468 -4.286 -29.13 to 20.55 No ns >0.99 

MCF10A vs HCC1806 -9.124 -33.96 to 15.72 No ns >0.99 
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MCF10A vs MDA-MB-231 -69.42 -94.26 to -44.58 Yes *** <0.001 

MCF10A vs MDA-MB-453 -39.03 -63.87 to -14.19 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -4.839 -29.68 to 20 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -65.14 -89.98 to -40.3 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -34.74 -59.58 to -9.901 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -60.3 -85.14 to -35.46 Yes *** <0.001 

HCC1806 vs MDA-MB-453 -29.9 -54.74 to -5.062 Yes ** 0.007 

MDA-MB-231 vs MDA-MB-453 30.4 5.559 to 55.24 Yes ** 0.006 
      
Row 6      
MCF10A vs MDA-MB-468 16 -1.568 to 33.56 No ns 0.11 

MCF10A vs HCC1806 13.18 -4.38 to 30.75 No ns 0.35 

MCF10A vs MDA-MB-231 -38.58 -56.14 to -21.01 Yes *** <0.001 

MCF10A vs MDA-MB-453 -13.42 -30.98 to 4.148 No ns 0.32 

MDA-MB-468 vs HCC1806 -2.812 -20.38 to 14.75 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -54.57 -72.14 to -37.01 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -29.41 -46.98 to -11.85 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -51.76 -69.33 to -34.2 Yes *** <0.001 

HCC1806 vs MDA-MB-453 -26.6 -44.16 to -9.036 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 25.16 7.597 to 42.73 Yes *** <0.001 

      
Row 7      
MCF10A vs MDA-MB-468 12.83 -4.733 to 30.4 No ns 0.40 

MCF10A vs HCC1806 10.08 -7.485 to 27.64 No ns >0.99 

MCF10A vs MDA-MB-231 -16.06 -33.62 to 1.506 No ns 0.10 

MCF10A vs MDA-MB-453 -8.196 -25.76 to 9.369 No ns >0.99 

MDA-MB-468 vs HCC1806 -2.752 -20.32 to 14.81 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -28.89 -46.45 to -11.33 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -21.03 -38.59 to -3.462 Yes ** 0.008 

HCC1806 vs MDA-MB-231 -26.14 -43.7 to -8.574 Yes *** <0.001 

HCC1806 vs MDA-MB-453 -18.27 -35.84 to -0.7107 Yes * 0.04 

MDA-MB-231 vs MDA-MB-453 7.863 -9.701 to 25.43 No ns >0.99 

Row 8      
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MCF10A vs MDA-MB-468 32.9 12.62 to 53.18 Yes *** <0.001 

MCF10A vs HCC1806 29.63 9.354 to 49.92 Yes *** <0.001 

MCF10A vs MDA-MB-231 9.925 -10.36 to 30.21 No ns >0.99 

MCF10A vs MDA-MB-453 2.47 -17.81 to 22.75 No ns >0.99 

MDA-MB-468 vs HCC1806 -3.269 -23.55 to 17.01 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -22.98 -43.26 to -2.697 Yes * 0.01 

MDA-MB-468 vs MDA-MB-453 -30.43 -50.72 to -10.15 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -19.71 -39.99 to 0.5718 No ns 0.06 

HCC1806 vs MDA-MB-453 -27.17 -47.45 to -6.884 Yes ** 0.002 

MDA-MB-231 vs MDA-MB-453 -7.456 -27.74 to 12.83 No ns >0.99 
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Supplementary Table 2.15: Statistics from 2-D models of Carboplatin assays (Figure 6.2 C) 
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 16.91 <0.001 *** Yes  
Drug Concentration 46.53 <0.001 *** Yes  
Cell Line 21.04 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 79728 28 2847 F (28, 338) = 13.45 P<0.001 

Drug Concentration 219379 7 31340 F (7, 338) = 148.1 P<0.001 

Cell Line 99228 4 24807 F (4, 338) = 117.2 P<0.001 

Residual 71530 338 211.6   

 
Within each row, compare columns (simple effects within rows)      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 

Row 1      
MCF10A vs MDA-MB-468 9.176 -7.982 to 26.33 No ns >0.99 

MCF10A vs HCC1806 9.176 -7.982 to 26.33 No ns >0.99 

MCF10A vs MDA-MB-231 9.176 -7.982 to 26.33 No ns >0.99 

MCF10A vs MDA-MB-453 9.176 -7.982 to 26.33 No ns >0.99 

MDA-MB-468 vs HCC1806 -4.167e-006 -16.78 to 16.78 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -5.833e-006 -16.78 to 16.78 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -5e-006 -16.78 to 16.78 No ns >0.99 

HCC1806 vs MDA-MB-231 -1.667e-006 -16.78 to 16.78 No ns >0.99 

HCC1806 vs MDA-MB-453 -8.333e-007 -16.78 to 16.78 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 8.333e-007 -16.78 to 16.78 No ns >0.99 

Row 2      
MCF10A vs MDA-MB-468 18.53 -0.8509 to 37.9 No ns 0.07 

MCF10A vs HCC1806 26.02 6.643 to 45.4 Yes ** 0.002 

MCF10A vs MDA-MB-231 21.98 2.6 to 41.35 Yes * 0.01 

MCF10A vs MDA-MB-453 23.09 3.716 to 42.47 Yes ** 0.008 
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MDA-MB-468 vs HCC1806 7.494 -11.88 to 26.87 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 3.451 -15.93 to 22.83 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 4.567 -14.81 to 23.94 No ns >0.99 

HCC1806 vs MDA-MB-231 -4.043 -23.42 to 15.33 No ns >0.99 

HCC1806 vs MDA-MB-453 -2.927 -22.3 to 16.45 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 1.116 -18.26 to 20.49 No ns >0.99 

Row 3      
MCF10A vs MDA-MB-468 25.83 6.45 to 45.2 Yes ** 0.002 

MCF10A vs HCC1806 21.37 1.989 to 40.74 Yes * 0.02 

MCF10A vs MDA-MB-231 21.12 1.742 to 40.5 Yes * 0.02 

MCF10A vs MDA-MB-453 28.2 8.828 to 47.58 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -4.461 -23.84 to 14.92 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -4.708 -24.09 to 14.67 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 2.378 -17 to 21.76 No ns >0.99 

HCC1806 vs MDA-MB-231 -0.247 -19.62 to 19.13 No ns >0.99 

HCC1806 vs MDA-MB-453 6.839 -12.54 to 26.22 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 7.086 -12.29 to 26.46 No ns >0.99 

Row 4      
MCF10A vs MDA-MB-468 40.38 23.6 to 57.16 Yes *** <0.001 

MCF10A vs HCC1806 10.71 -6.075 to 27.49 No ns 0.72 

MCF10A vs MDA-MB-231 9.905 -6.876 to 26.69 No ns 0.96 

MCF10A vs MDA-MB-453 26.99 10.21 to 43.77 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -29.67 -46.45 to -12.89 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -30.47 -47.25 to -13.69 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -13.39 -30.17 to 3.391 No ns 0.25 

HCC1806 vs MDA-MB-231 -0.8009 -17.58 to 15.98 No ns >0.99 

HCC1806 vs MDA-MB-453 16.28 -0.5004 to 33.06 No ns 0.06 

MDA-MB-231 vs MDA-MB-453 17.08 0.3005 to 33.86 Yes * 0.04 

Row 5      
MCF10A vs MDA-MB-468 76.59 52.86 to 100.3 Yes *** <0.001 

MCF10A vs HCC1806 -7.826 -31.56 to 15.91 No ns >0.99 

MCF10A vs MDA-MB-231 -2.499 -26.23 to 21.23 No ns >0.99 

MCF10A vs MDA-MB-453 24.42 0.6871 to 48.15 Yes * 0.04 

MDA-MB-468 vs HCC1806 -84.42 -108.1 to -60.69 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -79.09 -102.8 to -55.36 Yes *** <0.001 
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MDA-MB-468 vs MDA-MB-453 -52.17 -75.9 to -28.44 Yes *** <0.001 

HCC1806 vs MDA-MB-231 5.327 -18.41 to 29.06 No ns >0.99 

HCC1806 vs MDA-MB-453 32.25 8.513 to 55.98 Yes ** 0.001 

MDA-MB-231 vs MDA-MB-453 26.92 3.186 to 50.65 Yes * 0.01 

Row 6      
MCF10A vs MDA-MB-468 90.78 67.04 to 114.5 Yes *** <0.001 

MCF10A vs HCC1806 -6.942 -30.67 to 16.79 No ns >0.99 

MCF10A vs MDA-MB-231 -1.378 -25.11 to 22.35 No ns >0.99 

MCF10A vs MDA-MB-453 25.61 1.878 to 49.34 Yes * 0.02 

MDA-MB-468 vs HCC1806 -97.72 -121.5 to -73.99 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -92.15 -115.9 to -68.42 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -65.17 -88.9 to -41.43 Yes *** <0.001 

HCC1806 vs MDA-MB-231 5.564 -18.17 to 29.3 No ns >0.99 

HCC1806 vs MDA-MB-453 32.55 8.82 to 56.28 Yes ** 0.001 

MDA-MB-231 vs MDA-MB-453 26.99 3.256 to 50.72 Yes * 0.01 

Row 7      
MCF10A vs MDA-MB-468 80.29 63.51 to 97.07 Yes *** <0.001 

MCF10A vs HCC1806 28.3 11.51 to 45.08 Yes *** <0.001 

MCF10A vs MDA-MB-231 2.166 -14.62 to 18.95 No ns >0.99 

MCF10A vs MDA-MB-453 36.63 19.85 to 53.41 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -51.99 -68.77 to -35.21 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -78.12 -94.9 to -61.34 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -43.66 -60.44 to -26.88 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -26.13 -42.91 to -9.349 Yes *** <0.001 

HCC1806 vs MDA-MB-453 8.335 -8.446 to 25.12 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 34.46 17.68 to 51.25 Yes *** <0.001 

Row 8      
MCF10A vs MDA-MB-468 54.85 30.85 to 78.85 Yes *** <0.001 

MCF10A vs HCC1806 50.95 32.99 to 68.91 Yes *** <0.001 

MCF10A vs MDA-MB-231 -6.578 -23.74 to 10.58 No ns >0.99 

MCF10A vs MDA-MB-453 49.81 32.65 to 66.97 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -3.9 -28.22 to 20.42 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -61.43 -85.16 to -37.7 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -5.046 -28.78 to 18.69 No ns >0.99 

