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ABSTRACT

This thesis focuses on the role that benign breast disease (BBD) plays in the subsequent 

development of breast cancer. The epidemiology o f both diseases is described and 

important risk factor differences are highlighted. Results are presented from a cohort o f

22,500 women first seen for BBD at Guy’s Hospital between 1946 and 1982. This is 

one of the largest studies o f its kind with a median follow-up o f 19 years. Comparison 

to population breast cancer incidence rates gave a standardised incidence ratio (SIR) of

154.8 (95% Cl: 142.6-168.1). The risk was greater for women with BBD requiring 

immediate treatment or further investigation such as biopsy or aspiration (SIR=170, 

95% Cl: 152-190), but was also elevated in those with ‘untreated’ BBD (SIR=140, 95% 

Cl: 123-158). Women with a family history o f breast cancer were at greater risk as were 

nulliparous women and women older at first childbirth. The risk o f cancer decreased 

over time but remained elevated up to 20 years after the initial episode of BBD. The 

longevity o f risk was more pronounced in women with ‘treated’ BBD and those 

remaining at risk 20 years after initial diagnosis had an SIR o f 155 (95% Cl: 105-227) 

for subsequent breast cancer. A case-control pathological review of the benign tissue o f 

women who underwent BBD biopsy and who subsequently did or did not develop 

cancer was performed. This allowed more accurate assessment of the risks associated 

with specific histologic types o f BBD. Proliferative disease with atypia conferred a risk 

o f breast cancer over four times that of non-proliferative biopsied disease (OR=4.25, 

95% Cl: 2.07-8.72). Intraduct papilloma was found to carry a greater risk of subsequent 

cancer than other forms o f biopsied BBD (OR=3.47, 95% Cl: 1.79-6.74). Such 

identification o f high-risk benign lesions will facilitate further work on biomolecular 

markers for breast cancer and will ultimately support cancer prevention strategy.

2



Table of Contents

Acknowledgements.....................................................................................................................9

List o f tables............................................................................................................................... 10

List o f figures.............................................................................................................................13

List o f abbreviations.................................................................................................................. 14

PREFACE............................................................................................................................16

1. BREAST CANCER EPIDEMIOLOGY.................................................................. 18

1.1 Incidence and mortality............................................................................................. 19

1.2 Risk factors for breast cancer...................................................................................21

1.2.1 A ge..................................................................................................................21

1.2.2 Menstrual factors...........................................................................................21

1.2.3 Reproductive factors....................................................................................22

1.2.4 Family history o f breast cancer.................................................................. 23

1.2.5 History o f benign breast disease................................................................. 23

1.2.6 History of non-breast diseases.....................................................................23

1.2.7 Weight, obesity and height.......................................................................... 24

1.2.8 Socio-economic status..................................................................................24

1.2.9 Race and ethnicity........................................................................................ 24

1.2.10 Use o f oral contraceptives........................................................................... 25

1.2.11 Use o f hormone replacement therapy.........................................................25

1.2.12 Smoking......................................................................................................... 26

1.2.13 Alcohol........................................................................................................... 26

1.2.14 Dietary factors............................................................................................... 27

1.2.15 Radiation........................................................................................................28

1.2.16 Other environmental exposures...................................................................28

1.2.17 Other lifestyle factors...................................................................................29

1.2.18 Parenchymal patterns...................................................................................29

1.3 Breast cancer genetics............................................................................................... 32

1.3.1 BRCA1 and BRCA 2.................................................................................... 32

1.3.2 Other breast cancer susceptibility genes................................................... 33

1.3.3 Genetic aberrations in breast cancer........................................................... 33

3



2. BENIGN BREAST D ISEA SE........................................................................................ 35

2.1 Concept and nomenclature......................................................................................... 37

2.2 Incidence.......................................................................................................................40

2.3 Types o f benign breast disease................................................................................. 42

2.3.1 Mastalgia and nodularity..............................................................................42

2.3.2 Fibroadenoma.................................................................................................42

2.3.3 Cysts................................................................................................................ 43

2.3.4 Apocrine metaplasia......................................................................................44

2.3.5 Simple epithelial hyperplasias without atypia...........................................44

2.3.6 Duct papilloma...............................................................................................45

2.3.7 Duct ectasia and periduct mastitis...............................................................45

2.3.8 Moderate or florid hyperplasia without atypia..........................................46

2.3.9 Atypical epithelial hyperplasias..................................................................47

2.3.10 In-situ carcinomas......................................................................................... 48

2.4 Epidemiology o f and risk factors for benign breast disease..................................49

2.4.1 A ge...................................................................................................................49

2.4.2 Menstrual factors........................................................................................... 49

2.4.3 Reproductive factors.....................................................................................51

2.4.4 History o f breast and other diseases............................................................53

2.4.5 Obesity............................................................................................................ 56

2.4.6 Socio-economic status...................................................................................57

2.4.7 Race..................................................................................................................58

2.4.8 Use o f oral contraceptives............................................................................ 58

2.4.9 Hormone replacement therapy.................................................................... 60

2.4.10 Sm oking.......................................................................................................... 62

2.4.11 Alcohol............................................................................................................ 63

2.4.12 Methylxanthines.............................................................................................63

2.4.13 Dietary factors................................................................................................ 64

2.4.14 Radiation......................................................................................................... 66

2.5 BBD and its relationship to breast cancer................................................................67

2.5.1 Early studies considering BBD as a risk factor for breast cancer..........67

2.5.2 Mastalgia and nodularity.............................................................................. 69

2.5.3 Fibroadenoma................................................................................................. 70

2.5.4 Cysts................................................................................................................. 71

4



2.5.5 Sclerosing adenosis...................................................................................... 73

2.5.6 Intraduct papillomas..................................................................................... 73

2.5.7 Apocrine metaplasia and papillary apocrine change............................... 74

2.5.8 Proliferation and atypia - Page and Dupont’s classification..................74

2.5.9 Radial scar and calcifications..................................................................... 77

2.5.10 Interactions between BBD and other breast cancer risk factors............ 77

2.5.11 Pre-cursors or marker lesions..................................................................... 79

2.5.12 Other biological markers............................................................................. 81

TH E ICRF/G U Y ’S HOSPITAL BREAST UNIT C O H O R T ...................................84

3.1 Introduction..................................................................................................................87

3.2 Historical background to the study.......................................................................... 88

3.2.1 Pilot study...................................................................................................... 88

3.2.2 Identificaion o f addresses and NHS num bers.......................................... 90

3.2.3 Questionnaire................................................................................................90

3.2.4 Tracing and flagging....................................................................................92

3.3 The cancer registration system..................................................................................93

3.4 Cross-referencing of cancers within the benign cohort......................................... 95

3.4.1 Shortfall o f cancers: 1 - inaccurate data entry........................................... 95

3.4.2 The Guy’s Breast Unit indexing system.........................................97

3.4.3 Shortfall o f cancers: 2 - un-notified Guy’s cancers.................................. 98

3.4.4 Shortfall o f cancers: 3 - missing cohort members.....................................98

3.4.5 Thames Cancer registry notifications...................................................... 101

3.5 Summary of cancer notifications............................................................................ 102

3.6 Current status o f the cohort......................................................................................104

3.7 Baseline information.................................................................................................106

3.7.1 Data collected..............................................................................................106

3.7.2 Missing values.............................................................................................106

3.7.3 Menstrual, reproductive and family history data....................................107

3.7.4 Comparison o f additional women to original cohort members............109

3.7.5 Type of benign disease.............................................................................. 110

3.8 Questionnaire d a ta ....................................................................................................115

3.8.1 Comparison of women sent a questionnaire to those not......................115

3.8.2 Comparison of questionnaire responders to non-responders............... 116



3.8.3 Questionnaire responses............................................................................. 119

3.8.4 Consistency o f d a ta ..................................................................................... 119

3.9 Inclusion of values originally missing at baseline............................................. 122

3.9.1 Using multiple sources o f data.................................................................. 122

3.9.2 Variables with a specified non-zero missing code................................. 123

3.9.3 Variables where ‘missing’ was inadvertently re-coded to zero.............126

3.10 Biopsy data.................................................................................................................131

3.10.1 Data collected............................................................................................... 131

3.10.2 Factors determining biopsy........................................................................131

3.10.3 Histologic diagnosis....................................................................................134

3.11 A categorisation o f benign diseases in the cohort.............................................. 135

3.12 Epidemiology o f BBD within the cohort.............................................................139

3.13 Type o f cancer..........................................................................................................148

4. COHORT RISK OF BREAST CANCER FOLLOWING BENIGN BREAST 

DISEASE .................................................................................................................... 150

4.1 Methodology............................................................................................................ 152

4.1.1 Woman-years at risk....................................................................................152

4.1.2 Events............................................................................................................ 155

4.1.3 Standardised incidence ra tes ......................................................................156

4.1.4 Population rates o f cancer.......................................................................... 157

4.1.5 Poisson regression....................................................................................... 160

4.2 Results I: Standardised incidence ratios................................................................ 162

4.2.1 Illustration o f the post-1991 shortfall in cancer notifications...............162

4.2.2 SIRs using different reference populations............................................. 162

4.2.3 Risk o f all cancers and o f non-breast cancer....................................... 164

4.2.4 Risk o f breast cancer: Age and period effects.....................................165

4.2.5 Exclusion o f second cancers..................................................................... 166

4.2.6 Risk o f breast cancer: effect o f time since B B D .................................167

4.2.7 Risk o f breast cancer: effect o f type o f B B D ...................................... 168

4.2.8 Stratified analysis o f the SIR by baseline factors................................... 170

4.3 Results II: Poisson regression modelling o f the rate o f breast cancer...............176

4.3.1 Simplification o f age and calendar year variables...............................176

4.3.2 Effects o f type o f BBD............................................................................... 177

6



4.3.3 Poisson modelling of other baseline variables....................................... 179

4.3.4 Effects of type o f BBD adjusted for baseline variables........................184

4.3.5 Interactions...................................................................................................187

4.3.6 Relative risks o f breast cancer...................................................................189

4.3.7 Effect of time since B B D .......................................................................... 191

4.4 Summary..................................................................................................................... 193

5. BIOPSY REVIEW AND NESTED CASE-CONTROL STUDY....................... 194

5.1 Justification and aims................................................................................................196

5.2 Pilot review................................................................................................................ 197

5.2.1 Identification o f case and control biopsies..............................................197

5.2.2 Results.......................................................................................................... 198

5.2.3 Conclusions................................................................................................. 198

5.3 Identification o f cases and controls for main review ............................................ 201

5.4 Histologic review criteria.........................................................................................202

5.5 Statistical m ethods....................................................................................................203

5.6 Results........................................................................................................................ 204

5.6.1 Slide retrieval..............................................................................................204

5.6.2 Histologic features found on review ....................................................... 204

5.6.3 Comparison o f original and reviewed histology................................... 207

5.6.4 Baseline characteristics o f women by reviewed histology...................212

5.7 Breast cancer risk ......................................................................................................214

5.7.1 Exclusions from the risk analysis............................................................ 214

5.7.2 Comparison o f cases and controls by baseline characteristics............ 214

5.7.3 Breast cancer risk by histologic features present on review................ 216

5.7.4 Odds relative to non-proliferative disease.............................................. 222

5.7.5 Comparison o f odds ratios from matched and unmatched analyses ... 224

5.7.6 Trend in risk with increasing extent o f specific histologic features.... 227

5.7.7 Effect o f atypia........................................................................................... 228

5.7.8 Risk of breast cancer associated with combinations o f histology

features......................................................................................................... 230

5.7.9 Interactions between histology and baseline variables......................... 231

5.8 Case-control comparison to non-biopsied women...............................................232

5.8.1 Justification.................................................................................................232

7



5.8.2 Selection o f a non-biopsied baseline group.............................................233

5.8.3 Odds relative to a fixed baseline group................................................... 234

5.9 Summary of biopsy review results.......................................................................... 237

6. DISCUSSION................................................................................................................238

6.1 Risk factors for BBD and breast cancer................................................................. 239

6.1.1 Reproductive and menstrual factors........................................................ 239

6.1.2 Other factors................................................................................................ 240

6.2 Factors that have differential effects on risk o f BBD and breast cancer...........241

6.3 The Guy’s Breast Unit BBD cohort........................................................................242

6.4 Overall increased risk o f breast cancer in women with B B D .............................244

6.4.1 Risk factors for breast cancer in women with BBD..............................246

6.4.2 Duration o f risk .......................................................................................... 248

6.5 Increased risks associated with specific types o f B B D ........................................248

6.6 Interpretation o f biopsy review results................................................................... 251

6.7 Models o f familial risk ............................................................................................. 253

6.8 Future w ork................................................................................................................ 253

Appendix A: Details o f studies assessing risk factors for benign breast disease....... 255

Appendix B: Details o f cohort studies assessing the risk o f breast cancer after

benign breast disease.................................................................................. 273

Appendix C: Information notified by the National Health Service Central

R egister.........................................................................................................283

Appendix D: Data collection form s.................................................................................. 288

Appendix E: Cross tabulations o f questionnaire responses and baseline data ...........295

References................................................................................................................................. 306



Acknowledgements

I would like to thank my supervisors Dr. Jack Cuzick and Professor Stephen Senn for 

their help and advice throughout this thesis. I am indebted to previous staff in the 

ICRF’s Mathematics, Statistics and Epidemiology Department and in the Guy’s Breast 

Unit who designed the initial study, collected the baseline data and established the data 

set. I must also thank Diane Ridley and others at the Breast Unit staff who were most 

helpful in giving me access to old patient records and staff at the National Health 

Service Central Register and Thames Cancer Registry who helped with my many 

queries over notification o f cancer registrations. A special thank you is afforded to Dr. 

Andy Hanby o f the Hedley Atkins/ICRF Breast Pathology Laboratory at Guy’s Hospital 

who gave many hours of his time for reviewing biopsy slides.

I am grateful to my colleagues, family and friends, particularly Matt, for their continuing 

support.

9



List of Tables

Table 2.1: Consensus Statement: Relative risk for invasive breast carcinoma

based on pathological examination of benign breast tissue....................39

Table 2.2: A classification o f benign disorders based on the ANDI concept........... 39

Table 2.3: Early cohort studies assessing risk o f cancer after cystic disease........... 68

Table 2.4: Risk o f breast cancer following cystic disease...........................................72

Table 2.5: Risk o f breast cancer following atypical hyperplasia................................ 76

Table 3.1: Family Practitioner Committees o f the cohort...........................................91

Table 3.2: Questionnaire responses................................................................................ 91

Table 3.3: Summary of cancer information................................................................. 102

Table 3.4: Current status o f the cohort.........................................................................105

Table 3.5: Baseline data in 22,545 w om en .................................................................108

Table 3.6: Comparison o f new to original cohort members......................................110

Table 3.7: Baseline characteristics o f benign disease in 22,545 women.................112

Table 3.8: Number (percent) o f recorded initial diagnoses by year o f first

attendance at Guy’s Breast U nit................................................................114

Table 3.9: Comparison o f 12, 850 women sent a questionnaire to 9,179

excluded from the main questionnaire study........................................... 116

Table 3.10: Comparison o f questionnaire responders to non-responders.................118

Table 3.11: Questionnaire data from 6,850 replies...................................................... 120

Table 3.12: Values derived from the postal questionnaire and Guy’s Breast Unit

cancer database.............................................................................................125

Table 3.13: Distribution o f missing and ‘none or missing’ data for number o f

children.......................................................................................................... 128

Table 3.14: Post-questionnaire IRRs for breast cancer: ‘known none’ versus

‘none or missing’ coded w om en...............................................................129

Table 3.15: Comparison o f women with and without biopsy data.............................132

Table 3.16: Effect o f signs and symptoms o f disease on likelihood of biopsy 133

Table 3.17: Histologic findings in 6,642 women with biopsies................................. 134

Table 3.18: Provisional diagnosis by category o f benign disease..............................138

Table 3 .19a: Comparison o f non-biopsied BBD categories. 1: Mean (SD) values

o f continuous variables...............................................................................140

10



Table 3.19b: Comparison of non-biopsied BBD categories. 2: Distribution of

categorical variables................................................................................... 141

Table 3.20a: Comparison of biopsied BBD categories. 1: Mean (SD) values o f

continuous variables................................................................................... 142

Table 3.20b: Comparison of biopsied BBD categories. 2: Distribution of

categorical variables....................................................................................143

Table 3.21: Frequency (percent) o f histologic subtypes o f breast cancer in 302

women with breast cancer diagnosed at Guy’s hospital........................ 148

Table 4.1: Number o f women and events excluded from analyses of cancer

risk................................................................................................................. 154

Table 4.2: Comparison of SIRs for breast cancer using different baseline rate

files................................................................................................................163

Table 4.3: SIRs for common cancers 1960-1991.......................................................164

Table 4.4: Risk o f breast cancer by age....................................................................... 166

Table 4.5: SIRs for breast cancer by provisional diagnosis o f BBD....................... 169

Table 4.6: SIRs for breast cancer by BBD category.................................................. 169

Table 4.7 : SIRs for breast cancer by histologic feature o f biopsied BBD.............. 170

Table 4.8: SIRs for breast cancer by baseline factors................................................ 171

Table 4.9: SIRs for breast cancer in women with a family history o f breast

cancer........................................................................................................... 173

Table 4.10: Parameterisation o f age and calendar year for use in Poisson

modelling...................................................................................................... 176

Table 4.11: Age and calendar year adjusted incidence rate ratios for categories

of BBD obtained by Poisson regression...................................................179

Table 4.12: Poisson regression IRRs for breast cancer by various baseline

variables....................................................................................................... 181

Table 4.13: ‘Fully’ adjusted IRRs for BBD categories...............................................186

Table 4.14: ‘Fully’ adjusted IRRs by histologic feature o f biopsied BBD............... 186

Table 4.15: IRRs (95% Cl) for family history by BBD category.............................. 188

Table 4.16: Relative risk of breast cancer after treated BBD.....................................190

Table 5.1: Pilot study results........................................................................................ 199

Table 5.2: Histologic features identified on biopsy review in 570 women........... 205

11



Table 5.3: Frequency of common pair-wise combinations o f histologic

features..........................................................................................................207

Table 5.4: Comparison o f original to reviewed histology.........................................209

Table 5.5: Comparison o f reviewed to originally recorded histology.....................211

Table 5.6: ORs for baseline variables included in the logistic regression model

for breast cancer risk ...................................................................................218

Table 5.7: Histologic features seen on review and their associated risk of

cancer............................................................................................................ 219

Table 5.8: ORs for proliferative and non-proliferative disease................................223

Table 5.9: ORs for specific types o f proliferative disease........................................ 223

Table 5.10: ORs (standard errors) from models taking differing accounts of

matching........................................................................................................226

Table 5.11: ORs for specific histologic features by increasing frequency............... 227

Table 5.12: ORs for epithelial hyperplasia and / or sclerosing adenosis.................. 231

Table 5.13: ORs relative to an arbitrary reference group o f untreated w om en 236

Table A1: Details o f studies in Tables A2 to A 1 0 .................................................... 256

Table A2: Age at menarche as a risk factor for BBD................................................260

Table A3: Irregularity o f menses as a risk factor for BBD....................................... 261

Table A4: Menopausal status / age at natural menopause as a risk factor for

BBD............................................................................................................... 262

Table A5: Parity / nulliparity as risk factors for BBD...............................................263

Table A6: Age at first birth as a risk factor for B B D ................................................265

Table A7: Obesity, weight and height as risk factors for BBD ............................... 267

Table A8: OC use as a risk factor for BBD................................................................ 268

Table A9: HRT as a risk factor for BBD.....................................................................271

Table A 10: Smoking as a risk factor for B B D ............................................................. 272

Table B 1: Cohort studies assessing the risk o f cancer after BBD...........................274

Table C l : Latest FPC cipher postings on the NHSCR Central Index.................... 284

Table C2: NHSCR notified cancers............................................................................ 285

Table C3: NHSCR notified underlying causes o f d eath ..........................................286

12



Table E 1: Age at menarche........................................................................................... 296

Table E2: Menstrual status........................................................................................... 297

Table E3: Age at natural menopause...........................................................................298

Table E4: Ovarian status in women reporting a hysterectomy at baseline and

on the questionnaire................................................................................... 299

Table E5: Age at artificial menopause / hysterectomy............................................. 300

Table E6: Number o f children among women postmenopausal at baseline and

questionnaire............................................................................................... 301

Table E7: Number o f terminated pregnancies or miscarriages among women

postmenopausal at baseline and questionnaire....................................... 301

Table E8: Age at first childbirth.................................................................................. 302

Table E9: Age at last childbirth................................................................................... 303

Table E10: Oral contraceptive use................................................................................. 304

Table E l l :  Family history of breast cancer..................................................................305

Table E l 2: Relationship o f any affected first degree relatives..................................305

Table E 13: Relationship of any non-first degree affected relatives..........................305

List of Figures

Figure 3.1: Construction o f the cohort.............................................................................89

Figure 3.2: Identification o f cancers................................................................................96

Figure 4.1: Age standardised rate o f female breast cancer registration

1960-1996.................................................................................................... 159

Figure 4.2: SIR for breast cancer by years since BBD.................................................167

Figure 4.3: SIR for breast cancer by years of follow-up and treatment o f BBD ... 192

13



List of Abbreviations

Types of benign breast disease:

ADH atypical ductal hyperplasia

ALH atypical lobular hyperplasia

AH atypical hyperplasia

ANDI aberrations o f normal development and involution

AOC aspiration o f cyst

BBD benign breast disease

BPED benign proliferative epithelial disease

CAL calcification

CCM chronic cystic mastitis

CD cystic disease

DCIS ductal carcinoma in-situ

DE duct ectasia

EH epithelial hyperplasia

FA fibroadenoma

FCD fibrocystic disease

IDP intraductal papilloma

LCIS lobular carcinoma in-situ

NPD non-pro liferative disease

PAC papillary apocrine change

PCM pink cell metaplasia

PD proliferative disease

PDWA proliferative disease without atypia

PDM periduct mastitis

SA sclerosing adenosis

14



Statistical abbreviations:

Cl confidence interval

IRR incidence rate ratio

IQ inter-quartile

LRT likelihood ratio test

OR odds ratio

RR relative risk

SD standard deviation

SE standard error

SIR standardised incidence rate (usually expressed here as a percentage o f 100)

SIRR standardised incidence rate ratio

Other abbreviations:

AT ataxia telangiectasia

DCO death certificate only cancer registration

FH family history (of breast cancer)

FPC Family Practitioner Committee

HRT hormone (oestrogen) replacement therapy

ICD International Classification of Diseases

NHSCR National Health Service Central Register

OC oral contraceptive

ONS Office for National Statistics

OPCS Office o f Population Censuses and Surveys

RHA Regional Health Authority

TCR Thames Cancer Registry

TDLU terminal duct lobular unit

15



Preface

It is has long been suspected that women with some types of benign breast disease 

(BBD) are at increased risk o f breast cancer. BBD reflects a spectrum of histologic 

conditions from normal breast tissue o f various physiologic states at one extreme to 

changes approaching carcinoma in situ at the other. Several attempts have been made to 

subdivide benign conditions into more homogeneous categories on the basis of their 

prognostic implications for invasive disease (Page et alSl\  Hutter (2)). The need to 

ascertain the extent o f any association (in terms o f both types o f BBD and magnitude of 

risk) led to a number o f cohort and case-control studies. These have generally reported 

the degree o f risk to vary up to about four or five times that expected in the general 

population/3,4’5) However, some widely varying estimates of risk have been published 

and some o f this variation must be due to differences in study populations (for example 

differences in criteria used to select patients for biopsy) and in duration of follow-up. 

Definitions o f types o f benign breast disease also vary between studies and this has led 

to considerable heterogeneity o f relative risk estimates. Early cohort studies were small, 

had short follow-up and did not take account o f other known risk factors for breast 

cancer such as family history o f breast cancer, age at menarche and age at first 

childbirth. Differences in the incidence of such risk factors between study populations 

may contribute to the differences in magnitude o f reported relative risks. Furthermore, 

if  risk factors for breast cancer are also risk factors for benign disease this shared 

epidemiology may explain some o f the observed increases in risk. In an attempt to 

compare the epidemiology o f invasive and benign disease, Chapter 1 summarizes the 

literature on risk factors for breast cancer and Chapter 2 reviews the epidemiology of 

BBD.

O f studies assessing the risk o f breast cancer after benign disease, only a handful are of 

good quality and have large numbers of women with well defined benign breast disease, 

adequate length o f follow-up and significant numbers o f breast cancers (6). The major 

large studies are those by Dupont and Page and colleagues (7,8) and the cohort study of 

16,692 women with biopsied BBD by Carter et alS9\  The latter study drew its benign 

population from women in a breast cancer screening study and was published with a 

median follow-up o f 8.3 years. The reported risk o f breast cancer following a biopsy for

16



benign disease was 1.7 times that of screenees who had no biopsy. A review of cohort 

studies that assessed the risk o f breast cancer after benign breast disease is given in 

Chapter 2. Details o f the studies themselves appear in Appendix B.

The need to accurately estimate the magnitude of risk associated with the various 

subtypes of BBD, taking into account possible interactions with other risk factors, led to 

the study on which this thesis is based. Records of women seen for BBD at Guy’s 

Hospital Breast Unit were used to construct a cohort with a view to following the 

women up over many years. Baseline data for around 22,300 women seen between 

1946 and 1982 were extracted from hospital notes and the women were traced and 

flagged on the National Health Service Central Register. Over the follow-up period, 

deaths and cancers in cohort women have been notified through the flagging system. 

