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Abstract 

Background 

Ductal carcinoma in situ (DCIS) comprises more than 20% of screen-

detected breast cancer cases. The current understanding of the biology 

and clinical behaviour of DCIS and prediction of its progression to 

invasive disease remains incomplete. Treatment modalities vary; 

however, in most cases it involves surgical excision with or without 

adjuvant radiotherapy and endocrine therapy. To date, predictors of 

DCIS progression are not well defined; therefore, the aim of the current 

study was to characterise a large cohort of DCIS with long term follow-

up data and identify possible predictors of DCIS outcome. 

 

Patients and Methods 

In this study, 1,249 pure DCIS cases and a control group of 239 DCIS 

cases mixed with invasion were identified between 1987–2017. 

Collection of the clinicopathological, management and outcome data 

was performed. Cases were reviewed and representative tumour blocks 

were selected and retrieved. Tissue microarrays (TMAs) were 

constructed (776 pure DCIS and 239 DCIS mixed with invasion), 

followed by molecular characterisation of DCIS for oestrogen receptor 

(ER), progesterone receptor (PR), human epidermal growth factor 

receptor 2 (HER2) and proliferation marker (Ki67), using 

immunohistochemistry (IHC) and chromogenic in situ hybridisation 

(CISH). Mining for biomarkers with potential prognostic and predictive 

values in DCIS was performed with the identification of thioredoxin 



 

 

 

interacting protein (TXNIP), aurora kinase A (AURKA), a targeting 

protein for Xenopus kinesin-like protein 2 (TPX2), and a non-receptor 

tyrosine kinase (SRC) and their expression was assessed in the TMA 

using IHC. In addition, whole tissue sections of DCIS were used to 

assess tumour infiltrating lymphocytes (TILs) as a component of the 

tumours’ microenvironment. 

 

Results 

Analysis of the clinicopathological data of the DCIS patients revealed a 

significant increase in incidence of screen-detected DCIS during the 

period of the study. This was associated with a significant increase in 

the rate of breast conserving surgery (BCS) and the use of adjuvant 

radiotherapy (RT), along with a marked decline in the rate of re-

excisions and recurrence. Screen-detected DCIS, localised DCIS 

lesions, small tumour size and negative surgical margins were the 

contributing factors to the reduced rate of re-excisions. Large tumour 

size, high tumour grade, and no adjuvant radiotherapy were 

independent predictors of the development of ipsilateral local 

recurrence. 

 

Molecular characterisation of DCIS using ER, PR, HER2 and Ki67 

revealed that the highest proportion (60%) of cases were of Luminal A 

subtype, however the lowest attribution (11%) was for HER2 positive 

(+) tumours. Tumours of HER2+, Luminal B/HER2+ and Triple Negative 

subtypes were of larger tumour size (>40mm), higher tumour grade, 

and more frequently treated with mastectomy. When the molecular 



 

 

 

classes were investigated against the development of local recurrence, 

HER2 positivity was associated with ipsilateral DCIS local recurrence. 

The assessment of the selected tissue marker panel with potential role 

in predicting DCIS progression revealed a significant difference in their 

protein expression between pure DCIS tumours and those associated 

with invasion. An association between  low expression of TXNIP, and 

high expression of AURKA, TPX2 and SRC with the development of 

local recurrence was detected and that AURKA, TPX2 and SRC were 

predictors of invasive recurrence independent of other predictors of 

recurrence, including tumour size, grade, and radiotherapy. 

 

Analysis of tumour infiltrating lymphocytes (TILs) showed that the most 

reproducible and prognostically significant method of TILs evaluation in 

DCIS is the assessment of touching TILs (defined as lymphocytes 

touching or within one lymphocyte cell thickness from the DCIS 

basement membrane), and that dense TILs predicted the development 

of local recurrence. 

 

Conclusions 

The outcome of DCIS improved significantly during the period of the 

study. This study identified several predictors of DCIS progression. In 

addition to some clinical and pathological variables including tumour 

size, grade and radiotherapy use, expression of TXNIP, AURKA, TPX2 

and SRC, together with TILs density were independent predictors of 

DCIS outcome. These variables can potentially be used in combination 

to refine the prognostic stratification of DCIS patients in routine practice. 



 

 

 

 

Publications 

A: Thesis-related Peer-Reviewed Publications 

1- Thioredoxin-interacting protein is an independent risk stratifier for breast 
ductal carcinoma in situ.  
Miligy IM, Gorringe KL, Toss MS, Al-Kawaz AA, Simpson P, Diez-Rodriguez 
M, Nolan CC, Ellis IO, Green AR, Rakha EA. Mod Pathol. 2018 
Dec;31(12):1807-1815. doi: 10.1038/s41379-018-0086-7. Epub 2018 Jun 28. 
PMID: 29955142 
In Chapter 5 
 

2- Prognostic significance of tumour infiltrating B lymphocytes in breast ductal 
carcinoma in situ. 
Miligy IM, Mohan P, Gaber A, Aleskandarany MA, Nolan CC, Diez-Rodriguez 
M, Mukherjee A, Chapman C, Ellis IO, Green AR, Rakha EA. Histopathology. 
2017 Aug;71(2):258-268. doi: 10.1111/his.13217. Epub 2017 May 26. 
PMID: 28326600 
In Chapter 6 
 

3- Current trials to reduce surgical intervention in ductal carcinoma in situ of the 
breast: Critical review. 
Toss M, Miligy IM, Thompson AM, Khout H, Green AR, Ellis IO, Rakha EA. 
Breast. 2017 Oct;35:151-156. doi: 10.1016/j.breast.2017.07.012. Epub 2017 
Jul 22. Review. 
PMID: 28743035 
In Chapter 3 
 

4- Prognostic significance of tumor-infiltrating lymphocytes in ductal carcinoma in 
situ of the breast. 
Toss MS, Miligy IM, Al-Kawaz A, Alsleem M, Khout H, Rida PC, Aneja R, 
Green AR, Ellis IO, Rakha EA. Mod Pathol. 2018 Aug;31(8):1226-1236. doi: 
10.1038/s41379-018-0040-8. Epub 2018 Mar 20. 
PMID: 29559742 
In Chapter 6 
 

5- Invasion in breast lesions: the role of the epithelial-stroma barrier. 
Rakha EA, Miligy IM, Gorringe KL, Toss MS, Green AR, Fox SB, Schmitt FC, 
Tan PH, Tse GM, Badve S, Decker T, Vincent-Salomon A, Dabbs DJ, 
Foschini MP, Moreno F, Wentao Y, Geyer FC, Reis-Filho JS, Pinder SE, 
Lakhani SR, Ellis IO. Histopathology. 2018 Jun;72(7):1075-1083. doi: 
10.1111/his.13446. Epub 2018 Feb 13. Review. 
PMID: 29197112 
In Chapter 1 

 
6- The clinical and biological significance of HER2 over-expression in breast 

ductal carcinoma in situ: A large study from a single institution. 
Miligy IM, Toss MS, Gorringe KL, Lee AH, Elis IO, Green AR, Rakha EA. 
Br J Cancer. In publication (manuscript number EP-2018-1380. Sep 2018.  
In Chapter 4 
 

7- Aurora Kinase A is an Independent Predictor of Invasive Recurrence in Breast 
Ductal Carcinoma in situ. 
Miligy IM, Toss MS, Gorringe KL, Elis IO, Green AR, Rakha EA. 
Breast Cancer Res Treat. Under review. Dec 2018 
In Chapter 5 
 
 



 

 

 

 
8-  Surgical Management of Ductal Carcinoma in situ (DCIS) of the Breast; a 

large retrospective study from a single institution. 
Miligy IM, Toss MS, Khout H, Whisker L, Burrell HC, Ellis IO, Green AR, 
Macmillan RD, Rakha EA. 
The Breast. In publication, Jan 2019. 
In Chapter 3 
 

9- Predicting Ductal Carcinoma in situ (DCIS) Recurrence Risk Using a Machine 
Learning-Based High-Content Image Analysis Approach. 
Klimov S, Miligy IM, Gertych A, Jiang Y, Toss MS, Rida P, Ellis IO, Green AR, 
Krishnamurti U, Rakha EA, Aneja R. 
Breast Cancer Res. Under review (manuscript number BRCR-D-19-00032). 
Jan 2019 
In Chapter 7 

 
B: Other publications 
 

10- Prolyl-4-hydroxylase Α subunit 2 (P4HA2) expression is a predictor of poor 
outcome in breast ductal carcinoma in situ (DCIS). 
Toss MS, Miligy IM, Gorringe KL, Alkawaz A, Khout H, Ellis IO, Green AR, 
Rakha EA. Br J Cancer. 2018 Dec;119(12):1518-1526. doi: 10.1038/s41416-
018-0337-x. Epub 2018 Nov 9. 
PMID: 30410060 
 

11- Legumain is an independent predictor for invasive recurrence in breast ductal 
carcinoma in situ. 
Toss MS, Miligy IM, Gorringe KL, Mccaffrey L, Alkawaz A, Abidi A, Ellis IO, 
Green AR, Rakha EA. Mod Pathol. 2018 Nov 14. doi: 10.1038/s41379-018-
0180-x. [Epub ahead of print] 
PMID: 30429518 

 
12- The genetic architecture of breast papillary lesions as a predictor of 

progression to carcinoma. 
Kader T, Elder K, Hill P, Zethoven M, Semple T, Goode DL, Thio N, Cheasley 
D, Rowley S, Byrne D, Pang J, Miligy IM, Green AR, Rakha EA, Fox SB, G. 
Mann B, Campbell IG, Gorringe KL. 
Journal of Pathology. Under review (manuscript number 18-727). Sep 2018  

 
13- Atypical ductal hyperplasia is a multipotent precursor of breast carcinoma. 

Kader T, Hill P, Goode DL, Elder K, Zethoven M, Thio N, Doyle M, Semple T, 
Sufyan W, Byrne D, Pang J, Murugasu A, Miligy IM, Green AR, Rakha EA, 
Fox SB, Mann GB, Campbell IG, Gorringe KL. 
Journal of Pathology. Under review. Nov 2018  

 
14- The prognostic significance of Lysosomal protective protein (Cathepsin A) in 

breast ductal carcinoma in situ. 
Toss MS, Miligy IM, Ahmad RH, Gorringe KL, Alkawaz A, Ellis IO, Green AR, 
Rakha EA. 
Histopathology. Under review (manuscript number HISTOP-12-18-0839). Jan 
2019. 

15- Overexpression of the cancer stem cell marker CD133 confers a poor 
prognosis in invasive breast cancer. 
Joseph C, Arshad M, Kurozomi S, Althobiti M, Miligy IM, Al-Izzi S, Toss MS, 
Goh FQ, Johnston SJ, Martin SG, Ellis IO, Mongan NP, Green AR, Rakha EA. 
Breast Cancer Res Treat. 2018 Dec 15. doi: 10.1007/s10549-018-05085-9. 
[Epub ahead of print] 
PMID:30554343 

 



 

 

 

16- Targeting PARP1 in XRCC1-Deficient Sporadic Invasive Breast Cancer or 
Preinvasive Ductal Carcinoma in situ Induces Synthetic Lethality and 
Chemoprevention. 
Ali R, Al-Kawaz A, Toss MS, Green AR, Miligy IM, Mesquita KA, Seedhouse 
C, Mirza S, Band V, Rakha EA, Madhusudan S. 
Cancer Res. 2018 Dec 15;78(24):6818-6827. doi: 10.1158/0008-5472.CAN-
18-0633. Epub 2018 Oct 8. 
PMID: 30297533 
 

17- The amino acid transporter SLC7A5 confers a poor prognosis in the highly 
proliferative breast cancer subtypes and is a key therapeutic target in luminal 
B tumours. 
El Ansari R, Craze MI, Miligy IM, Diez-Rodriguez M, Nolan CC, Ellis IO, 
Rakha EA, Green AR. 
Breast Cancer Res. 2018 Mar 22;20(1):21. doi: 10.1186/s13058-018-0946-6. 
PMID: 29566741 

 
18- Bimodality of intratumor Ki67 expression is an independent prognostic factor 

of overall survival in patients with invasive breast carcinoma. 
Laurinavicius A, Plancoulaine B, Rasmusson A, Besusparis J, Augulis R, 
Meskauskas R, Herlin P, Laurinaviciene A, Muftah AA, Miligy IM, 
Aleskandarany M, Rakha EA, Green AR, Ellis IO. 
Virchows Arch. 2016 Apr;468(4):493-502. doi: 10.1007/s00428-016-1907-z. 
Epub 2016 Jan 27. 
PMID: 26818835 

 
19- ATM regulated PTEN degradation is XIAP E3 ubiquitin ligase mediated and 

p85α dependent: unravelling a new ATM-XIAP-PTEN-p85α signalling network 
in cancers. 
Ali R, Alabdullah M, Miligy IM, Nateri AS, Rakha EA, Madhusudan S. 
The Journal of Pathology. Under review (manuscript number 18-738) 

 
20- PARP1 blockade is synthetically lethal in XRCC1 deficient epithelial ovarian 

cancers. 
Alabdullah M, Ali R, Albily A, Miligy IM, Chan YS, Moseley P, Rakha EA, 
Madhusudan S. 
Molecular Oncology. Under review (manuscript number Molonc-19-0081). Dec 
2018. 

 
21- A quantitative centrosomal amplification score predicts local recurrence in 

ductal carcinoma in situ. 
Mittal K, Toss M, Wei G, Kaur J, Choi D, Melton B, Osan R, Miligy IM, Green 
AR, Janssen EA, Søiland H, Manne U, Rida P, Rakha EA, Aneja R 
Science translational medicine. Under review (manuscript number aaw7759). 
Jan 2019. 

 

C: Presentations and Conference Communications  

1- Thioredoxin Interacting Protein (TXNIP) is an Independent Prognostic Factor 
in Breast ductal carcinoma in situ. 
Miligy IM, Gaber A, Nolan CC, Rodriguez MA, Ellis IO, Green AR, Rakha EA. 
Plenary Oral Presentation 1, Belfast Pathology 2017- 10th Joint Meeting of the 
British Division of the International Academy of Pathology and the 
Pathological Society of Great Britain & Ireland 20 – 23 June 2017. 
 

2- Targeting Protein for Xenopus kinesin-like Protein 2 (tPX2) expression is 
associated with Poor outcome in Breast ductal carcinoma in situ (DCIS). 
Miligy IM, Gaber A, Toss MS, Al-Kawaz A, Nolan CC, Rodriguez MA, Ellis IO, 
Green AR, Rakha EA. 



 

 

 

Poster Presentation, Winter Joint Meeting with the Royal Society of Medicine 
209th Scientific Meeting of the Pathological Society of Great Britain & Ireland 
25 – 26 January 2018, London. 
 

3- Characterisation of HER2 status in DCIS Using Immunohistochemistry (IHC) 
and Chromogenic in situ Hybridisation (CISH).  
Miligy IM, Gaber A, Toss MS, Al-Kawaz A, Nolan CC, Rodriguez MA, Burrell 
H, Ellis IO, Green AR, Rakha EA. 
Poster Presentation, Winter Joint Meeting with the Royal Society of Medicine 
209th Scientific Meeting of the Pathological Society of Great Britain & Ireland 
25 – 26 January 2018, London. 
Poster Presentation, 1st UK Interdisciplinary Breast Cancer Symposium, 
Manchester, 15th–16th January 2018. 
 

4- Prognostic Significance of Tumour Infiltrating Lymphocytes in Ductal 
Carcinoma in situ. 
Miligy I, Gaber A, Mohan P, Nolan CC, Rodriguez MA, Craze M; Joseph C; 
Al-Kaabi MM; Aleskandarany MA, Mukherjee A, Chapman C, Macmillan RD, 
Ellis IO, Green AR, Rakha EA. 
Poster Presentation, 9th Joint Meeting of the British Division of the 
International Academy of Pathology and the Pathological Society of Great 
Britain & Ireland, Nottingham, 28 June – 1 July 2016. 

 
5- Lysosomal Protective Protein/cathepsin A (CTSA) is an Independent 

Prognostic Factor in Breast ductal carcinoma in situ (DCIS)  
Toss MS, Miligy IM, Alkawaz A, Nolan CC, Rodriguez MA, Ellis IO, Green 
AR, Rakha EA. 
Poster Presentation, Winter Joint Meeting with the Royal Society of Medicine 
209th Scientific Meeting of the Pathological Society of Great Britain & Ireland 
25 – 26 January 2018, London. 
 

6- Eukaryotic Initiation Factor 4E-Binding Protein 1 (4EBP1) is an Independent 
Predictor of Poor outcome in ovarian cancer.  
Ml Alabdullah ML; Miligy IM; Moseley P; Madhusudan S; Chan S; Rakha EA. 
Poster Presentation, Winter Joint Meeting with the Royal Society of Medicine 
209th Scientific Meeting of the Pathological Society of Great Britain & Ireland 
25 – 26 January 2018, London. 
 

7- Legumain (LGMN) is an Independent Poor Prognostic Factor in Breast Ductal 
Carcinoma in situ (DCIS). 
Toss MS, Miligy IM, Alkawaz A, Nolan CC, Rodriguez MA, Ellis IO, Green 
AR, Rakha EA. 
Poster Presentation, 11th Joint Meeting of the British Division of the 
International Academy of Pathology and the Pathological Society of Great 
Britain & Ireland Maastricht 19 – 22 June 2018. 

 
8- X-Ray Repair Cross-Complementing Gene 1 (XRCC1) is a Predictive Marker 

of Poor Prognosis in Ductal Carcinoma in situ (DCIS). 
Al-Kawaz A, Ali R, Toss MS, Miligy IM, Mesquita KA, Green AR, Seedhouse 
C, Mirza S, Band V, Rakha EA, Madhusudan S. 
Poster Presentation, 11th Joint Meeting of the British Division of the 
International Academy of Pathology and the Pathological Society of Great 
Britain & Ireland Maastricht 19 – 22 June 2018. 

 
9- Targeting PARP1 in XRCC1 deficient sporadic invasive breast cancer or pre-

invasive ductal carcinoma in situ for synthetic lethality and chemoprevention. 
Ali R, Al-Kawaz A, Toss MS, Green RA, Miligy IM, Mesquita KA, Seedhouse 
C, Mirza S, Rakha EA, Madhusudan S. 
Poster Presentation, 25th Biennial Congress of the European Association for 
Cancer Research, Amsterdam, The Netherlands, 30 June – 3 July 2018. 



 

 

 

 
10- Aurora Kinase A (AURKA) is an independent predictor of recurrence in breast 

ductal carcinoma in situ (DCIS). 
Miligy IM, Gaber A, Toss MS, Al-Kawaz A, Nolan CC, Rodriguez MA, Burrell 
H, Ellis IO, Green AR, Rakha EA. 
Poster Presentation, 1st UK Interdisciplinary Breast Cancer Symposium, 
Manchester, 15th–16th January 2018. 
Poster Presentation, The International Congress on Targeted Anticancer 
Therapies (TAT) 2018, 5–7 March, Paris, France. 
 

11- Tumour-infiltrating lymphocytes is an independent prognostic factor in breast 
ductal carcinoma in situ (DCIS) 
Toss MS, Miligy IM, Al-Kawaz A, Nolan CC, Rodriguez MA, Ellis IO, Alsleem 
M, Green A, Rakha EA. 
Poster Presentation, 1st UK Interdisciplinary Breast Cancer Symposium, 
Manchester, 15th–16th January 2018. 

 
12- Prolyl-4-hydroxylase a subunit 2 is associated with poor outcome in breast 

ductal carcinoma in situ (DCIS). 
Toss MS, Miligy IM, Alkawaz A, Nolan CC, Rodriguez MA, Ellis IO, Green 
AR, Rakha EA. 
Poster Presentation, 1st UK Interdisciplinary Breast Cancer Symposium, 
Manchester, 15th–16th January 2018. 
 

13- Loss of DNA polymerase beta (POLb) is associated with invasion in Ductal 
Carcinoma in situ (DCIS). 
Al-Kawaz A, Toss M, Miligy IM, Nolan CC, Rodriguez MA, Ellis IO, Green AR, 
Madhusudan S, Rakha EA. 
Poster Presentation, 1st UK Interdisciplinary Breast Cancer Symposium, 
Manchester, 15th–16th January 2018. 
 

14- mTORC1 and its downstream effectors predict poor outcome in primary 
epithelial ovarian cancer. 
Alabdullah ML, Miligy IM, Moseley P, Madhusudan S, Chan S. 
Poster Presentation, The International Congress on Targeted Anticancer 
Therapies (TAT) 2018, 5–7 March, Paris, France. 
 

15- ATM regulated PTEN degradation is CK2α mediated in p85 deficient cells: 
unravelling a new ATM –PTEN-PI3K network in cancers. 
Ali R, Perry C, Alabdullah ML, Miligy IM, Nateri AS, Abdel Fatah T, Moseley P, 
Chan S, Madhusudan S. 
Poster Presentation, 6TH EU-US conference on repair of endogenous DNA 
damage conference September 24th-28th 2017, Udine, Italy. 
 

16- Glutamine Transporter SLC7A5 is key therapeutic target in Luminal B breast 
cancer driven by MYC  
El Ansari R, Craze M, Miligy IM, Rodriguez MA, Nolan CC, Ellis IO, Rakha 
EA, Green AR. 
Poster Presentation, 1st UK Interdisciplinary Breast Cancer Symposium, 
Manchester, 15th–16th January 2018. 
 

17- Clinicopathological Impact of C-C Chemokine Receptor Type 7 (CCR7) 
Protein Expression in Triple Negative Breast Carcinoma (TNBC). 
Sonbul SN, Aleskandarany MA, Mukherjee A, Green AR, Miligy IM, 
Rodriguez MA, Nolan CC, Ellis IO, Rakha EA. 
Poster Presentation, 9th Joint Meeting of the British Division of the 
International Academy of Pathology and the Pathological Society of Great 
Britain & Ireland, Nottingham, 28 June – 1 July 2016. 
 



 

 

 

18-  Predicting DCIS Recurrence Risk Using a Machine Learning-Based High-
Content Image Analysis Approach. 
Klimov S, Miligy IM, Gertych A, Jiang Y, Rida P, Ellis IO, Rakha EA, Aneja R. 
Podium Talk, USCAP 107th Annual Meeting, March 17 – 23, 2018 in 
Vancouver, BC, Canada. 



 

 

 

 

Contents 

Table of Contents 

1 General Introduction .................................................................... 1 

1.1 Ductal Carcinoma in situ of the Breast ........................................ 2 
1.1.1 Definition .................................................................................................. 2 
1.1.2 Epidemiology ............................................................................................ 2 
1.1.3 Risk factors............................................................................................... 3 
1.1.4 Clinical presentations ............................................................................... 4 
1.1.5 Gross pathology ....................................................................................... 5 
1.1.6 Histological features and classifications .................................................. 5 

1.1.6.1 Histopathological classification ........................................................ 5 

1.2 Morphological variants of DCIS ................................................. 10 
1.2.1 Micropapillary DCIS ............................................................................... 11 
1.2.2 Solid papillary carcinoma and encapsulated papillary carcinoma (EPC)
 11 
1.2.3 Apocrine DCIS ....................................................................................... 12 
1.2.4 Paget’s disease ...................................................................................... 12 
1.2.5 DCIS with micro-invasion (MI)................................................................ 12 

1.3 Molecular pathology of DCIS ...................................................... 13 
1.3.1 Intrinsic ’’molecular’’ subtyping of DCIS ................................................. 13 
1.3.2 Molecular and genetic features of DCIS and its progression to invasive 
carcinoma ............................................................................................................ 15 

1.4 Progression to invasive carcinoma ........................................... 17 
1.4.1 Factors affecting the transition from DCIS to invasive carcinoma ......... 19 

1.4.1.1 Myoepithelial cells and their role in DCIS progression to invasive 
carcinoma  ………………………………………………………………………….20 
1.4.1.2 Role of stromal microenvironment in DCIS progression ............... 21 

1.5 Prognostic and predictive factors in DCIS ................................ 22 

1.6 Management and risk stratification of DCIS .............................. 25 
1.6.1 The standard management options ....................................................... 25 
1.6.2 Radiotherapy .......................................................................................... 26 
1.6.3 Endocrine therapy .................................................................................. 27 

1.7 DCIS outcome and risk assessment .......................................... 27 

1.8 Role of the genetic studies in DCIS risk assessment ............... 29 

1.9 Hypothesis ................................................................................... 30 

1.10 Aim of the study .......................................................................... 30 
1.10.1 General aim ............................................................................................ 30 
1.10.2 Specific aims .......................................................................................... 31 

2 Patients and Methods ................................................................ 33 

2.1 Patient cohort and data collection ............................................. 34 

2.2 TMA construction ........................................................................ 37 
2.2.1 Collection of the study cohort, preparation of the donor blocks and their 
corresponding slides ........................................................................................... 37 
2.2.2 Preparation of the recipient array blocks ............................................... 39 
2.2.3 Construction of the individual array blocks ............................................ 40 
2.2.4 Designing the array grids ....................................................................... 40 
2.2.5 Preparation of the array block for sectioning ......................................... 41 



 

 

 

2.3 Literature-based selection of biomarkers.................................. 43 

2.4 Validation of antibody specificity: Western blot ....................... 44 
2.4.1 Preparation of samples, electrophoresis and transfer ........................... 45 

2.5 Immunohistochemistry (IHC)...................................................... 46 
2.5.1 Optimisation ........................................................................................... 46 
2.5.2 IHC technique ........................................................................................ 47 
2.5.3 Assessment of immunoreactivity ........................................................... 51 
2.5.4 Determination of the cut-off points ......................................................... 53 

2.6 Chromogenic in situ hybridisation for HER2 ............................ 54 

2.7 Conventional statistical approach ............................................. 55 
2.7.1 Univariate analysis with clinicopathological parameters ........................ 56 
2.7.2 Univariate analysis with outcome ........................................................... 56 
2.7.3 Multivariate analysis with patients’ outcome .......................................... 56 

3 Morphological and Clinical Characterisation of DCIS ............. 57 

3.1 Introduction ................................................................................. 58 
3.1.1 Incidence of DCIS .................................................................................. 58 
3.1.2 Treatment of DCIS ................................................................................. 58 
3.1.3 Factors affecting the outcome of DCIS .................................................. 58 

3.2 Hypothesis and aims .................................................................. 59 

3.3 Patients and methods ................................................................. 60 

3.4 Results ......................................................................................... 60 
3.4.1 Data analysis .......................................................................................... 60 

3.4.1.1 Correlation between clinicopathological factors associated with the 
selection of type of primary surgery for DCIS management ........................... 61 
3.4.1.2 Factors affecting re-excision of DCIS ............................................ 61 
3.4.1.3 Clinicopathological factors associated with presence of residual 
tumour in the re-excision operation ................................................................ 62 
3.4.1.4 Association of adjuvant radiotherapy and the clinicopathological 
factors……………………………………………………………………………….63 

3.4.2 Axillary lymph node surgery ................................................................... 64 
3.4.3 Factors influencing the development of local recurrence ...................... 64 

3.5 Discussion ................................................................................... 86 

4 Molecular Taxonomy of DCIS Using Well-Established 
Biomarkers ......................................................................................... 96 

4.1 Introduction ................................................................................. 97 
4.1.1 DCIS prognostic and predictive factors .................................................. 97 

4.1.1.1 Definitions ...................................................................................... 97 
4.1.1.2 Clinicopathological factors as prognostic factors .......................... 98 

4.1.2 Gene expression profiling-derived classes and signatures ................. 100 
4.1.2.1 Molecular classes ........................................................................ 100 

4.1.2.1.1 History .................................................................................... 100 
4.1.2.1.2 Importance of molecular classification ................................... 101 
4.1.2.1.3 Surrogate molecular subtypes for DCIS ................................ 101 

4.1.2.2 Oestrogen receptor...................................................................... 102 
4.1.2.3 Progesterone receptor ................................................................. 102 
4.1.2.4 HER2 ........................................................................................... 103 

4.1.2.4.1 HER2 protein expression ....................................................... 103 
4.1.2.4.2 HER2 gene amplification ....................................................... 104 

4.1.2.5 Proliferation marker – Ki67 .......................................................... 104 

4.2 Hypothesis and aims ................................................................ 105 

4.3 Patients and methods ............................................................... 105 



 

 

 

4.3.1 Study cohort and TMA ......................................................................... 105 
4.3.2 IHC and CISH ...................................................................................... 105 

4.3.2.1 IHC .............................................................................................. 105 
4.3.2.2 CISH ............................................................................................ 106 

4.3.3 Statistical analysis ................................................................................ 107 

4.4 Results ....................................................................................... 107 
4.4.1 Assessment of HER2 status ................................................................ 107 
4.4.2 Correlation with clinicopathological parameters and molecular 
biomarkers......................................................................................................... 108 
4.4.3 Characteristics of DCIS by surrogate molecular subtypes .................. 108 
4.4.4 Associations with the outcome ............................................................. 109 

4.5 Discussion ................................................................................. 119 

5 Molecular Characterisation of DCIS ....................................... 126 

5.1 Introduction ............................................................................... 127 
5.1.1 DCIS progression to invasive carcinoma cascade .............................. 127 
5.1.2 Tumour cell intrinsic factors involved in DCIS progression .................. 128 
5.1.3 Molecular features of DCIS and its progression .................................. 128 

5.1.3.1 Genomic changes........................................................................ 128 

5.2 Tumour cell extrinsic factors involved in DCIS progression . 130 
5.2.1 Potential role of stromal matrix metalloproteinases (MMPs) ............... 131 
5.2.2 Myoepithelial cells (MECs) and DCIS progression .............................. 132 
5.2.3 Immune cells in DCIS ........................................................................... 132 
5.2.4 Fibroblasts within the tumour microenvironment ................................. 133 

5.3 Identification of progression drivers ....................................... 133 
5.3.1 Thioredoxin interacting protein ............................................................. 134 
5.3.2 Aurora kinase A (AURKA) .................................................................... 135 
5.3.3 Targeting protein for Xenopus kinesin-like protein 2 (TPX2) ............... 136 
5.3.4 SRC non-receptor tyrosine kinase ....................................................... 137 

5.4 Hypothesis ................................................................................. 138 

5.5 Patients and methods ............................................................... 139 
5.5.1 Study Cohort ........................................................................................ 139 
5.5.2 Analysis of the antibodies’ mRNA expression in breast cancer ........... 140 

5.6 Results ....................................................................................... 140 
5.6.1 Specificity of the antibodies used in the study ..................................... 140 
5.6.2 Frequency and localisation pattern of the studied antibodies .............. 141 

5.6.2.1 TXNIP .......................................................................................... 141 
5.6.2.2 AURKA and TPX2 ....................................................................... 142 
5.6.2.3 SRC ............................................................................................. 143 

5.6.3 Association of the studied biomarkers and patients’ clinicopathological 
parameters ........................................................................................................ 144 

5.6.3.1 TXNIP .......................................................................................... 144 
5.6.3.2 AURKA, TPX2 and SRC ............................................................. 145 

5.6.4 Association of the studied biomarkers and patient outcome ............... 169 
5.6.4.1 TXNIP .......................................................................................... 169 
5.6.4.2 AURKA, TPX2 and SRC ............................................................. 170 

5.7 Discussion ................................................................................. 187 

6 Prognostic Significance of Tumour-Infiltrating Lymphocytes in 
DCIS .................................................................................................. 197 

6.1 Introduction ............................................................................... 198 

6.2 Prognostic significance of TILs ............................................... 198 

6.3 Role of tumour infiltrating B lymphocytes .............................. 199 



 

 

 

6.4 Hypothesis and aims ................................................................ 200 

6.5 Materials and methods.............................................................. 200 
6.5.1 Study cohort ......................................................................................... 200 
6.5.2 Immunohistochemistry ......................................................................... 201 
6.5.3 Scoring of TILs ..................................................................................... 201 

6.5.3.1 The training/test set ..................................................................... 201 
6.5.3.2 The validation set ........................................................................ 204 

6.6 Statistical analysis .................................................................... 204 

6.7 Results ....................................................................................... 204 
6.7.1 Assessment of TILs using differential methods ................................... 204 
6.7.2 Validation set ........................................................................................ 206 
6.7.3 Association between TILs and other clinicopathological parameters .. 206 
6.7.4 Outcome analysis ................................................................................. 207 

6.8 Discussion ................................................................................. 218 

7 General Discussion .................................................................. 224 

7.1 Background ............................................................................... 225 

7.2 Hypothesis, aims and methods of the study ........................... 227 

7.3 Cardinal findings of the study .................................................. 228 
7.3.1 Morphological and clinical characterisation of DCIS ............................ 228 
7.3.2 Molecular taxonomy of DCIS using well-established biomarkers ........ 229 
7.3.3 Molecular characterisation of DCIS ..................................................... 230 
7.3.4 Prognostic significance of tumour-infiltrating lymphocytes in DCIS ..... 233 

7.4 Final conclusions ...................................................................... 234 

7.5 Strengths of the study .............................................................. 235 

7.6 Limitations and weakness of the study ................................... 237 

7.7 Suggestions and future investigations .................................... 238 

7.8 Ongoing and future work .......................................................... 239 
7.8.1 DCIS and clonal recurrence ................................................................. 239 
7.8.2 Digital image analysis .......................................................................... 240 

8 References ................................................................................ 242 
 

 

 



 

 

 

 

Index of Tables 
Table 1-1: Features determining nuclear grade in DCIS (Lester et al., 

2009) ............................................................................................. 7 
Table 1-2: Clinicopathological factors and biomarkers associated with 

increased risk of recurrence in DCIS (Pang et al., 2016) ............ 22 
Table 1-3: USC/VNPI scoring system (Silverstein and Lagios 2015) .. 23 
Table 2-1: Clinicopathological parameters of pure DCIS cases .......... 36 
Table 2-2: Specificity of the selected antibodies for the project ........... 46 
Table 2-3: Optimum conditions, expression localisation and cut-off 

values of the selected antibodies ................................................ 50 
Table 3-1: Modified Van Nuys Prognostic Index (VNPI) suggested 

treatment options ........................................................................ 59 
Table 3-2: Clinicopathological parameters of the primary DCIS cohort 69 
Table 3-3: Clinicopathological factors associated with the selection of 

type of primary surgery for DCIS management ........................... 71 
Table 3-4: Detailed surgical management of the DCIS cases as a whole 

cohort .......................................................................................... 73 
Table 3-5: Clinicopathological factors associated with re-excision after 

primary treatment with BCS (n=824) ........................................... 74 
Table 3-6: Clinicopathological factors associated with the choice of type 

of DCIS re-excision (n=414) ........................................................ 76 
Table 3-7: Clinicopathological factors associated with presence of 

residual tumour tissue in the re-excision specimens (n=414)...... 78 
Table 3-8: Clinicopathological factors associated with adjuvant 

radiotherapy treatment after BCS (n=642) .................................. 80 
Table 3-9: Clinicopathological factors associated with axillary node 

surgery (n=1248) ......................................................................... 82 
Table 3-10: Correlation between the clinicopathological factors and the 

development of local recurrence (univariate analysis) for patients 
treated with BCS as a final operation (n=642)............................. 84 

Table 3-11: Predictors of local recurrence following breast conserving 
surgery: multivariable analysis .................................................... 86 

Table 4-1: Clinicopathological characteristics of patients with pure DCIS 
in the study ................................................................................ 113 

Table 4-2: HER2 status in pure DCIS cases using IHC and CISH .... 113 
Table 4-3: Comparison between HER2 status in pure DCIS cases using 

IHC and CISH ........................................................................... 114 
Table 4-4: HER2 status in DCIS cases mixed with invasion using IHC 

and CISH .................................................................................. 114 
Table 4-5: Association between final HER2 status and the 

clinicopathological parameters of pure DCIS cohort ................. 115 
Table 4-6: Characteristics of DCIS by surrogate molecular subtypes 116 
Table 4-7: Multivariate analysis for predictors of local recurrence in pure 

DCIS patients treated with breast conserving surgery .............. 118 
Table 5-1: Correlation between TXNIP expression and the 

clinicopathological variables of pure DCIS cases ...................... 149 
Table 5-2: Correlation between TXNIP expression and 

clinicopathological parameters in the pure DCIS cohort using 
continuous data ......................................................................... 151 



 

 

 

Table 5-3: Correlation between TXNIP mRNA and the 
clinicopathological parameters in the METABRIC series of 
invasive breast cancers ............................................................. 153 

Table 5-4: Correlation between AURKA expression and the 
clinicopathological variables of pure DCIS cases ...................... 154 

Table 5-5: Correlation between AURKA expression as a continuous 
parameter (% of positive nuclei) and clinicopathological 
parameters in pure DCIS .......................................................... 156 

Table 5-6: Correlation between AURKA mRNA level and the 
clinicopathological parameters in the METABRIC series of 
invasive breast cancers ............................................................. 158 

Table 5-7: Correlation between TPX2 expression and the 

clinicopathological variables of pure DCIS cases ...................... 159 
Table 5-8: Correlation between TPX2 expression and 

clinicopathological parameters in the pure DCIS cohort using 
continuous data ......................................................................... 161 

Table 5-9: Correlation between TPX2 mRNA level and the 
clinicopathological parameters in the METABRIC series of 
invasive breast cancers ............................................................. 163 

Table 5-10: Correlation between SRC expression and the 
clinicopathological variables of pure DCIS ................................ 164 

Table 5-11: Correlation between SRC expression and 
clinicopathological parameters in the pure DCIS cohort using 
continuous data ......................................................................... 166 

Table 5-12: Correlation between SRC mRNA level and the 
clinicopathological parameters in the METABRIC series of 
invasive breast cancers ............................................................. 168 

Table 5-13: Multivariate Cox proportional hazards including TXNIP for 
predictors of local recurrence in pure DCIS patients ................. 174 

Table 5-14: Multivariate survival analysis (Cox regression model) of 
variables predicting outcome in terms of ipsilateral local 
recurrence in patients treated by breast conserving surgery in pure 
DCIS cohort, including AURKA ................................................. 181 

Table 5-15 : Multivariate survival analysis (Cox regression model) of 
variables predicting outcome in terms of ipsilateral local 
recurrence in patients treated by breast conserving surgery in pure 
DCIS cohort, including TPX2 .................................................... 183 

Table 5-16: Multivariate survival analysis (Cox regression model) of 
variables predicting outcome in terms of ipsilateral local 
recurrence in patients treated by breast conserving surgery in pure 
DCIS cohort, including SRC ...................................................... 185 

Table 6-1: Methods of assessment of tumour-infiltrating lymphocytes 
(TILs) in DCIS (Toss et al., 2018).............................................. 213 

Table 6-2: X-tile determined cut-off points of mean TILs count/DCIS 
duct based on association with local recurrence free survival ... 214 

Table 6-3: TILs observers’ concordance results in the training set .... 214 
Table 6-4: TILs count assessment in different topographic areas ..... 215 
Table 6-5: Correlation between TILs density (based on mean cut-off 20 

touching cells/DCIS duct) and clinicopathological parameters in 
the validation set ....................................................................... 216 



 

 

 

Table 6-6: Multivariate Cox proportional hazards for predictors of local 
recurrence in pure DCIS patients* ............................................ 218 

Table 7-1: Recommended clinicopathological and biological markers to 
redict the DCIS outcome based on the final conclusion of the 
study. ........................................................................................ 234 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Index of Figures 

Figure 1-1: Diagnostic criteria used for usual ductal hyperplasia (UDH), 
atypical ductal hyperplasia (ADH) and DCIS (Siziopikou 2013). ... 6 

Figure 1-2: Different grades of DCIS. A) Low-grade: the malignant cells 
show uniform small nuclei with fine chromatin and are polarised 
around secondary lumina. B) Intermediate grade: the neoplastic 
cells show moderately enlarged nuclei with lack of monotony. C) 
High-grade: the neoplastic cells display remarkably enlarged 
nuclei, with marked pleomorphism, coarse chromatin, loss of 
polarity, and central necrosis. All images are at 20x magnification.
 ...................................................................................................... 7 

Figure 1-3: Illustration of Van Nuys ductal carcinoma in situ (DCIS) 
classification (Silverstein et al., 1995a). ........................................ 9 

Figure 1-4: Model of progression from normal (A), usual ductal 
hyperplasia (B), atypical ductal hyperplasia (C), ductal carcinoma 
in situ (D) to invasive breast carcinoma (E) (Wellings and Jensen 
1973). .......................................................................................... 16 

Figure 1-5: Factors contributing to the progression of ductal carcinoma 
in situ (DCIS) to invasive cancer including genetics of tumour 
cells, MECs, BM, immune cells, fibroblasts and stroma (Yeong et 
al., 2017). .................................................................................... 20 

Figure 1-6: Schematic representation of normal TDLU of the breast (A) 
and DCIS with foci of early invasion (B). Normal ducts are cuffed 
by a continuous MEC layer and a well-defined BM. MECs 
surrounding normal ducts are different from those around 
malignant in situ lesions. Invasion via breaks in the BM (C). 
(Rakha et al., 2018). .................................................................... 20 

Figure 1-7: Panel of 12 genes included in the DCIS Score. Seven 
cancer-related genes: Ki67 = MKI67; STK15 = aurora kinase A; 
survivin = BIRC5; CCNB1 = cyclin B1; MYBL2 = v-myb 
myeloblastosis viral oncogene homolog (avian)-like 2; PR = 
progesterone receptor; and GSTM1 = glutathione S-transferase 
M1. Five reference genes: ACTB = beta-actin; GAPDH = 
glyceraldehyde-3-phosphate dehydrogenase; RPLPO = large 
ribosomal protein; GUS = beta-glucuronidase; and TFRC = 
transferrin receptor (Solin et al., 2013). ....................................... 24 

Figure 2-1: A): Marking of DCIS lesions using 1mm circle diameter 
using Pannoramic Viewer software. B) Marking of a mixed DCIS 
lesion (green 1mm circle diameter) and invasive carcinoma (blue 
0.6mm circle diameter). ............................................................... 39 

Figure 2-2: Block holding 1mm DCIS cores. Blue arrows point for the 
identification cores. ..................................................................... 41 

Figure 2-3: H&E sections of DCIS TMA. A) Overview of 1mm needle 
core diameter TMA, (B, C and D) DCIS TMA cores representing 
different histopathological patterns; cribriform, solid and 
associated necrosis. .................................................................... 43 

Figure 3-1: Distribution of DCIS cases diagnosed from 1987–2017. ... 66 



 

 

 

Figure 3-2: Frequency of re-excision after primary breast conserving 
surgery in relation to: A) margin status; B) tumour grade; and C) 
Van Nuys Prognostic Index (VNPI) risk groups. A considerable 
percentage of low and intermediate grade as well as low-risk DCIS 
underwent re-excision. ................................................................ 66 

Figure 3-3: The annual rates, over the period between 1987–2017, of: 
A) breast conserving surgery (BCS), showing the higher rates of 
BCS as a primary surgical choice over the years; B) shows the 
comparable rates of final BCS after re-excisions – obviously, over 
the last ten years, the rates of BCS exceed the rates of 
mastectomy; C) post-operative adjuvant radiotherapy – a 
significant increase of radiotherapy use post-operatively after 2000 
is observed; D) re-excision; and E) recurrence after primary BCS 
(a significant decrease in both re-excision and recurrence is 
observed over the last ten years). ............................................... 67 

Figure 3-4: Kaplan-Meier curve shows the effect of different treatment 
modalities on the development of local recurrence. Patients 
treated with breast conserving surgery (BCS) without adjuvant 
radiotherapy (RT) have the worst prognosis compared to those 
who received radiotherapy or were treated with mastectomy. .... 67 

Figure 4-1: Immunohistochemistry of biomarkers used for 
characterisation of DCIS. (A) ER positive; (B) ER negative, (C) PR 
positive; (D) PR negative, (E) Ki67 high proliferative index; (F) 
Ki67 low proliferative index. ...................................................... 110 

Figure 4-2: IHC of HER2 confirmed by CISH. (A and B) DCIS showing 
HER2 3+ (A) confirmed by CISH (B); (C and D) HER2 2+ (C) 
showing gene amplification (D); (E and F) HER2 2+ (E) without 
amplified gene (F); and (G and H) HER2 1+ (G) showing no gene 
amplification (H). ....................................................................... 111 

Figure 4-3: The rate of HER2 positivity, grade and screen-detected 
DCIS change over time. The graph shows that the rate of high-
grade DCIS together with HER2 positivity declines over the years 
in contrast to the rate of screen-detected DCIS. ....................... 112 

Figure 5-1: Factors contributing to the progression of ductal carcinoma 
in situ (DCIS) to invasive cancer. The diagram shows the different 
factors that are involved in the progression of DCIS to invasive 
breast carcinoma, including genetics of tumour cells, myoepithelial 
cells, BM, immune cells, fibroblasts and stroma. ...................... 131 

Figure 5-2: Western Blot of the antibodies used in the study. ........... 141 
Figure 5-3: Different intensities of expression of the biomarkers used in 

the study; (A) TXNIP (cytoplasmic), (B) AURKA (nuclear), (C) 
TPX2 (nuclear) and (D) SRC (cytoplasmic), from the left to the 
right: normal tissue, negative to mild, moderate to strong and 
expression in the mixed cases. All pictures were taken using 
digital pathology system at 20x magnification. .......................... 147 

Figure 5-4: Violin plots for the distribution of biomarkers’ expression of 
TXNIP (A), AURKA (B), TPX2 (C) and SRC (D) expression in pure 
DCIS, DCIS component and invasive component of the mixed 
cohort. The central line represents the interquartile range and the 



 

 

 

red dots refer to the median. Graphs are produced by R studio 
software (v 1.1.463). ................................................................. 148 

Figure 5-5: Association between TXNIP mRNA level and breast-cancer-
specific survival in invasive breast cancer of the METABRIC series 
(n=1980). The cohort was dichotomised into high and low based 
on the median level of TXNIP mRNA (6.7). ............................... 172 

Figure 5-6: Kaplan-Meier curves show that high TXNIP expression is 
associated with: (A) longer LRFS in the whole pure DCIS series 
(p=0.009); (B) improved survival in patients treated with BCS 
(p=0.001); and (C) improved outcome in non-radiotherapy treated 
patients (p=0.02). Dichotomisation of the cohort was baed on the 
median TXNIP H score of 185. ................................................. 173 

Figure 5-7: Forest plots (blobbogram) showing the hazard ratio of the 
different clinicopathological parameters and TXNIP, and ipsilateral 
tumour recurrence for patients treated with breast conserving 
surgery in pure DCIS cohort based on the multivariate analysis 
results for all recurrences, whether DCIS or invasive disease. . 175 

Figure 5-8: Association between AURKA (A), TPX2 (B) and SRC (C) 
mRNA level and outcome in terms of breast-cancer-specific 
survival (BCSS) in invasive breast cancer of the METABRIC 
series. The cohort was split into high and low mRNA expression 
based on the median (7.35, 6.49 and 8.59, respectively). ......... 176 

Figure 5-9: Kaplan-Meier curves show that high expression of AURKA 
is associated with shorter local recurrence-free interval in the 
whole pure DCIS series (A), and in breast conserving surgery 
(BCS) without adjuvant radiotherapy (B). High expression also 
showed an association with shorter local recurrence-free interval 
as invasive disease in the whole series (C) and in patients treated 
with breast conserving surgery without adjuvant radiotherapy (D). 
Dichotomisation of the cases was according to the median 
AURKA percentage of 30%. ...................................................... 178 

Figure 5-10: Kaplan-Meier curves show that high expression of TPX2 is 
associated with shorter local recurrence-free interval in breast 
conservative surgery (BCS)-treated pure DCIS series (A), and in 
BCS without adjuvant radiotherapy (B). High TPX2 expression 
also showed an association with shorter local recurrence-free 
interval as invasive disease in BCS-treated patients in the same 
series (C) and in patients treated with BCS without adjuvant 
radiotherapy (D). Dichotomisation of the cases was according to 
the median TPX2 percentage of 25%. ...................................... 179 

Figure 5-11: Kaplan-Meier curves show that high expression of SRC is 
associated with shorter local recurrence-free interval in breast 
conserving surgery (BCS)-treated pure DCIS series (A), and in 
BCS without adjuvant radiotherapy (B). High expression also 
showed an association with shorter local recurrence-free interval 
as invasive disease in BCS-treated patients in the same series (C) 
and in patients treated with breast conserving surgery without 
adjuvant radiotherapy (D). Dichotomisation of the cases was 
according to the median SRC H score of 100. .......................... 180 



 

 

 

Figure 5-12: Forest plots (blobbogram) showing the hazard ratio of the 
different clinicopathological parameters and AURKA, and 
ipsilateral tumour recurrence for patients treated with breast 
conserving surgery in pure DCIS cohort based on the multivariate 
analysis results for: A) all recurrences whether DCIS or invasive 
disease; and B) for invasive recurrence only. ........................... 182 

Figure 5-13: Forest plots (blobbogram) showing the hazard ratio of the 
different clinicopathological parameters and TPX2, and ipsilateral 
tumour recurrence for patients treated with breast conserving 
surgery in pure DCIS cohort based on the multivariate analysis 
results for: A) all recurrences whether DCIS or invasive disease; 
and B) for invasive recurrence only. .......................................... 184 

Figure 5-14: Forest plots (blobbogram) showing the hazard ratio of the 
different clinicopathological parameters and SRC, and ipsilateral 
tumour recurrence for patients treated with breast conserving 
surgery in pure DCIS cohort based on the multivariate analysis 
results for: A) all recurrences, whether DCIS or invasive disease; 
and B) for invasive recurrence only. .......................................... 186 

Figure 6-1: Parameters of TILs assessment: A) Touching TILs (x20) 
defined by lymphocytes that touch the basement membrane (BM) 
or present within one lymphocyte cell thickness from the BM 
(yellow arrows); inset (x40) for touching TILs; B) TILs within 
0.2mm (red line), 0.5mm (blue line) and 1.0mm (green line) 
distance from the involved ducts; and C) hotspots (x4) as shown in 
area surrounded by the black circle) (Toss et al., 2018). .......... 209 

Figure 6-2: Touching TILs density around DCIS: A) Dense TILs: mean 
number of touching TILs is > 20 cells/DCIS duct; B) Dense 
touching TILs at 40x magnification; and C) Sparse TILs: mean 
number of touching TILs within the lesion is ≤ 20 cells/DCIS duct 
(Toss et al., 2018). .................................................................... 210 

Figure 6-3: A) High-grade comedo DCIS with central necrosis and 
adjacent touching lymphocytic aggregates (H&E x10). B) DCIS 
with micro-invasion and surrounding touching lymphocytes and 
some intra-tumoural lymphocytes (H&E x10). C) Solid DCIS mixed 
with invasive component and scattered stromal lymphocytes (H&E 
x10). D) A case of DCIS with peri-tumoural CD20 positive 
lymphocytes forming aggregates (IHC x10). E) Peri-tumoural and 
stromal CD19 positive lymphocytes (IHC x10). F) CD19 positive 
lymphocytic aggregate in a case mixed with invasive component 
(IHC x 4) (Miligy et al., 2017). ................................................... 211 

Figure 6-4: Kaplan-Meier curves for association of touching TILs density 
with recurrence-free interval (in months): A) all cases; B) cases 
treated with breast conserving surgery (BCS); C) for BCS-treated 
patients who received adjuvant radiotherapy; and D) for non-
radiotherapy-treated patients. Cases were dichotomised into 
dense and sparse according to the median of 20 touching TILs.
 .................................................................................................. 217 



Chapter 1  General Introduction 

 

 

 

1 

1 General Introduction 



Chapter 1  General Introduction 

 

 

 

2 

 

1.1 Ductal Carcinoma in situ of the Breast 

1.1.1 Definition 

Ductal carcinoma in situ (DCIS) of the breast is defined as malignant 

epithelial cells confined to the duct system of the breast without 

evidence of invasion through the basement membrane (BM) into the 

surrounding stroma (Lester et al., 2009). It is considered to be a non-

obligate precursor of invasive carcinoma that does not fully envelope 

the hallmarks of malignancy: unlimited growth, invasiveness, 

angiogenesis, and metastatic capacity (Lippman 2002). It is noteworthy 

that some cancers seem to evolve from a pre-invasive lesion referred to 

as carcinoma in situ, in which cells display all cytologic features of 

malignancy without invasion of the BM, to an overt invasive stage. The 

latter is considered one step prior to invasive cancer; with time, cells 

penetrate the BM, infiltrate the sub-epithelial tissue and subsequently 

have the ability to metastasise to remote organs (Rakha et al., 2018). 

From the differences between these neoplastic entities, it is 

hypothesised that invasion and metastasis are prominent at the clinical 

level; however, they represent a continuum of changes at the molecular 

level (Duffy et al., 2008, Virnig et al., 2010). 

 

1.1.2 Epidemiology 

Cancer is a major public health problem in many parts of the world 

(Siegel et al., 2015), with breast cancer as the leading cause of cancer-

related deaths among women. In 2015, more than 54,800 women were 

diagnosed with breast cancer and about 11,400 women have died from 

this (Office of National Statistics 2015). Although its absolute rates are 
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relatively low, breast cancer is the second most common cause of 

cancer death in females in the UK (Office of National Statistics 2015). 

 

In 2015, 7,900 women in the UK were diagnosed with in situ breast 

carcinoma, with 10–20% of DCIS cases seen bilaterally and 65–69 

years peak incidence (Office of National Statistics 2015). 

 

Before the emergence of the UK breast screening programme in 1988, 

DCIS represented only 2–5% of symptomatic breast cancers; currently, 

it accounts for 20–25% of all cancers and up to half of screen-detected 

breast cancers (Kopans 2003, Benson and Wishart 2013). 

 

1.1.3 Risk factors 

DCIS is a precursor of invasive carcinoma and therefore they share the 

same risk factors. Older age, a family history of breast cancer in first-

degree relatives, and proliferative breast disease are recognised risk 

factors. For hormone receptor positive cancer, over-exposure to 

oestrogen, such as reproductive factors including nulliparity, early 

menarche and late menopause and older age at the time of the first full-

term pregnancy and long-term use of postmenopausal hormone-

replacement therapy are reported risk factors associated with an 

increased incidence of DCIS and invasive carcinomas (O'Brien et al., 

2015). Genetic factors, such as germline mutations in breast cancer 

susceptibility genes, BRCA1 and BRCA2, increase the likelihood of 

developing invasive cancer and, to some degree, DCIS (O'Brien et al., 

2015). 
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Not all DCIS cases progress to invasive carcinoma, but an estimated 

risk of 25–50% of DCIS cases progress to invasion if untreated (Bartlett 

et al., 2014). The long-term natural history of DCIS remains poorly 

understood and is ambiguous in the literature. The potential for 

progression into invasive carcinoma differs among the histological types 

of DCIS, and the current understanding of the biology and clinical 

behaviour of these lesions is incomplete, making it difficult to 

understand the actual relationship between DCIS and invasive breast 

cancer (IBC). To date, neither the histopathological classification nor 

the conventional biomarkers can accurately predict whether DCIS 

lesions can invade the surrounding tissue and consequently progress to 

metastatic disease (Carraro et al., 2014). 

 

1.1.4 Clinical presentations 

In past years, DCIS was detected clinically as a palpable mass (Schnitt 

and Collins 2009). Although such presentation is occasionally seen, the 

majority of DCIS cases are detected by mammogram in the form of 

microcalcifications in more than three quarters (76%) of the cases 

(Stomper and Margolin 1994), as a non-palpable mass in 11%, and as 

a combination of the above in 13% (Harris et al., 2004). Infrequently, 

DCIS presents clinically with a haemorrhagic nipple discharge, which is 

often seen in association with Paget’s disease of the nipple. Moreover, 

DCIS can also be detected incidentally during breast evaluation for an 

unconnected problem (Schnitt and Collins 2009). 

 

DCIS is accurately detected with magnetic resonance imaging (MRI), 

particularly the histopathologic extent of DCIS (Benveniste et al., 2017); 
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however, overestimation due to inflammatory or benign lesions 

commonly occurs (Baek et al., 2017). Although an improved imaging of 

DCIS could improve the preoperative staging, the identification of a 

more extensive disease by MRI could lead to over-treatment (Preibsch 

et al., 2018). Therefore, it is recommended that MRI should be carefully 

used and in specialised and experienced centres. To date, there is a 

controversy regarding the role of MRI in predicting the outcome of DCIS 

(Schouten van der Velden et al., 2009, Elder et al., 2017, Kuhl et al., 

2017). 

 

1.1.5 Gross pathology 

DCIS is not a mass-forming lesion that can be recognised on 

macroscopic examination of the surgical specimen (Liu and Peng 

2012). However, cases such as high-grade DCIS with comedo necrosis, 

where widened duct spaces with ‘soft centres’ can be observed, and 

some cases of solid papillary DCIS, may result in a mass-forming lesion 

of varying size within a confined margin (Scripcaru and Zardawi 2012). 

 

1.1.6 Histological features and classifications 

1.1.6.1 Histopathological classification 

Diagnosis of DCIS depends partly on the degree of cytological atypia, 

but generally includes cyto-nuclear and architectural features, clonality 

of the cell population and extent of the lesion (Siziopikou 2013) (Figure 

1-1). 
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Figure 
1-1: Diagnostic criteria used for usual ductal hyperplasia (UDH), atypical ductal 
hyperplasia (ADH) and DCIS (Siziopikou 2013). 

 

In spite of the prevalence of DCIS, there is no consistent accepted 

histological classification system; however, a growing consensus admits 

the importance of grade over morphology. 

 

The conventional method of classifying DCIS was based on the 

architecture and growth pattern of the disease, with lesions classified as 

comedo, solid, cribriform, and micro-papillary (Douglas-Jones et al., 

2000). Unfortunately, individual lesions can show architectural 

heterogeneity that moderates the use of this strategy. Systems of 

classification based on nuclear grade and necrosis show good 

reproducibility among pathologists, and therefore have prognostic value 

(Douglas-Jones et al., 2000). 

 

 

The subtypes of DCIS were also previously divided into:  
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1. Comedo DCIS, large cell: more aggressive form; 

2. Non-comedo DCIS, small cell: less aggressive form, which is further 

divided into cribriform, micropapillary, and solid DCIS (Page and Rogers 

1987). 

 

Histologically, DCIS is generally classified into three grades – low, 

intermediate and high grade (Figure 1-2). Grade is determined by cyto-

nuclear features, including nuclear size, cellular polarisation, the 

presence and size of nucleoli and the frequency of mitotic figures 

(Lester et al., 2009). The features used in the assessment of nuclear 

grade are summarised in Table 1-1. 

 

Figure 1-2: Different grades of DCIS. A) Low-grade: the malignant cells show 
uniform small nuclei with fine chromatin and are polarised around secondary 
lumina. B) Intermediate grade: the neoplastic cells show moderately enlarged 
nuclei with lack of monotony. C) High-grade: the neoplastic cells display 
remarkably enlarged nuclei, with marked pleomorphism, coarse chromatin, loss 
of polarity, and central necrosis. All images are at 20x magnification. 

 

Table 1-1: Features determining nuclear grade in DCIS (Lester et 
al., 2009) 
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RBCs: Red blood cells 

 
However, it was not simple to classify DCIS into comedo and non-

comedo types, and different classification systems have been 

suggested. One such system is the Van Nuys classification (Silverstein 

et al., 1995a). It combines three significant predictors of local 

recurrence: tumour size, margin width, and tumour grade [low grade 

(nuclear grade 1 or 2), which is further divided into two types based on 

the presence or absence of necrosis and high grade (nuclear grade 3)] 

(Figure 1-3). 

 

 

 

 

 

Feature Low Intermediate High 

Pleomorphism Monomorphic Moderate degree of 

pleomorphism 

Pleomorphic 

Size 1.5–2.0 the size of 

normal RBCs or a 

normal epithelial cell 

nucleus 

2.0–2.5 the size of 

normal RBCs or a 

normal epithelial cell 

nucleus 

>2.5 the size of 

normal RBCs or a 

normal epithelial cell 

nucleus 

Chromatin pattern Finely dispersed  Intermediate Irregular chromatin 

distribution 

Nucleoli Rarely visible Occasional nucleoli Prominent and 

multiple 

Mitoses Occasional Intermediate Frequent 

Orientation Polarised towards the 

lumen 

Preserved some 

degree of 

polarisation 

Loss of polarity 
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DCIS

Low grade High grade

Without 
necrosis

With
necrosis

Group 3

Group 2Group 1

 

 

 

 

 

 

 

 

 

 

Figure 1-3: Illustration of Van Nuys ductal carcinoma in situ (DCIS) classification 
(Silverstein et al., 1995a). 

 

It is rare to find low-grade DCIS (LG-DCIS) and high-grade DCIS (HG-

DCIS) together, and LG-DCIS rarely proceeds to HG-DCIS (Carraro et 

al., 2014, Gorringe et al., 2015). Comedo-carcinoma in situ (CC-DCIS) 

is a distinctive type of HG-DCIS. CC-DCIS is the only DCIS that is 

observed grossly; therefore, it was over-diagnosed before the 

emergence of mammography. The term ‘comedo’ refers to a creamy 

yellowish necrotic material secreted from the ducts that resemble 

comedones. Histologically, this subtype is characterised by widened 

ducts filled with necrotic debris surrounded by a few layers of highly 

atypical epithelial cells and multiple mitotic figures (Shekhar et al., 

2008). Necrosis usually occupies more than 90% of the duct cross 

section. The necrotic material calcifies and appears as large branching 

calcifications on mammography (Yamada et al., 2010). 

 

An alternative grading system for atypical and intraductal malignant 

proliferations, including DCIS, was proposed by Tavassoli and Devilee 
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(Tavassoli and Devilee 2003). In this system, the term ‘ductal 

intraepithelial neoplasia (DIN)’ evolved and a numerical and 

alphabetical nomination was utilised to assign lesion severity; for 

instance, DIN 1C refers to low-grade DCIS, DIN II points at intermediate 

grade DCIS, and high-grade DCIS is referred to as DIN III (Veronesi et 

al., 2006). However, although this system has many advantages, it has 

not been widely accepted in clinical practice (Tavassoli 2005). 

 

1.2 Morphological variants of DCIS 

Different morphological variants of DCIS are known including solid, 

cribriform, comedo, micropapillary, papillary, solid variant of papillary 

DCIS, neuroendocrine, apocrine, cystic secretory, clinging and Paget’s 

disease (Makki 2015). Over the past two decades, the classical 

classification of DCIS based on the morphological architecture has 

changed and current classification systems use nuclear grade and 

necrosis instead (Lester 2014). 

 

The solid pattern may show micro-acini in which cells are polarised 

around small extra-cellular lumina in a rosette-type arrangement. Solid 

DCIS is often of low-grade; microcalcifications occur and are often of 

the psammomatous type (Rosser 1998). The cribriform pattern shows 

multiple adjacent ducts distended by a sieve-like proliferation of 

monotonous uniform cells. The multiple spaces within the proliferation 

are rounded and well-distributed in organised pattern (Rosser 1998). 

 

A great number of DCIS lesions have more than one histological variant 

present, and the majority of such variants are well-recognised by 
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pathologists but some are uncommon and therefore deserve mention 

(Bane 2013). 

 

1.2.1 Micropapillary DCIS 

Micropapillary carcinoma is a variant of DCIS that is characterised by 

intraluminal tufts of malignant cells, which lack a true fibro-vascular core 

(Lee et al., 2011). It can be mixed with cribriform DCIS, but when 

present in a ‘pure’ form, it tends to involve multiple breast quadrants 

(Evers 2011). 

 

1.2.2 Solid papillary carcinoma and encapsulated papillary 

carcinoma (EPC) 

Although these entities have been regarded as variants of DCIS, recent 

studies have shown that the myoepithelial cells (MECs) are deficient in 

some lesions around the periphery of the tumour, evidenced by the 

immunohistochemical markers (Guo et al., 2016). Rakha et al. have 

proposed considering those lesions with obvious MECs as DCIS and 

those lacking as a special type of invasive carcinoma. In their study, 

these lesions showed a very low incidence of stromal invasion, lymph 

node metastasis, and a rare development of regional or distant 

recurrence. Therefore, they inferred that these lesions have indolent 

behaviour and good prognosis. They emphasised that local excision 

without post-operative chemotherapy is an adequate treatment of such 

lesions (Rakha et al., 2011). 
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1.2.3 Apocrine DCIS 

Distinguishing apocrine DCIS from atypical apocrine proliferations is 

challenging as suggested by Scott et al. and the difficulty is in defining 

accurate grade (Scott et al., 1997). Characteristic cellular features best 

define apocrine DCIS include large cells with abundant eosinophilic 

cytoplasm and large nuclei with prominent nucleoli (Seo and Whang 

2017). However, many morphological variants of apocrine DCIS have 

been recognised including solid, cribriform, and comedo subtypes 

(Scripcaru and Zardawi 2012). Nuclear grading of apocrine DCIS is 

essentially not easy, because apocrine cells classically are enlarged 

with prominent nucleoli (Leal et al., 2001). Therefore, it is suggested 

that the diagnosis and grading of apocrine DCIS should rely on the size 

of the lesion in addition to the nuclear grade and the presence or type of 

necrosis (O'Malley and Bane 2008, Visscher 2009). 

 

1.2.4 Paget’s disease 

Paget’s disease of the nipple is clinically defined as inflammation of the 

skin of the nipple, and pathologically is adenocarcinoma of the nipple 

epidermis (Ooi et al., 2018). Therefore, patients usually present the 

disease by an eczematous change in the nipple and areola and these 

are frequently associated with high-grade DCIS, with or without invasive 

disease in the underlying dermis. This variant of in situ disease is 

usually HER2 positive (Sandoval-Leon et al., 2013). 

 

1.2.5 DCIS with micro-invasion (MI) 

DCIS with MI is defined by malignant epithelial cells that have breached 

the BM and invaded the adjacent stroma up to a depth of 1mm. This 
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can be in the form of a single cell or clusters of cells (Kim et al., 2018). 

Multi-focal MI is defined when the size of the scattered single foci 

cannot be added together, and in this case, the lesion is still staged as 

T1mic. MI is most commonly seen with high-grade DCIS, although it 

may be identified in association with other DCIS grades (Wang et al., 

2015). Exact clear diagnosis may be variable in cases associated with 

high-grade DCIS and extensive cancerisation of lobules or cases with a 

prominent stromal lymphocytic infiltrate and marked stromal distortion 

(Sopik et al., 2018). These difficulties can be overcome by the 

application of combinatory cytokeratin stains to highlight the epithelial 

cells and myoepithelial markers to highlight the presence of malignant 

cells beyond the boundaries of the DCIS duct (Momin et al., 2016). MI, 

particularly in association with high-grade DCIS often necessitates a 

sentinel lymph node biopsy as the ratio can be up to 20% in cases with 

lymph node metastases, predominantly micrometastases or isolated 

tumour cells (Orzalesi et al., 2015). 

 

1.3 Molecular pathology of DCIS 

1.3.1 Intrinsic ’’molecular’’ subtyping of DCIS 

DCIS can be classified based on histological pattern and nuclear grade 

in addition to other features such as the presence of necrosis. 

Molecular profiling by gene array and its translation into a surrogate 

immunohistochemistry profile is likely to have a great impact on breast 

cancer classification, management and understanding of DCIS (Clark et 

al., 2011), particularly as the molecular profile of DCIS is generally 



Chapter 1  General Introduction 

 

 

 

14 

similar to invasive disease, which may reflect being the cell of origin 

(Dawson et al., 2010). 

 

Each of the intrinsic subtypes identified in IBC are also recognised in 

DCIS, though there are differences in the relative frequencies of the 

groups in the two stages of the disease (Clark et al., 2011, Mardekian et 

al., 2016). Using a surrogate panel of immunohistochemical antibodies, 

oestrogen receptor (ER), progesterone receptor (PR) and human 

epidermal growth factor receptor 2 (HER2), Luminal A, Luminal B, 

HER2 positive and Triple Negative (TN) are well characterised 

subgroups of both DCIS and invasive disease (Kurebayashi et al., 

2007). Using additional antibodies, Tamimi et al. also reported 

significant differences between molecular phenotypes in DCIS and 

invasive breast cancer showing that the basal subtype (defined as 

negative for ER/PR/HER2 and positive for EGFR and CK5/6) was less 

frequent in DCIS compared with invasive cancers being more when 

restricted to IBC. Furthermore, the Luminal B HER2 positive (defined as 

ER/HER2 positive) subtypes are more frequent in DCIS compared with 

invasive disease (Tamimi et al., 2008). Additionally, the molecular 

subtypes correlate with grade. LG-DCIS is associated with ER positivity 

and luminal phenotypes, while HG-DCIS is associated with negative 

ER, positive HER2, and the basal-like phenotype (Lari and Kuerer 

2011). The basal-like subtype is associated with a higher risk of local 

recurrence (LR) than is the case with luminal subtypes, and may even 

have stronger and more consistent associations than some of the 

conventional histopathological factors (Benson and Wishart 2013). 