HCC1806 vs MDA-MB-231 -57.53 -75.13 to -39.93 Yes *** <0.001 
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HCC1806 vs MDA-MB-453 -1.147 -18.75 to 16.45 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 56.39 39.6 to 73.17 Yes *** <0.001 
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Supplementary Table 2.16: Statistics from 2-D models of Doxorubicin assays (Figure 6.2 D) 
Table Analysed Combined Doxorubicin 2-D     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 10.74 <0.001 *** Yes  
Drug Concentration 54.4 <0.001 *** Yes  
Cell Line 8.294 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 54664 28 1952 F (28, 311) = 4.751 P<0.001 

Drug Concentration 276853 7 39550 F (7, 311) = 96.25 P<0.001 

Cell Line 42208 4 10552 F (4, 311) = 25.68 P<0.001 

Residual 127799 311 410.9   

 
Within each row, compare columns (simple effects within rows)      
      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
      
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
      
Row 1      
MCF10A vs MDA-MB-468 3.61e-006 -25.27 to 25.27 No ns >0.99 

MCF10A vs HCC1806 -1.112e-005 -27.02 to 27.02 No ns >0.99 

MCF10A vs MDA-MB-231 4.439e-006 -27.02 to 27.02 No ns >0.99 

MCF10A vs MDA-MB-453 -1.117e-006 -27.02 to 27.02 No ns >0.99 

MDA-MB-468 vs HCC1806 -1.473e-005 -25.27 to 25.27 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 8.292e-007 -25.27 to 25.27 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -4.726e-006 -25.27 to 25.27 No ns >0.99 

HCC1806 vs MDA-MB-231 1.556e-005 -27.02 to 27.02 No ns >0.99 

HCC1806 vs MDA-MB-453 1e-005 -27.02 to 27.02 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -5.556e-006 -27.02 to 27.02 No ns >0.99 
      
Row 2      
MCF10A vs MDA-MB-468 13.05 -12.22 to 38.32 No ns >0.99 
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MCF10A vs HCC1806 15.21 -11.8 to 42.23 No ns >0.99 

MCF10A vs MDA-MB-231 26.74 -0.2801 to 53.75 No ns 0.05 

MCF10A vs MDA-MB-453 30.02 3.008 to 57.04 Yes * 0.02 

MDA-MB-468 vs HCC1806 2.161 -23.11 to 27.43 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 13.68 -11.59 to 38.96 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 16.97 -8.3 to 42.24 No ns 0.59 

HCC1806 vs MDA-MB-231 11.52 -15.49 to 38.54 No ns >0.99 

HCC1806 vs MDA-MB-453 14.81 -12.21 to 41.83 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 3.288 -23.73 to 30.3 No ns >0.99 
      
Row 3      
MCF10A vs MDA-MB-468 23.08 -2.193 to 48.35 No ns 0.10 

MCF10A vs HCC1806 13.4 -13.62 to 40.41 No ns >0.99 

MCF10A vs MDA-MB-231 28.08 1.061 to 55.09 Yes * 0.04 

MCF10A vs MDA-MB-453 33.66 6.647 to 60.68 Yes ** 0.005 

MDA-MB-468 vs HCC1806 -9.681 -34.95 to 15.59 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 4.999 -20.27 to 30.27 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 10.59 -14.69 to 35.86 No ns >0.99 

HCC1806 vs MDA-MB-231 14.68 -12.34 to 41.7 No ns >0.99 

HCC1806 vs MDA-MB-453 20.27 -6.751 to 47.28 No ns 0.35 

MDA-MB-231 vs MDA-MB-453 5.586 -21.43 to 32.6 No ns >0.99 
      
 

Row 4      
MCF10A vs MDA-MB-468 22.91 -2.361 to 48.18 No ns 0.11 

MCF10A vs HCC1806 -13.89 -40.91 to 13.12 No ns >0.99 

MCF10A vs MDA-MB-231 -2.599 -29.62 to 24.42 No ns >0.99 

MCF10A vs MDA-MB-453 11.95 -15.06 to 38.97 No ns >0.99 

MDA-MB-468 vs HCC1806 -36.8 -62.08 to -11.53 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -25.51 -50.78 to -0.2375 Yes * 0.05 

MDA-MB-468 vs MDA-MB-453 -10.96 -36.23 to 14.31 No ns >0.99 

HCC1806 vs MDA-MB-231 11.29 -15.72 to 38.31 No ns >0.99 

HCC1806 vs MDA-MB-453 25.85 -1.171 to 52.86 No ns 0.07 

MDA-MB-231 vs MDA-MB-453 14.55 -12.46 to 41.57 No ns >0.99 
      
Row 5      
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MCF10A vs MDA-MB-468 38.2 12.93 to 63.47 Yes *** <0.001 

MCF10A vs HCC1806 -17.02 -44.04 to 9.994 No ns 0.76 

MCF10A vs MDA-MB-231 -9.199 -36.22 to 17.82 No ns >0.99 

MCF10A vs MDA-MB-453 9.618 -17.4 to 36.63 No ns >0.99 

MDA-MB-468 vs HCC1806 -55.23 -80.5 to -29.95 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -47.4 -72.67 to -22.13 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -28.58 -53.86 to -3.313 Yes * 0.02 

HCC1806 vs MDA-MB-231 7.824 -19.19 to 34.84 No ns >0.99 

HCC1806 vs MDA-MB-453 26.64 -0.376 to 53.66 No ns 0.06 

MDA-MB-231 vs MDA-MB-453 18.82 -8.2 to 45.83 No ns 0.50 
      
Row 6      
MCF10A vs MDA-MB-468 54.66 24.46 to 84.87 Yes *** <0.001 

MCF10A vs HCC1806 12.99 -20.1 to 46.08 No ns >0.99 

MCF10A vs MDA-MB-231 -10.1 -43.19 to 22.99 No ns >0.99 

MCF10A vs MDA-MB-453 -11.78 -44.87 to 21.31 No ns >0.99 

MDA-MB-468 vs HCC1806 -41.67 -71.88 to -11.47 Yes ** 0.001 

MDA-MB-468 vs MDA-MB-231 -64.76 -94.97 to -34.55 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -66.44 -96.65 to -36.24 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -23.09 -56.17 to 10 No ns 0.49 

HCC1806 vs MDA-MB-453 -24.77 -57.86 to 8.321 No ns 0.35 

MDA-MB-231 vs MDA-MB-453 -1.682 -34.77 to 31.41 No ns >0.99 
      
Row 7      
MCF10A vs MDA-MB-468 50.48 20.27 to 80.68 Yes *** <0.001 

MCF10A vs HCC1806 14.27 -18.82 to 47.36 No ns >0.99 

MCF10A vs MDA-MB-231 -17.08 -50.17 to 16.01 No ns >0.99 

MCF10A vs MDA-MB-453 -11.59 -44.67 to 21.5 No ns >0.99 

MDA-MB-468 vs HCC1806 -36.21 -66.41 to -6.003 Yes ** 0.008 

MDA-MB-468 vs MDA-MB-231 -67.56 -97.76 to -37.35 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -62.06 -92.27 to -31.86 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -31.35 -64.44 to 1.742 No ns 0.08 

HCC1806 vs MDA-MB-453 -25.85 -58.94 to 7.234 No ns 0.28 

MDA-MB-231 vs MDA-MB-453 5.492 -27.6 to 38.58 No ns >0.99 
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Row 8      

MCF10A vs MDA-MB-468 28.98 1.963 to 56 Yes * 0.03 

MCF10A vs HCC1806 21.9 -5.118 to 48.92 No ns 0.23 

MCF10A vs MDA-MB-231 -0.1216 -27.14 to 26.9 No ns >0.99 

MCF10A vs MDA-MB-453 9.43 -17.59 to 36.45 No ns >0.99 

MDA-MB-468 vs HCC1806 -7.081 -34.1 to 19.94 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -29.1 -56.12 to -2.084 Yes * 0.03 

MDA-MB-468 vs MDA-MB-453 -19.55 -46.57 to 7.467 No ns 0.42 

HCC1806 vs MDA-MB-231 -22.02 -49.04 to 4.996 No ns 0.22 

HCC1806 vs MDA-MB-453 -12.47 -39.49 to 14.55 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 9.551 -17.47 to 36.57 No ns >0.99 
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Supplementary Table 2.17: Statistics from 3D models of Paclitaxel assays (Figure 6.9 A) 
Table Analysed Combined Paclitaxel     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 20.33 <0.001 *** Yes  
Drug Concentration 40.3 <0.001 *** Yes  
Cell Line 19.85 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 117147 28 4184 F (28, 395) = 13.26 P<0.001 

Drug Concentration 232259 7 33180 F (7, 395) = 105.1 P<0.001 

Cell Line 114393 4 28598 F (4, 395) = 90.63 P<0.001 

Residual 124643 395 315.6   

 
Within each row, compare columns (simple effects within rows)      
      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
      
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
      
Row 1      
MCF10A vs MDA-MB-468 1.04 -19.03 to 21.11 No ns >0.99 

MCF10A vs HCC1806 -7.029 -27.1 to 13.05 No ns >0.99 

MCF10A vs MDA-MB-231 -7.57 -26.05 to 10.91 No ns >0.99 

MCF10A vs MDA-MB-453 -11.38 -33.92 to 11.15 No ns >0.99 

MDA-MB-468 vs HCC1806 -8.068 -28.54 to 12.4 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -8.61 -27.52 to 10.3 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -12.42 -35.31 to 10.47 No ns >0.99 

HCC1806 vs MDA-MB-231 -0.5412 -19.45 to 18.37 No ns >0.99 

HCC1806 vs MDA-MB-453 -4.354 -27.24 to 18.53 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -3.813 -25.31 to 17.69 No ns >0.99 
      
Row 2      
MCF10A vs MDA-MB-468 15.5 -7.036 to 38.04 No ns 0.53 
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MCF10A vs HCC1806 21.14 -1.394 to 43.68 No ns 0.08 