The main aim of this thesis was to estimate the risk o f cancer associated with a 

diagnosis of BBD relative to that o f the general population. Since BBD is not a single 

disease, estimates o f risk for particular types of BBD were sought with the goal of 

identifying which types o f BBD confer the greatest risk. The effects and interactions of 

other risk factors on any BBD associated breast cancer risks were also explored. A 

nested-case control review o f over 600 benign biopsies was performed to provide more 

detailed information on specific histological risk factors -  this is described in Chapter 5.

Quantification o f the cancer risks associated with BBD is important. Women with 

lesions conferring no increase in risk can be reassured whilst those who might be at 

increased risk can be offered monitoring or screening for subsequent invasive disease. 

Feasible implementation o f chemoprevention strategies is dependent on identification of 

women at high risk for breast cancer and thus on identification o f populations with high 

risk BBD lesions.
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1. BREAST CANCER EPIDEMIOLOGY

1.1 Incidence and mortality

Breast cancer is the most common cancer among women in England and Wales. The 

latest available national figures are for 1992 when there were 31,526 registrations o f 

newly diagnosed breast cancer. This represented 28% of all registrations o f malignant 

neoplasms (excluding non-melanoma skin cancer/10). More recent figures are available 

from the Thames Cancer Registry: in 1996 there were 8,076 new breast cancer 

diagnoses in South East England. Breast cancer was the most common female cancer 

accounting for 30% o f all registrations and the risk of developing cancer before age 75 

was calculated as 1 in 12 (11).

After the introduction o f the NHS breast screening program in 1988, the incidence o f 

breast cancer in England and Wales increased substantially in women o f screening age 

(50-64). Such increases were not seen in other age groups. The annual rate o f increase 

between 1988 and 1991 was 4.5% - more than twice that between 1979 and 1987 before 

the introduction o f screening (12). The rate o f increase may now have slowed with the 

incidence of breast cancer in 1992 being similar to that in 1991.

Male breast cancer is rare. In 1996 the crude incidence rate in South East England was 

0.7 per 100,000 compared to 116.6 per 100,000 for women (11). Men were not included 

in the ICRF/Guy’s cohort and male breast cancer is not discussed in this thesis.

There were 12,179 deaths from breast cancer in 1996 in England and Wales (13). Breast 

cancer accounted for 19% o f all female cancer deaths and 4% of all cause mortality. In 

comparison, lung cancer accounted for 17% of all female cancer deaths. Breast cancer 

mortality rates increased steadily from the 1950s until the mid-1980s. The rates in 

women under 50 then began to decrease and since 1990 breast cancer mortality has 

fallen in most age groups. The widespread use of tamoxifen is thought to have 

contributed to the decreased mortality rates particularly in postmenopausal women (12). 

Period and birth cohort effects may also be important. For example,, there is a
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downward trend in the proportion o f women childless at age 40 and in the mean age at 

first childbirth for cohorts bom after 1930 (14). Since nulliparity and late age at birth o f 

first child are risk factors for breast cancer these trends may translate to reduced breast 

cancer incidence and mortality.
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1.2 Risk factors for breast cancer

1.2.1 Age

Breast cancer risk increases with age with 75 to 80 percent o f cases occurring in woman 

aged over 50. The incidence rate o f breast cancer increases rapidly up to about age 50 

where the age-incidence curve has an inflexion. This slowing down o f the incidence 

rate coincides with the menopause and most likely reflects lower oestrogen stimulation 

in postmenopausal women. This is accompanied by breast involution - a process by 

which the breast stroma is gradually replaced by fatty tissue (15). Further, differences in 

the rate and extent of involution may account for geographic and/or genetic variations in 

breast cancer risk. Pike et a lP 6) suggest that ‘breast tissue age’, which is related to total 

oestrogen exposure, rather than age per se is the important factor. They model breast 

cancer incidence as a factor of age at menarche, age at menopause and age at first full 

term pregnancy. Their model explains the observation that although early first birth is 

protective, a late age at first birth is associated with a higher risk of breast cancer than 

nulliparity.

1.2.2 Menstrual factors

Risk o f breast cancer increases with an earlier age at menarche and a later age at 

menopause. Both factors are associated with a modest increase in risk; Kelsey and 

Berstein (17) quote relative risks o f between 1.1 and 2.0 for those aged 11 or less at 

menarche compared to those aged 15 or more and for those aged 55 or more at 

menopause compared to those under 45. Similar figures were quoted in earlier reviews 

(18 ,19 ,20 )  a n ( j  -n  a  r e v j e w  assessing interactions between fat and non-dietary risk factors 

(21). Both factors determine the length o f menstrual life. An early age at menarche may 

also influence breast cancer risk since it results in a greater cumulative exposure to 

oestrogen and progesterone particularly during adolescence. Some studies have 

associated breast cancer risk with both shorter length (17, 20) and irregularity (19) of 

menstrual cycles.

An artificial menopause is protective against breast cancer. Oophorectomy is associated 

with reduced risks of between 0.5 and 0.9 (,7> 22). Earlier reviews (18, 19) suggested that
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the risk o f breast cancer in women with oophorectomy before age 35 was about a third 

that of women reaching natural menopause at age 45 to 54 and that this protection 

persisted for many years. There is evidence that the earlier the oophorectomy the greater 

the protection against breast cancer(19).

1.2.3 Reproductive factors

Nulliparity and a late age at first birth are strong and established risk factors for breast 

cancer (17' 19,21). Together they have been estimated to account for about 30% (95% Cl: 

6%-53%) o f breast cancers in the US (23). During pregnancy there is a transient increase 

in risk (l7,24) but subsequent risk decreases to levels below that o f nulliparous women.

Multiple parity further decreases risk to a limited extent though, since women o f high
(18parity tend to be younger at first child, this effect is confounded with age at first birth 

19,20) rj,^e  e f f e c t  0 p militiple births on breast cancer risk is inconsistent(25).

Lactation has been suggested to protect against breast cancer but after taking account of 

parity there is little consistent evidence o f a strong effec t(17,18,19). Newcomb reports a 

relative risk of 0.78 (95% CL. 0.66-0.91) among premenopausal w om en(26) and Kelsey’s 

review (20) suggests an uncertain protective effect o f less than a halving o f risk. 

Freudenheim et alS27) found no significant effects overall but suggest that younger age 

o f first breast-feeding may offer more protection (OR=0.67, 95% Cl: 0.46-0.95 in 

postmenopausal women who first breastfed before age 25). Morgan et a/.(28) found no 

increase o f breast cancer among offspring who were breastfed - a hypothesis that arose 

through concern that a breast cancer virus could be transmitted via human milk.

Early reviews found little evidence that spontaneous or induced abortion affect risk of 

breast cancer but suggest that, if  anything, there may be a slight increase in risk (18,19,20). 

On the basis of 21 case-control studies, Brind et alS29) quote an OR of 1.3 (95% Cl: 1.2- 

1.4) for any induced abortion exposure. This effect was not seen in a large prospective 

Danish study which found no increase in risk (OR=1.0, 95% Cl: 0.94-1.06) (30). Nor 

was it confirmed by a further review by Wingo et a l P ]\  based on 37 epidemiologic 

studies, who concluded that there was insufficient evidence to suggest that the risk of 

breast cancer was increased by either induced or spontaneous abortion.
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1.2.4 Family history of breast cancer

The risk o f breast cancer is increased in women who have a family history o f breast 

cancer. As well as hereditary or genetic factors this is could be due to common 

environmental exposures and correlation o f other factors within families. Pharoah et 

a l? 2) recently reviewed 74 studies that included family history as a possible risk factor 

for breast cancer. They calculated pooled estimates of the relative risks and found that 

the overall risk for a woman with any relative diagnosed with breast cancer was 1.9 

times that of women with no family history (95% Cl: 1.7-2.0). A first-degree relative 

with breast cancer conferred a RR of 2.1 (95% Cl: 2.0-2.2) compared to a RR of 1.5 

(95% Cl: 1.4-1.6) for history of breast cancer in a second degree relative. The first- 

degree risk was apparent whether the relative was a mother (RR=2.0), sister (RR=2.3) or 

daughter (RR=1.8). Having both a mother and sister with breast cancer increased the 

RR to 3.6 (95% Cl: 2.5-5.0). The reviewed studies also suggested that risk was higher 

in women under 50 and when relatives had been diagnosed with breast cancer before 

age 50. This is likely to be a reflection of the genetic nature o f some ‘early-onsef breast 

cancers. Breast cancer susceptibility genes are discussed in section 1.3. Andrieu et 

«/.(33) recently reported results from a combined analysis o f seven case-control studies 

on the effects o f interaction between familial and reproductive factors on breast cancer 

risk. Slight but non-significant increases in familial risk were seen with increasing 

parity, increasing age at first childbirth and increasing duration o f breast cell mitotic 

activity (assessed by duration of ovarian activity between menarche and menopause).

1.2.5 History of benign breast disease

Benign breast disease is a risk factor for breast cancer and is the focus of this thesis. A 

review of the literature on this subject is given in section 2.5.

1.2.6 History of non-breast diseases

Other medical conditions that have been associated with an increased risk o f breast 

cancer include diabetes mellitus (in postmenopausal women), and hypertension in 

pregnancy (34). Thyroid conditions and ovarian ablation for ovarian cysts may protect 

against breast cancer (34).
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1.2.7 Weight, obesity and height

Obesity or body mass index i.e. weight (kg) / height2 (cm2) is a more sensitive indicator 

o f excess energy intake than weight alone. Obesity is slightly protective against 

premenopausal breast cancer(20,25,35"40). This may be due in part to detection bias since 

cancers are more difficult to detect by mammography in fatty breasts. In 

postmenopausal women obesity is a risk factor for breast cancer (17,19,20,25’ 36"40). The 

postmenopausal body’s main source o f oestrogen is from adipose tissue where the 

androgen pre-cursor androstenediaone is converted to estrone by aromatase. Since 

oestrogen promotes breast cell activity the hypothesis that obese women are at higher 

risk o f postmenopausal breast cancer arises. More recently, height has been associated 

with both pre- and postmenopausal breast cancer risks (17,20,25,38,39, 40). This effect 

could be mediated by high calorific intake during childhood and adolescence. It may be 

more important where a large proportion o f the population experience calorific 

restriction (41). Weight gain, particularly during adolescence, has also been associated 

with increased breast cancer r isk (37,40,42).

1.2.8 Socio-economic status

Risk o f breast cancer is generally slightly higher in women o f higher social or economic 

status (20,43). Madigan et alS23) suggest that higher income could account for 19% o f all 

breast cancers in the US though the confidence interval on their estimate is wide: -4% to 

42%. Socio-economic status is related to diet, childbearing patterns and rate o f 

nulliparity(43) so, in addition to detection or reporting biases, these factors may explain 

some o f the associations between socio-economic indicators and breast cancer risk.

1.2.9 Race and ethnicity

There are considerable differences in incidence o f breast cancer around the world. Rates 

in Japan and Asia are far lower than in Europe and the United States and in the US 

whites are at higher risk than blacks who in turn are at higher risk than Hispanics, 

Asians and American Indians (17, 20, 43). Diet and genetic differences are thought to 

explain some of the international differences but variability in screening and diagnostic 

procedures mean interpretation o f these differences is not straightforward (43).
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Ashkenazi Jews are at particularly high risk of breast cancer as they have high mutation 

rates of the breast cancer BRCA1 and BRCA2 genes (44).

Pike et alS]6) model ‘breast tissue age’ as a function o f the key risk factors of age at 

menarche, age at menopause and age at first full-term pregnancy. They suggest that 

when considered together with weight, these factors alone could account for about 85% 

of the difference in breast cancer incidence between the US and Japan.

It is well documented that breast cancer incidence rates in migrants from low-risk 

countries to high risk countries do not remain low (17). By the second or third generation 

the rates generally approach those of the high-risk country thus implicating 

environmental and dietary factors.

1.2.10 Use of oral contraceptives

Since oral contraceptives (OCs) increase hormone levels, there has been widespread 

interest in whether their use increases the risk o f breast cancer. The increase in breast 

cancer incidence after the 1960s was postulated to be a result of the widespread 

introduction of OCs but initial studies assessing the possible association between OC 

use and risk o f breast cancer were conflicting. Even five years ago there was uncertainty 

about the possible risks (20). More recently, the Collaborative Group on Hormonal 

Factors in Breast Cancer published a meta-analysis o f 54 studies that included over 

50,000 women with breast cancer (45). They found that the only consistent, positive 

relationship with breast cancer was for current OC use (RR=1.24, 95% Cl: 1.15-1.33). 

Increase in risk over never users was slight and decreased over time such that ten years 

after cessation of OCs risk was equivalent to that in never users. There was no clear 

effect of OC use on breast cancer mortality and the stage distribution o f cancers among 

OC users was favourable.

1.2.11 Use of hormone replacement therapy

Hormone replacement therapy (HRT) is designed to replace the body’s supply of 

oestrogen after the menopause when it is no longer produced naturally. It alleviates 

menopausal symptoms and is thought to reduce osteoporosis and cardiovascular disease.
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Since it is a hormonal therapy it is a potential risk factor for breast cancer. Kelsey’s 

1993 review stated modest (less than two-fold) risks for long-term (10-15 years) 

compared to never use (20). The Collaborative Group on Hormonal Risk Factors in 

Breast Cancer analysed data on over 53,000 women of whom 33% had used HRT (4,). 

They found that among current users o f HRT or those who had stopped 1 to 4 years 

prior to ‘diagnosis’, the relative risk o f breast cancer increased by 1.023 (95% Cl: 1.011- 

1.036) per year o f use. Those who had used HRT for five or more years had a risk 1.35 

times that o f never users (95% Cl: 1.21-1.49). The effect was slightly greater in women 

with lower rather than higher weight or body mass index. As with OCs, there was no 

effect on breast cancer mortality and the stage distribution of cancers in HRT users was 

favourable. Addition o f a progestogen to oestrogen based HRT did not significantly 

alter the risks, an observation that is supported by Brinton (46). An alternative review by 

Swan (47) concluded that long-term current use o f HRT incurred a relative risk o f 1.2 to

1.3 over never use.

1.2.12 Smoking

Due to numerous possible confounders, it is difficult to ascertain if smoking directly 

affects risk of breast cancer (25). Smoking is thought to affect urinary excretion o f 

oestrogen and may induce metabolism o f steroid hormones. It is also associated with an 

earlier menopause and this may account for its possible protective effect (48, 49, 50). 

However, most studies have not found a significant effect (17, 20, 48). There is a 

possibility that breast cancer risk is increased only in those who smoke at an early age 

(51) or who are genetically predisposed ‘slow-acetylators’ (49,52).

1.2.13 Alcohol

Most studies find alcohol to increase the risk of breast cancer(17,20’49). A meta-analysis 

o f 38 studies by Longnecker (53) found a modest but highly significant dose-response 

relationship (RRs of 1.11, 1.24 and 1.38 for 1, 2 and 3 drinks per day relative to non

drinkers). Some reviewed studies suggested that consumption o f alcohol before age 30 

had a greater effect on breast cancer risk than consumption at later ages. A later cohort 

study of postmenopausal women (54) confirmed a slight dose response effect with 

women consuming 30 or more grams o f alcohol per day having a risk o f 1.72 relative to
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non-drinkers. No specific mechanism has been identified though it is possible that 

alcohol has a mediating effect on the reproductive steroid hormones (17,53). A recent 

report by Enger et al. supports this hypothesis (55). They found that in postmenopausal 

women consuming 27g or more of alcohol per day the odds of breast cancer in women 

positive for both oestrogen and progesterone receptors were 1.76 times (95% Cl: 1.14- 

2.71) those o f women who reported no alcohol consumption. Alcohol consumption was 

not associated with other hormone receptor subtypes o f breast cancer in postmenopausal 

women nor with breast cancer risk in premenopausal women.

1.2.14 Dietary factors

The international differences in breast cancer incidence could be partially explained by 

dietary factors if  diet influences breast cancer risk. Case-control and animal studies 

have shown a modest positive association between fat intake and risk of breast cancer 

but this has not been confirmed in the cohort study setting (17,21' 56). A meta-analysis of

10,500 women in case-control studies (38) found a significant positive association 

between breast cancer risk and saturated fat in postmenopausal women (highest quartile 

of intake to lowest: RR=1.46, p<0.0001). However, a pooled analysis of over 300,000 

western women in prospective studies (Hunter et a/.(57)) found that dietary fat during 

adulthood was not associated with risk of breast cancer (pooled RR for highest quintile 

of intake to lowest: 1.05, 95% Cl: 0.94-1.16). Reasons suggested for this lack o f effect 

in cohort studies include small numbers o f breast cancers, measurement error and 

population homogeneity. Conversely, recall bias and inappropriate control selection can 

inflate positive results o f case-control studies. Hunter et al. ’s result holds even after 

adjustment for measurement error(57). Though high fat diets in adulthood have not been 

found to be detrimental there could be an effect o f high fat consumption during 

childhood or adolescence (20). Diet, obesity and age at menarche are all confounding 

variables and may account for some of the observed associations (19).

There is less evidence about breast cancer risk and other dietary aspects. A recent 

review by Alberg and Helzlsouer (25) finds no strong association with fruit, vegetable or 

micronutrient intake. Other reviewers have supported the hypothesis of a weak 

protective effect o f fruit and vegetables but differ on their conclusions regarding specific 

micronutrients such as vitamins A, C and E and p-carotene (2°’ 38’ 49). Howe et <a/.(38)
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found a protective effect o f fibre and S to ll(56) suggested that a high fat and/or low fibre 

diets may be associated with increased levels o f circulating oestrogen and thus may 

increase the risk of breast cancer. Caffeine is not thought to significantly increase breast 

cancer risk (50’58) despite its hypothesised effect on benign disease (see section 2.4.12).

Phytooestrogens found in plant foods and soya products such as tofu, have also been 

suggested as possible protective agents. They could contribute to the lower breast 

cancer incidence rates seen in Asian populations (49).

1.2.15 Radiation

In their review, Kelsey and Bernstein (17) conclude that in women under 40, exposure of 

the chest to ionizing radiation o f moderate to high dose, increases the risk o f breast 

cancer to between 1.4 and 2 times that of non-exposed women. High doses such as 

those received by atomic bomb survivors or women undergoing fluoroscopy for 

tuberculosis are though to cause a small proportion o f breast cancers (18, 19). Risk is 

thought to be especially high in those exposed during puberty(19). Multiple exposures to 

lower doses have a cumulative effect and a dose-response relationship has been noted 

(19). The risk persists for many years after initial exposure. A study of radiation 

treatment for benign breast disease found an increased incidence o f subsequent breast 

cancer in the irradiated group (59). Total dose, age at first dose and time since first 

exposure determined the size o f the effect in this study.

There is uncertainty over the effects o f the lower doses used in medical diagnosis or 

encountered through occupational exposures (19,20). A US study estimated the lifetime 

risk of breast cancer for a woman who has an annual two-view mammography from age 

50 to be 3.9 per 100,000 (reviewed in Hulka and S tark(49)).

1.2.16 Other environmental exposures

Diethylstilbestrol was taken by women in the late 1940’s to 1960’s to reduce the risk of 

foetal loss. Its use has been weakly associated with subsequent risk of breast cancer (17, 

20). Calle et a/.(60) reported an adjusted rate ratio for fatal breast cancer of 1.34 (95% Cl: 

1.06-1.69).
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Exposure to electromagnetic fields has been postulated as a risk factor for breast cancer 

via the ‘melatonin hypothesis’ (17, 25, 49). This suggests that EM exposure reduces 

melatonin synthesis which leads to an increase in circulating oestrogen. Pesticides, 

including organochlorides and polychlorinated biphenyls, have also been implicated in 

breast cancer risk (17, 49). Solar radiation, which increases vitamin D synthesis in the 

skin, has been suggested as a protective factor (l7). To date, evidence for all o f these 

associations is inconclusive.

1.2.17 Other lifestyle factors

Moderate exercise could be a protective factor towards breast cancer (I7,25, 49). Since 

exercise delays menarche, decreases the number o f menstrual cycles and is inversely 

related to obesity it may be a hormonally mediated effect. There is some evidence that 

stress is an independent risk factor for breast cancer(25).

1.2.18 Parenchymal patterns

The appearance o f the breast as viewed by mammography varies between individuals 

and is determined by the relative amounts o f fat, connective tissue and epithelial tissue 

in the breast. Fat is radiologically translucent appearing dark on a mammogram whereas 

connective and epithelial tissue are radiologically dense and appear light. Hence there is 

variation in the mammographic density of breast tissue and this is called the 

parenchymal pattern.

Interest in parenchymal patterns increased following Wolfe’s publications (61, 62) 

associating different patterns with a varying risk o f breast cancer. His grading system 

included four types o f pattern: N1 for essentially normal breasts with the breast 

parenchyma completely or mainly composed of fatty tissue; PI where prominent ducts 

(linear densities) occupy less than 25% of the breast; P2 where prominent ducts occupy 

more than 25% of the breast; and DY for dense breast parenchyma or ‘dysplasia’. N1 

and PI were considered low risk patterns and P2 and DY high risk. Wolfe reported 

relative risks ranging between 21 and 37 for DY patterns compared to N1 patterns. P2 

patterns had a relative risk o f 17. Eighty-seven per cent of cancers identified were in 

women with P2 or DY patterns but these women accounted for only one third of the
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study population. Since Wolfe’s reports some 40 studies have been published assessing 

the risk of breast cancer according to Wolfe’s classification (63). Some have been unable 

to verify Wolfe’s findings and all subsequent studies that have found an association 

have reported far lower relative risks (64). In 1992, a meta-analysis by Warner et a/.(65) 

reported breast cancer ORs for DY compared to N1 of 5.2 (95% Cl 3.6 to 7.5) derived 

from eight cohort studies and 1.8 (95% Cl 1.5 to 2.1) derived from 13 case-control 

studies. A large screening study reported relative risks for subsequent breast cancer 

(relative to N1 type mammograms) o f 2.39 (95% Cl 1.0 to 5.7) for P I, 4.02 (95% Cl 1.7 

to 9.3) for P2 and 5.01 (95% Cl 1.9 to 13.3) for DY respectively. A review by Boyd et 

al. published in 1988 (63) reported ORs o f between 2.1 and 6.0 for the extremes of 

different classifications o f densities used in different studies. They also report evidence 

o f a dose-response relationship between increasing mammographic densities and 

increasing risk of breast cancer. Tabar has developed an alternative five-point 

classification, based on anatomic and mammographic correlations (66, 67). Studies that 

use a quantitative classification o f densities generally report larger risk gradients than 

those using Wolfe’s grades (65,68,69).

Egan and M osteller(68) hypothesised that the observed effect of parenchymal patterns on 

breast cancer risk was caused by difficulty in mammographic detection of cancers in 

dense P2 or DY breasts compared to detection in primarily fatty, radiolucent, N1 type 

breasts. This ‘masking effect’ is real and may well affect ‘lead-times’, but is not 

thought to be the sole explanation o f the increased risk o f breast cancer associated with 

high density parenchymal patterns (65,70).

The most obvious change in parenchymal patterns is that which occurs with age; as 

normal involutional changes take place the breast becomes more fatty and as a 

consequence there is an increase in the proportion of low risk patterns. Weight and 

parity also influence parenchymal patterns. Family history, race, breast size, age at 

menarche, age at first child, height, alcohol consumption and diet have been associated 

with breast density in some studies (e.g. reviews by Oza and Boyd (70) and Boyd et 

alS63)) and recently Pankow et a/.(71) reported evidence of a genetic effect. Despite 

associations with other breast cancer risk factors, mammographic density has been 

shown to be an independent risk factor (63). The tissue responsible for the densities is 

thought to be hormone responsive and to reflect proliferation o f breast epithelium and
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stroma. Kaufman et al}12) compared the age related changes of mammographic density 

in women taking HRT to those not taking HRT. They found that the proportion o f low 

risk patterns did not increase with age and suggest that this is due to the inhibitive effect 

o f HRT on breast involution. They hypothesise that women taking HRT have higher 

risk parenchymal patterns for a longer time and so may have a higher risk o f developing 

breast cancer. Abnormal breast histology has also been related to mammographic breast 

density and is thus a suggested mechanism for the observed increase in breast cancer 

risk associated with dense breasts (70,73,74).
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1.3 Breast cancer genetics

1.3.1 BRCA1 and BRCA2

Genetic factors account for between three and ten per cent of all breast cancers (44,75,76, 

77). In women under age 30 this proportion may rise to around 25% (76). Long before 

specific genes had been identified it was noted that familial clusters of cancers existed 

and that these were characterised by early age at onset and bilaterality. In 1990 the first 

breast cancer gene, BRCA1, was localised by statistical linkage analysis to chromosome 

17q (78). A further gene, BRCA2, was subsequently localised to chromosome 13q (79) 

and both genes have now been isolated (78,80). Both genes are thought to act as tumour 

suppressors (44). BRCA1 mutations are thought to account for between 10 and 20% of 

inherited breast cancers with BRCA2 mutations responsible for a further 5 to 10%. 

However, in families with both breast and ovarian cancers, up to 45% may have BRCA1 

mutations (44).

Breast cancer susceptibility in families with BRCA1 or BRCA2 mutations appears as an 

autosomal dominant trait. To date around 100 different germiine mutations of BRCA1 

have been identified (75). A founder effect o f a particular mutation of BRCA1 is thought 

to be responsible for the increased risk o f breast cancer in the Ashkenazi Jewish 

population (44). Initial overall estimates suggested that 1 in 833 women carry a mutated 

form of BRCA1 and that the penetrance in such carriers conferred a 76% risk o f breast 

cancer by age 70 (81, 82). More recent estimates, from population-based rather than 

family-based studies suggest a lower penetrance o f around 60% by age 70 (44). One 

allele o f BRCA1, responsible for about 90% of mutations, is thought to confer a 26% 

risk o f ovarian cancer by age 70 whilst the other confers an 85% risk (82). BRCA2 

carries a similar risk of breast cancer as BRCA1 but is not associated with such high 

risks of ovarian cancer. BRCA2 is also implicated in male breast cancer (75). Breast 

cancer families with less than four cases o f breast cancer and no ovarian cancers are 

unlikely to be due to rare, penetrant genes such as BRCA1 or BRCA2. It is more likely 

that cancers in these families are sporadic or caused by more common genes of lower
(44 82)penetrancev ’
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1.3.2 Other breast cancer susceptibility genes

Several linkage studies have found that not all breast cancer families are linked to 

BRCA1 or BRCA2 thus suggesting the existence o f further breast cancer genes. 