Chapter 1  General Introduction 

 

 

 

15 

 

Owing to the relatively low rate of recurrence of DCIS, either in situ or 

as an invasive disease (Duggal et al., 2013), there are few studies that 

relate molecular phenotype or biomarker expression of DCIS to patient 

outcome (Clark et al., 2011). Thus, it is well recognised that the triple 

negative, basal subtype is associated with more aggressive disease in 

invasive cancers; therefore, it is postulated that DCIS with a basal 

phenotype is likely to exhibit more aggressive behaviour (Cyr and 

Margenthaler 2014). This is not a final conclusion and other factors may 

contribute, such as microenvironmental changes that may be of more 

importance in DCIS than established invasive disease (Duggal et al., 

2013). 

 

1.3.2 Molecular and genetic features of DCIS and its 

progression to invasive carcinoma 

Many studies have been conducted to study the genetic aberrations 

underpinning the development of DCIS and its progression to invasive 

carcinoma (Lopez-Garcia et al., 2010). These studies have modified the 

original model of breast cancer evolution proposed by Wellings and 

Jensen (Wellings and Jensen 1973). In their model, breast cancer 

develops over an extended period of time from a normal terminal duct 

lobular unit (TDLU) via stages of UDH, ADH, DCIS and finally invasive 

cancer by the accumulation of genetic alterations (Wellings and Jensen 

1973) (Figure 1-4). 
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Figure 1-4: Model of progression from normal (A), usual ductal hyperplasia (B), 
atypical ductal hyperplasia (C), ductal carcinoma in situ (D) to invasive breast 
carcinoma (E) (Wellings and Jensen 1973). 

 

The current hypothesis proposes two models: low-grade DCIS is the 

precursor of low-grade invasive carcinoma and high-grade DCIS is the 

precursor of high-grade invasive disease (Simpson et al., 2005). To 

corroborate this view, low-grade in situ and invasive lesions and many 

of their supposed precursor lesions – flat epithelial atypia (FEA), ADH, 

atypical lobular hyperplasia (ALH), and lobular carcinoma in situ (LCIS) 

– are frequently ER positive, HER2 negative lesions and are 

predominantly characterised by the shared deletion of the long arm of 

chromosome 16 (16q) and 1q gain (Roylance et al., 2006). On the other 

hand, high-grade DCIS and invasive lesions frequently show ER 

negativity, HER2 amplification, have more frequent alterations and 
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regions of amplifications, as identified by comparative genome 

hybridisation (CGH) and fluorescent in situ hybridisation (FISH) studies. 

The evolution of intermediate grade disease is less clear and currently 

no specific genetic alteration can robustly predict the progression from 

DCIS to invasion (Roylance et al., 2006). 

1.4 Progression to invasive carcinoma 

The molecular subtypes revealed by comprehensive gene expression 

profiling of invasive breast cancer (Sotiriou and Pusztai 2009) are 

present at the DCIS stage (Vincent-Salomon et al., 2008), suggesting 

the existence of distinct tumour progression pathways for each tumour 

subtype (Buerger et al., 1999). Either cell of origin or tumour subtype-

specific genetic and ⁄ or epigenetic events, or a combination of both, are 

possible explanations of the presence of specific molecular subtypes 

from the early stages of breast cancer development (Weigelt and Reis-

Filho 2009) and the particular maintenance of the phenotypic 

characteristics from DCIS to invasive cancer and from invasive cancer 

to metastasis in the majority of cases (Allred et al., 2008). 

 

Phenotypic and genomic analysis comparing DCIS and invasive ductal 

carcinomas demonstrated strong similarities between these lesions and 

have failed to identify tumour-specific signatures (Ma et al., 2003, 

Johnson et al., 2012). These results corroborate the hypothesis that the 

progression from DCIS to invasive cancer may not be necessarily 

determined by specific genetic alterations or their consequences on 

gene expression profile (Buerger et al., 2000). An alternative 

explanation for the lack of a genetic aberration that could be considered 
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a common denominator in the progression from DCIS to invasive 

cancer is that there are multiple genetic or epigenetic aberrations that 

might drive progression, and that in each case, specific aberrations 

occur (Lopez-Garcia et al., 2010). In addition, molecular changes in the 

microenvironment may play a role in the progression from in situ to 

invasive disease (Lopez-Garcia et al., 2010). Distinct epigenetic 

alterations exist in all cell types during breast tumourigenesis, including 

tumour epithelial and stromal cells (Hu et al., 2005). Epigenetic changes 

observed in both the stroma and tumour cells may also be different 

depending on the tumour subtype, supporting the concept of co-

evolution of tumour epithelial and stromal components (Lesurf et al., 

2016). 

 

The identification of novel genetic alterations and molecular pathways 

underlying the progression from DCIS to IBC may help to establish 

biomarkers that have the potential to distinguish low-risk patients who 

do not require aggressive treatment and high-risk patients who are 

likely to progress to IBC (Doebar et al., 2016b). In clinical practice, a 

proportion of patients present with extensive involvement of the breast 

with DCIS without signs of invasion (Yeong et al., 2017). Although it 

cannot be precluded that these cases would progress over time, the 

DCIS growth pattern suggests that these cases have a limited invasive 

potential (Pinder 2010a). On the other hand, other patients have a 

limited amount of DCIS adjacent to an invasive component or multiple 

foci of invasion, suggesting a high invasive potential. These differences 
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in the biological behaviour of DCIS display different alterations at the 

molecular level (Yeong et al., 2017). 

 

1.4.1 Factors affecting the transition from DCIS to invasive 

carcinoma 

The study of the cells’ ability to invade the stroma and acquire 

metastatic potential has been one of the areas of interest in recent 

years in patients with DCIS (Muggerud et al., 2010). Both of these steps 

are crucial, since predicting DCIS behaviour and preventing the tumour 

cells from becoming invasive is one of the principal objectives in the 

treatment of DCIS (Barrio and Van Zee 2017). MECs, stromal cells, 

vascular supply, and cell-mediated immune mechanisms all play a role 

in the transition from DCIS to invasive cancer (Yeong et al., 2017) 

(Figure 1-5). 
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Figure 1-5: Factors contributing to the progression of ductal carcinoma in situ 
(DCIS) to invasive cancer including genetics of tumour cells, MECs, BM, 
immune cells, fibroblasts and stroma (Yeong et al., 2017).  

 

One of the main morphological distinctions between DCIS and IBC is 

the preservation of the MEC layer in DCIS; the lack of MECs is 

considered one of the hallmarks of invasion (Rakha et al., 2018) 

(Figure 1-6). 

 

Figure 1-6: Schematic representation of normal TDLU of the breast (A) and DCIS 
with foci of early invasion (B). Normal ducts are cuffed by a continuous MEC 
layer and a well-defined BM. MECs surrounding normal ducts are different from 
those around malignant in situ lesions. Invasion via breaks in the BM (C). 
(Rakha et al., 2018). 

 

1.4.1.1 Myoepithelial cells and their role in DCIS progression to 

invasive carcinoma 

MECs are biologically different in normal and neoplastic breast tissue. 

In DCIS, they act as tumour suppressors, inhibitors of the invasive 

properties of the epithelial cells and angiogenesis (Pandey et al., 2010). 
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Loss of MECs is classically assessed using immunohistochemical 

markers such as p63, CD10, CK 5/6, S100 protein smooth muscle actin 

(SMA), and smooth muscle myosin (SMM) (Mardekian et al., 2016). 

Because of the heterogeneous staining patterns seen with these 

markers, pathologists frequently use combination of these markers to 

exclude invasive carcinoma. Abnormal expression of these markers has 

been observed in the MECs of DCIS lesions, high-grade DCIS with 

necrosis, and pleomorphic LCIS, supporting the concept that these 

MECs are phenotypically abnormal (Hilson et al., 2009, Mardekian et 

al., 2016). 

 

It has been proposed that not only do DCIS MECs lack their normal 

tumour suppressive abilities, they may instead promote tumour 

progression (Rakha et al., 2018). 

 

1.4.1.2 Role of stromal microenvironment in DCIS progression 

The profound lack of genomic evolution between DCIS and IBC has led 

some researchers to focus on the potential role of the stromal 

microenvironment in mediating the transition to invasion (Sanati 2018). 

It is known that the tumour-associated stromal cells secrete factors 

such as vascular endothelial growth factor, interleukin (IL)-6, and IL-8, 

which promote angiogenesis and breast cancer progression (Rakha et 

al., 2018). In contrast to tumour epithelial cells, tumour-associated 

stromal cells demonstrate specific gene expression changes during the 

transition from in situ to invasive carcinoma. In stromal cells, the 

transition to invasive growth is accompanied by increased expression of 

several matrix metalloproteases (MMPs) including MMP2, MMP11, and 
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MMP14 (Ma et al., 2009). The majority of stromal gene expression 

changes are observed during normal to in situ transition and extensive 

gene expression changes occur in all cell types during cancer 

progression (Hu et al., 2008). The most consistent and striking changes 

affect MECs (Pang et al., 2017) with the contribution of both the 

epithelial and stromal compartments to the scenario of progression from 

DCIS to invasive duct carcinoma (IDC) (Rohilla et al., 2015). 

 

1.5 Prognostic and predictive factors in DCIS 

A variety of clinicopathological factors have been demonstrated to 

impact the rate of LR following current treatment modalities. Poor 

prognostic factors include the following (Pang et al., 2016, Gorringe and 

Fox 2017) (Table 1-2). 

 

Table 1-2: Clinicopathological factors and biomarkers associated with increased 
risk of recurrence in DCIS (Pang et al., 2016) 

Clinical Features Young age (<40 years) 
High breast density (mammogram) 
Symptomatic presentation 
Multifocal disease 
Large tumour size 

Histopathological Features High nuclear grade 
Comedo necrosis 
Positive or close surgical margins 

Protein Markers ER  
HER2 
Cell cycle markers Ki67, p16, p21, p53, 
COX-2 

 
ER: Oestrogen receptor; HER2: Human epidermal growth factor receptor 2; COX-2: 

Cyclo-oxygenase 2.  
 

It has been suggested that the final pathology report must include the 

following features as a minimum: tumour size, margins’ width, tumour 

grade, and necrosis presence/type, to allow decision-making for 
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patients’ management (Harrison et al., 2017). All of the mentioned 

parameters together with patient age are included in the University of 

Southern California/Van Nuys Prognostic Index (USC/VNPI). This 

scoring index gives a scoring range from 1 to 3 for each of the four 

clinicopathological tumour parameters, as demonstrated in Table 1-3. 

The authors claim that patients with a tumour featuring a low USC/VNPI 

score (defined as a score of 4, 5 or 6) are candidates for surgery alone 

(LR rate of 5.4% at 12 years), whereas tumours with a higher score (7 

or more) are likely to develop LR (>20% at 12 years) if they are treated 

with excision alone, and therefore adjuvant radiotherapy (RT) or 

mastectomy is required (Silverstein and Lagios 2015). 

 

Table 1-3: USC/VNPI scoring system (Silverstein and Lagios 2015) 

Score 1 2 3 

Size ≤ 15mm 16-40 > 40mm 

Grade 1 or 2 without necrosis 1 or 2 with necrosis Grade 3 

Margin ≥ 10mm 1-9mm <1mm 

Age >60 40-60 <40 

 

Oncotype DX® is one of the commercially available molecular tests that 

have the potential to predict outcome in certain patients, particularly 

since thorough histopathological analysis alone does not seem to be 

sufficient for evaluating recurrence risk (Rath et al., 2018). Recently, a 

modified form of the Oncotype DX® recurrence score for IBC has been 

developed for DCIS to guide RT recommendations after BCS (Nofech-

Mozes et al., 2018). This multigene expression assay score is 

generated from an algorithm that includes 12 genes (seven cancer 
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related genes and five reference genes) of the 21 genes in the 

Recurrence Score assay (Figure 1-7), to generate a score that 

quantifies the likelihood of cumulative LR (DCIS or invasive carcinoma) 

at ten years and predicts the risk of an invasive carcinoma local event 

at ten years (Solin et al., 2013). 

 

Three risk categories are identified by the score: low risk (DCIS Score 

<39), intermediate risk (DCIS Score 39–54), and high risk (DCIS Score 

≥55). The DCIS Score provides a trial of estimates of the recurrence 

risk that may help reduce under-treatment for women with a high risk of 

recurrence and over-treatment in those patients with a low risk (Lin et 

al., 2018). However, to date, the clear-cut difference between 

intermediate- and high-risk groups is not well established 

(Knopfelmacher et al., 2015). 

 

 

 

 

 

Figure 1-7: Panel of 12 genes included in the DCIS Score. Seven cancer-related 
genes: Ki67 = MKI67; STK15 = aurora kinase A; survivin = BIRC5; CCNB1 = 
cyclin B1; MYBL2 = v-myb myeloblastosis viral oncogene homolog (avian)-like 
2; PR = progesterone receptor; and GSTM1 = glutathione S-transferase M1. Five 
reference genes: ACTB = beta-actin; GAPDH = glyceraldehyde-3-phosphate 
dehydrogenase; RPLPO = large ribosomal protein; GUS = beta-glucuronidase; 
and TFRC = transferrin receptor (Solin et al., 2013). 

 

Certainly, the impact of molecular test costs and their application to a 

wide spectrum of patients with DCIS requires thorough analysis to 

maximise their effect on patient management (Mardekian et al., 2016). 
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It will be better to stratify patients with DCIS using a combination of 

pathologic examination, immunohistochemical studies and molecular 

analysis (Gorringe and Fox 2017). For this reason, identification of 

strategies to minimise the consequence of overdiagnoses has led to 

new research aiming at recognising potential low-risk DCIS and 

establishing whether surgical treatment is necessary for all patients with 

DCIS. Recent clinical trials were aimed at comparing the safety of 

observation alone versus standard surgical excision (Patel et al., 2018). 

 

The National Comprehensive Cancer Network (NCCN) recommended 

that reporting of ER status should be an essential mandatory 

requirement in the near future because reporting of ER status is 

currently variable in clinical practice (Daly et al., 2017). They postulated 

that the evaluation of ER has a predictive value in addition to providing 

prognostic information. 

 

1.6 Management and risk stratification of DCIS 

1.6.1 The standard management options 

The standard management options for the treatment of DCIS in the UK 

currently are: 

(1) lumpectomy without lymph node surgery with whole breast 

irradiation; 

(2) mastectomy with sentinel lymph node biopsy +/− reconstruction; 

(3) lumpectomy without lymph node surgery or radiation. 

 

Mastectomy has long been considered the standard management for 

DCIS and remains so in certain situations (e.g. extensive disease, those 
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with failed breast conservation, or where there are contraindications to 

RT in high-risk patients) (Rutter et al., 2015). It provides an effective 

and near total cure rate; however, for most women it is an aggressive 

over-treatment of a lesion with low mortality risk (Mathew et al., 2017). 

Breast-conserving surgery (BCS), with or without RT, is offered when 

DCIS can be removed with an acceptable cosmetic outcome and is 

considered equivalent to mastectomy in terms of overall survival or 

breast-cancer-specific survival (Sakorafas et al., 2008). However, 

studies report that women treated with BCS have increased risk of 

recurrence within ten years and half of these recurrences are invasive 

disease with subsequent mortality risk (Silverstein et al., 1995b). 

 

The appropriate treatment option will depend on a variety of 

clinicopathologic factors such as the patient’s age and the extent of the 

disease. The third option is the most conservative, and is only 

considered for patients regarded to be at very low risk of LR (<5% at 

ten years) or for those with significant co-morbidity factors that may 

argue against the use of RT (Siziopikou 2013). 

 

1.6.2 Radiotherapy 

Recently, whether RT can be avoided in a specific patient group of 

DCIS without affecting recurrence risk has been investigated 

(McCormick et al., 2015). It was shown that histopathological 

parameters can be used to define the low-risk DCIS group, whose 

members have a low five years ipsilateral recurrence rate if treated with 

lumpectomy alone. Whether or not these patients with small-size, 

low/intermediate-grade DCIS with wide surgical margins continue to 
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have low LR rates without RT has not been established. Even in this 

selected, low-risk DCIS population, adjuvant RT is associated with a 

significant reduction in ipsilateral breast events; however, there was no 

difference in overall survival (McCormick et al., 2015). 

 

1.6.3 Endocrine therapy 

It is suggested that tamoxifen for five years may be considered in the 

context of adjuvant setting for those patients treated with BCS with or 

without adjuvant RT, and with ER positive disease (Carlson et al., 

2010). The benefit of adjuvant tamoxifen in DCIS patients treated with 

lumpectomy was investigated in two clinical trials: the United Kingdom, 

Australia and New Zealand DCIS (UK/ANZ DCIS) trial (Cuzick et al., 

2011) and the National Surgical Adjuvant Breast and Bowel Project 

(NSABP) B-24 trial (Wapnir et al., 2011). A meta-analysis of the two 

trials (Staley et al., 2014) and some individual research studies (Fausto 

and Barni 2012, Hwang et al., 2018) reported an overall reduction in 

ipsilateral in situ recurrence risk and lower risk of subsequent invasive 

disease (Margolese et al., 2016). 

 

1.7 DCIS outcome and risk assessment 

Since the overall risk of DCIS progression to IBC ranges between 25% 

and 50%, perhaps due to different risk assessment and treatment 

modalities, the goals of treatment are set to minimise the risk of LR 

while trying to maximise breast preservation. LR is defined as 

developing IBC or DCIS in the ipsilateral breast six months after DCIS 

diagnosis (Rakovitch et al., 2015). Surgical intervention may be in the 
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form of BCS or mastectomy with or without immediate reconstruction 

(Choy and Mokbel 2014). The optimal treatment of DCIS requires 

enough surgical excision of the lesion with tumour-free surgical margins 

(2mm tumour-free margin), so most women with recently diagnosed 

DCIS are treated by BCS with or without RT (Rakovitch et al., 2015). 

Clinical trials show that adding RT after surgical treatment helps reduce 

the risk of LR by 50% (Correa et al., 2010, Cuzick et al., 2011, Formenti 

et al., 2011, Amichetti and Vidali 2012). 

Patients undergoing mastectomy for DCIS have excellent prognosis 

and usually do not require additional treatment; only half of DCIS 

patients treated by BCS receive RT (Lambert et al., 2012). This may be 

a reflection of clinicians’ assumptions that women with a low risk of 

recurrence following treatment by BCS alone can be precisely 

identified. Numerous studies have demonstrated that patient age, the 

size of the lesion, nuclear grade, presence or absence of necrosis, 

margin width and comedo architecture are factors affecting the 

recurrence risk (Zhang et al., 2015). Multifocal DCIS, defined as the 

presence of at least two DCIS foci separated by at least 5mm, is a 

strong predictor of LR because multifocality carries the risk of a greater 

burden of residual disease, or it could be an indicator of molecular 

heterogeneity (Rakovitch et al., 2015). 

 

Until now, reproducible and robust methods using clinicopathological 

features to distinguish patients of low risk of LR following BCS alone 

have not been well established and it is necessary to improve 

personalised treatment decisions to reduce both over- and under-
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treatment. Moreover, clinicopathological criteria alone are deficient to 

clearly and reliably identify individuals with a low recurrence risk 

(Rakovitch et al., 2013). 

 

1.8 Role of the genetic studies in DCIS risk assessment 

The process of recurrence in DCIS is not well understood, especially 

progression to invasive recurrence. It is assumed that all ipsilateral 

recurrences arise as a result of residual carcinoma cells inadvertently 

left behind after surgery and, therefore, re-establishing a local tumour 

(Gorringe and Fox 2017). In contrast, contralateral recurrences are 

assumed to be independent primary tumours. Clinical trial data shows 

that there are four to five times as many ipsilateral recurrences, ten 

years after diagnosis of DCIS, compared with contralateral tumours 

when treated with surgery alone (Cuzick et al., 2011, Wapnir et al., 

2011, Donker et al., 2013). 

 

On the assumption that ipsilateral recurrences are derived from residual 

primary tumour cells and therefore share a genetic common ancestor 

(i.e. primary and recurrence are clonally related), biomarker studies 

mostly seek tumour-intrinsic features to predict recurrence (Gorringe 

and Fox 2017). These studies have not been fully successful in 

identifying robust predictors; this could be because some recurrences 

are in fact independent primary tumours. Such cases will ‘contaminate’ 

tumour-intrinsic biomarker studies, reducing the power to detect 

predictive features (Gorringe et al., 2015). 

 



Chapter 1  General Introduction 

 

 

 

30 

The ipsilateral recurrence rate after DCIS suggests that women with 

recurrences have inadequate treatment and/or a breast tissue 

environment favouring tumour development. Patient management in the 

latter situation should focus on prevention of new tumours rather than 

aggressive treatment of the new primary. To solve this clinically 

significant dilemma, the clonal relationship between recurrence and 

original DCIS are crucial to be established. 

 

 

 

1.9 Hypothesis 

The hypothesis of this study is that the progression of DCIS and the 

development of recurrences is multifactorial, and that there are as yet 

unknown factors and/or biomarkers associated with adverse clinical 

outcome in DCIS, in particular development of ipsilateral LR. It is also 

hypothesised that tumour microenvironment particularly tumour 

infiltrating lymphocytes (TILs) are contributing to the progression of 

DCIS. Identifying such factors and characterisation of DCIS will explain 

at the translational-level DCIS behaviour and act as a useful prognostic 

and/or predictive tool. 

 

1.10 Aim of the study 

1.10.1 General aim 

The general aim of this study is to identify potential predictors of DCIS 

outcome. This is via characterisation of the phenotypic and molecular 

features of DCIS and correlate them with the clinicopathological and 
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outcome data in order to accurately predict DCIS outcome in routine 

clinical practice. The ability to distinguish patients with DCIS at high or 

low risk of recurrence, would facilitate personalised patient 

management. 

 

In this context, the present study aims to determine the 

clinicopathological and molecular characteristics associated with 

recurrence rates in women with DCIS. 

 

1.10.2 Specific aims 

1- Collect a large series of DCIS diagnosed in Nottingham over a 

20-year period with linked clinicopathological, treatment and 

follow-up information; 

2- Construct tissue microarrays (TMAs) from representative 

sections of pure DCIS lesions and a control group of lesions 

associated with invasion; 

3- Correlate the clinicopathological characteristics of the study 

population with patients’ outcomes; 

4- Characterise the DCIS cohort according to the molecular 

classification of breast cancer using IHC (for ER, PR, Ki67 and 

HER2) and chromogenic in situ hybridisation (CISH) (to confirm 

HER2 status); 

5- Perform quantitative assessment to scrutinise the expression 

pattern of selected biomarkers of adverse clinical outcome in 

DCIS and IBC to assess the likely predictive biomarkers that 

might predict the outcome of DCIS; 
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6- Assess the role of tumour infiltrating lymphocytes in DCIS as part 

of the tumour microenvironment.
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2 Patients and Methods 
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2.1 Patient cohort and data collection 

All primary pure DCIS cases diagnosed between 1987–2017 at the 

Nottingham Breast Institute were identified (n=1,249). Cases associated 

with micro-invasive carcinoma were excluded. Patients with multiple 

specimens from one operation – primary excision and immediate re-

excision specimen(s) – were considered as a single surgical episode 

and size of any DCIS identified in the re-excision specimens was added 

to the size of tumour in the primary excision specimen to calculate the 

final size. Clinicopathological data, including age at diagnosis, mode of 

DCIS presentation (screen-detected or symptomatic), size of the lesion, 

nuclear grade, presence of comedo type necrosis, DCIS morphological 

type and associated Paget’s disease, were retrieved from patient 

records. Management options including primary operation type (BCS vs 

mastectomy), margin status, re-excision surgery and its type, presence 

of residual DCIS in the re-excised specimens and the final operation 

together with RT data were also retrieved. 

 

Resection margin status data was further categorised based on recent 

recommendations, i.e. positive margin (tumour on ink), close margin 

(<2mm) and negative margin (≥2mm) (Morrow et al., 2016, Toss et al., 

2017). For comparison purposes, the whole cohort was further split into 

two groups: those diagnosed between 1987–2008 (n=803) and 2009–

2017 (n=446). This was based on the guideline change with regard to 

margin of excision, soon after 2008, with acceptable free margin after 

BCS in DCIS of 5mm instead of 10mm free margin (Mathew et al., 

2017). Although, the service currently follows the new guidelines 
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published in 2016 that recommend 2mm as the optimal free margin in 

DCIS, cases managed in 2016 and 2017 were included in the latter 

group to avoid bias in statistical analysis. VNPI was assessed for all 

cases treated with BCS after the first operation (n=824) and the risk 

score was estimated. 

 

Data on ipsilateral tumour recurrence including type of recurrence and 

recurrence free interval (RFI) were also collected. Local recurrence free 

interval (LRFI) was estimated (in months) and defined as any event of 

ipsilateral tumour recurrence (either as DCIS or invasive disease) that 

occurred after six months from the first DCIS surgery. Contralateral 

breast carcinoma, either DCIS or invasive, were not considered as 

recurrence. Data collection was performed mainly by the author. 

 

A control group of patients diagnosed as invasive carcinoma associated 

with DCIS was also identified (n=239). 

 

Frequencies for clinical and pathological parameters of pure DCIS 

cases are included in Table 2-1.  

 



Chapter 2   Patients and Methods 

 

 

 

36 

 
Table 2-1: Clinicopathological parameters of pure DCIS cases 

Clinicopathological parameter Number (%) 

Age (years)* 

<40  
40 to 60 
>60  

 
32 (2.6) 

688 (55.1) 
529 (42.3) 

Presentation 

Screening 
Symptomatic 

 
748 (59.9) 
501 (40.1) 

Site** 

Localised 
Diffuse 

 
929 (85.3) 
160 (14.7) 

Size* 

<16mm 
16 to 40mm 
>40mm 

 
457 (36.8) 
484 (39.0) 
301 (24.2) 

Grade 

Low 
Intermediate 
High 

 
156 (12.5) 
333 (26.7) 
760 (60.8) 

 DCIS histologic type 

Single type 
Mixed types 

 
550 (44.0) 
699 (66.0) 

Associated LCIS 

Yes 
No 

 
120 (9.6) 

1129 (90.4) 

Associated Paget’s 

Yes 
No 

 
56 (9.2) 

550 (90.8) 

Management*** 

BCS 
Mastectomy 

 
642 (51.4) 
606 (48.6) 

Axillary surgery 

Sample 
Clearance 
No surgery 

 
559 (44.8) 

 4  (0.4) 
685 (54.8) 

Radiotherapy 

   Yes 
   No 

 
263 (21.1) 
986 (78.9) 

Recurrence 

Yes 
No 

 
93 (7.5) 

1156 (92.5) 

Type of recurrence 

DCIS 
Invasive disease 

 
33 (35.5) 
60 (64.5) 

 

DCIS: Ductal carcinoma in situ, LCIS: Ductal carcinoma in situ 
BCS: Breast conserving surgery 
*Age and size are according to Van Nuys Prognostic Index (VNPI) 
**Site; localised: DCIS is in one quadrant, Diffuse: DCIS is in more than one quadrant, 
***Management of DCIS as a final operation. 



Chapter 2   Patients and Methods 

 

 

 

37 

2.2 TMA construction 

The TMA technique brings revolutionary changes in high-throughput 

analysis by being able to handle up to several hundred samples in one 

slide with subsequent application of techniques such as 

immunohistochemistry to allow a diverse range of biomarkers to be 

studied (Ilyas et al., 2013). Using TMAs saves a considerable amount of 

time, and reagents, while attaining more standardised laboratory 

conditions (Dancau et al., 2010). TMAs can make working with and 

evaluation of IHC and other staining protocols faster and easier 

(Shergill and Arya 2004, Jawhar 2009). The steps of the TMA 

production included: collection of the study cohort to be arrayed; 

preparation of the recipient array blocks; designing the array grids; 

construction of the individual array blocks; and preparation of the array 

block for sectioning (Dancau et al., 2016). The initial tasks of preparing 

donor blocks and TMA design are the most critical parts of TMA 

construction and are therefore quite time consuming. TMA construction 

was performed mainly by the author. 

 

2.2.1 Collection of the study cohort, preparation of the donor 

blocks and their corresponding slides 

Searching for pure DCIS cases and those associated with invasion was 

carried out through different data storage pathology systems. Pulling 

and reviewing slides for DCIS cases was executed to confirm the 

diagnosis and select suitable cases for TMA construction. Using light 

microscopy, Haematoxylin & Eosin (H&E) tissue sections were 
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thoroughly scanned to select the most appropriate area of the DCIS 

tumour, avoiding necrotic tumour zones. 

A representative formalin-fixed paraffin-embedded (FFPE) tumour block 

(donor) for each patient’s specimen was retrieved from the tissue block 

archives. Priority was given to blocks containing viable tumour tissue 

and that were not frequently sectioned for previous studies (not less 

than 4mm in depth). A fresh full-face section of 4 micrometres (μm) 

thickness was cut from each block and stained with H&E and each slide 

was reviewed by the author using light microscopy to confirm the 

presence of the tumour and to identify the most representative areas 

suitable for array sampling. In cases where the block did not contain 

any tumour, insufficient tumour, or was thinner than 4mm, an alternative 

archive block for the patient was retrieved. Some cases were omitted 

from the arrays because either the block was thin or contained 

no/insufficient tumour with no alternative blocks in the archive. 

 

Digital slide scanning with a ‘Pannoramic’ digital slide scanner (250 

Flash III, 3DHISTECH®, Budapest, Hungary), followed by marking the 

representative tissue regions, was carried out (Figure 2-1), using 

‘Pannoramic Viewer’ software v 1.15.4 (3D HISTECH®, Budapest, 

Hungary). The Pannoramic Viewer enabled me to view the scanned 

slides and to mark the areas of interest (those non-necrotic with high 

tumour burden). Block layout design using the TMA Grand Master 

software v 2.8 (3D HISTECH®, Budapest, Hungary), followed by digital 

slide overlay and marker transfer, and finally punching from donor block 

into recipient block, was performed. 
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776 cases of pure primary DCIS with available FFPE tumour blocks 

were included in the TMA construction together with a series of 239 

cases diagnosed as synchronous DCIS and invasive tumours (mixed 

DCIS and IBC) collected for comparison. The former steps were 

performed by the author. 

 
Figure 2-1: A): Marking of DCIS lesions using 1mm circle diameter using 
Pannoramic Viewer software. B) Marking of a mixed DCIS lesion (green 1mm 
circle diameter) and invasive carcinoma (blue 0.6mm circle diameter). 

 

2.2.2 Preparation of the recipient array blocks 

Recipient blocks were prepared by using freshly poured empty paraffin 

blocks (5–10 mm deep) into which the tissue array cores were 

extruded. The recipient block was prepared by pouring molten (56–

58°C) regular paraffin wax into a mould, after which a tissue cassette 

was placed on top (Dancau et al., 2016). The complex was cooled on 

ice until hardened. The wax was checked for presence of air bubbles, 

striations or stress marks, and fault line, and it was ensured that wax 

covered the entire base of the cassette without surplus wax on the 

edges or back of the cassette (Lacombe et al., 2015). The block was 

trimmed smooth to ensure a flat surface using a microtome (Lacombe 
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et al., 2015). This step was performed with the help of the group 

technicians. 

 

2.2.3 Construction of the individual array blocks 

The ‘TMA Grand Master® (3D HISTECH®, Budapest, Hungary) was 

used for automated TMA production with a punch set of 0.6 and 1mm 

(Lacombe et al., 2015). Donor blocks were loaded, and automatic donor 

block labelling and aligning with the image was used.  

This was done by the author. 

 

2.2.4 Designing the array grids 

Selection of the TMA layout was made through selecting layout editor in 

the TMA grandmaster software v 2.8 (3D HISTECH®, Budapest, 

Hungary). Creation of a new layout followed by insertion of a new layout 

name was performed. Block size was inserted as a standard of 

24x35mm. Core size was set up to 0.6mm (for invasive tumours) and 

1mm (for DCIS) with 1mm insertion gap. Six replicates were prepared 

where possible, to allow for backup and compendsate for core loss if 

needed. Blocks were distinguished by version number, manually added 

to the block later. 

 

Each array was designed to contain 70 samples arranged in two groups 

(subarrays). The first group representing the upper half of the block 

contained 42 cores (six rows, seven columns), while the second/lower 

half of the block held 28 cores (four rows, seven columns). Cores in 

each subarray were arranged at a centred distance and the subarrays 

were separated by a single gap for orientation and macroscopic 
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identification of the TMA block. Additional orientation cores from normal 

kidney, liver and tonsil tissues were included outside of the geometric 

margin of the array on the top and bottom left-hand side. The 

orientation cores served as positive internal experimental controls 

(Figure 2-2). 

 

Great care was taken during documentation of both the donor block and 

the TMA position of each individual core. An array map grid was 

produced for each array block. Each grid contained the patients’ unique 

identifier and was arranged in the same sequence corresponding to its 

position in the array block. All the former steps were performed by the 

author. 

 

 

 

 

 

 

 

 

 

Figure 2-2: Block holding 1mm DCIS cores. Blue arrows point for the 
identification cores. 

 

2.2.5 Preparation of the array block for sectioning 

TMA blocks were heated at 37°C for 20 minutes to facilitate adherence 

and annealing of the tissue cores to the walls of the recipient holes and 

to make the wax flexible to handle. After warming the block, a clean 
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glass microscope slide was placed on top of TMA blocks and gently 

pushed all tissue cores into the block for paving them with the surface 

and to smoothen the block surface. Using a microtome, 4μm sections 

were cut from TMA blocks on to permanent positively-charged glass 

slides (Surgipath, X-tra™ Adhesive, Peterborough, UK), using the 

standard microtome sectioning technique. The initial section from each 

block was stained in H&E for quality control purposes to ensure 

histology and efficient construction steps (Figure 2-3). This step was 

performed with the help of the group technicians. 
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Figure 2-3: H&E sections of DCIS TMA. A) Overview of 1mm needle core 
diameter TMA, (B, C and D) DCIS TMA cores representing different 
histopathological patterns; cribriform, solid and associated necrosis. 

 

2.3 Literature-based selection of biomarkers 

A plethora of studies have been conducted to unravel the diverse 

molecular and biological nature of DCIS. A thorough review of the 

literature was performed regarding different proteins and molecular 

markers closely relevant to DCIS progression in published studies, 

which used different techniques and tissue platforms. Studies 

conducted using gene microarrays, in vitro studies utilising in situ and 

IBC cell lines, in-vivo animal models for inoculates from breast cancer 

cell lines of varying malignant/aggressive potentials (Johnson et al., 

2012, Gorringe et al., 2015, Rane et al., 2015), as well as those studies 

using conventional FFPE clinical specimens were reviewed (Elias et al., 

2016, Meng et al., 2016). 

 

The human proteome is composed of approximately 20000 different 

proteins resulting from translation of protein-coding genes (Clamp et al., 

2007). Following translation, many proteins are subject to post-

translational modifications. The development of cancer is driven by the 

acquisition of somatic genetic alterations, including single-base 

substitutions, translocations and CNAs (Futreal et al., 2004, Stuart and 

Sellers 2009). The genomic instability of cancer cell genome fuels this 

diversity in cellular proteome. 

 



Chapter 2   Patients and Methods 

 

 

 

44 

A powerful way to discover key genes playing causal roles in 

oncogenesis is to identify genomic regions that undergo frequent 

alteration in human cancers. Somatic copy-number alterations (SCNAs) 

are extremely common in cancer (Baudis 2007, Beroukhim et al., 2010). 

Therefore, proteins involved in tumour progression are anticipated to be 

highly diverse, integrated in complex interrelated networks of proteins 

and molecular pathways. Bearing in mind that some proteins may play 

a key role in carcinogenesis and tumour progression makes these 

proteins ‘master regulatory‘ proteins. Therefore, a panel of molecular 

markers of potential roles in DCIS progression has been proposed and 

subject to scrutiny. 

Accordingly, the rationale behind choosing certain biomarkers out of a 

myriad in the literature, while omitting others, was based on: A) 

molecules used to determine the hormonal status of the patients (ER 

and PR); B) a well-known oncogene used for characterisation of IBC 

(HER2); C) molecules reflecting the proliferative fraction of the tumour, 

e.g. Ki67; D) molecules that might have a role in tumour progression or 

being involved in the carcinogenic cascade with copy number 

aberrations (CNAs), which may function as tumour suppressor and 

transcription factor, e.g. Thioredoxin Interacting Protein (TXNIP); cell 

cycle regulator, e.g. aurora kinase A (AURKA), microtubule nucleation 

factor, TPX2 and oncogene, e.g. SRC proto-oncogene. 

 

2.4 Validation of antibody specificity: Western blot 

Western blotting (WB) was performed to determine the specificity of the 

antibodies used in IHC; it was performed by the author. A mixture of cell 



Chapter 2   Patients and Methods 

 

 

 

45 

lysates from six cell lines (MCF-7, MD-MBA-231, 293, SKBR3, HeLa, 

and Jurkat) was used to reflect the expression of the selected proteins. 

All western blot steps were performed by the author. 

 

2.4.1 Preparation of samples, electrophoresis and transfer  

Cell line lysate was prepared in a maximum volume of 30 μL (19.5μl of 

lysate, 7.5μl of NuPAGE LDS sample buffer (4x), and 3μl of reducing 

agent, 10x); all reagents were from Novex Life Technologies. This 

mixture was heated for five minutes at 100°C and left to cool on ice. 

The prepared sample was loaded on to 10% SDS–NuPAGE (4–12%) or 

(3–8% Tris-Acetate gels for detection of high molecular weight (HMW) 

proteins (Novex Life Technologies) in 20x MOPS running buffer (Novex 

Life Technologies) or Tris-Acetate SDS Running buffer 20x (for HMW 

proteins). The pre-stained Thermo Scientific PageRuler Plus Protein 

Ladder 26619 was used as a molecular weight standard and gels were 

run at 150 volts for 90 minutes. Proteins were transferred to a Hybond-

P PVDF nitrocellulose membrane by wet transfer and electro-blotting at 

30 volts for one hour in transfer buffer. For blocking, the membranes 

were incubated in Phosphate Buffered Saline (PBS, Sigma) containing 

0.1% Tween-20 (Sigma, P 2287), and 5% non-fat dry milk (Marvel dried 

skimmed milk, UK) for 60 minutes. The membrane was washed three 

times with PBS Tween-20 (TPBS) and incubated with the primary 

antibody overnight at 4°C using the optimal concentration as instructed 

by the manufacturer (Table 2-2); β-actin was used as a positive control. 

 

Membranes were washed with TPBS (3×five minutes) and incubated 

with the secondary antibody; florescent secondary antibody was used 
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(anti-mouse or anti-rabbit, Licor Biosciences), in a concentration of 

(1:15000). The membrane was washed three times with TPBS. For 

fluorescence, the membrane was visualised using the Odyssey Infrared 

Imaging System (LI-COR Biosciences, Nebraska, USA). 

 

Table 2-2: Specificity of the selected antibodies for the project 

Antibody Molecular Weight (KDa) Concentration Supplier 

TXNIP 44 1:1000 Abcam 

AURKA 23,40 1:500 Abcam 

TPX2 86 2ug/ml Abcam 

SRC 69, 59  1:250 Sigma 

β-actin 42 1:5000 Sigma 

 

TXNIP: Thioredoxin interacting protein, AURKA: Aurora kinase A, TPX2: Targeting 
protein for Xenopus kinesin-like protein 2, SRC: Non-receptor tyrosine kinase.  

 

2.5 Immunohistochemistry (IHC) 

2.5.1 Optimisation 

Optimisation of the staining conditions for each antibody (Table 2-3) 

was performed by changing several variables in the staining protocol 

until the optimal result was obtained. These variables include: 1) dilution 

of the antibody, starting with the dilution recommended by the 

manufacturer plus dilutions above and below (e.g. in case of 

recommended 1: 100 dilution, I tried 1:100, 1:50, 1:25, 1:150, 1:200); 2) 

antigen retrieval solution: microwave pre-treatment in citrate buffer at 

pH 6.0, or water bath pre-treatment in EDTA buffer solution EDTA 

Buffer (AR9640, BondTM Epitope Retrieval Solution 2), pH 9.0. 
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Ideally, an antibody with specific staining of the cells showing 

immunoreactivity within the specific cellular location (membranous, 

cytoplasmic, or nuclear) with no or minimal background staining would 

allow the most accurate evaluation of its protein expression status. This 

was obtained through finding the optimum antibody concentration by 

applying serial dilutions of the antibody to sequential sections of breast 

tissue (Table 2-3). All the staining procedures including optimisation 

were performed by the author except ER staining, which was performed 

by the Histopathology department, Queen’s Medical Centre, 

Nottingham. 

 

2.5.2 IHC technique 

IHC was performed on 4μm tissue or TMA sections mounted on 

permanent positively-charged glass slides (Surgipath, X-tra™ Adhesive, 

Peterborough, UK). Unless otherwise stated, for antibodies studied, 

sections were stained using Novolink™ Polymer Detection System 

(RE7150-K). To confirm adhesion of tissue sections with the slide 

surface, sections were placed on a hot plate (60°C) for ten minutes and 

left to cool. Slides were dewaxed in xylene (Genta Medica, York, UK) 

twice for five minutes, rehydrated thrice in Industrial Methylated Spirit 

(IMS) or methanol (two minutes/each) followed by five minutes in 

running tap water. 

 

Heat-induced retrieval of antigen epitopes was performed, when 

required, by Whirlpool JT359 microwave (1000 W) treatment of the 

slides in one litre of 10mM sodium citrate buffer (pH 6.0), using full 

power for 20 minutes. Slides were cooled for ten minutes under a 
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continuous stream of tap water and were rinsed with Tris Buffered 

Saline (TBS) (0.05 mol/L Tris HCL, 0.15 mol/L NaCl; pH 7.6). 

Endogenous peroxidase activity was blocked by incubation of the slides 

in peroxidase block (RE7101, 3–4% Hydrogen peroxide) for five 

minutes, protein block (RE7102, 0.4% casein in phosphate-buffered 

saline, with stabilisers, surfactant, and 0.2% Bronidox L as a 

preservative) for five minutes and primary antibodies, optimally diluted 

using Leica antibody diluent (AR9352), were added. Each of these 

steps was followed by washing 3×five minutes with TBS-Tween 20 

0.1%. Post primary block (RE7111, Rabbit anti-mouse IgG (<10 μg/mL) 

in 10% animal serum in TBS/0.09% ProClinTM 950) was incubated for 

30 minutes followed by 3×five minutes washing with TBS-Tween-20 

0.1% and then Novolink Polymer (RE7112, Anti-rabbit Poly-HRP-IgG 

(<25μg/mL) containing 10% animal serum in TBS/0.09% ProClinTM 950) 

was added for 30 minutes and followed by the same washing. 3,3’-

Diaminobenzidine (DAB) working solution [(DAB chromogen, RE7105, 

1.74% w/v 3,3’-diaminobenzidine, in a stabiliser solution) and DAB 

substrate buffer (RE7143, buffered solution containing ≤0.1% hydrogen 

peroxide and preservative) of a ratio 1:20] was added for five minutes, 

3×five minutes washing then was followed by counterstaining with 

Haematoxylin (RE7107, <0.1% haematoxylin) for six minutes. The 

slides were dehydrated with alcohol and cleared with xylene (Genta 

Medica, York, UK). Finally, slides were mounted with Distyrene, a 

Plasticizer, and Xylene (DPX). 
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For ER, sections were stained using the Ventana Benchmark® ULTRA 

system (Tucson, Arizona, USA) with the Ventana anti-ER (SP1) rabbit 

monoclonal primary antibody as per the recommended protocol. The 

primary antibody was applied for 16 minutes at 37°C followed by the 

OptiView HQ Linker for eight minutes and the OptiView HRP Multimer 

for eight minutes. 

 

Negative as well as positive controls were included with every staining 

run during staining of each antibody. A negative control was obtained 

by omitting the primary antibody and incubating slides in antibody 

diluent only. Additionally, tissues with known reactivity to each antibody 

according to the supplier’s data sheet were used as a positive control 

(Table 2-3).
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Table 2-3: Optimum conditions, expression localisation and cut-off values of the selected antibodies 

Antibody Supplier Species Clone Dilution Pre-

treatment 

Incubation 

time 

Positive control IHC 

Localisation 

Cutoff values Method for cut-off 

determination 

ER Ventana Rabbit monoclonal SP1 N/A N/A 16 minutes Internal/ normal breast 

ducts 

Nuclear Negative (0), 
Positive (≥1%) 

(Hammond et al., 
2010a) 

PR Agilent Mouse monoclonal PgR636 1:150 Microwave 30 minutes Internal/normal breast 

ducts 

Nuclear Negative (0), 
Positive (≥1%) 

(Hammond et al., 
2010a) 

HER2 DAKO Rabbit polyclonal - 1:400 - 30 minutes BC tissue Membranous Negative (<10%), 
Positive (≥10%) 

(Wolff et al., 2013) 

Ki67 DAKO Mouse Monoclonal MIB-1 1:100 Microwave 1 hour Tonsil tissue Nuclear Negative (<14%), 
Positive (≥14%) 

(Cheang et al., 
2009) 

P53 Leica 

Novocastra 

Mouse monoclonal DO7 1:50 Microwave 30 minutes BC tissue Nuclear Inactivating 
mutation (0), 

Normal (1-50%), 
Missense mutation 

(>50%) 

(Kobel et al., 2010) 

TXNIP abcam Rabbit monoclonal EPR14774 1:3000 Microwave 30 minutes Kidney/Tonsil tissue Cytoplasmic ≥185 (H score) X-Tile 

AURKA abcam Rabbit polyclonal - 1:50 Microwave Overnight/4°C Tonsil tissue Nuclear Negative (<30%), 
Positive (≥30%) 

X-Tile 

TPX2 abcam Mouse monoclonal 18D5-1 1:150 Microwave 30 minutes Testis tissue Nuclear Negative (<25%), 
Positive (≥25%) 

X-Tile 

SRC Sigma Rabbit polyclonal - 1:75 Microwave Overnight/4°C Testis tissue Cytoplasmic ≥100 (H score) X-Tile 

 
ER: Oestrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor receptor 2, P53: Tumour suppressor p53, TXNIP: 
Thioredoxin interacting protein, AURKA: Aurora kinase A, TPX2: Targeting protein for Xenopus kinesin-like protein 2, SRC: non-receptor tyrosine 
kinase.  
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2.5.3 Assessment of immunoreactivity 

Prior to the application of antibodies to the TMA using IHC, I performed 

staining of ten full-face sections (FFS) from FFPE invasive breast 

cancer tissues mixed with DCIS with each primary antibody to assess 

the homogeneity of immunoreactivity in terms of staining intensity and 

distribution. For all the studied biomarkers, I only proceeded to apply 

each of the candidate antibodies on TMA when staining homogeneity 

was ensured. Therefore, all candidate biomarkers were studied on TMA 

sections except Ki67, which showed heterogeneous distribution of 

staining positivity, and poor concordance between Ki67 assessed on 

TMA and FFS. Accordingly, Ki67 was assessed on three replicates of 

the TMA, by quantifying positively stained nuclei in 100 tumour 

cells/core, to compensate for the discrepancy and the final score was 

taken as average (Muftah et al., 2017). Previous studies have validated 

the use of one TMA core to study the expression of tumour markers in a 

large series (Torhorst et al., 2001). 

 

High-resolution digital images (0.45μm/pixel) of stained slides were 

obtained using a NanoZoomer slide scanner (Hamamatsu Photonics, 

Welwyn Garden City, UK) and accessed using Pannoramic viewer 

software v 1.15.4 (3D HISTECH®, Budapest, Hungary). 

Immunoreactivity was manually assessed at 20x magnification using a 

minimum of a 24” high-resolution screen (1920x1080). 

 

Each TMA core was assessed as to whether DCIS/invasive tumour 

occupied >15% of the total area of the core, to ensure that the TMA 
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core is representative of the whole tumour. If this was the case, the core 

was eligible for scoring. Histo-score (H-score) (McCarty et al., 1985), 

was the main scoring system used, taking into consideration the 

intensity (0=negative, 1=weak, 2=moderate and 3=strong staining) and 

the percentage of stained tumour cells (0-100%). The intensity was 

multiplied by the percentage and added together to obtain the final H-

score with a range from 0–300. Cases with multiple cores were scored 

and the average H-score was used as the final H-score. All cases were 

scored without prior knowledge of patients’ pathological or outcome 

data. 

 

Scoring TMA cores stained by HER2 was performed using HercepTest 

(Wolff et al., 2013), according to the manufacturer’s recommendation: 

DAKO protocol (DAKO Corporation, Glostrup, Denmark). Each core 

was placed into one of four categories (0, 1+, 2+, or 3+). Tumours with 

a complete absence of membrane staining, or in which membrane 

staining is observed in <10% of the tumour cells, were scored as 0. 

Those with faint/barely perceptible, incomplete membranous staining 

detected in >10% of tumour cells were classified as 1+. Tumours with 

either weak to moderate complete membranous staining in >10% of the 

tumour cells were classified as 2+, while those with strong, complete 

membranous staining in >10% of the tumour cells were classified as 3+. 

Aberrant p53 staining was determined based on eyeballing the 

percentage and the staining pattern of p53 in tumour cell nuclei. 

Assessment of the other selected biomarkers was done by the semi-
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quantitative H score (for TXNIP and SRC) or eyeballing the percentage 

of the positively stained tumour cell nuclei (for AURKA and TPX2).  

2.5.4 Determination of the cut-off points 

Cut-off values for the dichotomisation of biomarkers were individually 

assessed and determined by several methods: 1) using cut-offs from 

previous studies that assessed a large amount of data if available; 2) 

using either the mean or median according to the distribution of data, 

whether normally or not normally distributed, respectively; or 3) using a 

non-commercial research tool: X-tile software (version 3.6.1, 2003-

2005, Yale University, USA http://x-tile.software.informer.com). This 

software randomly divides the total patient cohort into two separate 

equal training and validation sets by producing separate lists of 

‘censored’ and ‘uncensored’ observations, ranked by patients’ follow-up 

time. Those patients who developed ipsilateral local recurrence were 

considered as uncensored, while patients who did not develop local 

recurrence or lost follow-up during this study were censored during the 

analysis. The optimal cut-off points were determined by locating the 

brightest pixel on the X-tile plot diagram of the training set. Statistical 

significance was tested by validating the obtained cut-point to the 

validation set (Camp et al., 2004) with corrected p value and relative 

risk against local recurrence-free survival (Camp et al., 2004, Dolled-

Filhart et al., 2006). Information regarding the stained antibodies in this 

study, their expression and their cut-offs is given in Table 2-3. 

 

http://x-tile.software.informer.com/
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2.6 Chromogenic in situ hybridisation for HER2 

HER2 gene amplification is primarily detected by in situ hybridisation 

and CISH is an introduced alternative method to FISH (Zhao et al., 

2002). The performance of CISH in HER2 testing has rarely been 

tested in series studies, so it is aimed to characterise HER2 status 

using IHC and CISH in DCIS and assess its prognostic value in a large 

and well-annotated cohort. CISH staining and assessment was 

performed by the author. 

 

HER2 gene amplification was determined by CISH using the ZytoDot 

2C SPEC ERBB2/CEN 17 Probe Kit, (ZytoVision®, Germany). TMA 

sections were deparaffinised and incubated for ten minutes (at 70°C on 

thermal plate) followed by dewaxing in xylene (2×five minutes), and 

then serial ethanol dilutions (each five minutes). Incubation of the slides 

with hydrogen peroxide (H2O2) (3%, for five minutes) is followed by 

washing in distilled water (D.W) Treatment of the slides by pre-heated 

pre-treatment solution EDTA (PT2) for 15 minutes was performed, 

followed by immediate transfer into D.W (2×two minutes each). 

Enzymatic digestion was carried out by drop-wise application of pepsin 

solution (ES1) to the tissue sections and incubation for five minutes at 

room temperature (RT) in a humidity chamber. After a wash in D.W, 

slides were dehydrated with graded ethanol followed by air drying. A 

ready to use DNA probe (ZytoDot 2C SPEC ERBB2/CEN 17 Probe, 

PD12) was applied to the slides (10μl per slide) and cover-slipped 

(22x22mm) then sealed with a layer of rubber cement. The sections 

were denatured on a thermal plate (80°C for five minutes), and 
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hybridisation was carried out overnight at 37°C in a humidity chamber. 

After hybridisation, the cover slip was removed, and slides were 

washed twice (each five minutes) with wash buffer SSC (WB1) (first 

wash at room temperature, and the second heated to 75°C). After two 

washes in D.W (one minute each), slides were immersed into 1x wash 

buffer TBS (prepared using WB5). The HER2 probe was detected by 

sequential incubation with anti-digoxigenin DIG/DNP-Mix (AB14) for 15 

minutes (at 37°C in a humidity chamber), peroxidase polymer 

horseradish peroxidase HRP/AP-Polymer-Mix (AB13) for 15 minutes (at 

37°C in a humidity chamber), AP-Red Solution B (SB6b) for 15 minutes 

(at room temperature) and HRP-Green Solution A (SB7a) for 15 

minutes (at room temperature). Counter-staining was achieved by 

Nuclear Blue Solution (CS2) for two minutes followed by washing and 

dehydration in absolute ethanol followed by xylene. Covering the slides 

(22x22mm cover slips) using Alcoholic Mounting Solution (MT4) and 

air-dry slides for 30 minutes was the final step. 

 

2.7 Conventional statistical approach 

Statistical analysis was performed using SPSS 24.0 statistical software 

(SPSS Inc., Chicago, IL, USA) and distribution of the biomarkers’ 

graphs are generated by R studio software (v 1.1.463 – © 2009-2018 

RStudio, Inc). For all statistical tests, a p value <0.05 (two-sided) was 

considered significant. The following statistical methods were used: 
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2.7.1 Univariate analysis with clinicopathological parameters  

Analysis of continuous variables was performed using the appropriate 

statistical test (e.g. t-test, Mann-Whitney U test, ANOVA test). Chi-

squared analyses were used for inter-relationships between categorical 

variables (e.g. biomarker expression and clinicopathological variables). 

Inter-class correlation coefficient was used for inter-rater concordance 

(as continuous values) and Kappa test for the concordance rate as a 

categorical values. 

 

2.7.2 Univariate analysis with outcome  

Survival estimates for patients’ local recurrence-free survival (LRFS) 

were analysed by the Kaplan-Meier method with significance 

determined by the log rank test. 

 

2.7.3 Multivariate analysis with patients’ outcome  

Multivariate analysis was performed by Cox proportional hazard 

analysis to test for confounders and prognostic or predictive 

independency of the studied biomarker from standard 

prognostic/predictive factors. 

 

All statistical analyses were performed by the author.
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3 Morphological and Clinical Characterisation of 

DCIS 
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3.1 Introduction 

3.1.1 Incidence of DCIS 

Pure DCIS represents approximately 10% of all breast carcinomas 

(Sakorafas et al., 2008). The breakthrough of molecular techniques 

shows that DCIS is not a single disease; rather, it is a heterogeneous 

group of diseases. Such heterogeneity is reflected in tumour behaviour 

and, ideally, the management approach needs to be designed 

accordingly to decease risk of progression and/or recurrence 

(Fallowfield et al., 2016, Mathew et al., 2017). 

 

3.1.2 Treatment of DCIS 

RT following BCS decreases the risk of recurrence although clear 

guidelines for its indications in specific risk groups continue to be 

debated (McCormick et al., 1991, Rampaul et al., 2001, Dodwell et al., 

2007, Holmberg et al., 2008, Donker et al., 2013, Farante et al., 2014, 

Kim et al., 2014, McCormick et al., 2015). Over- or under-treatment of 

DCIS remains a problem and numerous trials have been performed to 

assess more personalised therapy (Elshof et al., 2015, Francis et al., 

2015). 

 

3.1.3 Factors affecting the outcome of DCIS 

Various factors affecting outcome of treated DCIS have been analysed 

and different risk groups can be stratified accordingly, aiding treatment 

decisions (Silverstein 2003a). Age at diagnosis, clinical presentation, 

nuclear grade and tumour size, resection margin status are well-
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recognised factors used for this purpose. The VNPI is a popular risk 

assessment tool combining patient age, lesion size, nuclear grade and 

margin status for treatment decisions (Table 3-1) (Boland et al., 2003, 

Silverstein 2003b). 

 

Table 3-1: Modified Van Nuys Prognostic Index (VNPI) suggested treatment 
options 

Score Treatment option 

Low (score 4, 5, 6) Excision alone 

Intermediate (score 7, 8, 9) Excision with RT 

High (score 10, 11, 12) Mastectomy 

 
 

Optimal extent of free surgical resection margins after BCS is still 

controversial. A UK survey in 2007 identified that approximately half of 

surgeons aim for a free margin of more than 2mm (Young et al., 2007). 

In 2016, the Society of Surgical Oncology, American Society for 

Radiation Oncology and American Society of Clinical Oncology 

published consensus guidelines on margins for BCS with whole-breast 

irradiation in DCIS is a 2mm free surgical margin (Morrow et al., 2016). 

Positive or close margins are the main indication for surgical re-excision 

or completion mastectomy after primary surgery for DCIS (Holland et 

al., 1998, Dillon et al., 2007, Wei et al., 2012). 

 

3.2 Hypothesis and aims 

In this chapter, it is hypothesised that different clinicopathological 

factors of DCIS patients are important predictors of DCIS behaviour and 
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could predict patient outcome, particularly if they are studied on a large 

number of patients. Therefore, the aim was to collect a large cohort of 

DCIS patients treated in a single institution and correlate their 

clinicopathological characteristics with the outcome. 

 

3.3 Patients and methods 

Pure DCIS cases diagnosed between 1987–2017 at the Nottingham 

Breast Institute were identified and included in this chapter (n=1,249). 

Clinicopathological characteristics together with patient outcome data 

was collected (Chapter 2). Correlations between different 

clinicopathological parameters of DCIS patients and factors contributing 

to patient outcome were studied. 

 

3.4 Results 

3.4.1 Data analysis 

A total of 1,249 primary DCIS cases were included into the analysis; 

748 women (60%) were diagnosed by screening. High nuclear grade 

was observed in 61% of cases, while comedo type necrosis was 

recorded in two thirds of cases (67%). Solid DCIS was the predominant 

histological type, either in pure form or mixed with other morphological 

types, and represented 58% of cases. Paget’s disease was observed in 

56 cases (9%) (Table 3-2 and Figure 3-1). 

 

As the most significant change in the margin status was introduced in 

2008, this time point was used to compare the old and recent series of 

DCIS in this study. After 2008, a significant reduction in the rate of 
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mastectomy as the first operative choice for DCIS management was 

observed (p=0.015), along with a marked decrease in the rate of re-

excision to 37% vs 58% prior to 2008 (p<0.0001). 

3.4.1.1 Correlation between clinicopathological factors associated 

with the selection of type of primary surgery for DCIS 

management 

With regard to DCIS management, 824 cases (66%) were treated 

primarily with BCS, while mastectomy was performed in 424 cases 

(34%). The former was the first choice for those who were diagnosed by 

screening (p<0.0001), with localised DCIS lesions (p<0.0001), DCIS 

size less than 16mm (p<0.0001), with no associated solid, cribriform, 

papillary or micropapillary DCIS (p=0.030, p=0.002, p=0.002 and 

p=0.008, respectively). However, mastectomy was the choice for high 

grade tumours and DCIS associated with comedo necrosis (both 

p<0.0001) (Table 3-3). 

 

3.4.1.2 Factors affecting re-excision of DCIS 

After primary BCS, 306 cases (39%) showed positive margins (tumour 

on ink), while 75 cases (10%) showed close margins less than 2mm. 

Margin of more than 10mm was observed in 20% of cases. Over the 

entire study period, half of the DCIS cases treated with BCS underwent 

re-excision (n=414). The re-operation was either in the form of further 

conservation surgery (n=232) or completion mastectomy (n=182) 

(Table 3-4). 
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Several factors influenced the rate of re-excision, including patient’s age 

(p=0.028), patient presentation (p<0.0001), tumour localisation 

(p=0.003), DCIS size (p<0.0001), comedo necrosis (p=0.009), solid 

DCIS (p<0.0001), micropapillary DCIS (p<0.0001), resection margins’ 

width (p<0.0001) and VNPI (p<0.0001) (Table 3-5). Figure 3-2a shows 

the rate of re-excision with regard to margin status. It is noteworthy that 

196 (47%) of those who underwent re-excision were of low and 

intermediate grade. Moreover, 10% of those who had a second 

operation were of low-risk VNPI (Figure 3-2b and Figure 3-2c show the 

rate of re-excision in the context of tumour grade and risk groups). 

 

Completion mastectomy was more likely to be recommended for 

younger women (p=0.018), with symptomatic DCIS (p<0.0001), multiple 

DCIS lesions or involving more than one breast quadrant (p=0.005), 

with DCIS more than 4cm in maximum diameter (p<0.0001), positive 

surgical margin (p<0.0001) and high-risk DCIS according to VNPI 

(p<0.0001). (Table 3-6). 

  

3.4.1.3 Clinicopathological factors associated with presence of 

residual tumour in the re-excision operation 

Residual tumour tissue was detected in 218/414 cases (53%) who had 

re-excision surgery. Presence of residual tumour tissue in the re-

excised specimens was associated with DCIS presenting 

symptomatically (p<0.0001), larger tumour size (p<0.0001), positive 

surgical margin (p=0.015) and high-risk VNPI (p<0.0001). Patients who 

underwent a second re-excision operation showed a higher rate of 
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residual tumour tissue than those who had completion mastectomy 

(p<0.0001). Table 3-7 shows the different factors associated with the 

presence of residual tumour tissue in the re-excision and completion 

mastectomy specimens. 

 

VNPI was assessed for all cases treated with BCS after the first 

operation (n=824) and the risk score was calculated (mean score was 

7.7±1.7, range 4–12). Low-risk DCIS was observed in 195 cases (25%), 

with 470 cases (60%) assigned as moderate risk and 118 cases (15%) 

being high-risk DCIS. VNPI could not be assessed in 41 cases due to 

one or more of the index parameters being missing. 

 

3.4.1.4 Association of adjuvant radiotherapy and the 

clinicopathological factors 

263 out of 642 patients (41%) treated with BCS as a final surgery 

received post-operative RT. Its use was associated with aggressive 

DCIS features including large tumour size (p<0.0001), higher tumour 

grade (p<0.0001), presence of comedo type necrosis (p<0.0001) and 

close surgical margins (p=0.015) (Table 3-8). 

 

Management of DCIS showed significant changes with acceptance of 

smaller margins, improving quality of imaging detection of DCIS and 

more frequent use of local RT. Figure 3-3 shows details of the trends of 

primary and final BCS, RT, re-excision and local recurrence rates. 
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3.4.2 Axillary lymph node surgery 

Axillary lymph node surgery was performed for 563 (45%) patients (559 

axillary sample while axillary clearance was performed in four cases). 

Eighty-five per cent of axillary lymph node surgery was carried out for 

patients treated with mastectomy compared to 15% for patients treated 

with BCS. Large DCIS size, high nuclear grade and presence of 

comedo necrosis (all p <0.0001) were associated with an increased rate 

of axillary lymph node surgery (Table 3-9). 

 

3.4.3 Factors influencing the development of local 

recurrence 

Within the median follow-up period of 103 months, 93 cases were 

reported to develop recurrence. Recurrence as DCIS occurred in 35% 

(n=33) of recurrent cases while approximately two thirds (n=60; 65%) 

recurred as invasive disease. 

 

Patients treated with BCS alone had the worst prognosis in terms of 

tumour recurrence compared to patients treated with either mastectomy 

or BCS with adjuvant RT (p<0.0001), Figure 3-4. 

 

In patients treated with BCS, local recurrence-free survival was 

associated with tumour site; localised or diffuse (p=0.023), tumour size 

(p=0.041), grade (p=0.020), cribriform and papillary DCIS (p=0.042 and 

0.046, respectively) and adjuvant radiotherapy (p=0.004) (Table 3-10). 

 

Multivariate analysis showed that diffuse tumours occupying more than 

one breast quadrant (p=0.040), large tumour size (p=0.045), high 
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nuclear grade (p=0.009), papillary DCIS (p=0.004) and no adjuvant 

radiotherapy (p=0.038) are independent predictors of tumour 

recurrence in patients treated with BCS (Table 3-11). 
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Figure 3-1: Distribution of DCIS cases diagnosed from 1987–2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2: Frequency of re-excision after primary breast conserving surgery in relation 
to: A) margin status; B) tumour grade; and C) Van Nuys Prognostic Index (VNPI) risk 

A B 
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groups. A considerable percentage of low and intermediate grade as well as low-risk 
DCIS underwent re-excision. 

 

Figure 3-3: The annual rates, over the period between 1987–2017, of: A) breast 
conserving surgery (BCS), showing the higher rates of BCS as a primary surgical 
choice over the years; B) shows the comparable rates of final BCS after re-excisions – 
obviously, over the last ten years, the rates of BCS exceed the rates of mastectomy; C) 
post-operative adjuvant radiotherapy – a significant increase of radiotherapy use post-
operatively after 2000 is observed; D) re-excision; and E) recurrence after primary BCS 
(a significant decrease in both re-excision and recurrence is observed over the last ten 
years).   