MCF10A vs MDA-MB-231 8.749 -13.79 to 31.29 No ns >0.99 

MCF10A vs MDA-MB-453 -14.61 -37.91 to 8.695 No ns 0.78 

MDA-MB-468 vs HCC1806 5.642 -18 to 29.28 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -6.754 -30.39 to 16.88 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -30.11 -54.47 to -5.742 Yes ** 0.005 

HCC1806 vs MDA-MB-231 -12.4 -36.03 to 11.24 No ns >0.99 

HCC1806 vs MDA-MB-453 -35.75 -60.12 to -11.38 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 -23.35 -47.72 to 1.012 No ns 0.07 
      
Row 3      
MCF10A vs MDA-MB-468 19.71 -2.83 to 42.25 No ns 0.14 

MCF10A vs HCC1806 22.97 0.4302 to 45.51 Yes * 0.04 

MCF10A vs MDA-MB-231 18.92 -2.01 to 39.85 No ns 0.11 

MCF10A vs MDA-MB-453 -6.558 -29.86 to 16.74 No ns >0.99 

MDA-MB-468 vs HCC1806 3.26 -20.38 to 26.9 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -0.7873 -22.9 to 21.32 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -26.27 -50.63 to -1.901 Yes * 0.02 

HCC1806 vs MDA-MB-231 -4.047 -26.16 to 18.06 No ns >0.99 

HCC1806 vs MDA-MB-453 -29.53 -53.89 to -5.161 Yes ** 0.007 

MDA-MB-231 vs MDA-MB-453 -25.48 -48.37 to -2.592 Yes * 0.02 
      
 

Row 4      
MCF10A vs MDA-MB-468 22.99 0.8798 to 45.1 Yes * 0.04 

MCF10A vs HCC1806 24.56 2.443 to 46.67 Yes * 0.02 

MCF10A vs MDA-MB-231 14.77 -7.345 to 36.88 No ns 0.60 

MCF10A vs MDA-MB-453 -9.092 -31.98 to 13.8 No ns >0.99 

MDA-MB-468 vs HCC1806 1.563 -22.08 to 25.2 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -8.224 -31.86 to 15.41 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -32.08 -56.45 to -7.718 Yes ** 0.002 

HCC1806 vs MDA-MB-231 -9.788 -33.43 to 13.85 No ns >0.99 

HCC1806 vs MDA-MB-453 -33.65 -58.01 to -9.281 Yes ** 0.001 

MDA-MB-231 vs MDA-MB-453 -23.86 -48.23 to 0.5064 No ns 0.06 
      
Row 5      
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MCF10A vs MDA-MB-468 63.85 44.43 to 83.27 Yes *** <0.001 

MCF10A vs HCC1806 21.8 2.377 to 41.22 Yes * 0.02 

MCF10A vs MDA-MB-231 29.7 11.39 to 48.01 Yes *** <0.001 

MCF10A vs MDA-MB-453 40.9 18.95 to 62.86 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -42.06 -62.53 to -21.58 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -34.15 -53.57 to -14.73 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -22.95 -45.84 to -0.06222 Yes * 0.05 

HCC1806 vs MDA-MB-231 7.903 -11.52 to 27.32 No ns >0.99 

HCC1806 vs MDA-MB-453 19.1 -3.783 to 41.99 No ns 0.19 

MDA-MB-231 vs MDA-MB-453 11.2 -10.75 to 33.15 No ns >0.99 
      
Row 6      
MCF10A vs MDA-MB-468 88.96 66.42 to 111.5 Yes *** <0.001 

MCF10A vs HCC1806 44.96 22.42 to 67.5 Yes *** <0.001 

MCF10A vs MDA-MB-231 51.4 28.86 to 73.94 Yes *** <0.001 

MCF10A vs MDA-MB-453 69.43 46.89 to 91.96 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -43.99 -67.63 to -20.36 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -37.56 -61.2 to -13.92 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -19.53 -43.17 to 4.108 No ns 0.20 

HCC1806 vs MDA-MB-231 6.437 -17.2 to 30.08 No ns >0.99 

HCC1806 vs MDA-MB-453 24.46 0.8243 to 48.1 Yes * 0.04 

MDA-MB-231 vs MDA-MB-453 18.03 -5.612 to 41.67 No ns 0.32 
      
Row 7      
MCF10A vs MDA-MB-468 94.45 74.73 to 114.2 Yes *** <0.001 

MCF10A vs HCC1806 39.84 20.11 to 59.57 Yes *** <0.001 

MCF10A vs MDA-MB-231 53.74 35.1 to 72.37 Yes *** <0.001 

MCF10A vs MDA-MB-453 94.62 73.19 to 116 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -54.62 -75.09 to -34.14 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -40.72 -60.14 to -21.3 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 0.1618 -21.95 to 22.27 No ns >0.99 

HCC1806 vs MDA-MB-231 13.9 -5.525 to 33.32 No ns 0.44 

HCC1806 vs MDA-MB-453 54.78 32.67 to 76.89 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 40.88 19.74 to 62.02 Yes *** <0.001 
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Row 8      

MCF10A vs MDA-MB-468 88.56 68.84 to 108.3 Yes *** <0.001 

MCF10A vs HCC1806 29.57 9.841 to 49.3 Yes *** <0.001 

MCF10A vs MDA-MB-231 51.35 32.04 to 70.66 Yes *** <0.001 

MCF10A vs MDA-MB-453 86.79 65.36 to 108.2 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -58.99 -79.47 to -38.52 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -37.21 -57.29 to -17.14 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -1.777 -23.89 to 20.34 No ns >0.99 

HCC1806 vs MDA-MB-231 21.78 1.708 to 41.86 Yes * 0.02 

HCC1806 vs MDA-MB-453 57.22 35.11 to 79.33 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 35.44 13.69 to 57.18 Yes *** <0.001 
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Supplementary Table 2.18: Statistics from 3D models of Docetaxel assays (Figure 6.9 B) 
Table Analysed Combined Docetaxel     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 13.16 <0.001 *** Yes  
Drug Concentration 18.63 <0.001 *** Yes  
Cell Line 35.81 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 150484 28 5374 F (28, 342) = 4.968 P<0.001 

Drug Concentration 213079 7 30440 F (7, 342) = 28.14 P<0.001 

Cell Line 409553 4 102388 F (4, 342) = 94.65 P<0.001 

Residual 369951 342 1082   

 
Within each row, compare columns (simple effects within rows)      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 

Row 1      
MCF10A vs MDA-MB-468 -2.319e-008 -45.15 to 45.15 No ns >0.99 

MCF10A vs HCC1806 1.917e-009 -42.41 to 42.41 No ns >0.99 

MCF10A vs MDA-MB-231 -6.25e-009 -42.41 to 42.41 No ns >0.99 

MCF10A vs MDA-MB-453 -1.607e-009 -48.09 to 48.09 No ns >0.99 

MDA-MB-468 vs HCC1806 2.511e-008 -40.98 to 40.98 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 1.694e-008 -40.98 to 40.98 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 2.159e-008 -46.83 to 46.83 No ns >0.99 

HCC1806 vs MDA-MB-231 -8.167e-009 -37.94 to 37.94 No ns >0.99 

HCC1806 vs MDA-MB-453 -3.524e-009 -44.19 to 44.19 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 4.643e-009 -44.19 to 44.19 No ns >0.99 

Row 2      
MCF10A vs MDA-MB-468 0.03262 -43.77 to 43.84 No ns >0.99 

MCF10A vs HCC1806 -58.8 -99.77 to -17.82 Yes *** <0.001 

MCF10A vs MDA-MB-231 2.921 -38.06 to 43.9 No ns >0.99 
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MCF10A vs MDA-MB-453 10.85 -35.98 to 57.68 No ns >0.99 

MDA-MB-468 vs HCC1806 -58.83 -99.81 to -17.85 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 2.888 -38.09 to 43.86 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 10.82 -36.01 to 57.65 No ns >0.99 

HCC1806 vs MDA-MB-231 61.72 23.78 to 99.65 Yes *** <0.001 

HCC1806 vs MDA-MB-453 69.65 25.45 to 113.8 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 7.93 -36.26 to 52.12 No ns >0.99 

Row 3      
MCF10A vs MDA-MB-468 -3.769 -47.57 to 40.04 No ns >0.99 

MCF10A vs HCC1806 -71.35 -112.3 to -30.37 Yes *** <0.001 

MCF10A vs MDA-MB-231 -6.617 -48.38 to 35.15 No ns >0.99 

MCF10A vs MDA-MB-453 13.1 -33.73 to 59.93 No ns >0.99 

MDA-MB-468 vs HCC1806 -67.58 -108.6 to -26.61 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -2.849 -44.62 to 38.92 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 16.87 -29.96 to 63.7 No ns >0.99 

HCC1806 vs MDA-MB-231 64.73 25.94 to 103.5 Yes *** <0.001 

HCC1806 vs MDA-MB-453 84.45 40.26 to 128.6 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 19.72 -25.21 to 64.65 No ns >0.99 

Row 4      
MCF10A vs MDA-MB-468 32.81 -10.99 to 76.62 No ns 0.35 

MCF10A vs HCC1806 -49.01 -89.98 to -8.031 Yes ** 0.008 

MCF10A vs MDA-MB-231 20.7 -20.28 to 61.67 No ns >0.99 

MCF10A vs MDA-MB-453 11.76 -37.22 to 60.74 No ns >0.99 

MDA-MB-468 vs HCC1806 -81.82 -122.8 to -40.85 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -12.12 -53.09 to 28.86 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -21.05 -70.03 to 27.92 No ns >0.99 

HCC1806 vs MDA-MB-231 69.71 31.77 to 107.6 Yes *** <0.001 

HCC1806 vs MDA-MB-453 60.77 14.31 to 107.2 Yes ** 0.003 

MDA-MB-231 vs MDA-MB-453 -8.938 -55.4 to 37.52 No ns >0.99 

Row 5      
MCF10A vs MDA-MB-468 84.2 40.4 to 128 Yes *** <0.001 

MCF10A vs HCC1806 -54.23 -95.21 to -13.25 Yes ** 0.002 

MCF10A vs MDA-MB-231 48.89 7.911 to 89.86 Yes ** 0.008 

MCF10A vs MDA-MB-453 53.17 4.194 to 102.1 Yes * 0.02 

MDA-MB-468 vs HCC1806 -138.4 -179.4 to -97.46 Yes *** <0.001 
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MDA-MB-468 vs MDA-MB-231 -35.32 -76.29 to 5.66 No ns 0.15 