Chromosome 8 is one likely location for such a gene (75,83,84,85). Other rare but highly 

penetrant genetic disorders are known to carry an increased risk o f breast cancer. Over 

90% of female carriers o f the gene defective in Cowden’s disease develop breast cancer 

often with early onset and bilateral disease (86). In Li-Fraumeni syndrome the p53 gene 

is defective and the risk o f developing cancer before age 30 is about 50% (86). Cancers 

associated with Li-Fraumeni syndrome include sarcomas, brain tumours and leukaemias 

as well as premenopausal breast cancer.

The gene mutated in ataxia-telangiectasia (AT) patients is located on chromosome llq . 

Mutations o f the AT gene are rare in women with sporadic breast cancer (87) but female 

heterozygotes, estimated to be up to 1% of the population (87,88) have been reported to 

carry a four-fold increase in risk o f breast cancer (89, 90, 91 \  AT heterozygotes could 

account for between 1 and 13% of all breast cancers but the contribution to familial 

breast cancer is thought to be m inim al(89,92). A recent study by Inskip et al.(88) reported 

risks o f breast cancer lower than those found in previous publications. They examined 

cancer mortality in parents and grandparents o f 95 AT patients. In mothers the 

standardised mortality ratio (SMR) for breast cancer was 3.37 (95% Cl 0.69-9.84) whilst 

in grandmothers it was 0.89 (0.18-2.59). The overall RR was 1.66 (95% Cl: 0.65-4.28). 

Although breast cancer risk in AT heterozygotes may decrease with age (89) it is not 

limited to young women (90). This is an important observation: cells in AT carriers are 

more sensitive to ionising radiation and therefore risk may be related to exposure to 

low-dose irradiation such as that encountered through screening mammography(89).

1.3.3 Genetic aberrations in breast cancer

p53

p53 is a tumour suppressor gene located on chromosome 17p that inhibits cell 

proliferation. The p53 gene regulates cell cycling and apoptosis and mutations can 

result in unrestrained cell growth and genetic instability (93). p53 mutations are found in
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40-50% of breast cancers and over-expression of the p53 protein has been associated 

with poor prognosis (93,94).

C-erbB-2 or HER-2/neu

C-erbB-2 is an oncogene localised to chromosome 17q and is over-expressed in 

approximately 20% of breast cancers (86). Over-expression is thought to promote 

proliferation and has been associated with poor prognosis (86, 95). There is some 

evidence to suggest that over-expression may be related to chemo-resistance which 

could also affect prognosis (95,96).

Loss o f  heterozygosity (LOH)

LOH occurs when a polymorphic marker that detects two variants of a chromosome is 

only able to detect a single variant. Tumour suppressor genes often display LOH and 

LOH is common in breast cancer. LOH at chromosome 17p is a consistent finding in 

invasive breast cancer and is likely to be due to the p53 gene (86,97).
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2. BENIGN BREAST DISEASE

2.1 Concept and nomenclature

Unlike cancers benign tumours are, by definition, non-invasive. They are confined to a 

specific area and do not spread into the surrounding tissue. It has long been recognised 

that many non-cancerous tumours and conditions can develop in the breast though their 

definition and classification has been somewhat imprecise.

In 1845 Sir Astley Cooper published his treatise 'Anatomy and Diseases o f the Breast' 

(98) and was the first to describe 'gross cystic disease of the breast' as a common clinical 

entity. Over the next one hundred years a wide range of terms was used to describe non- 

malignant breast lesions and 'diseases' and as a result the nomenclature became clumsy 

and inconsistent. Diagnoses o f cystic disease, flbroadenosis, cystic mastopathy, 

epithelial dysplasia and fibroadenomatosis became commonplace and the general 

umbrella term, 'fibrocystic disease', was coined.

In 1945 Foote and Stew art(99,100) described and classified 11 types of benign epithelial 

lesions. Five o f these, 'cyst formation', 'duct papillomatosis', *blunt duct adenosis', 

'sclerosing adenosis' and 'apocrine epithelium' were grouped together as 'cystic and 

proliferative' lesions and the authors noted that they had a tendency to co-exist. A group 

o f non-proliferative lesions, 'statis and distention o f ducts', 'periductal mastitis' and 'fat 

necrosis', which seemed to occur independently o f or secondary to the proliferative 

lesions above was also identified, with 'hyperplasia of duct epithelium', 'flbro-adenoma' 

and 'tendency to flbro-adenoma (flbro-adenomatoid mastopathy)' completing the 

classification. They discuss the appropriateness of the presence o f any o f these lesions 

being sufficient to diagnose chronic cystic mastitis but state that as a general standard at 

least one o f the five 'proliferative and cystic' lesions should be present.

Thirty years later Wellings et al. proposed a classification o f normal and abnormal 

structures o f the breast based on histology and subgross pathology (69). This formed the 

basis for many later classifications including the 'Columbia Classification' proposed by
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Haagensen et a l} m ) and those used by Page et a/.(1) and Dupont and Page (7). However, 

there was still considerable confusion over the terminology and significance given to 

benign disease and in 1985 this prompted the College of American Pathologists to call a 

meeting with the objective:

"to reach a consensus on the diagnostic terms used in surgical pathology reports o f  

benign breast tissue, to define the terms simply and clearly to facilitate their general 

use, and to categorise lesions by their relative risks fo r  the subsequent development o f  

invasive breast cancer".

The resulting Consensus Statem ent(2) identified 14 types o f lesions grouped into three 

risk categories (table 2.1). It recommended use o f the terms 'fibrocystic changes' or 

'fibrocystic conditions' in preference to 'fibrocystic disease' in an attempt to disassociate 

the word 'disease' from such a wide complex o f benign lesions and disorders. This 

matter was also discussed in the 1982 paper 'Fibrocystic “disease” o f the breast. A non

disease' by Love et alS]02\  They suggest that, given the poor correlation between breast 

histology and clinical presentation, the term 'disease' is misleading. In 1985 Hutter (103) 

commented that it was time to ‘say goodbye to fibrocystic disease'. Hughes et a/.(104) 

suggest an alternative term, 'ANDI', standing for 'aberrations o f normal development and 

involution', to reflect the fact that many o f the presenting lesions or symptoms are 

literally this.

The argument as to when to apply the term 'disease' arises not only because o f poor 

correlation between histology and clinical presentation but because the borderline 

between normal and abnormal breast tissue is ill-defined. The breast undergoes many 

changes throughout life: development at puberty, cyclical changes during the menstrual 

years, changes associated with pregnancy and lactation, and involution (regression o f the 

breast lobules) which typically begins in the mid-thirties and continues past the 

menopause. As each woman goes through these changes her breast tissue changes 

slightly and differs from that o f the next woman. Consequently there is a wide range of 

histological and clinical appearances that can be regarded as normal and the ANDI 

classification (table 2.2) recognises this.
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Table 2.1: Consensus Statement1: Relative risk for invasive breast carcinoma based on 

pathological examination o f benign breast tissue (adapted from H utter(2))

Risk category Benign disease
No increased risk Adenosis, sclerosing or florid 

Apocrine metaplasia 
Cysts, macro and/or micro 
Duct ectasia 
Fibroadenoma 
Fibrosis
Mild hyperplasia 
Mastitis or inflammation 
Periductal mastitis 
Squamous metaplasia

Slightly increased risk Moderate or florid hyperplasia
(1.5 to 2 times) Papilloma
Moderately increased risk Atypical ductal hyperplasia
(5 times) Atypical lobular hyperplasia

Table 2.2: A classification o f benign disorders based on the ANDI concept (from

Hughes et a/.(104))

Type of benign disease Conditions
ANDI i) Development Adolescent hypertrophy

Fibroadenoma
ii) Cyclical change Mastalgia

Clinical nodularity
Papilloma

iii) Involution Cyst formation
Sclerosing adenosis
Simple hyperplasia without atypia

Duct ectasia / periduct mastitis
Epithelial hyperplasias
Other conditions Lactational abscess

1 An update o f  the 1985 Consensus Statement was published in December 1998 (Fitzgibbons et n/.(105)). 
In this update, sclerosing adenosis and fibroadenoma with complex features are included as lesions with 
slightly increased risk rather than no increased risk.
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2.2 Incidence

It is difficult to estimate the prevalence and incidence o f benign breast disease (BBD). 

Benign disease can occur simultaneously with invasive disease in which case it has 

relatively negligible importance. It can be asymptomatic and never clinically diagnosed 

or can be discovered incidentally at autopsy. Before screening programs for breast 

cancer nearly all breast biopsies were performed after a lump or abnormality had been 

detected on physical examination. Latterly benign (and in-situ) lesions are becoming 

increasing detected by screening mammography(106).

The incidence o f BBD depends on the definition o f BBD that is being applied. As noted 

in section 2.1 some forms o f BBD can almost be considered 'normal'. Mastalgia is a 

common complaint whereas some other forms o f BBD are rare. The profile o f BBD 

type also varies with age. Initial incidence estimates o f BBD came from autopsy 

studies. A review of eight such studies performed before 1964 on non-selected hospital 

deaths (107) concluded that, on average, 58% of women had histologic fibrocystic 

disease. More recently various estimates have been derived from study questionnaires. 

Hislop and Elwood (108) studied a cohort o f 726 Canadian nurses. Thirty percent 

reported breast symptoms requiring medical advice and 14% had undergone biopsy for 

BBD over a 23 year follow-up period. In South Wales, 40% of 820 working women 

reported at least mild mastalgia and 10% had previously had a breast biopsy (109). In a 

review o f premalignancy and breast cancer risk, Page and Dupont (110) state that 

'irregular mammary density due to fibrosis, cysts or both is present in at least 60% of 

North American and European women in the immediate premenopausal period'. Love et 

a/.(102) state that benign breast disease is clinically detectable in approximately half of 

US women and D evitt(11 puts the lifetime risk o f clinical benign disorders in Canadian 

women at 50%.

The incidence o f clinical BBD is considerably greater than that of breast cancer. Meyer 

et tf/.(l06) state that in the 1960’s the average benign to malignant biopsy ratio for 

palpable masses was four or five to one. They suggest that, with mammography, this 

could be reduced to around three. In their study, 31.5% o f biopsies performed on
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women aged 50 or more for a mammographically detected mass were malignant, i.e. a 

benign to malignant ratio o f 2.2.

Most women seen by their general practitioner for breast problems will not have cancer. 

About half will complain o f pain and a third of a breast lump (109). O f all breast lumps, 

80% turn out to be harmless cysts or fibroadenomas. Lancashire et alSu2) reported a 

study o f referrals to general surgical outpatient clinics where only 12% of new patients 

referred with breast problems were diagnosed with cancer.
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2.3 Types of benign breast disease

This section briefly describes the main types o f benign breast conditions and diseases. 

The more common, ANDI, disorders which are all in the ’no increased risk' category o f 

the Consensus Statement (2) are discussed first. Benign conditions thought to confer 

some increased risk of breast cancer follow and lastly the in-situ cancers. The 1985 

Consensus Statement and ANDI classifications were given in tables 2.1 and 2.2 

respectively. A more detailed discussion o f the breast cancer risks associated with 

various types of BBD is given in section 2.5.

2.3.1 Mastalgia and nodularity

General breast pain or discomfort (mastalgia) and lumpiness (nodularity) are the most 

frequent breast related complaints in both general practice and specialist breast clinics. 

In most women mastalgia is cyclical and shows a definite relationship to the menstrual 

cycle. There are no known histologic changes associated with cyclical mastalgia but the 

breast can undergo significant physiological change. Water retention and (in the past) 

psychoneurosis have been suggested as 'causes' o f mastalgia but more recently the focus 

has been put on abnormalities in the secretion control mechanisms of certain hormones 

particularly prolactin. Diffuse or focal nodularity may occur independently or in tandem 

with mastalgia and is also o f physiological origin.

Women with mastalgia or nodularity are not at increased risk o f breast cancer and 

‘treatment’ is primarily reassurance. Where pain is severe or persistent evening 

primrose oil or endocrine manipulative drugs are sometimes given(,09).

2.3.2 Fibroadenoma

Fibroadenomas are considered a disorder o f breast development and are most common 

in women aged 15 to 25 years old. A fibroadenoma arises from a single lobule (possibly 

due to an over-response to oestrogen) and contains both epithelial and stromal 

components. Eventually it forms a clearly defined, painless, mobile lump which, if  left 

alone, will slowly grow to a size o f about two centimetres in diameter. The tumour is

42



hormone dependent in that it will regress or involute towards the menopause. Simple 

fibroadenomas are either ‘pericanalicular’ or ‘intracanalicular’ whilst complex 

fibroadenomas may contain or involve other histologic abnormalities such as cysts, 

sclerosing adenosis or apocrine change.

The majority o f fibroadenomas are self detected and are found in the upper outer 

quadrant o f the breasts. Multiplicity is not unusual, occurring in 10 to 15% of cases. 

The fibroadenoma is usually removed though in women under 25 there is often no need 

for surgery.

Occasionally a fibroadenoma will grow rapidly reaching a size o f 5 to 10 centimetres in 

diameter. These 'giant fibroadenomas' tend to occur just after menarche or in the few 

years before the menopause. A giant fibroadenoma of adolescence is sometimes called 

a 'juvenile fibroadenoma'. In older women a giant benign tumour may be a 

fibroadenoma or a 'benign phyllodes tumour'. A small proportion o f phyllodes tumours 

have some malignant properties hence their old name of'cytosarcoma phyllodes'.

Although fibroadenoma was categorised as a condition with no increased risk of breast 

cancer in the Consensus Statement, more recent publications have suggested that there 

is a slight increase in risk (see section 2.5).

2.3.3 Cysts

Cysts are the most common breast abnormality and the majority present in women of 

middle to late reproductive years. There are two main types; microcysts and 

macrocysts. Both are aberrations o f involution and are lobular in origin. Microcysts are 

impalpable but are thought to progress or join together to form larger macrocysts. 

Macrocysts can be further divided into 'apocrine' and 'non-apocrine' cysts as determined 

by the cellular structure of the cyst lining. The variably sized, fluid filled lumps are 

generally painless and discovered incidentally. Most appear in the upper half o f the 

breast and multiplicity is common. Treatment is usually by aspiration o f the cyst fluid 

which varies greatly in colour from yellow to black. Study of cyst fluid biochemistry 

will be discussed in more detail in section 2.5.12. About 10% o f cysts refill with fluid 

and recurrence at another site occurs in 30 to 50% of women (109).
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Cysts tend to disappear after the menopause and are uncommon in the elderly (where if 

they occur they tend to be large and associated with benign papillary tumours or 

'papillary cystadenomas'). Rarer types of cysts include juvenile cysts, galactoceles, oily 

cysts and cysts due to fat necrosis. Galactoceles occur during or following lactation and 

contain milky fluid. It is thought that they arise from an existing cyst that adjoins the 

ductal system, becomes filled with milk and cannot be drained because of a blocked 

ductule.

2.3.4 Apocrine metaplasia

Included in Foote and Stewart's 'chronic cystic mastitis' (100), apocrine or pink cell 

metaplasia is a common finding which alone is not thought to affect risk o f breast 

cancer. The condition evolves from normal breast epithelium and is asymptomatic. The 

cells resemble those o f apocrine (secretory) glands and may line either ducts or cysts.

2.3.5 Simple epithelial hyperplasias without atypia

When the cells lining the ducts multiply in number the result is ’hyperplasia’. The 

particular type o f hyperplasia is characterised by the type of cell proliferation. Organoid 

hyperplasias involve several types o f cells which combine to form an organised structure 

- blunt duct adenosis is an example. Non-organoid hyperplasias typically involve 

proliferation o f a single cell type. Sclerosing adenosis is thought of as an intermediate 

between organoid and non-organoid hyperplasias. The degree o f hyperplasia determines 

the potential for future malignancy (see section 2.5).

Epithelial hyperplasia o f  the usual type

This is the simplest form of hyperplasia. It is characterised by an increase in the 

thickness of the epithelial lining o f the ducts to two to three cells thick. The cells retain 

their usual shape, size and positioning.

Sclerosing adenosis and blunt duct adenosis

'Adenosis' refers to a benign proliferation o f the glands. The most common form of 

adenosis involves fibrosis of the breast stroma and is called sclerosing adenosis. Blunt 

duct adenosis occurs when small breast ducts become enlarged and terminate blindly. It
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usually affects the terminal ductal-lobular unit (TDLU). Both conditions were defined 

by Foote and Stewart (100) and included in their group of 'cystic and proliferative 

diseases'. They are common aberrations o f involution though some arise in younger 

women in the cyclical phase. Sclerosing adenosis presents as a small, palpable poorly 

defined yet fixed mass, in association with breast pain, on mammography, or 

histologically after removal o f breast tissue for a dominant mass. It can mimic 

carcinoma and thus when a mass is present it would normally be removed.

2.3.6 Duct papilloma

A duct (or intraduct) papilloma is a small wart-like growth in one of the ducts behind 

the nipple. The papilloma itself is usually impalpable and patients commonly present 

with a bloody or serous discharge from the nipple. The papilloma is usually solitary but 

sometimes two or three separate papillomas may arise in the same duct segment. These 

macroscopic papillomas, o f 4 to 5 mm diameter, occur in the larger ducts and, relative to 

other benign diseases, are fairly uncommon. They occur most frequently between the 

ages o f 40 and 60. Microscopic papillomas arise in smaller ducts and are more common 

but less of a clinical problem. Mammography and michrodectomy or major duct 

excision are the standard modes o f treatment.

Multiple duct papillomas, sometimes called 'papillomatosis', usually arise when several 

ductal systems are involved. The lumps are large and palpable and occur in peripheral 

areas o f the breast. Although multiple duct papillomas are rare there is a high 

recurrence rate.

Nipple papillomas and adenomas are rare papillomas that arise in the nipple itself. 

Whilst duct papillomas are confined to the duct in which they originated, papillary 

adenomas can infiltrate the surrounding nipple.

2.3.7 Duct ectasia and periduct mastitis

Duct ectasia and periduct mastitis are non-proliferative conditions which share some 

features of a pathological sequence and thus are often grouped together as a 'complex'. 

In the past, periduct mastitis has been called 'comedo' and 'plasma cell' mastitis. Duct
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ectasia usually presents with nipple discharge o f varying colour whereas periduct 

mastitis is associated with acute inflammation and pain. Often a small mass is present 

close to and beneath the nipple. In some women a recurrent abscess may form leading 

to persistent discharge. This condition is known as 'mammary (or 'mamillary') duct 

fistula'.

Duct ectasia and periduct mastitis may occur simultaneously, in succession or 

independently. They are often seen bilaterally. In some cases surgery may be required 

to remove the duct and surrounding tissue.

The classic pathological theory, due to Haagensen (e g 113), is that one or more of the 

larger ducts that open onto the nipple dilates and becomes filled with a stagnant 

secretion. This leads to weakening and ulceration o f the epithelial lining of the duct 

from where the secretions leak either from the nipple (duct ectasia) or into the 

surrounding tissue. The fatty acids in the secretions are chemical irritants and lead to 

inflammation o f the periductal tissue (periduct mastitis). The inflammation can lead to 

hardening o f the duct walls which may cause the nipple to retract. The initial dilation of 

the ducts could be due to a hormonal effect, a defect in the absorption mechanism of the 

usual duct secretions or a blockage of the duct. An alternative theory is that 

inflammation is the primary process and that this leads to weakening o f the muscle layer 

of the ducts causing secondary dilation. This conflict o f 'direction' in the pathway has 

arisen from the observation that duct ectasia is more common in the perimenopausal age 

group whereas periduct mastitis affects younger women. It is more likely that several 

processes lead to manifestations o f the duct ectasia/periduct mastitis complex and these 

processes may vary with patient age. There is some evidence to suggest that 

inflammation in some patients may be of bacterial rather than chemical origin. Some 

reports have associated periduct mastitis to smoking (see section 2.4.10).

2.3.8 Moderate or florid hyperplasia without atypia

This form of hyperplasia was commonly known as epitheliosis in the UK and 

papillomatosis in the US. Following Dupont and Page (7) it is often classified under 

proliferative disease without atypia. The amount of cell proliferation determines the 

grade of hyperplasia. Typically, 'moderate' hyperplasia would imply four or more layers
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o f usual epithelial cells (as opposed to the usual single layer) or that the cells had 

proliferated to fill up the naturally occurring spaces in the ducts. 'Florid' hyperplasia 

would imply that the ducts had become distended or that the cells were irregularly 

defined or not uniformly positioned. Moderate or florid hyperplasia is seen in about 

20% o f post-mammographic biopsies (114) and it usually affects the TDLU.

2.3.9 Atypical epithelial hyperplasias

Page et a l  (115) defined atypical ductal hyperplasia (ADH) and atypical lobular 

hyperplasia (ALH) as hyperplastic changes that 'have some, but not all, o f the histologic 

and cytologic features o f lesions recognised as carcinoma in-situ'. In contrast to 'usual' 

hyperplasias the proliferative cells are uniform, well defined and regularly placed. 

Despite its name, ADH does not usually arise in a duct - ‘ductal’ is used as a reference 

to similarities with ductal carcinoma in situ. Wellings (116) suggests that both ADH and 

ALH arise in the TDLU and then proceed to either lobular or ductal types of 

hyperplasia.

Page and Dupont’s criteria for atypical hyperplasia (AH) was largely adopted by the 

Consensus Statement (2) but prior to that Black and Chabon (117) had also described a 

system for grading duct atypia. The Black and Chabon grade is the maximum of the 

scores ascribed to each o f four subdivisions o f the ductal system. The scores reflect 

increasing grades of atypia: 1 - normal, 2 - hyperplasia, 3 - distinct but minimal atypia, 4 

- atypia suggestive of carcinoma in situ and 5 - atypia consistent with carcinoma in situ 

(118). A sixth grade is often included for true invasive lesions. Under Black and Chabon 

grading, the risk o f breast cancer associated with ADH is typically calculated by 

comparing the risk in women with grade 4 (and sometimes grade 3) lesions to those 

with grade 1 and 2 lesions (non-atypical). Non-proliferative disease equates to a score 

o f 1. Black and Chabon atypia scores o f 3 or 4 are usually regarded as being weaker 

criteria for AH than Page’s classification with the latter showing greater morphologic 

similarity to cancer(119).
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2.3.10 In-situ carcinomas

Lobular and ductal (or intraductal) carcinomas in situ are cytological cancers that do not 

invade the surrounding tissue or form distant metastases. Lobular carcinoma in situ 

(LCIS) is a rare lesion that is confined to the lobule in which it developed. It is often 

multifocal or bilateral and, since it does not often form a palpable or mammographically 

detectable mass, is usually discovered incidentally following a benign biopsy. Ductal 

carcinoma in-situ (DCIS) is often found in the presence of invasive disease and is being 

increasingly diagnosed through routine screening mammography. It is at one end of the 

ductal hyperplasia spectrum, though whether there is a continuum from simple 

hyperplasia through ADH to DCIS is disputed. Both LCIS and DCIS are risk factors for 

invasive breast cancer. However, LCIS is though to be a marker of increased risk for 

later breast cancer at any site whereas DCIS is more likely a pre-cursor o f invasive 

disease in the area o f the initial lesion (see section 2.5.11).

48



2.4 Epidemiology of and risk factors for benign breast disease

This section describes various factors associated with benign breast disease. A 

summary o f published studies assessing such associations is given in Appendix A. 

Table A l provides details o f the individual studies whilst tables A2 to A10 summarise 

the results by factors o f interest.

2.4.1 Age

Benign breast disease occurs predominantly during the menstrual years with incidence 

falling rapidly after the menopause. There are two peaks reflecting the differing age 

distributions o f fibroadenoma and fibrocystic disease (108,120,121 ’ 122). The first, smaller, 

peak occurs around ages 20 to 25 and is due primarily to the prevalence of 

fibroadenoma in this age group. There is then a brief decline in incidence before an 

increase to the second, larger, peak. This occurs between the ages of 40 and 50 and is 

due mainly to conditions o f the fibrocystic disease group. Thus, not only is age a risk 

factor for BBD, but the incidence ratio o f fibroadenoma to fibrocystic disease varies 

with age. In those diagnosed before age 30 fibroadenoma predominates; in those over 

30 fibrocystic disease may account for up to 76% o f all BBD diagnoses (108).

2.4.2 Menstrual factors

There is general agreement between studies that age at menarche has no significant 

effect on subsequent risk o f BBD (see table A2). Two case-control studies have shown 

weak opposing effects. Cole et a/.(123) found fibroadenoma more common in US women 

aged 12 or more at menarche compared to those under 12 (RR=1.7, 95% Cl: 1.0-2.9) 

and this relationship was ‘just significant’. They found no effect among women with 

fibrocystic disease. In contrast, Italian women aged 13 or under at menarche had a 

relative risk o f 1.4 (95% Cl: 1.0-1.9, p=0.08) when compared to those aged over 13 at 

menarche (124).

Irregularity o f menses has also been considered as a risk factor for BBD (table A3). 