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4: Kaplan-Meier curve shows the effect of different treatment modalities on the 
development of local recurrence. Patients treated with breast conserving surgery (BCS) 

-------- BCS only (n=379) 
-------- BCS & RT (n=263) 
-------- Mastectomy (n=606) 
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without adjuvant radiotherapy (RT) have the worst prognosis compared to those who 
received radiotherapy or were treated with mastectomy.
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Table 3-2: Clinicopathological parameters of the primary DCIS cohort 

Parameter 
Total 

(n=1249) 
N (%) 

DCIS 
Diagnosed 
1987-2008 

(n=803) 
N (%) 

DCIS 
diagnosed 
2009-2017 

(n=446) 
N (%) 

 
X2 

p-value 

Age (years)* 

<40 
40 to 60 
>60 

 
32 (2.6) 

688 (55.1) 
529 (42.3) 

 
24 (3.0) 

467 (58.2) 
312 (38.8) 

 
8 (1.8) 

221 (49.6) 
217 (48.6) 

11.9 
0.003 

Presentation  

Screening 
Symptomatic 

 
748 (59.9) 
501 (40.1) 

 
452 (56.3) 
351 (43.7) 

 
296 (66.4) 
150 (33.6) 

11.8 
0.001 

Site** 

Localised  
Diffuse 

 
929 (85.3) 
160 (14.7) 

 
590 (88.2) 
79 (11.8) 

 
339 (80.7) 
81 (19.3) 

11.5 
0.001 

Size* 

<16mm  
16 to 40mm 
>40mm 

 
457 (36.8) 
484 (39.0) 
301 (24.2) 

 
308 (38.7) 
304 (38.2) 
184 (23.1) 

 
149 (33.4) 
180 (40.4) 
117 (26.2) 

3.6 
0.160 

Grade  

Low 
Intermediate 
High 

 
156 (12.5) 
333 (26.7) 
760 (60.8) 

 
109 (13.6) 
185 (23.0) 
509 (63.4) 

 
47 (10.5) 

148 (33.2) 
251 (56.3) 

16.8 
<0.0001 

Comedo necrosis  

No 
Yes 

 
409 (32.7) 
840 (67.3) 

 
280 (34.9) 
523 (65.1) 

 
129 (28.9) 
317 (71.1) 

4.6 
0.032 

Solid DCIS 

No  
Pure 
Mixed with other types 

 
529 (42.4) 
291 (23.3) 
429 (34.3) 

 
406 (50.6) 
164 (20.4) 
233 (29.0) 

 
123 (27.6) 
127 (28.5) 
196 (43.9) 

62.3 
<0.0001 

Cribriform DCIS 

No  
Pure 
Mixed with other types 

 
649 (52.0) 
114 (9.1) 

486 (38.9) 

 
444 (55.3) 

75 (9.3) 
284 (35.4) 

 
205 (46.0) 

39 (8.7) 
202 (45.3) 

12.1 
0.002 

Papillary DCIS 

No  
Pure 
Mixed with other types 

 
1127 (90.2) 

42 (3.4) 
80 (6.4) 

 
729 (90.8) 

26 (3.2) 
48 (6.0) 

 
398 (89.2) 

16 (3.6) 
32 (7.2) 

0.8 
0.663 

Micropapillary DCIS 

No  
Pure 
Mixed with other types 

 
916 (73.4) 

79 (6.3) 
254 (20.3) 

 
594 (74.0) 

53 (6.6) 
156 (19.4) 

 
322 (72.2) 

26 (5.8) 
98 (22.0) 

1.3 
0.520 

Associated Paget’s  

No  
Yes 

 
550 (90.8) 

56 (9.2) 

 
390 (90.1) 

43 (9.9) 

 
160 (92.5) 

13 (7.5) 

0.7 
0.361 

Management*** 

Mastectomy 
BCS 

 
424 (34.0) 
824 (66.0) 

 
292 (36.4) 
510 (63.6) 

 
132 (29.6) 
314 (70.4) 

5.9 
0.015 

Margin width 

Positive (Tumour on ink) 
<2mm 
≥2mm 

 
306 (38.9) 

75 (9.5) 
406 (51.6) 

 
232 (48.5) 

31 (6.5) 
215 (45.0) 

 
74 (23.9) 
44 (14.3) 

191 (61.8) 

72.5 
<0.0001 



Chapter 3   Morphological and clinical characterisation of DCIS 

 

 

70 

Re-excision 

Yes 
No 

 
414 (50.2) 
410 (49.8) 

 
298 (58.4) 
212 (41.6) 

 
116 (36.9) 
198 (63.1) 

 
35.9 

<0.0001 

Type of re-excision 

Re excision  
Mastectomy  

 
232 (56.0) 
182 (44.0) 

 
159 (53.4) 
139 (46.6) 

 
73 (62.9) 
43 (37.1) 

 
3.1 

0.078 

Residual Tumour 

No 
Yes 

 
196 (47.3) 
218 (52.7) 

 
150 (50.3) 
148 (49.7) 

 
46 (39.7) 
70 (60.3) 

 
3.8 

0.051 

Management**** 

Mastectomy  
BCS 

 
606 (48.6) 
642 (51.4) 

 
431 (53.7) 
371 (46.3) 

 
175 (39.2) 
271 (60.8) 

 
24.1 

<0.0001 

Radiotherapy§ 

Yes 
No 

 
263 (41.0) 
379 (59.0) 

 
92 (24.8) 

279 (75.2) 

 
171 (63.1) 
100 (36.9) 

 
127.1 

<0.0001 

VNPI 

Low risk 
Moderate risk 
High risk  

 
195 (24.9) 
470 (60.0) 
118 (15.1) 

 
105 (22.2) 
288 (60.8) 
81 (17.0) 

 
90 (29.1) 

182 (58.9) 
37 (12.0) 

7.1 
0.030 

 
DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, p values in bold are 
significant  
*Age and size were categorised according to Van Nuys Prognostic Index (VNPI) 

   ** Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one 
quadrant 
*** Management of DCIS as a first operation 
 Refers to patients treated primarily with BCS (first operation) 
**** Management of DCIS as a final operation 
§ Refers to patients treated finally by BCS (final operation)
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Table 3-3: Clinicopathological factors associated with the selection of type of primary surgery for DCIS management 

 
Parameter 

DCIS Diagnosed 1987-2008 
N (%) 

 
X2 

p-value 

DCIS diagnosed 2009-2017 
N (%) 

 
X2 

p-value 

Total 
N (%) 

 
X2 

p-value 
BCS 

(n=510) 

Mastectomy 

(n=292) 

BCS 

(n=314) 

Mastectomy 

(n=132) 

BCS 

(n=824) 

Mastectomy 

(n=424) 

Age (years)*  

<40 
40 to 60 
>60 

 
13 (2.5) 

297 (58.2) 
200 (39.3) 

 
11 (3.8) 

170 (58.2) 
111 (38.0) 

 
0.9 

0.610 

 
5 (1.6) 

150 (47.8) 
159 (50.6) 

 
3 (2.3) 

71 (53.8) 
58 (43.9) 

 
1.8 

0.412 

 
18 (2.2) 

447 (54.2) 
359 (43.6) 

 
14 (3.3) 

241 (56.8) 
169 (39.9) 

 
2.6 

0.271 

Presentation  

Screening    
Symptomatic 

 
306 (60.0) 
204 (40.0) 

 
146 (50.0) 
146 (50.0) 

 
7.6 

0.006 

 
230 (73.2) 
84 (26.8) 

 
66 (50.0) 
66 (50.0) 

 
22.5 

<0.0001 

 
536 (65.0) 
288 (35.0) 

 
212 (50.0) 
212 (50.0) 

 
26.4 

<0.0001 

Site** 

Localised 
Diffuse  

 
365 (92.4) 

30 (7.6) 

 
224 (82.1) 
49 (17.9) 

 
51.7 

<0.0001 

 
250 (84.7) 
45 (15.3) 

 
89 (71.2) 
36 (28.8) 

 
10.5 

0.005 

 
615 (74.6) 
75 (25.4) 

 
313 (73.8) 
85 (26.2) 

 
48.6 

<0.0001 

Size* 

<16mm  
16 to 40mm 
>40mm 

 
256 (50.6) 
175 (34.6) 
75  (14.8) 

 
52 (17.9) 

129 (44.5) 
109 (37.6) 

 
96.9 

<0.0001 

 
133 (42.3) 
134 (42.7) 
47  (15.0) 

 
16 (12.1) 
46 (34.8) 
70 (53.1) 

 
78.1 

<0.0001 

 
389 (47.4) 
309 (37.7) 
122 (14.9) 

 
68 (16.1) 

175 (41.5) 
179 (42.4) 

 
162.5 

<0.0001 

Grade  

Low 
Intermediate 
High 

 
92 (18.0) 

133 (26.1) 
285 (55.9) 

 
17 (5.8) 

51 (17.5) 
224 (76.7) 

 
39.1 

<0.0001 

 
41 (13.1) 

116 (36.9) 
157 (50.0) 

 
6 (4.5) 

32 (24.2) 
94 (71.3) 

 
18.3 

<0.0001 

 
133 (16.1) 
249 (30.2) 
442 (53.7) 

 
23 (5.4) 

83 (19.6) 
318 (75.0) 

 
58.6 

<0.0001 

Comedo necrosis  

No 
Yes 

 
215 (42.1) 
295 (57.9) 

 
64 (21.9) 

228 (78.1) 

 
33.5 

<0.0001 

 
109 (34.7) 
205 (65.3) 

 
20 (15.1) 

112 (84.9) 

 
17.3 

<0.0001 

 
324 (39.3) 
500 (60.7) 

 
84 (19.8) 

340 (80.2) 

 
48.4 

<0.0001 
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Solid DCIS 

No 
Pure 
Mixed with other types 

 
273 (53.5) 
103 (20.2) 
134 (26.3) 

 
132 (45.2) 
61 (20.9) 
99 (33.9) 

 
6.3 

0.043 

 
95 (30.3) 
89 (28.3) 

130 (41.4) 

 
28 (21.2) 
38 (28.8) 
66 (50.0) 

 
4.3 

0.115 

 
368 (44.7) 
192 (23.3) 
264 (32.0) 

 
160 (37.7) 
99 (23.3) 

165 (39.0) 

 
7.1 

0.030 

Cribriform DCIS 

No 
Pure 
Mixed with other types 

 
274 (53.7) 
59 (11.6) 

177 (34.7) 

 
169 (57.9) 

16 (5.5) 
107 (36.6) 

 
8.1 

0.017 

 
143 (45.5) 
33 (10.5) 

138 (43.9) 

 
62 (47.0) 

6 (4.5) 
64 (48.5) 

 
4.2 

0.120 

 
417 (50.6) 
92 (11.2) 

315 (38.2) 

 
231 (54.5) 

22 (5.2) 
171 (40.3) 

 
12.1 

0.002 

Papillary DCIS 

No 
Pure 
Mixed with other types 

 
458 (89.8) 

21 (4.1) 
31 (6.1) 

 
271 (92.8) 

4 (1.4) 
17 (5.8) 

 
4.7 

0.095 

 
270 (86.0) 

15 (4.8) 
29 (9.2) 

 
128 (97.0) 

1 (0.7) 
3 (2.3) 

 
11.7 

0.003 

 
728 (88.3) 

36 (4.4) 
60 (7.3) 

 
399 (94.1) 

5 (1.2) 
20 (4.7) 

 
12.6 

0.002 

Micropapillary DCIS 

No 
Pure 
Mixed with other types 

 
391 (76.7) 

33 (6.5) 
86 (16.8) 

 
202 (69.2) 

20 (6.8) 
70 (24.0) 

 
6.3 

0.043 

 
236 (75.2) 

14 (4.5) 
64 (20.3) 

 
86 (65.2) 
12 (9.1) 

34 (25.7) 

 
5.9 

0.052 

 
627 (76.1) 

47 (5.7) 
150 (18.2) 

 
288 (67.9) 

32 (7.5) 
104 (24.6) 

 
9.6 

0.008 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, BCS: Breast conserving surgery, p values in bold are significant. 
*Age and size according to Van Nuys Prognostic Index (VNPI), **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant. 
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Table 3-4: Detailed surgical management of the DCIS cases as a whole cohort 

 

Surgical management 

Primary operation  Mastectomy 

(n=424) 

34.0%  

BCS 

(n=824) 

66.0%  

Re-excision 
 

Yes (n=414) 

No re-excision 

(n=410) 
Mastectomy  Re-excision 

182 232 

Final operation  Mastectomy 

(n=606) 

48.6% 

BCS 

(n=642) 

51.4%     

 

BCS: Breast conserving surgery; N: Number.
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Table 3-5: Clinicopathological factors associated with re-excision after primary treatment with BCS (n=824) 

Parameter 

DCIS Diagnosed 1987-2008 
N (%) 

 
X2 

p-value 

DCIS diagnosed 2009-2017 
N (%) 

 
X2 

p-value 

Total 
N (%) 

 
X2 

p-value 
No 

(n=212) 

Yes 

(298) 

No 

(198) 

Yes 

(116) 

No 

(410) 

Yes 

(414) 

Age (years)* 

<40 
40 to 60 
>60 

 
3 (1.4) 

113 (53.3) 
96 (45.3) 

 
10 (3.4) 

184 (61.7) 
104 (34.9) 

 
6.7 

0.034 

 
3 (1.5) 

95 (48.0) 
100 (50.5) 

 
2 (1.7) 

55 (47.4) 
59 (50.9) 

 
0.1 

0.987 
 

 
6 (1.5) 

208 (50.7) 
196 (47.8) 

 
12 (2.9) 

239 (57.7) 
163 (39.4) 

 
7.2 

0.028 

 

Presentation  

Screening 
Symptomatic 

 
147 (69.3) 
65 (30.7) 

 
159 (53.4) 
139 (46.6) 

 
13.2 

<0.0001 

 
157 (79.3) 
41 (20.7) 

 
73 (62.9) 
43 (37.1) 

 
9.9 

0.002 

 
304 (74.1) 
106 (25.9) 

 
232 (56.0) 
182 (44.0) 

 
29.7 

<0.0001 

Site** 

Localised   
Diffuse  

 
157 (92.4) 

13 (7.6) 

 
208 (92.4) 

17 (7.6) 

 
1.6 

0.459 

 
169 (88.9) 
21 (11.1) 

 
81 (77.1) 
24 (22.9) 

 
10.9 

0.004 

 
326 (79.5) 
34 (20.5) 

 
289 (69.8) 
41 (30.2) 

 
11.5 

0.003 

Size* 

<16mm  
16 to 40mm 
>40mm 

 
133 (63.6) 
66 (31.6) 
10 (4.8) 

 
123 (41.4) 
109 (36.7) 
65 (21.9) 

 
37.1 

<0.0001 

 

 
112 (56.6) 
69 (34.8) 
17 (8.6) 

 
21 (18.1) 
65 (56.0) 
30 (25.9) 

 
47.8 

<0.0001 

 
245 (60.2) 
135 (33.2) 

27 (6.6) 

 
144 (34.9) 
174 (42.1) 
95 (23.0) 

 
69.1 

<0.0001 

Grade  

Low 
Intermediate 
High 

 
34 (16.0) 
57 (26.9) 

121 (57.1) 

 
58 (19.5) 
76 (25.5) 

164 (55.0) 

 
0.9 

0.610 

 
27 (13.6) 
68 (34.4) 

103 (52.0) 

 
14 (12.1) 
48 (41.4) 
54 (46.5) 

 
1.6 

0.459 

 
61 (14.9) 

125 (30.5) 
224 (54.6) 

 
72 (17.4) 

124 (30.0) 
218 (52.6) 

 
0.9 

0.614 

Comedo necrosis  

No 
Yes 

 
81 (38.2) 

131 (61.8) 

 
134 (45.0) 
164 (55.0) 

 
2.3 

0.128 

 
62 (31.3) 

136 (68.7) 

 
47 (40.5) 
69 (59.5) 

 
2.7 

0.098 

 
143 (34.9) 
267 (65.1) 

 
181 (43.7) 
233 (56.3) 

 
6.7 

0.009 
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Solid DCIS 

No 
Pure 
Mixed with other types 

 
98 (46.3) 
55 (25.9) 
59 (27.8) 

 
175 (58.7) 
48 (16.1) 
75 (25.2) 

 
9.8 

0.007 

 
59 (29.8) 
67 (33.8) 
72 (36.4) 

 
36 (31.1) 
22 (19.0) 
58 (50.0) 

 
9.1 

0.011 

 
157 (38.3) 
122 (29.8) 
131 (31.9) 

 
211 (51.0) 
70 (16.9) 

133 (32.1) 

 
22.1 

<0.0001 

Cribriform DCIS 

No 
Pure 
Mixed with other types 

 
108 (50.9) 
27 (12.8) 
77 (36.3) 

 
166 (55.7) 
32 (10.7) 

100 (33.6) 

 
1.2 

0.543 

 
97 (49.0) 
23 (11.6) 
78 (39.4) 

 
46 (39.7) 
10 (8.6) 

60 (51.7) 

 
4.5 

0.103 

 
205 (50.0) 
50 (12.2) 

155 (37.8) 

 
212 (51.2) 
42 (10.1) 

160 (38.7) 

 
0.9 

0.646 

Papillary DCIS 

No 
Pure 
Mixed with other types 

 
188 (88.7) 

10 (4.7) 
14 (6.6) 

 
270 (90.6) 

11 (3.7) 
17 (5.7) 

 
0.5 

0.766 

 
168 (84.8) 

13 (6.6) 
17 (8.6) 

 
102 (87.9) 

2 (1.7) 
12 (10.4) 

 
3.9 

0.141 

 
356 (86.8) 

23 (5.6) 
31 (7.6) 

 
372 (89.9) 

13 (3.1) 
29 (7.0) 

 
3.2 

0.204 

Micropapillary DCIS 

No 
Pure 
Mixed with other types 

 
175 (82.6) 

6 (2.8) 
31 (14.6) 

 
216 (72.5) 

27 (9.1) 
55 (18.4) 

 
10.1 

0.006 

 
160 (80.8) 

7 (3.5) 
31 (15.7) 

 
76 (65.5) 

7 (6.0) 
33 (28.5) 

 
9.2 

0.010 

 
335 (81.7) 

13 (3.2) 
62 (15.1) 

 
292 (70.5) 

34 (8.2) 
88 (21.3) 

 
16.8 

<0.0001 

Margin width  

Positive (tumour on ink) 
<2mm 
≥ 2mm 

 
0 (0.0) 
4 (2.2) 

178 (97.8) 

 
232 (78.4) 

27 (9.1) 
37 (12.5) 

 
318.7 

<0.0001 

 
0 (0.0) 
10 (5.1) 

186 (94.9) 

 
74 (65.5) 
34 (30.1) 

5 (4.4) 

 
225.1 

<0.0001 

 
0 (0.0) 
14 (3.7) 

364 (96.3) 

 
306 (74.8) 
61 (14.9) 
42 (10.3) 

 
543.7 

<0.0001 

VNPI*** 

Low risk 
Moderate risk 
High risk 

 
73 (40.3) 

103 (56.9) 
5 (2.8) 

 
32 (10.9) 

185 (63.2) 
76 (25.9) 

 
108.9 

<0.0001 

 
82 (41.8) 

109 (55.6) 
5 (2.6) 

 
8 (7.1) 

73 (64.6) 
32 (28.3) 

 
71.3 

<0.0001 

 
155 (41.1) 
212 (56.2) 

10 (2.7) 

 
40 (9.9) 

258 (63.1) 
108 (27.0) 

 
168.9 

<0.0001 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, p values in bold are significant 
VNPI: Van Nuys Prognostic Index 
*Age and size according to VNPI, **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant, ***VNPI assessed after the 
primary operation. 
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Table 3-6: Clinicopathological factors associated with the choice of type of DCIS re-excision (n=414) 

Parameter 

DCIS Diagnosed 1987-2008 
N (%) 

 
X2 

p-value 

DCIS diagnosed 2009-2017 
N (%) 

 
X2 

p-value 

Total 
N (%) 

 
X2 

p-value 

BCS 
(n=159) 

Mastectomy 
(n=139) 

 BCS 
(n=73) 

Mastectomy 
(n=43) 

 BCS 
(n=232) 

Mastectomy 
(n=182) 

 

Age (years)*  
<40 
40 to 60 
>60 

 
2 (1.2) 

101 (63.6) 
56 (35.2) 

 
8 (5.8) 

83 (59.7) 
48 (34.5) 

 
4.6 

0.098 

 
0 (0) 

38 (52.1) 
35 (47.9) 

 
2 (14.7) 
17 (39.5) 
24 (45.8) 

 
4.6 

0.099 

 
2 (0.9) 

139 (59.9) 
91 (39.2) 

 
10 (5.5) 

100 (54.9) 
72 (39.6) 

 
7.9 

0.018 

Presentation  
Screening    
Symptomatic 

 
99 (62.3) 
60 (37.7) 

 
60 (43.2) 
79 (56.8) 

 
10.9 
0.001 

 
53 (72.6) 
20 (27.4) 

 
20 (46.5) 
23 (53.5) 

 
7.9 

0.005 

 
152 (65.5) 
80 (34.5) 

 
80 (44.0) 

102 (56.0) 

 
19.2 

<0.0001 

Site** 
Localised 
Diffuse 

 
98 (93.3) 
7 (6.7) 

 
110 (91.7) 
10 (8.3) 

 
16.7 

<0.0001 

 
55 (82.1) 
12 (17.9) 

 
26 (68.4) 
12 (31.6) 

 
2.9 

0.233 

 
153 (89.0) 
19 (11.0) 

 
136 (86.1) 
22 (13.9) 

 
10.7 

0.005 

Size* 
<16mm  
16 to 40mm 
>40 

 
94 (59.1) 
54 (34.0) 
11 (6.9) 

 
29 (21.0) 
55 (39.9) 
54 (39.1) 

 
61.6 

<0.0001 

 
19 (26.0) 
44 (60.3) 
10 (13.7) 

 
2 (4.7) 

21 (48.8) 
20 (46.5) 

 
18.7 

<0.0001 

 
113 (48.7) 
98 (42.2) 
21 (9.1) 

 
31 (17.1) 
76 (42.0) 
74 (40.9) 

 
73.8 

<0.0001 

Grade  
Low 
Intermediate 
High 

 
32 (20.1) 
40 (25.2) 
87 (54.7) 

 
26 (18.7) 
36 (25.9) 
77 (55.4) 

 
0.1 

0.952 

 
10 (13.7) 
29 (39.7) 
34 (46.6) 

 
4 (9.3) 

19 (44.2) 
20 (46.5) 

 
0.6 

0.754 

 
42 (18.1) 
69 (29.7) 

121 (52.1) 

 
30 (16.5) 
55 (30.2) 
97 (53.3) 

 
0.2 

0.911 

Comedo necrosis  
No 
Yes 

 
75 (47.2) 
84 (52.8) 

 
59 (42.4) 
80 (57.6) 

 
0.7 

0.413 

 
27 (37.0) 
46 (63.0) 

 
20 (46.5) 
23 (53.5) 

 
1.1 

0.313 

 
102 (44.0) 
130 (56.0) 

 
79 (43.4) 

103 (56.6) 

 
0.1 

0.909 

Solid DCIS 
No 
Pure 
Mixed with other types 

 
87 (54.7) 
29 (18.2) 
43 (27.1) 

 
88 (63.3) 
19 (13.7) 
32 (23.0) 

 
2.3 

0.306 

 
24 (32.9) 
14 (19.2) 
35 (47.9) 

 
12 (27.9) 
8 (18.6) 
23 (53.5) 

 
0.4 

0.824 

 
111 (47.8) 
43 (1.9) 
78 (50.3) 

 
100 (54.9) 
27 (14.8) 
55 (30.3) 

 
2.2 

0.333 
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Cribriform DCIS 
No 
Pure 
Mixed with other types 

 
90 (56.6) 
20 (12.6) 
49 (30.8) 

 
76 (54.7) 
12 (8.6) 
51 (36.7) 

 
1.9 

0.389 

 
30 (41.2) 
8 (10.9) 

35 (47.9) 

 
16 (37.2) 
2 (4.7) 

25 (58.1) 

 
1.9 

0.388 

 
120 (51.7) 
28 (12.1) 
84 (36.2) 

 
92 (50.5) 
14 (7.7) 
76 (41.8) 

 
2.7 

0.251 

Papillary DCIS 
No 
Pure 
Mixed with other types 

 
142 (89.3) 

9 (5.7) 
8 (5.0) 

 
128 (92.1) 

2 (1.4) 
9 (6.5) 

 
3.9 

0.141 

 
65 (89.0) 
2 (2.7) 
6 (8.3) 

 
37 (86.0) 

0 (0) 
6 (14.0) 

 
2.1 

0.356 

 
207 (89.2) 
11 (4.7) 
14 (6.1) 

 
165 (90.7) 
2 (11.0) 
15 (8.3) 

 
5.1 

0.080 

Micropapillary DCIS 
No 
Pure 
Mixed with other types 

 
121 (76.1) 
15 (9.4) 
23 (14.5) 

 
95 (68.3) 
12 (8.6) 
32 (23.1) 

 
3.6 

0.165 

 
51 (69.9) 
5 (6.8) 

17 (23.3) 

 
25 (58.1) 
2 (4.7) 

16 (37.2) 

 
2.6 

0.269 

 
172 (74.1) 
20 (8.6) 
40 (17.3) 

 
120 (65.9) 
14 (7.7) 
48 (26.4) 

 
5.1 

0.079 

Margin width 
Positive (Tumour on ink) 
<2mm 
≥ 2mm 

 
108 (68.8) 
21 (13.4) 
28 (17.8) 

 
124 (89.2) 

6 (4.3) 
9 (6.5) 

 
19.9 

<0.0001 

 
42 (58.3) 
25 (34.7) 
5 (7.0) 

 
32 (78.0) 
9 (22.0) 

0 (0) 

 
6.918 
0.075 

 
150 (65.5) 
46 (20.1) 
33 (14.4) 

 
156 (86.7) 
15 (8.3) 
9 (5.0) 

 
24.9 

<0.0001 

VNPI*** 
Low risk 
Moderate risk 
High risk 

 
25 (16.1) 

109 (70.3) 
21 (13.6) 

 
7 (5.1) 

76 (55.1) 
55 (39.8) 

 
31.8 

<0.0001 

 
7 (9.7) 

48 (66.7) 
17 (23.6) 

 
1 (2.4) 

25 (61.0) 
15 (36.6) 

 
4.8 

0.190 

 
32 (14.1) 

157 (69.2) 
38 (16.7) 

 
8 (4.5) 

101 (56.4) 
70 (39.1) 

 
30.9 

<0.0001 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, BCS: Breast conserving surgery, p values in bold are significant. 
*Age and size according to Van Nuys Prognostic Index (VNPI), **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant, 
***VNPI: assessed after the primary operation.  Refers to patients treated primarily with BCS (first operation). 
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Table 3-7: Clinicopathological factors associated with presence of residual tumour tissue in the re-excision specimens (n=414) 

Parameter 

DCIS Diagnosed 1987-2008 
N (%) 

 
X2 

p-value 

DCIS diagnosed 2009-2017 
N (%) 

 
X2 

p-value 

Total 
N (%) 

 
X2 

p-value 

No 
(n=150) 

Yes 
(n=148) 

No 
(n=46) 

Yes 
(n=70) 

No 
(n=196) 

Yes 
(n=218) 

Age (years)* 
<40 
40 t0 60 
>60 

 
3 (2.0) 

89 (59.3) 
58 (38.7) 

 
7 (4.7) 

95 (64.2) 
46 (31.1) 

 
3.2 

0.205 

 
0 (0.0) 

21 (45.7) 
25 (54.3) 

 
2 (2.8) 

34 (48.6) 
34 (48.6) 

 
1.5 

0.462 

 
3 (1.5) 

110 (56.1) 
83 (42.4) 

 
9 (4.1) 

129 (59.2) 
80 (36.7) 

 
3.4 

0.182 

Presentation  
Screening    
Symptomatic 

 
95 (63.3) 
55 (36.7) 

 
64 (43.2) 
84 (56.8) 

 
12.1 
0.001 

 
39 (84.8) 
7 (15.2) 

 
34 (48.6) 
36 (51.4) 

 
15.6 

<0.0001 

 
134 (68.4) 
62 (31.6) 

 
98 (45.0) 
120 (55.0) 

 
22.9 

<0.0001 

Site** 
Localised 
Diffuse 

 
105 (94.6) 

6 (5.4) 

 
103 (90.4) 
11 (9.6) 

 
1.8 

0.403 

 
33 (75.0) 
11 (25.0) 

 
48 (78.7) 
13 (21.3) 

 
2.5 

0.281 

 
138 (89.0) 
17 (11.0) 

 
151 (86.3) 
24 (13.7) 

 
0.6 

0.719 

Size* 
<16mm  
16 to 40mm 
>40 

 
82 (55.0) 
54 (36.2) 
13 (8.8) 

 
41 (27.7) 
55 (37.2) 
52 (35.1) 

 
37.1 

<0.0001 

 
11 (23.9) 
30 (56.2) 
5 (10.9) 

 
10 (14.3) 
35 (50.5) 
25 (35.7) 

 
9.2 

0.010 

 
93 (47.7) 
84 (43.1) 
18 (9.2) 

 
51 (23.4) 
90 (41.3) 
77 (35.3) 

 
47.9 

<0.0001 

Grade  
Low 
Intermediate 
High 

 
33 (22.0) 
37 (24.7) 
80 (53.3) 

 
25 (16.9) 
39 (26.4) 
84 (56.7) 

 
1.2 

0.538 

 
5 (10.9) 
17 (36.9) 
24 (52.2) 

 
9 (12.9) 

31 (44.3) 
30 (42.8) 

 
0.9 

0.616 

 
38 (19.4) 
54 (27.6) 
104 (53.0) 

 
34 (15.6) 
70 (32.1) 
114 (52.3) 

 
1.9 

0.378 

Comedo necrosis  
No 
Yes 

 
76 (50.7) 
74 (49.3) 

 
58 (39.2) 
90 (60.8) 

 
3.9 

0.46 

 
18 (39.1) 
28 (60.9) 

 
29 (41.4) 
41 (58.6) 

 
0.1 

0.805 

 
94 (47.9) 
102 (52.1) 

 
87 (39.9) 
131 (60.1) 

 
2.7 

0.099 

Solid DCIS 
No 
Pure 
Mixed with other types 

 
84 (56.0) 
27 (18.0) 
39 (26.0) 

 
91 (61.5) 
21 (14.2) 
36 (24.3) 

 
1.1 

0.566 

 
19 (41.3) 
11 (23.9) 
16 (34.8) 

 
17 (24.3) 
11 (15.7) 
42 (60.6) 

 
7.1 

0.029 

 
103 (52.6) 
38 (19.4) 
55 (28.0) 

 
108 (49.5) 
32 (14.7) 
78 (35.8) 

 
3.4 

0.178 
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Cribriform DCIS 
No 
Pure 
Mixed with other types 

 
85 (56.7) 
21 (14.0) 
44 (29.3) 

 
81 (54.7) 
11 (7.4) 
56 (37.9) 

 
4.6 

0.098 

 
19 (41.3) 
6 (13.0) 
21 (45.7) 

 
27 (38.6) 
4 (5.7) 

39 (55.7) 

 
2.3 

0.313 

 
104 (53.1) 
27 (13.8) 
65 (33.1) 

 
108 (49.5) 
15 (6.9) 

95 (43.6) 

 
7.9 

0.089 

Papillary DCIS 
No 
Pure 
Mixed with other types 

 
132 (88.0) 

9 (6.0) 
9 (6.0) 

 
138 (93.2) 

2 (1.4) 
8 (5.4) 

 
4.6 

0.099 

 
42 (91.4) 
2 (4.3) 
2 (4.3) 

 
60 (85.7) 
0 (0.0) 

10 (14.3) 

 
5.8 

0.055 

 
174 (88.8) 
11 (5.6) 
11 (5.6) 

 
198 (90.8) 

2 (0.9) 
18 (8.3) 

 
8.3 

0.066 

Micropapillary DCIS 
No 
Pure 
Mixed with other types 

 
114 (76.0) 
14 (9.3) 
22 (14.7) 

 
102 (68.9) 
13 (8.8) 
33 (22.3) 

 
2.9 

0.236 

 
32 (69.6) 
4 (8.7) 

10 (21.7) 

 
44 (62.9) 
3 (4.3) 

23 (32.8) 

 
2.3 

0.318 

 
146 (74.5) 
18 (9.2) 

32 (16.3) 

 
146 (66.9) 
16 (7.4) 

56 (25.7) 

 
5.5 

0.064 

Margin width 
Positive (Tumour on ink) 
<2mm 
≥ 2mm 

 
107 (72.3) 
19 (12.8) 
22 (14.9) 

 
125 (84.5) 

8 (5.4) 
15 (10.1) 

 
9.2 

0.057 

 
24 (52.2) 
18 (39.1) 
4 (5.7) 

 
50 (74.6) 
16 (23.9) 
1 (1.5) 

 
9.5 

0.023 

 
131 (67.5) 
37 (19.1) 
26 (13.4) 

 
175 (81.4) 
24 (11.2) 
16 (7.4) 

 
12.3 

0.015 

Type of re-excision  
Re excision  
Completion Mastectomy  

 
85 (56.7) 
65 (43.3) 

 
74 (50.0) 
74 (50.0) 

 
20.4 

<0.0001 

 
32 (69.6) 
14 (30.4) 

 
41 (58.6) 
29 (41.4) 

 
2.9 

0.086 

 
117 (59.7) 
79 (40.3) 

 
115 (52.8) 
103 (47.2) 

 
21.0 

<0.0001 

VNPI***  
Low risk  
Moderate risk 
High risk  

 
22 (15.1) 

100 (69.0) 
23 (15.9) 

 
10 (6.8) 
85 (57.4) 
53 (35.8) 

 
22.5 

<0.0001 

 
3 (6.5) 

36 (78.3) 
7 (15.2) 

 
5 (7.5) 

37 (55.2) 
25 (37.3) 

 
9.1 

0.028 

 
25 (13.1) 
136 (71.2) 
30 (15.7) 

 
15 (6.9) 

122 (56.7) 
78 (36.4) 

 
23.9 

<0.0001 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, p values in bold are significant 
*Age and size according to Van Nuys Prognostic Index (VNPI), **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant, 
***VNPI: assessed after the primary operation. 
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Table 3-8: Clinicopathological factors associated with adjuvant radiotherapy treatment after BCS (n=642) 

Parameter 

DCIS Diagnosed 1987-2008 
N (%) 

 
X2 

p-value 

DCIS diagnosed 2009-2017 
N (%) 

 
X2 

p-value 

Total 
N (%) 

 
X2 

p-value 

No 
(n=279) 

Yes 
(n=92) 

No 
(n=100) 

Yes 
(n=171) 

No 
(n=379) 

Yes 
(n=263) 

Age (years)* 
<40 
40 t0 60 
>60 

 
5 (1.8) 

150 (53.8) 
124 (44.4) 

 
0 (0.0) 

64 (69.6) 
28 (30.4) 

 
7.9 

0.019 

 
0 (0.0) 

52 (52.0) 
48 (48.0) 

 
3 (1.8) 

81 (47.3) 
87 (50.9) 

 
2.1 

0.344 

 
5 (1.3) 

202 (53.3) 
172 (45.4) 

 
3 (1.2) 

145 (55.1) 
115 (43.7) 

 
0.2 

0.891 

Presentation  
Screening 
Symptomatic 

 
182 (65.2) 
97 (34.8) 

 
64 (69.6) 
28 (30.4) 

 
0.6 

0.446 

 
77 (77.0) 
23 (23.0) 

 
133 (77.8) 
38 (22.2) 

 
0.1 

0.882 

 
259 (68.3) 
120 (31.7) 

 
197 (74.9) 
66 (25.1) 

 
3.2 

0.071 

Site** 
Localised 
Diffuse 

 
201 (93.5) 
14 (6.5) 

 
54 (90.0) 
6 (10.0) 

 
5.8 

0.054 

 
84 (89.4) 
10 (10.6) 

 
140 (85.9) 
23 (14.1) 

 
0.9 

0.649 

 
285 (92.2) 
24 (7.8) 

 
194 (87.0) 
29 (13.0) 

 
5.2 

0.076 

Size* 
<16mm  
16 to 40mm 
>40 

 
177 (63.9) 
86 (31.0) 
14 (5.1) 

 
50 (54.9) 
34 (37.4) 
7 (7.7) 

 
2.6 

0.278 

 
70 (70.0) 
27 (27.0) 
3 (3.0) 

 
61 (35.7) 
86 (50.3) 
24 (14.0) 

 
31.3 

<0.0001 

 
247 (65.5) 
113 (30.0) 
17 (4.5) 

 
111 (42.4) 
120 (45.8) 
31 (11.8) 

 
36.4 

<0.0001 

Grade  
Low 
Intermediate 
High 

 
55 (19.7) 
83 (29.8) 

141 (50.5) 

 
11 (12.0) 
14 (15.2) 
67 (72.8) 

 
14.1 
0.001 

 
33 (33.0) 
53 (53.0) 
14 (14.0) 

 
4 (2.4) 

44 (25.7) 
123 (71.9) 

 
21.4 

<0.0001 

 
88 (23.2) 
136 (35.9) 
155 (40.9) 

 
15 (5.7) 

58 (22.1) 
190 (72.2) 

 
67.9 

<0.0001 

Comedo necrosis   
No 
Yes 

 
136 (48.7) 
143 (51.3) 

 
20 (21.7) 
72 (78.3) 

 
20.7 

<0.0001 

 
66 (66.0) 
34 (34.0) 

 
23 (13.5) 
148 (86.5) 

 
30.3 

<0.0001 

 
202 (53.3) 
177 (46.7) 

 
43 (16.3) 
220 (83.7) 

 
80.8 

<0.0001 

Solid DCIS 
No 
Pure 
Mixed with other types 

 
146 (52.3) 
57 (20.4) 
76 (27.3) 

 
39 (42.4) 
27 (29.3) 
26 (28.3) 

 
3.8 

0.148 

 
49 (49.0) 
19 (19.0) 
32 (32.0) 

 
34 (19.9) 
62 (36.3) 
75 (43.8) 

 
6.5 

0.089 

 
195 (51.5) 
76 (20.1) 
108 (28.4) 

 
73 (27.8) 
89 (33.8) 
101 (38.4) 

 
18.3 

0.190 
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Cribriform DCIS 
No 
Pure 
Mixed with other types 

 
141 (50.5) 
36 (12.9) 

102 (36.6) 

 
57 (62.0) 
11 (12.0) 
24 (26.0) 

 
3.9 

0.137 

 
43 (43.0) 
17 (17.0) 
40 (40.0) 

 
84 (49.1) 
14 (8.2) 

73 (42.7) 

 
4.8 

0.086 

 
184 (48.5) 
53 (14.0) 
142 (37.5) 

 
141 (53.6) 
25 (9.5) 

97 (36.9) 

 
3.3 

0.186 

Papillary DCIS 
No 
Pure 
Mixed with other types 

 
243 (87.0) 
18 (6.5) 
18 (6.5) 

 
87 (94.6) 
1 (1.1) 
4 (4.3) 

 
4.1 

0.089 

 
74 (74.0) 
12 (12.0) 
14 (14.0) 

 
159 (93.0) 

3 (1.7) 
9 (5.3) 

 
4.8 

0.078 

 
317 (83.6) 
30 (7.9) 
32 (8.5) 

 
246 (93.5) 

4 (1.6) 
13 (4.9) 

 
6.4 

0.098 

Micropapillary DCIS 
No 
Pure 
Mixed with other types 

 
222 (79.5) 
18 (6.5) 
39 (14.0) 

 
74 (80.4) 
3 (3.3) 

15 (16.3) 

 
1.5 

0.470 

 
83 (83.0) 
7 (7.0) 

10 (10.0) 

 
128 (74.9) 

5 (2.9) 
38 (22.2) 

 
2.2 

0.908 

 
305 (80.5) 
25 (6.6) 

49 (12.9) 

 
202 (76.8) 

8 (3.0) 
53 (20.2) 

 
3.1 

0.090 

Margin width*** 
Positive (Tumour on ink) 
<2mm 
≥ 2mm 

 
0 (0.0) 
1 (0.4) 

251 (99.6) 

 
0 (0.0) 
8 (9.1) 

80 (90.9) 

 
9.2 

0.057 

 
0 (0.0) 
0 (0.0) 

100 (100.0) 

 
0 (0.0) 
5 (3.0) 

164 (97.0) 

 
9.5 

0.023 

 
0 (0.0) 
1 (0.3) 

351 (99.7) 

 
0 (0.0) 
13 (5.1) 

244 (94.9) 

 
12.3 

0.015 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, p values in bold are significant 
*Age and size according to Van Nuys Prognostic Index, **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant, 
***Margin width is the width after BCS as a final operation.
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Table 3-9: Clinicopathological factors associated with axillary node surgery (n=1248) 

Parameter 

DCIS Diagnosed 1987-2008 
N (%) 

 
X2 

p-value 

DCIS diagnosed 2009-2017 
N (%) 

 
X2 

p-value 

Total 
N (%) 

 
X2 

p-value 

No 
(n=395) 

Yes 
(n=407) 

No 
(n=290) 

Yes 
(n=156) 

No 
(n=685) 

Yes 
(n=563) 

Age (years)* 
<40 
40 t0 60 
>60 

 
9 (2.3) 

237 (60.0) 
149 (37.7) 

 
15 (3.7) 

230 (56.6) 
162 (39.7) 

 
1.9 

0.371 

 
5 (1.7) 

136 (46.9) 
149 (51.4) 

 
3 (1.9) 

85 (54.5) 
68 (43.6) 

 
2.4 

0.291 

 
14 (2.0) 

373 (54.5) 
298 (43.5) 

 
18 (3.2) 

315 (56.0) 
230 (40.8) 

 
2.2 

0.326 

Presentation  
Screening 
Symptomatic 

 
145 (36.7) 
250 (63.3) 

 
205 (50.4) 
202 (49.6) 

 
5.1 

0.110 

 
218 (75.2) 
72 (24.8) 

 
78 (50.0) 
78 (50.0) 

 
2.8 

0.051 

 
363 (53.0) 
322 (47.0) 

 
283 (50.3) 
280 (49.7) 

 
1.3 

0.067 

Site** 
Localised 
Diffuse 

 
293 (91.6) 
27 (8.4) 

 
296 (84.9) 
52 (15.1) 

 
9.7 

0.008 

 
235 (85.5) 
40 (14.5) 

 
104 (71.7) 
41 (28.3) 

 
12.1 

0.002 

 
528 (88.7) 
67 (11.3) 

 
400 (81.1) 
93 (18.9) 

 
12.9 

0.002 

Size* 
<16mm  
16 to 40mm 
>40 

 
207 (53.2) 
138 (35.5) 
44 (11.3) 

 
101 (24.8) 
166 (40.7) 
140 (34.5) 

 
80.8 

<0.0001 

 
132 (45.5) 
124 (42.8) 
34 (11.7) 

 
17 (10.9) 
56 (35.9) 
83 (53.2) 

 
104.1 

<0.0001 

 
339 (49.9) 
262 (38.6) 
78 (11.5) 

 
118 (20.9) 
222 (39.4) 
223 (39.7) 

 
150.4 

<0.0001 

Grade  
Low 
Intermediate 
High 

 
73 (18.5) 

104 (26.3) 
218 (55.2) 

 
36 (8.9) 
80 (19.9) 

291 (71.2) 

 
25.1 

<0.0001 

 
39 (13.4) 

104 (35.9) 
147 (50.7) 

 
8 (5.1) 

44 (28.2) 
104 (66.7) 

 
13.1 

0.001 

 
112 (16.3) 
208 (30.4) 
365 (53.3) 

 
44 (7.9) 

124 (22.0) 
395 (70.1) 

 
39.4 

<0.0001 

Comedo necrosis  
No 
Yes 

 
172 (43.5) 
223 (56.5) 

 
107 (26.6) 
300 (73.4) 

 
25.3 

<0.0001 

 
98 (33.8) 

192 (66.2) 

 
31 (19.9) 
125 (80.1) 

 
9.6 

0.002 

 
270 (39.4) 
415 (60.6) 

 
138 (24.7) 
425 (75.3) 

 
30.3 

<0.0001 
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Solid DCIS 
No 
Pure 
Mixed with other types 

 
207 (52.4) 
85 (21.5) 

103 (26.1) 

 
198 (48.4) 
79 (19.6) 

130 (32.0) 

 
3.4 

0.182 

 
88 (30.3) 
83 (28.6) 

119 (41.1) 

 
35 (22.4) 
44 (28.2) 
77 (49.4) 

 
3.9 

0.142 

 
295 (43.1) 
168 (24.5) 
222 (32.4) 

 
233 (41.4) 
123 (21.8) 
207 (36.8) 

 
2.8 

0.238 

Cribriform DCIS 
No 
Pure 
Mixed with other types 

 
210 (53.2) 
43 (10.9) 

142 (35.9) 

 
233 (57.1) 
32 (7.9) 

142 (35.0) 

 
2.4 

0.294 

 
132 (45.5) 
31 (10.7) 

127 (43.8) 

 
73 (46.8) 
8 (5.1) 

75 (48.1) 

 
4.0 

0.113 

 
342 (49.9) 
74 (10.8) 
269 (39.3) 

 
306 (54.4) 
40 (7.1) 

217 (38.5) 

 
5.5 

0.061 

Papillary DCIS 
No 
Pure 
Mixed with other types 

 
356 (90.1) 
18 (4.6) 
21 (5.3) 

 
373 (91.6) 

7 (1.7) 
27 (6.7) 

 
5.7 

0.057 

 
252 (86.9) 
14 (4.8) 
24 (8.3) 

 
146 (93.6) 

2 (1.3) 
8 (5.1) 

 
5.4 

0.065 

 
608 (88.8) 
32 (4.7) 
45 (6.5) 

 
519 (92.2) 

9 (1.6) 
35 (6.2) 

 
5.3 

0.079 
 

Micropapillary DCIS 
No 
Pure 
Mixed with other types 

 
301 (76.2) 
28 (7.1) 
66 (16.7) 

 
292 (71.7) 
25 (6.2) 
90 (22.1) 

 
3.7 

0.154 

 
221 (76.2) 
14 (4.8) 
55 (19.0) 

 
101 (64.7) 
12 (7.7) 

43 (27.6) 

 
2.4 

0.079 

 
522 (76.2) 
42 (6.1) 

121 (17.7) 

 
393 (69.8) 
37 (6.6) 

133 (23.6) 

 
3.2 

0.088 

Management 
BCS 
Mastectomy 

 
296 (74.9) 
99 (25.1) 

 
75 (18.6) 

332 (81.4) 

 
101.1 

<0.0001 

 
260 (89.7) 
30 (10.3) 

 
11 (7.1) 

145 (92.9) 

 
190.2 

<0.0001 

 
556 (81.2) 
129 (18.8) 

 
86 (15.3) 
477 (84.7) 

 
250.4 

<0.0001 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, p values in bold are significant 
BCS: Breast conserving surgery 
*Age and size according to Van Nuys Prognostic Index, **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant. 
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Table 3-10: Correlation between the clinicopathological factors and the development of local recurrence (univariate analysis) for patients treated 
with BCS as a final operation (n=642) 

 
Parameter 

 
(n=642) 
N (%) 

 
Recurrence (n=93) 

N (%) 

 
p-value (Log 

rank test) 

Recurrence   
p-value (Log rank 

test) DCIS (n=33) 
N (%) 

Invasive (n=66) 
N (%) 

Age (years)* 

<40 
40 to 60 
>60 

 
8 (1.2) 

347 (54.0) 
287 (44.8) 

 
3 (3.3) 

55 (59.1) 
35 (37.6) 

 
0.358 

 
2 (6.1) 

19 (57.6) 
12 (36.3) 

 
1 (1.7) 

36 (60.0) 
23 (38.3) 

 
0.420 

Presentation 

Screening 
Symptomatic 

 
456 (71.0) 
186 (29.0) 

 
49 (52.7) 
44 (47.3) 

 
0.051 

 
17 (51.5) 
16 (48.5) 

 
32 (53.3) 
28 (46.7) 

 
0.158 

Site** 

Localised 
Diffuse 

 
479 (90.0) 
53 (10.0) 

 
6 (10.2) 

53 (89.8) 

 
0.023 

 
3 (13.6) 

19 (86.4) 

 
3 (8.1) 

34 (91.9) 

 
0.012 

Size* 

<16mm 
16 to 40mm 
>40mm 

 
358 (56.0) 
233 (36.5) 

48 (7.5) 

 
48 (52.2) 
34 (37.0) 
10 (10.8) 

 
0.041 

 
17 (51.5) 
14 (42.4) 
2 (6.1) 

 
31 (52.5) 
20 (33.9) 
8 (13.6) 

 
0.027 

Grade 

Low 
Intermediate 
High 

 
103 (16.0) 
194 (30.2) 
345 (53.8) 

 
7 (7.6) 

23 (24.7) 
63 (67.7) 

 
0.020 

 

 
3 (9.1) 
9 (27.3) 

21 (63.6) 

 
4 (6.7) 

14 (23.3) 
42 (70.0) 

 

0.072 

Comedo necrosis 

No 
Yes 

 
245 (38.2) 
397 (61.8) 

 
40 (43.0) 
53 (57.0) 

 
0.637 

 
16 (48.5) 
17 (51.5) 

 
24 (40.0) 
36 (60.0) 

 
0.944 
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Solid DCIS 

No 
Pure 
Mixed with other types 

 
268 (41.7) 
165 (25.7) 
209 (32.6) 

 
52 (55.9) 
17 (18.3) 
24 (25.8) 

 
0.414 

 
21 (63.6) 
7 (21.3) 
5 (15.1) 

 
31 (51.7) 
10 (16.7) 
19 (31.6) 

 
0.352 

Cribriform DCIS 

No 
Pure 
Mixed with other types 

 
325 (50.6) 
78 (12.2) 

239 (37.2) 

 
61 (65.6) 
7 (7.5) 

25 (26.9) 

 
0.042 

 
25 (75.8) 
3 (9.1) 
5 (15.1) 

 
36 (60.0) 
4 (6.7) 

20 (33.3) 

 
0.500 

Papillary DCIS 

No 
Pure 
Mixed with other types 

 
563 (87.7) 

34 (5.3) 
45 (7.0) 

 
76 (81.7) 
8 (8.6) 
9 (9.7) 

 
0.046 

 
25 (75.8) 
4 (12.1) 
4 (12.1) 

 
51 (85.0) 
4 (6.7) 
5 (8.3) 

 
0.805 

Micropapillary DCIS 

No 
Pure 
Mixed with other types 

 
507 (79.0) 

33 (5.1) 
102 (15.9) 

 
81 (87.1) 
5 (5.4) 
7 (7.5) 

 
 

0.134 

 
30 (90.9) 
1 (3.0) 
2 (6.1) 

 
51 (85.0) 
4 (6.7) 
5 (8.3) 

 

0.184 

Radiotherapy 

No 
Yes 

 
379 (59.0) 
263 (41.0) 

 
77 (82.8) 
16 (17.2) 

 
0.004 

 
25 (75.8) 
8 (24.2) 

 
52 (86.7) 
8 (13.3) 

 
0.197 

Margin width 

Positive (Tumour on ink) 
<2mm 
≥ 2mm 

 
0 (0.0) 
14 (2.3) 

595 (97.7) 

 
0 (0.0) 
9 (10.2) 

79 (89.8) 

 
 

0.994 
 

 
0 (0.0) 
5 (17.2) 

24 (82.8) 

 
0 (0.0) 
4 (6.8) 

55 (93.2) 

 
 

0.898 

 

DCIS: Ductal carcinoma in situ; N: Number 
*Age and size according to Van Nuys Prognostic Index, **Site; Localised: DCIS is involving one quadrant, diffuse: DCIS is in more than one quadrant. 
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Table 3-11: Predictors of local recurrence following breast conserving surgery: 
multivariable analysis 

Variables HR 95% CI Significance (p value) 

Site* 1.745 1.031-2.952 0.040 

Size 1.2 1.133-3.254 0.045 

Grade 3.031 1.260-7.286 0.009 

Cribriform DCIS 0.828 0.357-1.921 0.563 

Papillary DCIS 0.463 0.293-0.731 0.004 

Radiotherapy 0.560 0.323-0.969 0.038 

 

HR: Hazard Ratio; CI: Confidence Interval 
Site: Diffuse or localised tumour, where Localised is DCIS involving one quadrant and 
diffuse is DCIS in more than one quadrant 
 
 

 

3.5 Discussion  

Currently, after introduction of screening programme, the incidence of 

DCIS has dramatically increased and accounts for 20–25% of screen-

detected breast cancers (Virnig et al., 2010). Variability in the figures of 

screen-detected versus symptomatic DCIS diagnosis is related to 

cancer centres’ registration strategies, variable target screening age 

range between countries and time intervals between each screening, 

reporting of the discovered DCIS and women’s compliance with the 

screening programme (Elshof et al., 2017). For instance, the targeted 

screening age in the USA ranges from 40–84 years old while in the UK 

and Australia it is between 50–69, with current trends to expand it 

(Ernster et al., 2002). In the current series, 60% of cases were screen-

detected and the remaining were presented symptomatically either with 
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a mass forming lesion, nipple discharge or Paget’s disease of the 

nipple. These figures are comparable to findings of the National Cancer 

Intelligence Network in 2007, where 61.9% of DCIS were screen-

detected (Lawrence et al., 2007). 

 

Prior to the early 1990s, the standard treatment for DCIS was 

mastectomy. However, BCS with adjuvant RT showed comparable 

outcome to mastectomy in terms of recurrence-free interval and overall 

survival and, as a result, the rate of mastectomies has declined and 

BCS predominates (Boyages et al., 1999, Zujewski et al., 2011). In 

Nottingham, over a 30-year period, approximately two thirds of cases 

were treated with BCS as a first surgical modality. Mastectomy was the 

preferred option for patients with high tumour grade, larger sized 

tumours (more than 40mm), showing comedo necrosis and tumours 

involving more than one quadrant of the breast. There was not only an 

increase in the rates of initial BCS but also a significant decline in the 

re-excisions, final mastectomy and the ipsilateral local recurrences 

rates. Although the change in local practice occurred at certain points of 

time – such as in 2008 in which a margin width of 5mm was accepted 

instead of 10mm, and a recent change of practice in 2016 in which a 

2mm margin was adopted (Toss et al., 2017) – the frequency of BCS, 

re-excision rates and local recurrence rates seem to show a gradual 

change over time rather than a sudden transition at a certain time point. 

This may reflect the impact of several factors including the improvement 

of imaging quality with better assessment of DCIS size and extent, 

quality of surgery, and the growing use of local RT. 
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Sentinel lymph node biopsy (SLNB) is not routinely performed as a part 

of the surgical management of DCIS and current practice guidelines 

recommend offering SLNB for patients scheduled to be treated by 

mastectomy as they are usually at a higher risk of harbouring invasive 

foci within their DCIS (Park and Hwang 2016). For conservative breast 

surgery, SLNB might be performed if the lesion is larger than 5cm or 

forming a mass (Lyman et al., 2014), although positive SLNB rarely 

changes the adjuvant regimen therapy in these patients (Heymans et 

al., 2017). Approximately half of cases in the current series had axillary 

lymph node sampling, which was targeted mainly for patients treated 

with mastectomy. Symptomatically presented young patients treated 

with BCS for a large-size high-grade DCIS, with comedo necrosis, also 

underwent SLNB. There were four patients who underwent axillary 

clearance and those were presented symptomatically before 1995, 

older than 60 years old and had large-sized high-grade tumours 

showing comedo necrosis and managed by mastectomy. It can be 

postulated that such aggressive features were convenient to the 

surgeons to follow such an aggressive approach in treatment. 

 

The results shown describe the radiological and pathological indications 

for attempting BCS and the factors associated with the decision to 

perform additional therapeutic operations. The predominant factor in 

deciding BCS as the surgical modality is the extent of the disease. 

Patient choice might also be a contributing factor, as evidenced by the 

NHS Breast Screening Programme, where patient choice accounts for 

about 11% of mastectomies for DCIS (Thomas et al., 2014). Recently, 
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in the UK and US, mastectomy rates have increased, particularly in 

young women perceived at high risk of further breast cancer events 

(Rutter et al., 2015, Shiyanbola et al., 2016). In a report on 8,000 DCIS 

cases included in the Sloane Project and treated between 2003 and 

2012, the rate of BCS as an initial primary operation was 79% and 

successful BCS was 68% (Thomas et al., 2010, Thomas et al., 2014). 

Achieving success at BCS for DCIS remains a challenge and the issue 

is that a woman with DCIS is at least as likely to have a mastectomy 

similar to a woman with IBC. Re-excision rates after BCS as a 

treatment for DCIS are higher than re-excisions for IBC. Furthermore, 

invasive disease accompanying DCIS has a higher re-operation rate 

than invasive disease alone (Dieterich et al., 2012, Jeevan et al., 2012). 

The need to perform further surgery, re-excision or completion 

mastectomy is governed predominantly by what is regarded as a 

minimum free resection margin. Young patient age, symptomatic 

presentation, lesions involving more than one breast quadrant, DCIS 

size more than 40mm, and presence of comedo necrosis are 

associated with a positive surgical margin. A positive resection margin 

is likely due to radiologic under-estimation of DCIS size, which occurs in 

over 50% of cases (Thomas et al., 2010, Dixon et al., 2016). Other 

studies (Chakrabarti et al., 2006, Jacobson et al., 2008, Guidroz et al., 

2011, Dieterich et al., 2012, Gurdal et al., 2012, McCahill et al., 2012, 

Dixon et al., 2016, Merrill et al., 2016) have shown that diffuse DCIS 

growth patterns, such as micropapillary and cribriform types, high 

nuclear grade DCIS with comedo type necrosis and high-risk VNPI, are 

factors associated with an increased rate of re-excisions. 
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Approximately half of the DCIS patients who underwent re-excision, due 

to positive or close surgical margins, were of low and intermediate 

grade. This might change pending the outcome of recent trials of more 

conservative management of low-risk DCIS (Elshof et al., 2015, 

Pilewskie et al., 2016). 

 

In this study, half of the re-excised specimens were free of residual 

tumour tissue, although some cases were reported to have tumour on 

ink after the primary excision. Such a finding perhaps reflects the 

inconsistency in pathological evaluation. However, the presence of 

residual DCIS was associated with adverse clinicopathological 

parameters such as symptomatic presentation, tumour size, positive 

surgical margin, conservative treatment and high risk DCIS defined by 

VNPI. Some studies have tried to establish a margin index based on 

tumour size and the closest surgical margin to show the association 

with presence of residual tumour tissue after re-excision, but this did not 

show a significant association (Margenthaler et al., 2010, Fisher et al., 

2011). Another study concluded that the extent of margin involvement 

as well as the number of involved ducts in that margin are key factors 

for predicting presence of residual DCIS in the re-excision specimen 

(Wei et al., 2012). In this study, it was shown that after 2008, there was 

a reduction in the rate of residual tumour in the re-excision specimen 

and this might reflect a better overall strategy for further surgery. 

 

Determining the optimal free margin for BCS is challenging, particularly 

in pure DCIS. The Society of Surgical Oncology-American Society for 



Chapter 3  Morphological and clinical characterisation of DCIS 

 

 

 

91 

Radiation Oncology published new guidelines for the optimal surgical 

margin in invasive disease and defined negative margin as ‘no tumour 

on ink’ because there is no evidence that wider clear margins reduce 

the ipsilateral local recurrence (Moran et al., 2014). The same group 

has published consensus guidelines suggesting a 2mm free margin as 

a standard for adequate surgical resection of DCIS (Morrow et al., 

2016). 

 

Previous studies showed that negative surgical margin minimises the 

risk of ipsilateral local recurrence by 50% compared to involved 

margins. A 2mm margin minimises the risk of recurrence compared to 

narrow negative margins (Singletary 2002, Kell and Morrow 2005, 

Morrow 2009, Azu et al., 2010, Morrow et al., 2016). However, the 

agreement on the previous recommendations is different and the choice 

of optimal margins depends mainly on the surgeons’ practice and the 

pathologists’ methods of margin assessment, which is currently 

supported by the National Institute for Health and Care Excellence 

(NICE) guidelines (Hancock 2019). Adopting close margins of excision 

is a means of reducing reoperation rates, as it has been shown in 

invasive disease (Schulman et al., 2017); however, planning a wider 

macroscopic margin in higher-risk cases but tailoring the scrutiny of 

margin analysis to the risk factors should be performed. The current 

results have shown that the change in surgical practice with narrow free 

margin in patients treated conservatively did not increase the 

recurrence rate. This reflects better risk assessment, modest use of 
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adjuvant radiotherapy and individualised management for patients 

based on constellation of all clinicopathological factors. 

Some trials have shown a 50% reduction in the recurrence rate using 

adjuvant RT after conservative DCIS surgery (Emdin et al., 2006, Ben-

David et al., 2007, Dodwell et al., 2007, Holmberg et al., 2008, Donker 

et al., 2013). However, they could not identify a specific group of 

patients where RT could be safely avoided; hence, the continued 

debate over RT indication after BCS remains. In routine practice, 

approximately 30–50% of BCS-treated patients receive adjuvant RT 

(Ward et al., 2015). A common local practice before 2008 was not to 

offer further treatment for patients with a clear surgical margin of 10mm 

or more. However, in the current series, 41% of BCS-treated patients 

were offered post-operative RT regardless of their margin status. 

Outcome analysis of previous studies has shown that selective RT was 

introduced (Correa et al., 2010) and then it was recommended after 

BCS to those with high-grade DCIS, women younger than 50 and 

lesions larger than 30mm following a multidisciplinary team discussion 

(Mathew et al., 2017). 

 

The current study reports a local recurrence rate of 7.5% regardless of 

the management modality and 14.5% following BCS, which is close to 

the reported figures with a range of 7–12% (Wadsten et al., 2016). Most 

of the previous trials reported that half of the local recurrences are 

invasive (Silverstein et al., 1999, Fisher et al., 2001, Bijker et al., 2006, 

Wapnir et al., 2011). In this series, approximately 64% of the 

recurrences were invasive. 
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Although factors of aggressive DCIS such as young patient age, 

symptomatic presentation, high grade, comedo necrosis and close 

surgical margins are associated with poor outcome, their results were 

inconsistent between various studies depending on the included sample 

size, local surgical management practice and DCIS pathological 

evaluation (Weng et al., 2000, Lagios and Silverstein 2015, Barrio and 

Van Zee 2017, Kanbayashi and Iwata 2017). The current study showed 

that diffuse tumours involving more than one quadrant, large tumour 

size, high nuclear grade and absence of adjuvant radiotherapy are the 

key independent factors that were associated with poor outcome in 

terms of shorter RFI in BCS-treated DCIS. Papillary DCIS was 

associated with shorter RFI in this series, which may be related to 

incomplete excision of these lesions, which show an extendable growth 

pattern. It is postulated that the high recurrence rate associated with 

high-grade DCIS might reflect the natural history of DCIS rather than 

being a true predictive factor of recurrence (Pinder et al., 2010b). 

 

Ringberg et al. showed that patients with low/intermediate-grade DCIS 

had approximately half the risk of an ipsilateral recurrence compared to 

patients with high-grade DCIS (Ringberg et al., 2007). Although there is 

a great acceptance that low-grade tumours are associated with a lower 

risk of recurrence, few studies have examined the long natural history of 

low-grade DCIS. A study in the USA included 28 women with low-grade 

DCIS after biopsy alone, with follow-up over a 30-year period (Sanders 

et al., 2005). After the follow-up period, 40% of women developed an 



Chapter 3  Morphological and clinical characterisation of DCIS 

 

 

 

94 

ipsilateral invasive breast cancer, with all recurrences being in the same 

quadrant. The authors concluded that the long natural history of low-

grade DCIS is distinct, with a different behaviour to higher-grade DCIS. 

They concluded that women with low-grade DCIS who did not receive 

definite treatment remained at risk of recurrence for a prolonged period 

after the diagnosis, particularly in the first 15 years. Analysis of risk 

factors in the European Organisation for Research and Treatment of 

Cancer (EORTC) study (Bijker et al., 2006) showed that patients with 

low-grade DCIS had a significantly lower risk of DCIS recurrence 

compared to patients with an intermediate or high-grade tumour. 

However, there was no significant difference in the incidence of invasive 

recurrences at ten years. The above data suggest that the risk of 

recurrence in patients with low-grade DCIS increases beyond five years 

of follow-up. Thus, sufficient follow-up time is crucial for evaluating the 

outcome of patients with low-grade DCIS. This should be taken into 

consideration for management decision-making in patients with low-

grade DCIS (Boxer et al., 2013). 

 

Although young patient age varied as a risk factor among the studies, it 

was shown to be significantly associated with an increased risk of 

ipsilateral local recurrence (Bijker et al., 2001, Pinder et al., 2010b, 

Wapnir et al., 2011). In a study of 615 patients treated with BCS for 

DCIS, multifocality (defined as the presence of more than one distinct 

focus of DCIS with at least 5mm of intervening healthy tissue confined 

to a single quadrant of the breast) was identified in approximately one 

third of patients. In a multivariate analysis, multifocality was a predictor 
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of local recurrence, independent of other studied factors. In addition, 

omission of RT, large tumour size and high nuclear grade were also 

predictors of local recurrence. 

 

VNPI assesses DCIS risk for optimal management based on the 

previously described four clinicopathological parameters (Silverstein 

2003b). Several studies have attempted to validate its value (Boland et 

al., 2003, Asjoe et al., 2007, MacAusland et al., 2007, Di Saverio et al., 

2008). VNPI risk groups in the current series were categorised after the 

first operation and showed high correlation with the final treatment 

decisions. However, VNPI assessed after the final operation showed no 

association with tumour recurrence. Our findings were concordant with 

other studies that tried to verify using this index to predict tumour 

recurrence (Asjoe et al., 2007, MacAusland et al., 2007). Taken 

together, VNPI would be a reasonable risk index for choosing the 

management approach but might not be a powerful index for predicting 

tumour recurrence. So, other nomograms were developed in order to 

provide a risk index for tumour recurrence, but they need more 

validation (Rudloff et al., 2010, Mazouni et al., 2011, Lee et al., 2013). 

 

In conclusion, this study showed the interplay between different 

clinicopathological factors and patient outcome and that some indices, 

like VNPI, may be helpful in deciding treatment but not in predicting 

patients’ outcomes. Surgical margins should be thoroughly examined to 

eliminate their effect on the later development of local recurrence.
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4 Molecular Taxonomy of DCIS Using Well-

Established Biomarkers 
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4.1 Introduction 

4.1.1 DCIS prognostic and predictive factors 

4.1.1.1 Definitions 

A useful prognostic factor has the ability to identify a group of patients 

whose prognosis is good and hence adjuvant therapy following local 

surgery would not be cost beneficial and/or even harmful, and a second 

group with poor prognosis for whom adjuvant therapy would be 

warranted (Clark et al., 1994). To be applicable, prognostic factors must 

show a wide separation in the outcome of the identified groups with 

adequate numbers of patients in each group. Nevertheless, for 

personalised medicine, no single prognostic factor satisfies all these 

criteria (Lee and Ellis 2008). In addition, the reliability of such prognostic 

factors using routine techniques of tissue and imaging diagnostic tools, 

besides cost limits are practically not fully applicable. 

 

Predictive factors that predict the likelihood of a tumour to respond to a 

certain treatment are complimentary to prognostic factors and are used 

to select the most appropriate additional therapy for a patient when 

needed. Contrary to predictive factors for hormonal treatment, which 

are well-established, those predictive of chemosensitivity are less well 

defined. It is difficult to recognise those patients who are more likely to 

respond to a particular chemotherapy regimen based on traditional 

prognostic/predictive factors such as lymph node status and tumour 

size alone (Mauriac et al., 2005, Yamashiro and Toi 2008). 
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A biomarker is defined as ‘a detectable substance that is objectively 

measured and evaluated as an indicator of normal biological processes, 

pathogenic processes, or pharmacologic responses to a therapeutic 

intervention’ (Vuong et al., 2014). 

 

In DCIS, there is a current inability to predict patients’ risk to develop 

invasive cancer; therefore, the standard management for patients 

diagnosed with DCIS has long been considered as BCS followed by 

adjuvant RT (Nofech-Mozes et al., 2005). Even with RT, some risk of 

invasive progression remains, and therefore current management is to 

eradicate DCIS in order to prevent this event (Karlsson 2017). However, 

DCIS is a heterogeneous disease; where some cases will behave as 

indolent with no progression to invasive carcinoma during the patient’s 

lifetime, while others will follow an aggressive course (Pang et al., 

2016). The events driving the progression of DCIS to invasive 

carcinoma have not been fully identified (Cowell et al., 2013). 

 

4.1.1.2 Clinicopathological factors as prognostic factors 

Certain clinical and pathological features of DCIS may be prognostic of 

local and/or invasive recurrence following surgical excision (Benson and 

Wishart 2013). For instance, some studies have suggested that tumour 

size is a strong predictor of local recurrence (Holmes et al., 2011, 

Kantor and Winchester 2014). Nuclear grade and margin status are 

other factors that appear to influence recurrence in DCIS (Carraro et al., 

2014, Wong et al., 2014, Van Zee et al., 2015), though certainly there is 

a study that disproves these findings (Berman et al., 2010). Two major 
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clinical tools that aid in risk stratification and treatment planning – the 

USC/VNPI and the DCIS nomogram introduced by Rudloff et al. – 

utilise both clinical and pathological factors such as tumour size, 

necrosis, and margin status (Rudloff et al., 2010, Yi et al., 2012, Benson 

and Wishart 2013). Currently, no single factor or combination of factors 

are able to predict the behaviour of a DCIS lesion, leading to potential 

over- or under-treatment of the patient with associated morbidity, 

potential mortality, financial and social burden. 

 

While the current ability to accurately predict recurrence on the basis of 

these parameters is limited, clearly the paradigm that one approach fits 

all in patients with DCIS is changing (Mardekian et al., 2016). 

 

Research efforts have focused on classifying patients who may be 

managed conservatively and those who are at higher risk for disease 

progression and thus may require adjuvant therapy (Mardekian et al., 

2016). The ideal classification scheme would be clinically useful and 

easy to adapt with the ability to stratify patients into prognostic groups. 

While not consistently identified in all studies, certain histopathological 

parameters and expression of various immunohistochemical markers 

have been variably shown to affect the risk of recurrence in pre-

malignant breast lesions (Siziopikou 2013). Improved molecular 

characterisation of DCIS will offer additional, perhaps more conclusive, 

prognostic information and may provide the opportunity for personalised 

therapeutic options for patients with DCIS. 
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4.1.2 Gene expression profiling-derived classes and 

signatures 

The developments of gene expression profiling (GEP) studies and 

related prognostic signature studies have dramatically unravelled the 

molecular heterogeneity and diversity in breast cancer (Sorlie et al., 

2001). Moreover, they have contributed to the current understanding of 

breast cancer molecular complexity and led to the identification of 

distinct subtypes. Importantly, molecular subtyping and prognostic 

signatures that have arisen from GEP studies will have important 

impacts on future drug discoveries and improving clinical management 

(Weigelt and Reis-Filho 2010). 