MDA-MB-468 vs MDA-MB-453 -31.03 -80.01 to 17.94 No ns 0.74 

HCC1806 vs MDA-MB-231 103.1 65.18 to 141.1 Yes *** <0.001 

HCC1806 vs MDA-MB-453 107.4 60.94 to 153.9 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 4.283 -42.18 to 50.75 No ns >0.99 

Row 6      
MCF10A vs MDA-MB-468 82.14 38.34 to 125.9 Yes *** <0.001 

MCF10A vs HCC1806 -50.08 -91.06 to -9.108 Yes ** 0.006 

MCF10A vs MDA-MB-231 37.03 -3.943 to 78.01 No ns 0.11 

MCF10A vs MDA-MB-453 48.65 -0.3241 to 97.63 No ns 0.05 

MDA-MB-468 vs HCC1806 -132.2 -173.2 to -91.25 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -45.11 -86.09 to -4.135 Yes * 0.02 

MDA-MB-468 vs MDA-MB-453 -33.49 -82.47 to 15.48 No ns 0.54 

HCC1806 vs MDA-MB-231 87.12 49.18 to 125.1 Yes *** <0.001 

HCC1806 vs MDA-MB-453 98.74 52.27 to 145.2 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 11.62 -34.84 to 58.08 No ns >0.99 

 

Row 7      
MCF10A vs MDA-MB-468 116.5 72.73 to 160.3 Yes *** <0.001 

MCF10A vs HCC1806 9.243 -31.73 to 50.22 No ns >0.99 

MCF10A vs MDA-MB-231 73.85 32.87 to 114.8 Yes *** <0.001 

MCF10A vs MDA-MB-453 114 65.04 to 163 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -107.3 -148.3 to -66.32 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -42.69 -83.67 to -1.715 Yes * 0.03 

MDA-MB-468 vs MDA-MB-453 -2.524 -51.5 to 46.45 No ns >0.99 

HCC1806 vs MDA-MB-231 64.6 26.67 to 102.5 Yes *** <0.001 

HCC1806 vs MDA-MB-453 104.8 58.31 to 151.2 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 40.17 -6.295 to 86.63 No ns 0.15 

Row 8      
MCF10A vs MDA-MB-468 99.58 54.43 to 144.7 Yes *** <0.001 

MCF10A vs HCC1806 -1.542 -44.72 to 41.64 No ns >0.99 

MCF10A vs MDA-MB-231 69.5 26.32 to 112.7 Yes *** <0.001 

MCF10A vs MDA-MB-453 100.3 50.12 to 150.5 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -101.1 -142.9 to -59.36 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -30.08 -71.85 to 11.69 No ns 0.43 
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MDA-MB-468 vs MDA-MB-453 0.7243 -48.25 to 49.7 No ns >0.99 

HCC1806 vs MDA-MB-231 71.04 31.42 to 110.7 Yes *** <0.001 

HCC1806 vs MDA-MB-453 101.8 54.69 to 149 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 30.8 -16.36 to 77.97 No ns 0.66 
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Supplementary Table 2.19: Statistics from 3D models of Carboplatin assays (Figure 6.9 C) 
Table Analysed Combined Carboplatin 3D     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 13.51 <0.001 *** Yes  
Drug Concentration 29.36 <0.001 *** Yes  
Cell Line 17.67 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 65374 28 2335 F (28, 360) = 4.57 P<0.001 

Drug Concentration 142102 7 20300 F (7, 360) = 39.74 P<0.001 

Cell Line 85508 4 21377 F (4, 360) = 41.85 P<0.001 

Residual 183910 360 510.9   

 
Within each row, compare columns (simple effects within rows)      
      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
      
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
      
Row 1      
MCF10A vs MDA-MB-468 -4.167e-010 -29.14 to 29.14 No ns >0.99 

MCF10A vs HCC1806 -7.083e-009 -29.14 to 29.14 No ns >0.99 

MCF10A vs MDA-MB-231 -3.75e-009 -29.14 to 29.14 No ns >0.99 

MCF10A vs MDA-MB-453 1.054e-008 -33.04 to 33.04 No ns >0.99 

MDA-MB-468 vs HCC1806 -6.667e-009 -26.06 to 26.06 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -3.333e-009 -26.06 to 26.06 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 1.095e-008 -30.36 to 30.36 No ns >0.99 

HCC1806 vs MDA-MB-231 3.333e-009 -26.06 to 26.06 No ns >0.99 

HCC1806 vs MDA-MB-453 1.762e-008 -30.36 to 30.36 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 1.429e-008 -30.36 to 30.36 No ns >0.99 
      
Row 2      
MCF10A vs MDA-MB-468 19.36 -10.73 to 49.46 No ns 0.70 
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MCF10A vs HCC1806 24.99 -5.1 to 55.09 No ns 0.20 

MCF10A vs MDA-MB-231 4.074 -26.02 to 34.17 No ns >0.99 

MCF10A vs MDA-MB-453 0.3546 -29.74 to 30.45 No ns >0.99 

MDA-MB-468 vs HCC1806 5.631 -24.46 to 35.72 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -15.29 -45.38 to 14.8 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -19.01 -49.1 to 11.09 No ns 0.75 

HCC1806 vs MDA-MB-231 -20.92 -51.01 to 9.174 No ns 0.50 

HCC1806 vs MDA-MB-453 -24.64 -54.73 to 5.455 No ns 0.21 

MDA-MB-231 vs MDA-MB-453 -3.719 -33.81 to 26.37 No ns >0.99 
      
Row 3      
MCF10A vs MDA-MB-468 11.23 -18.86 to 41.33 No ns >0.99 

MCF10A vs HCC1806 22.25 -7.846 to 52.34 No ns 0.37 

MCF10A vs MDA-MB-231 7.766 -22.33 to 37.86 No ns >0.99 

MCF10A vs MDA-MB-453 -8.126 -38.22 to 21.97 No ns >0.99 

MDA-MB-468 vs HCC1806 11.01 -19.08 to 41.11 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -3.468 -33.56 to 26.63 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -19.36 -49.45 to 10.73 No ns 0.70 

HCC1806 vs MDA-MB-231 -14.48 -44.57 to 15.61 No ns >0.99 

HCC1806 vs MDA-MB-453 -30.37 -60.47 to -0.2798 Yes * 0.05 

MDA-MB-231 vs MDA-MB-453 -15.89 -45.99 to 14.2 No ns >0.99 
      
Row 4      
MCF10A vs MDA-MB-468 31.72 -0.4526 to 63.89 No ns 0.06 

MCF10A vs HCC1806 30.45 -1.725 to 62.62 No ns 0.08 

MCF10A vs MDA-MB-231 28.33 -3.838 to 60.51 No ns 0.13 

MCF10A vs MDA-MB-453 1.484 -30.69 to 33.66 No ns >0.99 

MDA-MB-468 vs HCC1806 -1.273 -31.37 to 28.82 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -3.386 -33.48 to 26.71 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -30.23 -60.33 to -0.141 Yes * 0.05 

HCC1806 vs MDA-MB-231 -2.113 -32.21 to 27.98 No ns >0.99 

HCC1806 vs MDA-MB-453 -28.96 -59.06 to 1.132 No ns 0.07 

MDA-MB-231 vs MDA-MB-453 -26.85 -56.94 to 3.245 No ns 0.12 
      
Row 5      
MCF10A vs MDA-MB-468 52.74 26.68 to 78.8 Yes *** <0.001 
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MCF10A vs HCC1806 10.99 -15.07 to 37.05 No ns >0.99 

MCF10A vs MDA-MB-231 3.322 -22.74 to 29.38 No ns >0.99 

MCF10A vs MDA-MB-453 -8.962 -37.11 to 19.19 No ns >0.99 

MDA-MB-468 vs HCC1806 -41.75 -67.81 to -15.69 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -49.42 -75.48 to -23.35 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -61.7 -89.85 to -33.55 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -7.667 -33.73 to 18.4 No ns >0.99 

HCC1806 vs MDA-MB-453 -19.95 -48.1 to 8.199 No ns 0.46 

MDA-MB-231 vs MDA-MB-453 -12.28 -40.43 to 15.87 No ns >0.99 
      
Row 6      
MCF10A vs MDA-MB-468 61.39 31.29 to 91.48 Yes *** <0.001 

MCF10A vs HCC1806 11.34 -18.76 to 41.43 No ns >0.99 

MCF10A vs MDA-MB-231 -2.452 -32.55 to 27.64 No ns >0.99 

MCF10A vs MDA-MB-453 -13.03 -43.12 to 17.06 No ns >0.99 

MDA-MB-468 vs HCC1806 -50.05 -80.14 to -19.96 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -63.84 -93.93 to -33.75 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -74.42 -104.5 to -44.32 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -13.79 -43.88 to 16.3 No ns >0.99 

HCC1806 vs MDA-MB-453 -24.37 -54.46 to 5.727 No ns 0.23 

MDA-MB-231 vs MDA-MB-453 -10.58 -40.67 to 19.52 No ns >0.99 
      
Row 7      
MCF10A vs MDA-MB-468 81.92 55.85 to 108 Yes *** <0.001 

MCF10A vs HCC1806 24.03 -2.033 to 50.09 No ns 0.10 

MCF10A vs MDA-MB-231 10.27 -15.79 to 36.33 No ns >0.99 

MCF10A vs MDA-MB-453 5.218 -22.93 to 33.37 No ns >0.99 

MDA-MB-468 vs HCC1806 -57.89 -83.95 to -31.82 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -71.65 -97.71 to -45.58 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -76.7 -104.8 to -48.55 Yes *** <0.001 

HCC1806 vs MDA-MB-231 -13.76 -39.82 to 12.3 No ns >0.99 

HCC1806 vs MDA-MB-453 -18.81 -46.96 to 9.339 No ns 0.60 

MDA-MB-231 vs MDA-MB-453 -5.052 -33.2 to 23.1 No ns >0.99 

Row 8      
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MCF10A vs MDA-MB-468 61.36 35.29 to 87.42 Yes *** <0.001 

MCF10A vs HCC1806 29.21 3.149 to 55.27 Yes * 0.02 

MCF10A vs MDA-MB-231 3.705 -22.36 to 29.77 No ns >0.99 

MCF10A vs MDA-MB-453 44.13 15.98 to 72.29 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -32.15 -58.21 to -6.084 Yes ** 0.006 