Hislop and El wood (108) reported that, for women biopsied before age 30, irregular
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menses as a young adult were associated with a risk 3.4 times that o f regular menses 

(p<0.001). The risk was not significant in those aged 30 to 50 at biopsy. Olsson et 

alS]25) found significantly more irregular and short menstrual cycles in BBD women 

than in controls. Mean menstrual cycle length was shorter in fibrocystic disease cases 

than controls in Simard et al. ’s study (126); 27.9 days versus 28.5 days, p=0.006. Other 

studies have found no effect o f regularity of menstrual cycles on either general BBD risk 

(127) or risk o f fibrocystic disease (128,129) or fibroadenoma (130). One study(131) reports a 

reduced risk o f BBD (RR=0.5) for women over 40 with irregular menses.

There is some evidence to suggest that age at natural menopause affects risk o f BBD 

(table A4). In their review, Wang and Fentiman (120) noted that several authors had 

shown that women with BBD were more likely to be premenopausal than their age- 

matched controls. One study (132) reported risk o f cystic disease in premenopausal 

women to be twice that in postmenopausal women (RR=2.1, 95% Cl: 1.6-2.8). This 

effect was due mainly to an excess of controls with a natural menopause rather than any 

difference in numbers with artificial menopause between cases and controls and was not 

seen for fibroadenoma. Fasal and Paffenbarger’s results (133) translate to an OR o f 2.4 

(95% Cl: 1.6-1.3) for premenopausal women versus postmenopausal. Other studies 

showed no effect o f menopausal status on either fibrocystic disease or fibroadenoma (134, 

135, 136) p j g k  fibr0CyStic disease in particular has been shown to increase with late age 

at natural menopause (123, 124, 129, 137,138) though some other studies find no significant 

associations (108, 127, 128, 13°’ 139). Minami et a/.(140) found no effect of age at natural 

menopause though non-proliferative disease cases were less likely to be premenopausal 

(OR=0.45, p<0.05).

There is very little evidence regarding the effect o f artificial menopause on BBD risk. In 

Cole et al. ’s study,(123) 51% o f cases had an artificial menopause at age 40 or more 

compared to 34% o f controls (RR=1.9, 95% Cl: 1.3-2.6) but, unlike natural menopause, 

there was no trend in risk with age. Conversely, Pastides et a/.(128) report protective 

effects o f oophorectomy (RR=0.5, 95% Cl: 0.3-0.9) and artificial menopause (RR=0.6, 

95% Cl: 0.4-1.0). In another case-control study,(137) hysterectomy was less likely in 

those who had undergone cyst aspiration than in the controls (RR of aspiration = 0.58, 

95% Cl: 0.36-0.93). Several studies have reported no effect o f type of menopause (108’ 

130, 132,1 3 5 ,1 3 6 ,140, 141) jyjogt stucjy publications, presumably because of small numbers or
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lack o f an effect, do not mention any association or lack o f association between risk o f 

BBD and artificial menopause.

By definition, pre-menstrual breast discomfort is associated with cyclical mastalgia. 

Hislop and Elwood (l08) found that pre-menstrual breast pain or tenderness as a young 

adult had a slight effect on risk o f biopsied BBD: those with discomfort every period 

had a risk 1.6 times greater than those with no or occasional discomfort (p=0.02). This 

increased risk was insignificant after adjustment for pre-menstrual breast engorgement 

(fullness) which was primarily associated with early age BBD (RR=6.4 for engorgement 

every period versus never or occasional engorgement, p<0.001). They suggest that this 

observation reflects the natural history o f fibrocystic disease. Rautalahti et al.(127) 

reported more menstrual breast tenderness in BBD cases than controls (80% versus 

71%) but the difference was not significant.

2.4.3 Reproductive factors

Nulliparity is a well-established risk factor for breast cancer and there is some evidence 

to suggest an increased in risk of BBD in nulliparous women (see table A5 (l08, l20, l23, 

124, 127, 137, 140, 142-145)^ p arous WOmen in Parazzini et al. s study (124) had a risk 0.36

times less than nulliparous women and in Bright et al.’s study (145) the risk was 0.37 

times less (95% Cl: 0.20-0.68). Risk o f fibroadenoma or fibrocystic disease up to age 

40 was significantly decreased in parous women in Cole et a l.’s s tudy(123) (RR=0.6 for 

fibrocystic disease, 0.3 for fibroadenoma). In Rautalahti et al. ’s study (127), parous 

women had risks 0.2 (95% Cl: 0.1-0.7) and 0.4 (0.1-0.9) times less than those o f 

nulliparous women for fibroadenoma and benign cysts respectively. No effect was seen 

for chronic cystic mastitis or ‘other’ types of BBD. In Hislop and Elwood’s study (l08) 

nulliparous women, particularly those younger than 30, had a higher risk of biopsied 

BBD. This effect was significant at all ages after adjustment for other reproductive 

factors. Minami et a/.(l40) found parous women to be at one third the risk o f nulliparous 

women for proliferative benign disease but at similar risk for non-proliferative disease. 

Numerous other studies report a non-significant tendency for a protective effect of parity
(.23, 131, .32, 135, 139, 146-148) t h o u g h  ^  nQ  ^  (.28, .29, .33, .36, 14., ,49)
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There is some evidence to suggest that multiparity further decreases the risk o f BBD 

(table A5 <'20’ 130•l32’l35' ,42-'44’,50' l51>). Yu et a /.(l30> report an inverse trend in risk o f

fibroadenoma with parity (p=0.003) and give an odds ratio of 0.2 (95% Cl: 0.04-0.8) for 

women o f parity greater than two compared to those with single parity. In Ravnihar et 

al. 's  study (136) the average number o f full-term pregnancies was 1.6 in women with 

fibroadenoma and 2.0 in the control group (p<0.05). The cohort studies by Ory et a/.(144) 

and Hsieh et a/.(151) reported a strong inverse association between parity and risk o f 

fibrocystic disease requiring hospitalisation (p for trend < 0.00001). Again, some 

studies find no overall association (108’ 123’ 127’128’ 131’ 133’ 139’141’146' 149’152’ 153) and indeed 

Cook and R ohan(142) reported increased risks in some BBD subgroups.

Although maternal age at birth first child is strongly associated with breast cancer risk, it 

seems to have no strong, consistent effect on benign disease (table A6). Several studies 

have shown a slight increase in risk o f BBD with late age at birth o f first child. Sartwell 

et a/.(132) found an excess o f women aged over 25 at first birth in their cystic disease 

cases (RR=1.7, 95% Cl: 1.3-2.3, p<0.05). Women in the aspirated cyst group o f Gately 

et a l.'s case-control study (137) were significantly older at birth o f first child than their 

age-matched controls (trend: p<0.025). Pastides et a/.(128) reported a relative risk of 1.7 

per 5 year increase in age at birth o f first child (95% Cl: 1.2-2.4) in women aged under 

45. They found no effect o f parity nor nulliparity. Parazzini et a/.(124) also reported 

increasing risks o f BBD with increasing age at birth o f first child and stated that this was 

independent o f parity itself. Yu et «/.(130) found a significant trend (p=0.01) o f 

increasing risks o f fibroadenoma with increasing maternal age at birth o f first child but 

this was insignificant in their multivariate analyses. Compared to women aged under 20 

at first child, those aged 27 or older had an odds ratio for fibroadenoma o f 5.1 (95% Cl: 

1.2-21.7). In Rautalahti et al.'s study (127) risk o f fibroadenoma was greater in women 

aged 28 or more at birth of first child (RR=4.5, 95% Cl: 1.3-15.3). Age at first birth had 

no effect on other types o f BBD in their study. Soini and Hakama (131) reported an 

inverse effect with women aged 25 or more at birth of first child having 0.6 times the 

risk o f those aged under 25. Similarly Duffy et a/.(149) report risk of cystic disease in 

women with first pregnancy after age 20 to be about half that o f women aged under 20 

at first pregnancy. Minami et a/.(140) found no effect of age at first or last child on either 

proliferative or non-proliferative BBD.
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In general, the evidence suggests that parous women have a reduced risk o f BBD and 

that multiparity may offer some further protection. Age at birth of first child does not 

appear to influence risk of BBD greatly - it certainly does not have the strong 

independent effect seen on risk o f breast cancer.

Hislop and Elwood (108) reported higher risks o f biopsied BBD in ever-married women 

who had had an abortion. The trend (ORs o f 1.0, 1.7 and 1.8 for none, 1 or 2 and more 

than 2 abortions respectively) was significant for all ages combined (p=0.001) but 

insignificant in women under 30. They had no information on the type o f abortion but 

suggest, given the time and age distribution o f the study population, most were likely to 

have been spontaneous abortions. Neither could they determine if  the abortion preceded 

the episode o f BBD. Other studies have not found associations between BBD and 

abortion,"28' ,31' l32' ,39' ,40' ,54) stillb irth"23' 132' 154) or miscarriage."23' I49)

A few studies have looked at the effect o f lactation on BBD. Soini et a/.(139) found 

consistent differences between cases and controls but the only significant association 

(RR=3.7) was between lactation for two or more years and risk of ‘dysplastic’ lesions 

(defined as ductal epithelial proliferation and other dysplasias). Cole et a/.(123) reported 

non-significant increases in risk o f fibrocystic disease and fibroadenoma in women who 

had breast-fed at least once. Other studies found no significant effect o f lactation on 

fibrocystic d isease/128’ 135’ ,43’ 149) fibroadenoma <130’ 135’ 143) or general BBD (,°8’ 127’ 131’ 

135,140, 145) Morgan et cr/.(28) and Nomura et a/.(135) found no difference in incidence o f 

BBD in women who had been breast fed compared to those who had not.

2.4.4 History of breast and other diseases

At present, there is no evidence o f a strong genetic effect o f BBD though there does 

seem to be some interaction between a family history of breast cancer and an 

individual’s risk o f benign disease. Morgan et alS2S) report a relative risk of BBD of 

4.25 (95% Cl: 1.08-10.33, p<0.05) for women whose mothers had a history of breast 

cancer compared to those with no history o f breast disease. Hislop and Elwood (108) 

report increased risks of BBD in women with a sister with breast cancer but these were 

only significant for those aged 30 or more (RR=2.9, p=0.005). However, there was no 

significant effect o f maternal history o f breast cancer. Soini and Hakama (131) report a
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relative risk o f 2.5 for BBD in women with a relative with breast cancer but no 

confidence interval or p-value is quoted. Pastides et a/.(128) found that women with a 

mother or sister with breast cancer had an increased risk of fibrocystic disease (OR=2.8, 

95% Cl: 1.5-5.3). They go further to say that the effect is more pronounced in women 

with a history o f previous BBD (OR=2.8, 95% Cl: 1.5-5.3) compared to those with no 

previous BBD (OR=2.0, 95% Cl: 0.9-4.6). In Minami et al. ’s study (140) women with a 

family history o f breast cancer were at four times the risk o f developing proliferative 

disease than those with no history (OR=4.13, 95% Cl: 1.46-11.71, p<0.05). There was a 

non-significant increase in risk o f non-proliferative disease (OR=1.95, 95% Cl: 0.96- 

3.94). In the study by Berkowitz et a / . /14,) premenopausal women with a mother or 

sister with breast cancer were at increased risk o f fibrocystic disease (OR=2.1, 95% Cl:

1.1-3.9). Cook and Rohan (142) report an association between blunt duct adenosis and 

family history in women aged 40 and less (p<0.002) but no effect is seen in any other 

subgroup o f their BBD cohort. Other studies show no significant association between 

BBD and a family (usually maternal) history of breast cancer (129,130’ 133,135,136,143,145, 

M 9 ,155,156) j t  j s  t h a t  s o m e  0 f  t h e  observed increase in risk is due to an increased 

awareness o f breast changes or a greater probability o f biopsy in women with close 

relatives who have had breast cancer.

The propensity for BBD to recur leads to an observed increase in risk when women with 

a history o f previous benign disease are compared to those with no such history. Vessey 

et a/.(134) report 14% of BBD cases had a previous breast biopsy compared to 2% of 

controls and in Paffenbarger et al. s study (133) the figures were 30.9% and 8.7% 

respectively (p<0.01). Women with a previous benign breast biopsy had twice the risk 

o f BBD than those with no previous biopsy in Soini and Hakama’s study (131). Brinton 

et a/.(152) associate previous BBD with a five-fold increase in risk in their cystic disease 

group (RR=5.04, 95% Cl: 2.0-12.4) and with a relative risk o f 8.4 (95% Cl: 4.4-16.1) in 

their ‘non-biopsied lump’ group. Non-significant increases in risk were observed for 

fibroadenoma and ‘other’ types o f BBD. In their oestrogen replacement therapy study, 

Trapido et alS]51) state that history of breast biopsy was a strong risk factor for benign 

breast biopsy following routine breast screening (OR=1.7, 95% Cl: 1.4-2.0 for one 

previous biopsy; OR=2.3, 95% Cl: 1.7-3.2 for two or more previous biopsies). 

Berkowitz et a/.(141) give relative risks for fibrocystic disease of 2.4 (95% Cl: 1.8-3.3) 

and 5.5 (3.0-9.1) for pre- and post-menopausal women with a history of BBD
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respectively. Duffy et a/.(149) report highly significant risks o f cystic disease associated 

with previous biopsies (RR=38, p<0.001 in women aged 50-54). Rautalahti et a l}ni) 

report an increase in risk o f cysts in women with a history o f non-lactational mastitis 

(OR=6.1, 95% Cl: 1.1-33.5).

Hislop and E lw ood(108) considered risk o f BBD in women whose mothers or sisters also 

had BBD. There was no association in those aged under 30 at biopsy but in older 

women risks were approximately two-fold (RR=2.5, p=0.002 if  BBD in mother; 

RR=2.2, p=0.008 if BBD in sister). They found no effect o f this complaint on other 

types o f BBD. Simard et a /.(129) found no effect o f a positive family history of BBD on 

risk o f fibrocystic disease.

Several other diseases have been considered as potential risk factors for benign disease. 

Cole et a / / 123) report an increased risk o f fibrocystic disease associated with history of 

arthritis (RR=1.6, 95% Cl: 1.2-2.2) but this effect was not seen in a later study (108). 

More cases than controls in Parazzini et a l ’s study (124) reported past occurrence of 

uterine or cervical polyps. There were no differences in history of uterine 

fibroadenomas or ovarian cysts and the association was not seen in Hislop and Elwood’s 

study (108). Other studies have found no effect on BBD risk from diabetes or 

hypertension/108, 123, 128, 135, 152) thyroid disease (108, 124, 128, ,52) or gallbladder 

disorders/108,124)

Parazzini et a/.(124) state that their observed increase in risk with a history of uterine or 

cervical polyps was likely to reflect a greater attention to health problems. Several 

studies have addressed this issue by looking at frequency o f breast and gynaecological 

check-ups. An increased risk o f fibrocystic disease has been associated with regular 

gynaecological check-ups (OR=1.8, 95% Cl: 1.3-2.7 (128)) and regular breast 

examinations (RR=1.4 (108) and RR for postmenopausal women=1.2, 95% Cl: 0.6-2.2 

(141)). Breast self-examination has also been considered. Berkowitz et a/.(14l) report an 

odds ratio o f 1.7 (95% Cl: 1.2-2.4) in premenopausal women who practised self- 

examination compared to those who did not; Hislop and Elwood (108) give a relative risk 

o f 1.2 and Rohan and Cook (158) report that 66% of cases with benign proliferative 

epithelial disorders practised breast self examination more than once a month compared

55



to 38% controls. Ravnihar et a/.(136) found no association between BBD and breast 

examination and Yu et alSno) found no effect of breast self-examination.

2.4.5 Obesity

There is substantial evidence to suggest that the risk o f BBD is decreased in obese 

women though the effect size varies between studies (table A7). Obesity is commonly 

measured by body mass index (BMI) and for BBD risk it is weight that is the more 

important factor. In studies using separate measures o f weight and height, height alone 

seems to have no effect on risk o f BBD.(127,133,136,139,152)

Some studies have attempted to determine whether current or pubescent obesity is more 

important. Hislop and Elwood (108) found protective effects associated with current and 

maximum lifetime obesity but the relationship was strongest for BMI as a young adult. 

In a later dietary study, Hislop et a/.(159) found that obesity as a teenager or when 

heaviest ever was significantly and inversely associated with BBD but, after controlling 

for other factors, only heaviest ever remained significant. Rautalahti et a/.(127) found no 

effect of childhood or adolescent BMI, though a current index of 26kg/cm or more 

conferred less than one third the risk o f fibroadenoma as a BMI o f less than 26kg/cm2. 

Ingram et alS]60) found no effect o f a weight gain o f more than 10kg on risk o f either 

epithelial hyperplasia or fibrocystic disease. In addition to BMI, they also considered 

skinfold thickness; there was no effect on fibrocystic disease but risk o f epithelial 

hyperplasia decreased significantly with increasing skinfold thickness (>18mm versus 

<12mm: RR=0.25, 95% Cl: 0.08-0.72; p for trend=0.012).

A widely accepted contribution to the inverse association between obesity and BBD is 

detection bias; it is hard to feel small dominant lumps in obese women and hence a 

proportion o f BBD in such women goes undetected. Yu et «/.(130) tried to adjust for this 

by using a group of biopsied controls. The association was still apparent and this 

provides evidence against the hypothesis that the effect is entirely due to detection bias.

Breast size is related to obesity but it is unclear whether it is independently associated 

with BBD risk. Soini and Hakama (131) reported reduced risks of BBD in those with 

large breasts (RR=0.7 for cup size D versus A) but did not look at the interaction with
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obesity. Hislop and Elwood (108) did find bra size to be an independent risk factor; in 

women under 30, current bra size rather than obesity was inversely related to risk of 

BBD (RR=0.3, p=0.04 for A/B cup versus C/D). In their study on breast cysts, Gately et 

al. (137) found that, on average, women who had a cyst aspirated had a smaller bra size 

that their matched controls. Rautalahti et alS]27) report the relative risk of 

fibroadenomatosis as 0.2 (95% Cl: 0.1-0.7) for large bra size versus small but this was 

not independent o f body mass index. Odenheimer et «/.(147) report no effect of breast 

size whilst the reduced risk associated with BMI remained significant after controlling 

for breast size.

2.4.6 Socio-economic status

Numerous studies have shown high socio-economic status to be a risk factor for BBD. 

Nomura et <z/.(135) found that risk o f fibrocystic disease and fibroadenoma was increased 

in better educated women from higher income families. Cole et alSU3\  using an index 

based on house rental values, found risk o f fibrocystic disease to increase with socio

economic status. Others have looked at education levels; Pastides et a/.(128) found that 

women educated beyond high school had an odds ratio for fibrocystic disease o f 1.8 

(95% Cl: 1.3-2.5) relative to women not educated beyond high school; Berkowitz et 

a/.(141) reported odds ratios for fibrocystic disease o f 2.0 (1.1-3.4) and 2.9 (1.8-4.8) in 

pre- and postmenopausal women respectively for high socio-economic group compared 

to low socio-economic group. Hsieh et a/.(151) report a relative risk o f 1.07 (95% Cl:

1.01-1.14) per one year increase in age at completion o f education. Simard et a /.(129) 

report increased risks o f fibrocystic disease in those with more than 12 years of 

education relative to those with 12 or less (OR=1.5, 95% Cl: 1.08-2.10, p<0.05). Cook 

and Rohan (142), Flemming et alS]55\  Soini and Hakama (131), Ravnihar et a/.(136) and 

Brinton et a/.(152) also found some positive associations.

It is likely that the association is due, at least in part, to diagnostic bias resulting from 

increased awareness in women o f higher socio-economic status (l09, 124, 152). In the 

Oxford FPA study (l52) the association was stronger in women with biopsied BBD than 

non-biopsied BBD suggesting that higher socio-economic status may be associated with 

an increased incidence of biopsy itself. Several case-control studies have failed to show
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an association (108,124,127,130,133,139,147) but this could be due to matching criteria (130) or 

homogeneity o f the study population (108).

Several studies have reported higher rates o f BBD in urban or metropolitan areas 

compared to rural or less built up areas (135,155,161). Again, this may reflect differences 

in socio-economic status or access to medical care.

2.4.7 Race

It is unclear whether race affects risk o f BBD. Some studies have found no association 

with either race (108, 120, 128, 141, 153’ 162) or religion (128). Others have noted a lower 

incidence o f BBD in rural Africans, first generation Chinese immigrants, Hispanics and 

American Indians (121, 148, 163) and a higher incidence o f fibrocystic disease in 

premenopausal Jewish women (141). Some studies have noted a difference in the 

distribution o f types o f BBD with whites having more fibrocystic disease and blacks 

more fibroadenoma (121). While some differences in incidence of fibrocystic disease in 

Pathak et a l.'s study (148) were explained by differences in age and parity, American 

Indians had significantly less cystic change and apocrine metaplasia than Anglos even 

after adjustment for such factors. These differences are likely to be due in part to 

differences in socio-economic status and access to medical care.

2.4.8 Use of oral contraceptives

The role o f the oral contraceptive pill in the epidemiology of breast cancer has been 

disputed for many years (section 1.2.9). In contrast, the protective effect o f OCs on 

benign disease has been generally accepted for some time (12°’ 121, 164, 165). Studies 

evaluating the relationship between BBD and OCs are summarised in table A8. Early 

studies showed a reduced incidence o f fibrocystic disease in women with any history of  

OC use. The protection was mainly attributable to current and long-term use though 

some studies showed a persistence of an effect for several years after cessation o f OCs 

(133,134,144,154,166) observations have been seen many times and the protection is

now thought to extend to fibroadenoma and other forms of BBD (130,134, I37,145, 153,167, 

,68). The large Oxford FPA study (152) found a 65% reduction in risk o f fibroadenoma 

(RR=0.35, 95% Cl: 0.2-0.7). A significant protective effect was also observed for cystic
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disease (RR=0.66, 95% Cl: 0.4-0.9) and ‘non-biopsied lumps’ (RR=0.58, 95% Cl: 0.4- 

0.8). All three groups demonstrated a significant trend, among current users, o f 

decreasing risk with increasing years o f use. The reduction in risk was greatest (around 

50%) for long term use (six or more years). Current users were associated with the 

lowest risks o f BBD.

In other studies, timing and duration aspects o f OC use have been associated with 

varying levels o f protection towards BBD. Increasing duration o f use is associated with 

decreasing risk o f fibroadenoma (152,169) and a lower risk o f fibrocystic disease is found 

in long-term OC users (133’ ,34’ 137>144,146’ 147’ l52’ ,54’ 162’ 166’ 169). OC use at an early age 

has been associated with increased risks o f fibroadenoma/130, 142) though Canny et 

a/.(167) found no effect o f early age OC use nor length o f OC use before first pregnancy. 

They did however report decreasing risk o f fibroadenoma with increasing years since 

first use o f OCs. Yu et a/.(130) found risk of fibroadenoma to be unaffected by current or 

former OC use, length o f use before first pregnancy, years since first use and years since 

last use o f OCs.

Several studies have attempted to categorise the risks further by subdividing fibrocystic 

disease by degree o f atypia. LiVolsi et a/.(170,171) found that the negative association o f 

long term OC use with fibrocystic disease was restricted to fibrocystic disease showing 

little or no epithelial hyperplasia. Cases with marked atypia in the study by Pastides et 

<z/.(166) had a similar pattern o f OC use to controls whereas those with low or no atypia 

had less use than controls. They did not however find a linear relationship between risk 

and degree o f atypia. These observations have led to the suggestion(120,121,164) that OCs 

are protective only against forms o f BBD that are not strongly associated with breast 

cancer. This implies that women who develop BBD despite OC use generally have a 

more serious form o f disease and are therefore at higher risk o f developing breast cancer 

than non-users who develop BBD. This might explain the contradiction that whilst OCs 

reduce risk o f BBD and BBD is a risk factor for breast cancer, OCs have not been 

shown to reduce the risk o f breast cancer. However, Hsieh et a/.(172) found no real 

differences in the relationship between OCs and risk o f fibrocystic disease by degree of 

atypia and Berkowitz et a/.(173) found no real association between ever use o f OCs or OC 

use for four or more years and mean or highest ductal atypia score of fibrocystic disease.
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The protective effect o f OCs on BBD has generally been attributed to the progestogen 

content of the pills (109, 152, 164, 165, 174). However, the possibility of artefactual effects, 

due to clinical reluctance to prescribe OCs to those with a history of BBD (120,121,163) 0r 

increased willingness to perform a biopsy in those using OCs, cannot be discounted. A 

recent report by Parazzini et alS]15) looked at the first o f these possible confounding 

effects and concluded that, in Italian women, pill use is determined by socio

demographic and reproductive factors rather than medical history.

Some more recent studies have shown that only current use offers protection (121, 152). 

This may reflect the reduction in dosage that has been achieved since the first generation 

pills o f the 1960’s and 1970’s which women in the earlier studies would have taken.

Despite the consensus that OC use reduces risk o f BBD, some authors have found an 

increased risk. In post-menopausal women, Berkowitz et a/.(176) found a significantly 

higher proportion o f cases with fibrocystic disease had used OCs than controls. The 

increased risk was confined to women who had no history o f BBD (RR=5.91, 95% Cl: 

2.25-15.58) and was due mainly to ever use o f OCs and sclerosing adenosis in 

premenopausal women (RR=1.7, 95% CT. 1.2-2.6 ) and gross cysts in postmenopausal 

women (RR=3.2, 95% Cl: 2.1-7.3) (173, ,76). The authors suggest that this could be due 

purely to chance, to characteristics o f previous OC users not considered in the study or 

to OCs having an effect on the breast that is not apparent until after the menopause. 

Rautalahti et a/.(127) find an increase in risk o f chronic cystic mastitis for long term (five 

or more years) users o f OCs (RR=3.2, 95% Cl: 1.2-8.4). The results of the case-control 

studies by Franceschi et «/.(150) and Nomura and Comstock (122) were also not supportive 

o f the hypothesis that OCs are protective towards BBD.