 

4.1.2.1 Molecular classes  

 

4.1.2.1.1  History 

A new classification system of biological breast cancer subtypes was 

adopted at the 12th St. Gallen International Breast Cancer Conference 

2011 (Goldhirsch et al., 2011). The intrinsic molecular subtypes based 

on gene expression analyses (Perou et al., 2000, Sorlie et al., 2001) 

are, for practical purposes, approximated using clinicopathological 

criteria (Zhou et al., 2013). Systemic therapy recommendations for IBC 

according to the subtype classification were also proposed (Goldhirsch 

et al., 2013). 
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4.1.2.1.2  Importance of molecular classification 

A clinically useful histopathological classification system for DCIS 

predicting prognosis, however, is still missing. Survival is excellent after 

a primary diagnosis of DCIS, but the risk of recurrence is considerably 

high (Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)) 

(Correa et al., 2010). Hence, identification of biomarkers to aid in 

individualised treatment decisions regarding surgery and radiotherapy is 

needed. Kerlikowske et al. (Kerlikowske et al., 2010) used IHC for 

biomarkers, including Ki67, showing that biomarkers were better than 

histopathological criteria for identifying risk groups for subsequent 

invasive cancer. In addition, Solin et al. (Solin et al., 2013) used a 21-

gene array to identify risk groups after BCS without postoperative 

radiation. 

 

4.1.2.1.3  Surrogate molecular subtypes for DCIS 

The different subtypes are defined as follows: 

1. Luminal A (ER and/or PR positive, HER2 negative and Ki67 

<14%); 

2. Luminal B/HER2- (ER and/or PR positive, HER2 negative and 

Ki67 ≥14%); 

3. Luminal B/HER2+ (ER and/or PR positive, HER2 positive); 

4. HER2+/ER- (non-luminal) (ER and PR negative and HER2 

positive); 

5. Triple Negative, (ER, PR and HER2 negative). 

The IHC surrogate definitions are based on the 2011 St. Gallen 

guidelines (Goldhirsch et al., 2011). 
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4.1.2.2 Oestrogen receptor 

Although there is a potentially very large pool of biomarkers on the 

horizon, only three are used in routine clinical practice worldwide: ER, 

PR and HER2 (Rakha et al., 2010). ER was one of the first biological 

markers to be studied in depth. It was identified by Ellwood Jensen in 

the late 1950s (Jensen and Jordan 2003), and ER status has been 

used since the mid-1970s, as one of the most valuable markers in 

breast cancer, both to predict responsiveness of the invasive tumour to 

endocrine therapy (Lari and Kuerer 2011) and as a prognostic factor for 

early recurrence and long-term outcome (Vuong et al., 2014). 

The ER mean expression rate was reported to be 70% in a study that 

examined ER expression rate in DCIS (Lari and Kuerer 2011). Two 

studies have revealed ER expression to be inversely related to the 

nuclear grade of DCIS; for example, ER expression is higher in well-

differentiated tumours than in poorly differentiated lesions (Meijnen et 

al., 2008, Altintas et al., 2009). Some studies have identified an 

association between ER-negative DCIS and the risk of local recurrence 

(Kerlikowske et al., 2010, Williams et al., 2015). 

 

4.1.2.3 Progesterone receptor 

PR is considered as an addition to ER in IBC where it is a weak 

prognostic factor contributing to recurrence-free survival and a predictor 

of response to endocrine therapy (Lari and Kuerer 2011). In previous 

studies, the mean PR expression rate was 60%. An inverse relationship 

was observed between PR expression and nuclear grade, similar to ER 

(Lebeau et al., 2003, Hanley et al., 2008); however, a direct positive 
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correlation was observed between PR and ER expression (Kulkarni et 

al., 2008). Few studies have shown a significant correlation between 

PR-negative DCIS and local recurrence (Ringberg et al., 2001, 

Provenzano et al., 2003). 

 

4.1.2.4 HER2 

4.1.2.4.1  HER2 protein expression 

One of the interesting aspects of DCIS is that the expression of HER2 is 

related to development and progression of breast cancer (Solin et al., 

2013) and its over-expression is frequently seen in high grade DCIS 

with or without necrosis (Roses et al., 2009). HER2 is a member of the 

type I receptor tyrosine kinase family, which consists of four related 

family members: HER2, EGFR (HER1), HER3, and HER4. The major 

role of HER2 is to act as a co-receptor in the dimerisation and activation 

of other HER members. The amplification of the HER2 gene results in a 

50- to 100-fold increase in the number of surface HER2 receptors on 

cancer cells compared to normal mammary epithelial cells (Wilson et 

al., 2005). It was previously reported that the expression of HER2 in 

DCIS is associated with recurrence following surgical excision without 

RT (Holmes et al., 2011). However, the definitive role of HER2 as an 

independent risk factor for recurrence remains controversial (Borgquist 

et al., 2015). 

 

IHC staining is the predominant method of determining HER2 status in 

breast cancer specimens due to its relative ease to perform, with rapid 

turnaround time and lower cost (Hanna et al., 1999). However, 
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commercially available antibodies have shown wide variation in 

sensitivity and specificity for FFPE tissue samples, in which tissue 

fixation and pre-treatment have a substantial effect on staining 

(Jimenez et al., 2000). 

  

4.1.2.4.2  HER2 gene amplification 

HER2 gene amplification is primarily detected by FISH to detect the 

signals. This method is expensive and requires expertise with 

fluorescent microscopy using appropriate filters (Pothos et al., 2008). 

CISH offers an alternative method, and whilst it utilises in situ 

hybridisation technology of FISH, it takes advantage of a chromogenic 

signal detection that is assessed using light microscopy and is therefore 

a cheaper alternative. CISH is able to detect HER2 gene amplification 

and to minimise, if not eliminate, the borderline category with IHC 

(Penault-Llorca et al., 2009). 

 

4.1.2.5 Proliferation marker – Ki67 

Ki67 protein was first defined by Gerdes and colleagues, who 

developed a prototype monoclonal antibody Ki67 through immunising 

mice with the nuclei of the Hodgkin lymphoma cell line L428 (Gerdes et 

al., 1983). Cell cycle analysis revealed that the antigen is present in the 

nuclei of cells in all active proliferative phases (G1, S, and G2) as well 

as in M phase, while quiescent or resting cells in the G0 phase did not 

express it. Therefore, it has been used as a biomarker to assay the 

growth fraction of a given cell population (Colozza et al., 2005, Park et 

al., 2007). The nuclear antigen Ki67 is used to assess the proliferation 
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rate of breast cancer tumours, which is a key player in disease 

progression (de Azambuja et al., 2007). Variable mean Ki67 expression 

is observed, and attributable to factors such as tumour grade and HER2 

status (Kuerer et al., 2011, Rakovitch et al., 2012). Furthermore, Ki67 is 

a predictor of local recurrence, either independently or in combination 

with other factors (Wilson et al., 2006, Kerlikowske et al., 2010). 

 

4.2 Hypothesis and aims 

It is hypothesised that classification of DCIS according to the molecular 

classification of breast cancer might help in patient risk stratification and 

that identification of biomarkers to aid in individualised treatment 

decisions regarding surgery and RT is needed. Therefore, implementing 

well-established biomarkers for IBC – ER, PR, HER2 and Ki67 – to 

classify DCIS tumours using IHC was an aim. 

4.3 Patients and methods 

4.3.1 Study cohort and TMA 

This retrospective study was conducted on a consecutive series of 

primary pure DCIS and a control group of DCIS cases mixed with 

invasion (Chapter 2). 

 

4.3.2 IHC and CISH 

4.3.2.1 IHC 

The IHC staining and evaluation of ER, PR, HER2 and Ki67 was 

performed using the TMA sections. Positive and negative controls were 

included in every assay, where internal control of breast tissue was 

used as a positive control for ER and PR, breast cancer tissue for 
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HER2 and tonsil tissue for Ki67. MIB1 antibody was used for evaluation 

of Ki67 expression. Nuclear staining was assessed for ER, PR and Ki67 

and membrane staining for HER2 (Chapter 2) and (Figure 4-1). HER2 

status was assessed using the HercepTest scoring method (Rakha et 

al., 2015). HER2 status was considered negative if the 

immunohistochemical score was 0 or 1+, equivocal if the score was 2+, 

and positive if the score was 3+. 

 

4.3.2.2 CISH 

CISH was performed according to the recommended method (Chapter 

2). HER2 gene amplification was determined by CISH using the 

ZytoDot 2C SPEC ERBB2/CEN 17 Probe Kit (ZytoVision®, Germany). 

Interpretation of CISH was performed using a Nikon microscope 

equipped with a x63 objective lens. At least 20 malignant, non-

overlapping cell nuclei were scored to assess the HER2 gene copy 

number. Chromosome 17 (represented by the red signals) was used as 

an internal control, particularly in the low HER2 gene copy number 

cases, as per the recommended protocol. HER2 gene amplification was 

defined as six or more signals per nucleus or when clusters (clumps of 

aggregated green signals) were identified in the cell nuclei in more than 

50% of tumour cells (Wolff et al., 2013). If the average copy number 

was ≥4 to <6 per nucleus (equivocal), another 20 tumour cells were 

enumerated, and the final average copy number of the case was 

calculated from the total of 40 cells. 
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For ER and PR, a 1% cut-off value was used to dichotomise cases into 

positive and negative (Hammond et al., 2010b). For Ki67, the cut-off for 

differentiating low and high proliferative groups was 14% (Goldhirsch et 

al., 2013). 

 

4.3.3 Statistical analysis 

Association between final HER2 status and clinicopathological 

parameters using categorised data in the pure DCIS cohort was 

evaluated using the Chi-squared test. Survival rates were determined 

using the Kaplan-Meier method and compared by the log-rank test. 

Multivariate survival analyses using Cox’s proportional hazard 

regression model was used to evaluate the associations between 

independent variables and local recurrence. 

 

4.4 Results 

The clinicopathological characteristics of pure DCIS cases included in 

the TMA are listed in Table 4-1. 

 

4.4.1 Assessment of HER2 status  

A total of 647 and 217 pure DCIS and DCIS mixed with invasion, 

respectively, were suitable for the analysis. In the pure DCIS group, 

20% of cases were HER2 positive. Immunohistochemistry for HER2 

was scored as 3+ in 9%, 2+ in 15% and 0 or 1+ in 76% (Table 4-2 and 

Table 4-3). All 3+ cases showed HER2 amplification with CISH; 72 

(74%) cases of the 2+ group showed HER2 amplification. (Figure 4-2). 

Of the 493 cases with 0/1+ score using IHC, only one showed HER2 
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amplification. When IHC results were assessed with the exclusion of 

equivocal (2+) tumours, agreement between IHC and CISH in 0, 1+ and 

3+ cases was 99.7% (𝜿-coefficient = 0.997). Interestingly, when the 

overall rate of positivity was analysed over the period of the study, the 

frequency of positivity reduced from 30% in the 1990s to 20% in 2012 

(Figure 4-3). 

 

In mixed DCIS and invasive carcinoma cases, the DCIS component 

was HER2 positive in 15% and the invasive component in 12% 

(p=0.051, Table 4-4). All eight discordant cases had extensive DCIS; 

six of them were of high grade. 

 

4.4.2 Correlation with clinicopathological parameters and 

molecular biomarkers 

In pure DCIS, HER2 positivity was associated with larger tumour size, 

high nuclear grade, comedo type DCIS, negative hormone receptor 

status and high Ki67 proliferation index (all p<0.0001). HER2 positive 

cases were more frequent in patients treated by mastectomy (p=0.001) 

(Table 4-5). 

 

4.4.3 Characteristics of DCIS by surrogate molecular 

subtypes 

577 pure DCIS cases could be classified into the surrogate molecular 

subtypes. Of the classified tumours, 348 were Luminal A (60%), 45 

Luminal B/HER2- (7%), 46 Luminal B/HER2+ (8%), 66 HER2+ (12%) 

and 72 Triple Negative (13%) (Table 4-6). 
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The HER2+, Luminal B/HER2+ and Triple Negative subtypes were 

more often of larger tumour size (>40mm), higher tumour grade and 

more often aggressively treated with mastectomy compared to Luminal 

A and Luminal B/HER2- tumours. The Triple Negative subtype was also 

associated with presence of comedo necrosis. 

 

4.4.4 Associations with the outcome 

Nuclear grade, comedo necrosis and margin width were associated with 

the development of all ipsilateral recurrences (0.023, 0.013 and 0.029, 

respectively). When recurrences were stratified into in situ and invasive 

recurrences, HER2 was associated with the development of DCIS local 

recurrence (HR= 2.51, 95%CI (2.11-11.45), p=0.030), while tumour size 

was a predictor of invasive local recurrence (HR=2.63, 95%CI (1.13-

6.09), p=0.024) (Table 4-7). 
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Figure 4-1: Immunohistochemistry of biomarkers used for characterisation of DCIS. (A) ER positive; (B) ER negative, (C) PR positive; (D) PR 
negative, (E) Ki67 high proliferative index; (F) Ki67 low proliferative index.  
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Figure 4-2: IHC of HER2 confirmed by CISH. (A and B) DCIS showing HER2 3+ (A) confirmed by CISH (B); (C and D) HER2 2+ (C) showing gene 
amplification (D); (E and F) HER2 2+ (E) without amplified gene (F); and (G and H) HER2 1+ (G) showing no gene amplification (H).
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Figure 4-3: The rate of HER2 positivity, grade and screen-detected DCIS change 
over time. The graph shows that the rate of high-grade DCIS together with HER2 
positivity declines over the years in contrast to the rate of screen-detected 
DCIS. 
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Table 4-1: Clinicopathological characteristics of patients with pure DCIS in the 
study 

Parameter Total (n=651) 
n (%) 

BCS (n=308) 
n (%) 

Mastectomy (n=343) 
n (%) 

χ2 
(p value) 

Age (years)* 

   <40 
   40 to 60 
   >60 

 
22 (3.4) 

379 (58.2) 
250 (38.4) 

 
5 (1.6) 

179 (58.1) 
124 (40.3) 

 
17 (5) 

200 (58.3) 
126 (36.7) 

 
5.86 

(0.053) 

Presentation 

   Screening 
   Symptomatic 

 
337 (51.7) 
314 (48.3) 

 
187 (60.7) 
121 (39.3) 

 
150 (43.7) 
193 (56.3) 

 
18.74 

(1.5x10-5) 

Size* 

   <16mm 
   16 to 40mm 
   >40mm 

 
224 (34.7) 
247 (38.2) 
175 (27.1) 

 
170 (55.7) 
114 (37.4) 

21 (6.9) 

 
54 (15.8) 

133 (39.0) 
154 (45.2) 

 
161.11 

(1.1x10-35) 

Grade 

   Low 
   Intermediate 
   High 

 
87 (13.4) 

167 (25.7) 
397 (60.9) 

 
53 (17.2) 
84 (27.3) 

171 (55.5) 

 
34 (9.9) 

83 (24.2) 
226 (65.9) 

 

9.92 
(0.007) 

Comedo necrosis 

   Yes 
   No 

 
416 (64.1) 
233 (35.9) 

 
179 (58.5) 
127 (41.5) 

 
237 (69.1) 
106 (30.9) 

 

7.89 
(0.005) 

ER Status 

   Positive 
   Negative 

 
428 (75.1) 
142 (24.9) 

 
211 (80.1) 
  50 (19.9) 

 
217 (70.2) 
92 (29.8) 

 

8.53 
(0.004) 

PR Status 

   Positive 
   Negative 

 
302 (46.4) 
349 (53.6) 

 
159 (51.6) 
149 (48.4) 

 
143 (41.7) 
200 (58.3) 

 

6.44 
(0.011) 

Ki67 Index 

    High (≥14%)   
    Low (<14%) 
    

 
110 (23.4) 
361 (76.6) 

 
46 (21.4) 

169 (78.6) 

 
64 (25.0) 

192 (75.0) 

 

0.848 
(0.357) 

 

DCIS: Ductal carcinoma in situ; N: Number; X2: Chi square, p value in bold: 
Significant. 
ER: Oestrogen receptor; PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI). 
 
 

Table 4-2: HER2 status in pure DCIS cases using IHC and CISH 

HER2 CISH HER2 IHC in pure DCIS 

0/1+ (n=493) (%) 2+ (n=98) 
(%) 

3+ (n=56) 
(%) 

Total (n=647) (%) 

Amplified 1 (0.2) 72 (73.5) 56 (100) 129 (20) 

Non-amplified 492 (99.8) 26 (26.5) 0 (0) 518 (80) 
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Table 4-3: Comparison between HER2 status in pure DCIS cases using IHC and 
CISH 

 
HER2 CISH 

HER2 IHC in pure DCIS 

0/1+ (n=493) (%) 2+ (n=98) (%) 3+ (n=56) (%) Total (n=647) (%) 

<4 489 (99) 26 (27) 0 (0) 515 (80) 

4 to 6 3 (0.6) 3 (3) 1 (2) 7 (1) 

>6 1 (0.4) 69 (70) 55 (98) 125 (19) 

 
 

Table 4-4: HER2 status in DCIS cases mixed with invasion using IHC and CISH 

CISH HER2 IHC DCIS Component HER2 IHC Invasive 
Component 

1+ 2+ 3+ Total N. (%) 1+ 2+ 3+ Total N. (%) 

Amplified 5 5 22 32 (14.7) 1 1 23 25 (11.5) 

Non-amplified 180 5 0 185 (85.3) 191 1 0 192 (88.5) 
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Table 4-5: Association between final HER2 status and the clinicopathological 
parameters of pure DCIS cohort 

 
Parameter 

 HER2 Status  

Total 
(n=646) 
n (%) 

Positive 
(n=128) 
n (%) 

Negative 
(n=518) 
n (%) 

χ2 
(p value) 

Age (years)* 
<40 
40 to 60 
>60 

 
22 (3.4) 

376 (58.2) 
248 (38.4) 

 
7 (5.5) 

74 (57.8) 
47 (36.7) 

 
15 (2.9) 

302 (58.3) 
201 (38.8) 

 
2.12 

(0.347) 

Presentation 
Screening 
Symptomatic 

 
336 (52.0) 
310 (48.0) 

 
69 (53.9) 
59 (46.1) 

 
267 (51.5) 
251 (48.5) 

 
0.23 

(0.632) 

Size * 
<16mm 
16 to 40mm 
>40mm 

 
223 (34.8) 
247 (38.5) 
171 (26.7) 

 
27 (21.4) 
47 (37.3) 
52 (41.3) 

 
196 (38.1) 
200 (38.8) 
119 (23.1) 

 
20.63 

(3.3x10-5) 

Grade 
Low 
Intermediate 
High 

 
87 (13.5) 
166 (25.7) 
393 (60.8) 

 
0 (0.0) 

13 (10.2) 
115 (89.8) 

 
87 (16.8) 
153 (29.5) 
278 (53.7) 

 
58.58 

(1.9x10-13) 

Comedo necrosis 
Yes 
No 

 
411 (63.8) 
233 (36.2) 

 
111 (86.7) 
17 (13.3) 

 
300 (58.1) 
216 (41.9) 

 
36.28 

(1.7x10-9) 

Management 
Mastectomy 
BCS 

 
339 (52.5) 
307 (47.5) 

 
84 (65.6) 
44 (34.4) 

 
255 (49.2) 
263 (50.8) 

 
11.06 

(0.001) 

Radiotherapy 
Yes 
No 

 
95 (14.7) 
551 (85.3) 

 
19 (14.8) 
109 (85.2) 

 
76 (14.7) 
442 (85.3) 

 
2.815 

(0.093) 

ER status 
Positive 
Negative 

 
426 (75.3) 
140 (24.7) 

 
45 (40.5) 
66 (59.5) 

 
381 (83.7) 
74 (16.3) 

 
88.86 

(5x10-20) 

PR status 
Positive 
Negative 

 
302 (46.7) 
344 (53.3) 

 
18 (14.1) 
110 (85.9) 

 
284 (54.8) 
234 (45.2) 

 
68.51 

(1.2x10-16) 

Ki67 Index 
High (≥14%) 
Low (<14%) 

 
108 (23.0) 
361 (77.0) 

 
46 (42.2) 
63 (57.8) 

 
62(17.2) 

298 (82.8) 

 
37.46 

(9.3x10-10) 

 

DCIS: Ductal carcinoma in situ; n: number; X2: Chi square, p value in bold: significant. 
BCS: Breast conserving surgery, ER: Oestrogen receptor, PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI). 
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Table 4-6: Characteristics of DCIS by surrogate molecular subtypes 

DCIS Characteristics All (n=577) 
n (%) 

Luminal A 
(n=348), % 

Luminal B/HER- 
(n=45), % 

Luminal B/HER+ 
(n=46), % 

HER2+ 
(n=66), % 

Triple negative 
(n=72), % 

χ2 
(p value) 

Age (years)* 
<40 
40 to 60 
>60 

 
21 (3.6) 

333 (57.7) 
223 (38.6) 

 
10 (2.9) 

201 (57.8) 
137 (39.3) 

 
2 (4.4) 

25 (55.6) 
18 (40.0) 

 
3 (6.5) 

29 (63.1) 
14 (30.4) 

 
3 (4.5) 

38 (57.6) 
25 (37.9) 

 
3 (4.2) 

40 (55.5) 
29 (40.3) 

 
3.146 

 (0.925) 

Presentation 
Screening 
Symptomatic 

 
297 (51.5) 
280 (48.5) 

 
171 (49.1) 
177 (50.9) 

 
25 (55.6) 
20 (44.4) 

 
23 (50.0) 
23 (50.0) 

 
38 (57.6) 
28 (42.4) 

 
40 (55.6) 
32 (44.4) 

 
2.564  

(0.633) 

Size* 
<16 
16 to 40 
>40 

 
198 (34.4) 
221 (38.4) 
156 (27.2) 

 
136 (39.1) 
137 (39.3) 
75 (21.6) 

 
16 (35.6) 
19 (42.2) 
10 (22.2) 

 
8 (17.8) 
18 (40.0) 
19 (42.2) 

 
17 (26.2) 
21 (32.3) 
27 (41.5) 

 
21 (29.2) 
26 (36.1) 
25 (34.7) 

 
23.382  
(0.003) 

Grade 
Low 
Intermediate 
High 

 
79 (13.7) 
154 (26.7) 
344 (59.6) 

 
71 (20.4) 
128 (36.8) 
149 (42.8) 

 
3 (6.7) 

11 (24.4) 
31 (68.9) 

 
0 (0.0) 
5 (10.9) 
41 (89.1) 

 
0 (0.0) 
5 (7.6) 

61 (92.4) 

 
5 (6.9) 
5 (6.9) 

62 (86.2) 

 
112.265 

(1.3x10-20) 

Comedo necrosis 
Yes 
No 

 
119 (20.6) 
458 (79.4) 

 
50 (14.4) 
298 (85.6) 

 
4 (8.9) 

41 (91.1) 

 
14 (30.4) 
32 (69.6) 

 
21 (31.8) 
45 (68.2) 

 
30 (41.7) 
42 (58.3) 

 
39.337 

(5.9x10-8) 

Solid DCIS 
Yes 
No 

 
292 (50.6) 
285 (49.4) 

 
167 (48.0) 
181 (52.0) 

 
29 (64.4) 
16 (35.6) 

 
26 (56.5) 
20 (43.5) 

 
36 (54.5) 
30 (45.5) 

 
34 (47.2) 
38 (52.8) 

 
5.785 

(0.216) 
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Cribriform DCIS 
Yes 
No 

 
265 (45.9) 
312 (54.1) 

 
182 (52.3) 
166 (47.7) 

 
18 (40.0) 
27 (60.0) 

 
19 (41.3) 
27 (58.7) 

 
22 (33.3) 
44 (66.7) 

 
24 (33.3) 
48 (66.7) 

 
15.535 
(0.004) 

Papillary DCIS 
Yes 
No 

 
75 (13.0) 
502 (87.0) 

 
60 (17.2) 
288 (82.8) 

 
7 (15.6) 

38 (84.4) 

 
1 (2.2) 

45 (97.8) 

 
2 (3.0) 

64 (97.0) 

 
5 (6.9) 

67 (93.1) 

 
18.699 
(0.001) 

Micropapillary DCIS 
Yes 
No 

 
158 (27.4) 
419 (72.6) 

 
100 (28.7) 
248 (71.3) 

 
13 (28.9) 
32 (71.1) 

 
10 (21.7) 
36 (78.3) 

 
19 (28.8) 
47 (71.2) 

 
16 (22.2) 
56 (77.8) 

 
2.138 

(0.710) 

Management 
Mastectomy 
BCS 

 
309 (53.6) 
268 (46.4) 

 
170 (48.9) 
178 (51.1) 

 
20 (44.4) 
25 (55.6) 

 
30 (65.2) 
16 (34.8) 

 
43 (65.2) 
23 (34.8) 

 
46 (63.9) 
26 (36.1) 

 
13.773 
(0.008) 

 

DCIS: Ductal carcinoma in situ; n: number; X2: Chi square, p value in bold: significant 
BCS: Breast Conserving Surgery 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI). 
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Table 4-7: Multivariate analysis for predictors of local recurrence in pure DCIS 
patients treated with breast conserving surgery 

Outcome HR (95% CI) p value* 

All local recurrence 

Tumour size  

High tumour grade 

Comedo necrosis 

Margin width 

Radiotherapy 

ER status 

HER2 status 

Ki67 status 

 

1.31 (0.36-2.55) 

3.43 (1.18-9.96) 

3.63 (1.44-7.82) 

0.63 (0.34-0.91) 

0.95 (0.47-1.91) 

1.09 (0.58-2.05) 

0.89 (0.45-1.74) 

2.61 (0.33-5.01) 

 

0.098 

0.023 

0.013 

0.029 

0.890 

0.777 

0.734 

0.089 

DCIS local recurrence 

Tumour size  

High tumour grade 

Comedo necrosis 

Margin width 

Radiotherapy 

ER status 

HER2 status 

Ki67 status 

 

1.01 (0.46-2.23) 

1.90 (0.21-4.72) 

1.24 (0.73-1.99) 

1.83 (0.15-11.96) 

0.75 (0.35-1.59) 

0.76 (0.29-1.92) 

2.51 (2.11-11.45) 

2.44 (0.13-2.29) 

 

0.423 

0.569 

0.372 

0.180 

0.459 

0.551 

0.030 

0.067 

Invasive local recurrence 

Tumour size  

High tumour grade 

Comedo necrosis 

Margin width 

Radiotherapy 

ER status 

HER2 status 

Ki67 status 

 

2.63 (1.13-6.09) 

1.15 (0.25-5.24) 

1.49 (0.814-2.76) 

0.69 (0.43-2.47) 

1.17 (0.35-3.86) 

1.01 (0.45-2.65) 

0.49 (0.17-1.41) 

1.28 (0.41-3.88) 

 

0.024 

0.871 

0.194 

0.578 

0.780 

0.833 

0.184 

0.668 

 

HR: Hazard ratio, CI: Confidence interval 
ER: Oestrogen receptor, HER2: Human epidermal growth factor receptor 2. 

* Bold facing is significant. 
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4.5 Discussion 

DCIS is a heterogeneous disease, with molecular phenotypes seen in 

invasive cancer presenting in primary DCIS using IHC surrogate 

markers. These molecular phenotypes can be used to independently 

predict for both overall and, importantly, invasive recurrence (Williams 

et al., 2015). There is no clinically established classification of DCIS that 

supports the prognosis for an individual woman (Zhou et al., 2013). In 

invasive cancer, molecular subtyping predicts prognosis (Normanno et 

al., 2009, Su et al., 2011) but very little data has been published 

regarding DCIS (Zhou et al., 2010). 

 

Despite the long-term follow-up, very sparse prognostic information 

using the intrinsic surrogate molecular subtype classification was 

determined. HER2 status is a known risk factor for recurrence in both 

invasive breast carcinoma and DCIS. Some publications have shown 

an increased risk of non-invasive recurrence in HER2+ tumours and 

have shown that the combination of HER2+ and high proliferation 

conferred an even higher risk of recurrence (Kerlikowske et al., 2010, 

Rakovitch et al., 2012). The data presented in this chapter confirms a 

higher risk for local recurrence in HER2+ tumours. 

 

HER2 status can be detected by analysing the number of gene copies 

or measuring the amount of protein expression. The most widely used 

methods at present are IHC, FISH and CISH due to their propensity in 

evaluating HER2 in FFPE tissues in invasive carcinoma (Madrid and Lo 

2004). Most HER2 studies have been performed by IHC, which is 
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widely accessible, easy to perform at a reasonable cost and is 

appropriate for initial HER2 assessment (Kakar et al., 2000). However, 

in cases with an IHC score of 2+, the inter-observer agreement is poor, 

and the predictive value is unsatisfactory for clinical use. This has led to 

the recommendation of additional testing measuring HER2 gene copy 

number status using an in situ hybridisation technique such as FISH or 

CISH, to avoid inaccurate prognostication and inappropriate treatment 

(Kakar et al., 2000, Thomson et al., 2001). 

 

CISH is an alternative in situ hybridisation method to analyse gene 

amplification with a more feasible technique and assessment method 

(Tabarestani et al., 2015). Furthermore, several studies have 

demonstrated good correlation between CISH and FISH results (Gong 

et al., 2009, Garcia-Caballero et al., 2010). 

 

In this study, similar to a previous study, but in invasive tumour (Madrid 

and Lo 2004), the concordance between 3+ IHC and CISH-amplified 

cases was 100%, denoting all HER2 over-expressing cases as having 

HER2 gene amplification. In contrast, the proportion of 2+ IHC that 

were HER2 amplified, as detected by CISH, was 73.5% (72/98), which 

is lower than previously reported (93%) (Arnould et al., 2003). The 

26.5% (26/98) IHC-equivocal/HER2 non-amplified tumours in this study, 

all of which had 2+ IHC scores, is higher than the result obtained by 

other studies on invasive tumours (Tubbs et al., 2001, Zhao et al., 2002, 

Bartlett et al., 2008). The concordance between 0/1+ IHC and HER2 

non-amplified tumours was 99.7%. A similar finding was reported by 
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Zhao and colleagues, who considered there to be a small undetermined 

percentage of amplified HER2 without protein over-expression (Zhao et 

al., 2002). The same study and other FISH studies on invasive 

carcinoma also report rare 3+ IHC tumours that are non-amplified 

(Tubbs et al., 2001, Zhao et al., 2002, Sapino et al., 2003, Bartlett et al., 

2008); however, in this study, no such cases were detected. 

 

The low-amplified HER2 category (≥ 4 to <6 CISH signals) was the 

most difficult to interpret, requiring an accurate enumeration of gene 

copy and the addition of more tumour cells to assess the final status. 

This step was particularly important because these cases could either 

resolve as amplified (4/7) or non-amplified (3/7). Signal clustering, more 

probably as a result of intra-chromosomal amplification of 

homogeneously staining regions, was immediately prominent in highly 

amplified cases and was easily assessed. 

 

A lower HER2 expression was observed in pure DCIS compared to the 

previously published literature (Roses et al., 2009, Lari and Kuerer 

2011). This might be related to the increasing detection of low- and 

intermediate-grade DCIS by screening mammography. In support of 

this, the HER2 positivity was higher (30%) in the earlier period of the 

study and declined over time to 20%. 

 

The question of whether or not TMA cores are representative of whole 

tumours is frequently raised, as some tumours are heterogeneous and 

so a small sample of tissue may not always display the same biological 
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characteristics as a larger section (Malicka-Durczak et al., 2012). To 

increase the credibility of the TMA technique while reducing the 

probability of error associated with the difficulty of obtaining a 

representative sample, some studies use multiple cores from the same 

donor tissues, as it has been reported that only a few (up to four) cores 

are required to achieve a 100% agreement (Jourdan et al., 2003). 

However, even when as many as ten tissue cores are taken from a 

tumour, some disagreement may be noted (Camp et al., 2000, Mulrane 

et al., 2017). In the current study, 1mm diameter cores were used to 

construct the TMA of the pure DCIS tumours, increasing the probability 

of accurate sampling by taking large TMA cores. In cases with multiple 

cores, the initial HER2 status was assessed at the protein level followed 

by confirmation with in situ hybridisation. The high agreement rate 

between IHC and CISH results suggests that it is possible to apply 

TMAs to DCIS research, with the caveat that, for HER2, the CISH 

results may be more reliable, countering the discrepancy that can be 

observed in IHC for either technical or biological reasons. 

 

The subsequent goal of this chapter was to classify DCIS tumours 

according to the molecular classification of breast cancer and to assess 

the role of surrogate molecular markers in progression of DCIS. HER2 

positive DCIS was associated with predictors of local recurrence 

including larger tumour size, high nuclear grade, comedo type DCIS, 

negative hormone receptor status and high Ki67 proliferation index, 

which was consistent with other studies (Claus et al., 2001, DiGiovanna 

et al., 2002, Latta et al., 2002, Lebeau et al., 2003, Holmes et al., 2011, 
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Kuerer et al., 2011). In multivariate analysis, higher grade, comedo 

necrosis and margin status were associated with the development of 

local recurrence (invasive or DCIS). Similar to some studies, (Han et al., 

2012, Rakovitch et al., 2012), HER2 positivity was a predictor of DCIS 

local recurrence; however, tumour size predicted invasive local 

recurrence. 

 

DCIS patients with HER2 amplification had higher nuclear grade lesions 

and therefore are probably at risk of relapse more frequently than the 

HER2 unamplified group, but the prognostic role of HER2 over-

expression in DCIS is still not fully clarified. Some studies suggest that 

patients with HER2-amplified DCIS are more frequently high nuclear 

grade and this aspect is related to an increased risk of relapse (Millis et 

al., 1996, Rohilla et al., 2016). In fact, some studies suggest that HER2 

plays a major role in the transition from DCIS to IBC (Burkhardt et al., 

2010, Williams et al., 2015), while others do not support this (Borgquist 

et al., 2015, Kim et al., 2016). In the current study, HER2 amplification 

was more frequent in the pure DCIS cohort (20%) than in the mixed 

DCIS (15%) despite the more prevalent higher-grade DCIS in the mixed 

cases. HER2 positivity alone was not predictive of recurrence as a 

whole or as invasive disease but was a predictor of DCIS recurrence. 

This result is consistent with the observation that HER2-positive DCIS 

tend to extend within the ductal system and even in the epidermis 

(Paget’s disease) than in tumours associated with invasive disease. It is 

a personal observation that when HER2-positive DCIS is associated 

with early invasion, that invasive disease may show aggressive 
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features. Currently, HER2-positive invasive tumours are treated more 

aggressively regardless of their size (Joerger et al., 2011). This may 

suggest that HER2-positive DCIS tumour cells, although highly 

proliferative, are not highly invasive, whilst those that acquire invasive 

properties became aggressive and can metastasise. 

  

In the present study, HER2 expression in the invasive component was 

seen less frequently as compared to the DCIS component adjacent to 

invasive carcinoma and pure DCIS, although this was of borderline 

statistical significance. Similarly, other studies (Park et al., 2006, Rohilla 

et al., 2016) have observed that HER2 positivity is often seen in 

patients with pure DCIS compared to those with microinvasive or 

invasive carcinoma. As it has been reported that patients with HER2+ 

invasive cancer have a poorer prognosis than those whose tumours do 

not express HER2 (Rom et al., 2013), the higher incidence of 

expression found in DCIS may therefore seem paradoxical. It was 

postulated that HER2 expression happens during the process of 

atypical hyperplasia in DCIS, and loss of HER2 expression occurs as 

DCIS develops into invasive disease. Another hypothesis is that HER2 

overexpression in invasive carcinoma does not develop from DCIS but 

from the associated atypical hyperplasia (Hoque et al., 2002, Mylonas 

et al., 2005). Another theory explaining this phenomenon is that most 

invasive cancers develop from DCIS precursors, which have low 

expression of HER2 but are highly proliferating (Rohilla et al., 2016). 

Because such tumours are rapidly progressing, they are in the DCIS 
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stage for only a short period and would therefore be under-represented 

in population samples (Rohilla et al., 2016). 

 

In summary, CISH is a promising, practical test that can be used in 

combination with IHC to determine HER2 status in DCIS. IHC is an 

easy technique to perform, moderately inexpensive, and able to detect 

a majority of breast cancer patients whose tumours have negative (0 or 

1+) or positive (3+) HER2 status. This IHC/CISH test stratification not 

only confirms the status of the IHC borderline cases, but also keeps 

testing costs for HER2 status at a reasonable minimum. As HER2 

status is not currently routinely measured in clinical practice, the aim 

was to show statistically significant correlations between the 

development of local recurrence as well as poor prognostic pathologic 

factors and HER2-positive DCIS, which could alert clinicians. The 

results might suggest considering routine assessment of HER2 in DCIS, 

similar to IBC. 

 

Also confirmed in this study is the suitability of TMAs for assessment of 

HER2 gene amplification status in tumours arising from different 

patients, while maintaining a representative tissue sample in each case, 

with good reproducibility and credible results. 

 

To conclude, the frequency of HER2 positivity, driven by gene 

amplification, in DCIS is comparable to IBC and is an independent 

predictor of recurrence. The results suggest the consideration of routine 

assessment of HER2 status for DCIS, as is commonly done for IBC.
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5 Molecular Characterisation of DCIS
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5.1 Introduction 

5.1.1 DCIS progression to invasive carcinoma cascade 

It is estimated that approximately half of all IBCs are associated with 

DCIS (Yeong et al., 2017, Doebar et al., 2018), and it is postulated that 

in a majority of these cases, the invasive component arises on top of 

the preceding DCIS, based on common genetic changes and shared 

copy number profiles (Damonte et al., 2008, Vincent-Salomon et al., 

2008, Gao et al., 2009, Schnitt 2009, Johnson et al., 2012, Knudsen et 

al., 2012, Carraro et al., 2014, Doebar et al., 2016b). It has been further 

reported that numerous genomic changes shared by ADH, DCIS and 

IDC occur, strengthening the argument for the linear progression model 

(Gao et al., 2009). 

 

However, the linear model hypothesis has been argued against as only 

25% to 50% of untreated DCIS later progress to ipsilateral invasive 

carcinoma (Page et al., 1982, Page et al., 1995, Sanders et al., 2005). 

This leads to the demanding need to ask the question of when and 

whether DCIS will become invasive carcinoma. There is a variable 

percentage of IDCs associated with DCIS and that variation depends on 

the molecular subtype, with HER2-positive and luminal breast cancer 

more frequently associated with DCIS than basal-like cancers (Xu et al., 

2016); however, neither molecular subtype nor histopathological 

characteristics are consistent or reproducible predictors of DCIS 

behaviour (Yeong et al., 2017). Two hypotheses have thus arisen on 

the progression of DCIS to IDC, that is, DCIS becomes invasive as a 



  Chapter 5  Molecular Characterisation of DCIS 

 128 

result of intrinsic factors, namely genetic aberrations of the neoplastic 

cells or, alternatively, that extrinsic factors within the surrounding 

microenvironment drive DCIS progression, independent of or in 

conjunction with genetic changes within neoplastic cells (Cowell et al., 

2013). 

 

5.1.2 Tumour cell intrinsic factors involved in DCIS 

progression 

Logically, significant cellular changes required for DCIS to overcome 

the physical barriers of the myoepithelium and BM entail de novo 

acquisition of equally profound genetic aberrations (Carraro et al., 

2014). Accordingly, some research aimed to define predictive 

biomarkers and identify novel therapeutic targets by focusing on 

understanding the genetic differences between in situ and invasive 

phenotypes (Krings and Chen 2018). Recently, studies of the different 

compartments of DCIS and IDC have shed further light on the process 

of malignant progression and highlighted pathways for future research 

(Yeong et al., 2017). So far, only a broad concept of IBC precursors has 

been established today, and much remains unclear regarding the role of 

genomics of different components of tumour and stromal compartments 

in this process (Kitamura et al., 2018). 

 

5.1.3 Molecular features of DCIS and its progression 

5.1.3.1 Genomic changes 

DCIS and invasive cancer are comparatively similar at the genomic 

level (Sonoda et al., 2013, Doebar et al., 2016b). Some studies 

suggested the likely existence of molecular abnormalities required for 
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the progression to an invasive phenotype at the premalignant stage, 

although it is still controversial (Petridis et al., 2016). 

 

In contrast to that theory, other studies suggest that such abnormalities 

required for progression occur at any stage particularly from in situ to 

invasive stage (Hernandez et al., 2012, Heselmeyer-Haddad et al., 

2012). According to this theory, distinct subclones with specific genetic 

changes are selected during the transition from DCIS to invasive 

disease. This leads to differences in the prevalence of specific 

mutations between neoplastic DCIS cells and their invasive 

counterparts (Turner and Reis-Filho 2012, Yap et al., 2012, Cowell et 

al., 2013). 

 

Despite the absence of robust evidence supporting the mutation 

acquisition model of DCIS progression, there are some data suggesting 

the role of epigenetic changes such as DNA hypermethylation (Baylin et 

al., 2001). Aberrant hypermethylation of tumour suppressor genes takes 

place in both pure DCIS and the in situ component of DCIS to IDC, 

triggering carcinogenesis and perhaps also progression of pure DCIS 

(Pang et al., 2014). Downregulation of expression of epithelial cell-

related genes also suggests that hypermethylation of gene promoters 

may play a role in this step of DCIS progression (Castro et al., 2008). In 

conclusion, these studies provide evidence of a common shared 

genetic susceptibility between DCIS and IDC, superimposed by a 

degree of alteration to DNA methylation patterns that might contribute to 

driving changes in gene expression that promote future progression 

(Doebar et al., 2018). 
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5.2 Tumour cell extrinsic factors involved in DCIS 

progression 

Recent studies have investigated tumour cell extrinsic factors in the 

microenvironment that might drive the DCIS cells to acquire the 

invasive potential. DCIS, circumscribed by a dynamic layer of 

myoepithelium, exists within the context of a multicomponent stroma, 

accompanied by immune cells (Gorringe and Fox 2017) (Figure 5-1). 

 

Studies have recently revealed alterations to the physical and 

biochemical properties of the tumour-associated matrix that promotes 

tumour progression and resistance to therapy. These changes disrupt 

the normal ECM architecture, which can adversely affect the functions 

of other stromal cell populations to corroborate tumour development 

(Shiga et al., 2015). Further studies on the earlier stages of breast 

cancer initiation have unravelled the importance of stromal factors in 

tumour evolution. Based on the radiological findings, it has previously 

been reported that high-density breast stroma is one of the strongest 

risk factors for invasive breast cancer, second to BRCA mutations 

(Hwang et al., 2007, Acerbi et al., 2015). 
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Figure 5-1: Factors contributing to the progression of ductal carcinoma in situ 
(DCIS) to invasive cancer. The diagram shows the different factors that are 
involved in the progression of DCIS to invasive breast carcinoma, including 
genetics of tumour cells, myoepithelial cells, BM, immune cells, fibroblasts and 
stroma. 

 

5.2.1 Potential role of stromal matrix metalloproteinases 

(MMPs) 

Although BM break is a hallmark of invasion and defines progression of 

malignancy, the intricacy of the underlying mechanisms remain 

incompletely understood (Wu et al., 2016). Using an indirect 

immunoperoxidase technique to detect type IV collagen, early studies 

established that the BM is intact in normal breast tissue, benign breast 

lesions and non-neoplastic mammary ducts adjacent to DCIS but shows 

small areas of disruption in pure DCIS (Rakha et al., 2018). Despite the 

importance of BM degradation during DCIS progression, little is known 

regarding the underlying mechanisms or identification of the triggers for 

MMP release by stromal cells. It is worthy to note the BM changes seen 

in DCIS are mediated either directly by tumour cells or indirectly through 
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changes to the stroma prior to or coincidental with emergence of the 

invasive phenotype (Rakha et al., 2018). 

 

5.2.2 Myoepithelial cells (MECs) and DCIS progression 

MECs both act as a physical barrier to the progression from in situ to 

invasive growth and have a crucial role in deterring tumour cell 

conversion to an invasive phenotype (Lo et al., 2017). Degradation and 

disruption of the BM appear to coincide with the loss of continuity of the 

MECs (Hsiao et al., 2011, Jiang et al., 2013), leading to the necessity to 

identify the key features of MEC biology, which are altered during the 

progression process (Pandey et al., 2010). Compared with MECs of 

normal tissue, DCIS MECs exhibit lower levels of gene expression 

associated with normal MECs’ function, including thrombospondin, 

laminin and the oxytocin receptor, as well as higher expression of 

genes involved in cellular proliferation, migration, invasion and 

angiogenesis (Allinen et al., 2004). The effects of these changes in vivo 

have not been fully explored, and it is fundamental to define whether 

they represent some reactive changes to the emergent invasion or true 

changes that facilitate tumour cell invasion. 

 

5.2.3 Immune cells in DCIS 

Infiltration of immune cells into the stroma and tumour is one of the 

earliest events detected at the site of tumour progression. However, 

there is little known about the immune milieu of DCIS or the emergence 

of the anti-tumour immune response during progression to invasive 

carcinoma (Yeong et al., 2017). Simple H&E staining of tissue samples 

demonstrated increased inflammatory cell infiltration in DCIS compared 
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with IDC and control normal breast tissues (Sikandar et al., 2015, Miligy 

et al., 2017), indicating a potential link between the immune infiltrate 

with DCIS progression (Acerbi et al., 2015, Miligy et al., 2017). 

 

5.2.4 Fibroblasts within the tumour microenvironment 

Cancer-associated fibroblasts (CAFs) are one of the most critical 

components of the tumour microenvironment, modulating immune 

polarisation and stimulating cell growth via the production of growth 

factors and ECM proteins (Liao et al., 2009). Some studies have 

highlighted the need to understand the interplay between different cell 

types within the stroma in the case of CAFs, showing that the invasive 

potential of tumour epithelial cells can be concurrently corroborated by 

stromal cells, particularly fibroblasts, and inhibited by MECs 

(Gudjonsson et al., 2002), in an interaction leading to alterations in 

gene expression profiles of both cell types (Sotgia et al., 2012). 

 

5.3 Identification of progression drivers 

Although research has identified some genomic and transcriptomic 

changes within abnormal epithelial cells of DCIS together with altered 

microenvironment, so far, none of these alterations have proven to be 

reliable indicators of invasive progression or in situ recurrence (Dossus 

and Benusiglio 2015). 

 

Since the genomic instability is one of the essential characteristics of 

cancer, it is responsible for its genetic and phenotypic heterogeneity 

(Schmitt et al., 2012). In the background of random aberrations due to 

genomic instability, there is a strong evidence for the selection of ’driver’ 
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aberrations at the epidemiological, genetic and clinical levels (Wang et 

al., 2014). Conventionally, recurrent aberrations occurring at a rate 

higher than the background aberrations are believed to be drivers 

(Rane et al., 2015). 

 

Somatic copy number alterations (SCNAs) are extremely common in 

cancer (Baudis 2007, Beroukhim et al., 2010). Therefore, proteins 

involved in tumour progression are anticipated to be highly diverse, 

integrated in complex interrelated networks of proteins and molecular 

pathways. Bearing in mind that some proteins may be key players in 

carcinogenesis and tumour progression makes these proteins ‘master 

regulatory‘ proteins. Therefore, a panel of molecular markers of their 

potential role in DCIS progression has been proposed and is subject to 

scrutiny (Rane et al., 2015). 

 

It has been proposed that certain chromosomal abnormalities are 

common during progression from in situ to invasive disease, particularly 

1q (Afghahi et al., 2015) and 20q (Kitamura et al., 2018). Among the 

genes located on each locus are thioredoxin interacting protein (TXNIP) 

located on 1q21.1 and aurora kinase A (AURKA), microtubule 

nucleation factor (TPX2) and non-receptor tyrosine kinase (SRC) 

located on 20q, which all show a role in the progression of cancer (Zou 

et al., 2009, Afghahi et al., 2015, Hou et al., 2016). 

 

5.3.1 Thioredoxin interacting protein 

Cancer cells are known for continuously experiencing oxidative stress, 

resulting from increased ROS generation (Lu and Holmgren 2012). 
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Enhanced oxidative stress has been implicated in the initiation and 

progression of cancer, promoting both cell survival and drug resistance 

(Yoshihara et al., 2014). However, unresolved high levels of oxidative 

stress beyond the capacity of the cancer cell to accommodate them 

causes critical damage to cellular DNA, proteins and lipids, ultimately 

leading to cell death (Zhou and Chng 2013). TXNIP, a negative 

regulator of the major anti-oxidant thioredoxin (TRX), has potent growth 

suppressive, metastasis inhibitory and pro-apoptotic functions (Kim et 

al., 2007). Loss of TXNIP expression is associated with the evolution of 

some solid tumours (Kim et al., 2007). In the breast, high expression of 

TXNIP is found in normal breast tissues (Li et al., 2017) with reduced 

immunointensity in invasive tumours (Butler et al., 2002, Miligy et al., 

2018). Woolston and colleagues (Woolston et al., 2012) demonstrated 

that TXNIP is an independent predictor of outcome in a study of 98 

locally advanced invasive breast cancer cases treated with 

anthracycline-based chemotherapy. 

 

5.3.2 Aurora kinase A (AURKA) 

Aurora kinase A (AURKA) belongs to the family of serine-threonine 

kinases that play an integral role in cell cycle regulation (Marumoto et 

al., 2005) by recruiting the cyclin B1/CDK1 complex and committing 

cells to mitosis (Portier et al., 2007). It has a key role in centrosome 

duplication and is a critical regulator of mitotic cell proliferation, 

particularly in mitotic entry, centrosome maturation, mitotic spindle 

assembly, and chromosome segregation processes (Wang et al., 

2006). The AURKA gene is localised on the chromosome segment 
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20q13, which is commonly amplified in many human cancers (Eterno et 

al., 2016, Chen et al., 2017, Liao et al., 2018). Ectopic overexpression 

of the kinase induces chromosomal instability, centrosome anomalies, 

and tumourigenic transformation of human cells (Bischoff et al., 1998, 

Zhou et al., 1998). AURKA represents a unique proto-oncogenic mitotic 

kinase that is involved in the genetic pathways underlying the two most 

commonly observed phenotypic alterations in human cancer cells: 

aneuploidy and centrosome aberrations (Zhang et al., 2010). This 

property is critically relevant for breast cancer as a disease driven by 

chromosome copy number alterations (Ciriello et al., 2013). 

 

AURKA is expressed at elevated levels in IBC (Liao et al., 2018, 

Lykkesfeldt et al., 2018), colorectal (Zhang et al., 2010), ovary (Gritsko 

et al., 2003) and gastric carcinomas (Zhou et al., 2018) and is 

associated with poor prognosis (Casorzo et al., 2015). It is one of the 

proliferation genes included within the Oncotype DX prognostic assay 

for DCIS (Solin et al., 2013) and IBC, which predicts the likelihood of 

ten-year recurrence in tamoxifen-treated, ER-positive, node-negative 

breast cancer patients (Paik et al., 2004, Ingoldsby et al., 2013, Ahmed 

et al., 2018). Moreover, AURKA is differentially expressed between 

normal breast epithelial cells and IBC (Moelans et al., 2011); however, 

the role of AURKA in DCIS has yet to be established. 

 

5.3.3 Targeting protein for Xenopus kinesin-like protein 2 

(TPX2) 

TPX2, located on 20q11.21, is a prohibitin that belongs to the 

microtubule-associated protein family, is strictly regulated by cell cycle 
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and appears in the G1-S phase of the cell cycle and disappears after 

completion of mitosis (Cocchiola et al., 2014). It is involved in 

microtubule-associated proteins formed by spindle apparatus in mitosis 

(Zou et al., 2018) and was first described in 1997 (Heidebrecht et al., 

1997). In the phase of mitosis (Neumayer et al., 2014), TPX2 is 

released through Ras-related nuclear protein GTPase pathway and 

activated by phosphorylation of AURKA; TPX2 and AURKA are 

mutually combined during the spindle apparatus assembly (van Gijn et 

al., 2018). Abnormality or structure destruction will result in errors in 

spindle apparatus assembly and abnormality of the chromosome will 

lead to tumour initiation (Yang et al., 2015). TPX2 is differentially 

expressed at mRNA level between breast DCIS and IBC and promotes 

the proliferation of breast cancer cells (Yang et al., 2015). 

5.3.4 SRC non-receptor tyrosine kinase 

SRC kinases are a family of non-receptor tyrosine kinases in which 

SRC is the prototypical member of this group of structurally related 

proteins expressed in mammalian cells (Frame 2002). SRC family 

kinases are regulatory proteins, playing key roles in cell differentiation, 

motility, invasion, proliferation and cell survival (Elsberger 2014). SRC 

is engaged in multiple cellular processes and takes a central role in cell-

signalling-influencing processes, which are involved in oncogenesis 

(Wilson et al., 2006). Tumour progression from early disease to 

advanced or metastatic disease typically involves both tumour growth 

(cellular proliferation) and metastasis to distant sites (cellular migration) 

(Elsberger 2014). 
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Metastasis is a complex multistep process involving loss of cellular 

cohesion, hypermotility, intravasation, invasion into stroma, 

extravasation, colonisation to a distant site, and vasculogenesis 

(Chambers et al., 2002). Each of these processes is regulated to a 

great extent by SRC, suggesting that it plays a role in the advancement 

and metastasis of solid tumours (Browne et al., 2018). In vitro evidence 

for an SRC kinase role in breast cancer is convincing, but only 

supported by a few translational clinical studies (Yeatman 2004, Wilson 

et al., 2006). 

 

5.4 Hypothesis 

It is hypothesised that a powerful way to discover key genes playing 

causal roles in oncogenesis is to identify genomic regions that undergo 

frequent alteration in human cancers. To confirm the effect of a certain 

gene, detection of its protein expression is essential. Assessment of 

molecular markers can be used as surrogates of DCIS biology and 

behaviour and have the potential to predict patient outcome (Gorringe 

and Fox 2017). 

 

Therefore, it was hypothesised that some genes that play a role as 

oncogenes (AURKA, TPX2 or SRC) or tumour suppressor genes 

(TXNIP) will have a role in progression from DCIS to invasive disease. 

This can be used as a tool to tailor treatment decisions of DCIS or have 

a therapeutic potential. 
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5.5 Patients and methods 

5.5.1 Study Cohort 

This retrospective study was conducted on a consecutive series of 

primary pure DCIS cases and a series of cases diagnosed as 

synchronous DCIS and invasive tumours (mixed DCIS and invasive 

breast cancer) as a validation set, prepared as TMA (Chapter 2). In 

addition, a set of whole tissue sections from ten cases containing DCIS 

and invasive tumours were assessed to evaluate heterogeneity and the 

pattern of TXNIP, AURKA, TPX2 and SRC expression in malignant 

breast lesions and adjacent stroma and normal tissue. 

 

Patients’ demographic information, histopathological parameters, 

management, radiotherapy and patient outcome data were collated, as 

previously described (Chapter 3). 

 

Additionally, data on different molecular classes, p53 and Ki 67, was 

available for the cohort (Miligy et al., 2018). Ki67 high proliferation index 

was considered when more than or equal to 14% positively-stained 

tumour cell nuclei were detected (Ohara et al., 2016, Fulawka and 

Halon 2017). Aberrant p53 (clone DO7) staining was determined based 

on eyeballing the percentage and the staining pattern of p53 in tumour 

cell nuclei, which has been shown to correlate with mutation of the gene 

(Kobel et al., 2010, Kobel et al., 2016). Validation of the studied 

antibodies was performed as previously described (Chapter 2). 
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5.5.2 Analysis of the antibodies’ mRNA expression in breast 

cancer 

To confirm the prognostic and clinical significance of the targets in IBC, 

and given the deficiency of data on the transcriptomic profiles of DCIS, 

normalised gene expression (mRNA) data were analysed using the 

Molecular Taxonomy of Breast Cancer International Consortium 

(METABRIC) dataset that comprises 1980 tumours with long-term 

follow-up (Curtis et al., 2012). mRNA expression levels of the target 

biomarkers were analysed against the clinicopathological and outcome 

data of the METABRIC cohort. 

 

5.6 Results 

5.6.1 Specificity of the antibodies used in the study 

Western blot revealed that all the antibodies used in this study showed 

their specific band(s) at the predicted molecular weight(s), as listed by 

the supplying company. AURKA and SRC had two epitopes shown as 

two bands (Figure 5-2). 
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Figure 5-2: Western Blot of the antibodies used in the study. 

 

5.6.2 Frequency and localisation pattern of the studied 

antibodies 

Assessment of whole tissue sections of the studied biomarkers 

revealed a homogenous distribution pattern and that confirmed the 

validity of using TMAs to assess their expression. Assessment of 50% 

of the tissue cores was done for a second time by the author to 

evaluate the intra-observer concordance that was ranged between 0.88 

and 0.97. 

 

5.6.2.1 TXNIP 

TXNIP showed cytoplasmic expression with occasional nuclear staining 

in normal luminal and myoepithelial cells. Variable staining intensities 

and localisation were detected in the different morphological 

components, with occasional strong nuclear staining in normal breast 

epithelial cells, strong to moderate cytoplasmic staining in DCIS (with 

occasional membrane accentuation), and mild to negative cytoplasmic 

staining in invasive tumours (with no nuclear staining). TXNIP-positive 

pure DCIS tumour cells showed distinct cytoplasmic staining with 

occasional peripheral/perimembrane accentuation and infrequent 

nuclear staining in some low-grade tumours (Figure 5-3A). After 

exclusion of uninformative cores (i.e. lost cores, folded tissue during 

processing and cores containing less than 15% tumour cells), a total of 

608 pure DCIS and 231 tumours with mixed DCIS and invasive 
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components were included in the analysis. TXNIP expression exhibited 

a unimodal distribution with a median H-score of 185 (range 0–300) in 

the pure DCIS. 

 

When pure DCIS was compared to DCIS mixed with IBC, the TXNIP 

cytoplasmic mean H-score was higher in pure in situ tumours compared 

with the DCIS component of the mixed cases ( SD=185  76 for pure 

DCIS, SD= 112  88 for DCIS component of the mixed cases; t-

test= 15.8 and p<0.0001). In the mixed cases, TXNIP cytoplasmic mean 

H-score was higher in the DCIS component when compared with the 

adjacent invasive component ( SD= 112  88, SD= 83  78, 

respectively; Z=16.6 and p<0.0001) (Figure 5-4A). 

 

5.6.2.2 AURKA and TPX2 

Assessment of ten whole-tissue sections from IBC mixed with DCIS 

revealed nuclear expression of AURKA and TPX2. Adjacent normal 

breast terminal duct-lobular units showed negative or very weak 

cytoplasmic staining (Figure 5-3B and Figure 5-3C). 

After unbiased exclusion of uninformative cores, a total of 632 and 631 

pure DCIS (for AURKA and TPX2, respectively) and 217 tumours with 

mixed DCIS and invasive components were included in the analysis. 

AURKA and TPX2 expression showed a unimodal distribution with a 

median percentage of 30% AURKA and 25% TPX2 positive nuclei in 

pure DCIS, 48% AURKA and 30% TPX2 in the DCIS component of 
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mixed cases and 65% AURKA and 45% TPX2 in invasive component of 

the latter cohort. 

 

Within the pure DCIS series, high AURKA expression (>30% of nuclei 

positive) was observed in 15% of cases and this was a statistically 

significantly lower proportion than in the DCIS component of the mixed 

cases (29%, X2=9.8, p=0.004 with high expression) and the invasive 

component (55%, X2=33.1, p<0.0001 with high expression). Similar 

results were observed when analysis was performed on a continuous 

scale (p=0.030). A statistically significant difference in AURKA 

expression was also observed between tumour cells of the components 

of the mixed DCIS/IBC cases (p<0.0001) (Figure 5-4B). 

 

Regarding TPX2, within the pure DCIS series, high TPX2 expression 

(>25% of nuclei positive) was observed in 15% of cases and this was a 

statistically significantly lower proportion than in the DCIS component of 

the mixed cases (30%, X2=7.2, p=0.005 with high expression) and the 

invasive component (45%, X2=22.6, p<0.0001 with high expression). 

Similar results were observed when analysis was performed on a 

continuous scale (p=0.012). A statistically significant difference in TPX2 

expression was also observed between tumour cells of the components 

of the mixed DCIS/IBC cases (p<0.0001) (Figure 5-4C). 

 

5.6.2.3 SRC 

Assessment of whole-tissue sections from IBC with DCIS revealed 

cytoplasmic expression of SRC. Adjacent normal breast terminal duct-
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lobular units showed negative or very weak cytoplasmic staining of SRC 

(Figure 5-3D). 

 

A total of 506 pure DCIS and 217 tumours with mixed DCIS and 

invasive components were included in the analysis. SRC expression 

showed a unimodal distribution with a median H score of 100 (range 0–

200). Within the pure DCIS series, high SRC expression was observed 

in 54% of cases and this was a significantly lower than in the DCIS 

component of the mixed cases (H score=125, X2=6.5, p=0.010 with high 

expression) and the invasive component (H score=165, X2=15.5, 

p<0.0001 with high expression). Similar results were observed when 

analysis was performed on a continuous scale (p=0.033). A statistically 

significant difference in SRC expression was also observed between 

tumour cells of the components of the mixed DCIS/IBC cases 

(p<0.0001) (Figure 5-4D). 

5.6.3 Association of the studied biomarkers and patients’ 

clinicopathological parameters 

 

5.6.3.1 TXNIP 

High/positive TXNIP cytoplasmic expression was significantly 

associated with good prognostic factors including small tumour size 

(p=0.008), low tumour grade (p<0.0001), no radiotherapy status 

(0.047), positive ER and PR status (p<0.0001), negative HER2 status 

(p=0.003), low Ki67 (p=0.001) and luminal (ER+/HER2-) phenotype 

(p<0.0001) (Table 5-1). Analysis of the continuous data revealed 

approximately consistent results (Table 5-2). 
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Analysis of TXNIP mRNA levels in IBC of the METABRIC cohort 

revealed significant association between high TXNIP expression and 

small tumour size (p<0.0001), low histological grade (p<0.0001) and 

with ER, PR positive and HER2 negative phenotype (p<0.0001, 

p=0.011 and p=0.004, respectively) and Luminal A intrinsic subtypes 

according to the PAM50 classification (p=0.021) (Table 5-3). 

  

5.6.3.2 AURKA, TPX2 and SRC 

High expression of AURKA, TPX2 and SRC was significantly 

associated with poor prognostic factors such as large tumour size, high 

nuclear grade and negative hormone receptor expression (Table 5-4, 

Table 5-7 and Table 5-10). Analysis of the continuous data for the 

biomarkers’ expression showed approximately similar results (Table 5-

5, Table 5-8 and Table 5-11). 