MDA-MB-468 vs MDA-MB-231 -57.65 -83.71 to -31.59 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-453 -17.22 -45.37 to 10.93 No ns 0.85 

HCC1806 vs MDA-MB-231 -25.51 -51.57 to 0.5563 No ns 0.06 

HCC1806 vs MDA-MB-453 14.92 -13.23 to 43.07 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 40.43 12.28 to 68.58 Yes *** <0.001 
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Supplementary Table 2.20: Statistics from 3D models of Doxorubicin assays (Figure 6.9 D) 
Table Analysed Combined Doxorubicin 3D     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 12.06 <0.001 *** Yes  
Drug Concentration 23.41 <0.001 *** Yes  
Cell Line 23.2 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 218437 28 7801 F (28, 397) = 4.031 P<0.001 

Drug Concentration 423967 7 60567 F (7, 397) = 31.3 P<0.001 

Cell Line 420095 4 105024 F (4, 397) = 54.27 P<0.001 

Residual 768318 397 1935   

 
Within each row, compare columns (simple effects within rows)      
      
Number of families 8     
Number of comparisons per family 10     
Alpha 0.05     
      
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
      
Row 1      
MCF10A vs MDA-MB-468 11.26 -43.5 to 66.02 No ns >0.99 

MCF10A vs HCC1806 1.639 -54.18 to 57.45 No ns >0.99 

MCF10A vs MDA-MB-231 -6.457 -63.51 to 50.6 No ns >0.99 

MCF10A vs MDA-MB-453 -3.67 -64.01 to 56.67 No ns >0.99 

MDA-MB-468 vs HCC1806 -9.622 -61.46 to 42.21 No ns >0.99 

MDA-MB-468 vs MDA-MB-231 -17.72 -70.89 to 35.45 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -14.93 -71.61 to 41.75 No ns >0.99 

HCC1806 vs MDA-MB-231 -8.096 -62.35 to 46.16 No ns >0.99 

HCC1806 vs MDA-MB-453 -5.308 -63.01 to 52.39 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 2.788 -56.12 to 61.69 No ns >0.99 
      
Row 2      
MCF10A vs MDA-MB-468 18.95 -31.75 to 69.64 No ns >0.99 
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MCF10A vs HCC1806 -18.21 -68.9 to 32.49 No ns >0.99 

MCF10A vs MDA-MB-231 12.59 -38.11 to 63.29 No ns >0.99 

MCF10A vs MDA-MB-453 -33.48 -90.16 to 23.2 No ns 0.96 

MDA-MB-468 vs HCC1806 -37.16 -87.85 to 13.54 No ns 0.39 

MDA-MB-468 vs MDA-MB-231 -6.359 -57.06 to 44.34 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -52.43 -109.1 to 4.249 No ns 0.09 

HCC1806 vs MDA-MB-231 30.8 -19.9 to 81.49 No ns 0.87 

HCC1806 vs MDA-MB-453 -15.28 -71.96 to 41.4 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -46.07 -102.8 to 10.61 No ns 0.22 
      
Row 3      
MCF10A vs MDA-MB-468 22.96 -27.73 to 73.66 No ns >0.99 

MCF10A vs HCC1806 -62.64 -113.3 to -11.94 Yes ** 0.005 

MCF10A vs MDA-MB-231 3.998 -46.7 to 54.7 No ns >0.99 

MCF10A vs MDA-MB-453 -34.76 -89.52 to 20 No ns 0.74 

MDA-MB-468 vs HCC1806 -85.6 -136.3 to -34.9 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -18.97 -69.66 to 31.73 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -57.73 -112.5 to -2.966 Yes * 0.03 

HCC1806 vs MDA-MB-231 66.63 15.94 to 117.3 Yes ** 0.002 

HCC1806 vs MDA-MB-453 27.88 -26.88 to 82.63 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -38.76 -93.52 to 16 No ns 0.46 
      
 

Row 4      
MCF10A vs MDA-MB-468 36.57 -14.13 to 87.26 No ns 0.42 

MCF10A vs HCC1806 -62.3 -114.1 to -10.47 Yes ** 0.008 

MCF10A vs MDA-MB-231 19.16 -32.68 to 70.99 No ns >0.99 

MCF10A vs MDA-MB-453 -31.17 -85.92 to 23.59 No ns >0.99 

MDA-MB-468 vs HCC1806 -98.87 -150.7 to -47.03 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -17.41 -69.24 to 34.43 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -67.73 -122.5 to -12.97 Yes ** 0.005 

HCC1806 vs MDA-MB-231 81.46 28.51 to 134.4 Yes *** <0.001 

HCC1806 vs MDA-MB-453 31.14 -24.68 to 86.95 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -50.32 -106.1 to 5.492 No ns 0.11 
      
Row 5      
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MCF10A vs MDA-MB-468 27.79 -22.91 to 78.49 No ns >0.99 

MCF10A vs HCC1806 -58.49 -109.2 to -7.79 Yes * 0.01 

MCF10A vs MDA-MB-231 0.4782 -50.22 to 51.18 No ns >0.99 

MCF10A vs MDA-MB-453 -26.81 -81.57 to 27.94 No ns >0.99 

MDA-MB-468 vs HCC1806 -86.28 -137 to -35.58 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -27.31 -78.01 to 23.39 No ns >0.99 

MDA-MB-468 vs MDA-MB-453 -54.6 -109.4 to 0.156 No ns 0.05 

HCC1806 vs MDA-MB-231 58.97 8.268 to 109.7 Yes * 0.01 

HCC1806 vs MDA-MB-453 31.67 -23.09 to 86.43 No ns >0.99 

MDA-MB-231 vs MDA-MB-453 -27.29 -82.05 to 27.47 No ns >0.99 
      
Row 6      
MCF10A vs MDA-MB-468 101.1 50.38 to 151.8 Yes *** <0.001 

MCF10A vs HCC1806 -49.28 -99.98 to 1.415 No ns 0.06 

MCF10A vs MDA-MB-231 42.95 -7.747 to 93.65 No ns 0.17 

MCF10A vs MDA-MB-453 29.44 -25.32 to 84.2 No ns >0.99 

MDA-MB-468 vs HCC1806 -150.4 -201.1 to -99.66 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -58.13 -108.8 to -7.428 Yes * 0.01 

MDA-MB-468 vs MDA-MB-453 -71.64 -126.4 to -16.88 Yes ** 0.003 

HCC1806 vs MDA-MB-231 92.23 41.53 to 142.9 Yes *** <0.001 

HCC1806 vs MDA-MB-453 78.72 23.96 to 133.5 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 -13.51 -68.27 to 41.25 No ns >0.99 
      
Row 7      
MCF10A vs MDA-MB-468 109.7 58.97 to 160.4 Yes *** <0.001 

MCF10A vs HCC1806 -10.76 -63.93 to 42.41 No ns >0.99 

MCF10A vs MDA-MB-231 49.35 -3.823 to 102.5 No ns 0.09 

MCF10A vs MDA-MB-453 78.51 23.75 to 133.3 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -120.4 -173.6 to -67.25 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -60.31 -113.5 to -7.143 Yes * 0.01 

MDA-MB-468 vs MDA-MB-453 -31.15 -85.91 to 23.61 No ns >0.99 

HCC1806 vs MDA-MB-231 60.11 4.571 to 115.6 Yes * 0.02 

HCC1806 vs MDA-MB-453 89.27 32.21 to 146.3 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 29.16 -27.9 to 86.22 No ns >0.99 
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Row 8      

MCF10A vs MDA-MB-468 83.56 31.72 to 135.4 Yes *** <0.001 

MCF10A vs HCC1806 -69.65 -121.5 to -17.82 Yes ** 0.002 

MCF10A vs MDA-MB-231 32.39 -25.31 to 90.1 No ns >0.99 

MCF10A vs MDA-MB-453 81.95 26.13 to 137.8 Yes *** <0.001 

MDA-MB-468 vs HCC1806 -153.2 -203.9 to -102.5 Yes *** <0.001 

MDA-MB-468 vs MDA-MB-231 -51.16 -107.8 to 5.519 No ns 0.11 

MDA-MB-468 vs MDA-MB-453 -1.605 -56.36 to 53.15 No ns >0.99 

HCC1806 vs MDA-MB-231 102 45.37 to 158.7 Yes *** <0.001 

HCC1806 vs MDA-MB-453 151.6 96.84 to 206.4 Yes *** <0.001 

MDA-MB-231 vs MDA-MB-453 49.56 -10.78 to 109.9 No ns 0.21 
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Supplementary Table 2.21: Statistics from 3D models of Carboplatin & Paclitaxel & Cetuximab assays (Figure 6.14 B) 

Table Analysed 

Carboplatin & Paclitaxel & Cetuximab Fig 

6.14(B)     
Two-way ANOVA Ordinary     
Alpha 0.05     
Source of Variation % of total variation P value P value summary Significant?  
Interaction 0.8652 0.90 ns No  
Drug Concentration 77.01 <0.001 *** Yes  
Drug 3.892 <0.001 *** Yes  
ANOVA table SS (Type III) DF MS F (DFn, DFd) P value 

Interaction 1029 21 48.98 F (21, 204) = 0.6213 P=0.90 

Drug Concentration 91548 7 13078 F (7, 204) = 165.9 P<0.001 

Drug 4627 3 1542 F (3, 204) = 19.56 P<0.001 

Residual 16082 204 78.83   

 
Within each row, compare columns (simple effects within rows)      
Number of families 8     
Number of comparisons per family 6     
Alpha 0.05     
Bonferroni's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 

Row 1      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 6.5e-009 -13.49 to 13.49 No ns >0.99 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 1.178e-008 -13.19 to 13.19 No ns >0.99 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 1.424 -14.44 to 17.29 No ns >0.99 

25ug/ml Cetuximab vs 50ug/ml Cetuximab 5.278e-009 -11.49 to 11.49 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 1.424 -13.06 to 15.91 No ns >0.99 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 1.424 -12.79 to 15.64 No ns >0.99 

Row 2      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 13.5 1.029 to 25.96 Yes * 0.03 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 11.1 -1.363 to 23.57 No ns 0.11 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 20.37 6.716 to 34.03 Yes *** <0.001 