2.4.9 Hormone replacement therapy

Studies assessing the effect o f hormone, or oestrogen, replacement therapies on the risk 

of BBD in postmenopausal women are summarised in table A9. Trapido et al. reported 

the first significant association in 1984 (I57). In their case-control study the odds o f any 

biopsied BBD among users o f HRT, relative to non-users, were 1.3 (95% Cl: 1.1-1.6). 

The risk was elevated in women with fibrocystic disease alone or concomitant with 

fibroadenoma but was not significant in those with fibroadenoma alone. Risk increased
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with years o f use (p<0.01) and with years since initial use (p<0.01). The latter effect 

was independent o f age at first use (risk decreased with later age at first use) and 

duration o f use. There was no effect o f years since last use. Berkowitz et a/.(138) found 

that risk o f fibrocystic disease increased with long term use o f HRT (more than five 

years) and that the effect persisted for several years after therapy had stopped. They 

suggested that HRT may have both immediate and cumulative effects on the breast. 

They point out that of four previous case-control studies to consider hormone treatment 

a risk factor for BBD,(122’ 136, 154,177) only one (122) found a positive effect. This study 

found a significant increase in risk o f cystic disease and fibroadenoma in women under 

age 50, due mainly to differences in use o f diethylstilbestrol. Use o f other types o f HRT 

(including oestrogen injections and conjugated oestrogens) was similar in cases and 

controls. The cohort study by Jick et a/.(178) also reports an elevated risk o f fibrocystic 

disease associated with current HRT use (RR=1.9, 95% Cl: 1.3-2.7). When considering 

histologic subtypes o f fibrocystic disease, Berkowitz et a/.(173) found no association 

between ever use or use for five or more years and mean ductal atypia score. The 

general positive association (138) was strongest for gross cysts (OR=2.0, 95% Cl: 1.0-4.3, 

relative to other histologic types). Cahn et #/.(179) found the odds o f HRT use in women 

with proliferative BBD to be 3.9 times those of women with non-PD and suggest that 

HRT ‘may promote lesions that are predisposed to breast cancer’.

Since fibroadenomas occur predominantly in premenopausal women, there are fewer 

studies assessing the effect o f HRT on fibroadenoma risk. Canny et a/.(167) found a 

significant increase in risk o f fibroadenoma among HRT users. They report an odds 

ratio o f 2.8 (95% Cl: 1.2-6.6) and significant trends o f increasing risk with increasing 

duration o f use, years since first use and years since last use o f HRT. However, Yu et 

a/.(130) found no effect o f HRT on risk o f fibroadenoma.

The study by Bright et <a/.(145) found a significant protective effect in biopsied BBD 

women receiving HRT (OR=0.35, 95% Cl: 0.14-0.88). A protective effect was also 

reported by Tzingounis et a/.(I68).

The biological effect of HRT is to delay the consequences of the menopause. As BBD 

is most apparent during the menstrual years it is not surprising that an increased risk of 

BBD, particularly o f fibrocystic type disease, has been reported in HRT users. Trapido
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et a/.(157) found risks associated in all but the lowest conjugated-oestrogen dose therapies 

and that risks were higher among women who had undergone bilateral oophorectomy. 

These results would seem to imply that exogenous oestrogen at a point in life when 

natural oestrogen levels are declining increases the risk o f BBD.

2.4.10 Smoking

Studies considering smoking and BBD are summarised in table A 10. The first 

epidemiological evidence that smoking was protective towards BBD was published in 

1985 by Berkowitz et alSm \  They found that in post-menopausal women, current 

smokers had a significantly lower risk o f fibrocystic disease than non-smokers (OR=0.4, 

95% Cl: 0.2-0.8). This protection was not afforded to premenopausal women nor ex

smokers but was apparent for fibroadenoma and other forms o f BBD. The effect was 

strongest for atypical lobular hyperplasia but there was no trend in risk with degree of 

atypia. Before that, Nomura et a/.(135) found smokers to have an increased risk of cystic 

disease (RR=1.8, p<0.05) but not o f fibroadenoma (RR=0.8, NS). In 1991, Parazzini et 

al. concluded that there was ‘no consistent association between smoking status, number 

of cigarettes per day and duration o f smoking and risk of benign breast disease’ (l81). 

Although light short duration smokers had the highest risks, their data did not support 

the hypothesis that smoking is negatively associated with BBD. Other studies have also 

found no overall association (128,153), no association for current (182, 183) or ex-smokers 

(n o , iso, 182,183) an (j nQ e f f e c t  0 f  duration of cigarette smoking (130,183). Rohan and Cook

(184) found no association between benign epithelial proliferative disorders and current or 

ex-smoking, duration o f smoking, cigarette years o f exposure, age first smoked or years 

since first smoked. Rautalahti et a l}x21) found more smokers among their cases than 

controls.

Bundred and co-workers looked specifically at the relationship between smoking and 

the periduct mastitis / duct ectasia complex (185). They found a strong positive 

association between current heavy smoking and periduct mastitis though no such 

association with duct ectasia. Dixon et al. confirmed this finding (186, 187) whereas 

Thomas et a/.(188) found an effect on both periduct mastitis and duct ectasia. Furlong et 

a/.(I89) found women with periduct mastitis were more likely to be smokers than those 

with intraduct papilloma (p<0 .0 0 1 ).
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The possible protective effect could result from the anti-oestrogenic effect o f smoking 

(48). Although smokers have an earlier menopause than non-smokers, the effects of 

Berkowitz et al. ’s study(180) were independent o f age at menopause.

2.4.11 Alcohol

Relatively few studies have considered the effect o f alcohol on benign breast disease. In 

an Australian case-control study, Rohan and Cook (158) found no association between 

risk of benign proliferative epithelial breast disorders and either current or previous 

drinking habits or alcoholic beverage type. A later case-control study looking at risk 

factors for fibroadenoma(130) also found that alcohol consumption had no effect on risk.

2.4.12 Methylxanthines

Methylxanthines are a group o f compounds found in coffee, tea, chocolate and colas - 

caffeine is an example. In both malignant and benign breast lesions levels o f cyclic 

adenosine monophosphate (cAMP) are elevated. This substance stimulates the 

synthesis o f particular cellular products including fibrous tissue and cyst fluid. cAMP 

normally degrades but the enzyme that is responsible for this process is inhibited by 

methylxanthine compounds. Thus the hypothesis that methylxanthines may be involved 

in the aetiology of BBD arises (190).

In their 1985 review, Wang and Fentiman (120) concluded that a caffeine free diet may 

give a small benefit to those with fibrocystic disease but that it was not clear if  women 

with BBD had an increased consumption o f caffeine compared to those with no BBD. 

This view is supported by Harris et alSl9]) and Emster et a/.(192) who, despite showing a 

significant decrease in caffeine levels in women randomised to a methylxanthine-free 

diet, concluded there was Tittle support that caffeine-free diets are associated with major 

clinically significant improvements in benign breast disease’. Schairer et alS]93) and 

Rohan et #/.(194) also found no overall association between methylxanthine intake and 

risk of biopsied BBD and proliferative disease respectively. Marshall et <z/.(195) found no 

association between fibrocystic disease and tea or coffee consumption.

Odenheimer et a/.(147) report that, compared to non-coffee drinkers, moderate drinkers (1 

to 4 cups per day) had odds ratios o f 4.22 (95% Cl: 1.14-15.6) and 1.6 (1.0-2.4) for
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clinically diagnosed and biopsy confirmed fibrocystic conditions respectively. In 

LaVecchia et a l 's study (196), women drinking three or more cups per day had a relative 

risk o f 3.7 (95% Cl: 1.8-7.7) for dysplastic breast lesions. Longer duration o f coffee 

consumption was associated with higher risks. There was no increased risk o f benign 

tumours (mainly fibroadenoma) in their study. Similarly, Boyle et a/.(197) found a 

significant trend of increasing risk o f fibrocystic disease with caffeine dose. Women 

who consumed over 500mg/day (approximately 4 or 5 cups) had an odds ratio o f 2.3 

relative to those consuming 30mg/day or less (trend: p<0.0001). The risk o f concurrent 

fibrocystic disease and fibroadenoma also increased with dose of caffeine but the 

relationship was not significant (trend: p=0.07). They also found no effect of caffeine 

consumption on the risk o f fibroadenoma. Within the fibrocystic disease group, risk 

was particularly associated with ALH and sclerosing adenosis with papillomatosis or 

papillary hyperplasia. Lubin et a/.(198) found no overall effect o f coffee consumption 

and no effect by degree o f atypia or histologic type. Lawson et al}91) found non

significant elevated risks associated with hot beverage consumption (RR=1.3, 90% Cl: 

0.8-2.2 for >7 cups per day versus none) but no evidence of a dose-response 

relationship.

2.4.13 Dietary factors

As fat intake is implicated in (postmenopausal) breast cancer this is the dietary factor 

that has been studied most. Mastalgia is less frequent in Asians and Eskimos whose 

diets are lower in fat than those o f most westernised societies. This has led to the 

hypothesis that dietary fat increases levels o f endogenous hormones which in turn 

causes more breast pain (191). Conversely, evening primrose oil is frequently used to 

treat mastalgia and has an alleviating effect in some cases (109). It is rich in essential y- 

linolenic fatty acid which is thought to promote the function of hormone receptors in the 

breast. This leads to lower levels o f hormones and thus reduces the symptoms of 

mastalgia. Case-control studies to determine possible dietary risk factors for BBD have 

not shown any clear effects o f fat intake. Yu et a/.(130) found total fat and total calorie 

intakes had odds ratios greater than unity (for risk o f fibroadenoma) but the associations 

were neither significant nor dose-dependent. Borderline significance of positive 

associations with total and polyunsaturated fat intakes and proliferative epithelial 

disorders were reported by Rohan et a/.(199). Most trends became insignificant after
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adjustment for energy intake and they concluded that dietary fat did not seem to have a 

role in the aetiology of benign proliferative epithelial disorders. Lubin at alS200) found 

that intake o f foods containing 10% or more fat increased risk of biopsied BBD 

(OR=7.6, 95% Cl: 2.4-40.2 for the highest versus lowest quartile). The effect was 

mainly due to saturated fatty acids and was more marked in high-grade atypical lesions. 

Vobecky et a/.(201) found no significant association between risk o f fibrocystic disease 

and total fat intake. In their multivariate model, an increasing proportion o f energy 

obtained from fat and a saturated fatty acid intake above 1 0 % of total energy intake were 

protective. The logistic model also included presence o f breast pain, education o f 12 or 

more years, OC use and cholesterol intake o f 300mg/day or more. Hislop et a lP 59) 

found no overall association between BBD and fat though there was some evidence that 

meat fat intake was positively associated with risk o f ‘those BBDs that confer an 

increased risk o f breast cancer’ (p for trend <0.05). They suggest that this is consistent 

with dietary fat acting as a late-stage promoter o f carcinogenesis.

A detailed study by Yu et a lP 30) found no significant associations between risk o f 

fibroadenoma and intakes o f fibre, retinol and p-carotene (vitamin A), protein, sugar, 

starch, mono- and poly-unsaturated fat, saturated fat or cholesterol. Increased vitamin C 

levels had a slight protective effect but this was also non-significant. A companion 

study (l99) found an inverse association between benign proliferative epithelial disorders 

and intakes of energy (trend: p=0.02), protein (p=0.003), cholesterol (p=0.002), fibre 

(p=0.04), retinol (p=0.002), p-carotene (p=0.02) and sugar (p=0.01) using community 

controls and positive associations with energy (p=0.04) and starch (p=0.02) (and no 

effect o f other items) using their biopsy control group. Except for cholesterol, these 

trends became insignificant after adjustment for energy intake. A reanalysis o f fibre 

intakes (202) found some association between diets high in dietary fibre and proliferative 

disease compared to non-proliferative disease controls (OR=0.45, 95% Cl: 0.24-0.82). 

Conversely, higher intakes of fibre were associated with risk o f fibrocystic disease in 

women over 50 (201). In a comparison of proliferative BBD to non-pro liferative and non- 

biopsied BBD, London et tf/.,(203) found no difference in serum levels of retinol, P- 

carotene, lycopenes or alphatocopherol nor in intakes o f retinol, carotene or vitamin E. 

Hislop et al.’s case-control study (159) found some evidence that BBD lesions that carry 

an increased risk o f breast cancer were inversely associated with vitamin A 

supplementation (RR=0.5). The effect was not apparent in all histologic groupings o f
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BBD and they found no significant effects of whole milk, yellow vegetables, carrots, 

fruit sources o f vitamin A or vitamin B supplements. Vobecky et alS20]) found some 

univariately significant associations between fibrocystic disease and higher intakes of 

carbohydrate (p=0.032), fibre (p=0.03), vitamin D (p=0.01), free folacin (p=0.04), 

calcium (p=0.02), sodium (p=0.04) and potassium (p=0.01) in women aged 50 or more; 

and between fibrocystic disease and lower intakes of protein (p=0.01), niacin (p=0.009) 

and zinc (p=0.04) in women under age 50. They found no effects of energy, 

carbohydrates, fat, vitamins A, E or C, riboflavin, iron and phosphorous nor o f 

frequency o f consumption o f milk, poultry, raw vegetables, pickles or cereals. A recent 

case-cohort study (204) found no association between rate o f benign epithelial 

proliferative disease and energy adjusted intakes o f fat, vitamin A, fibre or calcium. 

Simard et n/.(205) found fibrocystic disease cases ate less meat, offal and cooked 

vegetables than controls. They also studied changes in diet but found practically no 

associations. Ingram et alS59) found few associations between fibrocystic disease and 

intake of various food groups but chicken, fish and fruit offered some protection 

towards epithelial hyperplasia. Other studies have found dietary factors to have no 

effect on the risk of BBD (142).

Thus, in general, there seems little evidence to suggest that dietary factors significantly 

influence the risks of BBD.

2.4.14 Radiation

Tokunaga et alS206) looked at prevalence of breast disease in atomic bomb survivors and 

found a positive association between proliferative breast disease and atypical 

hyperplasia and radiation dose. The association was strongest in those aged 40 to 49 at 

exposure. The authors hypothesise that, as the women were exposed as they approached 

the menopause, any cancers induced by exposure to radiation may have received too 

little hormone promotion to become frank cancers and were thus caught at a pre- 

cancerous stage.
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2.5 BBD and its relationship to breast cancer

Over the last 40 to 50 years numerous studies have been undertaken to confirm or refute 

the hypothesis that benign breast disease is a risk factor for breast cancer. There have 

been widely varying estimates of risk presumably due in part to differing definitions and 

categorisations o f benign disease. Page and Dupont and colleagues have been the most 

prolific contributors to the argument in more recent years (l’7’ 110,114,115,119,207'220) and 

their general observation that benign disease with 'atypia' is the single most important 

pathological factor is now widely acknowledged.

The next two sections describe studies that have assessed benign breast disease as a risk 

factor for breast cancer. The issue o f whether benign breast disease is a precursor of 

breast cancer or merely a marker o f increased risk is also raised (2.5.11)

2.5.1 Early studies considering BBD as a risk factor for breast cancer

Associations between benign and invasive breast disease were initially studied by 

looking at the coexistence o f benign and cancerous pathology at autopsy or mastectomy 

(ioo, ii6) s ubsequent early follow-up or case-control studies did not often distinguish 

between different types o f benign disease and found no association with breast cancer 

risk (a review of some studies is given in Davis et a/.(107) and Webber and Boyd (6). 

Several small early cohort studies followed women with ‘cystic disease’ or ‘BBD’ and 

enumerated observed cancers over periods varying between 1 and 20 years (table2.3 (221" 

230)). They followed less than 130 women and found only a handful o f cancers. Other 

studies were larger (231_236)5 following 200 to 450 women but (again) inadequate duration 

o f follow-up meant only a few cancers were reported (table 2.3). Some women in these 

earlier studies underwent mastectomy and since there is no calculation of expected 

cancers it is not always clear how this was accounted for.
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Table 2.3: Early cohort studies assessing risk o f  cancer after cystic disease (CD)

Authors Ref. No. followed up / size of Follow- No. Cancer
year cohort and definition of 

BBD
up

(years)
cancers risk

Schimmelbusch 2 2 1 43 CD n/s1 3 n/s
1892

Greenough & 2 2 2 83/102 CD 1-17 4 equivocal
Simmons, 1914 av. 7

Bloodgood 223 128 CD n/s 3 no risk
1921

Bloodgood 231 267 n/s n/s no risk
1922

Peck & White 232 331 (but some had mx2) n/s 2 no risk
1922 6 6  CD

Johnson 224 65/107 CD 1-19/20 4 n/s
1925

Semb 225 total: 90/90 CD (some mx) 4-27 2 equivocal
1928 13 chronic mastitis ( 6  mx) 

60 CCM2 (45 mx)
17 papillomatosis (all mx)

0

2

0

Liedberg 226 58/59 CD 1 -1 0 6 4 cancers
1931 within 5 

months of 
BBD

Campbell 233 290/290 CD (57 had mx) 2-14 1+ 1  in no risk
1934 av. 6 .1 mx group

Oliver & Major 234 198/400 CD n/s n/s no risk
1934

Klingenstein 227 54/226 CD 2 -1 1 2 no risk
1935

Lewis & 235 423/1,048 (some had mx) >5 4 no risk
Geschickter, 173 adenosis 3

1938 250 CD 1

Reed 228 26 CCM3 10-17 0 no risk
1948

Atkins 236 225/326 CD -14 2 n/s
1951

Patey & Nurick 229 65 cysts 1-16 1 n/s
1953 av. 5

Palmer & Martin 230 64 n/s n/s no risk
1954

1 n/s not stated
2 mx mastectomy
3 CCM chronic cystic mastitis
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Other early studies looked at risk of intraduct papilloma (IDP) (reviewed in Carter (237)). 

In 1927, H a rt(238) followed 95 women with IDP for between 1 and 20 years and found 

no cancers (though 73 women had undergone mastectomy). Shie (239) and Estes and 

Phillips (240) respectively followed 27 and 34 women with solitary IDP for four to five 

years and found no cancers. In a slightly larger study, Haagensen et a/.(241) followed 72 

women with solitary IDP for an average o f 10 years but still found no cancers. Kraus 

and Neubecker’s study (242) had an average o f 11 years follow-up but included only 33 

women with IDP - no cancers were seen.

Warren published the first substantial cohort study in 1940 (243). He followed 1,242 

women for an average of nine years finding 42 cancers. A comparison o f just over half 

the cohort to population breast cancer rates gave a significant relative risk o f 4.5. The 

same women were later included in Monson et a l . 's study (244) which had an average 

follow-up o f over 30 years. The risk o f death from breast cancer in this cohort was 

estimated at 2.6 times that of the general population (95% Cl: 1.9-3.5). Webber and 

Boyd (6) reviewed the methodology of 36 cohort studies conducted between 1900 and 

1984. They found that studies reporting positive associations (22/36 studies) were 

generally larger and better conducted than those reporting no effect. All but one of these 

2 2  studies compared the observed cohort cancer incidence to the expected number o f 

cancers producing an estimate o f the relative risk. None o f the 11 ‘null’ studies (some 

included in table 2.3) did so.

Appendix B gives details o f BBD cohort studies referenced in the following sections. 

These were identified from a MEDLINE search and from the bibliographies o f 

identified papers. Studies published before 1940 and those with no information on 

relative risks or expected numbers of cancers are not included. As with any literature 

review publication bias, resulting in a tendency for reported studies to be those where an 

effect was seen, cannot be ruled out.

2.5.2 Mastalgia and nodularity

There is no increase in risk o f breast cancer associated with mastalgia or cyclical 

nodularity. The only identified study to report an increased risk gave an adjusted 

relative risk of 2.12 (95% Cl: 1.31-3.43) (Plubureau et a/.(245)). This matched case-
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control study included 2 1 0  premenopausal women with newly diagnosed breast cancer 

but, despite good study design, recall bias could have been an influence.

Note that chronic mastitis or chronic cystic mastitis (as used in some o f the studies in 

Appendix B) is usually an umbrella term for cystic or fibrocystic type diagnoses. It is 

not normally a term used for mastalgia or cyclical breast pain.

2.5.3 Fibroadenoma

The 1985 Consensus Statement o f the American College o f Pathologists (2) categorised 

fibroadenoma as a condition with no increased risk o f breast cancer. However, 

subsequent studies have since shown that this may not be the case and in the updated 

statement published in December 1998 fibroadenoma is classified as a lesion o f slightly 

increased risk.

The 1985 Consensus Statement was based largely on the results from studies by Page 

and Dupont et alP ' 7). These found no significant increase in risk of breast cancer for 

non-proliferative diseases including fibroadenoma. In 1984, Roberts et a/.(246) also 

reported no increase in risk o f breast cancer following fibroadenoma. In addition, 

Donnelly et a l ’s study (247) had previously reported two cancers in 100 women with 

fibroadenoma followed for an average o f 13.5 years and Hutchinson et a lP A%) had found 

a relative risk o f 0.5 (95% Cl: 0.01-2.6) in 158 women whose benign biopsy revealed 

only fibroadenoma. Hutchinson et a l  did however find increased risks in women with 

fibroadenoma and concomitant fibrocystic disease (RR=4.36, 95% Cl: 1.88-8.58). 

Other pre-1985 studies had shown positive associations. In 1954, Kiaer published a 

study with an average follow-up o f 17 years on 321 women with fibroadenomatosis (249). 

The overall relative risk was 4.3 (95% Cl: 2.6 -6 .6 ). Kodlin et alS250) and Moskowitz et 

al}25]) reported relative risks of between seven and eight though the later used what they 

called ‘bland’ BBD as the reference population.

More recent studies have put the risk of breast cancer following fibroadenoma at about 

twice that o f the general population (9,210,252"255). Kreiger and H ia tt(252) update Kodlin 

et a l ’s study (250) with an additional eight years o f follow-up. Though reduced, the risk 

is still apparent (RR=2.2, 95% Cl: 1.6-3.1) suggesting a persistence over time. McDivitt
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et al}253) find the risk to be independent o f both proliferative disease and atypical 

hyperplasia though presence o f these features in the adjacent tissue may increase risks 

(210). Complex fibroadenomas may confer greater risk: Dupont et n/.(210) studied 1,835 

women with biopsied fibroadenoma and found the overall risk to be 1 .6  times that o f the 

general population (95% Cl: 1.3-2.0) whereas those women with complex fibroadenoma 

had risks 3.1 times that o f their sister-in-law controls (95% Cl: 1.9-5.1). Levshin et 

al. ,(256) however, found no association in either of their cohorts.

2.5.4 Cysts

It is unclear whether benign breast cysts increase the risk o f breast cancer(107,218,251' 258). 

When cysts are aspirated, no histology is available so it is impossible to determine if  any 

observed increase in risk is due directly to the cysts or indirectly to underlying histologic 

features. In both Consensus Statements (2, l05) biopsied cysts were included in the no 

increased risk group. Contrary to most studies, Kiglore et a/.(259), Hendrick (260) and 

Page et alSl) found no increase in risk - the majority of studies report a slight increase in 

risk following cystic disease. Relative risks between 1.5 and 3 have repeatedly been 

reported as shown in table 2.4 which summarises the main studies assessing risk of 

breast cancer in women with cystic disease.

Bundred et alS266) reported greater risks with multiple or bilateral cysts. The overall risk 

in their study was 2.9 times that o f the general population (95% Cl: 1 .6-4.8) but was 

largely restricted to women with aspirated cysts. Bodian et alS267) also found the risk of 

breast cancer to increase with the number of cysts aspirated (RR 2.3, 3.1 and 5.7 for 1, 

2-9 and >10 cysts respectively) though this was not the case in studies by Harrington 

and Lesnick (263) and Bruzzi et a lP 69\  Dupont and Page’s cohort study (7) found that 

compared to women with no family history and no cysts, those with both had a relative 

risk o f 2.7 (95% Cl: 1.5-4.6 ) whilst those with cysts alone were not at increased risk 

(RR=1.3, 95% Cl: 0.88-2.0). In a study of 1,365 women with aspirated cysts, Dixon et 

ai t210) foun(i the RR of breast cancer to be greatest in those aged under 45 (RR=6.83, 

95% Cl: 3.41-12.22). Women developing cysts at age 55 or more had a RR of 1.99 

(95% Cl: 0.99-3.56) and the decreasing trend in risk with increasing age was statistically 

significant (p<0.05).
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Table 2.4: Risk o f  breast cancer following cystic disease

Author, year Ref. Number of cancers /

Number with cystic disease (CD)

RR (95% Cl) 1

Kiglore et al, 1953 259 3/335 single cystic masses no increased risk

Hendrick, 1957 260 4/484 CD no increased risk

Davis et al., 1964 107 7/284 CD 1.73 (0.7-3.7)

Veronesi & Pizzocaro, 1968 261 25/1,009 histologic CD 2.0(1.3-3.9)

Haagensen, 1971 113 72/1,693 gross CD 4.1 (3.3-5.2)

Page et al., 1978 1 15/464 cysts 1.2  (0.7-2.0)

Hutchinson et al., 1980 248 53/946 cysts 2.35 (1.76-3.07)

Jones & Bradbeer, 1980 262 7/322 AOC 2.48 (1.2-5.2)

Harrington & Lesnick, 1981 263 19/596 gross CD with AOC 3.5 (2.2-5.5)

Roberts et al., 1984 246 17/428 cysts 3.55 (2.2-5.7)

Dupont & Page, 1985 7 73/1,808 cysts and no FH 1.5 (1.2-1.9)

21/246 cysts and FH 3.0 (1.9-4.5)

Haagensen, 1986 264 206/2,523 gross CD 2.1 (2.4-3.1)

(update of ref. 113) p<0 .0 1

Ciatto et al., 1990 265 34/3,809 gross CD with AOC 1.77(1.23-2.48)

Bundred et al., 1991 266 15/639 gross CD 2.9(1.6-4.8)

14/352 with AOC 4.4 (2.4-7.3)

1/287 clinical/pathological CD 0.5 (0.07-3.7)

Bodian et al., 1992 267 95/1,055 biopsied gross CD 2.1 (1.7-2.6 )

(update of refs. 113, 264) 162/1,501 gross CD with AOC 3.0 (2.6-3.5)

Bodian et al., 1993 268 16/228 biopsied cysts 1.8(1.1-2.9)

Dupont et a l, 19932 119 biopsied cysts: 21 cases v 30 1.9 (0.99-3.5),

controls; without cysts: 74 v 197 p=0.05

Bruzzi et al, 1997 269 15/802 AOC 1.69 (0.97-2.70)

Dixon et al., 1997 270 65/1,365 AOC 3.24 (2.50-4.20)

Levshin et al., 1998 256 14/2,427 gross CD 1.62 (0.9-2.6)

5/300 gross CD p<0.05

3.1 (1.3-7.4)

p<0.05

CD cystic disease; AOC aspirated cysts; FH family history o f  breast cancer
1 Risk relative to the general population; CIs in italics are derived from published data, NS not significant
2 case-control study
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In the case-control study by Dupont et alS] 19) the observed increase in risk was restricted 

to women with both cysts and proliferative disease without atypia. In a biopsied subset 

from Bundred et al. ’s study(266), epithelial hyperplasia was the only histologic feature o f 

cystic disease found to affect risk.