 

To validate the prognostic importance of AURKA, TPX2 and SRC in 

IBC, the METABRIC cohort was used  (Curtis et al., 2012) to assess the 

correlation between the biomarkers’ mRNA levels and 

clinicopathological variables and outcome. High AURKA, TPX2 and 

SRC mRNA level was associated with factors of poor prognosis such as 

young patient age, high tumour grade, negative hormone receptor 

expression and positive HER2 status (Table 5-6, Table 5-9 and Table 

5-12). All statistical analyses were performed by the author. 
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Figure 5-3: Different intensities of expression of the biomarkers used in the 
study; (A) TXNIP (cytoplasmic), (B) AURKA (nuclear), (C) TPX2 (nuclear) and (D) 
SRC (cytoplasmic), from the left to the right: normal tissue, negative to mild, 
moderate to strong and expression in the mixed cases. All pictures were taken 
using digital pathology system at 20x magnification. 
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Figure 5-4: Violin plots for the distribution of biomarkers’ expression of TXNIP (A), AURKA (B), TPX2 (C) and SRC (D) expression in pure DCIS, 
DCIS component and invasive component of the mixed cohort. The central line represents the interquartile range and the red dots refer to the 
median. Graphs are produced by R studio software (v 1.1.463).
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Table 5-1: Correlation between TXNIP expression and the clinicopathological 
variables of pure DCIS cases 

 
Parameter 

TXNIP Expression 

Total (n=608) 
n (%) 

Low (n=266) 
n (%) 

High (n=342) 
n (%) 

χ2 
(p value) 

Age (years)* 

<40 
40 to 60 
>60 

 
22 (3.6) 

355 (58.4) 
231 (38.0) 

 
12 (4.5) 

155 (58.3) 
99 (37.2) 

 
10 (2.9) 

200 (58.5) 
132 (38.6) 

 
1.118 

(0.572) 

Presentation 

Screening 
Symptomatic 

 
316 (52.0) 
292 (48.0) 

 
139 (52.3) 
127 (47.7) 

 
177 (51.8) 
165 (48.2) 

 
0.015 

(0.902) 

Size* 

<16mm 
16 to 40mm 
>40mm 

 
203 (33.7) 
236 (39.1) 
164 (27.2) 

 
74 (27.8) 

121 (45.5) 
71 (26.7) 

 
129 (38.3) 
115 (34.1) 
93 (27.6) 

 
9.781 

(0.008) 

Grade 

Low 
Intermediate 
High 

 
85 (14) 

156 (25.6) 
367 (60.4) 

 
20 (7.5) 

58 (21.8) 
188 (70.7) 

 
65 (19.0) 
98 (28.7) 

179 (52.3) 

 

25.194 
(1.6x10-6) 

DCIS histologic type 

Single 
Mixture** 

 
300 (49.3) 
308 (50.7) 

 
129 (48.5) 
137 (51.5) 

 
171 (50.0) 
171 (50.0) 

 
0.135 

(0.713) 

Comedo necrosis 

Yes 
No 

 
124 (20.4) 
484 (79.6) 

 
56 (21.1) 

210 (78.9) 

 
68 (19.9) 

274 (80.1) 

 

0.126 
(0.723) 

Associated LCIS 

Yes 
No 

 
55 (9.0) 

553 (91.0) 

 
20 (7.5) 

246 (92.5) 

 
35 (10.2) 

307 (89.8) 

 
1.341 

(0.247) 

 Associated Paget’s 

Yes 
No 

 
25 (10.0) 

295 (90.0) 

 
15 (10.5) 

128 (89.5) 

 
10 (5.6) 

167 (94.4) 

 
2.808 

(0.246) 

Management+ 

Mastectomy 
BCS 

 
320 (52.6) 
288 (47.4) 

 
142 (53.4) 
124 (46.6) 

 
178 (52.0) 
164 (48.0) 

 
0.107 

(0.743) 

Radiotherapy*** 

Yes 
No 

 
87 (21.6) 

201 (78.4) 

 
42 (33.9) 
82 (66.1) 

 
45 (27.4) 

119 (72.6) 

 
3.930 

(0.047) 

ER Status 

Positive 
Negative 

 
412 (75.3) 
135 (24.7) 

 
157 (64.1) 
88 (35.9) 

 
255 (84.4) 
47 (15.6) 

 

30.150 
(3.9x10-8) 

PR Status 

Positive 
Negative 

 
296 (48.7) 
312 (51.3) 

 
105 (39.5) 
161 (60.5) 

 
191 (55.8) 
151 (44.2) 

 

16.058 
(6.1x10-5) 

HER2 Status**** 

Negative 
Positive 

 
484 (80.1) 
120 (19.9) 

 
197 (74.6) 
67 (25.4) 

 
287 (84.4) 
53 (15.6) 

 

8.948 
(0.003) 

Ki67 Index 

Low (<14%) 
High (≥14%) 

 
350 (76.6) 
107 (23.4) 

 
150 (69.4) 
66 (30.6) 

 
200 (83.0) 
41 (17.0) 

 

11.651 
(0.001) 

P53 Mutation 

Inactivating (0)  
Normal (>0-50%) 
Missense (>50%) 

 
105 (24.5) 
255 (59.6) 
68 (15.9) 

 
53 (27.3) 

106 (54.6) 
35 (18.1) 

 
52 (22.2) 

149 (63.7) 
33 (14.1) 

 

3.613  
(0.164) 
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Molecular Classes 

Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
334 (60.2) 

44 (7.9) 
45 (8.1) 

63 (11.4) 
69 (12.4) 

 
116 (47.4) 
26 (10.6) 
17 (6.9) 

41 (16.7) 
45 (18.4) 

 
218 (70.3) 

18 (5.8) 
28 (9.1) 
22 (7.1) 
24 (7.7) 

 

40.356 
(3.6x10-8) 

 

DCIS: Ductal carcinoma in situ, N: Number, X2: Chi square, p value in bold: 
significant. 
TXNIP: Thioredoxin interacting protein, LCIS: Lobular carcinoma in situ, BCS: Breast 
conserving surgery, ER: Oestrogen receptor, PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation 
***Radiotherapy status is for cases treated with BCS, ****HER2 final status is 
achieved using combination of IHC and chromogenic in situ hybridisation (CISH). 
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Table 5-2: Correlation between TXNIP expression and clinicopathological 
parameters in the pure DCIS cohort using continuous data 

Clinicopathological 
Parameters 

Number of 
cases 

(n=608) 

TXNIP expression 

Mean Rank p-value 

Age (years)* 
<40 
40 to 60 
>60 

 
 22 
355 
231 

 
280.64 
303.43 
308.42 

0.765 

Presentation  
Screening 
Symptomatic 

 
316 
292 

 
299.81 
309.57 

0.493 

Size* 
<16mm 
16-40mm 
>40mm 

 
203 
236 
164 

 
319.21 
291.07 
296.42 

0.213 

Grade 
Low 
Moderate 
High 

 
85 
156 
367 

 
398.14 
326.56 
273.44 

<0.0001 

DCIS histologic type 
Single 
Mixture** 

 
300 
308 

 
307.64 
301.44 

0.663 

Comedo necrosis  
Yes 
No 

 
124 
484 

 
300.26 
305.59 

0.763 

Associated LCIS 
Yes 
No 

 
55 
553 

 
321.38 
302.82 

0.454 

Associated Paget’s 
Yes 
No 

 
25 
295 

 
130.13 
162.43 

0.098 

Management+ 
Mastectomy    
BCS 

 
320 
288 

 
299.07 
310.53 

0.421 

Radiotherapy*** 
Yes 
No 

 
87 
201 

 
135.24 
148.51 

0.049 

ER Status 
Positive 
Negative 

 
412 
135 

 
296.07 
206.63 

<0.0001 

PR Status 
Positive 
Negative 

 
296 
312 

 
337.31 
273.37 

<0.0001 

HER2 status**** 
Negative 
Positive 

 
484 
120 

 
311.83 
264.88 

0.008 

Ki67 Index 
Low (<14%) 

 
350 

 
241.63 <0.0001 
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High (≥14%) 107 187.70 

P53 mutation 
Inactivating (0%) 
Normal (1-50%) 
Missense (>50%) 

 
105 
255 
68 

 
194.31 
228.31 
193.89 

0.019 

Molecular classes 
Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
334 
44 
45 
63 
69 

 
308.84 
236.85 
291.41 
217.94 
201.03 

<0.0001 

 

Mean Rank: Mann-Whitney or Kruskal-Wallis tests 
DCIS: Ductal carcinoma in situ, N: Number, p value in bold: significant. 
TXNIP: Thioredoxin interacting protein, LCIS: Lobular carcinoma in situ, BCS: Breast 
conserving surgery, ER: Oestrogen receptor, PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation, ***Radiotherapy status is for cases treated with 
BCS, ****HER2 final status is achieved using combination of IHC and chromogenic 
in situ hybridisation (CISH). 
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Table 5-3: Correlation between TXNIP mRNA and the clinicopathological 
parameters in the METABRIC series of invasive breast cancers 

Clinicopathological 

parameters 

Number of 
cases 

Mean TXNIP 
mRNA level 

p-value 

Patient Age (years) 
<50  
≥50  

 
383 
1556 

 
10.0 
9.9 

0.957 

Tumour Size (mm) 
≤20 
>20 

 
858 
1101 

 
10.1 
9.0 

 
<0.0001 

Histologic Grade 
1 
2  
3 

 
170 
770 
952 

 
10.2 
10.0 
9.8 

 
 

<0.0001 

Lymph node metastasis  
Negative 
Positive 

 
1035 
938 

 
10.0 
9.7 

 
0.091 

Oestrogen Receptor Status 
Positive 
Negative 

 
1506 
474 

 
10.2 
9.7 

 
<0.0001 

Progesterone Receptor 
Status 

Positive 
Negative 

 
1044 
940 

 
10.1 
9.8 

0.011 

HER2 Status 
Negative 
Positive 

 
1733 
247 

 
10.0 
9.8 

 
0.004 

PAM50 molecular classes 
Luminal A 
Luminal B 
Basal-like 
HER2 enriched 
Normal like 

 
718 
488 
329 
240 
199 

 
10.1 
9.7 
9.8 
9.9 
10.5 

 
 

0.021 

 

Significant p values are represented in bold. 
METABRIC: Molecular Taxonomy of Breast Cancer International Consortium, 
TXNIP: Thioredoxin interacting protein.  
PAM50: Prediction analysis of microarray 50
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Table 5-4: Correlation between AURKA expression and the clinicopathological 
variables of pure DCIS cases 

 
Parameter 

AURKA Expression 

Total (n=632) 
n (%) 

Low (n=533) 
n (%) 

High (n=99) 
n (%) 

χ2 
(p value) 

Age (years)* 

<40 
40 to 60 
>60 

 
20 (3.2) 

370 (58.4) 
242 (38.3) 

 
15 (2.8) 

311 (58.3) 
207 (38.8) 

 
5 (5.1) 

59 (59.6) 
35 (35.3) 

 
1.606 

(0.448) 

Presentation 

Screening 
Symptomatic 

 
330 (52.2) 
302 (47.8) 

 
285 (53.5) 
248 (46.5) 

 
45 (45.5) 
54 (54.5) 

 
2.150 

(0.143) 

Size* 

<16mm 
16 to 40mm 
>40mm 

 
221 (35.2) 
243 (38.8) 
163 (26.0) 

 
200 (37.8) 
200 (37.8) 
129 (24.4) 

 
21 (21.4) 
43 (43.9) 
34 (34.7) 

 
10.459 
(0.005) 

Grade 

Low 
Intermediate 
High 

 
85 (13.4) 

158 (25.0) 
389 (61.6) 

 
77 (14.5) 

144 (27.0) 
312 (58.5) 

 
8 (8.1) 

14 (14.1) 
77 (77.8) 

 

13.074 
(0.001) 

DCIS histologic type 

Single 
Mixture** 

 
315 (49.8) 
317 (50.2) 

 
267 (50.1) 
266 (49.9) 

 
48 (48.5) 
51 (51.5) 

 

0.086 
(0.769) 

Comedo necrosis 

Yes 
No 

 
140 (22.2) 
492 (77.8) 

 
113 (21.2) 
420 (78.8) 

 
27 (27.3) 
72 (72.7) 

 

1.785 
(0.182) 

Associated LCIS 

Yes 
No 

 
55 (8.7) 

577 (91.3) 

 
48 (9.0) 

485 (91.0) 

 
7 (7.1) 

92 (92.9) 

 
0.393 

(0.531) 

Associated Paget’s 

Yes 
No 

 
27 (8.2) 

301 (91.8) 

 
24 (8.6) 

256 (91.4) 

 
3 (6.3) 

45 (93.7) 

 
0.292 

(0.589) 

Management+ 

Mastectomy 
BCS 

 
328 (51.9) 
304 (48.1) 

 
280 (52.5) 
253 (47.5) 

 
48 (48.5) 
51 (51.5) 

 
0.548 

(0.459) 

Radiotherapy*** 

Yes 
No 

 
90 (29.6) 

214 (70.4) 

 
78 (30.8) 

175 (69.2) 

 
12 (23.5) 
39 (76.5) 

 
1.085 

(0.297) 

ER Status 

Positive 
Negative 

 
414 (75.1) 
137 (24.9) 

 
368 (81.2) 
85 (18.8) 

 
46 (46.9) 
52 (53.1) 

 

50.732 
(1.1x10-12) 

PR Status 

Positive 
Negative 

 
289 (45.7) 
343 (54.3) 

 
259 (48.6) 
274 (51.4) 

 
30 (30.3) 
69 (69.7) 

 

11.254  
(0.001) 

HER2 Status**** 

Negative 
Positive 

 
503 (80.2) 
124 (19.8) 

 
448 (84.7) 
81 (15.3) 

 
55 (56.1) 
43 (43.9) 

 

42.525 
(6.9x10-11) 

Ki67 Index 

Low (<14%) 
High (≥14%) 

 
350 (77.1) 
104 (22.9) 

 
294 (80.5) 
71 (19.5) 

 
56 (62.9) 
33 (37.1) 

 

12.589 
(3.8x10-4) 
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p53 Mutation 

Inactivating (0%) 
Normal (>0-50%) 
Missense (>50%) 

 
108 (25.2) 
252 (58.7) 
69 (16.1) 

 
91 (26.1) 

211 (60.7) 
46 (13.2) 

 
17 (21.0) 
41 (50.6) 
23 (28.4) 

 

11.227  
(0.004) 

Molecular Classes 

Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
338 (60.6) 

43 (7.7) 
44 (7.9) 

64 (11.5) 
69 (12.3) 

 
310 (67.4) 

35 (7.6) 
33 (7.2) 
32 (7.0) 

50 (10.8) 

 
28 (28.6) 

8 (8.2) 
11 (11.2) 
32 (32.6) 
19 (19.4) 

 

73.064 
(5.1x10-15) 

 

DCIS: Ductal carcinoma in situ, N: Number, X2: Chi square, p value in bold: 
significant. 
AURKA: Aurora kinase A, LCIS: Lobular carcinoma in situ, BCS: Breast conserving 
surgery, ER: Oestrogen receptor, PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation 
***Radiotherapy status is for cases treated with BCS, ****HER2 final status is 
achieved using combination of IHC and chromogenic in situ hybridisation (CISH). 
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Table 5-5: Correlation between AURKA expression as a continuous parameter 
(% of positive nuclei) and clinicopathological parameters in pure DCIS 

Clinicopathological 
Parameters 

Number of 
cases 

(N=632) 

AURKA expression 

Mean Rank p-value 

Age (years)* 
<40 
40 to 60 
>60 

 
 20 
370 
242 

 
370.60 
313.97 
315.90 

0.364 

Presentation  
Screening 
Symptomatic 

 
330 
302 

 
298.78 
335.86 

0.070 

Size* 
<16mm 
16-40mm 
>40mm 

 
221 
243 
163 

 
282.68 
337.49 
321.45 

0.002 

Grade 
Low 
Moderate 
High 

 
85 
158 
389 

 
307.24 
302.69 
324.13 

0.001 

DCIS histologic types 
Single 
Mixture** 

 
315 
317 

 
319.86 
313.16 

0.628 

Comedo necrosis  
Yes 
No 

 
140 
492 

 
338.21 
310.32 

0.094 

Associated LCIS 
Yes 
No 

 
55 
577 

 
333.82 
314.85 

0.439 

Associated Paget’s 
Yes 
No 

 
27 
301 

 
131.85 
167.43 

0.051 

Management+ 
Mastectomy    
BCS 

 
328 
304 

 
321.30 
311.32 

0.471 

Radiotherapy*** 
Yes 
No 

 
90 
214 

 
314.55 
316.83 

0.907 

ER Status 
Positive 
Negative 

 
414 
137 

 
258.75 
328.13 

<0.0001 

PR Status 
Positive 
Negative 

 
289 
343 

 
318.51 
314.81 

0.042 

HER2 status**** 
Negative 
Positive 

 
503 
124 

 
296.38 
385.48 

<0.0001 
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Ki67 Index 
Low (<14%) 
High (≥14%) 

 
350 
104 

 
221.47 
247.79 

0.049 

P53 mutation 
Inactivating (0) 
Normal (1-50%) 
Missense (>50%) 

 
108 
252 
69 

 
191.45 
221.61 
227.72 

0.041 

Molecular classes 
Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
338 
43 
44 
64 
69 

 
251.06 
295.09 
316.08 
372.37 
299.63 

<0.0001 

 

Mean Rank: Mann-Whitney or Kruskal-Wallis tests 
DCIS: Ductal carcinoma in situ, N: Number, X2: Chi square, p value in bold: 
significant. 
AURKA: Aurora kinase A, LCIS: Lobular carcinoma in situ, BCS: Breast conserving 
surgery, ER: Oestrogen receptor, PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation 
***Radiotherapy status is for cases treated with BCS, ****HER2 final status is 
achieved using combination of IHC and chromogenic in situ hybridisation (CISH). 
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Table 5-6: Correlation between AURKA mRNA level and the clinicopathological 
parameters in the METABRIC series of invasive breast cancers 

Clinicopathological 

parameters 

Number of 
cases 

Mean AURKA 
mRNA level 

p-value 

Patient Age (years) 
<50  
≥50  

 
421 
1547 

 
7.7 
7.5 

0.001 

Tumour Size (mm) 
≤20 
>20 

 
855 
1093 

 
7.4 
7.6 

 
0.740 

Histologic Grade 
1 
2  
3 

 
170 
770 
952 

 
8.2 
8.2 
8.3 

 
 

0.034 

Lymph node metastasis  
Negative 
Positive 

 
1028 
933 

 
7.4 
7.6 

 
0.073 

Oestrogen Receptor Status 
Positive 
Negative 

 
1496 
472 

 
7.3 
8.1 

 
<0.0001 

Progesterone Receptor Status 
Positive 
Negative 

 
1033 
935 

 
7.2 
7.8 

<0.0001 

HER2 Status 
Negative 
Positive 

 
1724 
244 

 
7.4 
8.0 

 
<0.0001 

PAM50 molecular classes 
Luminal A 
Luminal B 
Basal-like 
HER2 enriched 
Normal like 

 
712 
486 
329 
239 
201 

 
6.9 
7.9 
8.0 
8.2 
6.8 

 
 

<0.0001 

 

Significant p values are in bold  
METABRIC; Molecular Taxonomy of Breast Cancer International Consortium,  
AURKA: Aurora Kinase A 
PAM50: Prediction analysis of microarray 50
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Table 5-7: Correlation between TPX2 expression and the clinicopathological 
variables of pure DCIS cases 

 
Parameter 

TPX2 Expression 

Total (n=631) 
n (%) 

Low (n=320) 
n (%) 

High (n=311) 
n (%) 

χ2 
(p value) 

Age (years)* 

<40 
40 to 60 
>60 

 
20 (3.2) 

368 (58.3) 
243 (38.5) 

 
11 (3.4) 

193 (60.3) 
116 (36.3) 

 
9 (2.9) 

175 (56.3) 
127 (40.8) 

 
1.450 

(0.484) 

Presentation 

Screening 
Symptomatic 

 
331 (52.5) 
300 (47.5) 

 
165 (51.6) 
155 (48.4) 

 
166 (53.4) 
145 (46.6) 

 
0.208 

(0.648) 

Size* 

<16mm 
16 to 40mm 
>40mm 

 
222 (35.5) 
240 (38.3) 
164 (26.2) 

 
132 (41.6) 
121 (38.2) 
64 (20.2) 

 
90 (29.1) 

119 (38.5) 
100 (32.4) 

 
15.765 

(3.7x10-4) 

Grade 

Low 
Intermediate 
High 

 
85 (13.5) 

158 (25.0) 
388 (61.5) 

 
50 (15.6) 
81 (25.3) 

189 (59.1) 

 
35 (11.3) 
77 (24.7) 

199 (64.0) 

 

4.878 
(0.030) 

DCIS histologic type 

Single 
Mixture** 

 
315 (49.9) 
316 (50.1) 

 
161 (51.4) 
152 (48.6) 

 
154 (48.4) 
164 (51.6) 

 
0.572 

(0.450) 

Comedo necrosis 

Yes 
No 

 
140 (22.2) 
491 (77.8) 

 
78 (24.4) 

242 (75.6) 

 
62 (19.9) 

249 (80.1) 

 

1.800 
(0.180) 

Associated LCIS 

Yes 
No 

 
55 (8.7) 

576 (91.3) 

 
32 (10.0) 

288 (90.0) 

 
23 (7.4) 

288 (92.6) 

 
1.345 

(0.246) 

Associated Paget’s 

Yes 
No 

 
27 (8.3) 

299 (91.7) 

 
14 (9.6) 

132 (90.4) 

 
13 (7.3) 

166 (92.7) 

 
2.808 

(0.246) 

Management+ 

Mastectomy 
BCS 

 
326 (51.7) 
305 (48.3) 

 
151 (47.2) 
169 (52.8) 

 
175 (56.3) 
136 (43.7) 

 
5.210 

(0.022) 

Radiotherapy*** 

Yes 
No 

 
91 (29.8) 

214 (70.2) 

 
39 (23.4) 

128 (76.6) 

 
52 (37.7) 
86 (62.3) 

 
7.410 

(0.006) 

ER Status 

Positive 
Negative 

 
413 (75.1) 
137 (24.9) 

 
216 (76.9) 
65 (23.1) 

 
197 (73.2) 
72 (26.8) 

 

2.980 
(0.060) 

PR Status 

Positive 
Negative 

 
291 (53.9) 
340 (46.1) 

 
157 (49.1) 
163 (50.9) 

 
134 (43.1) 
177 (56.9) 

 

2.266 
(0.013) 

HER2 Status**** 

Negative 
Positive 

 
503 (80.4) 
123 (19.6) 

 
258 (81.1) 
60 (18.9) 

 
245 (79.5) 
63 (20.5) 

 

0.249 
(0.617) 

Ki67 Index 

Low (<14%) 
High (≥14%) 

 
349 (77.0) 
104 (23.0) 

 
175 (76.1) 
55 (23.9) 

 
174 (78.0) 
49 (22.0) 

 

0.241 
(0.624) 

P53 mutation 

Inactivating (0) 
Normal (>0-50%) 
Missense (>50%) 

 
109 (25.5) 
254 (59.3) 
65 (15.2) 

 
46 (21.5) 

131 (61.2) 
28 (17.3) 

 
63 (29.4) 

123 (57.5) 
37 (13.1) 

 

4.149 
(0.126) 
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Molecular Classes 

Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
338 (60.7) 

43 (7.7) 
43 (7.7) 

64 (11.5) 
69 (12.4) 

 
174 (51.5) 

19 (6.7) 
22 (7.8) 

34 (12.0) 
34 (12.0) 

 
164 (59.9) 

24 (8.7) 
21 (7.7) 

30 (10.9) 
35 (12.8) 

 

1.020 
(0.907) 

 
DCIS: Ductal carcinoma in situ, N: Number, X2: Chi square, p value in bold: 
significant. 
TPX2: Targeting protein for Xenopus kinesin-like protein 2, LCIS: Lobular carcinoma 
in situ, BCS: Breast conserving surgery, ER: Oestrogen receptor, PR: Progesterone 
receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation 
***Radiotherapy status is for cases treated with BCS, ****HER2 final status is 
achieved using combination of IHC and chromogenic in situ hybridisation (CISH). 
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Table 5-8: Correlation between TPX2 expression and clinicopathological 
parameters in the pure DCIS cohort using continuous data 

Clinicopathological Parameters 
Number 
of cases 
(N=631) 

TPX2 expression 

Mean Rank p-value 

Age (years)* 
<40 
40 to 60 
>60 

 
 20 
368 
243 

 
320.68 
321.46 
307.34 

0.637 

Presentation  
Screening 
Symptomatic 

 
331 
300 

 
310.83 
321.70 

0.452 

Size* 
<16mm 
16-40mm 
>40mm 

 
222 
240 
164 

 
279.77 
311.44 
340.65 

0.004 

Grade 
Low 
Moderate 
High 

 
85 
158 
388 

 
305.50 
321.29 
354.11 

0.001 

DCIS histologic types 
Single 
Mixture** 

 
315 
316 

 
313.47 
318.52 

0.727 

Comedo necrosis  
Yes 
No 

 
140 
491 

 
325.55 
313.28 

0.480 

Associated LCIS 
Yes 
No 

 
55 
576 

 
327.83 
314.87 

0.613 

Associated Paget’s  
Yes 
No 

 
27 
299 

 
149.22 
164.25 

0.424 

Management+ 
Mastectomy    
BCS 

 
326 
305 

 
334.33 
298.85 

0.014 

Radiotherapy*** 
Yes 
No 

 
91 
214 

 
131.34 
162.21 

0.005 

ER Status 
Positive 
Negative 

 
413 
137 

 
259.53 
280.80 

0.045 

PR Status 
Positive 
Negative 

 
291 
340 

 
296.33 
338.99 

0.003 

HER2 status**** 
Negative 
Positive 

 
503 
123 

 
314.88 
307.84 

0.697 

K67 Index 
Low (<14%) 

 
349 

 
225.93 0.748 
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High (≥14%) 104 230.60 

P53 expression 
Inactivating (0%) 
Normal (1-50%) 
Missense (>50%) 

 
109 
254 
65 

 
197.81 
217.87 
229.32 

0.126 

Molecular classes 
Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
338 
43 
43 
64 
69 

 
282.28 
275.07 
295.65 
277.23 
256.66 

0.739 

 
Mean Rank: Mann-Whitney or Kruskal-Wallis tests 
DCIS: Ductal carcinoma in situ, N: Number, X2: Chi square, p value in bold: 
significant. 
TPX2: Targeting protein for Xenopus kinesin-like protein 2, LCIS: Lobular carcinoma 
in situ, BCS: Breast conserving surgery, ER: Oestrogen receptor, PR: Progesterone 
receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation 
***Radiotherapy status is for cases treated with BCS, ****HER2 final status is 
achieved using combination of IHC and chromogenic in situ hybridisation (CISH). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
  



Chapter 5  Molecular Characterisation of DCIS 

   

 163 

 
Table 5-9: Correlation between TPX2 mRNA level and the clinicopathological 
parameters in the METABRIC series of invasive breast cancers 

Clinicopathological 

parameters 

Number of 
cases 

Mean TPX2 mRNA 
level 

p-value 

Patient Age (years) 
<50  
≥50  

 
383 
1556 

 
7.1 
6.8 

<0.0001 

Tumour Size (mm) 
≤20 
>20 

 
858 
1101 

 
6.7 
6.9 

 
<0.0001 

Histologic Grade 
1 
2  
3 

 
170 
770 
952 

 
6.2 
6.6 
7.3 

 
 

<0.0001 

Lymph node metastasis  
Negative 
Positive 

 
1035 
938 

 
6.8 
6.9 

 
0.089 

Oestrogen Receptor Status 
Positive 
Negative 

 
1506 
474 

 
6.7 
7.4 

 
<0.0001 

Progesterone Receptor 
Status 

Positive 
Negative 

 
1040 
940 

 
6.7 
7.1 

<0.0001 

HER2 Status 
Negative 
Positive 

 
1733 
247 

 
6.8 
7.1 

 
<0.0001 

PAM50 molecular classes 
Luminal A 
Luminal B 
Basal-like 
HER2 enriched 
Normal like 

 
718 
488 
329 
240 
199 

 
6.4 
7.2 
7.7 
7.2 
6.2 

 
 

<0.0001 

 
Significant p values are in bold  
METABRIC; Molecular Taxonomy of Breast Cancer International Consortium, TPX2: 
Targeting protein for Xenopus kinesin-like protein 2. 
PAM50: Prediction analysis of microarray 50.
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Table 5-10: Correlation between SRC expression and the clinicopathological 
variables of pure DCIS 

 
Parameter 

SRC Expression 

Total (n=506) 
n (%) 

Low (n=234) 
n (%) 

High (n=272) 
n (%) 

χ2 
(p value) 

Age (years)* 

<40 
40 to 60 
>60 

 
20 (4.0) 

293 (57.9) 
193 (38.1) 

 
7 (3.0) 

139 (59.4) 
88 (37.6) 

 
13 (4.8) 

154 (56.6) 
105 (38.6) 

 
1.128 

(0.544) 

Presentation 

Screening 
Symptomatic 

 
259 (51.2) 
247 (48.8) 

 
127 (54.3) 
107 (45.7) 

 
132 (48.5) 
140 (51.5) 

 
1.661 

(0.197) 

Size* 

<16mm 
16 to 40mm 
>40mm 

 
165 (32.8) 
193 (38.4) 
145 (28.8) 

 
84 (35.9) 
91 (38.9) 
59 (25.2) 

 
81 (30.1) 

102 (37.9) 
86 (32.0) 

 
3.290 

(0.193) 

Grade 

Low 
Intermediate 
High 

 
72 (14.2) 

129 (25.5) 
305 (60.3) 

 
45 (19.2) 
75 (32.1) 

114 (48.7) 

 
27 (9.9) 

54 (19.9) 
191 (70.2) 

 

24.643 
(4x10-6) 

DCIS histologic type 

Single 
Mixture** 

 
246 (48.6) 
260 (51.4) 

 
110 (47.0) 
124 (53.0) 

 
136 (50.0) 
136 (50.0) 

 
0.451 

(0.502) 

Comedo necrosis 

Yes 
No 

 
104 (20.6) 
402 (79.4) 

 
35 (15.0) 

199 (85.0) 

 
69 (25.4) 

203 (74.6) 

 

8.349 
(0.004) 

Associated LCIS 

Yes 
No 

 
46 (9.1) 

460 (90.9) 

 
28 (12.0) 

206 (88.0) 

 
18 (6.6) 

254 (93.4) 

 
4.353 

(0.051) 

Associated Paget’s 

Yes 
No 

 
17 (6.8) 

249 (93.2) 

 
3 (2.7) 

109 (97.3) 

 
14 (9.7) 

140 (90.3) 

 
5.108 

(0.078) 

Management+ 

Mastectomy 
BCS 

 
266 (52.6) 
240 (47.4) 

 
111 (47.4) 
123 (52.6) 

 
155 (57.0) 
117 (43.0) 

 
4.600 

(0.032) 

Radiotherapy 

Yes 
No 

 
76 (31.7) 

164 (68.3) 

 
40 (32.5) 
83 (67.5) 

 
36 (30.8) 
81 (69.2) 

 
0.085 

(0.771) 

ER Status 

Positive 
Negative 

 
369 (75.5) 
120 (24.5) 

 
193 (84.6) 
35 (15.4) 

 
176 (67.4) 
85 (32.6) 

 

19.478 
(1.1x10-5) 

PR Status 

Positive 
Negative 

 
271 (53.6) 
235 (46.4) 

 
147 (62.8) 
87 (37.2) 

 
124 (45.6) 
148 (54.4) 

 

15.017 
(0.0001) 

HER2 Status*** 

Negative 
Positive 

 
395 (78.5) 
108 (21.5) 

 
199 (85.8) 
33 (14.2) 

 
196 (72.3) 
75 (27.7) 

 

13.413 
(0.0002) 

Ki67 Index 

Low (<14%) 
High (≥14%) 

 
328 (77.4) 
96 (22.6) 

 
146 (77.7) 
42 (22.3) 

 
182 (77.1) 
54 (22.9) 

 

0.017 
(0.895) 

P53 mutation 

Inactivating (0%) 
Normal (1-50%) 
Missense (>50%) 

 
100 (24.9) 
242 (60.2) 
60 (14.9) 

 
27 (14.7) 

130 (70.7) 
27 (14.7) 

 
73 (33.5) 

112 (51.4) 
33 (15.1) 

 

20.369 
(3.8x10-5) 
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Molecular 
Classification 

Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
289 (59.0) 

42 (8.6) 
41 (8.4) 

63 (12.8) 
55 (11.2) 

 
152 (66.9) 
24 (10.6) 
17 (7.5) 
14 (6.2) 
20 (8.8) 

 
137 (52.1) 

18 (6.9) 
24 (9.1) 

49 (18.6) 
35 (13.3) 

 

23.850 
(8.6x10-5) 

 

DCIS: Ductal carcinoma in situ, N: Number, X2: Chi square, p value in bold: 
significant. 
SRC: non-receptor tyrosine kinase, LCIS: Lobular carcinoma in situ, BCS: Breast 
conserving surgery, ER: Oestrogen receptor, PR: Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation 
***Radiotherapy status is for cases treated with BCS, ****HER2 final status is 
achieved using combination of IHC and chromogenic in situ hybridisation (CISH). 
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Table 5-11: Correlation between SRC expression and clinicopathological 
parameters in the pure DCIS cohort using continuous data 

Clinicopathological 
Parameters 

Number of 
cases 

(N=506) 

SRC expression 

Mean Rank p-value 

Age (years)* 
<40 
40 to 60 
>60 

 
 20 
293 
193 

 
225.05 
356.52 
251.86 

0.544 

Presentation  
Screening 
Symptomatic 

 
259 
247 

 
246.29 
260.38 

0.276 

Size* 
<16mm 
16-40mm 
>40mm 

 
165 
193 
145 

 
263.04 
253.58 
237.33 

0.194 

Grade 
Low 
Moderate 
High 

 
72 
129 
305 

 
231.06 
383.59 
294.63 

<0.0001 

DCIS histologic types** 
Single 
Mixture 

 
246 
260 

 
258.80 
247.90 

0.400 

Comedo necrosis  
Yes 
No 

 
104 
402 

 
267.44 
199.61 

<0.0001 

Associated LCIS 
Yes 
No 

 
46 
460 

 
248.21 
306.37 

0.110 

Associated Paget’s 
Yes 
No 

 
17 
249 

 
137.99 
116.66 

0.251 

Management+ 
Mastectomy    
BCS 

 
266 
240 

 
217.66 
237.12 

0.008 

Radiotherapy*** 
Yes 
No 

 
76 
164 

 
251.50 
264.64 

0.466 

ER Status 
Positive 
Negative 

 
369 
120 

 
187.45 
263.72 

<0.0001 

PR Status 
Positive 
Negative 

 
271 
235 

 
219.43 
283.04 

<0.0001 

HER2 status**** 
Negative 
Positive 

 
395 
108 

 
201.21 
265.89 

<0.0001 
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Ki67 Index 
Low (<14%) 
High (≥14%) 

 
328 
96 

 
213.14 
210.33 

0.843 

P53 mutation 
Inactivating (0%) 
Normal (1-50%) 
Missense (>50%) 

 
100 
242 
60 

 
148.56 
193.23 
225.43 

<0.0001 

Molecular classes 
Luminal A 
Luminal B (HER2-) 
Luminal B (HER2+) 
HER2+ 
Triple negative 

 
289 
42 
41 
63 
55 

 
186.44 
221.09 
233.59 
272.00 
260.86 

<0.0001 

 

Mean Rank: Mann-Whitney or Kruskal-Wallis tests 
DCIS: Ductal carcinoma in situ; n: number 
p value in bold: significant, SRC: non-receptor tyrosine kinase, LCIS: Lobular 
Carcinoma in situ, BCS: Breast Conserving Surgery, ER: Oestrogen receptor, PR: 
Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation, ***Radiotherapy status is for cases treated with BCS, 
****HER2 final status is achieved using combination of IHC and chromogenic in situ 
hybridisation (CISH). 
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Table 5-12: Correlation between SRC mRNA level and the clinicopathological 
parameters in the METABRIC series of invasive breast cancers 

 

Clinicopathological 

parameters 

Number of 
cases 

Mean SRC mRNA 
level 

p-value 

Patient Age (years) 
<50  
≥50  

 
421 
1547 

 
7.7 
7.5 

0.001 

Tumour Size (mm) 
≤20 
>20 

 
855 
1093 

 
7.4 
7.6 

 
0.740 

Histologic Grade 
1 
2  
3 

 
170 
770 
952 

 
8.2 
8.2 
8.3 

 
 

0.034 

Lymph node metastasis  
Negative 
Positive 

 
1028 
933 

 
7.4 
7.6 

 
0.073 

Oestrogen Receptor Status 
Positive 
Negative 

 
1496 
472 

 
7.3 
8.1 

 
<0.0001 

Progesterone Receptor Status 
Positive 
Negative 

 
1033 
935 

 
7.2 
7.8 

<0.0001 

HER2 Status 
Negative 
Positive 

 
1724 
244 

 
7.4 
8.0 

 
<0.0001 

PAM50 molecular classes 
Luminal A 
Luminal B 
Basal-like 
HER2 enriched 
Normal like 

 
712 
486 
329 
239 
201 

 
6.9 
7.9 
8.0 
8.2 
6.8 

 
 

<0.0001 

 

Significant p values are in bold  
METABRIC; Molecular Taxonomy of Breast Cancer International Consortium, SRC: 
non-receptor tyrosine kinase 
PAM50: Prediction analysis of microarray 50
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5.6.4 Association of the studied biomarkers and patient 

outcome 

5.6.4.1 TXNIP 

 

In IBC, positive/high TXNIP mRNA level was associated with better 

outcome in terms of longer breast cancer specific survival (p=0.002) 

(Figure 5-5). These findings confirmed the tumour suppressor function 

of TXNIP in invasive breast cancer and its potential prognostic value 

and supported investigating its role in DCIS. 

 

Univariate analysis in pure DCIS showed that patients with positive 

TXNIP had a significantly longer local recurrence free survival (LRFS) 

(log rank (LR)=7.99, 95%CI:0.34-0.83 and p=0.009). When the analysis 

was confined to patients who underwent BCS, to avoid the biased 

impact of surgical management on outcome prediction, TXNIP 

expression retained its significant association with improved outcome 

(LR=6.67, 95%CI:0.39-0.88 and p=0.001). It was also associated with 

improved outcome in the group of patients treated with BCS without 

post-operative radiotherapy (p=0.02) (Figure 5-6). No significant 

association was detected between TXNIP expression and the type of 

local recurrence. 

 

The multivariate Cox regression model showed that high TXNIP 

expression was an independent predictor of good outcome in pure 

DCIS (p<0.0001, HR 0.51, 95% CI 0.32-0.81) (Table 5-13 and Figure 

5-7). 
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5.6.4.2 AURKA, TPX2 and SRC 

In IBC, high AURKA, TPX2 and SRC mRNA was associated with worse 

outcome in terms of shorter breast-cancer-specific survival (HR=1.4, 

95% CI=1.1-1.6, p<0.0001, HR=1.9, 95% CI=1.3-1.9, p<0.0001 and 

HR=1.4, 95% CI=1.2-1.8, p<0.0001, respectively) (Figure 5-8A, 5-8B 

and 5-8C). 

 

In univariate analysis of the pure DCIS cohort (Figure 5-9, 5-10 and 5-

11), patients with high AURKA, TPX2 and SRC expression had a 

significantly shorter LRFS (all recurrences either as in situ or invasive 

disease) in pure DCIS (HR=2.9, 95% CI=1.7-4.9 and p<0.0001, 

HR=2.9, 95% CI=1.7-4.9 and p=0.026 and HR=2.2, 95% CI=1.6-3.9 

and p=0.007, respectively). Association with a shorter local recurrence-

free interval was observed in patients treated with BCS without 

postoperative radiotherapy (HR=2.7, 95% CI=1.6-4.6 and p<0.0001, 

HR=1.8, 95% CI=1.1-3.2 and p=0.01 and HR=1.5, 95% CI=1.1-2.9 and 

p=0.001, respectively). However, the significant association with poor 

outcome was not maintained in patients treated with either mastectomy 

or BCS followed by radiotherapy. High AURKA, TPX2 and SRC 

expression was associated with recurrence as invasive disease 

(HR=2.9, 95% CI=1.5-5.8 and p=0.002, HR=1.9, 95% CI=1.5-4.8 and 

p=0.040 and HR=1.4, 95% CI=1.1-3.8 and p=0.017, respectively), 

particularly in patients treated with BCS without adjuvant radiotherapy 

(HR=2.7, 95% CI=1.4-5.2, p=0.002, HR=1.3, 95% CI=1.1-3.2, p=0.045 

and HR=1.3, 95% CI=1.1-3.1, p=0.002, respectively). 
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Multivariate survival analysis showed that high AURKA, TPX2 and SRC 

expression was a poor prognostic factor for local recurrence in patients 

treated with BCS independent of other factors associated with an 

increased risk of local recurrence including patient age, tumour size, 

tumour grade, comedo necrosis, margin status, molecular classes and 

radiotherapy, either for all recurrences (in situ or invasive) (HR=6.9, 

95% CI=2.7-7.0, p<0.0001, HR=1.8, 95% CI=1.1-3.1, p=0.024 and 

HR=5.5, 95% CI=1.7-6.9, p=0.009, respectively) or when restricting the 

analysis to invasive recurrence (HR=3.9, 95% CI=1.7-7.1, p=0.001, 

HR=2.1, 95% CI=1.4-4.8, p=0.049 and HR=2.9, 95% CI=1.7-5.4, 

p=0.021, respectively) (Table 5-14, 5-15 and 5-16 and Figure 5-12, 5-

13 and 5-14).
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Figure 5-5: Association between TXNIP mRNA level and breast-cancer-specific 
survival in invasive breast cancer of the METABRIC series (n=1980). The cohort 
was dichotomised into high and low based on the median level of TXNIP mRNA 
(6.7). 
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Figure 5-6: Kaplan-Meier curves show that high TXNIP expression is associated with: (A) longer LRFS in the whole pure DCIS series (p=0.009); (B) 
improved survival in patients treated with BCS (p=0.001); and (C) improved outcome in non-radiotherapy treated patients (p=0.02). Dichotomisation 
of the cohort was baed on the median TXNIP H score of 185.
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Table 5-13: Multivariate Cox proportional hazards including TXNIP for predictors 
of local recurrence in pure DCIS patients  

Parameters   Hazard ratio 
(HR) 

95% confidence interval (CI)  
p-value 

Lower Upper 

TXNIP expression 0.5 0.3 0.8 <0.0001 

Patient Age 0.6 0.2 1.1 0.542 

DCIS size 1.5 2.1 4.3 <0.0001 

DCIS nuclear Grade 1.8 1.2 2.7 <0.0001 

Comedo necrosis 0.9 0.5 1.7 0.911 

Molecular classes  0.9 0.5 1.2 0.342 

Radiotherapy 0.4 0.2 0.9 0.040 

Margin status  0.8 0.4 1.3 0.752 

 

HR: Hazard ratio, CI: Confidence interval, DCIS: Ductal carcinoma in situ, TXNIP: 
Thioredoxin interacting protein 
Significant p values are in bold 
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Figure 5-7: Forest plots (blobbogram) showing the hazard ratio of the different 
clinicopathological parameters and TXNIP, and ipsilateral tumour recurrence for 
patients treated with breast conserving surgery in pure DCIS cohort based on 
the multivariate analysis results for all recurrences, whether DCIS or invasive 
disease. 
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Figure 5-8: Association between AURKA (A), TPX2 (B) and SRC (C) mRNA level 
and outcome in terms of breast-cancer-specific survival (BCSS) in invasive 
breast cancer of the METABRIC series. The cohort was split into high and low 
mRNA expression based on the median (7.35, 6.49 and 8.59, respectively). 

A 

B 
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Figure 5-9: Kaplan-Meier curves show that high expression of AURKA is associated with shorter local recurrence-free interval in the whole pure 
DCIS series (A), and in breast conserving surgery (BCS) without adjuvant radiotherapy (B). High expression also showed an association with 
shorter local recurrence-free interval as invasive disease in the whole series (C) and in patients treated with breast conserving surgery without 
adjuvant radiotherapy (D). Dichotomisation of the cases was according to the median AURKA percentage of 30%. 
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Figure 5-10: Kaplan-Meier curves show that high expression of TPX2 is associated with shorter local recurrence-free interval in breast 
conservative surgery (BCS)-treated pure DCIS series (A), and in BCS without adjuvant radiotherapy (B). High TPX2 expression also showed an 
association with shorter local recurrence-free interval as invasive disease in BCS-treated patients in the same series (C) and in patients treated 
with BCS without adjuvant radiotherapy (D). Dichotomisation of the cases was according to the median TPX2 percentage of 25%. 
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Figure 5-11: Kaplan-Meier curves show that high expression of SRC is associated with shorter local recurrence-free interval in breast conserving 
surgery (BCS)-treated pure DCIS series (A), and in BCS without adjuvant radiotherapy (B). High expression also showed an association with 
shorter local recurrence-free interval as invasive disease in BCS-treated patients in the same series (C) and in patients treated with breast 
conserving surgery without adjuvant radiotherapy (D). Dichotomisation of the cases was according to the median SRC H score of 100. 

A B C D 
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Table 5-14: Multivariate survival analysis (Cox regression model) of variables 
predicting outcome in terms of ipsilateral local recurrence in patients treated by 
breast conserving surgery in pure DCIS cohort, including AURKA 

 
 

A) All recurrences  

 

Parameters   

 
Hazard ratio 

(HR) 

95% confidence 
interval (CI) 

 
p-value 

Lower Upper 

High AURKA expression 6.9 2.7 7.0 4.5x10-5 

Patient Age 0.6 0.2 2.2 0.631 

DCIS size 0.8 0.4 1.5 0.531 

DCIS nuclear Grade 2.8 0.9 4.5 0.057 

Comedo necrosis 1.8 0.8 3.7 0.096 

Molecular classes  0.8 0.6 1.2 0.260 

Radiotherapy 0.3 0.1 0.9 0.045 

Margin status  0.8 0.4 1.3 0.752 

 

B) Invasive recurrence  

 

Parameters   

 
Hazard ratio 

(HR) 

95% confidence interval 
(CI) 

 
p-value 

Lower Upper 

High AURKA expression 3.9 1.7 7.1 0.001 

Patient Age 0.5 0.1 4.5 0.577 

DCIS size 3.2 1.1 6.5 0.045 

DCIS nuclear Grade 4.7 1.1 6.0 0.040 

Comedo necrosis 1.3 0.5 3.7 0.509 

Molecular classes  0.1 0.1 7.1 0.055 

Radiotherapy 0.2 0.1 4.5 0.025 

Margin Status 0.8 0.3 6.5 0.588 

 

HR: Hazard ratio, CI: Confidence interval, DCIS: Ductal carcinoma in situ, AURKA: 
Aurora kinase A 
Significant p values are represented in bold 
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Figure 5-12: Forest plots (blobbogram) showing the hazard ratio of the different 
clinicopathological parameters and AURKA, and ipsilateral tumour recurrence 
for patients treated with breast conserving surgery in pure DCIS cohort based 
on the multivariate analysis results for: A) all recurrences whether DCIS or 
invasive disease; and B) for invasive recurrence only. 
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Table 5-15 : Multivariate survival analysis (Cox regression model) of variables 
predicting outcome in terms of ipsilateral local recurrence in patients treated by 
breast conserving surgery in pure DCIS cohort, including TPX2 

 

A) All recurrences  

 

Parameters   

 
Hazard ratio 

(HR) 

95% confidence 
interval (CI) 

 
p-value 

Lower Upper  

TPX2 expression 1.8 1.1 3.1 0.024 

Patient Age 0.4 0.2 0.8 0.009 

DCIS size 3.7 1.2 6.0 0.020 

DCIS nuclear Grade 3.8 1.3 6.5 0.017 

Comedo necrosis 1.6 0.9 3.1 0.094 

Molecular classes  1.7 0.7 4.3 0.198 

Radiotherapy 0.3 0.1 0.7 0.005 

Margin status  1.3 0.7 2.2 0.354 

 

B) Invasive recurrence  

 

Parameters   

 
Hazard ratio 

(HR) 

95% confidence 
interval (CI) 

 
p-value 

Lower Upper 

TPX2 expression 2.1 1.4 4.8 0.049 

Patient Age 0.7 0.2 2.3 0.588 

DCIS size 7.3 2.2 6.0 0.001 

DCIS nuclear Grade 4.9 1.1 6.6 0.036 

Comedo necrosis 1.5 0.6 3.9 0.423 

Molecular classes  0.5 0.1 2.2 0.343 

Radiotherapy 0.2 0.1 0.7 0.015 

Margin Status 0.5 0.4 1.7 0.856 

 

HR: Hazard ratio, CI: Confidence interval, DCIS: Ductal carcinoma in situ, TPX2: 
Targeting protein for Xenopus kinesin-like protein 2 
Significant p values are represented in bold 
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Figure 5-13: Forest plots (blobbogram) showing the hazard ratio of the different 
clinicopathological parameters and TPX2, and ipsilateral tumour recurrence for 
patients treated with breast conserving surgery in pure DCIS cohort based on 
the multivariate analysis results for: A) all recurrences whether DCIS or invasive 
disease; and B) for invasive recurrence only.
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Table 5-16: Multivariate survival analysis (Cox regression model) of variables 
predicting outcome in terms of ipsilateral local recurrence in patients treated by 
breast conserving surgery in pure DCIS cohort, including SRC 

 
A) All recurrences  

 

Parameters   

 
Hazard ratio 

(HR) 

95% confidence 
interval (CI) 

 
p-value 

Lower Upper 

SRC expression 5.5 1.7 6.9 0.009 

Patient Age 0.4 0.2 0.7 0.003 

DCIS size 1.1 0.6 1.8 0.888 

DCIS nuclear Grade 3.2 1.1 5.6 0.036 

Comedo necrosis 1.7 0.8 3.4 0.130 

Molecular classes  1.9 0.8 4.5 0.127 

Radiotherapy 0.3 0.1 0.7 0.007 

Margin status  1.3 0.7 2.2 0.354 

 

B) Invasive recurrence  

 

Parameters   

 
Hazard 

ratio (HR) 

95% confidence 
interval (CI) 

 
p-value 

Lower Upper 

SRC expression 2.9 1.7 5.4 0.021 

Patient Age 0.7 0.2 2.5 0.704 

DCIS size 2.2 1.3 5.6 0.017 

DCIS nuclear Grade 2.0 1.1 5.9 0.046 

Comedo necrosis 1.4 0.5 3.7 0.463 

Molecular classes  0.5 0.1 2.2 0.343 

Radiotherapy 0.2 0.1 0.8 0.020 

Margin Status 0.9 0.4 1.9 0.801 

 
HR: Hazard ratio, CI: Confidence interval, DCIS: Ductal carcinoma in situ, SRC: 
non-receptor tyrosine kinase 
Significant p values are represented in bold 
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Figure 5-14: Forest plots (blobbogram) showing the hazard ratio of the different 
clinicopathological parameters and SRC, and ipsilateral tumour recurrence for 
patients treated with breast conserving surgery in pure DCIS cohort based on 
the multivariate analysis results for: A) all recurrences, whether DCIS or 
invasive disease; and B) for invasive recurrence only.  
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5.7 Discussion 

The treatment of DCIS remains a challenge as the clinicopathological 

features of the disease do not reliably stratify patients into distinct risk 

groups to tailor management decisions (Allegra et al., 2010). For this 

reason, some studies have endeavoured to risk stratify DCIS based on 

genetic and molecular factors including Oncotype DX® DCIS score 

(Gauthier et al., 2007, Zhou et al., 2010, Solin et al., 2013, Bartova et 

al., 2014, Perez et al., 2015). Although this score minimised the 

proportion of patients undergoing RT, the assay is not cost-effective, 

relatively expensive (Raldow et al., 2016), shows inconsistent results 

and therefore needs further validation (Knopfelmacher et al., 2015, 

Raldow et al., 2016). In addition, none of the investigated parameters 

have been translated to clinical practice outside the US. Therefore, 

there is a demanding need to identify a reliable and cost-effective 

biomarker(s) to predict outcomes for DCIS patients. 

 

The role of TXNIP expression has previously been studied in different 

tissues (Goldberg et al., 2003, Tome et al., 2005, Sheth et al., 2006, 

Nishizawa et al., 2011, Morrison et al., 2014) including locally advanced 

IBC (Woolston et al., 2012). In IBC it was observed that loss of TXNIP 

expression was associated with features of aggressiveness. It is likely 

that the effect of TXNIP on cell growth and proliferation are cell-context 

dependent (Lu and Holmgren 2012), with TXNIP being a tumour 

suppressor (Morrison et al., 2014) that might be downregulated in 

cancer (Zhou et al., 2011). 
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To date, there is no well-established, robust, publicly available database 

for DCIS mRNA or copy number aberrations. To confirm the prognostic 

significance of TXNIP mRNA in breast cancer and assess the role of 

copy number alteration on its expression and function, the METABRIC 

cohort was used. Using a large annotated series of DCIS with uniform 

treatment at a single institution, it was demonstrated that TXNIP 

downregulation is associated with increased aggressiveness and poor 

outcome in terms of shorter LRFS. It was also found a downregulation 

of TXNIP expression in invasive disease compared to the co-existing 

DCIS. These results support the hypothesis that TXNIP is a tumour 

suppressor in breast cancer. 

 

The results demonstrate that loss of expression of TXNIP in DCIS is not 

only associated with clinicopathological characteristic of poor prognosis 

but is also an independent predictor of recurrence. These results are in 

line with TXNIP functioning as a tumour suppressor that is reported to 

be commonly silenced in cancer cells (Zhou and Chng 2013, Nie et al., 

2015). 

 

In this chapter, a significant inverse association between TXNIP 

expression and local recurrence in DCIS was observed. A previous 

study indicated that TXNIP stabilises cyclin-dependent kinase inhibitor 

p27, which plays a crucial role in inhibiting cell proliferation and 

apoptosis resulting in G1

 

arrest and inhibition of cell cycle (Elgort et al., 

2010). This observation may explain our finding that high TXNIP 
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expression was associated with low-grade, low-proliferating ER-positive 

and HER2-negative DCIS and with longer LRFS. Independent of its 

interaction with TRX, TXNIP has the ability to inhibit cell cycle 

progression by indirectly inhibiting the mammalian target of rapamycin 

(mTOR), a regulator of cell growth and metabolism (Jin et al., 2011). 

Therefore, in addition to inducing a metabolic shift important to tumour 

biology, downregulation of TXNIP is likely to promote cell survival, 

growth, invasion, and metastasis. TXNIP can also reduce tumour 

invasion and angiogenesis through inhibition of TRX and can directly 

have an impact on cell survival by promoting a pro-apoptotic 

environment (Welsh et al., 2002, Dunn et al., 2010). The exact 

mechanisms by which TXNIP exerts its tumour-suppressive functions in 

DCIS cells are not yet fully understood. Future studies of the 

mechanisms by which TXNIP is expressed and functions in DCIS will 

improve our understanding of the progression to invasive disease. 

 

In this study, a significant positive correlation between TXNIP 

expression and ER+/HER2- status was identified. This finding is 

consistent with previous reports indicating that TXNIP may interrupt 

HER2 mediated oncogenic effect (Nie et al., 2015). To my knowledge, 

few studies have reported an explicit impact of HER2 signalling on 

TXNIP expression. This might suggest that there is a direct link 

between ERBB2 and TXNIP. It is well known that cancer cells exhibit 

energetic stress and glucose deprivation, especially in HER2 positive 

cancer cells (Elgort et al., 2010). Glucose induces TXNIP expression, 

and ROS triggers the segregation of TXNIP from TRX, leading to 
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increased TXNIP availability (Schroder et al., 2010). Information 

regarding this mechanism will require further investigation in the future. 

 

Differential expression of TXNIP between pure DCIS and DCIS 

associated with invasive disease was demonstrated in the current 

study, which may have potential application, after further validation, for 

predicting invasive disease in DCIS diagnosed on preoperative biopsy 

samples. In addition, the ability of TXNIP to inhibit the major ROS 

scavenger TRX, further regulate cell cycle progression and metastasis 

and promote apoptosis clearly identifies TXNIP as an important 

therapeutic target. 

 

AURKA is one of the genes on this RNA expression panel of Oncotype 

DX both in invasive and in situ scores, and this study has shown that 

immunohistochemical detection of the protein is a robust and relatively 

inexpensive method that may be able to assist with DCIS 

prognostication. 

 

An increased copy number of AURKA is often associated with 

progression from a colonic polyp to an invasive malignancy in colon 

cancer and is one of the common copy number alterations in cancer. 

This finding reveals that it has a role not only in tumour invasion and 

migration but also in tumour development (Carvalho et al., 2009, 

Nikonova et al., 2013). Similarly, although 20q gain is common in DCIS 

(~25%) (Rane et al., 2015), it has also been observed as an IBC-

specific event in mixed DCIS, suggesting an association with 
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invasiveness in breast cancer (Johnson et al., 2012). It has furthermore 

been reported that AURKA is differentially expressed between normal 

breast tissue and invasive breast cancer (Moelans et al., 2010, Moelans 

et al., 2011), and here we have shown that AURKA expression was 

most prevalent in invasive tumour cells, in line with (Ingoldsby et al., 

2013), followed by a lower level in DCIS coexisting with invasive 

carcinoma and much lower in pure DCIS. These findings corroborate 

the role of AURKA in DCIS progression. Moreover, using the 

METABRIC series, a significant association between aggressive 

behaviour of IBC and higher levels of AURKA mRNA was shown. 

These observations support the hypothesis that AURKA is a promising 

candidate as a biomarker that requires further functional studies to 

decipher its role in DCIS behaviour. 

 

This study showed that high AURKA expression was a poor prognostic 

factor for DCIS that was independent from other clinicopathological 

factors. These findings were similar for all recurrent events and also 

when the analysis was restricted to invasive recurrences only, which 

strengthen the evidence that AURKA plays a crucial role in DCIS 

progression to invasive cancer. 

 

There are a number of plausible biological mechanisms to explain the 

involvement of AURKA in breast carcinogenesis and cancer 

progression. AURKA overexpression in fibroblasts and epithelial cells of 

the breast and other carcinomas was reported (Goepfert et al., 2002, 

Staff et al., 2010, Beltran et al., 2018, Li et al., 2018, Zhou et al., 2018) 
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and this overexpression has been associated with centrosome 

amplification and DNA instability (Chou et al., 2013). The non-mitotic 

function of AURKA has been implicated in breast cancer progression 

and resistance to chemotherapy agents through epithelial to 

mesenchymal transition and the acquisition of stem cell-like 

characteristics (Regan et al., 2013, D'Assoro et al., 2014). Breast 

cancer cells with these stem cell-like properties have consequently 

been associated with tumour progression and onset of distant 

metastasis (Giancotti 2013, Piva et al., 2014). 

 

In addition, AURKA acts as a transactivating factor to enhance the 

expression of MYC. The activation of MYC by AURKA is dependent on 

both AURKA nuclear localisation and its kinase activity (Zheng et al., 

2014, Zheng et al., 2016). There is emerging evidence to suggest that 

AURKA also promotes cancer development through mechanisms 

independent of its kinase activity (Otto et al., 2009). The relationship of 

AURKA and p53 expression was previously highlighted (Chen et al., 

2002) and is supported in this study by similar finding that high AURKA 

expression is associated with abnormal p53 expression. AURKA 

phosphorylates p53 to inactivate its transcriptional activity (Liu et al., 

2004). Deregulation of this mechanism between AURKA and p53 might 

trigger DNA-damage induced G2 checkpoint abnormalities and 

chromosome instability (Marumoto et al., 2002). This hypothesis is 

supported by a clinical observation whereby AURKA overexpression 

was associated with p53 mutation in hepatocellular carcinomas, and 

tumours with both AURKA overexpression and p53 mutation had worse 
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prognosis than those with p53 mutation alone (Jeng et al., 2004). This 

finding also provides in vivo evidence that AURKA overexpression and 

p53 inactivation have a mutual effect that contributes to tumour 

formation. 

 

TPX2 located on the commonly altered 20q chromosome in breast 

cancer (Rane et al., 2015) is one of the proteins involved in the complex 

process of mitosis and has been identified as one of the microtubule-

associated proteins (Cocchiola et al., 2014). Overexpression of TPX2 

was reported to induce the amplification of the centrosome and leads to 

DNA polyploidy. Its expression is tightly regulated by the cell cycle, and 

this protein is detected during the G1-S stage and disappears following 

the completion of mitosis (Tulu et al., 2006). Beyond TPX2 

amplification, aberrant overexpression is reported in some tumours 

such as prostate (Zou et al., 2018), glioma (Gu et al., 2016), renal cell 

carcinoma (Chen et al., 2016), gastric (Tomii et al., 2017), colon (Wei et 

al., 2013), oral carcinoma (Shigeishi et al., 2009) and IBC (Yang et al., 

2015). 

 

Similar to AURKA, although 20q gain is common in DCIS (~25%) (Rane 

et al., 2015), it has also been observed as an IBC-specific event in 

mixed DCIS, suggesting an association with invasiveness in breast 

cancer (Johnson et al., 2012). It has furthermore been reported that 

TPX2 is differentially expressed between normal breast tissue and 

invasive breast cancer (Yang et al., 2015). The same observation was 

reported in the kidney where TPX2 showed higher expression in renal 
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cell carcinoma compared to adjacent normal tissue (Chen et al., 2016). 

Here, TPX2 expression was most prevalent in invasive tumour cells, in 

line with the previously mentioned studies, followed by a lower level in 

DCIS coexisting with invasive carcinoma and much lower in pure DCIS. 

These findings potentiate the role of TPX2 in DCIS progression. 

Moreover, using the METABRIC series, we have shown a significant 

association between aggressive behaviour of invasive breast cancer 

and higher levels of TPX2 mRNA. These observations corroborate the 

hypothesis that TPX2 is a promising candidate biomarker that requires 

further functional studies to decipher its role in DCIS behaviour. 

 

High TPX2 expression was a poor prognostic factor for DCIS that was 

independent from other clinicopathological factors. These findings were 

similar for all recurrent events and also when the analysis was restricted 

to invasive recurrences only, which supports the evidence that TPX2 

plays an essential role in DCIS progression to invasive cancer. Similar 

results have been reported by Colak et al., who showed that TPX2 was 

one of the 16 major genes identified to be involved in progression of 

breast cancer using integrative and cross-species comparative 

genomics analysis (Colak et al., 2013). 

 

A number of mechanisms have been reported to show the mechanism 

by which TPX2 exerts its role in cancer progression. TPX2 was 

previously shown to upregulate MMPs, which are known to degrade the 

components of the ECM and are also particularly important for tumour 

invasion and metastasis (Crane et al., 2004, Ren et al., 2015). This 
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upregulation is attributed to activating the Akt signalling pathway 

(Engelman et al., 2006, Wei et al., 2013). Akt is a target protein of PI3K 

and phosphorylates several downstream mediators to enhance cell 

proliferation and survival. Akt activity can also regulate the 

phosphorylation of mTOR (Engelman et al., 2006). TPX2 increases the 

phosphorylation of Akt/mTOR in the cancer cells and these findings 

suggest that the Akt/mTOR pathway is a potential target of TPX2, and 

serves a key role in TPX2-induced proliferation and invasion (Chen et 

al., 2016). 

 

The SRC proto-oncogene has been strongly implicated in the 

development, growth, progression, and metastasis of different human 

cancers including colon, breast, pancreas, and brain (Dehm and 

Bonham 2004) and may play a central role in the processes affecting 

cancer outcome. SRC deregulation primarily involves protein 

overexpression and abnormalities in SRC kinase activity. Different SRC 

expression patterns have been observed in lung, breast, pancreatic, 

colon and prostate cancer cells, compared with normal adjacent tissue, 

fibroblasts or normal mucosal cells (Roskoski 2004, Zhang et al., 2013, 

Cao et al., 2014, Gargalionis et al., 2014, Je et al., 2014, Saini et al., 

2014). This goes in line with the finding that SRC expression was 

prevalent in invasive tumours followed by a lower level in the DCIS 

adjacent to invasion and much lower level in pure DCIS tumours. 

 

These findings potentiate the role of SRC in DCIS progression. 

Moreover, using the METABRIC series, we showed a significant 
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association between aggressive behaviour of invasive breast cancer 

and higher levels of SRC mRNA, which corroborates its role as an 

oncogene. 

High SRC expression was a poor prognostic factor for DCIS that was 

independent from other clinicopathological factors. These findings were 

similar for all recurrent events and also when the analysis was restricted 

to invasive recurrences only, which supports the evidence that SRC 

plays an essential role in DCIS progression to invasive cancer. 

 

In conclusion, the difficulty in implementing predictive markers for DCIS 

remains the availability of large cohorts with consistent treatment for 

validation, and this study is an exception. TXNIP, AURKA, TPX2 and 

SRC are independent prognostic factors in DCIS that require further 

functional studies to extensively validate their role as predictors of 

progression to invasive disease.
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6 Prognostic Significance of Tumour-Infiltrating 

Lymphocytes in DCIS 
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6.1  Introduction 

TILs are signs of the adaptive immune response against tumours and 

play an essential role in cancer immunotherapy (Pardoll 2012, Sabatier 

et al., 2015). Evasion of immune surveillance and host immune 

response is a hallmark of carcinogenesis and cancer progression 

(Zitvogel et al., 2011). Furthermore, the intensity of tumour immune 

response influences the effectiveness of cancer therapy, and positively 

affects clinical outcome in several solid tumours (Zitvogel et al., 2011). 

  

6.2 Prognostic significance of TILs 

The association with patient outcome in the majority of the studies have 

focused on the role of TILs (Rohrer et al., 1999, Bates et al., 2006, 

Gobert et al., 2009, Ruffell et al., 2012, Gu-Trantien et al., 2013), 

showing that dense TILs augment the effect of chemotherapy, resulting 

in better prognosis, particularly in Triple Negative IBC (Adams et al., 

2014, Ibrahim et al., 2014). Following demonstration of their prognostic 

significance in IBC and potential clinical application, guideline 

recommendations for the evaluation of TILs have been published 

(Salgado et al., 2015, Pruneri et al., 2017). However, the recommended 

method of TILs assessment in IBC may not be appropriate in DCIS as 

not all stromal TILs are in direct contact with malignant ducts and 

identification of the stromal area surrounding DCIS can be confounding 

and ill-defined. Although the role of TILs has minimally been reported in 

DCIS (Man et al., 2013, Thompson et al., 2016), studies utilising the 

IBC guidelines for TILs assessment in the context of DCIS did not find 
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any association with outcome (Pruneri et al., 2017). This is potentially 

related to the difference in distribution of TILs within DCIS compared to 

IBC and the sub-optimal method of their assessment. This study aims 

to identify the optimal method of TILs evaluation in DCIS in terms of 

reliability, reproducibility and prognostic significance by utilising a large, 

well-annotated DCIS series with long-term follow-up data. 

 

6.3 Role of tumour infiltrating B lymphocytes 

The critical role of tumour-infiltrating B lymphocytes (TIL-B) with patient 

survival has been suggested (Nielsen and Nelson 2012). B cells are 

commonly activated in cancer patients, supporting the possibility of a 

positive role in tumour immunity (Nelson 2010). In IBC, TIL-Bs are 

present in approximately 25% of cases and comprise up to 40% of the 

TILs population (Chin et al., 1992, Marsigliante et al., 1999, Coronella-

Wood and Hersh 2003), appearing early during breast tumuorigenesis 

(Lee et al., 1997). However, assessment of TILs in cancer tissues 

remains a challenge (Brown et al., 2014). Despite the reports 

incriminating TIL-Bs in improving patient survival, the mechanisms, 

functional profiles and their allied antigens remain to be defined. 

 

Of the common B cell antigens, CD20 is expressed on all mature B 

cells except plasma cells (DiLillo et al., 2008). T cell response is 

inhibited by resting B cells and facilitated by activated B cells (Watt et 

al., 2007). CD19, another B cell marker, is a member of the Ig 

superfamily that has a critical signal transduction function regulating the 

development, activation and differentiation of B lymphocytes (Watt et 
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al., 2007). The expression of CD19 is restricted only to B cells. Similar 

to CD20, it appears early during B cell maturation in the late pro-B cell 

stage and remains throughout maturation but is lost when B cells 

differentiate into plasma cells (Tedder and Engel 1994, Sato and 

Tedder 1997). 

 

6.4 Hypothesis and aims 

In view of the current debate arguing the role of TILs in progression of 

IBC, it is hypothesised that TILs play a similar role in DCIS progression 

to invasion. It is also hypothesised that the density of TILs is different 

between IBC and DCIS. 

 

The aims of this chapter were to determine the optimum methodology to 

evaluate TILs in DCIS and to assess the role of TILs in prediction of 

DCIS outcome. 

 

6.5 Materials and methods 

6.5.1 Study cohort 

This retrospective study included 614 cases, (a subset of the total 1249 

DCIS cases included in the current thesis), diagnosed from 1990 to 

2012 at Nottingham City Hospital, Nottingham, UK. Representative 

Haematoxylin and Eosin (H&E) stained whole sections from each case 

were prepared and chosen as those having the largest tumour burden. 

 

The whole cohort was divided into two sets. A small set of 80 DCIS 

tumours (36 pure DCIS and 44 associated with invasion) was included 
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as a pilot study (training/test set). This set was completely excised with 

free surgical margins (10mm or more) to avoid the confounding effect of 

excision margin on the outcome analyses. The validation set is 

composed of 534 pure DCIS tumours. 

6.5.2 Immunohistochemistry 

IHC staining was performed for the training set, using the Novocastra 

Novolink Polymer Detection Kit (Leica Microsystems, Newcastle, UK) 

following the manufacturer’s guidelines as previously described 

(Chapter 2). Tissue sections were stained by monoclonal anti-human 

CD20 antibody (clone L26, DAKO, Glostrup, Denmark, dilution 1:300) 

and monoclonal anti-human CD19 antibody (clone LE-CD19, DAKO, 

Glostrup, Denmark, dilution 1:75). CD19 and CD20 IHC were applied 

on sequential tissue sections from the same paraffin block and not on 

the same slide. FFPE sections of normal human tonsil were used as a 

positive control, which showed positive cells distributed mainly in the 

germinal centres and mantle zone (B cell area) with some scattered 

inter-follicular positive cells. Negative controls were included with 

staining runs by omitting the primary antibody. 

 

6.5.3 Scoring of TILs 

6.5.3.1 The training/test set 

Evaluation of TILs was done by two observers; the author (Islam M 

Miligy) and a second pathologist (Michael S Toss). 

TILs were evaluated around the DCIS lesions using seven different 

scoring methods (Table 6-1 and Figure 6-1) (Toss et al., 2018). These 

included: 
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1- Percentage of stromal TILs (defined as TILs in the area 

surrounding the DCIS duct within two high-power microscopic 

fields) (Pruneri et al., 2017, Hendry et al., 2017a). In numerous 

involved ducts, an evaluation of the area surrounding the whole 

lesion was performed, and the percentage of stromal TILs in the 

total stromal area of DCIS involved ducts was assessed 

(Thompson et al., 2016, Campbell et al., 2017, Pruneri et al., 

2017); 

2- Touching TILs mean number, defined by TILs touching or within 

one lymphocyte cell thickness from the malignant ducts’ BM; 

3- Mean number of TILs within 0.2mm distance from the ducts’ BM; 

4- Mean number of TILs present within 0.5mm distance from the 

ducts’ BM; 

5- Mean number of TILs that are within 1mm from the ducts’ BM; 

6- Hotspots of TILs defined as the largest number of lymphoid cells’ 

aggregates directly surrounding or located between DCIS ducts 

within the boundaries of the lesion; 

7- Assessment of lymphoid follicles with reactive germinal centres. 

 

No assessment was done for the intra-tumoural lymphocytes because it 

was not obvious to assess in the in situ disease compared to the 

invasive tumours, owing to their potential similarity with some MECs at 

the H&E level. 

Counting of TILs was carried out manually (eyeballing) with the aid of 

the Pannoramic Viewer software program scale v 1.15.4 (3D 

HISTECH®, Budapest, Hungary). In cases where TILs were overlapping 
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between adjacent ducts in each topographic area, TILs were counted 

once. 

 

All recognisable lymphocytes and those marked by CD20 and/or CD19 

positive cells, were counted (with the exclusion of polymorphonuclear 

cells). TILs were assessed around all DCIS duct profiles up to 20 ducts 

(the average number of ducts within the training set). In cases with 

more than 20 malignant ducts, the section was digitally divided into four 

identical quadrants and scoring of TILs was done around five ducts in 

each quadrant in order to keep the scoring more representative 

especially in cases with heterogeneous distribution of TILs. During 

scoring, very large (i.e. mass-forming papillary carcinoma, branching or 

confluent DCIS ducts) or very small (terminal duct-lobular units involved 

by DCIS) ducts were not considered in TILs’ scoring to avoid skewing of 

the scores by the effect of extremes in duct sizes. TILs surrounding 

normal ducts, beyond the DCIS limits, surrounding the adjacent fat, 

associated LCIS, hyalinosis or at crushing artefacts were excluded from 

the scoring (Denkert et al., 2010, Salgado et al., 2015). 

 

TIL-Bs were assessed in the invasive component separately to assess 

the pattern of distribution and the difference in density between 

components. TIL-Bs were assessed in the invasive component 

according to the previously published guidelines (Denkert et al., 2010, 

Salgado et al., 2015).  
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6.5.3.2 The validation set 

The optimal method for TILs assessment was selected based on the 

reproducibility in terms of inter-observer concordance and association 

with patient outcome, which was then applied to the validation set. 