25ug/ml Cetuximab vs 50ug/ml Cetuximab -2.393 -13.54 to 8.759 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 6.877 -5.591 to 19.34 No ns 0.86 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 9.269 -3.198 to 21.74 No ns 0.29 
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Row 3      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 8.395 -4.072 to 20.86 No ns 0.45 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 4.834 -7.633 to 17.3 No ns >0.99 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 17.35 3.697 to 31.01 Yes ** 0.005 

25ug/ml Cetuximab vs 50ug/ml Cetuximab -3.561 -14.71 to 7.59 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 8.959 -3.508 to 21.43 No ns 0.34 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 12.52 0.05282 to 24.99 Yes * 0.05 

Row 4      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 6.427 -6.04 to 18.89 No ns >0.99 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 9.354 -3.114 to 21.82 No ns 0.28 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 18.77 5.109 to 32.42 Yes ** 0.002 

25ug/ml Cetuximab vs 50ug/ml Cetuximab 2.927 -8.225 to 14.08 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 12.34 -0.1285 to 24.81 No ns 0.05 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 9.412 -3.055 to 21.88 No ns 0.27 

Row 5      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 11.08 -1.387 to 23.55 No ns 0.11 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 11.2 -1.263 to 23.67 No ns 0.11 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 19.6 5.942 to 33.26 Yes ** 0.001 

25ug/ml Cetuximab vs 50ug/ml Cetuximab 0.1242 -11.03 to 11.28 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 8.518 -3.949 to 20.99 No ns 0.42 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 8.394 -4.073 to 20.86 No ns 0.45 

Row 6      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 2.649 -9.818 to 15.12 No ns >0.99 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 3.899 -8.568 to 16.37 No ns >0.99 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 13.71 0.05741 to 27.37 Yes * 0.05 

25ug/ml Cetuximab vs 50ug/ml Cetuximab 1.25 -9.901 to 12.4 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 11.07 -1.402 to 23.53 No ns 0.11 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 9.815 -2.652 to 22.28 No ns 0.22 

Row 7      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 5.776 -6.691 to 18.24 No ns >0.99 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 4.589 -7.879 to 17.06 No ns >0.99 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 10.09 -3.568 to 23.75 No ns 0.30 

25ug/ml Cetuximab vs 50ug/ml Cetuximab -1.188 -12.34 to 9.963 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 4.313 -8.154 to 16.78 No ns >0.99 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 5.5 -6.967 to 17.97 No ns >0.99 
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Row 8      
5ug/ml Cetuximab vs 25ug/ml Cetuximab 4.959 -7.508 to 17.43 No ns >0.99 

5ug/ml Cetuximab vs 50ug/ml Cetuximab 4.077 -8.391 to 16.54 No ns >0.99 

5ug/ml Cetuximab vs 250ug/ml Cetuximab 11.83 -1.825 to 25.49 No ns 0.13 

25ug/ml Cetuximab vs 50ug/ml Cetuximab -0.8824 -12.03 to 10.27 No ns >0.99 

25ug/ml Cetuximab vs 250ug/ml Cetuximab 6.873 -5.594 to 19.34 No ns 0.86 

50ug/ml Cetuximab vs 250ug/ml Cetuximab 7.755 -4.712 to 20.22 No ns 0.59 
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Appendix 3: Supplementary Figures 

 
 

Supplementary Figure 3.1: Disease free survival according to sTILs 
Kaplan-Meier cumulative survival curves show the association between DFS and (a) 10% sTILs cut-off (Log 

rank test p=0.341), (b) 25% sTILs cut-off (Log rank test p=0.456) and (c) 50% sTILs cut-off (Log rank test p 

=0.377).  

The median DFS was 27.5 months (range 6-119 months) for TNBCs with sTILs >10%, 18 months (range 6-64 

months) with sTILs >25% and 23.5 months (range 7-64) with sTILs ≥50%. 

A
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Supplementary Figure 3.2: Metastasis free survival according to sTILs 
Kaplan-Meier cumulative survival curves show the association between MFS and (a) 10% sTILs cut-off (Log 

rank test p=0.137), (b) 25% sTILs cut-off (Log rank test p=0.636) and (c) 50% sTILs cut-off (Log rank test 

p=0.860).  

The median MFS was 27.5 months (range 6-119 months) for TNBCs with sTILs >10%, 18 months (range 6-

64 months) with sTILs >25% and 23.5 months (range 7-64 months) with sTILs ≥50%. 
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Supplementary Figure 3.3: Breast Cancer Specific Survival according to sTILs 
Kaplan-Meier cumulative survival curves show the association between BCSS and (a) 10% sTILs cut-off (Log 

rank test p=0.268), (b) 25% sTILs cut-off (Log rank test p=0.230) and (c) 50% sTILs cut-off (Log rank test 

p=0.676).  

The median BCSS was 28.5 months (range 7-119 months) among TNBCs with sTILs >10%, 23.5 months 

(range 7-64 months) with sTILs >25% and 23.5 months (range 7-64 months) with sTILs ≥50%.  
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Supplementary Figure 3.4: Disease free, metastasis free and breast cancer specific 

survival according to sTIL category 
Kaplan-Meier cumulative survival curves show the association between sTIL category and (a) DFS (Log rank 

test p=0.827), (b) MFS (Log rank test p=0.571) and (C) BCSS (Log rank test, p=0.78). 
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Supplementary Figure 3.5 (A): Chemotherapy Concentrations of Carboplatin for 3-D assays 
NC: negative control 

Carboplatin 
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Supplementary Figure 3.5 (B): Chemotherapy Concentrations of Carboplatin for 3-D assays  
NC: negative control 
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Supplementary Figure 3.5 (C): Chemotherapy Concentrations of Carboplatin for 3-D assays 
NC: negative control 

Carboplatin 
20mM Stock

(for 50µl)
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Supplementary Figure 3.6 (A): Chemotherapy Concentrations of Docetaxel for 3-D assays 
NC: negative control 

Docetaxel 
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Supplementary Figure 3.6 (B): Chemotherapy Concentrations of Docetaxel for 3-D assays  
NC: negative control 

Docetaxel 
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Supplementary Figure 3.6 (C): Chemotherapy Concentrations of Docetaxel for 3-D assays 
NC: negative control 

Docetaxel 

2mM Stock 
(for 100µl)

Docetaxel 
1% Working 

Solution = 
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Supplementary Figure 3.7 (A): Chemotherapy Concentrations of Paclitaxel for 3-D assays 
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Supplementary Figure 3.7 (B): Chemotherapy Concentrations of Paclitaxel for 3-D assays 
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Supplementary Figure 3.7 (C): Chemotherapy Concentrations of Paclitaxel for 3-D assays 
NC: negative control 
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Supplementary Figure 3.8 (A): Chemotherapy Concentrations of Doxorubicin for 3-D assays  
NC: negative control 
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Supplementary Figure 3.8 (B): Chemotherapy Concentrations of Doxorubicin for 3-D assays 
NC: negative control 
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Supplementary Figure 3.9: Chemotherapy Concentrations of Carboplatin plus Paclitaxel for 3-D assays 
NC: negative control 
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Supplementary Figure 3.10: Chemotherapy Concentrations of Cetuximab for 3-D assays 
NC: negative control 
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Supplementary Figure 3.11: Cell viability assays assessing sensitivity of MDA-MB-

231 grown in 3-D to 0.02 – 200 µM of Carboplatin and 0.04 – 400 nM of Docetaxel 
Data presented as mean ± SD of 3 independent experiments, with each treatment carried out in triplicate. 
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Appendix 4: Chemotherapy Stock Composition 
 

Docetaxel: 

Docetaxel molecular weight (MW) = 807.88 g/mol 

Wish to make 2 mM stock = 2 mmol/L 

1 ml = 1L/1000ml x 2 mmol/L x 1mol/103mmol x 807.88 g/mol x 1000 mg/g 

1 ml = 1.615 mg = 2 mM 

5 mg (master stock) = 3.09 ml = 3090 µl 

∴ 300 µl aliquots = 2 mM 

 

Paclitaxel: 

Paclitaxel MW = 853.91 g/mol 

Wish to make 10 mM stock = 10 mmol/L 

1 ml = 1L/1000ml x 10 mmol/L x 1 mol/103mmol x 853.91 g/mol x 1000 mg/g 

1 ml = 8.539 mg = 10 mM 

5 mg (master stock) = 0.585 ml = 585 µl  

∴ 50 µl aliquots = 10 mM 

 

Doxorubicin: 

Doxorubicin MW = 579.98 g/mol 

Wish to make 5 mM stock = 5 mmol/L 

1 ml = 1L/1000ml x 5 mmol/L x 1 mol/103mmol x 579.98 g/mol x 1000 mg/g 

1 ml = 2.89 mg = 5 mM 

10 mg (master stock) = 3.46 ml = 3460 µl  

∴ 300 µl aliquots = 5 mM 

 

Carboplatin: 

Carboplatin MW = 371.25 g/mol 

Wish to make 20 mM stock = 20 mmol/L 

1 ml = 1L/1000ml x 20 mmol/L x 1 mol/103mmol x 371.25 g/mol x 1000 mg/g 

1 ml = 7.425 mg = 20m M 

100 mg (master stock) = 13.468 ml  

∴ 1 ml aliquots = 20 mM 
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Appendix 5: Material Transfer and Research Agreement 

  

MATERIAL TRANSFER AND RESEARCH AGREEMENT 

   Effective Date: 14th September 2016 

 

This Material Transfer And Research Agreement (this “Agreement”) is made as of the 

Effective Date by and between Merck KGaA (“Company”), Frankfurter Str. 250, 64293 

Darmstadt, Germany, and 

Name (“Institution”): Galway University Hospital & National University of Ireland Galway 

 Department of Pathology, 3rd Floor, Translational Research Facility 

Street Address: Department of Pathology, 3rd Floor, Translational Research Facility 

City, State, Zip: NUI, Galway

WHEREAS, Company is willing to provide Research Material (as defined below) to Institution 

for Institution’s research plan performed in the field of Oncology according to the plan agreed 

and attached hereto as Exhibit A, which makes part of this Agreement (the “Research Plan”, 

as further defined herein); and 

WHEREAS, Institution and Researcher (as identified herein) and any other required personnel 

wish to perform the Research Plan and would like to use the Research Material for that purpose 

upon the terms and conditions set forth herein; 

NOW, THEREFORE, the parties hereto have agreed as follows, in consideration of the 

premises and the mutual covenants and agreements herein contained and other good and 

valuable consideration, the receipt and sufficiency of which are hereby acknowledged: 

1. Definitions.  For the purposes of this Agreement the following terms shall have the 

following meanings: 

1.1 “Affiliate”: any company, partnership or other entity which directly or indirectly 

controls, is controlled by or is under common control with Company.  For purposes of this 

Section 1.1, “control” means the ownership of more than fifty percent (50%) of the issued share 

capital or the legal power to direct or cause the direction of the general management and 

policies of the party in question. 