Other studies have concentrated on the biochemistry o f aspirated cyst fluid and this is 

discussed in section 2.5.12.

2.5.5 Sclerosing adenosis

Sclerosing adenosis was defined as conferring no increase in breast cancer risk in the 

Consensus Statement. Hutchinson et a/.(248) looked at sclerosing adenosis and adenosis 

and found significantly increased risks but these disappeared when lesions containing 

only sclerosing adenosis or adenosis were considered (RR=3.55, 95% Cl: 0.43-12.82). 

However, three subsequent studies indicated the risk associated with sclerosing adenosis 

may approach twice that o f the general population (213, 253’ 27!). Jensen et a/.(213) found 

risk was greater in women whose sclerosing adenosis was associated with atypical 

hyperplasia (RR=6.7, 95% Cl: 2.5-18), but was still apparent in those without atypia 

(RR=1.7, 95% Cl: 1.0-3.0). They suggest sclerosing adenosis may independently affect 

breast cancer risk. Adenosis has also been related to breast cancer risk in some studies
(250,252,268)

2.5.6 Intraduct papillomas

Papillomas are thought to increase the risk of breast cancer slightly (2, 3). Page and 

D upon t(211) found risks to be greater in small papillomas and when the adjacent tissue 

displayed atypical hyperplasia. The relative risks were 4.40 (95% Cl: 1.10-17.6) and 

3.35 (1.94-5.77) for micro-papillomas (<3mm in diameter) with and without associated 

atypical hyperplasia and 13.1 (4.9-35) and 2.30 (1.20-4.42) for large papillomas with 

and without atypical hyperplasia. Risk was also greater in the presence of proliferative 

disease without atypia and was confined to the same breast as the original papilloma. 

Haagensen (264) observed greater breast cancer risk after multiple papilloma (RR=3.7, 

95% Cl: 1.8-8.2) than solitary papilloma (RR=1.3, 95% Cl: 0.6-2.7). This concurs with
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Page and Dupont’s differential effect by size, since small papillomas are more often 

multiple than large ones. Ciatto et al}212) did not find a difference in risk between 

solitary or multiple papillomas and some authors have found no significant association
(242,248,260)

Others have distinguished between intraduct papilloma and diffuse, microscopic, 

papillomatosis or papillary dysplasia (259) with the former conferring a greater risk of 

subsequent breast cancer(268,273).

2.5.7 Apocrine metaplasia and papillary apocrine change

Apocrine metaplasia or hyperplasia alone is not thought to be associated with breast 

cancer risk (1,2’ 248,271). Page et found some association with papillary apocrine 

change (PAC) (RR=1.8, p<0.05) and subsequently attributed this mostly to complex 

change with atypia(207). Their study of 1,613 women with PAC found those with simple 

PAC had a relative risk o f 1.4 (95% Cl: 1.1-1.8 ) whilst highly complex PAC was 

associated with a relative risk o f 3.0 (1.3-7.6). Within the highly complex group o f 60 

women, non-atypical lesions had a risk of 0.9 (95% Cl: 0.5-1.7) whereas atypical PAC 

had a relative risk o f 2.0 (0.8-7.4). Pink cell metaplasia and atypical apocrine adenosis 

(apocrine metaplasia with sclerosing adenosis) have also been associated with increased 

breast cancer risk (246, 274) though apocrine adenosis was found to have no effect in 

another study(275).

2.5.8 Proliferation and atypia - Page and Dupont’s classification

Non-proliferative disease (NPD)

Page et a l’s 1978 paper (1) grouped cysts, duct ectasia, apocrine change, sclerosing 

adenosis and fibroadenoma together as non-proliferative breast disease with no 

significant increase in risk o f breast cancer. This was then used as a baseline to which 

proliferative disease with and without atypia could be compared. In later studies (7,8), 

NPD was again found not to increase breast cancer risk (RR=0.8, 95% Cl: 0.6-1.1 (8)). 

Bodian et al.(267,268) found no association after excluding cysts from their NPD group 

and nor did Nomura et alS276\  Carter et a/.(9) excluded fibroadenoma from their NPD 

group but still found some association (RR=1.5, 95% Cl: 1.1-2.0).
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Proliferative disease without atypia (PDWA)

In contrast to NPD, risk o f breast cancer is increased following proliferative benign 

disease. The overall risk with proliferative disease is about two-fold (7, 268) though this 

depends on whether there is any atypia. Relative to population rates the risks associated 

with PDWA range from 1.4 to 2.2 (7‘9, 261' 268). Nomura et al.}21&) using screened 

controls, found a relative risk o f 4.0 (95% Cl: 0.3-9.9). Several case-control studies 

have compared PDWA to NPD and found significantly increased risks o f between 1.2 

and 1.7 (119,277‘280), in the Dupont and Page cohort(7) the risk o f PDWA relative to NPD 

was 1.9 (95% Cl: 1.6-2.3).

Atypical hyperplasia (AH)

Proliferative disease with atypia, or atypical hyperplasia, is the form of BBD most often 

associated with breast cancer risk. Table 2.5 details the major published case-control 

and cohort studies assessing the risk o f breast cancer in women with atypical benign 

disease. In these studies atypia was generally defined following either Page and Rogers 

(283) or Black and Chabon (117). Ma and Boyd (5) reviewed 11 cohort, 2 case-control and 

5 cross-sectional studies published between 1960 and 1992 that assessed the risk of 

breast cancer associated with AH. The pooled odds ratio was 3.67 (95% CT. 3.16-4.26) 

but there was significant heterogeneity between studies. Page and Dupont also estimate 

the overall risk to be about three times that of the general population (218). These 

estimates are slightly lower than the ‘moderately increased risk’ (about five-fold) 

attributed to ALH and ADH in the Consensus Statement(2).
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Table 2.5: Risk o f breast cancer following atypical hyperplasia (AH)

Author, year Ref. Number of cancers / RR (95% Cl) 1

total followed-up baseline group:
population NPD

Case-control studies:
Black et al. 1972 118

Palli et al. 1991 277
London et al., 1992 278
McDivitt et al., 1992 253

Dupont et al., 1993 119
Byrne et al., 1997 279
Marshall et al., 1997 280
(update of London et
a/.(278))
Cohort studies:
Ashikari et al., 1974 281
Kodlin et al., 1977 250
Page et al., 1978 1

Moskowitz et al., 251
1980
Dupont & Page, 1985 7
Page et al., 1985 115

Dupont & Page, 1987 8

Carter et al., 1988 9
Tavassoli & Norris, 271
1990
Kreiger & Hiatt, 1992 252
Wrensch et al., 1992 282
Bodian et al., 1993 268

Nomura et al., 1993 276
Dupont et al., 1994 2 1 0

17/30 ADH B&C grade 3/4 
vs. 43/185 grade 1/2 
11/18 AH vs. 45/322 NPD 
27/74 AH vs. 46/304 NPD 
66/92 AH vs. 3474/7149 
controls without BBD 
14/24 AH vs. 35/141 NPD 
7/255+7/1,122 
14/66 ADH and 
17/44 ALH vs. 36/320 NPD

20/296 AH 
3/49 B&C grade 4 
2/47 ADH5 

4/33 ALH 
5/76 AH

30/232 AH 
18/150 ADH 
16/126 ALH 
20/232 AH 
67/1,305 AH7 

8/82 AH

5/52 B&C grade 4 
6/58 AH 
25/272 mild AH7 

8/70 moderate/severe AH 
4/34 AH 
3/19 AH + FA

n/c 4.962,
p<0.005

n/c 13.0(4.1-41.7)
n/c 3.7 (2.1-6.8)
n/c 2.60

(1.60-4.10)3
n/c 4.3(1.7-11)
n/c 3.5 (2.3-5.5)
n/c 2.4 (1.2-4.9)

5.2 (2.5-10.9)

18.0 (11.0-27.7)4 n/c
6.0 (1.9-19) 4.10 (1.4-11.9)2

1.7 (0.4-6.7) 1.38
4.2(1.6-11) 3.47

11.6s (4.7-29) 21

4.4 (3.1-6.3) 5.3 (3.1-8.8)
4.3 (2.7-6.9) 4.7 (2.5-8.9)
4.2 (2.6 -6 .9) 5.8 (3.0-11)
4.0 (2.8-5.8 ) 5.3 (3.1-8.8)
3.0 (2.1-4.1) 2.0 (1.5-2.5) 8

n/c 4.1 (1.1-14.7f

3.5 (1.4-8.4) n/c
2.9 (1.3-6.4) 4.9 (1.7-13.9)9
2.3 (1.6-3.4) n/c
3.0(1.5-6.0)

25.2 (3.7-173)6 33.4 (3.9-290)
4.77(1.5-15) n/c

n/c not calculated, NPD non-proliferative disease; FA fibroadenoma
1 CIs in italics are derived from published data
2 relative to Black and Chabon (B&C) grade 1 and 2
3 relative to women without BBD
4 14/20 observed cancers were in situ and initially some AH with contralateral cancers
5 criteria for ADH changed in later studies by Page and Dupont
6 screened hospital controls
7 differs significantly from Page’s definition o f  AH
8 relative to no AH
9 relative to ‘no fluid obtained’ group o f  women with cystic disease (see appendix B)

76



A few studies have considered a dose-response relationship between degree o f atypia 

and risk of breast cancer. Page and D upont(217) analysed the risk in their 3,303 biopsied 

BBD women by Welling et al.'s  classification for atypical lobules - ALA grades I to IV 

(116). They found a trend towards increasing risk from categories I to IV (RR 1.4 to 1.9) 

though this was not statistically significant. Kodlin et alS250) reported relative risks of 

2.3, 2.4 and 6.0 for Black and Chabon atypia scores 1 or 2, 3 and 4 respectively. Their 

results were updated in 1992 after an average follow-up of 16 years (Kreiger and Hiatt 

(252)̂  reiatjve ^ 5]^ were then rep0rted as 1.8 (95% Cl: 1 .5-2.2), 2.2 (1.3-3.5) and

3.5 (1.4-8.4) for scores 1 and 2, 3 and 4 respectively. Bodian et n/.(268) found a non

significant increase in RR with degree o f atypia from 2.3 for mild atypia to 3.0 for 

moderate to severe atypia.

2.5.9 Radial scar and calcifications

Due to lack of data, radial scar was not assigned a risk group in the Consensus 

Statem ent(2). Anderson and Gram (284) followed 32 women with radial scar biopsies for 

an average of 19.5 years but found no excess risk o f cancer. Jacobs et n/.(285) conducted 

a case-control study nested within the Nurses Health Study. They found radial scars in 

99 o f 1,396 benign biopsies and women with radial scars had a risk of breast cancer 1.8 

times that of women without scars (95% Cl: 1.1-2.9). This increase was seen in women 

with proliferative disease without atypia (RR=1.9, 95% Cl: 1.1-3.5) and, albeit non- 

significantly, in those with AH (RR=1.7, 95% Cl: 0.7-4.0).

Presence o f calcifications has been shown by some to increase breast cancer risk slightly 

(7, 9, ii9 ,248) Moreover calcifications may have an effect over and above that o f the 

underlying histologic BBD features (9). For example, Dupont and Page (7) found no 

effect o f calcifications on breast cancer risk o f non-proliferative disease but they 

increased the relative risk associated with proliferative disease from 1.5 to 1.9 and that 

associated with AH from 4.0 to 6.5.

2.5.10 Interactions between BBD and other breast cancer risk factors

Having a family history of breast cancer (FH) may alter the breast cancer risk associated 

with benign disease. Page et alSU5) found a positive FH doubled the risk associated
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with AH to about eight times that o f the general population. In a case-control study, FH 

multiplied the risk five-fold (119) and other studies by the same authors have shown 

interactive effects between FH and AH, proliferative disease and cysts (7,8’209,218,286). 

Tavassoli and Norris (271) found FH to affect breast cancer risk after epithelial 

hyperplasia (doubling o f risk) as well as ADH (trebling of risk). In a study of 

cytological abnormalities in nipple aspirates, Wrensch et a/.(282) found FH to multiply 

the breast cancer risk after AH by six though there were only 10 women with both a 

positive FH and AH. In the Haagensen series (264) breast cancer in a mother or sister 

approximately doubled the relative risk o f cancer in patients with gross cystic disease 

(GCD) but had an inconclusive effect in women with lobular neoplasia (LCIS). Private 

GCD patients with a FH had a RR of 4.5 compared to a RR of 2.7 in those without a 

FH. In Haagensen’s ‘clinic’ patients with GCD the RRs were 3.7 and 1.7 for those with 

and without a FH respectively. The RRs in his patients with LCIS were 6.9 in the 

presence o f a FH and 5.7 in the absence o f a FH. Some studies have not found 

significant interactions between FH and BBD in terms o f subsequent breast cancer risk
(9, 266,278, 287, 288)

Dupont and Page (7) initially reported an interaction between menopausal status and 

proliferative disease where postmenopausal women were at greater risk than 

premenopausal. In a subsequent study there was little effect(u9). However, Dupont et 

alS286) found increased risks associated with late age o f menopause: RR=1.9 (95% Cl: 

1.4-2.7) in women aged 50 or more at menopause; RR=0.8 (0.43-1.5) in those aged 

under 45 at menopause. London et a/.(278) found a non-significant interaction between 

menopausal status and AH but here premenopausal women were at greater risk. 

Marshall et a/.(280) find a similar interaction with ALH but not ADH: risk o f 

premenopausal breast cancer following ALH had an odds ratio of 9.6 (95% Cl: 3.3-27.8) 

compared to a postmenopausal odds ratio o f 3.7 (1.3-10.2). Lubin et a/.(288) find no 

strong interactions with menopausal status or oral contraceptive use but risk was 

enhanced by late age at menarche, low parity and late age at birth of first child. Women 

with AH and aged over 20 at first birth had three times the risk o f those with AH but 

aged 20 or less at first birth (8). Nulliparous women with AH had 11 times the risk o f 

breast cancer as those aged 2 0  or less at first birth (8).
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There is little evidence to suggest that hormone replacement therapy (HRT) modifies the 

risk of breast cancer after BBD (279, 288,289). Dupont et a/.(286) found HRT to protect 

against cancer in their series of 3,303 women with BBD (RR for no HRT versus 

HRT=1.7, 95% Cl 1.2-2.6 ). In women with proliferative disease without atypia the 

relative risk of breast cancer was halved from 1.9 (95% Cl: 1.4-2.8 ) to 0.92 (0.61-1.4) in 

those using HRT. The overall effect was more pronounced in women with a family 

history of breast cancer. There was also an interaction with timing of HRT relative to 

BBD biopsy. Those receiving HRT before their BBD biopsy had a risk 2.1 times those 

on HRT after BBD biopsy (95% Cl: 1.2-3.8 ). The effect o f oestrogen was confounded 

with calendar year o f starting HRT (women taking HRT before 1956 were at 2.3 times 

the risk of breast cancer o f other HRT users) and thus may be related to HRT dose. 

Conversely, Thomas et a/.(289) found that HRT after diagnosis o f BBD eliminated the 

protective effect o f artificial menopause on breast cancer risk. Brinton et alS257) found 

that, compared to non-HRT users with a history o f BBD, women who first used HRT 

after their BBD diagnosis were at increased risk o f breast cancer (RR=3.0, 95% Cl: 1.6-

5.5 for 10 or more years o f use) whilst those with HRT use before BBD were not. In 

their review, Brinton and Schairer (290) conclude that although several case-control 

studies have shown the risk o f cancer associated with HRT to be greater amongst 

women with prior BBD, numerous studies have failed to substantiate such findings. 

This view was confirmed in a recent study by Dupont et alS29]\  They found HRT users 

with AH, complex fibroadenoma or proliferative disease without atypia to have slightly 

greater RRs for invasive breast cancer than non-users o f HRT but there was no evidence 

o f a significant elevation o f risk.

2.5.11 Pre-cursors or marker lesions

There are two basic pathways by which BBD may increase the risk o f breast cancer. 

Benign lesions could be direct pre-cursors o f invasion or metastases or alternatively they 

could act as markers o f increased risk mediated through some common etiologic factor. 

The evidence suggests that the only true non-obligate precursor is DCIS (e g 114,209,212,
218 292) Non-comedo DCIS has a relative risk o f about 10, corresponding to an absolute 

risk of around 25% over the first 10 to 15 years after diagnosis (114,209,216). Invasion 

commonly occurs at the same site as the initial in situ lesion. Comedo DCIS is even 

more closely related to invasive disease and is committed to local invasion and
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metastasis in a large percentage o f cases (209,216). LCIS has a relative risk of between six 

and twelve (114,209,267, 292, 293, 294). The risk is generalised, with invasion occurring in 

either breast suggesting that it is a marker for rather than a pre-cursor o f breast cancer
(292 293 295)’ Atypical hyperplasias are generally considered to be markers of a four to

five-fold increase in bilateral breast cancer risk (eg 114, 209, 218, 280). Interest is now 

moving towards genetic and molecular analysis o f in-situ and atypical lesions to 

determine if a subset o f greater malignant potential can be identified (reviewed by Steeg 

et

It is unclear how the risk o f breast cancer after benign disease varies over time. Some 

studies with long follow-up find significant effects indicating a long-term elevation in 

risk. Monson et a/.,(244) for example, suggest a relative risk o f around 2.5 persisting for 

at least 30 years. Few have considered duration o f follow-up or time since biopsy as a 

risk factor per se. London et alS278) found time since biopsy had no effect on risk. 

Kreiger and H ia tt(252) found the relative risk in women with NPD (Black and Chabon 

scores 1 and 2) to be constant over time (RRs of 1.8, 1.8, 1.9 and 1.9 for onset of 

follow-up at 0, 5, 10 and 15 years after BBD biopsy) whereas in women with atypia the 

RR decreased (in lesions o f Black and Chabon score 4 the corresponding RRs were 3.5, 

2.6, 2.4 and 1.7). Marshall et a/.(280) report risks relative to NPD that remain elevated 

over time and even increase for those with ADH. Those with ALH had similar risks up 

to and after nine years since first biopsy whereas for ADH the risk increased: for the 

first nine years the relative risk was 1.8 and for 10 or more years after biopsy it was 3.0 

(relative to NPD). Page and Dupont have considered the effect of time since BBD more 

carefully(215,218). They found that over a 17 year follow-up period the risk after the first 

10 years was approximately halved in women cancer-free at 10 years. Compared to 

NPD, the relative risk o f proliferative disease without atypia was 3.8 over the first 10 

years but, given cancer-free survival to year 10, the RR then fell to 1.1. For AH the RRs 

were 9.8 for the first 10 years o f follow-up and 3.6 at year 10. Since the population rate 

o f breast cancer increases with age, if  the absolute risk o f cancer is evenly distributed 

over follow-up (i.e. cancer incidence is approximately constant over the follow-up 

period as was the case in Page and Dupont’s study), then the relative risk must decrease 

with time since diagnosis o f BBD (215).
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2.5.12 Other biological markers

Cyst Fluid

Cysts can be divided into two types on the basis o f their electrolyte composition as 

measured by the ratio o f potassium to sodium content. Type I cysts have a high 

potassium (K+) and low sodium (Na+) (and chloride Cf) content. Different authors have 

used K+:Na+ ratio cut-point values o f 0.25 to 3 to distinguish between type I and type II 

cysts (269,270,297'300) with some also including an intermediate category (297,300). Type I 

cysts are associated with apocrine rather than flattened epithelium (297,299’301) and with 

severe hyperplasia, epithelial atypia and papillary apocrine change - histologic features 

that are believed to increase the risk o f breast cancer (301). Naldoni et a lP 9S) found a 

higher proportion of nulli- or primiparous women, more women with a history of 

apocrine cysts, and more current smokers and non-coffee drinkers in women with type I 

cysts (K+:Na+>1.5) compared to those with type II. Risk of recurrent cysts was 

significantly higher in women with type I cysts.

A few studies have looked at the effect o f cyst type on subsequent risk o f breast cancer. 

Miller et a lP 99) found no difference in risk by type of cyst (cut-point value of 

K+:Na+=0.25). Dixon et a/.(270) looked at risk o f cancer in 1,374 women with 3,041 

cysts. Overall the relative risk was 3.24) 95% Cl: 2.50-4.10). There was no significant 

increase in risk for type I cysts relative to type II whether using a cut-point of 3 or o f 1.5 

for the K+:Na+ ratio. Bruzzi et a lP 69) did find a significant difference. They followed 

802 women with aspirated cysts for an average of six years during which time there 

were 15 known breast cancers. Type I cysts (K+:Na+>1.5) had over four times the risk 

of breast cancer o f type II cysts (adjusted RR=4.24, 95% Cl: 1.12-27.5).

Cyst fluid has also been analysed for androgen conjugates, oestrogen receptors, 

epidermal growth factors, tumour-growth factor a  and gross cystic disease protein 15. 

All have been found in higher concentrations in type I cysts (269,297,299) but have not 

been evaluated, in this setting, for direct association with breast cancer risk. Hess et 

a lP 02) analysed cyst fluid for growth factors. They found lower levels of platelet 

derived growth factors and tumour-growth factor p in women at higher risk of breast 

cancer (as determined by other risk factors). Epidermal growth factor was associated 

with multiple and recurrent cysts.
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Oestrogen receptor (ER) and progesterone receptor (PR) status

Giani et tf/.(303) found 13% and 31% o f 46 cases o f fibrocystic disease to be ER positive 

and PR positive respectively. In 31 fibroadenomas, 19% were ER positive and 71% PR 

positive. ER concentrations were generally lower than in invasive disease where ER 

positivity is related to outcome via its preferential response to endocrine therapies. 

Among their fibrocystic disease cases there was no association o f ER or PR positivity 

and epithelial proliferation, but in fibroadenoma PR positivity was positively associated 

with both fibroblastic and epithelial proliferation. In their 1985 review, Wang and 

Fentiman (120) concluded that fibroadenomas had the highest proportion o f ER positivity 

(range ll% -55% , overall 38%) compared to other benign conditions. No studies have 

reported cancer incidence in women with previous benign breast disease by ER or PR 

status o f the initial benign lesion.

Cytogenetics and loss o f  heterozygosity (LOH)

Lundin and Mertens (304) recently reviewed the cytogenetics o f benign breast lesions. 

They concluded that cytogenetic abnormalities were more common in proliferative than 

non-proliferative disease and were generally less complex than those seen in invasive 

carcinoma. The frequency of such abnormalities is lower than that seen in invasive 

disease but they suggest that it is correlated with the histologic features of the lesion and 

the corresponding risk of developing cancer.

Radial scars, non-atypical hyperplasia, ADH and ALH, intraduct papilloma, fibrocystic 

disease and sclerosing adenosis have all been shown to demonstrate some LOH (2%’305' 

309). However, there is no evidence o f a prognostic effect: Kasami et a/.(310) found an 

incomplete correlation between LOH and atypia and suggest that such alterations in 

benign proliferative disease may not indicate ‘clinically meaningful premalignancy for 

the remaining breast’.

Microsatellite instability is a form of genetic damage that is possibly due to defective 

mismatch repair genes (311). Uniformly low rates o f instability were found in epithelial 

hyperplasia of the usual type and in in situ, invasive and metastatic carcinomas 

suggesting that it is not a useful marker of premalignancy(31!).
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C-erbB-2 or HER-2/neu

C-erbB-2 over-expression is associated with poor prognosis in invasive breast cancer (86, 

95). In a review by Van Diest and Baak (3,2) c-erbB-2 expression was not found in 

normal breast tissue or tissue displaying usual hyperplasia and was found in only two of 

56 cases o f AH. Steeg et alS296) also concluded that overexpression was low to non

existent in low-risk benign lesions (0/47) and in ADH (3/59). There is very little direct 

evidence o f whether expression o f c-erbB-2 in benign breast disease is associated with 

later development o f cancer. Rohan et a l P U) recently reported results from a case- 

control study nested within the Canadian National Breast Screening Study (NBSS). 

They found no association between c-erbB-2 protein overexpression and increased risk 

o f progression to breast cancer (OR=0.65, 95% Cl: 0.27-1.53). Thus, despite its 

prognostic significance in invasive disease, c-erbB-2 expression in ‘benign’ tissue is not 

a useful marker for further progression.