 

Evaluation of TILs in DCIS was previously done by assessment of 

stromal TILs (Hendry et al., 2017a); therefore, stromal TILs were also 

assessed in the pure DCIS validation set using the same criteria applied 

for the training set. 

6.6 Statistical analysis 

X-tile bioinformatics software (Yale University, version 3.6.1) was used 

to define the optimal cut-off point for TILs density against LRFS, and 

therefore classification of TILs into sparse and dense infiltrates was 

performed (Table 6-2). To ensure consistency, the same selected cut-

off point for the training set was applied for dichotomisation touching 

TILs in the validation set into sparse and dense groups. Inter-observer 

degree of agreement was assessed through inter-class correlation 

coefficient (ICC) for continuous data and Kappa test for categorical 

groups. All statistical analyses were performed by the author. 

 

6.7 Results 

6.7.1 Assessment of TILs using differential methods 

The concordance rate of TILs assessment using different methods 

between the two observers is summarised in Table 6-3. The highest 

level of inter-observer concordance was observed when assessment of 

TILs was performed using touching TILs (ICC=0.96), whereas the least 
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concordance rate was recorded when using the percentage of stromal 

TILs as a method of evaluation (ICC=0.79), which was the 

recommended method to assess TILs in IBC. 

 

Mean TILs counts within the different topographic areas surrounding 

DCIS are summarised in Table 6-4. The mean count of touching TILs 

increased from 37 cells/DCIS duct to 482 cells/DCIS duct within 1mm 

distance. Mean TILs density showed a four-fold increase between 

touching and within 0.2mm distance. The largest hotspot density ranged 

from 20 to 6,000 cells while the percentage of stromal TILs ranged from 

1–65%. No cases with absent TILs were detected. Examples of dense 

and sparse TILs are shown in Figure 6-2. Histological assessment for 

DCIS and the corresponding IHC is demonstrated in Figure 6-3. The 

number of B-lymphocytes around the DCIS foci was higher in the pure 

group when compared to the DCIS foci or the invasive component in 

the mixed cases (p<0.001). 

 

Dense TILs were observed in more than 60% of cases who developed 

local recurrence. A statistically significant association was observed 

between dense TILs infiltrate and shorter LRFS (p=4.7x10-6, p=0.001, 

p=0.002, p=0.001 and 0.02 for touching TILs and TILs within 0.2mm, 

0.5mm, and 1mm distances and stromal TILs density, respectively), 

with the highest p value observed for touching TILs. No significant 

association was observed between either hotspots or lymphoid follicle 

formation and the development of local recurrence (p=0.09 and p=0.15, 

respectively). 
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6.7.2 Validation set 

The inter-rater concordance rate between the two observers evaluated 

touching TILs in the validation set was similar to the training set 

(ICC=0.95). Dichotomisation of touching TILs was performed using 20 

cells/DCIS duct as a cut-off value, which showed that dense TILs 

infiltrate was detected in 239 cases (45%) while 295 cases (55%) 

showed sparse infiltrate. 

 

6.7.3 Association between TILs and other clinicopathological 

parameters  

Dense touching TILs were associated with younger age, symptomatic 

presentation and large tumour size. Only eight cases (3%) of dense 

TILs group were of low nuclear grade lesions in comparison with 19% 

and 78% of intermediate and high nuclear grade lesions, respectively 

(p<0.0001). Approximately 77% of dense TILs tumours were associated 

with comedo necrosis while this was observed in only 23% of cases 

without comedo necrosis (p<0.0001). Two-thirds of patients with dense 

TILs were treated with mastectomy (p=0.002). Dense TILs were 

associated with high tumour grade, Luminal B, HER2 and Triple 

Negative subtypes of DCIS (all p<0.0001). The association between 

TILs density and the different clinicopathological parameters is 

summarised in Table 6-5. 
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6.7.4 Outcome analysis  

The ipsilateral local recurrence rate in the pure DCIS validation cohort 

was reported to be 12% (n=63). Recurrence occurred in 39/239 cases 

with dense TILs (62% from total recurrences), in comparison with 

24/295 cases with sparse TILs (38% from total recurrences). In patients 

treated with BCS, local recurrence was reported in 24/80 cases with 

dense TILs (56%) compared to 19/139 cases with sparse infiltrate 

(44%). When recurrence was assessed based on the RT status, there 

were four (13%) recurrent events among RT-treated patients’ DCIS with 

dense TILs (n=30) compared with 20 events (40%) among cases with 

dense infiltrate who did not receive adjuvant RT (n=50). 

 

In univariate survival analysis, dense TILs showed a statistically 

significant association with shorter LRFS. This was observed when the 

analysis was done on the whole cohort (p=0.002), or restricted to 

patients treated with BCS (p=0.001). In the context of radiotherapy 

status, dense TILs were associated with shorter LRFS in non-RT-

treated patients (p=0.001) but not in the RT-treated group (p=0.377) 

(Figure 6-4). No statistically significant association was detected 

between LRFS and TILs density when assessed based on the 

percentage of overall stromal TILs. 

 

The multivariate Cox regression model including other 

clinicopathological parameters showed that dense touching TILs was 

the only independent predictor of shorter LRFS (HR=3.7, 95% CI= 1.7-

7.7, p=0.001) (Table 6-6). 
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Figure 6-1: Parameters of TILs assessment: A) Touching TILs (x20) defined by lymphocytes 
that touch the basement membrane (BM) or present within one lymphocyte cell thickness from 
the BM (yellow arrows); inset (x40) for touching TILs; B) TILs within 0.2mm (red line), 0.5mm 
(blue line) and 1.0mm (green line) distance from the involved ducts; and C) hotspots (x4) as 
shown in area surrounded by the black circle) (Toss et al., 2018). 
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Figure 6-2: Touching TILs density around DCIS: A) Dense TILs: mean number of touching TILs is > 20 cells/DCIS duct; B) Dense 
touching TILs at 40x magnification; and C) Sparse TILs: mean number of touching TILs within the lesion is ≤ 20 cells/DCIS duct (Toss et 
al., 2018).  
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Figure 6-3: A) High-grade comedo DCIS with central necrosis and adjacent touching lymphocytic aggregates (H&E x10). B) DCIS with micro-
invasion and surrounding touching lymphocytes and some intra-tumoural lymphocytes (H&E x10). C) Solid DCIS mixed with invasive component 
and scattered stromal lymphocytes (H&E x10). D) A case of DCIS with peri-tumoural CD20 positive lymphocytes forming aggregates (IHC x10). E) 
Peri-tumoural and stromal CD19 positive lymphocytes (IHC x10). F) CD19 positive lymphocytic aggregate in a case mixed with invasive component 
(IHC x 4) (Miligy et al., 2017). 
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Table 6-1: Methods of assessment of tumour-infiltrating lymphocytes (TILs) in 
DCIS (Toss et al., 2018) 

Methods for evaluation of TILs in DCIS 

1. TILs were evaluated in full-face H&E-stained sections. Lesions diagnosed on 
core biopsy were excluded.  

2. For each patient, one representative 4µm thick section, which had the maximum 
tumour burden, was selected for TILs assessment.  

3. All mononuclear inflammatory cells excluding polymorphonuclear leukocytes 
were counted.  

4. TILs within the boundaries of the DCIS were assessed. TILs surrounding normal 
ducts/lobules, beyond the tumour border, adjacent to fatty tissue, LCIS, 
hyalinosis, crushed artefacts or sites of previous biopsies were excluded.  

5. TILs within tumour cells (intra-tumoural TILs) were not assessed.  
6. TILs were assessed around all malignant ducts up to 20 ducts. For lesions with 

more than 20 malignant ducts, assessment is done for TILs surrounding only 20 
ducts (five ducts from each quadrant of the lesion).  

7. Average-sized ducts only are assessed (case specific). TILs surrounding large 
DCIS ducts, such as mass forming papillary carcinoma, branching or confluent 
DCIS ducts or too small ducts such as terminal duct-lobular system involved by 
DCIS, were excluded.  

8. Overlapping TILs between adjacent ducts were counted once. 

Topographic parameters used for TILs assessment* 

A. Estimation of stromal TILs (as previously published): 
The stromal area (defined as the area surrounding the DCIS duct within two 
high power microscopic fields) is used for evaluation of stromal TILs percentage 
(Pruneri et al., 2017, Hendry et al., 2017a). In cases with numerous involved 
ducts, an evaluation of the area surrounding the whole lesion was performed, 
and percentage of stromal TILs in the total stromal area of all DCIS involved 
ducts was determined (Thompson et al., 2016, Campbell et al., 2017, Pruneri et 
al., 2017). 

B. Estimation of the periductal TILs (based on counting TILs around all DCIS duct 
profiles up to 20 ducts).  

1. Evaluation of the mean number of TILs touching DCIS involved ducts (defined 
as TILs touching or within one lymphocyte cell thickness from the ducts’ BM).  

2. Evaluation of the mean number of TILs within 0.2mm distance from the ducts’ 
BM.  

3. Evaluation of mean number of TILs within 0.5mm distance from the ducts’ BM. 
4. Evaluation of mean number of TILs with 1.0mm distance from the ducts’ BM. 
5. Evaluation of the TILs hotspot defined by largest number of lymphoid 

aggregates directly surrounding or located between DCIS ducts within the 
boundaries of the lesion. 

6. Evaluation of lymphoid follicles formations with reactive germinal centres in the 
stroma directly surrounding or located between DCIS ducts within the 
boundaries of the lesion.    

 

H&E: Haematoxylin and Eosin, LCIS: lobular carcinoma in situ 
*All parameters were assessed in the training set while touching and stromal TILs 
assessment were conducted for the validation set. 
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Table 6-2: X-tile determined cut-off points of mean TILs count/DCIS duct based 
on association with local recurrence free survival   

Parameter 

Definitions of TILs density 

Sparse Dense 

Mean Touching TILs count* ≤20 cells >20 cells 

Mean TILs count within 0.2mm 
distance* 

≤60 cells >60 cells 

Mean TILs count within 0.5mm 
distance* 

≤100 cells >100 cells 

Mean TILs count within 1mm 
distance* 

≤120 cells >120 cells 

Hotspots ≤ 1200 cells or less > 1200 cells 

Stromal TILs ≤ 5% from the total surrounding 
stromal area 

> 5% of total surrounding 
stromal area 

 

*Represent mean number of TILs count within the specified areas/DCIS duct. 
 

Table 6-3: TILs observers’ concordance results in the training set 

Parameter Inter-cluster correlation coefficient 
(ICC) between observers 

Mean touching TILs count 0.96 

Mean TILs count within 0.2mm distance   0.89 

Mean TILs count within 0.5mm distance   0.92 

Mean TILs count within 1mm distance   0.90 

Hotspots 0.89 

Lymphoid follicles* 0.86 

Stromal TILs percentage  0.79 

 

* Kappa test is used for the analysis 
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Table 6-4: TILs count assessment in different topographic areas 

  
Mean Median Minimum Maximum 

Touching TILs count/ duct 
37 20 4 120 

TILs at 0.2mm distance/ duct 
144 80 10 800 

TILs at 0.5mm distance/ duct 
319 135 20 2000 

TILs at 1.0mm distance/ duct 
482 250 50 3000 

Hotspot 
1010 500 20 6000 

Percentage of stromal TILs 
(%) 

13 5 1 65 
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Table 6-5: Correlation between TILs density (based on mean cut-off 20 touching 
cells/DCIS duct) and clinicopathological parameters in the validation set 

 
Parameter 

TILs Density 

Total 
(n=534) 
n (%) 

Sparse 
(n=295) 
n (%) 

Dense 
(n=239) 
n (%) 

χ2 
(p value) 

Age (years)* 

   <40 
   40 to 60 
   >60 

 
23 (4.3) 

323 (60.5) 
188 (35.2) 

 
8 (2.7) 

170 (57.6) 
117 (39.7) 

 
15 (6.3) 

153 (64.0) 
71 (29.7) 

 
8.501 

(0.014) 

Presentation 

   Screening 
   Symptomatic 

 
280 (52.4) 
254 (47.6) 

 
166 (56.3) 
129 (43.7) 

 
114 (47.7) 
125 (52.3) 

 
3.89 

(0.049) 

DCIS Size* 

   <16mm 
   16 to 40mm 
   >40mm 

 
161 (30.3) 
210 (39.5) 
160 (30.1) 

 
108 (36.7) 
121 (41.2) 
65 (22.1) 

 
53 (22.4) 
89 (37.6) 
95 (40.0) 

 
23.441 
(8x10-6) 

Grade 

   Low 
   Intermediate 
   High 

 
57 (10.7) 

132 (24.7) 
345 (64.6) 

 
49 (16.6) 
88 (29.8) 

158 (53.6) 

 
8 (3.3) 

44 (18.4) 
187 (78.3) 

 

41.180 
(1.1x10-9) 

DCIS histologic type 

   Single 
   Mixture** 

 
267 (50.0) 
267 (50.0) 

 
147 (49.8) 
148 (50.2) 

 
120 (50.2) 
119 (49.8) 

 
0.008 

(0.931) 

Comedo necrosis 

   Yes 
   No 

 
367 (68.7) 
167 (31.3) 

 
182 (61.7) 
113 (38.3) 

 
185 (77.4) 
54 (22.6) 

 

15.16 
(9x10-6) 

Associated LCIS 

   Yes 
   No 

 
43 (8.1) 

491 (91.9) 

 
25 (8.5) 

270 (91.5) 

 
18 (7.5) 

221 (92.5) 

 
0.159 

(0.690) 

 Associated Paget’s 

   Yes 
   No 

 
26 (37.1) 

336 (62.9) 

 
8 (4.3) 

180 (95.7) 

 
18 (10.3) 

156 (89.7) 

 
5.030 

(0.023) 

Management+ 

   Mastectomy 
   BCS 

 
314 (58.9) 
219 (41.1) 

 
156 (52.9) 
139 (47.1) 

 
158 (66.4) 
80 (33.6) 

 
9.926 

(0.002) 

Radiotherapy*** 

   Yes 
   No 

 
80 (36.5) 

139 (63.5) 

 
50 (36.0) 
89 (64.0) 

 
30 (37.5) 
50 (62.5) 

 
0.051 

(0.821) 

ER Status 

   Positive 
   Negative 

 
278 (72.0) 
108 (28.0) 

 
177 (84.3) 
33 (15.7) 

 
101 (57.4) 
75 (42.6) 

 

34.382 
(4.5x10-9) 

PR Status 

   Positive 
   Negative 

 
217 (53.2) 
191 (46.8) 

 
152 (67.3) 
74 (32.7) 

 
65 (35.7) 

117 (64.3) 

 

40.284 
(2.2x10-10) 

HER2 Status**** 

   Negative 
   Positive 

 
355 (76.5) 
109 (23.5) 

 
229 (88.8) 
29 (11.2) 

 
126 (61.2) 
80 (38.8) 

 

48.529 
(3.2x10-12) 

Ki67 Index 

   Low (<14%) 
   High (≥14%) 

 
284 (75.9) 
90 (24.1) 

 
160 (81.2) 
37 (18.8) 

 
124 (70.1) 
53 (29.9) 

 

6.356 
(0.012) 
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P53 Mutation 

   Inactivating (0)  
   Normal (1-50%) 
   Missense (>50%) 

 
93 (26.6) 

181 (51.9) 
75 (21.5) 

 
49 (27.1) 

102 (56.3) 
30 (16.6) 

 
44 (26.2) 
79 (47.0) 
45 (26.8) 

 

5.715 
(0.057) 

Molecular Classes 

   Luminal A 
   Luminal B (HER2-) 
   Luminal B (HER2+) 
   HER2+ 
   Triple negative 

 
235 (56.6) 

37 (8.9) 
37 (8.9) 

57 (13.8) 
49 (11.8) 

 
171 (74.7) 

20 (8.7) 
9 (3.9) 

12 (5.3) 
17 (7.4) 

 
64 (34.4) 
17 (9.1) 

28 (15.1) 
45 (24.2) 
32 (17.2) 

 
 

78.807 
(3.1x10-16) 

 

DCIS: Ductal carcinoma in situ; n: number 
p value in bold: significant, TILs: Tumour infiltrating lymphocytes, LCIS: Lobular 
Carcinoma in situ, BCS: Breast conserving surgery, ER: Oestrogen receptor, PR: 
Progesterone receptor 
*Age and size: categorised according to the Van Nuys Prognostic Index (VNPI), 
**Histologic type is a mixture of more than one morphologic type, +Management is 
according to the final operation, ***Radiotherapy status is for cases treated with BCS 
 ****HER2 final status is achieved using combination of IHC and chromogenic in situ 
hybridisation (CISH). 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-4: Kaplan-Meier curves for association of touching TILs density with 
recurrence-free interval (in months): A) all cases; B) cases treated with breast 
conserving surgery (BCS); C) for BCS-treated patients who received adjuvant 
radiotherapy; and D) for non-radiotherapy-treated patients. Cases were 
dichotomised into dense and sparse according to the median of 20 touching TILs. 

A B 

C D 
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Table 6-6: Multivariate Cox proportional hazards for predictors of local recurrence 
in pure DCIS patients* 

 

 
Parameters   

 
Hazard 

ratio (HR) 

95% confidence interval 
(CI) 

 
p-value 

Lower Upper 

Dense TILs 3.7 1.7 7.7 0.001 

Patient Age 0.6 0.1 6.1 0.706 

DCIS size 1.7 0.4 1.6 0.453 

DCIS nuclear Grade 2.5 0.5 12.4 0.271 

Comedo necrosis 0.8 0.4 1.8 0.642 

Molecular classes  1.3 0.5 3.7 0.628 

Radiotherapy 0.4 0.1 1.1 0.051 

Margin status  0.8 0.4 1.3 0.752 

 
 *Performed only for breast conservative surgery (BCS) treated patients.  

 

 

6.8 Discussion 

Current clinicopathological parameters used for DCIS risk stratification 

are not sufficient to precisely estimate recurrence risk associated with 

DCIS (Furnival 2006, Virnig et al., 2010). It is hypothesised that TILs in 

DCIS have a role in tumour progression; however, there are no 

consensus guidelines for evaluating TILs in clinical practice. 

 

TILs are an essential immune component of the response to cancer 

(Gutkin and Shurin 2014). It is now accepted that the immune system has 

a dual role in cancer development and progression. It can eradicate 

emerging malignant cells by an orchestrated action of innate and adaptive 

branches, thus preventing tumour growth. On the other hand, it can 

paradoxically promote growth of malignant cells, their invasive capacity 



Chapter 6  Prognostic Significance of Tumour Infiltrating Lymphocytes 

 219 

and their ability to metastasise (Stanton and Disis 2016, Agahozo et al., 

2018, Saint-Jean et al., 2018). 

 

Previous studies of TILs evaluation in DCIS did not achieve the desired 

success as they have neither used uniform definition of the stromal area 

surrounding DCIS for TILs assessment nor identified clear cut-off points 

that can predict DCIS patients’ outcomes. The International Working TILs 

Group’s guidelines have been used by some researchers, with 

modification to DCIS considering the stroma within the boundaries of the 

whole lesion (Thompson et al., 2016, Campbell et al., 2017) as a 

representative of stromal TILs. Pruneri et al. (Pruneri et al., 2017) defined 

stromal TILs as those within two high power fields form the DCIS ducts 

and this method was adopted by other authors (Hendry et al., 2017a, 

Hendry et al., 2017b, Dieci et al., 2018). However, these studies have 

reported a lack of associations between TILs density and DCIS 

recurrence. In the current chapter, TILs assessment was performed in a 

large cohort of DCIS cases with long-term follow-up data using different 

scoring methods to best determine the most reproducible method that can 

additionally provide prognostic information. 

 

Assessment of TILs in the training set revealed that touching TILs was the 

optimal method for TILs assessment in DCIS in terms of predicting patient 

local recurrence. This conclusion is based on some criteria: first, they had 

the highest inter-rater concordance rate; second, assessment of touching 

TILs was the fastest and easiest method that can be performed without 

the necessity for accurately measuring the distance around the ducts; 



Chapter 6  Prognostic Significance of Tumour Infiltrating Lymphocytes 

 220 

third, no uncertainty/variability in scoring cells, particularly in overlapping 

areas between the adjacent breast ducts, occurred during assessment of 

touching TILs; lastly, touching TILs showed the strongest association with 

other clinicopathological prognostic parameters and as a predictor of 

DCIS recurrence. 

 

Herein, touching TILs showed significant association with LRFS, with 

dense touching TILs being associated with shorter LRFS in the whole 

cohort or in patients treated with BCS. It is noteworthy that touching TILs 

is a prognostic factor for DCIS recurrence in patients treated with BCS 

independent of other known determinants of tumour behaviour (Stallard et 

al., 2001, Kerlikowske et al., 2003, Mechera et al., 2009, Kong et al., 

2014). 

 

Surprisingly, when assessment of the percentage of overall stromal TILs 

was done using the same methods for TILs evaluation described in 

previous studies (Pruneri et al., 2017, Hendry et al., 2017a, Hendry et al., 

2017b), it showed not only the least concordance rates but also variability 

in association with patient outcomes. 

 

Studies of TILs in IBC reported the association between TILs and good 

prognosis, particularly in Triple Negative breast cancer, and supported 

their synergistic effect with chemotherapy (Adams et al., 2014, Ibrahim et 

al., 2014). However, the current study showed that dense TILs in DCIS 

were associated not only with potential risk factors for aggressive DCIS 

behaviour but also with increased risk of tumour recurrence and 

progression (Miligy et al., 2017, Toss et al., 2018). Supporting these 
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results, dense TILs were associated with more aggressive DCIS (Pruneri 

et al., 2017), high tumour grade, comedo type necrosis, ER-negative and 

Her2-positive DCIS lesions (Hendry et al., 2017a, Hendry et al., 2017b). 

Some studies failed to provide a significant association between TILs 

density and tumour outcome, and this might be due to a difference in the 

assessment methods. Recent studies showed that dense TILs were 

associated with aggressive DCIS and that copy number changes in DCIS 

with dense TILs are more profound than lesions with low density, making 

them more liable to progress or recur (Hendry et al., 2017a, Hendry et al., 

2017b). In addition, dense TILs were associated with high DCIS Oncotype 

DX score (Knopfelmacher et al., 2015), providing evidence to support the 

results that dense TILs are associated with increased recurrence risk in 

DCIS. Association between dense TILs and poor prognosis has also been 

described in oral, colonic, prostatic and pancreatic preinvasive lesions 

(Gannot et al., 2002, Hiraoka et al., 2006). 

 

High TILs density was detected in DCIS lesions compared with IBC. This 

finding supports the proposed role of inflammatory cells in DCIS 

progression and aggressiveness (Man et al., 2003, Jiang et al., 2013, 

Man et al., 2013, Thompson et al., 2016). TILs density assessment and 

reporting in the routine practice for DCIS diagnosed by core biopsy may 

provide a predictive factor for presence of invasion in these lesions, as 

previously observed (Lee et al., 2006, Doebar et al., 2016a). 

It is speculated that different immune cell subpopulations are involved in 

DCIS behaviour. Regulatory T cells (T-regs) play key roles in tumour 

evasion from the immune system (Gobert et al., 2009). Homeostasis of 
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the immune response in the body is regulated by T-regs; however, a 

paradoxical action may occur through over-suppression of the immune 

cells attacking the tumour cells, leading to tumour progression (Curiel et 

al., 2004). It was reported that high-grade DCIS lesions harbour a higher 

percentage of FOXP3+ cells (Campbell et al., 2017). Moreover, tumour 

cells cuffed by dense TILs might produce some proteins to evade the host 

immune system. Thompson et al. have reported that DCIS with dense 

TILs show a higher level of PDL-1-positive tumour cells (Thompson et al., 

2016). This was supported by two studies that characterised the immune 

microenvironment in DCIS (Campbell et al., 2017, Hendry et al., 2017b). 

 

Although the role of B-lymphocytes in tumour immunity and behaviour is 

unclear, Miligy et al. showed that increased B lymphocytes infiltrate was 

associated with increased recurrence liability and with other poor outcome 

parameters (Miligy et al., 2017). In this chapter, the density of CD19 was 

much lower than that of CD20 and the number of follicles identified by the 

CD19 antibody was a subset of those identified by the CD20 antibody 

(Miligy et al., 2017). This finding goes in line with findings in other tumours 

such as chronic lymphocytic leukaemia, where Ginaldi et al. in 1998 

showed that CD19 had low density and a lower number than CD20-

positive cells (Ginaldi et al., 1998). This can be explained as a reflection 

of an early stage of maturation of tumour-infiltrating B lymphocytes in 

comparison to their counterparts in normal blood (Ginaldi et al., 1998). 

 

In conclusion, assessment of touching TILs using H&E-stained DCIS 

sections is a reproducible and feasible method to predict tumour 
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behaviour. Implementation of this method in the clinical setting would help 

in risk-stratifying DCIS patients for improved and individualised 

management.
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The current study demonstrated the importance of a constellation of 

different clinicopathological factors, proteomics and tumour 

microenvironment in prediction of DCIS behaviour in terms of the 

development of local recurrence. 

 

7.1 Background 

Incidence of ductal carcinoma in situ (DCIS) has increased as 

screening programmes are widely implemented (Virnig et al., 2010). 

Given the increasing proportion of screening-detected tumours, 

clinicians are encountering DCIS with size of <1cm more often than in 

the past (Cho et al., 2018). A number of clinicopathological factors have 

been suggested to predict the risk of recurrence and therefore help 

individualise treatment in DCIS patients (Sagara et al., 2016), although 

these remain inadequate. 

 

Our inability to elucidate DCIS lesions that will progress to invasion and 

that will remain indolent culminate in recommendations that women with 

DCIS undergo treatment (Rakovitch et al., 2018). Most women are 

treated by BCS followed by adjuvant whole breast RT, which has been 

postulated to lower the risk of local recurrence (DCIS or invasive) 

(Correa et al., 2010). Some women will derive little or no absolute 

benefit from RT, resulting in unnecessary exposure to radiation and its 

potential toxicities (over-treatment), while in others the omission of RT 

may result in a higher risk of DCIS or invasive LR that might have been 

avoided by treatment (under-treatment) (Rakovitch et al., 2013). To 

reduce over- or under-treatment of DCIS, ascertainment of more 



Chapter 7 General Discussion 

 226 

precise estimates of individualised LR risk after BCS is advised to help 

clinicians and patients more accurately assess the risks of LR with 

potential absolute benefits of treatment (Rakovitch et al., 2018). 

 

Despite the widely accepted notion that DCIS is a non-obligate 

precursor of IBC, no reliable biomarkers or clinical tests are available to 

predict which DCIS cases are most likely to progress (Doebar et al., 

2018). 

 

In addition, neither molecular subtype nor histological features/grades 

are consistent or reproducible predictors of DCIS behaviour. For this 

reason, it is hypothesised that DCIS becomes invasive as a result of 

either intrinsic factors (genetic aberrations of the neoplastic cells) or 

extrinsic factors within the microenvironment or tumour stroma, 

independent of or in association with genetic changes within the tumour 

cells (Cowell et al., 2013). 

 

It is widely accepted that in the engagement between histopathological 

classification, assessment of molecular prognostic biomarkers, ER and 

HER2 status remains the mainstay of BC management and is currently 

contributing to DCIS management (Di Cesare et al., 2017). HER2 and 

ER are important pathways involved in BC development and it is well 

known that HER2 is an oncogenic factor that is responsible for driving 

adverse DCIS prognosis (Di Cesare et al., 2017). HER2 amplification in 

primary DCIS is identified more frequently in younger patients and 

hypothesises a high risk of recurrence in HER2-positive DCIS perhaps 

related to histopathological predictors of overall relapse as high nuclear 
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grade, high Ki67 expression, low ER and PR levels, and other identified 

clinicopathological factors (Williams et al., 2015). 

 

Different pathways have been recognised to have interactions with 

HER2, ER, Ki67 and/or p53 including proliferation (Lesurf et al., 2016), 

oncogenes such as kinases (Finn 2008) and tumour suppressor genes 

(Nie et al., 2015). Evidence as to whether the identified biomarkers can 

overwhelm the driving effect on well-established different proteins, 

especially when both are co-expressed and the potential effect on 

therapeutic response is insufficient, and needs further investigation. 

 

7.2 Hypothesis, aims and methods of the study 

In this thesis, it was hypothesised that the progression of DCIS and the 

development of ipsilateral LR, particularly invasive recurrence is 

multifactorial and it is unlikely that a single factor will act as a prognostic 

determinant; rather, it will be a panel of synergistic clinicopathological 

and molecular tissue markers that can be used in synergism with each 

other. 

 

A set of aims were put forward to explore the hypotheses and identify 

biological markers or molecular predictors for LR able to stratify women 

with DCIS into high- and low-risk populations and improve risk 

stratification and treatment recommendations for DCIS patients. 

 
Therefore, this thesis aimed to characterise DCIS patients and 

determine the clinicopathological and molecular characteristics 

associated with LR in women with DCIS. This was achieved through 



Chapter 7 General Discussion 

 228 

assessment of a large cohort of DCIS cases treated in a single 

institution with attached all relevant clinical, pathological and outcome 

information, together with a comparator set of cases mixed with 

invasive disease and construction of a TMA. This was followed by 

characterisation of the pure DCIS cohort via IHC and CISH for 

molecular markers. Studying the expression pattern of a proposed 

biomarker panel of adverse clinical outcome in DCIS was done by 

selection of markers spanning important biological changes responsible 

for reflecting DCIS progression upon their deregulation. As the 

microenvironment is a major effector on DCIS behaviour, the role of 

tumour-infiltrating lymphocytes was also assessed as a main 

constituent of the tumour microenvironment. 

 

7.3 Cardinal findings of the study 

7.3.1 Morphological and clinical characterisation of DCIS 

In Nottingham, approximately two thirds of DCIS patients were initially 

treated with BCS, in particular, those with screen-detected lesions. 

However, mastectomy was the choice for patients with features of 

aggressive tumour behaviour as high tumour grade with comedo 

necrosis and large lesion size. The improvement in imaging quality, 

better evaluation of DCIS size and extent, surgery quality and adjuvant 

radiotherapy have contributed to the reduction in mastectomy, re-

excision after BCS and local recurrence rates. 

 

Despite the surgical margin being adopted as an essential factor in 

determining the rate of re-excision and recurrence afterwards, the 
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current study showed that the change in surgical margin width in BCS-

treated patients did not, in fact, affect the recurrence rate. Therefore, it 

is proposed that better risk assessment, rational use of radiotherapy 

and individualised patient management based on constellation of 

different clinicopathological factors are essential to tailor DCIS 

treatment. 

 

This study reported a comparable incidence of LR to previous studies 

and this rate was associated with high-grade tumours involving more 

than one breast quadrant and where RT was not an option for 

treatment.  

In addition, it was shown that VNPI was a reasonable risk index for 

determining the treatment modalities but might not be the best index to 

predict tumour recurrence. 

 

Therefore, certain clinicopathological factors for DCIS patients remain 

important in the assessment of patients and determining the treatment 

modality. 

 

7.3.2 Molecular taxonomy of DCIS using well-established 

biomarkers 

This study demonstrated that cases of Luminal A DCIS subtype were 

associated with features of good outcome, in contrast to HER2+, 

Luminal B/HER2+ and Triple Negative phenotypes. HER2 expression 

was higher in DCIS compared with invasive tumours but at a lower level 

than the published literature (Rakovitch et al., 2012, Borgquist et al., 

2015). 
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The current study postulated that lower HER2 detection rate might be 

related to detection of DCIS by imaging and HER2 positivity was shown 

in the earlier period of the study and declined over time. It therefore 

suggests a potential role of HER2 as a prognostic marker that needs 

further studies to prove its precise role, as it was previously addressed 

by other studies (Borgquist et al., 2015, Mustafa et al., 2017). 

 

This study suggested the need to identify potential predictors of 

recurrence, as the identification of molecular predictors in DCIS is 

challenging because the number of recurrences is low, and the 

expression levels of molecular biomarkers are often correlated. HER2 

was shown to predict the DCIS local recurrence. 

 

The current study showed that assessment of HER2 gene amplification 

was complementary to protein expression, as HER2 2+ cases required 

to be confirmed their status and CISH was a robust technique for such 

cases. 

  

7.3.3 Molecular characterisation of DCIS 

It was hypothesised that the progression of DCIS to invasion is 

multifactorial and requires the interplay between genetic factors within 

tumour cells and the surrounding microenvironment; some identified 

aberrated genes were studied in terms of their protein expression. In 

this study, some genes were selected based on the gene expression 

data for IBC due to the lack of DCIS datasets. These genes have a 
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distinct role in IBC progression and correlated with adverse outcome, so 

they were candidates to study in terms of their role in DCIS progression. 

 

In this thesis, TXNIP was shown to have a role as a tumour suppressor 

gene in the progression of DCIS to IBC, confirming previous studies 

(Zhou et al., 2011, Morrison et al., 2014). TXNIP is an inhibitor of cell 

cycle progression as well as interrupting the HER2 oncogenic pathway, 

evidenced by the inverse association between TXNIP expression, 

HER2 and Ki67. TXNIP also inhibits the ROS scavenger TRX with 

direct impact on cell survival by promoting a pro-apoptotic environment, 

which suggests its potential importance as a therapeutic target. 

 

AURKA was another candidate to study as it is one of the Oncotype DX 

panel in invasive and in situ scores and is located on the commonly 

mutated 20q. AURKA was reported to have differential expression 

patterns between normal breast tissue and invasive disease (Moelans 

et al., 2010, Ingoldsby et al., 2013). The present results were consistent 

with what has previously been published and showed that AURKA 

expression was higher in invasive tumours than DCIS. AURKA was a 

poor prognostic marker for DCIS that acted independently from other 

clinicopathological factors and it was a predictor of invasive recurrence. 

 

A number of mechanisms were reported to explain the role of AURKA in 

cancer progression. AURKA overexpression was associated with 

centrosome amplification and DNA instability (Chou et al., 2013) and 

the non-mitotic function of AURKA was implicated in breast cancer 

progression and resistant to chemotherapy treatment via epithelial to 
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mesenchymal transition and acquisition of stem cell-like characteristics 

(D'Assoro et al., 2014, Chen et al., 2017). There was evidence that 

AURKA promotes expression of MYC and aberrant P53 mutation 

(Marumoto et al., 2005, Zheng et al., 2016). The deregulated 

mechanism between AURKA and P53 might trigger DNA damage and 

hence contribute to an adverse clinical outcome. 

 

TPX2, a microtubule-associated protein and a co-factor for AURKA, 

was a candidate to study. Its overexpression was reported to be 

associated with centrosome amplification, similar to AURKA (van Gijn et 

al., 2018). The current work showed, in line with others (Yang et al., 

2015, Chen et al., 2016), that TPX2 expression was higher in invasive 

tumours compared with in situ carcinoma, which strengthened the 

hypothesis that TPX2 was a promising biomarker that requires further 

functional studies to translate its role in DCIS. The results showed that 

TPX2 was a marker of poor prognosis in DCIS independent from other 

studied clinicopathological factors and it was also a predictor of invasive 

local recurrence. 

 

Different possible mechanisms were reported to explain the role of 

TPX2 in cancer progression. TPX2 promotes MMPs via the Akt 

signalling pathway (Wei et al., 2013, Ren et al., 2015) and TPX2 

increases the phosphorylation of Akt/mTOR in cancer cells and this 

suggests that the Akt/mTOR pathway is a potential target of TPX2. 

 

SRC, as a proto-oncogene, showed a similar pattern of expression to 

AURKA and TPX2, where higher levels were observed in invasive 
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cancer followed by lower levels in DCIS. It was also associated with 

poor prognostic parameters and an independent predictor of 

recurrence, particularly as invasive tumour. SRC was reported to have 

many biological functions such as promoting tumour cell proliferation, 

cell growth, differentiation, motility, migration, angiogenesis, and 

survival (Wheeler et al., 2009). Preclinical evidence showed that SRC 

binds to HER2 and is activated in HER2-positive breast cancer cells, 

allowing PI3K signalling (Nagata et al., 2004). Furthermore, anti-HER2 

antibody trastuzumab causes dissociation of SRC from HER2, 

inactivating SRC, and consequently inhibiting HER2-mediated PI3K 

pathway signalling. This evidence supports the rational combination of 

SRC inhibitors and trastuzumab in HER2-positive breast cancer, with 

subsequent implications in DCIS. 

 

7.3.4 Prognostic significance of tumour-infiltrating 

lymphocytes in DCIS 

As the tumour microenvironment is an important contributing factor to 

DCIS progression, it was important to study TILs as major component 

of the microenvironment. This thesis showed the detailed optimal 

methodology for TILs assessment in DCIS and concluded that touching 

TILs was the most robust type of TILs in predicting patient outcome as 

well as being the easiest, fastest and most accurate method without the 

need to measure the distance around the ducts. The current results 

also showed a significant association between dense TILs and shorter 

LRFS as well as potential risk factors for aggressive DCIS behaviour, 

contrary to the previous results, shown in invasive carcinoma (Ibrahim 



Chapter 7 General Discussion 

 234 

et al., 2014). This finding might be attributed to more profound copy 

number changes in DCIS with dense TILs than lesions with low TILs 

density, making them more aggressive in behaviour (Hendry et al., 

2017a). In addition, it was reported that dense TILs were associated 

with high Oncotype DX DCIS score (Knopfelmacher et al., 2015), 

supporting the current results of association between dense TILs and 

poor outcome in DCIS. 

 

A subset of TILs, B lymphocytes, was studied in this thesis and results 

were similar to whole TILs in terms of their association with increased 

local recurrence and aggressive tumour behaviour. 

 

7.4 Final conclusions 

This study identified several predictors of DCIS progression. In addition 

to some clinical and pathological variables including tumour size, grade 

and radiotherapy use, expression of TXNIP, AURKA, TPX2 and SRC, 

together with TILs density were independent predictors of DCIS 

outcome. These variables can potentially be used in combination to 

refine the prognostic stratification of DCIS patients in routine practice 

(Table 7-1). 

Table 7-1: Recommended clinicopathological and biological markers to redict 
the DCIS outcome based on the final conclusion of the study. 

Clinical Features Multifocal disease 
Tumour size 
Radiotherapy status 

Histopathological Features Nuclear grade 
Comedo necrosis 
Positive or close surgical margins 
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Protein Markers ER  
HER2 
Cell cycle markers Ki67, AURKA, TPX2 
SRC 
TXNIP 

Others Touching TILs 

TILs: Tumour infiltrating lymphocytes 

 

The outcome of DCIS dramatically improved during the period of the 

study. The study demonstrated that the prediction of DCIS outcome is a 

result of a constellation of different phenotypic and genotypic factors, 

including the clinicopathological, intrinsic tumour cell and 

microenvironment factors. The availability of a large cohort of cases 

was the mainstay of getting robust results and in risk stratifying DCIS 

patients and predicting disease behaviour. Immunohistochemical 

assessment of the cellular and molecular derangements is cost-

effective, reproducible and clinically applicable; therefore, targeting 

these molecular allies, through specific therapies, could halt DCIS 

progression, particularly those targeting specific oncogenes such as 

AURKA, TPX2 and SRC or tumour suppressor genes such as TXNIP. 

Characterisation of DCIS using a similar classification system to IBC via 

well-characterised biomarkers such as ER, PR, HER2 and Ki67 would 

be helpful in understanding the biology of DCIS. The routine 

assessment of touching TILs is a powerful predictor of DCIS behaviour 

that would be helpful tailoring DCIS patients’ management. 

 

7.5 Strengths of the study 

1- The study was designed to use a large cohort of DCIS patients. In 

addition, clinicopathological and outcome data were individually 
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collected, validated and prospectively maintained. Therefore, 

findings of different studied tissue markers were linked to the robust 

clinical outcome and IHC-defined intrinsic biological subtypes. 

2- The availability of a large collection of FFPE blocks facilitated the 

proper selection of tumour-containing blocks used for TMA 

construction of a large cohort of DCIS. 

3- The use of automated TMA production allowed for the careful 

selection and insertion of the tumour cores, proper alignment of the 

tissue cores, magnificent recording of the samples’ information and 

facilitated the subsequent scoring. 

4- In the current study, antibodies were used with positive and 

negative controls in addition to Western blotting for some of the 

studied antibodies. In addition, for adequate staining interpretation 

and statistical correlations, strict adherence to published guidelines 

of prognostic marker studies was followed throughout (McShane et 

al., 2006, Sauerbrei et al., 2018). 

5- The use of different statistical approaches in determination of the 

optimal cut-off points of staining positivity of the used markers, 

rather than using arbitrarily chosen ones. 

6- The use of data as both continuous and categorical was helpful in 

confirmation of the results. 

7- Validation of the semi-qualitative results of HER2 protein 

expression by using CISH which confirms HER2 status in HER2 2+ 

cases. 
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8- Using the pathologist’s eye approach in markers’ expression 

scoring rather than using automated image analysis methods. An 

important concern is that automated methods might count in situ 

lesions or some foci of normal mammary epithelial cells entrapped 

in some tissue cores as hyperplasia, whereas a pathologist’s 

score/count would more likely exclude this potential error. 

  

7.6 Limitations and weakness of the study  

1- This study could have possible limitations; for instance, the 

subjectivity of staining interpretation and qualitative results of 

immunohistochemical detection of marker expression (Oyama et 

al., 2007). However, I have followed a standard approach to keep 

these to the minimum. 

2- The data were only assessed in one centre and no multicentre 

validation was considered. 

3- To facilitate studying of tissue markers in large cohorts of samples, 

the biomarker panel was trained on subsets of full-face sections 

and studied on TMAs, which has been shown to have specific 

technical limitations such as core loss. However, TMA results have 

repeatedly been reported to show excellent concordance with full-

face sections of cancer tissues including breast cancer. In addition, 

previous studies have validated the use of one TMA core to study 

the expression of tumour marker (Camp et al., 2000, Torhorst et al., 

2001). 

4- Most of the biomarkers studied showed either nuclear or 

cytoplasmic expression; however, this does not exclude the 
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possibility that these biomarkers are expressed in other parts of the 

malignant cells such as membrane, mitochondrial or Golgi. 

Therefore, future studies can highlight the importance of subcellular 

localisation of these proteins. 

5- For this historical patient cohort, relatively old paraffin blocks were 

used to study tissue marker expression, which might be exhausted 

or consumed in some blocks. Moreover, therapeutic regimens used 

at the time when patients of this study were treated tended to be 

different from those currently in practice and many modalities are 

continually evolving. 

 

7.7 Suggestions and future investigations  

1- Assessment of a subset of prospective cases of DCIS in addition to 

the current series would be of value as a comparator set. This 

would be regarding different clinicopathological factors, particularly 

patient age, presentation, tumour size, grade, operative procedure 

and margin assessment together with hormone receptor and HER2 

status. 

2- Multicentre assessment of the DCIS cases will be more robust as 

this will provide the opportunity to rely on the obtained results if 

deemed parallel with the possibility for their clinical application. 

3- Further functional studies are required to validate the protein 

expression results. In vitro knockdown of the identified genes, 

particularly the oncogenes, would be of value to explore the 

practicality of therapeutic consideration of the target genes. 
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4- To highlight the role of subcellular localisation, measuring different 

cellular components separately, known as subcellular fractionation, 

is warranted. 

5- Using more than one core per case in the TMA could be more 

beneficial for better assessment, to compensate for the core loss 

and overcome the heterogeneity if there is any. 

6- Genetic and copy number analysis could be a useful tool in 

predicting DCIS lesions with likelihood of recurrence. 

 

7.8 Ongoing and future work 

7.8.1 DCIS and clonal recurrence 

A more powerful approach would be to compare DCIS in its pure state 

with the clonally related invasive recurrence. Such an approach will 

bypass the difficulties of comparing pure DCIS with unrelated IBC, 

where inter-tumour heterogeneity reduces the power of the analysis. 

This novel strategy has yet to be undertaken in more than one case 

using genome-wide approaches. 

 

Currently, a retrospective study is conducted on a consecutive series of 

breast conservative surgery treated primary pure DCIS cases and their 

matched local recurrences diagnosed and treated between 1989 to 

2012 with extensive follow-up from three sources: Nottingham City 

Hospital (UK); Peter MacCallum Cancer Centre (Australia) and Royal 

Melbourne Hospital (Australia). This study aims to determine the clonal 

local recurrence rate in DCIS using genome-wide sequencing 

approaches, compare primary DCIS with their clonal recurrences to 
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understand the genetic evolution of recurrence and to compare features 

of DCIS with clonal and non-clonal recurrences. 

 

The study is performed on a carefully selected cohort, comprising 

tumours treated only with wide local excision but all with clear margins 

and either with at least seven years of follow-up or with a recurrence at 

least 12 months but less than five years after initial surgery. The cohort 

has helped to undertake a comparison of copy numbers between DCIS 

that have recurred and those that have not. This is the first multicentre 

study to be undertaken on a large number of DCIS cases and only the 

second study to report CN changes in DCIS with follow-up data 

(Gorringe et al., 2015). 

 

7.8.2 Digital image analysis 

As current clinicopathological markers are insufficient to accurately 

predict recurrence risk and guide optimal treatment, a novel method is 

developed to predict risk of ipsilateral recurrence based on whole-slide, 

high-content image analysis of digitised H&E stained sections of DCIS 

tumours removed via BCS, in collaboration with Georgia State 

University, USA. 

 

The model is able to predict the ten-year recurrence risk in patient 

cohorts from Nottingham University Hospital, UK. The tool vastly 

outperforms common clinicopathological variables in predicting DCIS 

recurrence and identifies patients that might benefit from mastectomy 

and/or adjuvant radiotherapy. 
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This easy-to-use machine-learning-based model fills an unmet clinical 

need for accurately predicting recurrence risk and has tremendous 

promise for DCIS patients. In the future, this model could potentially be 

applied to other cancer types that are in need of prognostic markers.



Chapter 8  References 

 242 

8 References 



Chapter 8  References 

 243 

 

Acerbi, I., L. Cassereau, I. Dean, Q. Shi, A. Au, C. Park, Y. Y. 

Chen, J. Liphardt, E. S. Hwang and V. M. Weaver 
(2015). "Human breast cancer invasion and aggression 

correlates with ECM stiffening and immune cell 
infiltration." Integr Biol (Camb) 7(10): 1120-1134. 

 

Adams, S., R. J. Gray, S. Demaria, L. Goldstein, E. A. Perez, L. 
N. Shulman, S. Martino, M. Wang, V. E. Jones, T. J. 

Saphner, A. C. Wolff, W. C. Wood, N. E. Davidson, G. W. 
Sledge, J. A. Sparano and S. S. Badve (2014). 

"Prognostic Value of Tumor-Infiltrating Lymphocytes in 
Triple-Negative Breast Cancers From Two Phase III 

Randomized Adjuvant Breast Cancer Trials: ECOG 2197 
and ECOG 1199." Journal of Clinical Oncology 32(27): 

2959-2966. 
 

Afghahi, A., E. Forgo, A. A. Mitani, M. Desai, S. Varma, T. 
Seto, J. Rigdon, K. C. Jensen, M. L. Troxell, S. L. Gomez, 

A. K. Das, A. H. Beck, A. W. Kurian and R. B. West 
(2015). "Chromosomal copy number alterations for 

associations of ductal carcinoma in situ with invasive 

breast cancer." Breast Cancer Res 17: 108. 
 

Agahozo, M. C., D. Hammerl, R. Debets, M. Kok and C. H. M. 
van Deurzen (2018). "Tumor-infiltrating lymphocytes 

and ductal carcinoma in situ of the breast: friends or 
foes?" Mod Pathol 31(7): 1012-1025. 

 
Ahmed, W., M. F. A. Malik, M. Saeed and F. Haq (2018). "Copy 

number profiling of Oncotype DX genes reveals 
association with survival of breast cancer patients." Mol 

Biol Rep. 
 

Allegra, C. J., D. R. Aberle, P. Ganschow, S. M. Hahn, C. N. 
Lee, S. Millon-Underwood, M. C. Pike, S. D. Reed, A. F. 

Saftlas, S. A. Scarvalone, A. M. Schwartz, C. Slomski, G. 

Yothers and R. Zon (2010). "National Institutes of Health 
State-of-the-Science Conference statement: Diagnosis 

and Management of Ductal Carcinoma In Situ September 
22-24, 2009." J Natl Cancer Inst 102(3): 161-169. 

 
Allinen, M., R. Beroukhim, L. Cai, C. Brennan, J. Lahti-

Domenici, H. Huang, D. Porter, M. Hu, L. Chin, A. 
Richardson, S. Schnitt, W. R. Sellers and K. Polyak 

(2004). "Molecular characterization of the tumor 
microenvironment in breast cancer." Cancer Cell 6(1): 

17-32. 



Chapter 8  References 

 244 

 

Allred, D. C., Y. Wu, S. Mao, I. D. Nagtegaal, S. Lee, C. M. 
Perou, S. K. Mohsin, P. O'Connell, A. Tsimelzon and D. 

Medina (2008). "Ductal carcinoma in situ and the 
emergence of diversity during breast cancer evolution." 

Clin Cancer Res 14(2): 370-378. 

 
Altintas, S., K. Lambein, M. T. Huizing, G. Braems, F. T. Asjoe, 

H. Hellemans, E. Van Marck, J. Weyler, M. Praet, R. Van 
den Broecke, J. B. Vermorken and W. A. Tjalma (2009). 

"Prognostic significance of oncogenic markers in ductal 
carcinoma in situ of the breast: a clinicopathologic 

study." Breast J 15(2): 120-132. 
 

Amichetti, M. and C. Vidali (2012). "Radiotherapy after 
conservative surgery in ductal carcinoma in situ of the 

breast: a review." Int J Surg Oncol 2012: 635404. 
 

Arnould, L., Y. Denoux, G. MacGrogan, F. Penault-Llorca, M. 
Fiche, I. Treilleux, M. C. Mathieu, A. Vincent-Salomon, 

M. O. Vilain and J. Couturier (2003). "Agreement 

between chromogenic in situ hybridisation (CISH) and 
FISH in the determination of HER2 status in breast 

cancer." Br J Cancer 88(10): 1587-1591. 
 

Asjoe, F. T., S. Altintas, M. T. Huizing, C. Colpaert, E. V. 
Marck, J. B. Vermorken and W. A. Tjalma (2007). "The 

value of the Van Nuys Prognostic Index in ductal 
carcinoma in situ of the breast: a retrospective 

analysis." Breast J 13(4): 359-367. 
 

Azu, M., P. Abrahamse, S. J. Katz, R. Jagsi and M. Morrow 
(2010). "What is an adequate margin for breast-

conserving surgery? Surgeon attitudes and correlates." 
Ann Surg Oncol 17(2): 558-563. 

 

Baek, S. H., W. J. Choi, J. H. Cha, H. H. Kim, H. J. Shin and E. 
Y. Chae (2017). "Comparison of mammography, 

ultrasound, and MRI in size assessment of ductal 
carcinoma in situ with histopathologic correlation." Acta 

Radiol 58(12): 1434-1441. 
 

Bane, A. (2013). "Ductal Carcinoma In Situ: What the 
Pathologist Needs to Know and Why." International 

Journal of Breast Cancer 2013: 914053. 
 



Chapter 8  References 

 245 

Barrio, A. V. and K. J. Van Zee (2017). "Controversies in the 

Treatment of Ductal Carcinoma in Situ." Annu Rev Med 
68: 197-211. 

 
Bartlett, J. M., F. M. Campbell and E. A. Mallon (2008). 

"Determination of HER2 amplification by in situ 

hybridization: when should chromosome 17 also be 
determined?" Am J Clin Pathol 130(6): 920-926. 

 
Bartlett, J. M., S. Nofech-Moses and E. Rakovitch (2014). 

"Ductal carcinoma in situ of the breast: can biomarkers 
improve current management?" Clin Chem 60(1): 60-

67. 
 

Bartova, M., F. Ondrias, T. Muy-Kheng, M. Kastner, C. Singer 
and K. Pohlodek (2014). "COX-2, p16 and Ki67 

expression in DCIS, microinvasive and early invasive 
breast carcinoma with extensive intraductal component." 

Bratisl Lek Listy 115(7): 445-451. 
 

Bates, G. J., S. B. Fox, C. Han, R. D. Leek, J. F. Garcia, A. L. 

Harris and A. H. Banham (2006). "Quantification of 
regulatory T cells enables the identification of high-risk 

breast cancer patients and those at risk of late relapse." 
J Clin Oncol 24(34): 5373-5380. 

 
Baudis, M. (2007). "Genomic imbalances in 5918 malignant 

epithelial tumors: an explorative meta-analysis of 
chromosomal CGH data." BMC Cancer 7: 226. 

 
Baylin, S. B., M. Esteller, M. R. Rountree, K. E. Bachman, K. 

Schuebel and J. G. Herman (2001). "Aberrant patterns 
of DNA methylation, chromatin formation and gene 

expression in cancer." Hum Mol Genet 10(7): 687-692. 
 

Beltran, H., C. Oromendia, D. C. Danila, B. Montgomery, C. 

Hoimes, R. Z. Szmulewitz, U. Vaishampayan, A. J. 
Armstrong, M. Stein, J. Pinski, J. M. Mosquera, V. Sailer, 

R. Bareja, A. Romanel, N. Gumpeni, A. Sboner, E. 
Dardenne, L. Puca, D. Prandi, M. A. Rubin, H. I. Scher, 

D. S. Rickman, F. Demichelis, D. M. Nanus, K. V. 
Ballman and S. T. Tagawa (2018). "A phase II trial of 

the aurora kinase A inhibitor alisertib for patients with 
castration resistant and neuroendocrine prostate cancer: 

efficacy and biomarkers." Clin Cancer Res. 
 

Ben-David, M. A., D. E. Sturtz, K. A. Griffith, K. R. Douglas, J. 
A. Hayman, A. S. Lichter and L. J. Pierce (2007). "Long-



Chapter 8  References 

 246 

term results of conservative surgery and radiotherapy 

for ductal carcinoma in situ using lung density 
correction: the University of Michigan experience." 

Breast J 13(4): 392-400. 
 

Benson, J. R. and G. C. Wishart (2013). "Predictors of 

recurrence for ductal carcinoma in situ after breast-
conserving surgery." Lancet Oncol 14(9): e348-357. 

 
Benveniste, A. P., T. Ortiz-Perez, L. O. Ebuoma, K. A. 

Sepulveda, F. J. Severs, A. Roark, T. Wang and E. L. 
Sedgwick (2017). "Is breast magnetic resonance 

imaging (MRI) useful for diagnosis of additional sites of 
disease in patients recently diagnosed with pure ductal 

carcinoma in situ (DCIS)?" Eur J Radiol 96: 74-79. 
 

Berman, H. K., M. L. Gauthier and T. D. Tlsty (2010). 
"Premalignant breast neoplasia: a paradigm of 

interlesional and intralesional molecular heterogeneity 
and its biological and clinical ramifications." Cancer Prev 

Res (Phila) 3(5): 579-587. 

 
Beroukhim, R., C. H. Mermel, D. Porter, G. Wei, S. 

Raychaudhuri, J. Donovan, J. Barretina, J. S. Boehm, J. 
Dobson, M. Urashima, K. T. Mc Henry, R. M. Pinchback, 

A. H. Ligon, Y. J. Cho, L. Haery, H. Greulich, M. Reich, 
W. Winckler, M. S. Lawrence, B. A. Weir, K. E. Tanaka, 

D. Y. Chiang, A. J. Bass, A. Loo, C. Hoffman, J. Prensner, 
T. Liefeld, Q. Gao, D. Yecies, S. Signoretti, E. Maher, F. 

J. Kaye, H. Sasaki, J. E. Tepper, J. A. Fletcher, J. 
Tabernero, J. Baselga, M. S. Tsao, F. Demichelis, M. A. 

Rubin, P. A. Janne, M. J. Daly, C. Nucera, R. L. Levine, 
B. L. Ebert, S. Gabriel, A. K. Rustgi, C. R. Antonescu, M. 

Ladanyi, A. Letai, L. A. Garraway, M. Loda, D. G. Beer, 
L. D. True, A. Okamoto, S. L. Pomeroy, S. Singer, T. R. 

Golub, E. S. Lander, G. Getz, W. R. Sellers and M. 

Meyerson (2010). "The landscape of somatic copy-
number alteration across human cancers." Nature 

463(7283): 899-905. 
 

Bijker, N., P. Meijnen, J. L. Peterse, J. Bogaerts, I. Van 
Hoorebeeck, J. P. Julien, M. Gennaro, P. Rouanet, A. 

Avril, I. S. Fentiman, H. Bartelink and E. J. Rutgers 
(2006). "Breast-conserving treatment with or without 

radiotherapy in ductal carcinoma-in-situ: ten-year 
results of European Organisation for Research and 

Treatment of Cancer randomized phase III trial 10853--
a study by the EORTC Breast Cancer Cooperative Group 



Chapter 8  References 

 247 

and EORTC Radiotherapy Group." J Clin Oncol 24(21): 

3381-3387. 
 

Bijker, N., J. L. Peterse, L. Duchateau, J. P. Julien, I. S. 
Fentiman, C. Duval, S. Di Palma, J. Simony-Lafontaine, 

I. de Mascarel and M. J. van de Vijver (2001). "Risk 

factors for recurrence and metastasis after breast-
conserving therapy for ductal carcinoma-in-situ: analysis 

of European Organization for Research and Treatment of 
Cancer Trial 10853." J Clin Oncol 19(8): 2263-2271. 

 
Bischoff, J. R., L. Anderson, Y. Zhu, K. Mossie, L. Ng, B. 

Souza, B. Schryver, P. Flanagan, F. Clairvoyant, C. 
Ginther, C. S. Chan, M. Novotny, D. J. Slamon and G. D. 

Plowman (1998). "A homologue of Drosophila aurora 
kinase is oncogenic and amplified in human colorectal 

cancers." Embo j 17(11): 3052-3065. 
 

Boland, G. P., K. C. Chan, W. F. Knox, S. A. Roberts and N. J. 
Bundred (2003). "Value of the Van Nuys Prognostic 

Index in prediction of recurrence of ductal carcinoma in 

situ after breast-conserving surgery." Br J Surg 90(4): 
426-432. 

 
Borgquist, S., W. Zhou, K. Jirstrom, R. M. Amini, T. Sollie, T. 

Sorlie, C. Blomqvist, S. Butt and F. Warnberg (2015). 
"The prognostic role of HER2 expression in ductal breast 

carcinoma in situ (DCIS); a population-based cohort 
study." BMC Cancer 15: 468. 

 
Boxer, M. M., G. P. Delaney and B. H. Chua (2013). "A review 

of the management of ductal carcinoma in situ following 
breast conserving surgery." Breast 22(6): 1019-1025. 

 
Boyages, J., G. Delaney and R. Taylor (1999). "Predictors of 

local recurrence after treatment of ductal carcinoma in 

situ: a meta-analysis." Cancer 85(3): 616-628. 
 

Brown, J. R., H. Wimberly, D. R. Lannin, C. Nixon, D. L. Rimm 
and V. Bossuyt (2014). "Multiplexed quantitative 

analysis of CD3, CD8, and CD20 predicts response to 
neoadjuvant chemotherapy in breast cancer." Clin 

Cancer Res 20(23): 5995-6005. 
 

Browne, A. L., S. Charmsaz, D. Vareslija, A. Fagan, N. 
Cosgrove, S. Cocchiglia, S. Purcell, E. Ward, F. Bane, L. 

Hudson, A. D. Hill, J. S. Carroll, A. M. Redmond and L. S. 
Young (2018). "Network analysis of SRC-1 reveals a 



Chapter 8  References 

 248 

novel transcription factor hub which regulates endocrine 

resistant breast cancer." Oncogene 37(15): 2008-2021. 
 

Buerger, H., F. Otterbach, R. Simon, C. Poremba, R. Diallo, T. 
Decker, L. Riethdorf, C. Brinkschmidt, B. Dockhorn-

Dworniczak and W. Boecker (1999). "Comparative 

genomic hybridization of ductal carcinoma in situ of the 
breast-evidence of multiple genetic pathways." J Pathol 

187(4): 396-402. 
 

Buerger, H., R. Simon, K. L. Schafer, R. Diallo, R. Littmann, C. 
Poremba, P. J. van Diest, B. Dockhorn-Dworniczak and 

W. Bocker (2000). "Genetic relation of lobular carcinoma 
in situ, ductal carcinoma in situ, and associated invasive 

carcinoma of the breast." Mol Pathol 53(3): 118-121. 
 

Burkhardt, L., T. J. Grob, I. Hermann, E. Burandt, M. 
Choschzick, F. Janicke, V. Muller, C. Bokemeyer, R. 

Simon, G. Sauter, W. Wilczak and A. Lebeau (2010). 
"Gene amplification in ductal carcinoma in situ of the 

breast." Breast Cancer Res Treat 123(3): 757-765. 

 
Butler, L. M., X. Zhou, W. S. Xu, H. I. Scher, R. A. Rifkind, P. 

A. Marks and V. M. Richon (2002). "The histone 
deacetylase inhibitor SAHA arrests cancer cell growth, 

up-regulates thioredoxin-binding protein-2, and down-
regulates thioredoxin." Proc Natl Acad Sci U S A 99(18): 

11700-11705. 
 

Camp, R. L., L. A. Charette and D. L. Rimm (2000). "Validation 
of tissue microarray technology in breast carcinoma." 

Lab Invest 80(12): 1943-1949. 
 

Camp, R. L., M. Dolled-Filhart and D. L. Rimm (2004). "X-tile: 
a new bio-informatics tool for biomarker assessment and 

outcome-based cut-point optimization." Clin Cancer Res 

10(21): 7252-7259. 
 

Campbell, M. J., F. Baehner, T. O'Meara, E. Ojukwu, B. Han, R. 
Mukhtar, V. Tandon, M. Endicott, Z. Zhu, J. Wong, G. 

Krings, A. Au, J. W. Gray and L. Esserman (2017). 
"Characterizing the immune microenvironment in high-

risk ductal carcinoma in situ of the breast." Breast 
Cancer Res Treat 161(1): 17-28. 

 
Cao, M., D. Hou, H. Liang, F. Gong, Y. Wang, X. Yan, X. Jiang, 

C. Wang, J. Zhang, K. Zen, C. Y. Zhang and X. Chen 
(2014). "miR-150 promotes the proliferation and 



Chapter 8  References 

 249 

migration of lung cancer cells by targeting SRC kinase 

signalling inhibitor 1." Eur J Cancer 50(5): 1013-1024. 
 

Carlson, R. W., D. C. Allred, B. O. Anderson, H. J. Burstein, W. 
B. Carter, S. B. Edge, J. K. Erban, W. B. Farrar, A. 

Forero, S. H. Giordano, L. J. Goldstein, W. J. Gradishar, 

D. F. Hayes, C. A. Hudis, B. M. Ljung, P. K. Marcom, I. 
A. Mayer, B. McCormick, L. J. Pierce, E. C. Reed, M. L. 

Smith, G. Somlo, N. S. Topham, J. H. Ward, E. P. Winer 
and A. C. Wolff (2010). "Breast cancer: noninvasive and 

special situations." J Natl Compr Canc Netw 8(10): 
1182-1207. 

 
Carraro, Dirce M., Eliana V. Elias and Victor P. Andrade 

(2014). "Ductal carcinoma in situ of the breast: 
morphological and molecular features implicated in 

progression." Biosci Rep 34(1). 
 

Carvalho, B., C. Postma, S. Mongera, E. Hopmans, S. Diskin, 
M. A. van de Wiel, W. van Criekinge, O. Thas, A. 

Matthai, M. A. Cuesta, J. S. Terhaar Sive Droste, M. 

Craanen, E. Schrock, B. Ylstra and G. A. Meijer (2009). 
"Multiple putative oncogenes at the chromosome 20q 

amplicon contribute to colorectal adenoma to carcinoma 
progression." Gut 58(1): 79-89. 

 
Casorzo, L., C. Dell'Aglio, I. Sarotto and M. Risio (2015). 

"Aurora kinase A gene copy number is associated with 
the malignant transformation of colorectal adenomas but 

not with the serrated neoplasia progression." Hum 
Pathol 46(3): 411-418. 

 
Castro, N. P., C. A. Osorio, C. Torres, E. P. Bastos, M. Mourao-

Neto, F. A. Soares, H. P. Brentani and D. M. Carraro 
(2008). "Evidence that molecular changes in cells occur 

before morphological alterations during the progression 

of breast ductal carcinoma." Breast Cancer Res 10(5): 
R87. 

 
Chakrabarti, J., A. J. Evans, J. James, I. O. Ellis, S. E. Pinder 

and R. D. Macmillan (2006). "Accuracy of mammography 
in predicting histological extent of ductal carcinoma in 

situ (DCIS)." Eur J Surg Oncol 32(10): 1089-1092. 
 

Chambers, A. F., A. C. Groom and I. C. MacDonald (2002). 
"Dissemination and growth of cancer cells in metastatic 

sites." Nat Rev Cancer 2(8): 563-572. 
 



Chapter 8  References 

 250 

Cheang, M. C., S. K. Chia, D. Voduc, D. Gao, S. Leung, J. 

Snider, M. Watson, S. Davies, P. S. Bernard, J. S. 
Parker, C. M. Perou, M. J. Ellis and T. O. Nielsen (2009). 

"Ki67 index, HER2 status, and prognosis of patients with 
luminal B breast cancer." J Natl Cancer Inst 101(10): 

736-750. 

 
Chen, C., G. Song, J. Xiang, H. Zhang, S. Zhao and Y. Zhan 

(2017). "AURKA promotes cancer metastasis by 
regulating epithelial-mesenchymal transition and cancer 

stem cell properties in hepatocellular carcinoma." 
Biochem Biophys Res Commun 486(2): 514-520. 

 
Chen, Q. I., B. Cao, N. Nan, Y. U. Wang, X. U. Zhai, Y. Li and 

T. Chong (2016). "TPX2 in human clear cell renal 
carcinoma: Expression, function and prognostic 

significance." Oncol Lett 11(5): 3515-3521. 
 

Chen, S. S., P. C. Chang, Y. W. Cheng, F. M. Tang and Y. S. 
Lin (2002). "Suppression of the STK15 oncogenic activity 

requires a transactivation-independent p53 function." 

Embo j 21(17): 4491-4499. 
 

Chin, Y., J. Janseens, J. Vandepitte, J. Vandenbrande, L. 
Opdebeek and J. Raus (1992). "Phenotypic analysis of 

tumor-infiltrating lymphocytes from human breast 
cancer." Anticancer Res 12(5): 1463-1466. 

 
Cho, W. K., D. H. Choi, H. Kim, J. M. Noh, W. Park and H. Cha 

(2018). "Adjuvant radiation therapy in small ductal 
carcinoma in situ." Breast 43: 55-58. 

 
Chou, C. H., N. K. Yang, T. Y. Liu, S. K. Tai, D. S. Hsu, Y. W. 

Chen, Y. J. Chen, C. C. Chang, C. H. Tzeng and M. H. 
Yang (2013). "Chromosome instability modulated by 

BMI1-AURKA signaling drives progression in head and 

neck cancer." Cancer Res 73(2): 953-966. 
 

Choy, C. and K. Mokbel (2014). "Towards optimal treatment of 
ductal carcinoma in situ." World J Clin Oncol 5(3): 194-

196. 
 

Ciriello, G., M. L. Miller, B. A. Aksoy, Y. Senbabaoglu, N. 
Schultz and C. Sander (2013). "Emerging landscape of 

oncogenic signatures across human cancers." Nat Genet 
45(10): 1127-1133. 

 



Chapter 8  References 

 251 

Clamp, M., B. Fry, M. Kamal, X. Xie, J. Cuff, M. F. Lin, M. 

Kellis, K. Lindblad-Toh and E. S. Lander (2007). 
"Distinguishing protein-coding and noncoding genes in 

the human genome." Proc Natl Acad Sci U S A 104(49): 
19428-19433. 

 

Clark, G. M., S. G. Hilsenbeck, P. M. Ravdin, M. De Laurentiis 
and C. K. Osborne (1994). "Prognostic factors: rationale 

and methods of analysis and integration." Breast Cancer 
Res Treat 32(1): 105-112. 

 
Clark, S. E., J. Warwick, R. Carpenter, R. L. Bowen, S. W. 

Duffy and J. L. Jones (2011). "Molecular subtyping of 
DCIS: heterogeneity of breast cancer reflected in pre-

invasive disease." British Journal of Cancer 104(1): 120-
127. 