1.2 “Confidential Information”: the meaning set forth in Section 3. 

1.3 “Effective Date”: the date indicated in the preamble hereto. 

1.4 “Facilities”: Institution’s facilities where the Research Plan will be performed, located 

at Department of Pathology, 3rd Floor, Translational Research Facility, NUI Galway 

1.5 “Research Plan”: the study as further described under Exhibit A. 

1.6 “Research Material”: any and all material sent by or on behalf of Company to Institution 

to the extent set forth in the Research Plan, including all related biological material or 

associated know-how and data that Company provides, as well as any substance that is 

replicated or derived from the Research Material or which could not have been produced but 

for the use of the Research Material. 

1.7 “Researcher”:  Dr Elaine Walsh 

 1.8 “Term”:  the term set forth in Section 5.1. 

2. Obligations of Institution. 

2.1 Performance of Research Plan and Personnel.  Institution and Researcher, and any 

necessary additional scientific personnel (“Scientists”) undertake and diligently work to 

perform the Research Plan.  Institution agrees to perform all aspects of the Research Plan and 

use the Research Material in conformity with all applicable laws and regulations. Institution 

represents and warrants that Researcher and Scientists are qualified to perform the Research 

Plan. 

2.2 Facilities.  Institution will perform the Research Plan at the Facilities. 
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2.3 Records and Reports. 

 2.3.1 Institution will prepare and maintain complete and accurate written records, 

accounts, notes, reports and data with respect to all laboratory work performed in the conduct 

of the Research Plan in conformity with standard scientific practice and applicable law, and 

upon request will send legible copies of any of the aforesaid to Company. 

 2.3.2 Institution will prepare and submit a final written, detailed report (the “Final 

Report”) in a form reasonably acceptable to Company describing all results obtained or 

developed during the performance of the Research Plan, including interpretation and discussion 

of such results, within thirty (30) days after completion of the Research Plan. 

 2.3.3 Should this Agreement be terminated early in accordance with the provisions 

set forth in Section 5, Institution shall deliver within ten (10) days following such termination 

a complete report detailing any and all data and results obtained up to the date of such 

termination. 

2.4 Collection and use of Human Samples.  Institution represents and warrants that: 

the human samples used for the performance of the Research Plan as agreed upon during the 

Term, and data related to these samples have been or will be obtained in full compliance with 

all applicable laws, rules and regulations, and in accordance with all medical, administrative 

and ethical aspects related to any human samples collection and with all applicable regulations 

and policies set forth by the concerned ethical committee with respect to the human samples, 

related to the use of human samples in research activities, including without limitation the 

signature of the informed consent from the donor, confidentiality and anonymization of the 

human samples. 

3. Confidentiality. 

 3.1 Confidential Information.  Each of Institution, Researcher and Scientists shall 

hold in confidence all information in written, oral, visual or other form disclosed by or on 

behalf of Company (“Confidential Information”), unless such  information: 

(i) is or becomes generally available to the public other than as a result of disclosure by 

Institution, Researcher or Scientists; 

(ii) is already known by or in the possession of Institution, Researcher or Scientists at the 

time of disclosure by Company; 

(iii) is independently developed by Institution, Researcher or Scientists without use of or 

reference to the Confidential Information; or 

(iv) is obtained by Institution, Researcher or Scientists from a third party that has not 

breached any obligations of confidentiality. 

3.2 Use.  Each of Institution, Researcher and Scientists shall use the Confidential 

Information only for the purpose of performing the Research Plan. 

 3.3 Standard of Care.  Each of Institution, Researcher and Scientists shall protect 

the Confidential Information using not less than the same care with which it treats its own 

confidential information, but at all times shall use at least reasonable care.  Each of Institution, 

Researcher and Scientists shall (i) implement and maintain appropriate security measures to 

prevent unauthorized access to, or disclosure of, the Confidential Information, (ii) promptly 

notify only Company of any unauthorized access or disclosure of the Confidential Information, 

and (iii) cooperate with Company in the investigation and remediation of any such 

unauthorized access or disclosure. 

 3.4 Non-Disclosure.  Neither Institution, Researcher nor Scientists shall disclose 

any of the Confidential Information, except to such employees, consultants, contractors, 

advisors and agents (“Representatives”) of Institution who need to know the Confidential 

Information for the purpose of performing Institution’s obligations under this Agreement and 

who are bound by obligations of non-use and non-disclosure substantially similar to those set 
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forth herein.  Institution shall be responsible for any disclosure or use of the Confidential 

Information by such Representatives. 

 3.5 Required Disclosure.  Each of Institution, Researcher and Scientists may 

disclose the Confidential Information to the extent required by law or court order; provided, 

however, that such party promptly provides to Company prior written notice of such disclosure 

and provides reasonable assistance in obtaining an order or other remedy protecting the 

Confidential Information from public disclosure. 

 3.6 No Announcements.  Neither Institution, Researcher nor Scientists shall make 

any announcement of the existence or subject matter of this Agreement or use the name, 

trademarks or logos of Company or its Affiliates without Company’s prior written consent. 

 3.7 Injunctive Relief.  Each of Institution, Researcher and Scientists agree that (i) 

any breach of the provisions in Section 6 or in this Section 3 may result in significant and 

irreparable damage to Company, and (ii) Company shall be entitled, in addition to any other 

remedies available at law, to injunctive or other equitable relief by a court of appropriate 

jurisdiction in the event of any breach of Section 6 or Section 3. 

 3.8 Acknowledgement.  The parties acknowledge and agree that the terms and 

conditions of the confidentiality agreement, by and between Institution and Company, dated as 

of [____N/A_______] (the “Confidentiality Agreement”), are not superseded by this 

Agreement and continue to be binding between the parties. 

4. Obligations of Company. 

 4.1 Research Material. 

4.1.1 Company shall make available to Institution the following Research Material: one (1) 

vial Cetuximab (1 vial = 100mg = 20ml). 

4.1.2 Institution shall take reasonable care to handle, store and use the Research Material so 

as to avoid loss, contamination and waste (which at a minimum shall be no less than the degree 

of care Institution uses with respect to its own proprietary material). 

4.1.3 It is understood and agreed that the Research Material will be used solely in the 

performance of the Research Plan and not for any commercial purposes, including but not 

limited to production, licensing, screening compounds or biological material libraries, drug 

screening, drug design), or research.  Researcher and Scientists shall not attempt to reverse 

engineer, deconstruct or in any way determine the structure or composition of the Research 

Material.  This prohibition includes, but is not limited to, subjecting the materials to x-ray 

radiation or magnetic fields or analyzing by a high-field mass spectrometer. 

4.1.4 Institution shall not be entitled to provide the Research Material to any third parties 

without Company’s prior written consent. 

4.1.5 Upon completion of the Research Plan or upon earlier expiration or termination of this 

Agreement, Institution shall return any unused Research Material to Company, unless written 

authorization to destroy such Research Material is given by Company, in which case Institution 

shall certify in writing such destruction to Company. 

 4.2 Personnel.  Requests for services under this Agreement may be made on behalf 

of Company only by [          ], and Final Report required hereunder shall be made only to [           

]  or appointed designees. 

5. Term and Termination. 

 5.1 Term. This Agreement commences as of the Effective Date and shall continue 

for twelve (12) months thereafter, subject to extension by the mutual written agreement of the 

parties. This Agreement may be terminated in whole or in part upon notice by Company at any 

time. 

 5.2 Duties upon Termination.  Upon termination, Institution shall submit to the 

Company the Final Report due pursuant to Section 2.3 hereof, and promptly return all of the 

Confidential Information.  
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 5.3 Survival.  Termination of this Agreement shall not relieve either party of any 

obligation or liability accrued prior to the termination date.  The obligations of the parties under 

Sections 1, 2.4, 3, 4.1.4, 4.1.5, 6, 7, 8, 9, 14 and 15 survive termination of this Agreement. 

6. Property Rights. 

 6.1 Ownership of the Research Material.  Company retains all right, title and 

interest in and to the Research Material, and neither Institution nor Researcher shall obtain any 

rights of any sort, including commercialization or the right to transfer the Research Material to 

a third party, in or to the Research Material as a result of the transfer of the Research Material 

by Company. 

6.2 Ownership of Research Information.  All rights in and to all results, data, information, 

materials and reports, including without limitation the Quarterly Reports and the Final Report, 

made or developed by Institution, Researcher, Scientists, or their agents or employees either 

solely or jointly with others in the course of or as a direct result of the Research Plan (the 

“Research Information”) shall be and remain the sole and exclusive royalty-free property of 

Company.  Institution hereby assigns to Company all of their right, title and interest, including 

all intellectual property rights, in and to the Research Information.  The Research Information 

shall be deemed Confidential Information, provided that Institution shall have the right to (i) 

use the Research Information as necessary in order to perform the Research Plan; and (ii) use 

and disclose Research Information as part of publications and presentations only as permitted 

under Section 7 of this Agreement.  Institution, Researcher, Scientists and their agents and 

employees shall sign and deliver to Company all writings and do all such things as may be 

reasonably required to vest in Company as its sole and exclusive property the entire right, title 

and interest in and to all Research Information. 

 6.3 Ownership of Inventions.  All rights in and to all inventions, discoveries, 

processes, formulas, procedures, designs, know-how, apparatus, improvements, or products 

made, conceived or first reduced to practice by Institution, Researcher, Scientists or their agents 

or employees, either solely or jointly with others, in the course of or as a result of the Research 

Plan, whether patentable or not (collectively the “Inventions”), shall be and remain the sole 

and exclusive royalty-free property of Company or its Affiliates.  Company’s or Affiliates’ 

right to such Inventions shall remain free of any claim by Institution, Researcher, Scientists 

and/or their agents or employees or any person deriving any rights or interest from them.  