P53

p53 mutations are found in 40-50% of breast cancers and are associated with poor 

prognosis (86, 93). In their 1996 review, Steeg et a lP 96) conclude that p53 expression is 

low to non-existent in both low risk benign lesions and ADH (based on expression in 

two out o f 40 women in three studies). Seth et a/.(314) found p53 mutations in two o f six 

cancers arising in women with previous BBD and a family history o f breast cancer. 

However, no mutations were found in the corresponding earlier benign samples. 

Millikan et a l P X5) found p53 mutations in five o f 60 BBD biopsies and overexpression 

o f the p53 protein in fourteen. Rohan et a V s recent study (313) looked directly at p53 

expression in benign lesions and risk o f breast cancer. They report a significant increase 

in risk o f cancer for benign epithelial lesions showing a ‘nuclear accumulation’ or over

expression o f p53 protein (OR=2.55, 95% Cl: 1.01-6.40). Ten of 71 BBD cases were 

p53 positive compared to 19 o f 288 BBD controls. A pooled analysis of genetic data 

from several benign breast disease cohorts, including the Guy’s cohort, is being planned 

to assess the association of p53 and other candidate markers with subsequent 

development o f invasive disease (Rohan, personal communication).
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3. THE ICRF/GUY’S HOSPITAL BREAST UNIT COHORT

3.1 Introduction

In October 1981 a protocol to collate, computerise and follow-up a cohort o f all women 

seen for benign breast disease at the Guy’s Hospital Breast Unit since 1950 was 

developed. Records existed for some women seen as early as 1936 and typed records 

for all women seen since 1950 were available. In a pilot study, a random sample o f 85 

o f these women was taken and the records were found to be remarkably complete. On 

this evidence work began on extracting information for the entire cohort. Basic 

information from patient records was coded onto standard forms and these were 

professionally keypunched and verified to create a computerised database. Thus a large 

data set for studying benign disease was created with a view to following the women 

over many years for development o f incident cancers. The full database comprises 

around 22,300 women first seen for benign breast disease between 1946 and 1982. 

Biopsy data are available for a subset o f about 7,000 women. The study was initiated by 

Dr. Jack Cuzick and colleagues in the Guy’s Breast Unit (under Dr. John Haywood and 

latterly Professor Ian Fentiman). Database design and tracing submission was originally 

co-ordinated by Dr. Rob Edwards. Since October 1995, I have been responsible for 

maintenance o f the database and development o f follow-up and biopsy review 

procedures. I have also carried out extensive data checking and cleaning.
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3.2 Historical background to the study

This section outlines aspects o f the construction o f the cohort as depicted in figure 3.1. 

Events leading to the inclusion o f the ‘additional’ women early in 1997 are described in 

section 3.4.4.

3.2.1 Pilot study

In August 1981 work started on a pilot study to determine feasibility o f the data 

extraction and tracing and flagging procedures. Eighty-five women were chosen at 

random from an estimated 17,000 possible study members. Their Breast Unit notes 

were located and information extracted and coded on to a computerised database. They 

were sent a questionnaire asking about various breast cancer risk factors and seeking 

National Health Service (NHS) numbers to facilitate tracing. Thirty completed 

questionnaires were returned with NHS numbers given in 22 responses. One 

questionnaire was returned stating that the study member had died, 23 were returned 

unopened due to an incorrect address and 31 were not returned. Permission for the 

release o f cancer registration details for the whole cohort was obtained from the British 

Medical Association’s Central Ethical Committee in November 1982. Details of the 85 

pilot study members were then sent to the National Health Service Central Register 

(NHSCR) at Southport for tracing and flagging. Seventy-five women were currently 

registered with an NHS doctor and one o f these had a registered cancer. A further five 

were recorded as dead and one was known to have emigrated. One study card was 

returned with a possible trace that was accepted; one was returned untraced due to 

insufficient information; and two cards were returned where no trace could be found. 

Thus the pilot study determined that there was sufficient accurate information to 

proceed with tracing o f the whole cohort and the mechanism by which this could be 

achieved had been tested. However, although only three women in the pilot study could 

not be traced, the questionnaire responses implied many were no longer at the addresses 

recorded in their hospital notes. This was confirmed by a second pilot questionnaire 

mailing to 1,024 women (selected from an alphabetic filing system on surnames 

beginning A to De) in September 1983 from which there were 323 replies (32%). There
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Figure 3.1: Construction o f  the cohort
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was no reply from 357 (35%) o f these women and a further 344 (34%) envelopes were 

returned ‘not known at this address’.

3.2.2 Identification of addresses and NHS numbers

In order to obtain up-to-date addresses and NHS numbers on the whole cohort help was 

enlisted from the Family Practitioner Committees (FPCs). Initially five FPCs within the 

Guy’s catchment area were targeted: Bromley, City and East London, Greenwich and 

Bexley, Lambeth, Southwark and Lewisham, and Kent. This was later extended 

country-wide and all FPCs with more than ten study members were contacted. By 

September 1985 the baseline data entry was complete and work started on generating 

lists o f women for the FPCs. Each woman was assigned to an FPC district on the basis 

of her last known address. The lists were processed by the FPCs between June 1986 and 

October 1988. Table 3.1 gives the numbers o f women sent to each FPC. Details o f 190 

women were excluded from the FPC lists. One hundred and eight women were resident 

in FPCs with less than 10 cohort members, 19 were resident in Scotland, Eire or the 

Channel Islands, 9 had emigrated, 26 had no known address and 28 were excluded for 

other reasons. Not all the women could be identified by the FPCs and the overall 

tracing rate is estimated to be between 50 and 60 percent (exact figures are unavailable 

but for example West Sussex FPC found NHS numbers for 62% of women).

3.2.3 Questionnaire

Between 1988 and 1991 questionnaires were sent to 11,755 non-pilot members o f the 

cohort believed alive, cancer-free and resident in the United Kingdom. In some FPC 

districts (e.g. Kent) this was done via General Practitioners (GPs). The questionnaire 

was designed to update identifying information such as NHS numbers and changes in 

name or address and to gain more recent and additional information on possible breast 

cancer risk factors. Table 3.2 summarises the response to the questionnaire mailing. 

The questionnaire results are discussed in more detail in section 3.8.
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Table 3.1: Family Practitioner Committees o f  the cohort

FPC Number of women Percent
Greater London: 16,704 74.6

Barking and Havering 88 0.4
Bamet 297 1.3
Brent and Harrow 271 1.2
Bromley 2,094 9.3
Camden and Islington 295 1.3
City and East London 338 1.5
Croydon 1,086 4.8
Ealing, Hammersmith and Hounslow 295 1.3
Enfield and Harringey 285 1.3
Greenwich and Bexley 4,613 20.6
Hillingdon 175 0.8
Kensington, Chelsea and Westminster 207 0.9
Kingston and Richmond 187 0.8
Lambeth, Southwark and Lewisham 5,492 24.5
Merton, Sutton and Wandsworth 491 2.2
Redbridge and Waltham Forest 490 2.2

Buckinghamshire 63 0.3
Devon 14 0.1
Dorset 18 0.1
East Sussex 97 0.4
Essex 790 3.5
Hampshire 36 0.2
Hertfordshire 788 3.5
Kent 2,504 11.2
Norfolk 11 0.0
Bedfordshire 21 0.1
Berkshire 31 0.1
Suffolk 11 0.0
Surrey 1,038 4.6
West Sussex 271 1.2
Total 22,397 100.0

Table 3.2: Questionnaire responses

Questionnaire Status Number of women Percent

Total sent (excluding 1,109 in pilot studies) 11,755 100

Replied - completed 6,477 55

Returned - dead 14 0.1

Returned - refused 2 0.02

Returned - not known at this address 1,343 11

Not returned 3,919 33
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3.2.4 Tracing and flagging

In November 1986 the first batch o f study cards was sent to the NHSCR at Southport for 

tracing and flagging. Over the next five years, cards were submitted for over 22,000 

women. Details o f 52 women were not sent for flagging (25 with unknown address, 10 

emigrated, 6 believed resident in Scotland, 10 in the Channel Islands and 1 in Northern 

Ireland).

In 1991 the NHSCR was computerised and a new Central Index was created o f all 

individuals alive and believed resident in England and Wales in 1991. Pre-1991 deaths 

were only added for individuals flagged for cancers. Following computerisation, over 

400 no trace cards were returned to Southport for a second attempt at tracing. The bulk 

o f the tracing was complete by 1993. Two women were identified as having breast 

cancer before they were seen at Guy’s hospital and have thus been excluded from the 

study.
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3.3 The cancer registration system

The registration system has covered all o f England and Wales since 1962 and from 1971 

all cancer registrations have been recorded on the NHSCR. Before 1962 various local 

registries existed but the quality and population coverage o f data varied. There are 

currently ten regional cancer registries which voluntarily collect information on cancers 

incident in residents o f their regions. Annual downloads o f this data are passed by each 

local registry to the Office o f National Statistics’ (ONS) Cancer Registration Bureau. 

(The ONS was formed in April 1996 by the merger o f the Office of Population Censuses 

and Surveys, OPCS, and the Central Statistical Office). New cancer registrations are 

then forwarded to the NHSCR where they are traced and linked to deaths and other 

‘events’. In return, and to aid follow-up, the NHSCR notifies the regional registries o f 

deaths among those ‘flagged’ for cancer. Deaths involving cancer, recorded by the 

ONS’s Vital Statistics Section, are passed to the regional registries to improve capture 

of cancer registrations. If cancer is mentioned on a death certificate but is not 

previously registered, then registration take place at death and the cancer is counted as a 

‘death certificate only’ registration (DCO). The proportion o f cancers that are DCO 

varies by site and between registries but for South East England (covered by the Thames 

registry) DCOs accounted for 23% of all female registrations, and 16% of breast cancer 

registrations between 1987 and 1989 (336).

Individuals can also be flagged on the NHSCR if  they are part o f a medical research 

cohort study. Thus when details o f a cancer registration are received by the NHSCR for 

a flagged study individual, they are forwarded to the study researcher. Each individual 

on the NHSCR has an associated cipher which records their current status or 

whereabouts in the FPC system. Details o f death, emigration or other exit, and 

reinstatement to the FPC ‘cipher’ system are also notified. Notification of events from 

NHSCR is rapid for deaths but the timeliness o f cancer notification depends on the 

speed at which the individual cancer registries process their data. The quality of cancer 

registration varies from region to region. Completeness and accuracy of registrations 

are important for valid interpretation of cohort studies that use the NHSCR flagging 

system. Various aspects o f the cancer registration system and problems that may arise
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are discussed, for example, in Swerdlow (337). Particular problems encountered in this 

study will be discussed later.

Guy’s Hospital falls into the South Thames Regional Health Authority (RHA) which is 

covered by the Thames Cancer Registry (TCR). This registry was formed in 1985 by 

the merger o f the North Thames (covering NW and NE Thames RHAs) and South 

Thames (SE and SW Thames RHAs) Registries. Administrative problems arising from 

the merger resulted in OPCS (as it was then) receiving an approximate 25% shortfall in 

cancer registrations from the Thames region (particularly from NE Thames RHA) for 

the period 1985 to 1987. National published rates for this period were therefore slightly 

lower than expected though correction factors (of between 1.04 and 1.09) have since 

been applied. Published cancer registration figures for England and Wales were 

available from 1971 to 1992. Figures for South Thames between 1960 and 1996 and 

North Thames from 1985 to 1996 were kindly provided in electronic format by the 

Thames Cancer Registry.

The computerisation o f the NHSCR led to a large backlog in cancer flagging and 

notification. Thus, although cancers were registered at the local registries this 

information was not filtering through the flagging procedure to cohort study researchers. 

The backlog is now cleared to 1991 but for cancers registered after this date 

notifications are incomplete (The Researcher(339)).
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3.4 Cross-referencing of cancers within the benign cohort

This section describes a cross-referencing process that utilised routinely collected data 

outside o f the cohort. Information on cancer diagnoses was available from three sources 

- the NHSCR, the Thames Cancer Registry (TCR) and Guy’s hospital itself. In theory, 

cancers diagnosed at Guy’s should reach the NHSCR via the TCR and should then be 

notified via the flagging system. As described below, this has not always been the case 

for women in the benign study cohort. Figure 3.2 shows the process by which cancers 

within the cohort have been identified.

3.4.1 Shortfall of cancers: 1 - inaccurate data entry

As a first check on the breast cancer experience o f the cohort a listing o f  cancers by year 

o f diagnosis was generated. This revealed major imbalances in the annual rate o f 

cancer. In addition, an initial comparison to national annual cancer rates revealed that 

the total number o f cohort cancers was lower than expected. The rate o f cancer was 

comparable to that in England and Wales as a whole whereas initial calculations from 

the pilot study suggested the incidence would be about 1.3 times that o f the general 

population.

The first source o f error was over-simplification and incorrect entry o f cancer 

notification data onto the benign database. For example, one database field, ‘cancer 

date’, suggested two cancers in 1989 and 61 in 1993 with none in the intervening years 

whilst another, ‘year o f registration’, suggested 62, 26, 3, 2 and 31 cancers in years 1989 

to 1993. Before computerisation, copies o f cancer registration slips were forwarded 

from NHSCR. These included a cancer registration number and a diagnosis or 

‘anniversary’ date or year. Following computerisation, listings o f cancer notifications 

from NHSCR included the registration number and an ‘entry date’ which indicated the 

date the entry was last edited on the NHSCR. It appeared that for some cancers on the 

benign database the entry date had wrongly been assumed to be the anniversary date. 

Further, a distinction between the date or year o f registration (two digits within the 

registration number) and the anniversary date had not always been made. More recent 

computerised output o f notifications has included the registration number and full
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anniversary date. There was no automatic way to determine which ‘entry’ dates had 

been incorrectly assumed to be dates of cancer or, if  both anniversary and registration 

year were supplied, whether they had both been correctly recorded on the database. 

Information from all the cancer notifications was therefore re-entered onto the ORACLE 

database via a newly designed SQL form. This lead to the addition o f an extra 188 

cancer registrations (including 83 breast cancers) that had been previously overlooked. 

The majority o f these were for deceased women where the cancer notification had been 

received at the same time as the death certificate.

A further 37 ‘missing’ cancer registrations were discovered by a hand search o f returned 

study cards for dead members. The cards were annotated to suggest a cancer 

registration but no separate notification had been received. This was due to a clerical 

error at NHSCR and these cancer details have now been added to the benign database.

There were still fewer breast cancers than expected so it was decided to check that the 

‘current status’ information on the benign database matched that at NHSCR and to cross 

reference breast cancers in the cohort with breast cancers diagnosed at Guy’s hospital 

amongst cohort members. The first of these objectives was achieved via a ‘members 

and postings’ listing from the NHSCR that detailed the current status o f all flagged 

cohort members (see section 3.6). The second was achieved using information from the 

Guy’s Breast Unit cancer database and is described in section 3.4.3 below.

3.4.2 The Guy’s Breast Unit indexing system

Before taking advantage o f any cancer information held at the Breast Unit it was 

necessary to integrate the indexing systems used for benign and for cancer patients. In 

the past, all women, irrespective o f diagnosis, were assigned a Breast Unit ‘BC’ number 

in addition to their unique Guy’s hospital number. The latter is used as the unique 

identifier on the benign database. From March 1975 the system changed so that women 

diagnosed with breast cancer were indexed by a series o f ‘BC’ numbers and all others by 

a chronological series o f ‘X ’ numbers. From this point onwards benign patients can 

therefore be identified by their ‘X ’ number. To compound identification problems, 

microfilming o f old notes began midway through the assembly o f the benign cohort. 

Women whose notes were archived in this way were indexed alphabetically by a
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microfilm or ‘M ’ number. Notes for women who later returned to the Breast Unit were 

reactivated from archive and so it is possible for a woman to have an ‘M ’ and ‘X ’ 

number and, should she subsequently be diagnosed with breast cancer, a ‘BC’ number 

as well. This inevitably led to duplication o f records on the benign database and such 

records have since been identified and deleted. Guy’s Breast Unit started a cancer 

database in 1963 which is complete for cancers diagnosed at Guy’s from 1975. This 

computerised file contains all current BC-indexed patients and earlier BC-indexed 

patients if  they were treated for breast cancer. A card index exists for all other patients 

and there is a separate card index for former patients whose notes are archived on 

microfilm.

3.4.3 Shortfall of cancers: 2 - un-notified Guy’s cancers

A list o f cancers diagnosed at Guy’s among possible benign cohort women was 

generated by selecting all those on the Breast Unit’s cancer database whose date at 

cancer diagnosis was more than one year after their first attendance at the Breast Unit. 

This list comprised 383 women whose cancer details could be cross-referenced with the 

information received from Southport via the flagging process. One hundred and 

seventy-seven o f these women were easily matched to the benign database by hospital 

number but only 80 (45%) had an NHSCR notified breast cancer registration. There 

were thus 97 women with breast cancer diagnosed at Guy’s for whom we had received 

no NHSCR cancer notification. Details o f these suspected ‘missing’ cancers were sent 

to NHSCR but to June 1998 71 remain un-notified (though this includes nine in situ 

cancers and 38 cancers diagnosed since 1992 which may be held up in the flagging 

backlog).

3.4.4 Shortfall of cancers: 3 - missing cohort members

‘Missing ’ study members

From the list o f 383 Guy’s cancers, 206 (54%) women could not be matched to the 

benign database. This was disturbing since, if  appropriate, inclusion o f these women in 

the cohort would increase the number of breast cancers by about 50%. The medical 

notes for a sample o f these women were checked by hand and it did indeed appear that 

they were first seen for benign breast disease. Further, no obvious reason why they may

98



have been omitted could be found. Given that these women were on the cancer database 

and had a BC index it was necessary to check if  any other BC-indexed women who have 

not since developed breast cancer have also been omitted from the cohort. As there is 

no computerised index o f such women this was not straightforward. A listing of the 

Guy’s cancer database (up to BC5000) was requested. This list contained 3,501 women 

with either an invasive or in situ cancer diagnosis at some time on or after their first 

attendance at the Breast Unit. BC numbers that did not appear in this list were therefore 

assumed to belong to women who had been first seen for benign disease and had not 

subsequently been diagnosed with cancer at Guy’s. (It was also possible that some 

missing BC index numbers belonged to women diagnosed with cancer before 1975 

since the completeness o f the cancer database before this date is not guaranteed). In 

addition, 18% of the 3,501 women on the cancer database listing had a missing date first 

seen so it was unclear whether these women were potential cohort members or not.

Lists of probably benign but BC-indexed patients (i.e. BC numbers missing from the 

cancer database) and of breast cancer patients who were possibly seen for prior benign 

disease (i.e. women on the cancer database with missing date first seen) were thus 

compiled. For the former list, notes were checked by hand to determine each woman’s 

name, date o f birth and date first seen. For the latter list, date first seen was checked and 

recorded if  it was more than one year before cancer diagnosis. The majority o f these 

latter cases were women first seen for cancer or women who had previously had breast 

cancer and/or a mastectomy - only 18 o f 643 were potential cohort members. These 18 

were added to the original list o f 206 cancer patients that could not be matched to the 

benign database by hospital number. The benign database was then searched by 

forename and surname, forename and maiden name, date o f birth and date first seen to 

determine if any of the above women were included in the cohort. Since the main 

cohort included no women first seen between 29 November 1974 and 12 March 1975, 

‘new ’ women first seen between these dates were not considered. As a result o f this 

process, 289 women with benign disease and 200 with benign disease and subsequent 

breast cancer were identified as missing from the cohort.

The list o f Guy’s cancers was extended beyond BC5000 (mostly cancers diagnosed after 

March 1982) to include 390 more women first seen before 1983. Where date first seen 

did not coincide with cancer diagnosis most women could be matched (from original
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hand-written cohort assembly lists) to an ‘X ’ number and also to the benign database. 

Three further women with benign disease and 25 who developed subsequent breast 

cancer were identified as missing bringing the total number of missing women to 517.

A valid sampling frame?

It appears that all X-indexed patients and all those with microfilmed notes (some BC- 

indexed and some X-indexed) are recorded on the database. For some reason no women 

seen between 29 November 1974 and 12 March 1975 were included. March 1975 saw 

the introduction o f the ‘X ’ index and initial data extraction of the cohort coincided with 

archiving o f data to microfilm. The most likely explanation for these missing months is 

that this particular sequence o f notes was caught up in the microfilming or re-indexing 

system and was missed during data extraction from both paper and microfilmed notes. 

In addition, 517 BC-indexed women had been excluded of whom 225 (44%) had 

subsequent cancer diagnoses. It is unclear why these women were not included in the 

initial cohort compilation. However without them the cohort is incomplete and further 

is biased towards women without cancer. It is possible that women with a BC number 

were initially assumed ineligible for cohort membership but old notes suggest that this 

was not generally the case.

Additional study members

The 517 missing women were added to the cohort and are subsequently referred to as 

‘new’ women. Baseline information was transcribed from the original paper notes to 

coding sheets that mimicked the originals. (Those with cancer had baseline information 

at cancer diagnosis not at date first seen for benign disease recorded on the Guy’s cancer 

database.) The data were keyed into the ORACLE database via re-designed SQL entry 

forms. Baseline information on the new women is compared to that on the main cohort 

in section 3.7.4.

Details o f all 517 new women were sent on computer disc to the NHSCR for tracing and 

flagging. Eleven women could not be traced including two with cancer diagnoses at 

Guy’s. To June 1998, cancer registrations had been forwarded for 128 women (57% of 

those supposedly diagnosed with cancer at Guy’s) leaving 105 suspected cancer 

registrations in 96 women un-notified. These un-notified cancers include 17 in situ 

cancers, 33 invasive cancers diagnosed before 1971 and five cancers diagnosed after

100



1991. Pre-1971 cancers may not be recorded at NHSCR and post-1991 cancers may be 

held up in the flagging backlog. Nevertheless this leaves 50 suspected invasive cancer 

registrations in 47 women that one would expect to be flagged at NHSCR but for which 

no notification has yet been received. Forty-six o f these registrations are breast cancers.

3.4.5 Thames Cancer Registry notifications

On discovery o f the 97 un-notified Guy’s cancers in original cohort members (section

3.4.3), concern was raised about the completeness o f the flagging procedure. Even 

allowing for the current backlog at NHSCR, 24 invasive cancers remained unaccounted 

for. Details o f these cancers had come from Breast Unit notes at Guy’s hospital. There 

could well be other non-breast cancers or cancers diagnosed at other hospitals that are 

‘missing’. To determine whether the problem lay in initial registration or with the 

collation and subsequent dissemination o f cancer registration data it was decided to 

search for the missing cancers on the Thames Cancer Registry (TCR) database. Women 

could be matched to this database by their Guy’s hospital number if this was the hospital 

o f initial diagnosis and registration otherwise they were matched by name and date o f 

birth.

Details o f 222 suspected cancer registrations ‘missing’ at the time (79 in original cohort 

members and 143 in new women) were sent to the TCR in September 1997. The search 

at TCR overlapped with the initial tracing and flagging o f some o f the ‘new’ women at 

NHSCR. Cancer notifications have since been received from NHSCR for 47 o f the new 

women whose details were sent to TCR. ‘M issing’ cancers in eight original cohort 

members were also subsequently notified by NHSCR. Entries were found on the TCR 

database for 181 (82%) of the 222 women. In 150 women the registered cancer matched 

that suspected from the hospital notes (and 10 such women had additional registered 

cancers). Twelve breast cancers identified from the Breast Unit cancer database are 

registered as in situ cancers and five cases o f in situ cancer subsequently appear on the 

TCR as invasive breast cancers. In 14 women there was no record o f the particular 

suspected cancer but other cancer registrations were found (2 earlier breast cancer 

registrations, 1 later breast cancer, 1 earlier in situ breast cancer and 10 non-breast 

cancers).
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3.5 Summary of cancer notifications

As described in section 3.4 and figure 3.2, cancer information has arisen from three 

overlapping sources - the NHSCR, the TCR and Guy’s hospital. In addition, I have 

included cancers with a ‘death certificate only notification’ i.e. women with cancer 

present at death but without a separately notified cancer. Any invasive cancer 

mentioned on the death certificate is included provided there is no separate cancer 

registration for that specific site. There is thus a hierarchical structure to the source o f 

cancer diagnosis: cancer notification from NHSCR is regarded as the ‘gold standard’. 

Information from the TCR is used ahead of DCO notifications from NHSCR. Cancers 

recorded only at Guy’s are disregarded as far as analysis is concerned but are obviously 

being queried with the NHSCR. Table 3.3 gives details o f the source o f cancer 

information. Since notification o f deaths is more rapid than that o f cancers, cancers 

included from death certificates have been split into those occurring before 1992 (which 

one would expect to be notified) and those from 1992 onwards which could be held up 

in the notification backlog or be too recent to have been notified separately. All 

notifications received to end o f July 1998 are included.

Table 3.3: Summary of cancer information

Best source Type o f registration

Benign and Invasive Invasive First

in situ cancers breast invasive

neoplasms cancers breast cancer

NHSCR 216 1,314 539 523

TCR 22 100 85 84

Pre-1992 death certificate - 165 41 41

Post-1991 death certificate - 267 35 35

Total 238 1,846 700 683

(percent) (100) (38) (37)
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In total 1,530 cancer registrations in 1,442 cohort women have been notified via the 

NHSCR. A listing o f these cancers by site is given in Appendix C. Eighty-six percent 

o f NHSCR notifications are for invasive cancers. This includes 539 invasive breast 

cancers o f which 237 (44%) are also on the Guy’s cancer database. A further 122 

registrations (85 invasive breast cancers) were found on the TCR but have not been 

notified through the NHSCR. Twenty-nine o f these ‘missing’ breast cancers occurred in 

women with breast cancer recorded at death. Invasive breast cancers account for 41% of 

all NHSCR notified invasive cancers and for 38% of all known invasive cancers.