 
Claus, E. B., P. Chu, C. L. Howe, T. L. Davison, D. F. Stern, D. 

Carter and M. P. DiGiovanna (2001). "Pathobiologic 
findings in DCIS of the breast: morphologic features, 

angiogenesis, HER-2/neu and hormone receptors." Exp 

Mol Pathol 70(3): 303-316. 
 

Cocchiola, R., C. Grillo, F. Altieri, S. Chichiarelli, C. Turano and 
M. Eufemi (2014). "Upregulation of TPX2 by STAT3: 

identification of a novel STAT3 binding site." PLoS One 
9(11): e113096. 

 
Colak, D., A. Nofal, A. Albakheet, M. Nirmal, H. Jeprel, A. 

Eldali, T. Al-Tweigeri, A. Tulbah, D. Ajarim, O. A. Malik, 
M. S. Inan, N. Kaya, B. H. Park and S. M. Bin Amer 

(2013). "Age-specific gene expression signatures for 
breast tumors and cross-species conserved potential 

cancer progression markers in young women." PLoS One 
8(5): e63204. 

 

Colozza, M., E. Azambuja, F. Cardoso, C. Sotiriou, D. 
Larsimont and M. J. Piccart (2005). "Proliferative 

markers as prognostic and predictive tools in early 
breast cancer: where are we now?" Ann Oncol 16(11): 

1723-1739. 
 

Coronella-Wood, J. A. and E. M. Hersh (2003). "Naturally 
occurring B-cell responses to breast cancer." Cancer 

Immunol Immunother 52(12): 715-738. 
 

Correa, C., P. McGale, C. Taylor, Y. Wang, M. Clarke, C. 
Davies, R. Peto, N. Bijker, L. Solin and S. Darby (2010). 



Chapter 8  References 

 252 

"Overview of the randomized trials of radiotherapy in 

ductal carcinoma in situ of the breast." J Natl Cancer 
Inst Monogr 2010(41): 162-177. 

 
Cowell, C. F., B. Weigelt, R. A. Sakr, C. K. Ng, J. Hicks, T. A. 

King and J. S. Reis-Filho (2013). "Progression from 

ductal carcinoma in situ to invasive breast cancer: 
revisited." Mol Oncol 7(5): 859-869. 

 
Crane, R., B. Gadea, L. Littlepage, H. Wu and J. V. Ruderman 

(2004). "Aurora A, meiosis and mitosis." Biol Cell 96(3): 
215-229. 

 
Curiel, T. J., G. Coukos, L. Zou, X. Alvarez, P. Cheng, P. 

Mottram, M. Evdemon-Hogan, J. R. Conejo-Garcia, L. 
Zhang, M. Burow, Y. Zhu, S. Wei, I. Kryczek, B. Daniel, 

A. Gordon, L. Myers, A. Lackner, M. L. Disis, K. L. 
Knutson, L. Chen and W. Zou (2004). "Specific 

recruitment of regulatory T cells in ovarian carcinoma 
fosters immune privilege and predicts reduced survival." 

Nat Med 10(9): 942-949. 

 
Curtis, C., S. P. Shah, S. F. Chin, G. Turashvili, O. M. Rueda, 

M. J. Dunning, D. Speed, A. G. Lynch, S. Samarajiwa, Y. 
Yuan, S. Graf, G. Ha, G. Haffari, A. Bashashati, R. 

Russell, S. McKinney, A. Langerod, A. Green, E. 
Provenzano, G. Wishart, S. Pinder, P. Watson, F. 

Markowetz, L. Murphy, I. Ellis, A. Purushotham, A. L. 
Borresen-Dale, J. D. Brenton, S. Tavare, C. Caldas and 

S. Aparicio (2012). "The genomic and transcriptomic 
architecture of 2,000 breast tumours reveals novel 

subgroups." Nature 486(7403): 346-352. 
 

Cuzick, J., I. Sestak, S. E. Pinder, I. O. Ellis, S. Forsyth, N. J. 
Bundred, J. F. Forbes, H. Bishop, I. S. Fentiman and W. 

D. George (2011). "Effect of tamoxifen and radiotherapy 

in women with locally excised ductal carcinoma in situ: 
long-term results from the UK/ANZ DCIS trial." Lancet 

Oncol 12(1): 21-29. 
 

Cyr, A. E. and J. A. Margenthaler (2014). "Molecular profiling 
of breast cancer." Surg Oncol Clin N Am 23(3): 451-

462. 
 

D'Assoro, A. B., T. Liu, C. Quatraro, A. Amato, M. Opyrchal, A. 
Leontovich, Y. Ikeda, S. Ohmine, W. Lingle, V. Suman, J. 

Ecsedy, I. Iankov, A. Di Leonardo, J. Ayers-Inglers, A. 
Degnim, D. Billadeau, J. McCubrey, J. Ingle, J. L. 



Chapter 8  References 

 253 

Salisbury and E. Galanis (2014). "The mitotic kinase 

Aurora--a promotes distant metastases by inducing 
epithelial-to-mesenchymal transition in ERalpha(+) 

breast cancer cells." Oncogene 33(5): 599-610. 
 

Daly, M. B., R. Pilarski, M. Berry, S. S. Buys, M. Farmer, S. 

Friedman, J. E. Garber, N. D. Kauff, S. Khan, C. Klein, 
W. Kohlmann, A. Kurian, J. K. Litton, L. Madlensky, S. D. 

Merajver, K. Offit, T. Pal, G. Reiser, K. M. Shannon, E. 
Swisher, S. Vinayak, N. C. Voian, J. N. Weitzel, M. J. 

Wick, G. L. Wiesner, M. Dwyer and S. Darlow (2017). 
"NCCN Guidelines Insights: Genetic/Familial High-Risk 

Assessment: Breast and Ovarian, Version 2.2017." J Natl 
Compr Canc Netw 15(1): 9-20. 

 
Damonte, P., J. G. Hodgson, J. Q. Chen, L. J. Young, R. D. 

Cardiff and A. D. Borowsky (2008). "Mammary 
carcinoma behavior is programmed in the precancer 

stem cell." Breast Cancer Res 10(3): R50. 
 

Dancau, A. M., R. Simon, M. Mirlacher and G. Sauter (2010). 

"Tissue microarrays." Methods Mol Biol 576: 49-60. 
 

Dancau, A. M., R. Simon, M. Mirlacher and G. Sauter (2016). 
"Tissue Microarrays." Methods Mol Biol 1381: 53-65. 

 
Dawson, S. J., N. Makretsov, F. M. Blows, K. E. Driver, E. 

Provenzano, J. Le Quesne, L. Baglietto, G. Severi, G. G. 
Giles, C. A. McLean, G. Callagy, A. R. Green, I. Ellis, K. 

Gelmon, G. Turashvili, S. Leung, S. Aparicio, D. 
Huntsman, C. Caldas and P. Pharoah (2010). "BCL2 in 

breast cancer: a favourable prognostic marker across 
molecular subtypes and independent of adjuvant therapy 

received." British Journal of Cancer 103(5): 668-675. 
 

de Azambuja, E., F. Cardoso, G. de Castro, Jr., M. Colozza, M. 

S. Mano, V. Durbecq, C. Sotiriou, D. Larsimont, M. J. 
Piccart-Gebhart and M. Paesmans (2007). "Ki-67 as 

prognostic marker in early breast cancer: a meta-
analysis of published studies involving 12,155 patients." 

Br J Cancer 96(10): 1504-1513. 
 

Dehm, S. M. and K. Bonham (2004). "SRC gene expression in 
human cancer: the role of transcriptional activation." 

Biochem Cell Biol 82(2): 263-274. 
 

Denkert, C., S. Loibl, A. Noske, M. Roller, B. M. Muller, M. 
Komor, J. Budczies, S. Darb-Esfahani, R. Kronenwett, C. 



Chapter 8  References 

 254 

Hanusch, C. von Torne, W. Weichert, K. Engels, C. 

Solbach, I. Schrader, M. Dietel and G. von Minckwitz 
(2010). "Tumor-associated lymphocytes as an 

independent predictor of response to neoadjuvant 
chemotherapy in breast cancer." J Clin Oncol 28(1): 

105-113. 

 
Di Cesare, P., L. Pavesi, L. Villani, A. Battaglia, G. A. Da Prada, 

A. Riccardi and M. Frascaroli (2017). "The Relationships 
between HER2 Overexpression and DCIS 

Characteristics." Breast J 23(3): 307-314. 
 

Di Saverio, S., F. Catena, D. Santini, L. Ansaloni, T. Fogacci, 
S. Mignani, A. Leone, F. Gazzotti, S. Gagliardi, A. De 

Cataldis and M. Taffurelli (2008). "259 Patients with 
DCIS of the breast applying USC/Van Nuys prognostic 

index: a retrospective review with long term follow up." 
Breast Cancer Res Treat 109(3): 405-416. 

 
Dieci, M. V., N. Radosevic-Robin, S. Fineberg, G. van den 

Eynden, N. Ternes, F. Penault-Llorca, G. Pruneri, T. M. 

D'Alfonso, S. Demaria, C. Castaneda, J. Sanchez, S. 
Badve, S. Michiels, V. Bossuyt, F. Rojo, B. Singh, T. 

Nielsen, G. Viale, S. R. Kim, S. Hewitt, S. Wienert, S. 
Loibl, D. Rimm, F. Symmans, C. Denkert, S. Adams, S. 

Loi and R. Salgado (2018). "Update on tumor-infiltrating 
lymphocytes (TILs) in breast cancer, including 

recommendations to assess TILs in residual disease after 
neoadjuvant therapy and in carcinoma in situ: A report 

of the International Immuno-Oncology Biomarker 
Working Group on Breast Cancer." Semin Cancer Biol 

52(Pt 2): 16-25. 
 

Dieterich, M., H. Dieterich, H. Moch and C. Rosso (2012). "Re-
excision Rates and Local Recurrence in Breast Cancer 

Patients Undergoing Breast Conserving Therapy." 

Geburtshilfe Frauenheilkd 72(11): 1018-1023. 
 

DiGiovanna, M. P., P. Chu, T. L. Davison, C. L. Howe, D. 
Carter, E. B. Claus and D. F. Stern (2002). "Active 

signaling by HER-2/neu in a subpopulation of HER-
2/neu-overexpressing ductal carcinoma in situ: 

clinicopathological correlates." Cancer Res 62(22): 
6667-6673. 

 
DiLillo, D. J., Y. Hamaguchi, Y. Ueda, K. Yang, J. Uchida, K. M. 

Haas, G. Kelsoe and T. F. Tedder (2008). "Maintenance 
of long-lived plasma cells and serological memory 



Chapter 8  References 

 255 

despite mature and memory B cell depletion during 

CD20 immunotherapy in mice." J Immunol 180(1): 361-
371. 

 
Dillon, M. F., E. W. Mc Dermott, A. O'Doherty, C. M. Quinn, A. 

D. Hill and N. O'Higgins (2007). "Factors affecting 

successful breast conservation for ductal carcinoma in 
situ." Ann Surg Oncol 14(5): 1618-1628. 

 
Dixon, J. M., C. Newlands, C. Dodds, J. Thomas, L. J. Williams, 

I. H. Kunkler, A. Bing and E. J. Macaskill (2016). 
"Association between underestimation of tumour size by 

imaging and incomplete excision in breast-conserving 
surgery for breast cancer." Br J Surg 103(7): 830-838. 

 
Dodwell, D., K. Clements, G. Lawrence, O. Kearins, C. S. 

Thomson, J. Dewar and H. Bishop (2007). "Radiotherapy 
following breast-conserving surgery for screen-detected 

ductal carcinoma in situ: indications and utilisation in the 
UK. Interim findings from the Sloane Project." Br J 

Cancer 97(6): 725-729. 

 
Doebar, S. C., C. de Monye, H. Stoop, J. Rothbarth, S. P. 

Willemsen and C. H. van Deurzen (2016a). "Ductal 
carcinoma in situ diagnosed by breast needle biopsy: 

Predictors of invasion in the excision specimen." Breast 
27: 15-21. 

 
Doebar, S. C., N. M. Krol, R. van Marion, R. W. W. Brouwer, 

W. F. J. van Ijcken, J. M. Martens, W. N. M. Dinjens and 
C. H. M. van Deurzen (2018). "Progression of ductal 

carcinoma in situ to invasive breast cancer: comparative 
genomic sequencing." Virchows Arch. 

 
Doebar, S. C., E. C. van den Broek, L. B. Koppert, A. Jager, M. 

H. Baaijens, I. M. Obdeijn and C. H. van Deurzen 

(2016b). "Extent of ductal carcinoma in situ according to 
breast cancer subtypes: a population-based cohort 

study." Breast Cancer Res Treat 158(1): 179-187. 
 

Dolled-Filhart, M., A. McCabe, J. Giltnane, M. Cregger, R. L. 
Camp and D. L. Rimm (2006). "Quantitative in situ 

analysis of beta-catenin expression in breast cancer 
shows decreased expression is associated with poor 

outcome." Cancer Res 66(10): 5487-5494. 
 

Donker, M., S. Litiere, G. Werutsky, J. P. Julien, I. S. 
Fentiman, R. Agresti, P. Rouanet, C. T. de Lara, H. 



Chapter 8  References 

 256 

Bartelink, N. Duez, E. J. Rutgers and N. Bijker (2013). 

"Breast-conserving treatment with or without 
radiotherapy in ductal carcinoma In Situ: 15-year 

recurrence rates and outcome after a recurrence, from 
the EORTC 10853 randomized phase III trial." J Clin 

Oncol 31(32): 4054-4059. 

 
Dossus, L. and P. R. Benusiglio (2015). "Lobular breast 

cancer: incidence and genetic and non-genetic risk 
factors." Breast Cancer Res 17: 37. 

 
Douglas-Jones, A. G., J. M. Morgan, M. A. Appleton, R. L. 

Attanoos, A. Caslin, C. S. Champ, M. Cotter, N. S. 
Dallimore, A. Dawson, R. W. Fortt, A. P. Griffiths, M. 

Hughes, P. A. Kitching, C. O'Brien, A. M. Rashid, D. 
Stock, A. Verghese, D. W. Williams, N. W. Williams and 

S. Williams (2000). "Consistency in the observation of 
features used to classify duct carcinoma in situ (DCIS) of 

the breast." J Clin Pathol 53(8): 596-602. 
 

Duffy, M. J., P. M. McGowan and W. M. Gallagher (2008). 

"Cancer invasion and metastasis: changing views." J 
Pathol 214(3): 283-293. 

 
Duggal, S., J. Robin and T. B. Julian (2013). "Ductal carcinoma 

in situ: an overview." Expert Rev Anticancer Ther 13(8): 
955-962. 

 
Dunn, L. L., A. M. Buckle, J. P. Cooke and M. K. Ng (2010). 

"The emerging role of the thioredoxin system in 
angiogenesis." Arterioscler Thromb Vasc Biol 30(11): 

2089-2098. 
 

Elder, E. A., A. Ferlin, L. A. Vallow, Z. Li, T. C. Gibson, S. P. 
Bagaria and S. A. McLaughlin (2017). "The Influence of 

Breast Density on Preoperative MRI Findings and 

Outcome in Patients with a Known Diagnosis of Breast 
Cancer." Ann Surg Oncol 24(10): 2898-2906. 

 
Elgort, M. G., J. M. O'Shea, Y. Jiang and D. E. Ayer (2010). 

"Transcriptional and Translational Downregulation of 
Thioredoxin Interacting Protein Is Required for Metabolic 

Reprogramming during G(1)." Genes Cancer 1(9): 893-
907. 

 
Elias, E. V., N. P. de Castro, P. H. Pineda, C. S. Abuazar, C. A. 

Bueno de Toledo Osorio, M. G. Pinilla, S. D. da Silva, A. 
A. Camargo, W. A. Silva, Jr., E. F. EN, H. P. Brentani and 



Chapter 8  References 

 257 

D. M. Carraro (2016). "Epithelial cells captured from 

ductal carcinoma in situ reveal a gene expression 
signature associated with progression to invasive breast 

cancer." Oncotarget. 
 

Elsberger, B. (2014). "Translational evidence on the role of Src 

kinase and activated Src kinase in invasive breast 
cancer." Crit Rev Oncol Hematol 89(3): 343-351. 

 
Elshof, L. E., M. Schaapveld, E. J. Rutgers, M. K. Schmidt, L. 

de Munck, F. E. van Leeuwen and J. Wesseling (2017). 
"The method of detection of ductal carcinoma in situ has 

no therapeutic implications: results of a population-
based cohort study." Breast Cancer Res 19(1): 26. 

 
Elshof, L. E., K. Tryfonidis, L. Slaets, A. E. van Leeuwen-Stok, 

V. P. Skinner, N. Dif, R. M. Pijnappel, N. Bijker, E. J. 
Rutgers and J. Wesseling (2015). "Feasibility of a 

prospective, randomised, open-label, international 
multicentre, phase III, non-inferiority trial to assess the 

safety of active surveillance for low risk ductal carcinoma 

in situ - The LORD study." Eur J Cancer 51(12): 1497-
1510. 

 
Emdin, S. O., B. Granstrand, A. Ringberg, K. Sandelin, L. G. 

Arnesson, H. Nordgren, H. Anderson, H. Garmo, L. 
Holmberg and A. Wallgren (2006). "SweDCIS: 

Radiotherapy after sector resection for ductal carcinoma 
in situ of the breast. Results of a randomised trial in a 

population offered mammography screening." Acta 
Oncol 45(5): 536-543. 

 
Engelman, J. A., J. Luo and L. C. Cantley (2006). "The 

evolution of phosphatidylinositol 3-kinases as regulators 
of growth and metabolism." Nat Rev Genet 7(8): 606-

619. 

 
Ernster, V. L., R. Ballard-Barbash, W. E. Barlow, Y. Zheng, D. 

L. Weaver, G. Cutter, B. C. Yankaskas, R. Rosenberg, P. 
A. Carney, K. Kerlikowske, S. H. Taplin, N. Urban and B. 

M. Geller (2002). "Detection of ductal carcinoma in situ 
in women undergoing screening mammography." J Natl 

Cancer Inst 94(20): 1546-1554. 
 

Eterno, V., A. Zambelli, L. Villani, A. Tuscano, S. Manera, A. 
Spitaleri, L. Pavesi and A. Amato (2016). "AurkA 

controls self-renewal of breast cancer-initiating cells 



Chapter 8  References 

 258 

promoting wnt3a stabilization through suppression of 

miR-128." Sci Rep 6: 28436. 
 

Evers, K. (2011). "Significance of finding micropapillary DCIS 
on core needle biopsy." Acad Radiol 18(7): 795-796. 

 

Fallowfield, L., A. Francis and A. M. Thompson (2016). 
"EFfects of standard treatments for ductal carcinoma in 

situ—making informed choices." JAMA Oncology 2(3): 
396-397. 

 
Farante, G., R. Orecchia, A. Luini, C. Leonardi, S. Zurrida, G. 

Lissidini, V. Krakobsky and U. Veronesi (2014). "Are all 
patients with ductal carcinoma in situ of the breast 

candidates for radiotherapy after breast conservative 
treatment? Institute of European Oncology Guidelines." 

Breast J 20(4): 431-433. 
 

Fausto, P. and S. Barni (2012). "Benefit of tamoxifen in 
estrogen receptor positive DCIS of the breast." Gland 

Surg 1(1): 3-4. 

 
Finn, R. S. (2008). "Targeting Src in breast cancer." Ann Oncol 

19(8): 1379-1386. 
 

Fisher, B., S. Land, E. Mamounas, J. Dignam, E. R. Fisher and 
N. Wolmark (2001). "Prevention of invasive breast 

cancer in women with ductal carcinoma in situ: An 
update of the National Surgical Adjuvant Breast and 

Bowel Project experience." Seminars in Oncology 28(4): 
400-418. 

 
Fisher, C. S., V. S. Klimberg, S. Khan, F. Gao and J. A. 

Margenthaler (2011). "Margin index is not a reliable tool 
for predicting residual disease after breast-conserving 

surgery for DCIS." Ann Surg Oncol 18(11): 3155-3159. 

 
Formenti, S. C., A. A. Arslan and M. C. Pike (2011). "Re: Long-

term outcomes of invasive ipsilateral breast tumor 
recurrences after lumpectomy in NSABP B-17 and B-24 

randomized clinical trials for DCIS." J Natl Cancer Inst 
103(22): 1723. 

 
Frame, M. C. (2002). "Src in cancer: deregulation and 

consequences for cell behaviour." Biochim Biophys Acta 
1602(2): 114-130. 

 



Chapter 8  References 

 259 

Francis, A., J. Thomas, L. Fallowfield, M. Wallis, J. M. Bartlett, 

C. Brookes, T. Roberts, S. Pirrie, C. Gaunt, J. Young, L. 
Billingham, D. Dodwell, A. Hanby, S. E. Pinder, A. Evans, 

M. Reed, V. Jenkins, L. Matthews, M. Wilcox, P. 
Fairbrother, S. Bowden and D. Rea (2015). "Addressing 

overtreatment of screen detected DCIS; the LORIS 

trial." Eur J Cancer 51(16): 2296-2303. 
 

Fulawka, L. and A. Halon (2017). "Ki-67 evaluation in breast 
cancer: The daily diagnostic practice." Indian J Pathol 

Microbiol 60(2): 177-184. 
 

Furnival, C. (2006). "Ductal carcinoma in situ of the breast: 
present and future." ANZ J Surg 76(1-2): 4-5. 

 
Futreal, P. A., L. Coin, M. Marshall, T. Down, T. Hubbard, R. 

Wooster, N. Rahman and M. R. Stratton (2004). "A 
census of human cancer genes." Nat Rev Cancer 4(3): 

177-183. 
 

Gannot, G., I. Gannot, H. Vered, A. Buchner and Y. Keisari 

(2002). "Increase in immune cell infiltration with 
progression of oral epithelium from hyperkeratosis to 

dysplasia and carcinoma." Br J Cancer 86(9): 1444-
1448. 

 
Gao, Y., Y. Niu, X. Wang, L. Wei and S. Lu (2009). "Genetic 

changes at specific stages of breast cancer progression 
detected by comparative genomic hybridization." J Mol 

Med (Berl) 87(2): 145-152. 
 

Garcia-Caballero, T., D. Grabau, A. R. Green, J. Gregory, A. 
Schad, E. Kohlwes, I. O. Ellis, S. Watts and J. Mollerup 

(2010). "Determination of HER2 amplification in primary 
breast cancer using dual-colour chromogenic in situ 

hybridization is comparable to fluorescence in situ 

hybridization: a European multicentre study involving 
168 specimens." Histopathology 56(4): 472-480. 

 
Gargalionis, A. N., M. V. Karamouzis and A. G. Papavassiliou 

(2014). "The molecular rationale of Src inhibition in 
colorectal carcinomas." Int J Cancer 134(9): 2019-2029. 

 
Gauthier, M. L., H. K. Berman, C. Miller, K. Kozakeiwicz, K. 

Chew, D. Moore, J. Rabban, Y. Y. Chen, K. Kerlikowske 
and T. D. Tlsty (2007). "Abrogated response to cellular 

stress identifies DCIS associated with subsequent tumor 



Chapter 8  References 

 260 

events and defines basal-like breast tumors." Cancer 

Cell 12(5): 479-491. 
 

Gerdes, J., U. Schwab, H. Lemke and H. Stein (1983). 
"Production of a mouse monoclonal antibody reactive 

with a human nuclear antigen associated with cell 

proliferation." Int J Cancer 31(1): 13-20. 
 

Giancotti, F. G. (2013). "Mechanisms governing metastatic 
dormancy and reactivation." Cell 155(4): 750-764. 

 
Ginaldi, L., M. De Martinis, E. Matutes, N. Farahat, R. Morilla 

and D. Catovsky (1998). "Levels of expression of CD19 
and CD20 in chronic B cell leukaemias." Journal of 

Clinical Pathology 51(5): 364-369. 
 

Gobert, M., I. Treilleux, N. Bendriss-Vermare, T. Bachelot, S. 
Goddard-Leon, V. Arfi, C. Biota, A. C. Doffin, I. Durand, 

D. Olive, S. Perez, N. Pasqual, C. Faure, I. Ray-Coquard, 
A. Puisieux, C. Caux, J. Y. Blay and C. Menetrier-Caux 

(2009). "Regulatory T cells recruited through 

CCL22/CCR4 are selectively activated in lymphoid 
infiltrates surrounding primary breast tumors and lead to 

an adverse clinical outcome." Cancer Res 69(5): 2000-
2009. 

 
Goepfert, T. M., Y. E. Adigun, L. Zhong, J. Gay, D. Medina and 

W. R. Brinkley (2002). "Centrosome amplification and 
overexpression of aurora A are early events in rat 

mammary carcinogenesis." Cancer Res 62(14): 4115-
4122. 

 
Goldberg, S. F., M. E. Miele, N. Hatta, M. Takata, C. Paquette-

Straub, L. P. Freedman and D. R. Welch (2003). 
"Melanoma metastasis suppression by chromosome 6: 

evidence for a pathway regulated by CRSP3 and TXNIP." 

Cancer Res 63(2): 432-440. 
 

Goldhirsch, A., E. P. Winer, A. S. Coates, R. D. Gelber, M. 
Piccart-Gebhart, B. Thurlimann and H. J. Senn (2013). 

"Personalizing the treatment of women with early breast 
cancer: highlights of the St Gallen International Expert 

Consensus on the Primary Therapy of Early Breast 
Cancer 2013." Ann Oncol 24(9): 2206-2223. 

 
Goldhirsch, A., W. C. Wood, A. S. Coates, R. D. Gelber, B. 

Thurlimann and H. J. Senn (2011). "Strategies for 
subtypes--dealing with the diversity of breast cancer: 



Chapter 8  References 

 261 

highlights of the St. Gallen International Expert 

Consensus on the Primary Therapy of Early Breast 
Cancer 2011." Ann Oncol 22(8): 1736-1747. 

 
Gong, Y., W. Sweet, Y. J. Duh, L. Greenfield, Y. Fang, J. Zhao, 

E. Tarco, W. F. Symmans, J. Isola and N. Sneige (2009). 

"Chromogenic in situ hybridization is a reliable method 
for detecting HER2 gene status in breast cancer: a 

multicenter study using conventional scoring criteria and 
the new ASCO/CAP recommendations." Am J Clin Pathol 

131(4): 490-497. 
 

Gorringe, K. L. and S. B. Fox (2017). "Ductal Carcinoma In 
Situ Biology, Biomarkers, and Diagnosis." Front Oncol 7: 

248. 
 

Gorringe, K. L., S. M. Hunter, J. M. Pang, K. Opeskin, P. Hill, 
S. M. Rowley, D. Y. Choong, E. R. Thompson, A. 

Dobrovic, S. B. Fox, G. B. Mann and I. G. Campbell 
(2015). "Copy number analysis of ductal carcinoma in 

situ with and without recurrence." Mod Pathol 28(9): 

1174-1184. 
 

Gritsko, T. M., D. Coppola, J. E. Paciga, L. Yang, M. Sun, S. A. 
Shelley, J. V. Fiorica, S. V. Nicosia and J. Q. Cheng 

(2003). "Activation and overexpression of centrosome 
kinase BTAK/Aurora-A in human ovarian cancer." Clin 

Cancer Res 9(4): 1420-1426. 
 

Gu, J. J., J. H. Zhang, H. J. Chen and S. S. Wang (2016). 
"TPX2 promotes glioma cell proliferation and invasion via 

activation of the AKT signaling pathway." Oncol Lett 
12(6): 5015-5022. 

 
Gu-Trantien, C., S. Loi, S. Garaud, C. Equeter, M. Libin, A. de 

Wind, M. Ravoet, H. Le Buanec, C. Sibille, G. Manfouo-

Foutsop, I. Veys, B. Haibe-Kains, S. K. Singhal, S. 
Michiels, F. Rothé, R. Salgado, H. Duvillier, M. 

Ignatiadis, C. Desmedt, D. Bron, D. Larsimont, M. 
Piccart, C. Sotiriou and K. Willard-Gallo (2013). "CD4(+) 

follicular helper T cell infiltration predicts breast cancer 
survival." The Journal of Clinical Investigation 123(7): 

2873-2892. 
 

Gudjonsson, T., L. Ronnov-Jessen, R. Villadsen, F. Rank, M. J. 
Bissell and O. W. Petersen (2002). "Normal and tumor-

derived myoepithelial cells differ in their ability to 
interact with luminal breast epithelial cells for polarity 



Chapter 8  References 

 262 

and basement membrane deposition." J Cell Sci 115(Pt 

1): 39-50. 
 

Guidroz, J. A., G. Larrieux, J. Liao, S. L. Sugg, C. E. Scott-
Conner and R. J. Weigel (2011). "Sampling of secondary 

margins decreases the need for re-excision after partial 

mastectomy." Surgery 150(4): 802-809. 
 

Guo, S., Y. Wang, J. Rohr, C. Fan, Q. Li, X. Li and Z. Wang 
(2016). "Solid papillary carcinoma of the breast: A 

special entity needs to be distinguished from 
conventional invasive carcinoma avoiding over-

treatment." Breast 26: 67-72. 
 

Gurdal, S. O., H. Karanlik, N. Cabioglu, B. Ozcinar, E. Yavuz, 
S. Tuzlali and V. Ozmen (2012). "Positive or close 

margins in breast conserving surgery: is re-excision 
always necessary?" Eur J Surg Oncol 38(5): 399-406. 

 
Gutkin, D. W. and M. R. Shurin (2014). "Clinical evaluation of 

systemic and local immune responses in cancer: time for 

integration." Cancer immunology, immunotherapy : CII 
63(1): 45-57. 

 
Hammond, M. E., D. F. Hayes, M. Dowsett, D. C. Allred, K. L. 

Hagerty, S. Badve, P. L. Fitzgibbons, G. Francis, N. S. 
Goldstein, M. Hayes, D. G. Hicks, S. Lester, R. Love, P. 

B. Mangu, L. McShane, K. Miller, C. K. Osborne, S. Paik, 
J. Perlmutter, A. Rhodes, H. Sasano, J. N. Schwartz, F. 

C. Sweep, S. Taube, E. E. Torlakovic, P. Valenstein, G. 
Viale, D. Visscher, T. Wheeler, R. B. Williams, J. L. 

Wittliff and A. C. Wolff (2010b). "American Society of 
Clinical Oncology/College of American Pathologists 

guideline recommendations for immunohistochemical 
testing of estrogen and progesterone receptors in breast 

cancer (unabridged version)." Arch Pathol Lab Med 

134(7): e48-72. 
 

Hammond, M. E., D. F. Hayes, A. C. Wolff, P. B. Mangu and S. 
Temin (2010a). "American society of clinical 

oncology/college of american pathologists guideline 
recommendations for immunohistochemical testing of 

estrogen and progesterone receptors in breast cancer." J 
Oncol Pract 6(4): 195-197. 

 
Han, K., S. Nofech-Mozes, S. Narod, W. Hanna, D. Vesprini, R. 

Saskin, C. Taylor, I. Kong, L. Paszat and E. Rakovitch 
(2012). "Expression of HER2neu in ductal carcinoma in 



Chapter 8  References 

 263 

situ is associated with local recurrence." Clin Oncol (R 

Coll Radiol) 24(3): 183-189. 
 

Hancock, M. J. (2019). "Appraisal of Clinical Practice 
Guideline: Early and locally advanced breast cancer: 

diagnosis and management. NICE guideline [NG101]." J 

Physiother 65(1): 57. 
 

Hanley, K., J. Wang, P. Bourne, Q. Yang, A. C. Gao, G. Lyman 
and P. Tang (2008). "Lack of expression of androgen 

receptor may play a critical role in transformation from 
in situ to invasive basal subtype of high-grade ductal 

carcinoma of the breast." Hum Pathol 39(3): 386-392. 
 

Hanna, W., H. J. Kahn and M. Trudeau (1999). "Evaluation of 
HER-2/neu (erbB-2) status in breast cancer: from bench 

to bedside." Mod Pathol 12(8): 827-834. 
 

Harris, J., M. E. Lippman, M. Morrow and C. K. Osborne 
(2004). Diseases of the Breast, Lippincott Williams & 

Wilkins, Philadelphia, Pennsylvania. 

 
Harrison, B. T., D. A. Dillon, A. L. Richardson, J. E. Brock, A. J. 

Guidi and S. C. Lester (2017). "Quality Assurance in 
Breast Pathology: Lessons Learned From a Review of 

Amended Reports." Arch Pathol Lab Med 141(2): 260-
266. 

 
Heidebrecht, H. J., F. Buck, J. Steinmann, R. Sprenger, H. H. 

Wacker and R. Parwaresch (1997). "p100: a novel 
proliferation-associated nuclear protein specifically 

restricted to cell cycle phases S, G2, and M." Blood 
90(1): 226-233. 

 
Hendry, S., J. B. Pang, D. J. Byrne, S. R. Lakhani, M. C. 

Cummings, I. G. Campbell, G. B. Mann, K. L. Gorringe 

and S. B. Fox (2017b). "Relationship of the Breast 
Ductal Carcinoma In Situ Immune Microenvironment 

with Clinicopathological and Genetic Features." Clin 
Cancer Res 23(17): 5210-5217. 

 
Hendry, S., R. Salgado, T. Gevaert, P. A. Russell, T. John, B. 

Thapa, M. Christie, K. van de Vijver, M. V. Estrada, P. I. 
Gonzalez-Ericsson, M. Sanders, B. Solomon, C. Solinas, 

G. Van den Eynden, Y. Allory, M. Preusser, J. Hainfellner, 
G. Pruneri, A. Vingiani, S. Demaria, F. Symmans, P. 

Nuciforo, L. Comerma, E. A. Thompson, S. Lakhani, S. 
R. Kim, S. Schnitt, C. Colpaert, C. Sotiriou, S. J. 



Chapter 8  References 

 264 

Scherer, M. Ignatiadis, S. Badve, R. H. Pierce, G. Viale, 

N. Sirtaine, F. Penault-Llorca, T. Sugie, S. Fineberg, S. 
Paik, A. Srinivasan, A. Richardson, Y. Wang, E. Chmielik, 

J. Brock, D. B. Johnson, J. Balko, S. Wienert, V. Bossuyt, 
S. Michiels, N. Ternes, N. Burchardi, S. J. Luen, P. 

Savas, F. Klauschen, P. H. Watson, B. H. Nelson, C. 

Criscitiello, S. O'Toole, D. Larsimont, R. de Wind, G. 
Curigliano, F. Andre, M. Lacroix-Triki, M. van de Vijver, 

F. Rojo, G. Floris, S. Bedri, J. Sparano, D. Rimm, T. 
Nielsen, Z. Kos, S. Hewitt, B. Singh, G. Farshid, S. Loibl, 

K. H. Allison, N. Tung, S. Adams, K. Willard-Gallo, H. M. 
Horlings, L. Gandhi, A. Moreira, F. Hirsch, M. V. Dieci, M. 

Urbanowicz, I. Brcic, K. Korski, F. Gaire, H. Koeppen, A. 
Lo, J. Giltnane, M. C. Rebelatto, K. E. Steele, J. Zha, K. 

Emancipator, J. W. Juco, C. Denkert, J. Reis-Filho, S. Loi 
and S. B. Fox (2017a). "Assessing Tumor-Infiltrating 

Lymphocytes in Solid Tumors: A Practical Review for 
Pathologists and Proposal for a Standardized Method 

from the International Immuno-Oncology Biomarkers 
Working Group: Part 2: TILs in Melanoma, 

Gastrointestinal Tract Carcinomas, Non-Small Cell Lung 

Carcinoma and Mesothelioma, Endometrial and Ovarian 
Carcinomas, Squamous Cell Carcinoma of the Head and 

Neck, Genitourinary Carcinomas, and Primary Brain 
Tumors." Adv Anat Pathol 24(6): 311-335. 

 
Hernandez, L., P. M. Wilkerson, M. B. Lambros, A. Campion-

Flora, D. N. Rodrigues, A. Gauthier, C. Cabral, V. Pawar, 
A. Mackay, R. A'Hern, C. Marchio, J. Palacios, R. 

Natrajan, B. Weigelt and J. S. Reis-Filho (2012). 
"Genomic and mutational profiling of ductal carcinomas 

in situ and matched adjacent invasive breast cancers 
reveals intra-tumour genetic heterogeneity and clonal 

selection." J Pathol 227(1): 42-52. 
 

Heselmeyer-Haddad, K., L. Y. Berroa Garcia, A. Bradley, C. 

Ortiz-Melendez, W. J. Lee, R. Christensen, S. A. 
Prindiville, K. A. Calzone, P. W. Soballe, Y. Hu, S. A. 

Chowdhury, R. Schwartz, A. A. Schaffer and T. Ried 
(2012). "Single-cell genetic analysis of ductal carcinoma 

in situ and invasive breast cancer reveals enormous 
tumor heterogeneity yet conserved genomic imbalances 

and gain of MYC during progression." Am J Pathol 
181(5): 1807-1822. 

 
Heymans, C., J. van Bastelaar, R. G. J. Visschers and Y. L. J. 

Vissers (2017). "Sentinel Node Procedure Obsolete in 



Chapter 8  References 

 265 

Lumpectomy for Ductal Carcinoma In Situ." Clin Breast 

Cancer 17(3): e87-e93. 
 

Hilson, J. B., S. J. Schnitt and L. C. Collins (2009). "Phenotypic 
alterations in ductal carcinoma in situ-associated 

myoepithelial cells: biologic and diagnostic implications." 

Am J Surg Pathol 33(2): 227-232. 
 

Hiraoka, N., K. Onozato, T. Kosuge and S. Hirohashi (2006). 
"Prevalence of FOXP3+ regulatory T cells increases 

during the progression of pancreatic ductal 
adenocarcinoma and its premalignant lesions." Clin 

Cancer Res 12(18): 5423-5434. 
 

Holland, P. A., A. Gandhi, W. F. Knox, M. Wilson, A. D. 
Baildam and N. J. Bundred (1998). "The importance of 

complete excision in the prevention of local recurrence 
of ductal carcinoma in situ." Br J Cancer 77(1): 110-

114. 
 

Holmberg, L., H. Garmo, B. Granstrand, A. Ringberg, L. G. 

Arnesson, K. Sandelin, P. Karlsson, H. Anderson and S. 
Emdin (2008). "Absolute risk reductions for local 

recurrence after postoperative radiotherapy after sector 
resection for ductal carcinoma in situ of the breast." J 

Clin Oncol 26(8): 1247-1252. 
 

Holmes, P., J. Lloyd, I. Chervoneva, E. Pequinot, D. B. 
Cornfield, G. F. Schwartz, K. G. Allen and J. P. Palazzo 

(2011). "Prognostic markers and long-term outcomes in 
ductal carcinoma in situ of the breast treated with 

excision alone." Cancer 117(16): 3650-3657. 
 

Hoque, A., N. Sneige, A. A. Sahin, D. G. Menter, J. W. Bacus, 
G. N. Hortobagyi and S. M. Lippman (2002). "Her-2/neu 

gene amplification in ductal carcinoma in situ of the 

breast." Cancer Epidemiol Biomarkers Prev 11(6): 587-
590. 

 
Hou, L., M. Chen, M. Wang, X. Cui, Y. Gao, T. Xing, J. Li, S. 

Deng, J. Hu, H. Yang and J. Jiang (2016). "Systematic 
analyses of key genes and pathways in the development 

of invasive breast cancer." Gene 593(1): 1-12. 
 

Hsiao, Y. H., H. D. Tsai, M. C. Chou and Y. G. Man (2011). 
"The myoepithelial cell layer may serve as a potential 

trigger factor for different outcomes of stage-matched 



Chapter 8  References 

 266 

invasive lobular and ductal breast cancers." Int J Biol Sci 

7(2): 147-153. 
 

Hu, M., J. Yao, L. Cai, K. E. Bachman, F. van den Brule, V. 
Velculescu and K. Polyak (2005). "Distinct epigenetic 

changes in the stromal cells of breast cancers." Nat 

Genet 37(8): 899-905. 
 

Hu, M., J. Yao, D. K. Carroll, S. Weremowicz, H. Chen, D. 
Carrasco, A. Richardson, S. Violette, T. Nikolskaya, Y. 

Nikolsky, E. L. Bauerlein, W. C. Hahn, R. S. Gelman, C. 
Allred, M. J. Bissell, S. Schnitt and K. Polyak (2008). 

"Regulation of in situ to invasive breast carcinoma 
transition." Cancer Cell 13(5): 394-406. 

 
Hwang, E. S., D. L. Miglioretti, R. Ballard-Barbash, D. L. 

Weaver and K. Kerlikowske (2007). "Association 
between breast density and subsequent breast cancer 

following treatment for ductal carcinoma in situ." Cancer 
Epidemiol Biomarkers Prev 16(12): 2587-2593. 

 

Hwang, K. T., E. K. Kim, S. H. Jung, E. S. Lee, S. I. Kim, S. 
Lee, H. K. Park, J. Kim, S. Oh and Y. A. Kim (2018). 

"Tamoxifen therapy improves overall survival in luminal 
A subtype of ductal carcinoma in situ: a study based on 

nationwide Korean Breast Cancer Registry database." 
Breast Cancer Res Treat 169(2): 311-322. 

 
Ibrahim, E. M., M. E. Al-Foheidi, M. M. Al-Mansour and G. A. 

Kazkaz (2014). "The prognostic value of tumor-
infiltrating lymphocytes in triple-negative breast cancer: 

a meta-analysis." Breast Cancer Res Treat 148(3): 467-
476. 

 
Ilyas, M., H. Grabsch, I. O. Ellis, C. Womack, R. Brown, D. 

Berney, D. Fennell, M. Salto-Tellez, M. Jenkins, G. 

Landberg, R. Byers, D. Treanor, D. Harrison, A. R. 
Green, G. Ball and P. Hamilton (2013). "Guidelines and 

considerations for conducting experiments using tissue 
microarrays." Histopathology 62(6): 827-839. 

 
Ingoldsby, H., M. Webber, D. Wall, C. Scarrott, J. Newell and 

G. Callagy (2013). "Prediction of Oncotype DX and 
TAILORx risk categories using histopathological and 

immunohistochemical markers by classification and 
regression tree (CART) analysis." Breast 22(5): 879-

886. 
 



Chapter 8  References 

 267 

Jacobson, A. F., J. Asad, S. K. Boolbol, M. P. Osborne, K. 

Boachie-Adjei and S. M. Feldman (2008). "Do additional 
shaved margins at the time of lumpectomy eliminate the 

need for re-excision?" Am J Surg 196(4): 556-558. 
 

Jawhar, N. M. T. (2009). "Tissue Microarray: A rapidly evolving 

diagnostic and research tool." Annals of Saudi Medicine 
29(2): 123-127. 

 
Je, D. W., Y. M. O, Y. G. Ji, Y. Cho and D. H. Lee (2014). "The 

inhibition of SRC family kinase suppresses pancreatic 
cancer cell proliferation, migration, and invasion." 

Pancreas 43(5): 768-776. 
 

Jeevan, R., D. A. Cromwell, M. Trivella, G. Lawrence, O. 
Kearins, J. Pereira, C. Sheppard, C. M. Caddy and J. H. 

van der Meulen (2012). "Reoperation rates after breast 
conserving surgery for breast cancer among women in 

England: retrospective study of hospital episode 
statistics." BMJ 345: e4505. 

 

Jeng, Y. M., S. Y. Peng, C. Y. Lin and H. C. Hsu (2004). 
"Overexpression and amplification of Aurora-A in 

hepatocellular carcinoma." Clin Cancer Res 10(6): 2065-
2071. 

 
Jensen, E. V. and V. C. Jordan (2003). "The estrogen receptor: 

a model for molecular medicine." Clin Cancer Res 9(6): 
1980-1989. 

 
Jiang, B., J. Mason, A. Jewett, M. L. Liu, W. Chen, J. Qian, Y. 

Ding, S. Ding, M. Ni, X. Zhang and Y. G. Man (2013). 
"Tumor-infiltrating immune cells: triggers for tumor 

capsule disruption and tumor progression?" Int J Med Sci 
10(5): 475-497. 

 

Jimenez, R. E., T. Wallis, P. Tabasczka and D. W. Visscher 
(2000). "Determination of Her-2/Neu status in breast 

carcinoma: comparative analysis of 
immunohistochemistry and fluorescent in situ 

hybridization." Mod Pathol 13(1): 37-45. 
 

Jin, H. O., S. K. Seo, Y. S. Kim, S. H. Woo, K. H. Lee, J. Y. Yi, 
S. J. Lee, T. B. Choe, J. H. Lee, S. An, S. I. Hong and I. 

C. Park (2011). "TXNIP potentiates Redd1-induced 
mTOR suppression through stabilization of Redd1." 

Oncogene 30(35): 3792-3801. 
 



Chapter 8  References 

 268 

Joerger, M., B. Thurlimann and J. Huober (2011). "Small 

HER2-positive, node-negative breast cancer: who should 
receive systemic adjuvant treatment?" Ann Oncol 22(1): 

17-23. 
 

Johnson, C. E., K. L. Gorringe, E. R. Thompson, K. Opeskin, S. 

E. Boyle, Y. Wang, P. Hill, G. B. Mann and I. G. Campbell 
(2012). "Identification of copy number alterations 

associated with the progression of DCIS to invasive 
ductal carcinoma." Breast Cancer Res Treat 133(3): 

889-898. 
 

Jourdan, F., N. Sebbagh, E. Comperat, N. Mourra, A. Flahault, 
S. Olschwang, A. Duval, R. Hamelin and J. F. Flejou 

(2003). "Tissue microarray technology: validation in 
colorectal carcinoma and analysis of p53, hMLH1, and 

hMSH2 immunohistochemical expression." Virchows Arch 
443(2): 115-121. 

 
Kakar, S., N. Puangsuvan, J. M. Stevens, R. Serenas, G. 

Mangan, S. Sahai and M. L. Mihalov (2000). "HER-2/neu 

assessment in breast cancer by immunohistochemistry 
and fluorescence in situ hybridization: comparison of 

results and correlation with survival." Mol Diagn 5(3): 
199-207. 

 
Kanbayashi, C. and H. Iwata (2017). "Current approach and 

future perspective for ductal carcinoma in situ of the 
breast." Jpn J Clin Oncol 47(8): 671-677. 

 
Kantor, O. and D. J. Winchester (2014). "Breast conserving 

therapy for DCIS--does size matter?" J Surg Oncol 
110(1): 75-81. 

 
Karlsson, P. (2017). "Postoperative radiotherapy after DCIS: 

Useful for whom?" Breast 34 Suppl 1: S43-s46. 

 
Kell, M. R. and M. Morrow (2005). "An adequate margin of 

excision in ductal carcinoma in situ." BMJ 331(7520): 
789-790. 

 
Kerlikowske, K., A. Molinaro, I. Cha, B. M. Ljung, V. L. Ernster, 

K. Stewart, K. Chew, D. H. Moore, 2nd and F. Waldman 
(2003). "Characteristics associated with recurrence 

among women with ductal carcinoma in situ treated by 
lumpectomy." J Natl Cancer Inst 95(22): 1692-1702. 

 



Chapter 8  References 

 269 

Kerlikowske, K., A. M. Molinaro, M. L. Gauthier, H. K. Berman, 

F. Waldman, J. Bennington, H. Sanchez, C. Jimenez, K. 
Stewart, K. Chew, B. M. Ljung and T. D. Tlsty (2010). 

"Biomarker expression and risk of subsequent tumors 
after initial ductal carcinoma in situ diagnosis." J Natl 

Cancer Inst 102(9): 627-637. 

 
Kim, J. Y., K. Park, G. Kang, H. J. Kim, G. Gwak and Y. J. Shin 

(2016). "Predictors of Recurrent Ductal Carcinoma In 
Situ after Breast-Conserving Surgery." J Breast Cancer 

19(2): 185-190. 
 

Kim, M., H. J. Kim, Y. R. Chung, E. Kang, E. K. Kim, S. H. Kim, 
Y. J. Kim, J. H. Kim, I. A. Kim and S. Y. Park (2018). 

"Microinvasive Carcinoma versus Ductal Carcinoma In 
Situ: A Comparison of Clinicopathological Features and 

Clinical Outcomes." J Breast Cancer 21(2): 197-205. 
 

Kim, S. Y., H. W. Suh, J. W. Chung, S. R. Yoon and I. Choi 
(2007). "Diverse functions of VDUP1 in cell proliferation, 

differentiation, and diseases." Cell Mol Immunol 4(5): 

345-351. 
 

Kim, T., H. K. Park, K. H. Lee, K. I. Kim, K. C. Lee, J. S. Ahn 
and K. P. Ko (2014). "Is radiotherapy necessary for 

intermediate risk ductal carcinoma in situ after breast 
conserving surgery?" Springerplus 3: 405. 

 
Kitamura, M., T. Nakayama, K. I. Mukaisho, T. Mori, T. 

Umeda, S. Moritani, R. Kushima, M. Tani and H. 
Sugihara (2018). "Progression Potential of Ductal 

Carcinoma in situ Assessed by Genomic Copy Number 
Profiling." Pathobiology: 1-10. 

 
Knopfelmacher, A., J. Fox, Y. Lo, N. Shapiro and S. Fineberg 

(2015). "Correlation of histopathologic features of ductal 

carcinoma in situ of the breast with the oncotype DX 
DCIS score." Mod Pathol 28(9): 1167-1173. 

 
Knudsen, E. S., A. Ertel, E. Davicioni, J. Kline, G. F. Schwartz 

and A. K. Witkiewicz (2012). "Progression of ductal 
carcinoma in situ to invasive breast cancer is associated 

with gene expression programs of EMT and 
myoepithelia." Breast Cancer Res Treat 133(3): 1009-

1024. 
 

Kobel, M., A. M. Piskorz, S. Lee, S. Lui, C. LePage, F. Marass, 
N. Rosenfeld, A. M. Mes Masson and J. D. Brenton 



Chapter 8  References 

 270 

(2016). "Optimized p53 immunohistochemistry is an 

accurate predictor of TP53 mutation in ovarian 
carcinoma." J Pathol Clin Res 2(4): 247-258. 

 
Kobel, M., A. Reuss, A. du Bois, S. Kommoss, F. Kommoss, D. 

Gao, S. E. Kalloger, D. G. Huntsman and C. B. Gilks 

(2010). "The biological and clinical value of p53 
expression in pelvic high-grade serous carcinomas." J 

Pathol 222(2): 191-198. 
 

Kong, I., S. A. Narod, C. Taylor, L. Paszat, R. Saskin, S. 
Nofech-Moses, D. Thiruchelvam, W. Hanna, J. P. Pignol, 

S. Sengupta, L. Elavathil, P. A. Jani, S. J. Done, S. 
Metcalfe and E. Rakovitch (2014). "Age at diagnosis 

predicts local recurrence in women treated with breast-
conserving surgery and postoperative radiation therapy 

for ductal carcinoma in situ: a population-based 
outcomes analysis." Curr Oncol 21(1): e96-e104. 

 
Kopans, D. B. (2003). "Re: Detection of ductal carcinoma in 

situ in women undergoing screening mammography." J 

Natl Cancer Inst 95(6): 487; author reply 487-488. 
 

Krings, G. and Y. Y. Chen (2018). "Genomic profiling of 
metaplastic breast carcinomas reveals genetic 

heterogeneity and relationship to ductal carcinoma." 
Mod Pathol 31(11): 1661-1674. 

 
Kuerer, H. M., A. U. Buzdar, E. A. Mittendorf, F. J. Esteva, A. 

Lucci, L. M. Vence, L. Radvanyi, F. Meric-Bernstam, K. K. 
Hunt and W. F. Symmans (2011). "Biologic and 

immunologic effects of preoperative trastuzumab for 
ductal carcinoma in situ of the breast." Cancer 117(1): 

39-47. 
 

Kuhl, C. K., K. Strobel, H. Bieling, E. Wardelmann, W. Kuhn, 

N. Maass and S. Schrading (2017). "Impact of 
Preoperative Breast MR Imaging and MR-guided Surgery 

on Diagnosis and Surgical Outcome of Women with 
Invasive Breast Cancer with and without DCIS 

Component." Radiology 284(3): 645-655. 
 

Kulkarni, S., D. B. Patil, L. K. Diaz, E. L. Wiley, M. Morrow and 
S. A. Khan (2008). "COX-2 and PPARgamma expression 

are potential markers of recurrence risk in mammary 
duct carcinoma in-situ." BMC Cancer 8: 36. 

 



Chapter 8  References 

 271 

Kurebayashi, J., T. Moriya, T. Ishida, H. Hirakawa, M. 

Kurosumi, F. Akiyama, T. Kinoshita, H. Takei, K. 
Takahashi, M. Ikeda and K. Nakashima (2007). "The 

prevalence of intrinsic subtypes and prognosis in breast 
cancer patients of different races." Breast 16 Suppl 2: 

S72-77. 

 
Lacombe, A., V. Carafa, S. Schneider, M. Sticker-Jantscheff, L. 

Tornillo and S. Eppenberger-Castori (2015). "Re-
Punching Tissue Microarrays Is Possible: Why Can This 

Be Useful and How to Do It." Microarrays (Basel) 4(2): 
245-254. 

 
Lagios, M. D. and M. J. Silverstein (2015). "Ductal carcinoma 

in situ: recent history and areas of controversy." Breast 
J 21(1): 21-26. 

 
Lambert, K., N. Patani and K. Mokbel (2012). "Ductal 

carcinoma in situ: recent advances and future 
prospects." Int J Surg Oncol 2012: 347385. 

 

Lari, S. A. and H. M. Kuerer (2011). "Biological Markers in 
DCIS and Risk of Breast Recurrence: A Systematic 

Review." J Cancer 2: 232-261. 
 

Latta, E. K., S. Tjan, R. K. Parkes and F. P. O'Malley (2002). 
"The role of HER2/neu overexpression/amplification in 

the progression of ductal carcinoma in situ to invasive 
carcinoma of the breast." Mod Pathol 15(12): 1318-

1325. 
 

Lawrence, G., O. Kearins, C. Lagord, S. Cheung, J. Sidhu and 
C. Sagar (2007). The non invasive breast cancer report 

NCIN. 
 

Leal, C., R. Henrique, P. Monteiro, C. Lopes, M. J. Bento, C. P. 

De Sousa, P. Lopes, S. Olson, M. D. Silva and D. L. Page 
(2001). "Apocrine ductal carcinoma in situ of the breast: 

histologic classification and expression of biologic 
markers." Hum Pathol 32(5): 487-493. 

 
Lebeau, A., A. Unholzer, G. Amann, M. Kronawitter, I. 

Bauerfeind, A. Sendelhofert, A. Iff and U. Lohrs (2003). 
"EGFR, HER-2/neu, cyclin D1, p21 and p53 in correlation 

to cell proliferation and steroid hormone receptor status 
in ductal carcinoma in situ of the breast." Breast Cancer 

Res Treat 79(2): 187-198. 
 



Chapter 8  References 

 272 

Lee, A. H. and I. O. Ellis (2008). "The Nottingham prognostic 

index for invasive carcinoma of the breast." Pathol Oncol 
Res 14(2): 113-115. 

 
Lee, A. H., C. E. Gillett, K. Ryder, I. S. Fentiman, D. W. Miles 

and R. R. Millis (2006). "Different patterns of 

inflammation and prognosis in invasive carcinoma of the 
breast." Histopathology 48(6): 692-701. 

 
Lee, A. H., L. C. Happerfield, L. G. Bobrow and R. R. Millis 

(1997). "Angiogenesis and inflammation in ductal 
carcinoma in situ of the breast." J Pathol 181(2): 200-

206. 
 

Lee, S. K., J. H. Yang, S. Y. Woo, J. E. Lee and S. J. Nam 
(2013). "Nomogram for predicting invasion in patients 

with a preoperative diagnosis of ductal carcinoma in situ 
of the breast." Br J Surg 100(13): 1756-1763. 

 
Lee, Y. S., J. Mathew, B. E. Dogan, E. Resetkova, L. Huo and 

W. T. Yang (2011). "Imaging features of micropapillary 

DCIS: correlation with clinical and histopathological 
findings." Acad Radiol 18(7): 797-803. 

 
Lester, S. (2014). Robbins and Cotran Pathologic Basis of 

Diseases. Saunders an imprint of Elsevier Saunders an 
imprint of Elsevier  

 
Lester, S. C., S. Bose, Y. Y. Chen, J. L. Connolly, M. E. de 

Baca, P. L. Fitzgibbons, D. F. Hayes, C. Kleer, F. P. 
O'Malley, D. L. Page, B. L. Smith, D. L. Weaver and E. 

Winer (2009). "Protocol for the examination of 
specimens from patients with ductal carcinoma in situ of 

the breast." Arch Pathol Lab Med 133(1): 15-25. 
 

Lesurf, R., M. R. Aure, H. H. Mork, V. Vitelli, S. Lundgren, A. L. 

Borresen-Dale, V. Kristensen, F. Warnberg, M. Hallett 
and T. Sorlie (2016). "Molecular Features of Subtype-

Specific Progression from Ductal Carcinoma In Situ to 
Invasive Breast Cancer." Cell Rep 16(4): 1166-1179. 

 
Li, J., Z. Yue, W. Xiong, P. Sun, K. You and J. Wang (2017). 

"TXNIP overexpression suppresses proliferation and 
induces apoptosis in SMMC7221 cells through ROS 

generation and MAPK pathway activation." Oncol Rep 
37(6): 3369-3376. 

 



Chapter 8  References 

 273 

Li, T., Y. Chen, J. Zhang and S. Liu (2018). "LncRNA TUG1 

promotes cells proliferation and inhibits cells apoptosis 
through regulating AURKA in epithelial ovarian cancer 

cells." Medicine (Baltimore) 97(36): e12131. 
 

Liao, D., Y. Luo, D. Markowitz, R. Xiang and R. A. Reisfeld 

(2009). "Cancer associated fibroblasts promote tumor 
growth and metastasis by modulating the tumor immune 

microenvironment in a 4T1 murine breast cancer 
model." PLoS One 4(11): e7965. 

 
Liao, Y., Y. Liao, J. Li, J. Li, Y. Fan and B. Xu (2018). 

"Polymorphisms in AURKA and AURKB are associated 
with the survival of triple-negative breast cancer 

patients treated with taxane-based adjuvant 
chemotherapy." Cancer Manag Res 10: 3801-3808. 

 
Lin, C. Y., K. Mooney, W. Choy, S. R. Yang, K. Barry-Holson, 

K. Horst, I. Wapnir and K. Allison (2018). "Will oncotype 
DX DCIS testing guide therapy? A single-institution 

correlation of oncotype DX DCIS results with 

histopathologic findings and clinical management 
decisions." Mod Pathol 31(4): 562-568. 

 
Lippman, M. (2002). Why study ductal carcinoma in situ? 

Ductal carcinoma in situ of the breast. M. J. Silverstein, 
A. Recht and M. Lagios, Lippincott, Williams and Wilkins: 

12-16. 
 

Liu, H. and W. Peng (2012). "MRI morphological classification 
of ductal carcinoma in situ (DCIS) correlating with 

different biological behavior." Eur J Radiol 81(2): 214-
217. 

 
Liu, Q., S. Kaneko, L. Yang, R. I. Feldman, S. V. Nicosia, J. 

Chen and J. Q. Cheng (2004). "Aurora-A abrogation of 

p53 DNA binding and transactivation activity by 
phosphorylation of serine 215." J Biol Chem 279(50): 

52175-52182. 
 

Lo, P. K., Y. Zhang, Y. Yao, B. Wolfson, J. Yu, S. Y. Han, N. 
Duru and Q. Zhou (2017). "Tumor-associated 

myoepithelial cells promote the invasive progression of 
ductal carcinoma in situ through activation of TGFbeta 

signaling." J Biol Chem 292(27): 11466-11484. 
 

Lopez-Garcia, M., F. Geyer, M. Lacroix-Triki, C. Marchio and J. 
Reis-Filho (2010). "Breast cancer precursors revisited: 



Chapter 8  References 

 274 

molecular features and progression pathways." 

Histopathology 57: 171 - 192. 
 

Lu, J. and A. Holmgren (2012). "Thioredoxin system in cell 
death progression." Antioxid Redox Signal 17(12): 

1738-1747. 

 
Lykkesfeldt, A. E., B. R. Iversen, M. B. Jensen, B. Ejlertsen, A. 

Giobbie-Hurder, B. E. Reiter, T. Kirkegaard and B. B. 
Rasmussen (2018). "Aurora kinase A as a possible 

marker for endocrine resistance in early estrogen 
receptor positive breast cancer." Acta Oncol 57(1): 67-

73. 
 

Lyman, G. H., S. Temin, S. B. Edge, L. A. Newman, R. R. 
Turner, D. L. Weaver, A. B. Benson, 3rd, L. D. 

Bosserman, H. J. Burstein, H. Cody, 3rd, J. Hayman, C. 
L. Perkins, D. A. Podoloff and A. E. Giuliano (2014). 

"Sentinel lymph node biopsy for patients with early-
stage breast cancer: American Society of Clinical 

Oncology clinical practice guideline update." J Clin Oncol 

32(13): 1365-1383. 
 

Ma, X. J., S. Dahiya, E. Richardson, M. Erlander and D. C. 
Sgroi (2009). "Gene expression profiling of the tumor 

microenvironment during breast cancer progression." 
Breast Cancer Res 11(1): R7. 

 
Ma, X. J., R. Salunga, J. T. Tuggle, J. Gaudet, E. Enright, P. 

McQuary, T. Payette, M. Pistone, K. Stecker, B. M. 
Zhang, Y. X. Zhou, H. Varnholt, B. Smith, M. Gadd, E. 

Chatfield, J. Kessler, T. M. Baer, M. G. Erlander and D. 
C. Sgroi (2003). "Gene expression profiles of human 

breast cancer progression." Proc Natl Acad Sci U S A 
100(10): 5974-5979. 

 

MacAusland, S. G., J. T. Hepel, F. K. Chong, S. L. Galper, J. S. 
Gass, R. Ruthazer and D. E. Wazer (2007). "An attempt 

to independently verify the utility of the Van Nuys 
Prognostic Index for ductal carcinoma in situ." Cancer 

110(12): 2648-2653. 
 

Madrid, M. A. and R. W. Lo (2004). "Chromogenic in situ 
hybridization (CISH): a novel alternative in screening 

archival breast cancer tissue samples for HER-2/neu 
status." Breast Cancer Res 6(5): R593-600. 

 



Chapter 8  References 

 275 

Makki, J. (2015). "Diversity of Breast Carcinoma: Histological 

Subtypes and Clinical Relevance." Clin Med Insights 
Pathol 8: 23-31. 

 
Malicka-Durczak, A., K. Korski and M. Ibbs (2012). 

"Comparison of in situ hybridization methods for the 

assessment of HER-2/neu gene amplification status in 
breast cancer using a tissue microarray." Rep Pract 

Oncol Radiother 17(1): 44-49. 
 

Man, Y. G., A. Stojadinovic, J. Mason, I. Avital, A. Bilchik, B. 
Bruecher, M. Protic, A. Nissan, M. Izadjoo, X. Zhang and 

A. Jewett (2013). "Tumor-infiltrating immune cells 
promoting tumor invasion and metastasis: existing 

theories." J Cancer 4(1): 84-95. 
 

Man, Y. G., L. Tai, R. Barner, R. Vang, J. S. Saenger, K. M. 
Shekitka, G. L. Bratthauer, D. T. Wheeler, C. Y. Liang, T. 

N. Vinh and B. L. Strauss (2003). "Cell clusters overlying 
focally disrupted mammary myoepithelial cell layers and 

adjacent cells within the same duct display different 

immunohistochemical and genetic features: implications 
for tumor progression and invasion." Breast Cancer Res 

5(6): R231-241. 
 

Mardekian, S. K., A. Bombonati and J. P. Palazzo (2016). 
"Ductal carcinoma in situ of the breast: the importance 

of morphologic and molecular interactions." Hum Pathol 
49: 114-123. 

 
Margenthaler, J. A., F. Gao and V. S. Klimberg (2010). "Margin 

index: a new method for prediction of residual disease 
after breast-conserving surgery." Ann Surg Oncol 

17(10): 2696-2701. 
 

Margolese, R. G., R. S. Cecchini, T. B. Julian, P. A. Ganz, J. P. 

Costantino, L. A. Vallow, K. S. Albain, P. W. Whitworth, 
M. E. Cianfrocca, A. M. Brufsky, H. M. Gross, G. S. Soori, 

J. O. Hopkins, L. Fehrenbacher, K. Sturtz, T. F. Wozniak, 
T. E. Seay, E. P. Mamounas and N. Wolmark (2016). 

"Anastrozole versus tamoxifen in postmenopausal 
women with ductal carcinoma in situ undergoing 

lumpectomy plus radiotherapy (NSABP B-35): a 
randomised, double-blind, phase 3 clinical trial." Lancet 

387(10021): 849-856. 
 

Marsigliante, S., L. Biscozzo, A. Marra, G. Nicolardi, G. Leo, G. 
B. Lobreglio and C. Storelli (1999). "Computerised 



Chapter 8  References 

 276 

counting of tumour infiltrating lymphocytes in 90 breast 

cancer specimens." Cancer Lett 139(1): 33-41. 
 

Marumoto, T., T. Hirota, T. Morisaki, N. Kunitoku, D. Zhang, Y. 
Ichikawa, T. Sasayama, S. Kuninaka, T. Mimori, N. 

Tamaki, M. Kimura, Y. Okano and H. Saya (2002). 

"Roles of aurora-A kinase in mitotic entry and G2 
checkpoint in mammalian cells." Genes Cells 7(11): 

1173-1182. 
 

Marumoto, T., D. Zhang and H. Saya (2005). "Aurora-A - a 
guardian of poles." Nat Rev Cancer 5(1): 42-50. 

 
Mathew, J., R. Karia, D. A. Morgan, A. H. Lee, I. O. Ellis, J. F. 

Robertson and A. M. Bello (2017). "Factors influencing 
local control in patients undergoing breast conservation 

surgery for ductal carcinoma in situ." Breast 31: 181-
185. 

 
Mauriac, L., M. Debled and G. MacGrogan (2005). "When will 

more useful predictive factors be ready for use?" Breast 

14(6): 617-623. 
 

Mazouni, C., S. Delaloge, F. Rimareix and J. R. Garbay (2011). 
"Nomogram for risk of relapse after breast-conserving 

surgery in ductal carcinoma in situ." J Clin Oncol 29(2): 
e44; author reply e45-46. 

 
McCahill, L. E., R. M. Single, E. J. Aiello Bowles, H. S. 

Feigelson, T. A. James, T. Barney, J. M. Engel and A. A. 
Onitilo (2012). "Variability in reexcision following breast 

conservation surgery." JAMA 307(5): 467-475. 
 

McCarty, K. S., Jr., L. S. Miller, E. B. Cox, J. Konrath and K. S. 
McCarty, Sr. (1985). "Estrogen receptor analyses. 

Correlation of biochemical and immunohistochemical 

methods using monoclonal antireceptor antibodies." Arch 
Pathol Lab Med 109(8): 716-721. 

 
McCormick, B., P. P. Rosen, D. Kinne, L. Cox and J. Yahalom 

(1991). "Duct carcinoma in situ of the breast: an 
analysis of local control after conservation surgery and 

radiotherapy." Int J Radiat Oncol Biol Phys 21(2): 289-
292. 

 
McCormick, B., K. Winter, C. Hudis, H. M. Kuerer, E. 

Rakovitch, B. L. Smith, N. Sneige, J. Moughan, A. Shah, 
I. Germain, A. C. Hartford, A. Rashtian, E. M. Walker, A. 



Chapter 8  References 

 277 

Yuen, E. A. Strom, J. L. Wilcox, L. A. Vallow, W. Small, 

Jr., A. T. Pu, K. Kerlin and J. White (2015). "RTOG 9804: 
a prospective randomized trial for good-risk ductal 

carcinoma in situ comparing radiotherapy with 
observation." J Clin Oncol 33(7): 709-715. 

 

McShane, L. M., D. G. Altman, W. Sauerbrei, S. E. Taube, M. 
Gion and G. M. Clark (2006). "REporting 

recommendations for tumor MARKer prognostic studies 
(REMARK)." Breast Cancer Res Treat 100(2): 229-235. 

 
Mechera, R., C. T. Viehl and D. Oertli (2009). "Factors 

predicting in-breast tumor recurrence after breast-
conserving surgery." Breast Cancer Res Treat 116(1): 

171-177. 
 