Institution hereby assigns to Company all right, title and interest, including all intellectual 

property rights, in and to Inventions.  Institution, Researcher, Scientists and their agents and 

employees shall sign and deliver to Company or its Affiliates all writings and do all such things 

as may be reasonably required to vest in Company or its Affiliates as its sole and exclusive 

property the entire right, title and interest in and to all such Inventions.  Such Inventions shall 

be deemed to be Confidential Information.  Company, its Affiliates and its designees may in 

their sole discretion prepare, file and prosecute in their own name and at their own expense 

applications for any letters patent on any Invention.  Researcher, Scientists and their agents and 

employees shall retain the right to be designated as the inventor of an Invention in accordance 

with patent law.  Upon request of Company and at Company’s expense, Institution, Researcher, 

Scientists and their agents and employees shall reasonably assist Company or its designees in 

prosecuting such applications and execute and deliver any and all instruments necessary to 

make, file and prosecute all such applications and any divisions, continuations, extensions, 

substitutions, confirmations, registrations, revalidations, additions or reissues thereof. 

 6.4  Ownership of Derivatives, Progeny and Modifications.  All right, title and 

interest in and to any substance that constitutes (i) an unmodified functional subunit of the 

Research Material or a product expressed by the Research Material (“Derivatives”), (ii) an 

unmodified descendant from the Research Material created by Institution, Researcher, 

Scientists or their agents or employees, such as virus from virus, cell from cell, or organism 
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from organism (“Progeny”) or (iii) a substance created by Institution, Researcher, Scientists or 

their agents or employees that contains or incorporates any of the Research Material, 

Derivatives or Progeny (“Modifications”), shall vest exclusively in Company, and Institution 

hereby assigns to Company all right, title and interest, including all intellectual property rights, 

in and to Derivatives, Progeny and Modifications.  Institution, Researcher, Scientists and their 

agents or employees shall execute and deliver any documents and do such things as may be 

necessary or desirable in order to carry into effect the provisions of this Section. 

7. Publication.  Institution, Researcher and Scientists shall submit the proposed text of any 

publication or presentation of Research Information to Company for review and approval at 

least sixty (60) days prior to any planned submission of such text for publication or 

presentation.  Company shall not unreasonably withhold its approval of such text; provided, 

however, Company shall have the right to require the deletion or modification of any 

Confidential Information.  In the event that Company requests the deletion or modification of 

any of such Confidential Information, Institution shall comply with Company’s request.  

Company shall also have the right during the sixty (60) day review period to require the delay 

of the proposed publication or presentation for up to an additional ninety (90) day period to 

allow for the preparation of patent applications or other protection of Company’s intellectual 

property rights. 

8. Warranties.  Institution represents and warrants that (i) it has the full power and right 

to enter into this Agreement; (ii) shall strictly comply with all local laws, rules and regulations; 

(iii) there are no prior commitments with a third party that might interfere with its obligations 

hereunder, (iv) the Facilities are adequate to complete the Research Plan and are protected by 

security systems which will maintain the confidentiality and prevent the loss of records and 

information obtained or developed pursuant to this Agreement; and (v) the Scientists are 

qualified to perform the Research Plan. 

9. Waiver.  Institution acknowledges that the Research Material is experimental in nature 

and may have hazardous properties.  COMPANY MAKES NO REPRESENTATIONS OR 

WARRANTIES OF ANY KIND CONCERNING THE RESEARCH MATERIAL, EXPRESS 

OR IMPLIED, INCLUDING WITHOUT LIMITATION WARRANTIES OF 

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, 

NONINFRINGEMENT AND THE ABSENCE OF LATENT OR OTHER DEFECTS, 

WHETHER OR NOT DISCOVERABLE. 

10. Conflict of Interest.  Institution and Researcher hereby represent that neither of them 

currently have, and agree that they shall not enter into, any commitment or agreement with any 

third party which may interfere with or preclude the performance of the Research Plan.  

Institution and Researcher further agree that for the term of this Agreement, they will not enter 

into any agreement or arrangement with any other person, firm, corporation, or entity to study 

on a similar compound targeting the same pathway or target as outlined in the Research Plan.  

Company shall be notified by Institution and Researcher if such a conflict of interest exists. 

11. Independent Contractor.  Institution shall render all services hereunder as an 

independent contractor and not as an agent of Company.  Institution shall not enter into any 

agreements or incur obligations on behalf of Company without prior written consent from 

Company. 

12. Assignment.  The rights and obligations of Institution under this Agreement are 

personal to Institution and may not be assigned or subcontracted to others without Company’s 

written consent.  Institution shall ensure that all third parties who provide services on behalf of 

Institution comply with the terms of this Agreement.  Company may assign this Agreement in 

whole or in part without Institution’s consent. 

13. Notices.  Notices hereunder must be in writing and given to the other party by in-hand 

delivery, by first class mail, postage prepaid, or by air courier to the mailing address set forth 
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above or to such other address as either party may designate.  Notices shall be effective when 

received. 

14. Severability.  If any provision of this Agreement is held to be invalid, void or 

unenforceable, such provision shall be deemed to be restated to reflect as nearly as possible the 

original intentions of the parties in accordance with applicable law, and the remaining 

provisions of this Agreement shall remain in full force and effect. 

15. Miscellaneous.  This Agreement and all claims related to it shall be governed by the 

laws of Germany, without regard to its choice or conflict of law provisions. This Agreement is 

the entire agreement between the parties relating to the subject matter hereof and supersedes 

all prior agreements between the parties relating to the subject matter hereof.  No agreement 

modifying or waiving any provision of this Agreement shall be binding unless made in a 

writing that references this Agreement and is signed by both parties.  Facsimile signatures shall 

have the same effect as originals.  This Agreement may be executed in counterparts. 

[SIGNATURE PAGE FOLLOWS]

IN WITNESS WHEREOF, duly authorized representatives of the parties have executed this 

Agreement as of the Effective Date. 

 

GALWAY UNIVERSITY HOSPITAL & 

NATIONAL UNIVERSITY OF IRELAND 

GALWAY 

MERCK KGAA 

Signature:  

   

Signature: i.V.      

Printed Name:  Elaine Walsh  

  

Printed Name: Dr. Andree Blaukat 

Title:  Researcher   

  

Title:       

  

Signature:      Signature:      

Printed Name:      Printed Name:      

Title:       Title:       

  

I have read this Agreement and understand 

and agree to perform my obligations 

hereunder: 

 

Signature:

  
    

 

Printed Name: Dr Elaine Walsh  

Title:  Researcher  
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EXHIBIT A 

RESEARCH PLAN 

 

Title: 

Identification of Key Molecular Pathways Associated with Specific Triple Negative 

Breast Cancer Subtypes and their Impact on Patient Response to Chemotherapy for 

Improved Patient Stratification and Treatment Outcomes. 

 

Investigator: 

Dr Elaine Walsh 

Galway University Hospital & National University of Ireland Galway 

Department of Pathology, 3rd Floor, Translational Research Facility, NUI Galway 

+353-86-3746026 

e.walsh53@nuigalway.ie 

 

Introduction: 

Triple negative breast cancer (TNBC) accounts for 10-20% of breast cancers 

diagnosed annually. These tumours are negative for the oestrogen, progesterone 

and HER2 receptors, thus limiting therapeutic options. Additionally it is becoming 

increasingly evident that TNBCs constitute a diverse group of tumours and that 

targeted therapies are unlikely to show a benefit in unselected cases. A minority of 

TNBCs are highly sensitive to chemotherapy and those that achieve a pathological 

complete response (pCR) to neoadjuvant chemotherapy have good long-term 

survivals. In contrast, those TNBCs that are not chemotherapy sensitive and have 

residual disease post neoadjuvant treatment are associated with an increased risk of 

relapse, disease progression poorer survivals than non-TNBCs.  

In 2012, Lehmann et al identified 6 TNBC subtypes based on their genomic 

signatures. These subtypes display distinct molecular profiles, providing a new 

mechanism to specifically target individual TNBC tumours, and improve patient 

outcomes. This research seeks to:  

(1) Determine if patients diagnosed with specific TNBC subtypes display 

different risk of tumour progression, distant metastasis and overall survival – 

impact of TNBC subtypes on prognosis. 

(2) Assess the sensitivity or resistance of specific TNBC subtypes to 

neoadjuvant and adjuvant regimens as measured by degree of pCR to specific 

chemotherapeutics – improved patient stratification and decision making.   

(3) Identify new molecular targets for development of personalised treatment 

strategies for patients with specific TNBC subtypes, by combining molecular 

profiling for target identification, with in vitro TNBC cell culture models using 

specific small molecule inhibitors and siRNA technologies to test efficacy 

 

Hypothesis: 

We propose that EGFR inhibitors may display selectivity and may only be useful 

in certain TNBC subtypes, which would explain the differing results seen in clinical 

trials, where TNBCs are counted one homogenous disease.   

 

Experimental Strategy: 

EGFR inhibitors have been used with varying success in TNBCs. This could be 

explained by the heterogeneous nature of TNBC and the fact that most clinical trials 

count TNBC as one homogeneous disease. We now appreciate that TNBCs are a 
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heterogeneous group with differing behaviours as well as differing responses to 

chemotherapy and differing outcomes. We propose that EGFR inhibitors may 

display cell selectivity and may only be useful in certain TNBC subtypes.   

 

Using four breast cancer cell lines which represent the Lehmann TNBC subtypes, 

we have already shown in 2D and 3D models that TNBC subtypes display markedly 

varied sensitivities to standard chemotherapy drugs used in routine clinical practice. 

Based on this, we propose that chemotherapy regimens need to be optimised in 

order to achieve better response rates and improve patient outcomes.  

 

We propose that the addition of an EGFR inhibitor e.g. Cetuximab could enhance 

standard chemotherapy regimens in the treatment of TNBC. We plan to add 

Cetuximab to our 3D models with both single agent and doublet chemotherapy 

regimens. In doing so, we can assess the impact of EGFR inhibition on different 

TNBC subtypes. This will pave the way for future clinical trials which could assess 

EGFR inhibition in select TNBC subtypes, as opposed to one heterogeneous group.    

 

Amount of Antibody required for your study: 

10mg of Cetuximab  
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