Meijnen, P., J. L. Peterse, N. Antonini, E. J. Rutgers and M. J. 
van de Vijver (2008). "Immunohistochemical 

categorisation of ductal carcinoma in situ of the breast." 
Br J Cancer 98(1): 137-142. 

 

Meng, L., Y. Xu, C. Xu and W. Zhang (2016). "Biomarker 
discovery to improve prediction of breast cancer 

survival: using gene expression profiling, meta-analysis, 
and tissue validation." Onco Targets Ther 9: 6177-6185. 

 
Merrill, A. L., S. B. Coopey, R. Tang, M. P. McEvoy, M. C. 

Specht, K. S. Hughes, M. A. Gadd and B. L. Smith 
(2016). "Implications of New Lumpectomy Margin 

Guidelines for Breast-Conserving Surgery: Changes in 
Reexcision Rates and Predicted Rates of Residual 

Tumor." Ann Surg Oncol 23(3): 729-734. 
 

Miligy, I., P. Mohan, A. Gaber, M. A. Aleskandarany, C. C. 
Nolan, M. Diez-Rodriguez, A. Mukherjee, C. Chapman, I. 

O. Ellis, A. R. Green and E. A. Rakha (2017). "Prognostic 

significance of tumour infiltrating B lymphocytes in 
breast ductal carcinoma in situ." Histopathology 71(2): 

258-268. 
 

Miligy, I. M., K. L. Gorringe, M. S. Toss, A. A. Al-Kawaz, P. 
Simpson, M. Diez-Rodriguez, C. C. Nolan, I. O. Ellis, A. 

R. Green and E. A. Rakha (2018). "Thioredoxin-
interacting protein is an independent risk stratifier for 

breast ductal carcinoma in situ." Mod Pathol 31(12): 
1807-1815. 

 



Chapter 8  References 

 278 

Millis, R. R., L. G. Bobrow and D. M. Barnes (1996). 

"Immunohistochemical evaluation of biological markers 
in mammary carcinoma in situ: correlation with 

morphological features and recently proposed schemes 
for histological classification." Breast 14(6). 

 

Moelans, C. B., R. A. de Weger, H. N. Monsuur, R. Vijzelaar 
and P. J. van Diest (2010). "Molecular profiling of 

invasive breast cancer by multiplex ligation-dependent 
probe amplification-based copy number analysis of 

tumor suppressor and oncogenes." Mod Pathol 23(7): 
1029-1039. 

 
Moelans, C. B., R. A. de Wegers, H. N. Monsuurs, A. H. Maess 

and P. J. van Diest (2011). "Molecular differences 
between ductal carcinoma in situ and adjacent invasive 

breast carcinoma: a multiplex ligation-dependent probe 
amplification study." Cell Oncol (Dordr) 34(5): 475-482. 

 
Momin, Y. A., M. P. Kulkarni, B. D. Deshmukh and K. R. 

Sulhyan (2016). "Diagnostic pitfall in a case of ductal 

carcinoma-in situ with microinvasion." J Cytol 33(2): 98-
100. 

 
Moran, M. S., S. J. Schnitt, A. E. Giuliano, J. R. Harris, S. A. 

Khan, J. Horton, S. Klimberg, M. Chavez-MacGregor, G. 
Freedman, N. Houssami, P. L. Johnson and M. Morrow 

(2014). "Society of Surgical Oncology-American Society 
for Radiation Oncology consensus guideline on margins 

for breast-conserving surgery with whole-breast 
irradiation in stages I and II invasive breast cancer." J 

Clin Oncol 32(14): 1507-1515. 
 

Morrison, J. A., L. A. Pike, S. B. Sams, V. Sharma, Q. Zhou, J. 
J. Severson, A. C. Tan, W. M. Wood and B. R. Haugen 

(2014). "Thioredoxin interacting protein (TXNIP) is a 

novel tumor suppressor in thyroid cancer." Mol Cancer 
13: 62. 

 
Morrow, M. (2009). "Breast conservation and negative 

margins: how much is enough?" Breast 18 Suppl 3: 
S84-86. 

 
Morrow, M., K. J. Van Zee, L. J. Solin, N. Houssami, M. 

Chavez-MacGregor, J. R. Harris, J. Horton, S. Hwang, P. 
L. Johnson, M. L. Marinovich, S. J. Schnitt, I. Wapnir and 

M. S. Moran (2016). "Society of Surgical Oncology-
American Society for Radiation Oncology-American 



Chapter 8  References 

 279 

Society of Clinical Oncology Consensus Guideline on 

Margins for Breast-Conserving Surgery With Whole-
Breast Irradiation in Ductal Carcinoma In Situ." J Clin 

Oncol 34(33): 4040-4046. 
 

Muftah, A. A., M. A. Aleskandarany, M. M. Al-Kaabi, S. N. 

Sonbul, M. Diez-Rodriguez, C. C. Nolan, C. Caldas, I. O. 
Ellis, E. A. Rakha and A. R. Green (2017). "Ki67 

expression in invasive breast cancer: the use of tissue 
microarrays compared with whole tissue sections." 

Breast Cancer Res Treat 164(2): 341-348. 
 

Muggerud, A. A., M. Hallett, H. Johnsen, K. Kleivi, W. Zhou, S. 
Tahmasebpoor, R. M. Amini, J. Botling, A. L. Borresen-

Dale, T. Sorlie and F. Warnberg (2010). "Molecular 
diversity in ductal carcinoma in situ (DCIS) and early 

invasive breast cancer." Mol Oncol 4(4): 357-368. 
 

Mulrane, L., W. M. Gallagher and D. P. O'Connor (2017). 
"Assessment of Significance of Novel Proteins in Breast 

Cancer Using Tissue Microarray Technology." Methods 

Mol Biol 1501: 311-325. 
 

Mustafa, R. E., L. M. DeStefano, J. Bahng, K. Yoon-Flannery, 
C. S. Fisher, P. J. Zhang, J. Tchou, B. J. Czerniecki and 

L. M. De La Cruz (2017). "Evaluating the Risk of 
Upstaging HER2-Positive DCIS to Invasive Breast 

Cancer." Ann Surg Oncol 24(10): 2999-3003. 
 

Mylonas, I., J. Makovitzky, U. Jeschke, V. Briese, K. Friese and 
B. Gerber (2005). "Expression of Her2/neu, steroid 

receptors (ER and PR), Ki67 and p53 in invasive 
mammary ductal carcinoma associated with ductal 

carcinoma In Situ (DCIS) Versus invasive breast cancer 
alone." Anticancer Res 25(3a): 1719-1723. 

 

Nagata, Y., K. H. Lan, X. Zhou, M. Tan, F. J. Esteva, A. A. 
Sahin, K. S. Klos, P. Li, B. P. Monia, N. T. Nguyen, G. N. 

Hortobagyi, M. C. Hung and D. Yu (2004). "PTEN 
activation contributes to tumor inhibition by 

trastuzumab, and loss of PTEN predicts trastuzumab 
resistance in patients." Cancer Cell 6(2): 117-127. 

 
Nelson, B. H. (2010). "CD20+ B cells: the other tumor-

infiltrating lymphocytes." J Immunol 185(9): 4977-
4982. 

 



Chapter 8  References 

 280 

Neumayer, G., C. Belzil, O. J. Gruss and M. D. Nguyen (2014). 

"TPX2: of spindle assembly, DNA damage response, and 
cancer." Cell Mol Life Sci 71(16): 3027-3047. 

 
Nie, W., W. Huang, W. Zhang, J. Xu, W. Song, Y. Wang, A. 

Zhu, J. Luo, G. Huang, Y. Wang and X. Guan (2015). 

"TXNIP interaction with the Her-1/2 pathway contributes 
to overall survival in breast cancer." Oncotarget 6(5): 

3003-3012. 
 

Nielsen, J. S. and B. H. Nelson (2012). "Tumor-infiltrating B 
cells and T cells: Working together to promote patient 

survival." Oncoimmunology 1(9): 1623-1625. 
 

Nikonova, A. S., I. Astsaturov, I. G. Serebriiskii, R. L. 
Dunbrack, Jr. and E. A. Golemis (2013). "Aurora A 

kinase (AURKA) in normal and pathological cell division." 
Cell Mol Life Sci 70(4): 661-687. 

 
Nishizawa, K., H. Nishiyama, Y. Matsui, T. Kobayashi, R. Saito, 

H. Kotani, H. Masutani, S. Oishi, Y. Toda, N. Fujii, J. 

Yodoi and O. Ogawa (2011). "Thioredoxin-interacting 
protein suppresses bladder carcinogenesis." 

Carcinogenesis 32(10): 1459-1466. 
 

Nofech-Mozes, S., W. Hanna and E. Rakovitch (2018). 
"Molecular Evaluation of Breast Ductal Carcinoma in Situ 

with Oncotype DX DCIS." Am J Pathol. 
 

Nofech-Mozes, S., J. Spayne, E. Rakovitch and W. Hanna 
(2005). "Prognostic and predictive molecular markers in 

DCIS: a review." Adv Anat Pathol 12(5): 256-264. 
 

Normanno, N., A. De Luca, P. Carotenuto, L. Lamura, I. Oliva 
and A. D'Alessio (2009). "Prognostic applications of gene 

expression signatures in breast cancer." Oncology 77 

Suppl 1: 2-8. 
 

O'Brien, K. M., J. Sun, D. P. Sandler, L. A. DeRoo and C. R. 
Weinberg (2015). "Risk factors for young-onset invasive 

and in situ breast cancer." Cancer Causes Control. 
 

O'Malley, F. P. and A. Bane (2008). "An update on apocrine 
lesions of the breast." Histopathology 52(1): 3-10. 

 
Office of National Statistics ( 2015). "Cancer Statistics 

registrations: Registrations of cancer diagnosed in 2006, 



Chapter 8  References 

 281 

England." MB1 no.37. Retrieved 17/06/2018, 2015, from 

http://www.cancerresearchuk.org/. 
 

Ohara, M., K. Matsuura, E. Akimoto, M. Noma, M. Doi, T. 
Nishizaka, N. Kagawa and T. Itamoto (2016). 

"Prognostic value of Ki67 and p53 in patients with 

estrogen receptor-positive and human epidermal growth 
factor receptor 2-negative breast cancer: Validation of 

the cut-off value of the Ki67 labeling index as a 
predictive factor." Mol Clin Oncol 4(4): 648-654. 

 
Ooi, P. S., N. Draman, S. S. M. Yusoff, W. Z. W. Zain, D. 

Ganasagaran and H. H. Chua (2018). "Mammary Paget's 
Disease of the Nipple: Relatively Common but Still 

Unknown to Many." Korean J Fam Med. 
 

Orzalesi, L., D. Casella, V. Criscenti, U. Gjondedaj, S. Bianchi, 
V. Vezzosi, J. Nori, L. Cecconi, I. Meattini, L. Livi and M. 

Bernini (2015). "Microinvasive breast cancer: 
pathological parameters, cancer subtypes distribution, 

and correlation with axillary lymph nodes invasion. 

Results of a large single-institution series." Breast 
Cancer. 

 
Otto, T., S. Horn, M. Brockmann, U. Eilers, L. Schuttrumpf, N. 

Popov, A. M. Kenney, J. H. Schulte, R. Beijersbergen, H. 
Christiansen, B. Berwanger and M. Eilers (2009). 

"Stabilization of N-Myc is a critical function of Aurora A 
in human neuroblastoma." Cancer Cell 15(1): 67-78. 

 
Oyama, T., Y. Ishikawa, M. Hayashi, K. Arihiro and J. 

Horiguchi (2007). "The effects of fixation, processing 
and evaluation criteria on immunohistochemical 

detection of hormone receptors in breast cancer." Breast 
Cancer 14(2): 182-188. 

 

Page, D. L., W. D. Dupont, L. W. Rogers, R. A. Jensen and P. 
A. Schuyler (1995). "Continued local recurrence of 

carcinoma 15-25 years after a diagnosis of low grade 
ductal carcinoma in situ of the breast treated only by 

biopsy." Cancer 76(7): 1197-1200. 
 

Page, D. L., W. D. Dupont, L. W. Rogers and M. Landenberger 
(1982). "Intraductal carcinoma of the breast: follow-up 

after biopsy only." Cancer 49(4): 751-758. 
 

http://www.cancerresearchuk.org/


Chapter 8  References 

 282 

Page, D. L. and L. W. Rogers (1987). Carcinoma in situ (CIS). 

Histopathology of the Breast. Page DL and A. TJ. New 
York, Churchill Livingston: 157-174. 

 
Paik, S., S. Shak, G. Tang, C. Kim, J. Baker, M. Cronin, F. L. 

Baehner, M. G. Walker, D. Watson, T. Park, W. Hiller, E. 

R. Fisher, D. L. Wickerham, J. Bryant and N. Wolmark 
(2004). "A multigene assay to predict recurrence of 

tamoxifen-treated, node-negative breast cancer." N Engl 
J Med 351(27): 2817-2826. 

 
Pandey, P. R., J. Saidou and K. Watabe (2010). "Role of 

myoepithelial cells in breast tumor progression." Front 
Biosci (Landmark Ed) 15: 226-236. 

 
Pang, J. B., P. Savas, A. P. Fellowes, G. Mir Arnau, T. Kader, 

R. Vedururu, C. Hewitt, E. A. Takano, D. J. Byrne, D. Y. 
Choong, E. K. Millar, C. S. Lee, S. A. O'Toole, S. R. 

Lakhani, M. C. Cummings, G. B. Mann, I. G. Campbell, 
A. Dobrovic, S. Loi, K. L. Gorringe and S. B. Fox (2017). 

"Breast ductal carcinoma in situ carry mutational driver 

events representative of invasive breast cancer." Mod 
Pathol 30(7): 952-963. 

 
Pang, J. M., S. Deb, E. A. Takano, D. J. Byrne, N. Jene, A. 

Boulghourjian, A. Holliday, E. Millar, C. S. Lee, S. A. 
O'Toole, A. Dobrovic and S. B. Fox (2014). "Methylation 

profiling of ductal carcinoma in situ and its relationship 
to histopathological features." Breast Cancer Res 16(5): 

423. 
 

Pang, J. M., K. L. Gorringe and S. B. Fox (2016). "Ductal 
carcinoma in situ - update on risk assessment and 

management." Histopathology 68(1): 96-109. 
 

Pardoll, D. M. (2012). "The blockade of immune checkpoints in 

cancer immunotherapy." Nat Rev Cancer 12(4): 252-
264. 

 
Park, D., R. Karesen, T. Noren and T. Sauer (2007). "Ki-67 

expression in primary breast carcinomas and their 
axillary lymph node metastases: clinical implications." 

Virchows Arch 451(1): 11-18. 
 

Park, K., S. Han, H. J. Kim, J. Kim and E. Shin (2006). "HER2 
status in pure ductal carcinoma in situ and in the 

intraductal and invasive components of invasive ductal 
carcinoma determined by fluorescence in situ 



Chapter 8  References 

 283 

hybridization and immunohistochemistry." 

Histopathology 48(6): 702-707. 
 

Park, T. S. and E. S. Hwang (2016). "Current Trends in the 
Management of Ductal Carcinoma In Situ." Oncology 

(Williston Park) 30(9): 823-831. 

 
Patel, G. V., E. P. Van Sant, B. Taback and R. Ha (2018). 

"Patient Selection for Ductal Carcinoma In Situ 
Observation Trials: Are the Lesions Truly Low Risk?" AJR 

Am J Roentgenol 211(3): 712-713. 
 

Penault-Llorca, F., M. Bilous, M. Dowsett, W. Hanna, R. Y. 
Osamura, J. Ruschoff and M. van de Vijver (2009). 

"Emerging technologies for assessing HER2 
amplification." Am J Clin Pathol 132(4): 539-548. 

 
Perez, A. A., D. Balabram, R. M. Rocha, A. da Silva Souza and 

H. Gobbi (2015). "Co-Expression of p16, Ki67 and COX-2 
Is Associated with Basal Phenotype in High-Grade Ductal 

Carcinoma In Situ of the Breast." J Histochem Cytochem 

63(6): 408-416. 
 

Perou, C. M., T. Sorlie, M. B. Eisen, M. van de Rijn, S. S. 
Jeffrey, C. A. Rees, J. R. Pollack, D. T. Ross, H. Johnsen, 

L. A. Akslen, O. Fluge, A. Pergamenschikov, C. Williams, 
S. X. Zhu, P. E. Lonning, A. L. Borresen-Dale, P. O. 

Brown and D. Botstein (2000). "Molecular portraits of 
human breast tumours." Nature 406(6797): 747-752. 

 
Petridis, C., M. N. Brook, V. Shah, K. Kohut, P. Gorman, M. 

Caneppele, D. Levi, E. Papouli, N. Orr, A. Cox, S. S. 
Cross, I. Dos-Santos-Silva, J. Peto, A. Swerdlow, M. J. 

Schoemaker, M. K. Bolla, Q. Wang, J. Dennis, K. 
Michailidou, J. Benitez, A. Gonzalez-Neira, D. C. Tessier, 

D. Vincent, J. Li, J. Figueroa, V. Kristensen, A. L. 

Borresen-Dale, P. Soucy, J. Simard, R. L. Milne, G. G. 
Giles, S. Margolin, A. Lindblom, T. Bruning, H. Brauch, 

M. C. Southey, J. L. Hopper, T. Dork, N. V. Bogdanova, 
M. Kabisch, U. Hamann, R. K. Schmutzler, A. Meindl, H. 

Brenner, V. Arndt, R. Winqvist, K. Pylkas, P. A. Fasching, 
M. W. Beckmann, J. Lubinski, A. Jakubowska, A. M. 

Mulligan, I. L. Andrulis, R. A. Tollenaar, P. Devilee, L. Le 
Marchand, C. A. Haiman, A. Mannermaa, V. M. Kosma, 

P. Radice, P. Peterlongo, F. Marme, B. Burwinkel, C. H. 
van Deurzen, A. Hollestelle, N. Miller, M. J. Kerin, D. 

Lambrechts, G. Floris, J. Wesseling, H. Flyger, S. E. 
Bojesen, S. Yao, C. B. Ambrosone, G. Chenevix-Trench, 



Chapter 8  References 

 284 

T. Truong, P. Guenel, A. Rudolph, J. Chang-Claude, H. 

Nevanlinna, C. Blomqvist, K. Czene, J. S. Brand, J. E. 
Olson, F. J. Couch, A. M. Dunning, P. Hall, D. F. Easton, 

P. D. Pharoah, S. E. Pinder, M. K. Schmidt, I. Tomlinson, 
R. Roylance, M. Garcia-Closas and E. J. Sawyer (2016). 

"Genetic predisposition to ductal carcinoma in situ of the 

breast." Breast Cancer Res 18(1): 22. 
 

Pilewskie, M., M. Stempel, H. Rosenfeld, A. Eaton, K. J. Van 
Zee and M. Morrow (2016). "Do LORIS Trial Eligibility 

Criteria Identify a Ductal Carcinoma In Situ Patient 
Population at Low Risk of Upgrade to Invasive 

Carcinoma?" Ann Surg Oncol 23(11): 3487-3493. 
 

Pinder, S. E. (2010a). "Ductal carcinoma in situ (DCIS): 
pathological features, differential diagnosis, prognostic 

factors and specimen evaluation." Mod Pathol 23 Suppl 
2: S8-13. 

 
Pinder, S. E., C. Duggan, I. O. Ellis, J. Cuzick, J. F. Forbes, H. 

Bishop, I. S. Fentiman and W. D. George (2010b). "A 

new pathological system for grading DCIS with improved 
prediction of local recurrence: results from the 

UKCCCR/ANZ DCIS trial." Br J Cancer 103(1): 94-100. 
 

Piva, M., G. Domenici, O. Iriondo, M. Rabano, B. M. Simoes, V. 
Comaills, I. Barredo, J. A. Lopez-Ruiz, I. Zabalza, R. 

Kypta and M. Vivanco (2014). "Sox2 promotes 
tamoxifen resistance in breast cancer cells." EMBO Mol 

Med 6(1): 66-79. 
 

Portier, N., A. Audhya, P. S. Maddox, R. A. Green, A. 
Dammermann, A. Desai and K. Oegema (2007). "A 

microtubule-independent role for centrosomes and 
aurora a in nuclear envelope breakdown." Dev Cell 

12(4): 515-529. 

 
Pothos, A., K. Plastira, A. Plastiras, D. Vlachodimitropoulos, N. 

Goutas and R. Angelopoulou (2008). "Comparison of 
chromogenic in situ hybridisation with fluorescence in 

situ hybridisation and immunohistochemistry for the 
assessment of her-2/neu oncogene in archival material 

of breast carcinoma." Acta Histochem Cytochem 41(3): 
59-64. 

 
Preibsch, H., J. Beckmann, J. Pawlowski, C. Kloth, M. Hahn, A. 

Staebler, B. M. Wietek, K. Nikolaou and B. Wiesinger 
(2018). "Accuracy of Breast Magnetic Resonance 



Chapter 8  References 

 285 

Imaging Compared to Mammography in the Preoperative 

Detection and Measurement of Pure Ductal Carcinoma In 
Situ: A Retrospective Analysis." Acad Radiol. 

 
Provenzano, E., J. L. Hopper, G. G. Giles, G. Marr, D. J. Venter 

and J. E. Armes (2003). "Biological markers that predict 

clinical recurrence in ductal carcinoma in situ of the 
breast." Eur J Cancer 39(5): 622-630. 

 
Pruneri, G., M. Lazzeroni, V. Bagnardi, G. B. Tiburzio, N. 

Rotmensz, A. DeCensi, A. Guerrieri-Gonzaga, A. 
Vingiani, G. Curigliano, S. Zurrida, F. Bassi, R. Salgado, 

G. Van den Eynden, S. Loi, C. Denkert, B. Bonanni and 
G. Viale (2017). "The prevalence and clinical relevance 

of tumor-infiltrating lymphocytes (TILs) in ductal 
carcinoma in situ of the breast." Ann Oncol 28(2): 321-

328. 
 

Rakha, E. A., N. Gandhi, F. Climent, C. H. van Deurzen, S. A. 
Haider, L. Dunk, A. H. Lee, D. Macmillan and I. O. Ellis 

(2011). "Encapsulated papillary carcinoma of the breast: 

an invasive tumor with excellent prognosis." Am J Surg 
Pathol 35(8): 1093-1103. 

 
Rakha, E. A., I. M. Miligy, K. L. Gorringe, M. S. Toss, A. R. 

Green, S. B. Fox, F. C. Schmitt, P. H. Tan, G. M. Tse, S. 
Badve, T. Decker, A. Vincent-Salomon, D. J. Dabbs, M. 

P. Foschini, F. Moreno, Y. Wentao, F. C. Geyer, J. S. 
Reis-Filho, S. E. Pinder, S. R. Lakhani and I. O. Ellis 

(2018). "Invasion in breast lesions: the role of the 
epithelial-stroma barrier." Histopathology 72(7): 1075-

1083. 
 

Rakha, E. A., S. E. Pinder, J. M. Bartlett, M. Ibrahim, J. 
Starczynski, P. J. Carder, E. Provenzano, A. Hanby, S. 

Hales, A. H. Lee and I. O. Ellis (2015). "Updated UK 

Recommendations for HER2 assessment in breast 
cancer." J Clin Pathol 68(2): 93-99. 

 
Rakha, E. A., J. S. Reis-Filho and I. O. Ellis (2010). 

"Combinatorial biomarker expression in breast cancer." 
Breast Cancer Res Treat 120(2): 293-308. 

 
Rakovitch, E., R. Gray, F. L. Baehner, R. Sutradhar, M. Crager, 

S. Gu, S. Nofech-Mozes, S. S. Badve, W. Hanna, L. L. 
Hughes, W. C. Wood, N. E. Davidson, L. Paszat, S. Shak, 

J. A. Sparano and L. J. Solin (2018). "Refined estimates 
of local recurrence risks by DCIS score adjusting for 



Chapter 8  References 

 286 

clinicopathological features: a combined analysis of 

ECOG-ACRIN E5194 and Ontario DCIS cohort studies." 
Breast Cancer Res Treat 169(2): 359-369. 

 
Rakovitch, E., S. Nofech-Mozes, W. Hanna, F. L. Baehner, R. 

Saskin, S. M. Butler, A. Tuck, S. Sengupta, L. Elavathil, 

P. A. Jani, M. Bonin, M. C. Chang, S. J. Robertson, E. 
Slodkowska, C. Fong, J. M. Anderson, F. Jamshidian, D. 

P. Miller, D. B. Cherbavaz, S. Shak and L. Paszat (2015). 
"A population-based validation study of the DCIS Score 

predicting recurrence risk in individuals treated by 
breast-conserving surgery alone." Breast Cancer Res 

Treat 152(2): 389-398. 
 

Rakovitch, E., S. Nofech-Mozes, W. Hanna, S. Narod, D. 
Thiruchelvam, R. Saskin, J. Spayne, C. Taylor and L. 

Paszat (2012). "HER2/neu and Ki-67 expression predict 
non-invasive recurrence following breast-conserving 

therapy for ductal carcinoma in situ." British Journal of 
Cancer 106(6): 1160-1165. 

 

Rakovitch, E., S. Nofech-Mozes, S. A. Narod, W. Hanna, D. 
Thiruchelvam, R. Saskin, C. Taylor, A. Tuck, S. 

Sengupta, L. Elavathil, P. A. Jani, S. J. Done, N. Miller, 
B. Youngson, I. Kong and L. Paszat (2013). "Can we 

select individuals with low risk ductal carcinoma in situ 
(DCIS)? A population-based outcomes analysis." Breast 

Cancer Res Treat 138(2): 581-590. 
 

Raldow, A. C., D. Sher, A. B. Chen, A. Recht and R. S. Punglia 
(2016). "Cost Effectiveness of the Oncotype DX DCIS 

Score for Guiding Treatment of Patients With Ductal 
Carcinoma In Situ." J Clin Oncol. 

 
Rampaul, R. S., P. Valasiadou, S. E. Pinder, A. J. Evans, Y. 

Wahedna, R. Wilson, I. O. Ellis, R. D. Macmillan and R. 

W. Blamey (2001). "Wide local excision with 10 mm 
clearance without radiotherapy for DCIS." European 

Journal of Cancer 37: 15. 
 

Rane, S. U., H. Mirza, A. Grigoriadis and S. E. Pinder (2015). 
"Selection and evolution in the genomic landscape of 

copy number alterations in ductal carcinoma in situ 
(DCIS) and its progression to invasive carcinoma of 

ductal/no special type: a meta-analysis." Breast Cancer 
Res Treat 153(1): 101-121. 

 



Chapter 8  References 

 287 

Rath, M. G., L. Uhlmann, M. Fiedler, J. Heil, M. Golatta, C. 

Dinkic, A. Hennigs, S. Schott, V. Ernst, T. Koch, C. Sohn, 
C. Brucker and J. Rom (2018). "Oncotype DX((R)) in 

breast cancer patients: clinical experience, outcome and 
follow-up-a case-control study." Arch Gynecol Obstet 

297(2): 443-447. 

 
Regan, J. L., T. Sourisseau, K. Soady, H. Kendrick, A. 

McCarthy, C. Tang, K. Brennan, S. Linardopoulos, D. E. 
White and M. J. Smalley (2013). "Aurora A kinase 

regulates mammary epithelial cell fate by determining 
mitotic spindle orientation in a Notch-dependent 

manner." Cell Rep 4(1): 110-123. 
 

Ren, F., R. Tang, X. Zhang, W. M. Madushi, D. Luo, Y. Dang, 
Z. Li, K. Wei and G. Chen (2015). "Overexpression of 

MMP Family Members Functions as Prognostic Biomarker 
for Breast Cancer Patients: A Systematic Review and 

Meta-Analysis." PLoS One 10(8): e0135544. 
 

Ringberg, A., L. Anagnostaki, H. Anderson, I. Idvall and M. 

Ferno (2001). "Cell biological factors in ductal carcinoma 
in situ (DCIS) of the breast-relationship to ipsilateral 

local recurrence and histopathological characteristics." 
Eur J Cancer 37(12): 1514-1522. 

 
Ringberg, A., H. Nordgren, S. Thorstensson, I. Idvall, H. 

Garmo, B. Granstrand, L. G. Arnesson, K. Sandelin, A. 
Wallgren, H. Anderson, S. Emdin and L. Holmberg 

(2007). "Histopathological risk factors for ipsilateral 
breast events after breast conserving treatment for 

ductal carcinoma in situ of the breast – Results from the 
Swedish randomised trial." European Journal of Cancer 

43(2): 291-298. 
 

Rohilla, M., A. Bal, G. Singh and K. Joshi (2015). "Phenotypic 

and Functional Characterization of Ductal Carcinoma In 
Situ-Associated Myoepithelial Cells." Clin Breast Cancer 

15(5): 335-342. 
 

Rohilla, M., A. Bal, G. Singh and K. Joshi (2016). "Prediction of 
heterogeneity in breast cancer immunophenotype at 

ductal carcinoma in situ stage?" J Cancer Res Ther 
12(4): 1249-1256. 

 
Rohrer, J. W., A. L. Barsoum, D. L. Dyess, J. A. Tucker and J. 

H. Coggin, Jr. (1999). "Human breast carcinoma patients 
develop clonable oncofetal antigen-specific effector and 



Chapter 8  References 

 288 

regulatory T lymphocytes." J Immunol 162(11): 6880-

6892. 
 

Rom, J., C. Schumacher, O. Gluz, J. Hofler, S. Eidt, C. 
Domschke, F. Marme, U. Nitz, C. Sohn and A. 

Schneeweiss (2013). "Association of HER2 

Overexpression and Prognosis in Small (T1N0) Primary 
Breast Cancers." Breast Care (Basel) 8(3): 208-214. 

 
Roses, R. E., E. C. Paulson, A. Sharma, J. E. Schueller, H. 

Nisenbaum, S. Weinstein, K. R. Fox, P. J. Zhang and B. 
J. Czerniecki (2009). "HER-2/neu overexpression as a 

predictor for the transition from in situ to invasive breast 
cancer." Cancer Epidemiol Biomarkers Prev 18(5): 

1386-1389. 
 

Roskoski, R., Jr. (2004). "Src protein-tyrosine kinase structure 
and regulation." Biochem Biophys Res Commun 324(4): 

1155-1164. 
 

Rosser, R. J. (1998). "Consensus conference on the 

classification of ductal carcinoma in situ." Cancer 
82(11): 2293-2295. 

 
Roylance, R., P. Gorman, T. Papior, Y. L. Wan, M. Ives, J. E. 

Watson, C. Collins, N. Wortham, C. Langford, H. Fiegler, 
N. Carter, C. Gillett, P. Sasieni, S. Pinder, A. Hanby and 

I. Tomlinson (2006). "A comprehensive study of 
chromosome 16q in invasive ductal and lobular breast 

carcinoma using array CGH." Oncogene 25(49): 6544-
6553. 

 
Rudloff, U., L. M. Jacks, J. I. Goldberg, C. A. Wynveen, E. 

Brogi, S. Patil and K. J. Van Zee (2010). "Nomogram for 
predicting the risk of local recurrence after breast-

conserving surgery for ductal carcinoma in situ." J Clin 

Oncol 28(23): 3762-3769. 
 

Ruffell, B., A. Au, H. S. Rugo, L. J. Esserman, E. S. Hwang and 
L. M. Coussens (2012). "Leukocyte composition of 

human breast cancer." Proceedings of the National 
Academy of Sciences of the United States of America 

109(8): 2796-2801. 
 

Rutter, C. E., H. S. Park, B. K. Killelea and S. B. Evans (2015). 
"Growing Use of Mastectomy for Ductal Carcinoma-In 

Situ of the Breast Among Young Women in the United 
States." Ann Surg Oncol 22(7): 2378-2386. 



Chapter 8  References 

 289 

 

Sabatier, R., P. Finetti, E. Mamessier, J. Adelaide, M. 
Chaffanet, H. R. Ali, P. Viens, C. Caldas, D. Birnbaum 

and F. Bertucci (2015). "Prognostic and predictive value 
of PDL1 expression in breast cancer." Oncotarget 6(7): 

5449-5464. 

 
Sagara, Y., R. A. Freedman, I. Vaz-Luis, M. A. Mallory, S. M. 

Wong, F. Aydogan, S. DeSantis, W. T. Barry and M. 
Golshan (2016). "Patient Prognostic Score and 

Associations With Survival Improvement Offered by 
Radiotherapy After Breast-Conserving Surgery for Ductal 

Carcinoma In Situ: A Population-Based Longitudinal 
Cohort Study." J Clin Oncol 34(11): 1190-1196. 

 
Saini, S., S. Majid, V. Shahryari, Z. L. Tabatabai, S. Arora, S. 

Yamamura, Y. Tanaka, R. Dahiya and G. Deng (2014). 
"Regulation of SRC kinases by microRNA-3607 located in 

a frequently deleted locus in prostate cancer." Mol 
Cancer Ther 13(7): 1952-1963. 

 

Saint-Jean, M., A. C. Knol, C. Volteau, G. Quereux, L. Peuvrel, 
A. Brocard, M. C. Pandolfino, S. Saiagh, J. M. Nguyen, C. 

Bedane, N. Basset-Seguin, A. Khammari and B. Dreno 
(2018). "Adoptive Cell Therapy with Tumor-Infiltrating 

Lymphocytes in Advanced Melanoma Patients." J 
Immunol Res 2018: 3530148. 

 
Sakorafas, G. H., D. R. Farley and G. Peros (2008). "Recent 

advances and current controversies in the management 
of DCIS of the breast." Cancer Treat Rev 34(6): 483-

497. 
 

Salgado, R., C. Denkert, S. Demaria, N. Sirtaine, F. Klauschen, 
G. Pruneri, S. Wienert, G. Van den Eynden, F. L. 

Baehner, F. Penault-Llorca, E. A. Perez, E. A. Thompson, 

W. F. Symmans, A. L. Richardson, J. Brock, C. 
Criscitiello, H. Bailey, M. Ignatiadis, G. Floris, J. 

Sparano, Z. Kos, T. Nielsen, D. L. Rimm, K. H. Allison, J. 
S. Reis-Filho, S. Loibl, C. Sotiriou, G. Viale, S. Badve, S. 

Adams, K. Willard-Gallo and S. Loi (2015). "The 
evaluation of tumor-infiltrating lymphocytes (TILs) in 

breast cancer: recommendations by an International 
TILs Working Group 2014." Ann Oncol 26(2): 259-271. 

 
Sanati, S. (2018). "Morphologic and Molecular Features of 

Breast Ductal Carcinoma In Situ." Am J Pathol. 
 



Chapter 8  References 

 290 

Sanders, M. E., P. A. Schuyler, W. D. Dupont and D. L. Page 

(2005). "The natural history of low-grade ductal 
carcinoma in situ of the breast in women treated by 

biopsy only revealed over 30 years of long-term follow-
up." Cancer 103. 

 

Sandoval-Leon, A. C., K. Drews-Elger, C. R. Gomez-
Fernandez, M. M. Yepes and M. E. Lippman (2013). 

"Paget's disease of the nipple." Breast Cancer Res Treat 
141(1): 1-12. 

 
Sapino, A., Z. Coccorullo, P. Cassoni, G. Ghisolfi, P. Gugliotta, 

M. Bongiovanni, R. Arisio, P. Crafa and G. Bussolati 
(2003). "Which breast carcinomas need HER-2/neu gene 

study after immunohistochemical analysis? Results of 
combined use of antibodies against different c-erbB2 

protein domains." Histopathology 43(4): 354-362. 
 

Sato, S. and T. Tedder (1997). Leucocyte typing VI. White cell 
differentiation antigens. Kishimoto T, Kikutani H, von 

dem Borne AEG, M. D. Goyert SM and M. M. Kobe, 

Japan. New York, London, Garland Publishing 764-765. 
 

Sauerbrei, W., S. E. Taube, L. M. McShane, M. M. Cavenagh 
and D. G. Altman (2018). "Reporting Recommendations 

for Tumor Marker Prognostic Studies (REMARK): An 
Abridged Explanation and Elaboration." J Natl Cancer 

Inst 110(8): 803-811. 
 

Schmitt, M. W., M. J. Prindle and L. A. Loeb (2012). 
"Implications of genetic heterogeneity in cancer." Ann N 

Y Acad Sci 1267: 110-116. 
 

Schnitt, S. J. (2009). "The transition from ductal carcinoma in 
situ to invasive breast cancer: the other side of the 

coin." Breast Cancer Res 11(1): 101. 

 
Schnitt, S. J. and L. C. Collins (2009). Biopsy interpretation of 

the breast. Biopsy Interpretation Series, Lippincott 
Williams & Wilkins, Philadelphia, Pennsylvania: 51-95. 

 
Schouten van der Velden, A. P., M. S. Schlooz-Vries, C. Boetes 

and T. Wobbes (2009). "Magnetic resonance imaging of 
ductal carcinoma in situ: what is its clinical application? 

A review." Am J Surg 198(2): 262-269. 
 



Chapter 8  References 

 291 

Schroder, K., R. Zhou and J. Tschopp (2010). "The NLRP3 

inflammasome: a sensor for metabolic danger?" Science 
327(5963): 296-300. 

 
Schulman, A. M., J. A. Mirrielees, G. Leverson, J. 

Landercasper, C. Greenberg and L. G. Wilke (2017). 

"Reexcision Surgery for Breast Cancer: An Analysis of 
the American Society of Breast Surgeons (ASBrS) 

MasterySM Database Following the SSO-ASTRO “No Ink 
on Tumor” Guidelines." Annals of Surgical Oncology 

24(1): 52-58. 
 

Scott, M. A., M. D. Lagios, K. Axelsson, L. W. Rogers, T. J. 
Anderson and D. L. Page (1997). "Ductal carcinoma in 

situ of the breast: reproducibility of histological subtype 
analysis." Hum Pathol 28(8): 967-973. 

 
Scripcaru, G. and I. M. Zardawi (2012). "Mammary ductal 

carcinoma in situ: a fresh look at architectural patterns." 
Int J Surg Oncol 2012: 979521. 

 

Seo, K. J. and I. Y. Whang (2017). "Apocrine Ductal 
Carcinoma In Situ Presenting as a Large, Cystic Breast 

Mass: An Uncommon Presentation of a Rare Breast 
Lesion." Breast J 23(5): 594-595. 

 
Shekhar, M. P., L. Tait, R. J. Pauley, G. S. Wu, S. J. Santner, 

P. Nangia-Makker, V. Shekhar, H. Nassar, D. W. 
Visscher, G. H. Heppner and F. R. Miller (2008). 

"Comedo-ductal carcinoma in situ: A paradoxical role for 
programmed cell death." Cancer Biol Ther 7(11): 1774-

1782. 
 

Shergill, I. S. and M. Arya (2004). "Tissue microarrays." 
Expert Rev Mol Diagn 4(4): 421-423. 

 

Sheth, S. S., J. S. Bodnar, A. Ghazalpour, C. K. Thipphavong, 
S. Tsutsumi, A. D. Tward, P. Demant, T. Kodama, H. 

Aburatani and A. J. Lusis (2006). "Hepatocellular 
carcinoma in Txnip-deficient mice." Oncogene 25(25): 

3528-3536. 
 

Shiga, K., M. Hara, T. Nagasaki, T. Sato, H. Takahashi and H. 
Takeyama (2015). "Cancer-Associated Fibroblasts: Their 

Characteristics and Their Roles in Tumor Growth." 
Cancers (Basel) 7(4): 2443-2458. 

 



Chapter 8  References 

 292 

Shigeishi, H., S. Fujimoto, M. Hiraoka, S. Ono, M. Taki, K. 

Ohta, K. Higashikawa and N. Kamata (2009). 
"Overexpression of the receptor for hyaluronan-

mediated motility, correlates with expression of 
microtubule-associated protein in human oral squamous 

cell carcinomas." Int J Oncol 34(6): 1565-1571. 

 
Shiyanbola, O. O., B. L. Sprague, J. M. Hampton, K. Dittus, T. 

A. James, S. Herschorn, R. E. Gangnon, D. L. Weaver 
and A. Trentham-Dietz (2016). "Emerging trends in 

surgical and adjuvant radiation therapies among women 
diagnosed with ductal carcinoma in situ." Cancer 

15(122(18)): 2810-2818. 
 

Siegel, R. L., K. D. Miller and A. Jemal (2015). "Cancer 
statistics, 2015." CA Cancer J Clin 65(1): 5-29. 

 
Sikandar, B., M. A. Qureshi, T. Mirza, S. Khan and L. Avesi 

(2015). "Differential immune cell densities in ductal 
carcinoma In-Situ and invasive breast cancer: Possible 

role of leukocytes in early stages of carcinogenesis." Pak 

J Med Sci 31(2): 274-279. 
 

Silverstein, M. J. (2003a). "Current controversies in ductal 
carcinoma in situ of the breast: summary from the Lynn 

Sage Breast Cancer Symposium." J Am Coll Surg 
197(1): 115-118. 

 
Silverstein, M. J. (2003b). "The University of Southern 

California/Van Nuys prognostic index for ductal 
carcinoma in situ of the breast." Am J Surg 186(4): 

337-343. 
 

Silverstein, M. J., A. Barth, D. N. Poller, E. D. Gierson, W. J. 
Colburn, J. R. Waisman and P. Gamagami (1995b). 

"Ten-year results comparing mastectomy to excision and 

radiation therapy for ductal carcinoma in situ of the 
breast." Eur J Cancer 31a(9): 1425-1427. 

 
Silverstein, M. J. and M. D. Lagios (2015). "Treatment 

selection for patients with ductal carcinoma in situ 
(DCIS) of the breast using the University of Southern 

California/Van Nuys (USC/VNPI) prognostic index." 
Breast J 21(2): 127-132. 

 
Silverstein, M. J., M. D. Lagios, S. Groshen, J. R. Waisman, B. 

S. Lewinsky, S. Martino, P. Gamagami and W. J. Colburn 
(1999). "The influence of margin width on local control 



Chapter 8  References 

 293 

of ductal carcinoma in situ of the breast." N Engl J Med 

340(19): 1455-1461. 
 

Silverstein, M. J., D. N. Poller, J. R. Waisman, W. J. Colburn, 
A. Barth, E. D. Gierson, B. Lewinsky, P. Gamagami and 

D. J. Slamon (1995a). "Prognostic classification of breast 

ductal carcinoma-in-situ." Lancet 345(8958): 1154-
1157. 

 
Simpson, P. T., J. S. Reis-Filho, T. Gale and S. R. Lakhani 

(2005). "Molecular evolution of breast cancer." J Pathol 
205(2): 248-254. 

 
Singletary, S. E. (2002). "Surgical margins in patients with 

early-stage breast cancer treated with breast 
conservation therapy." Am J Surg 184(5): 383-393. 

 
Siziopikou, K. P. (2013). "Ductal Carcinoma In Situ of the 

Breast: Current Concepts and Future Directions." 
Archives of Pathology & Laboratory Medicine 137(4): 

462-466. 

 
Solin, L. J., R. Gray, F. L. Baehner, S. M. Butler, L. L. Hughes, 

C. Yoshizawa, D. B. Cherbavaz, S. Shak, D. L. Page, G. 
W. Sledge, Jr., N. E. Davidson, J. N. Ingle, E. A. Perez, 

W. C. Wood, J. A. Sparano and S. Badve (2013). "A 
multigene expression assay to predict local recurrence 

risk for ductal carcinoma in situ of the breast." J Natl 
Cancer Inst 105(10): 701-710. 

 
Sonoda, A., K. Mukaisho, T. Nakayama, V. T. Diem, T. Hattori, 

A. Andoh, Y. Fujiyama and H. Sugihara (2013). "Genetic 
lineages of undifferentiated-type gastric carcinomas 

analysed by unsupervised clustering of genomic DNA 
microarray data." BMC Med Genomics 6: 25. 

 

Sopik, V., P. Sun and S. A. Narod (2018). "Impact of 
microinvasion on breast cancer mortality in women with 

ductal carcinoma in situ." Breast Cancer Res Treat 
167(3): 787-795. 

 
Sorlie, T., C. M. Perou, R. Tibshirani, T. Aas, S. Geisler, H. 

Johnsen, T. Hastie, M. B. Eisen, M. van de Rijn, S. S. 
Jeffrey, T. Thorsen, H. Quist, J. C. Matese, P. O. Brown, 

D. Botstein, P. E. Lonning and A. L. Borresen-Dale 
(2001). "Gene expression patterns of breast carcinomas 

distinguish tumor subclasses with clinical implications." 
Proc Natl Acad Sci U S A 98(19): 10869-10874. 



Chapter 8  References 

 294 

 

Sotgia, F., U. E. Martinez-Outschoorn, A. Howell, R. G. Pestell, 
S. Pavlides and M. P. Lisanti (2012). "Caveolin-1 and 

cancer metabolism in the tumor microenvironment: 
markers, models, and mechanisms." Annu Rev Pathol 7: 

423-467. 

 
Sotiriou, C. and L. Pusztai (2009). "Gene-expression 

signatures in breast cancer." N Engl J Med 360(8): 790-
800. 

 
Staff, S., J. Isola, M. Jumppanen and M. Tanner (2010). 

"Aurora-A gene is frequently amplified in basal-like 
breast cancer." Oncol Rep 23(2): 307-312. 

 
Staley, H., I. McCallum and J. Bruce (2014). "Postoperative 

Tamoxifen for ductal carcinoma in situ: Cochrane 
systematic review and meta-analysis." Breast 23(5): 

546-551. 
 

Stallard, S., D. A. Hole, A. D. Purushotham, L. Y. Hiew, H. 

Mehanna, C. Cordiner, H. Dobson, E. A. Mallon and W. 
D. George (2001). "Ductal carcinoma in situ of the 

breast -- among factors predicting for recurrence, 
distance from the nipple is important." Eur J Surg Oncol 

27(4): 373-377. 
 

Stanton, S. E. and M. L. Disis (2016). "Clinical significance of 
tumor-infiltrating lymphocytes in breast cancer." J 

Immunother Cancer 4: 59. 
 

Stomper, P. C. and F. R. Margolin (1994). "Ductal carcinoma 
in situ: the mammographer’s perspective." AJR Am J 

Roentgenol 162(3): 585-591. 
 

Stuart, D. and W. R. Sellers (2009). "Linking somatic genetic 

alterations in cancer to therapeutics." Curr Opin Cell Biol 
21(2): 304-310. 

 
Su, Y., Y. Zheng, W. Zheng, K. Gu, Z. Chen, G. Li, Q. Cai, W. 

Lu and X. O. Shu (2011). "Distinct distribution and 
prognostic significance of molecular subtypes of breast 

cancer in Chinese women: a population-based cohort 
study." BMC Cancer 11: 292. 

 
Tabarestani, S., S. M. Ghaderian and H. Rezvani (2015). 

"Detection of Gene Amplification by Multiplex Ligation-
Dependent Probe Amplification in Comparison with In 



Chapter 8  References 

 295 

Situ Hybridization and Immunohistochemistry." Asian 

Pac J Cancer Prev 16(17): 7997-8002. 
 

Tamimi, R. M., H. J. Baer, J. Marotti, M. Galan, L. Galaburda, 
Y. Fu, A. C. Deitz, J. L. Connolly, S. J. Schnitt, G. A. 

Colditz and L. C. Collins (2008). "Comparison of 

molecular phenotypes of ductal carcinoma in situ and 
invasive breast cancer." Breast Cancer Research : BCR 

10(4): R67-R67. 
 

Tavassoli, F. A. (2005). "Breast pathology: rationale for 
adopting the ductal intraepithelial neoplasia (DIN) 

classification." Nat Clin Pract Oncol 2(3): 116-117. 
 

Tavassoli, T. and P. Devilee (2003). Pathology&Genetics. 
Tumours of the Breast and Female Genital Organs., IARC 

Press, Lyon, France,. 
 

Tedder, T. F. and P. Engel (1994). "CD20: a regulator of cell-
cycle progression of B lymphocytes." Immunol Today 

15(9): 450-454. 

 
Thomas, J., A. Evans, J. Macartney, S. E. Pinder, A. Hanby, I. 

Ellis, O. Kearins, T. Roberts, K. Clements, G. Lawrence 
and H. Bishop (2010). "Radiological and pathological size 

estimations of pure ductal carcinoma in situ of the 
breast, specimen handling and the influence on the 

success of breast conservation surgery: a review of 2564 
cases from the Sloane Project." Br J Cancer 102(2): 

285-293. 
 

Thomas, J., A. Hanby, S. E. Pinder, G. Ball, G. Lawrence, A. 
Maxwell, M. Wallis, A. Evans, H. Dobson, K. Clements 

and A. Thompson (2014). "Adverse surgical outcomes in 
screen-detected ductal carcinoma in situ of the breast." 

Eur J Cancer 50(11): 1880-1890. 

 
Thompson, E., J. M. Taube, H. Elwood, R. Sharma, A. Meeker, 

H. N. Warzecha, P. Argani, A. Cimino-Mathews and L. A. 
Emens (2016). "The immune microenvironment of 

breast ductal carcinoma in situ." Mod Pathol 29(3): 249-
258. 

 
Thomson, T. A., M. M. Hayes, J. J. Spinelli, E. Hilland, C. 

Sawrenko, D. Phillips, B. Dupuis and R. L. Parker (2001). 
"HER-2/neu in breast cancer: interobserver variability 

and performance of immunohistochemistry with 4 



Chapter 8  References 

 296 

antibodies compared with fluorescent in situ 

hybridization." Mod Pathol 14(11): 1079-1086. 
 

Tome, M. E., D. B. Johnson, L. M. Rimsza, R. A. Roberts, T. M. 
Grogan, T. P. Miller, L. W. Oberley and M. M. Briehl 

(2005). "A redox signature score identifies diffuse large 

B-cell lymphoma patients with a poor prognosis." Blood 
106(10): 3594-3601. 

 
Tomii, C., M. Inokuchi, Y. Takagi, T. Ishikawa, S. Otsuki, H. 

Uetake, K. Kojima and T. Kawano (2017). "TPX2 
expression is associated with poor survival in gastric 

cancer." World J Surg Oncol 15(1): 14. 
 

Torhorst, J., C. Bucher, J. Kononen, P. Haas, M. Zuber, O. R. 
Kochli, F. Mross, H. Dieterich, H. Moch, M. Mihatsch, O. 

P. Kallioniemi and G. Sauter (2001). "Tissue microarrays 
for rapid linking of molecular changes to clinical 

endpoints." Am J Pathol 159(6): 2249-2256. 
 

Toss, M. S., I. Miligy, A. Al-Kawaz, M. Alsleem, H. Khout, P. C. 

Rida, R. Aneja, A. R. Green, I. O. Ellis and E. A. Rakha 
(2018). "Prognostic significance of tumor-infiltrating 

lymphocytes in ductal carcinoma in situ of the breast." 
Mod Pathol 31(8): 1226-1236. 

 
Toss, M. S., S. E. Pinder, A. R. Green, J. Thomas, D. A. 

Morgan, J. F. Robertson, I. O. Ellis and E. A. Rakha 
(2017). "Breast conservation in ductal carcinoma in situ 

(DCIS): what defines optimal margins?" Histopathology 
70(5): 681-692. 

 
Tubbs, R. R., J. D. Pettay, P. C. Roche, M. H. Stoler, R. B. 

Jenkins and T. M. Grogan (2001). "Discrepancies in 
clinical laboratory testing of eligibility for trastuzumab 

therapy: apparent immunohistochemical false-positives 

do not get the message." J Clin Oncol 19(10): 2714-
2721. 

 
Tulu, U. S., C. Fagerstrom, N. P. Ferenz and P. Wadsworth 

(2006). "Molecular requirements for kinetochore-
associated microtubule formation in mammalian cells." 

Curr Biol 16(5): 536-541. 
 

Turner, N. C. and J. S. Reis-Filho (2012). "Genetic 
heterogeneity and cancer drug resistance." Lancet Oncol 

13(4): e178-185. 
 



Chapter 8  References 

 297 

van Gijn, S. E., E. Wierenga, N. van den Tempel, Y. P. Kok, A. 

M. Heijink, D. C. J. Spierings, F. Foijer, M. van Vugt and 
R. S. N. Fehrmann (2018). "TPX2/Aurora kinase A 

signaling as a potential therapeutic target in genomically 
unstable cancer cells." Oncogene. 

 

Van Zee, K. J., P. Subhedar, C. Olcese, S. Patil and M. Morrow 
(2015). "Relationship Between Margin Width and 

Recurrence of Ductal Carcinoma In Situ: Analysis of 
2996 Women Treated With Breast-conserving Surgery 

for 30 Years." Ann Surg 262(4): 623-631. 
 

Veronesi, U., G. Viale, N. Rotmensz and A. Goldhirsch (2006). 
"Rethinking TNM: breast cancer TNM classification for 

treatment decision-making and research." Breast 15(1): 
3-8. 

 
Vincent-Salomon, A., C. Lucchesi, N. Gruel, V. Raynal, G. 

Pierron, R. Goudefroye, F. Reyal, F. Radvanyi, R. 
Salmon, J. P. Thiery, X. Sastre-Garau, B. Sigal-Zafrani, 

A. Fourquet and O. Delattre (2008). "Integrated genomic 

and transcriptomic analysis of ductal carcinoma in situ of 
the breast." Clin Cancer Res 14(7): 1956-1965. 

 
Virnig, B. A., T. M. Tuttle, T. Shamliyan and R. L. Kane (2010). 

"Ductal carcinoma in situ of the breast: a systematic 
review of incidence, treatment, and outcomes." J Natl 

Cancer Inst 102(3): 170-178. 
 

Visscher, D. W. (2009). "Apocrine ductal carcinoma in situ 
involving a sclerosing lesion with adenosis: report of a 

case." Arch Pathol Lab Med 133(11): 1817-1821. 
 

Vuong, D., P. T. Simpson, B. Green, M. C. Cummings and S. 
R. Lakhani (2014). "Molecular classification of breast 

cancer." Virchows Arch 465(1): 1-14. 

 
Wadsten, C., H. Heyman, M. Holmqvist, J. Ahlgren, M. Lambe, 

M. Sund and F. Warnberg (2016). "A validation of DCIS 
registration in a population-based breast cancer quality 

register and a study of treatment and prognosis for DCIS 
during 20 years." Acta Oncol 55(11): 1338-1343. 

 
Wang, L., W. Zhang, S. Lyu, X. Liu, T. Zhang, S. Liu, Y. Qin, X. 

Tian and Y. Niu (2015). "Clinicopathologic characteristics 
and molecular subtypes of microinvasive carcinoma of 

the breast." Tumour Biol 36(4): 2241-2248. 
 



Chapter 8  References 

 298 

Wang, X., Y. X. Zhou, W. Qiao, Y. Tominaga, M. Ouchi, T. 

Ouchi and C. X. Deng (2006). "Overexpression of aurora 
kinase A in mouse mammary epithelium induces genetic 

instability preceding mammary tumor formation." 
Oncogene 25(54): 7148-7158. 

 

Wang, Y., J. Waters, M. L. Leung, A. Unruh, W. Roh, X. Shi, K. 
Chen, P. Scheet, S. Vattathil, H. Liang, A. Multani, H. 

Zhang, R. Zhao, F. Michor, F. Meric-Bernstam and N. E. 
Navin (2014). "Clonal evolution in breast cancer 

revealed by single nucleus genome sequencing." Nature 
512(7513): 155-160. 

 
Wapnir, I. L., J. J. Dignam, B. Fisher, E. P. Mamounas, S. J. 

Anderson, T. B. Julian, S. R. Land, R. G. Margolese, S. 
M. Swain, J. P. Costantino and N. Wolmark (2011). 

"Long-term outcomes of invasive ipsilateral breast tumor 
recurrences after lumpectomy in NSABP B-17 and B-24 

randomized clinical trials for DCIS." J Natl Cancer Inst 
103(6): 478-488. 

 

Ward, E. M., C. E. DeSantis, C. C. Lin, J. L. Kramer, A. Jemal, 
B. Kohler, O. W. Brawley and T. Gansler (2015). "Cancer 

statistics: Breast cancer in situ." CA: A Cancer Journal 
for Clinicians 65(6): 481-495. 

 
Watt, V., F. Ronchese and D. Ritchie (2007). "Resting B cells 

suppress tumor immunity via an MHC class-II dependent 
mechanism." J Immunother 30(3): 323-332. 

 
Wei, P., N. Zhang, Y. Xu, X. Li, D. Shi, Y. Wang, D. Li and S. 

Cai (2013). "TPX2 is a novel prognostic marker for the 
growth and metastasis of colon cancer." J Transl Med 

11: 313. 
 

Wei, S., C. P. Kragel, K. Zhang and O. Hameed (2012). 

"Factors associated with residual disease after initial 
breast-conserving surgery for ductal carcinoma in situ." 

Hum Pathol 43(7): 986-993. 
 

Weigelt, B. and J. S. Reis-Filho (2009). "Histological and 
molecular types of breast cancer: is there a unifying 

taxonomy?" Nat Rev Clin Oncol 6(12): 718-730. 
 

Weigelt, B. and J. S. Reis-Filho (2010). "Molecular profiling 
currently offers no more than tumour morphology and 

basic immunohistochemistry." Breast Cancer Res 12 
Suppl 4: S5. 



Chapter 8  References 

 299 

 

Wellings, S. R. and H. M. Jensen (1973). "On the origin and 
progression of ductal carcinoma in the human breast." J 

Natl Cancer Inst 50(5): 1111-1118. 
 

Welsh, S. J., W. T. Bellamy, M. M. Briehl and G. Powis (2002). 

"The redox protein thioredoxin-1 (Trx-1) increases 
hypoxia-inducible factor 1alpha protein expression: Trx-

1 overexpression results in increased vascular 
endothelial growth factor production and enhanced 

tumor angiogenesis." Cancer Res 62(17): 5089-5095. 
 

Weng, E. Y., G. J. Juillard, R. G. Parker, H. R. Chang and J. A. 
Gornbein (2000). "Outcomes and factors impacting local 

recurrence of ductal carcinoma in situ." Cancer 88(7): 
1643-1649. 

 
Wheeler, D. L., M. Iida and E. F. Dunn (2009). "The role of Src 

in solid tumors." Oncologist 14(7): 667-678. 
 

Williams, K. E., N. L. Barnes, A. Cramer, R. Johnson, K. 

Cheema, J. Morris, M. Howe and N. J. Bundred (2015). 
"Molecular phenotypes of DCIS predict overall and 

invasive recurrence." Ann Oncol 26(5): 1019-1025. 
 

Wilson, C. A., E. E. Cajulis, J. L. Green, T. M. Olsen, Y. A. 
Chung, M. A. Damore, J. Dering, F. J. Calzone and D. J. 

Slamon (2005). "HER-2 overexpression differentially 
alters transforming growth factor-beta responses in 

luminal versus mesenchymal human breast cancer 
cells." Breast Cancer Res 7(6): R1058-1079. 

 
Wilson, G. R., A. Cramer, A. Welman, F. Knox, R. Swindell, H. 

Kawakatsu, R. B. Clarke, C. Dive and N. J. Bundred 
(2006). "Activated c-SRC in ductal carcinoma in situ 

correlates with high tumour grade, high proliferation and 

HER2 positivity." Br J Cancer 95(10): 1410-1414. 
 

Wolff, A. C., M. E. Hammond, D. G. Hicks, M. Dowsett, L. M. 
McShane, K. H. Allison, D. C. Allred, J. M. Bartlett, M. 

Bilous, P. Fitzgibbons, W. Hanna, R. B. Jenkins, P. B. 
Mangu, S. Paik, E. A. Perez, M. F. Press, P. A. Spears, G. 

H. Vance, G. Viale and D. F. Hayes (2013). 
"Recommendations for human epidermal growth factor 

receptor 2 testing in breast cancer: American Society of 
Clinical Oncology/College of American Pathologists 

clinical practice guideline update." J Clin Oncol 31(31): 
3997-4013. 



Chapter 8  References 

 300 

 

Wong, J. S., Y. H. Chen, M. A. Gadd, R. Gelman, S. C. Lester, 
S. J. Schnitt, D. C. Sgroi, B. J. Silver, B. L. Smith, S. L. 

Troyan and J. R. Harris (2014). "Eight-year update of a 
prospective study of wide excision alone for small low- 

or intermediate-grade ductal carcinoma in situ (DCIS)." 

Breast Cancer Res Treat 143(2): 343-350. 
 

Woolston, C. M., L. Zhang, S. J. Storr, A. Al-Attar, M. Shehata, 
I. O. Ellis, S. Y. Chan and S. G. Martin (2012). "The 

prognostic and predictive power of redox protein 
expression for anthracycline-based chemotherapy 

response in locally advanced breast cancer." Mod Pathol 
25(8): 1106-1116. 

 
Wu, X., G. Chen, J. Qiu, J. Lu, W. Zhu, J. Chen, S. Zhuo and J. 

Yan (2016). "Visualization of basement membranes in 
normal breast and breast cancer tissues using 

multiphoton microscopy." Oncol Lett 11(6): 3785-3789. 
 

Xu, K., X. Tian, S. Y. Oh, M. Movassaghi, S. P. Naber, C. 

Kuperwasser and R. J. Buchsbaum (2016). "The 
fibroblast Tiam1-osteopontin pathway modulates breast 

cancer invasion and metastasis." Breast Cancer Res 
18(1): 14. 

 
Yamada, T., N. Mori, M. Watanabe, I. Kimijima, T. Okumoto, 

K. Seiji and S. Takahashi (2010). "Radiologic-pathologic 
correlation of ductal carcinoma in situ." Radiographics 

30(5): 1183-1198. 
 

Yamashiro, H. and M. Toi (2008). "Update of evidence in 
chemotherapy for breast cancer." Int J Clin Oncol 13(1): 

3-7. 
 

Yang, Y., D. P. Li, N. Shen, X. C. Yu, J. B. Li, Q. Song and J. H. 

Zhang (2015). "TPX2 promotes migration and invasion 
of human breast cancer cells." Asian Pac J Trop Med 

8(12): 1064-1070. 
 

Yap, T. A., M. Gerlinger, P. A. Futreal, L. Pusztai and C. 
Swanton (2012). "Intratumor heterogeneity: seeing the 

wood for the trees." Sci Transl Med 4(127): 127ps110. 
 

Yeatman, T. J. (2004). "A renaissance for SRC." Nat Rev 
Cancer 4(6): 470-480. 

 



Chapter 8  References 

 301 

Yeong, J., A. A. Thike, P. H. Tan and J. Iqbal (2017). 

"Identifying progression predictors of breast ductal 
carcinoma in situ." J Clin Pathol 70(2): 102-108. 

 
Yi, M., F. Meric-Bernstam, H. M. Kuerer, E. A. Mittendorf, I. 

Bedrosian, A. Lucci, R. F. Hwang, J. R. Crow, S. Luo and 

K. K. Hunt (2012). "Evaluation of a breast cancer 
nomogram for predicting risk of ipsilateral breast tumor 

recurrences in patients with ductal carcinoma in situ 
after local excision." J Clin Oncol 30(6): 600-607. 

 
Yoshihara, E., S. Masaki, Y. Matsuo, Z. Chen, H. Tian and J. 

Yodoi (2014). "Thioredoxin/Txnip: redoxisome, as a 
redox switch for the pathogenesis of diseases." Front 

Immunol 4: 514. 
 

Young, O. E., K. Valassiadou and M. Dixon (2007). "A Review 
of Current Practices in Breast Conservation Surgery in 

the UK." Annals of The Royal College of Surgeons of 
England 89(2): 118-123. 

 

Zhang, C., Z. Fang, Y. Xiong, J. Li, L. Liu, M. Li, W. Zhang and 
J. Wan (2010). "Copy number increase of aurora kinase 

A in colorectal cancers: a correlation with tumor 
progression." Acta Biochim Biophys Sin (Shanghai) 

42(11): 834-838. 
 

Zhang, S., W. C. Huang, L. Zhang, C. Zhang, F. J. Lowery, Z. 
Ding, H. Guo, H. Wang, S. Huang, A. A. Sahin, K. D. 

Aldape, P. S. Steeg and D. Yu (2013). "SRC family 
kinases as novel therapeutic targets to treat breast 

cancer brain metastases." Cancer Res 73(18): 5764-
5774. 

 
Zhang, X., H. Dai, B. Liu, F. Song and K. Chen (2015). 

"Predictors for local invasive recurrence of ductal 

carcinoma in situ of the breast: a meta-analysis." Eur J 
Cancer Prev. 

 
Zhao, J., R. Wu, A. Au, A. Marquez, Y. Yu and Z. Shi (2002). 

"Determination of HER2 gene amplification by 
chromogenic in situ hybridization (CISH) in archival 

breast carcinoma." Mod Pathol 15(6): 657-665. 
 

Zheng, F., C. Yue, G. Li, B. He, W. Cheng, X. Wang, M. Yan, Z. 
Long, W. Qiu, Z. Yuan, J. Xu, B. Liu, Q. Shi, E. W. Lam, 

M. C. Hung and Q. Liu (2016). "Nuclear AURKA acquires 
kinase-independent transactivating function to enhance 



Chapter 8  References 

 302 

breast cancer stem cell phenotype." Nat Commun 7: 

10180. 
 

Zheng, F. M., Z. J. Long, Z. J. Hou, Y. Luo, L. Z. Xu, J. L. Xia, 
X. J. Lai, J. W. Liu, X. Wang, M. Kamran, M. Yan, S. J. 

Shao, E. W. Lam, S. W. Wang, G. Lu and Q. Liu (2014). 

"A novel small molecule aurora kinase inhibitor 
attenuates breast tumor-initiating cells and overcomes 

drug resistance." Mol Cancer Ther 13(8): 1991-2003. 
 

Zhou, H., J. Kuang, L. Zhong, W. L. Kuo, J. W. Gray, A. Sahin, 
B. R. Brinkley and S. Sen (1998). "Tumour amplified 

kinase STK15/BTAK induces centrosome amplification, 
aneuploidy and transformation." Nat Genet 20(2): 189-

193. 
 

Zhou, J. and W. J. Chng (2013). "Roles of thioredoxin binding 
protein (TXNIP) in oxidative stress, apoptosis and 

cancer." Mitochondrion 13(3): 163-169. 
 

Zhou, J., Q. Yu and W. J. Chng (2011). "TXNIP (VDUP-1, TBP-

2): a major redox regulator commonly suppressed in 
cancer by epigenetic mechanisms." Int J Biochem Cell 

Biol 43(12): 1668-1673. 
 

Zhou, W., K. Jirstrom, R. M. Amini, M. L. Fjallskog, T. Sollie, 
H. Lindman, T. Sorlie, C. Blomqvist and F. Warnberg 

(2013). "Molecular subtypes in ductal carcinoma in situ 
of the breast and their relation to prognosis: a 

population-based cohort study." BMC Cancer 13: 512. 
 

Zhou, W., K. Jirstrom, C. Johansson, R. M. Amini, C. 
Blomqvist, O. Agbaje and F. Warnberg (2010). "Long-

term survival of women with basal-like ductal carcinoma 
in situ of the breast: a population-based cohort study." 

BMC Cancer 10: 653. 

 
Zhou, X., P. Wang and H. Zhao (2018). "The Association 

Between AURKA Gene rs2273535 Polymorphism and 
Gastric Cancer Risk in a Chinese Population." Front 

Physiol 9: 1124. 
 

Zitvogel, L., O. Kepp and G. Kroemer (2011). "Immune 
parameters affecting the efficacy of chemotherapeutic 

regimens." Nat Rev Clin Oncol 8(3): 151-160. 
 

Zou, D., H. S. Yoon, A. Anjomshoaa, D. Perez, R. Fukuzawa, 
P. Guilford and B. Humar (2009). "Increased levels of 



Chapter 8  References 

 303 

active c-Src distinguish invasive from in situ lobular 

lesions." Breast Cancer Res 11(4): R45. 
 

Zou, J., R. Y. Huang, F. N. Jiang, D. X. Chen, C. Wang, Z. D. 
Han, Y. X. Liang and W. D. Zhong (2018). 

"Overexpression of TPX2 is associated with progression 

and prognosis of prostate cancer." Oncol Lett 16(3): 
2823-2832. 

 
Zujewski, J. A., L. C. Harlan, D. M. Morrell and J. L. Stevens 

(2011). "Ductal carcinoma in situ: trends in treatment 
over time in the US." Breast Cancer Res Treat 127(1): 

251-257. 
 

 