A further 92 cancers (including 66 invasive breast and 20 in situ breast) in 88 women 

are suspected from information at Guy’s. Forty-seven o f these cancers (in 46 women) 

are not recorded at the TCR and none are flagged on the NHSCR. Eleven o f the 47 

‘missing’ cancers are thought to be in situ cancers and in two the histology is 

unrecorded. O f the remaining 34 ‘Guy’s only’ cancers (all breast), 7 subsequently died 

o f or with breast cancer and are thus included as death certificate only notifications. 

Other women with ‘missing’ cancers (32 invasive breast cancers, 9 in situ breast, 1 lung, 

1 skin o f trunk, 1 uterus and 1 thyroid) do have entries on the Thames register. O f the 

32 suspected invasive breast cancers, nine are registered at TCR as in situ breast 

cancers, two as primary or secondary cancers o f unknown site and one as a benign 

neoplasm o f the skin. One has breast cancer recorded at death. Thirteen do have 

invasive breast cancer registrations but the date o f diagnosis does not match that from 

Guy’s (nine TCR registrations are earlier and four later) and one has an earlier in situ 

breast cancer registration. The remaining five have much later non-breast cancers on the 

TCR. O f the nine ‘missing’ in situ registrations, four appear as invasive registrations 

and three women have later registered invasive cancers. One has an in situ registration 

and one a non-breast cancer registration. Thus there remain 32 women who may have 

had invasive breast cancer but for whom there is no related cancer information on either 

the TCR, the NHSCR or the death certificate.
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3.6 Current status of the cohort

To check the current status of cohort members, a ‘members and postings’ listing was 

requested from the NHSCR. This lists all flagged members o f the study who have 

entries on the computerised NHSCR Central Index and gives their latest ‘posting’. 

Deaths before 1991 are not included on the Central Index unless a cancer flag is present. 

When details o f study members were initially sent to Southport for tracing and flagging, 

a study identification number was not included. This meant that the members and 

postings listing had to be matched to the benign database by name, date o f birth and, 

where it was available, NHS number. The process was complicated by changes in 

name, incorrect entry o f NHS numbers on the ICRF database and, for a small proportion 

o f women, having only age at first visit to the Breast Unit recorded rather than date of 

birth. Where the date o f birth on the Central Index differed by more than five years 

from that on the benign database the original notes were re-examined and any extra 

information was sent to the NHSCR to try to determine a better trace. If no alternative 

trace was found the match was deemed incorrect and the woman is regarded as a ‘no 

trace’. Thirty-one o f 19,214 women on the members and postings listing could not be 

matched to the database. These cases are being investigated at NHSCR.

After matching the benign database to the members and postings listing it was apparent 

that some posting information was lacking. In particular it emerged that 525 

cancellations from the FPC cipher system had not been notified. This was rectified in 

July 1998 and a further members and postings listing was ordered to enable prior 

cancellations to be recorded. Other ‘missing’ notifications included 14 exits and 82 

reinstatements to the FPC cipher system. The current status of the cohort, based on the 

July 1998 members and postings listing, is given in table 3.4. A listing o f underlying 

causes of death as notified by the NHSCR is given in Appendix C.

Three hundred and four women on the database could not be matched to the members 

and postings listing. All are recorded as having been included in the initial tracing 

process but none are recorded as no traces or as pre-1991 deaths. The most likely 

explanation is that these women were never traced and their study cards were not 

returned (an option that appears to have been implemented only part-way through the
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flagging process). This would mean they would not have been recorded as no traces on 

the benign database. These 304 women are thus assumed to be no traces.

O f 17,104 women believed alive and with a current UK cipher, 51% are registered with 

a GP in Greater London, 16% in Kent, 5% in Essex and 5% in Surrey. This compares to 

75%, 11%, 4% and 5% respectively based on the original addresses on the database 

(table 3.1). The complete distribution o f FPC ciphers from the members and postings 

listing is given in Appendix C.

Table 3.4: Current status o f the cohort

Status Number of 

women

Percent

Total 22,616 100

Known not traced 1,919 8

Known dead 2,307 10

Status unknown 304 1

Believed alive on 13/07/98 18,086 80

Latest NHSCR posting o f women believed alive:

No postings 35 0.2

Not registered with a GP1 11 <0.1

Member o f the armed forces or under the care of a

Service Medical Officer 8 <0.1

Registered psychiatric patient 1 <0.1

Cancelled FPC cipher 602 2.7

Emigrated (i.e. embarked to outside the UK) 325 1.4

Embarked to Isle of Man or Northern Ireland 14 0.1

Embarked to Scotland 77 0.3

Currently registered with a GP in England or Wales 17,013 75.2

1 includes two women with currently ‘closed’ ciphers i.e. FPC cipher uncertain
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3.7 Baseline information

3.7.1 Data collected

Data were initially collected from Breast Unit notes and cover a range o f personal and 

medical details and breast cancer risk factors. Male patients and women with a previous 

mastectomy or breast cancer were excluded from the study. Sample data collection 

forms are included in Appendix D. The postal questionnaire provided further and 

updated information. In certain circumstances, responses to the questionnaire have been 

used to infer data missing at baseline (see section 3.7.2). The baseline and questionnaire 

data are held on an ORACLE database and are linked to cancer and death information 

via the woman’s hospital number.

The original cohort included 71 women first seen before 1942. There are no women on 

the database first seen between 1942 and 1945. Since the quality o f the pre-war data 

could not be guaranteed and to provide a continuous chronological series of women, all 

those seen before 1942 (from 1936) have been excluded from further analyses. These 

included 29 no traces, two women not matched to the members and postings listing, 31 

deaths and nine women believed alive and on the Central Index on 13 July 1998. Seven 

o f the excluded women had cancer registrations (two breast cancers). O f the remaining 

22,545 women, 80% were first seen at the Guy’s Breast Unit between April 1965 and 

June 1981 inclusive. The median month o f first attendance was October 1975.

3.7.2 Missing values

Initially, some variables appeared to have very few missing values. In the original 

coding scheme, missing values were left blank unless a specific ‘not stated’ category 

was provided. Old documentation suggests that integer-valued variables that had been 

left blank were re-coded as zeros when the database was transferred between computer 

systems in the early 1980s. For some such variables, zero already represented a non

missing value. In these cases it is therefore impossible to distinguish between missing 

and genuine null values. Original taped backup copies o f the database could not be 

traced thus the original coding was irretrievable. The variables and values affected are: 

marital status (single), pregnant (no), number of children (none), number of terminated
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pregnancies or miscarriages (none), number o f children breast fed (none), family history 

o f breast cancer (no) and previous hospital treatment for breast problems (no). Only 

women in the batch o f 5161 added to the database recently have true ‘known missing’ 

values on the above variables. Missing values could have arisen either during 

transcription o f the data from the hospital notes or because the information was not 

originally recorded in the notes. In the latter case, lack o f information could reflect 

failure to record a negative response. Since nulliparity is a risk factor for breast cancer 

one o f the more serious re-coding errors is on the number o f children variable. One can 

perhaps argue that ‘missing’ values for family history and current pregnancy were more 

likely to represent negative than positive responses. The cohort includes 102 

premenarchial women who are all coded ‘none or missing’ for currently pregnant, 

number o f children and number o f  terminated pregnancies or miscarriages. These three 

variables have been re-coded ‘known none’ for all such women. Deduction o f missing 

values from alternative sources is considered in section 3.9.

3.7.3 Menstrual, reproductive and family history data

Categorical variables relating to menstrual, reproductive and family histories are shown 

in table 3.5. The mean age at first Breast Unit attendance was 37.2 years (SD: 11.9) and 

thus the majority o f women (65%) were premenopausal. Mean age at menopause was 

48.6 years (SD: 4.5) for 1,917 women with a natural menopause and 41.5 years (SD:

7.3) for those who had an artificial menopause. Mean age at menarche was 13.1 (SD: 

1.7). One hundred and two premenarchial and 182 pregnant women were seen. There 

is no direct information on the number o f lactating or postpartum women. Amongst 

non-pregnant women there are 303 women with age at last birth equal to age first seen 

and these are assumed postpartum. The mean number o f children among the 15,257 

parous women was 2.2 (SD: 1.1). The mean ages at first and ‘last’ (i.e. most recent) 

childbirth were 24.1 years (SD: 4.4) and 28.1 years (SD: 5.1) respectively. Thirteen 

percent of women had a family history o f breast cancer when they were first seen for 

benign disease. O f these, 40% had at least one first degree relative with breast cancer, 

55% no first degree relatives but at least one second degree relative and 5% only a third 

degree relative.

1 one ‘new ’ woman first seen before 1946 has been excluded
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Table 3.5: Baseline data in 22,545 women

Variable Value1 Number of 
women

Percent

Marital status known missing 5 <0.1
single (or missing) 4,073 18
married 17,348 77
widowed 390 2
divorced 729 3

Menstrual state premenopausal 14,609 65
perimenopausal 2,919 13
postmenopausal 3,762 17
premenarchial 102 0.5
not specified 1,153 5

Type of menopause natural 1,917 51
(% of postmenopausal) artificial 1,623 43

not stated 222 6
Ovarian status ovaries retained 614 38
(% of artificial menopause) one ovary removed 192 12

both ovaries removed 156 10
unknown 661 41

Oral contraceptive use never 7,648 34
previous 5,925 26
current 2,278 10
not specified 6,694 30

Pregnant known missing 106 0.5
no (or missing) 22,179 98
uncertain 78 0.3
yes 182 1

Number of children known missing 27 0.1
none (or missing) 7,261 32
1 3,902 17
2 6,788 30
3 2,925 13
4 or more 1,642 7

Number of terminated pregnancies or known missing 101 0.4
miscarriages none (or missing) 17,867 79

1 3,359 15
2 781 3
3 or more 437 2

Number of children breast fed known missing 40 0.3
none (or missing) 4,789 31
1 4,221 28
2 4,004 26
3 1,453 10
4 or more 777 5

Family history of breast known missing 32 0.1
cancer no (or missing) 19,122 85
(first, second or third degree relative) don’t know 383 2

yes 3,008 13
First degree relatives with a mother 841 28
history of breast cancer sister 303 10
(% of those with a family history) daughter 6 0.2

more than one of above 58 2
none or not stated 1,786 60

Second or lower degree relatives maternal grandmother 450 15
with a history of breast cancer paternal grandmother 198 7
(% of those with a family history) maternal aunt 647 22

paternal aunt 302 10
third degree relative 152 5
more than one of the above 228 8
none or not stated 1,017 34

1 Data as recorded at baseline - see section 3.9 for recoding o f  missing values
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3.7.4 Comparison of additional women to original cohort members

The 516 women added to complete the cohort differed from original cohort members in 

several respects (table 3.6). For comparability, missing values amongst new women, on 

variables that include ‘none or missing’ zero codes in original women, are counted as 

zeros. The most striking difference between the two groups o f women is in (median) 

date o f first attendance (January 1976 for the original women and August 1973 for the 

new women). Since the new women contained a higher proportion of women with 

subsequent breast cancer they were likely to differ from the original cohort women on 

factors affecting the risk o f breast cancer. Indeed, they were older and, after adjusting 

for age and date first seen, had older age at birth o f first child and were more likely to 

have a family history o f breast cancer. New women were more likely to be 

premenopausal than postmenopausal compared to original women o f the same age and 

date first seen (OR=1.91, 95% Cl: 1.40-2.61). There was no significant difference in 

type o f menopause or age at natural menopause though, after adjusting for age and date 

o f first attendance, new women were older at artificial menopause (OR=1.08, 95% Cl: 

1.00-1.16). New women were more likely to have had previous hospital treatment for 

breast disease (17% versus 11%). Sixty-eight percent o f the original cohort were known 

to be parous compared to 73% o f new women (%] =6.51, p=0.01) but this difference was

not significant after adjustment for age and date first seen by logistic regression.

New and original women were not significantly different in terms o f age at menarche, 

age at last child, number o f terminated pregnancies or miscarriages, number o f children 

breastfed, type o f family history o f breast cancer or mean duration o f symptoms before 

first attendance. There were fewer ever-users o f oral contraceptives in the new women 

(x f =24.0, p<0.0001) and more women who had ever-breastfed (x* =7.49, p=0.006) but

these differences were not significant after adjusting for age and date first seen.

In conclusion, the new women differ on date o f first attendance but all other differences 

can be related to their greater propensity for breast cancer. They do not form a definable 

subgroup o f the cohort thus strengthening the hypothesis that their original omission 

was due to some indexed-based removal o f notes from the main Breast Unit filing 

system.
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Table 3.6: Comparison o f  new to original cohort members

Baseline data Original New Significance1

women women z and p-value

N 22,029 516 - -

Median date first seen Jan 1976 Aug 1973 -8.28 <0.0001

Mean (SD) age first seen 34.1 (12.0) 41.7(10.0) 8.81 <0.0001

Mean (SD) age at menarche 13.1 (1.7) 13.1 (1.7) -1.35 NS

Mean (SD) parity2 2.22(1.1) 2.17(1.4) -1.11 NS

Mean (SD) age at first child 24.1 (4.4) 25.2 (4.4) 2.43 0.02

Mean (SD) age at natural 48.6 (4.4) 48.0 (5.6) -0.86 NS

menopause3

Mean (SD) age at artificial 41.5 (7.6) 41.5 (5.9) 2.06 0.04

menopause4

Mean (SD) number of terminated

pregnancies 0.29 (0.73) 0.29 (0.79) 0.78 NS

% premenopausal 65 64 4.06 <0.0001

% parous 68 73 0.49 NS

% ever-breastfed 68 75 1.06 NS

% with a family history o f breast 13.2 18.4 3.39 0.0007

cancer

% ever-users o f oral contraceptives5 52 37 -0.94 NS

% with previous hospital treatment 10.7 17.4 3.95 <0.0001

1 significance in a logistic regression model (new =l, original=0) with age and date first seen included as 
independent variables
2 parous women only
3 in 1,870 original and 47 new postmenopausal women with non-missing data
4 in 204 original and 47 new postmenopausal women with non-missing data
5 in 15,565 original and 286 new women with non-missing data

3.7.5 Type of benign disease

The cohort women presented with a wide range o f breast problems (table 3.7). The 

overall median duration o f symptoms before first attendance at the Guy’s Breast Unit 

was five weeks (IQ range: 2 to 18 weeks). Women reporting previous hospital
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treatment for breast disease (11%) had a significantly longer symptomatic period 

(median 7.0 versus 5.3 weeks, Mann-Whitney: z=7.74, p<0.0001) than those not. 

However, a previous hospital treatment code of zero in original cohort women indicates 

‘none or missing’. Symptomatic period did not differ by previous hospital treatment in 

the 526 new women where zero represents a true null value (median 3.6 weeks for those 

with previous treatment and 3.8 weeks for those without).

There was considerable discrepancy between symptoms (reported by the woman) and 

signs at first attendance (recorded by the clinician). Fifty-nine women (0.3%) reported 

no symptoms whereas on examination nine percent had no significant physical signs o f 

‘disease’. Those with no symptoms were more likely to have a family history o f breast 

cancer than those reporting some symptoms (47% versus 13%; x ?=59.4, p<0.0001).

The most common reason for attendance was a suspected breast lump (68% of women). 

However, on examination, 38% of these women were found to have general breast 

nodularity and 13% had neither palpable lumps nor nodularity. Overall, nodularity was 

observed in 48% of women and solitary lumps in 33%. Nipple discharge was reported 

by 11% of women and was found in five percent at first attendance. As with breast 

cancer, left-sidedness was more common than right (35% versus 29%) but bilateral 

presentation was also frequent (27%). Most palpable lesions presented in the upper- 

outer quadrant (table 3.7).

The hospital notes included an initial diagnosis based on medical history, reported 

symptoms and observed signs (table 3.7). By far the most common of these was 

‘fibroadenosis’ (44%). Cysts and fibroadenoma were also relatively common (11% and 

9% respectively). Two percent o f women were initially diagnosed with a suspected 

carcinoma but this was not confirmed on further investigation. A ‘normal’ diagnosis 

was recorded for 789 women. Since 49% of these ‘normal’ women suffered breast pain, 

this group is likely to contain some women diagnosed with mastalgia. The proportion 

o f ‘normal’ women with a family history of breast cancer was 15.4% - significantly 

more than the 13.2% within the rest o f the cohort ( x f =7.66, p=0.006). This is

presumably because women with a family history have a greater propensity to worry 

about cancer and are more likely to be referred to a Breast Unit in the absence of 

physical symptoms than those with no family history.
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Table 3.7: Baseline characteristics o f  benign disease in 22,545 women

Variable Value Number o f women Percent
Previous hospital treatment for known missing 18 0.1
breast disease no (or missing) 19,678 87

known no 408 2
yes 2,441 11

Symptoms at first attendance none 59 0.3
(not mutually exclusive) pain 9,174 41

tenderness 2,916 13
lump 15,403 68
lumpiness 1,606 7
swelling 2,932 13
nipple discharge 2,390 11
inverted nipple 640 3
other 1,586 7
missing 19 0.1

Signs at first attendance no physical signs 1,942 9
(not mutually exclusive) solitary lump 7,438 33

multiple limps 851 4
nodularity 10,761 48
swelling 824 4
inverted nipple 954 4
sinus 46 0.2
nipple discharge 1,144 5
other physical signs 3,525 16
missing 31 0.1

Breast involved left 7,797 35
right 6,544 29
bilateral 6,191 27
not specified 2,013 9

Site o f principal palpable lesion upper lateral 4,276 19
lower lateral 871 4
upper medial 1,235 5
lower medial 594 3
upper 1,556 7
lower 703 3
lateral 1,172 5
medial 612 3
central 905 4
diffuse or bilateral 6,498 29
not specified 4,123 18

Initial diagnosis fibroadenosis 10,002 44
fibroadenoma 2,121 9
cyst 2,409 11
duct papilloma 343 2
duct ectasia 206 1
suspected carcinoma 533 2
fat necrosis 9 <0.1
abscess or inflammation 238 1
multiple 230 1
normal (cancer phobia) 789 3
other 1,115 5
not specified 4,550 20

Initial action taken discharged - no further investigation 2,284 10
(not mutually exclusive) mammography 4,870 22

aspiration o f cyst 3,080 14
surgery under local anaesthetic 2,548 11
surgery under general anaesthetic 4,936 22
for observation 12,573 56
referred to another unit 165 1
missing 39 0.2
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Initial diagnosis shows considerable differences over time (table 3.8). The most striking 

trend is that seen in the proportion o f diagnoses actually recorded in the notes. Only 

38% of women seen between 1946 and 1965 have data on this variable compared to 

85% of those first seen between 1966 and 1982. Differences seen in initial diagnosis 

could be due to temporal changes in nomenclature or reporting practice or to changes in 

the relative incidence o f benign diseases over time. For example, there were no 

diagnoses o f duct ectasia recorded before 1968 and only two o f duct papilloma before 

1960. Prior to this, these conditions are likely to have been diagnosed as 

‘fibroadenosis’. The proportion o f diagnoses o f fibroadenosis and duct ectasia increased 

significantly over time as did the proportion o f women deemed ‘normal’ or ‘cancer 

phobic’. Diagnoses o f fibroadenoma, cysts, duct papilloma and abscess or inflammation 

became proportionately less frequent over time. The proportion o f women with 

suspected carcinoma remained fairly constant. The significance o f these trends was not 

markedly affected either by using date first seen on a continuous scale or by adjusting 

for age first seen.

The initial action taken after first attendance at the Breast Unit also shows temporal 

variation. The proportion of women discharged without further investigation increased 

from less than two percent in the 1950s to 19% in the 1980s. Investigative use o f 

mammography increased dramatically in the cohort after it became a standard procedure 

in the early 1970s. To some extent its use replaced immediate surgery or biopsy. 

Between 1946 and 1950, one percent o f women underwent mammography and 42% 

initial surgery under local anaesthetic. Between 1981 and 1982, 39% of women went 

for mammography and just nine percent for surgery under local anaesthetic. The 

proportion o f women undergoing initial surgery with general anaesthetic also fell, from 

40% between 1946 and 1950 to 14% in 1981 and 1982. Cyst aspiration was most 

common for the five year period 1966 to 1970 (20% of all women) but after this its 

(proportionate) use steadily declined. However, the proportion o f women initially 

diagnosed with cysts who were treated by aspiration has remained between 85 and 90 

percent for most years since 1966. The proportion o f the cohort receiving no immediate 

treatment but followed-up for observation shows no trend over time.
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3.8 Questionnaire data

3.8.1 Comparison of women sent a questionnaire to those not

In all, 12,864 women were sent a questionnaire. Fourteen o f these women were first 

seen before 1946 and have since been excluded from the study analysis. Women were 

excluded from the main questionnaire mailing if  they were known to have developed 

breast cancer at Guy’s hospital (n=50) or, since the main questionnaire mailing began 

during tracing and flagging o f the cohort at the NHSCR, if  they could not be traced or 

were known to have died. Since one purpose o f the questionnaire was to obtain NHS 

numbers to facilitate tracing, women for whom NHS numbers were already known 

(from the tracing at FPC level) were also excluded. It was therefore expected that there 

would be differences between those sent questionnaires and those not. Thus, even if  no 

factors influenced response, the questionnaire responders would not form a random 

sample o f the cohort. Table 3.9 compares baseline characteristics of the women who 

were sent a questionnaire to those who were not. Since ‘new’ women were not sent 

questionnaires and are known to differ from original cohort members (section 3.7.4) 

they are excluded from this analysis.

Women sent a questionnaire were older (mean baseline age: 38.2 versus 35.5, p<0.0001) 

and were first seen more recently (median date first seen: December 1976 versus April 

1974, pO.OOOl) than those not. They were less likely to be single, nulliparous or 

postmenopausal and more likely to have a family history o f breast cancer. They also 

had a higher mean parity and were older at birth o f first child and at natural menopause. 

Differences in the proportions o f ever-users o f oral contraceptives, o f parous women 

who had ever-breastfed and o f women previously treated for breast disease were not 

significant after adjustment for age and date first seen. Inclusion o f the 516 new women 

in the ‘not sent’ group did not significantly alter these results.
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Table 3.9: Comparison of 12, 850 women sent a questionnaire to 9,179 excluded from 

the main questionnaire study

Baseline data Sent a Not sent a Significance1

questionnaire questionnaire z and p-value

Median date first seen Dec 1976 Apr 1974 25.7 <0.0001

Mean (SD) age first seen 38.2(11.2) 35.5 (12.8) 16.1 <0.0001

Mean (SD) age at menarche2 13.1 (1.67) 13.1 (1.68) -1.28 NS

Mean (SD) parity3 2.25 (1.10) 2.17(1.20) 2.83 0.005

Mean (SD) age at first child 24.1 (4.36) 23.9 (4.45) 3.55 0.00044

Mean (SD) age at natural menopause5 48.8 (4.28) 48.3 (4.60) 2.85 0.004

% single 13 26 -21.3 <0.0001

% premenopausal6 64 66 9.00 <0.0001

% parous 74 58 18.9 <0.0001

% ever-breastfed3 68 70 1.18 NS

% with family history o f breast cancer 14 12 2.69 0.007
n

% ever-users o f oral contraceptives 50 55 -0.86 NS

% previously treated for breast disease 11 10 1.34 NS

1 significance in logistic regression (sent= l, not sent=0) with age and date first seen included as
independent variables
2 in 9,999 women sent a questionnaire and 6,103 not sent with non-missing baseline data
3 parous women only
4 but age first seen was insignificant in this model
5 in 1,085 postmenopausal women sent a questionnaire and 785 not with non-missing data
6 logistic regression only considers pre- and post-menopausal women
7 in 9,676 women sent a questionnaire and 5,889 not with non-missing data

3.8.2 Comparison of questionnaire responders to non-responders

Completed questionnaires were returned by 6,850 women - a response rate of 53%. 

Some women included in the two pilot studies received more than one questionnaire 

and, where more than one was returned, information has been combined to give the 

most complete response. In addition to the completed questionnaires, seven 

questionnaires were returned with a refusal to answer and 29 were returned by family 

members indicating that the study participant had died - partial responses from these

116



questionnaires have not been included. The date o f questionnaire mailing or reply was 

not originally recorded on the database. The first pilot questionnaires were all sent on 1 

November 1982 and the second pilot questionnaires in September 1983. The main 

questionnaire mailing was done by FPC districts between October 1987 and September 

1991. Where a date o f reply or postmark was available this has been used as date of 

questionnaire response but, for the majority o f cases, the date was estimated by the 

mailing date for the relevant FPC. Date o f response is therefore approximated by the 

date the questionnaire was sent. The median time from first attendance at the Breast 

Unit to questionnaire response was 11.6 years which may explain the poor response rate 

(1,675 questionnaires were returned ‘not known at this address’ and 4,297 were not 

returned).

Table 3.10 compares the baseline characteristics o f women who replied to the 

questionnaire to those o f women who were sent a questionnaire but for whom no 

completed response was received. Women replying to a questionnaire had more recent 

first attendance at the Breast Unit than non-responders. As a result, they had a shorter 

median duration o f time between first attendance and mailing o f the questionnaire (11.2 

years versus 12.2 years, Mann-Whitney: z=10.8, p<0.0001). This is probably a 

reflection o f the accuracy o f mailing addresses as determined from the hospital notes. 

The mean baseline age o f responders was 39.7 (SD: 10.6) compared to 36.3 (SD: 11.6) 

o f non-responders (t-test: p<0.0001). In a logistic regression model for the odds of 

response, time to questionnaire had greater significance than date first seen (age- 

adjusted z=-2.14 compared to 1.18). However, for consistency, age and date first seen 

were used in the ‘baseline’ model for considering the adjusted significance o f other 

variables. After accounting for age and date first seen, differences remained between 

responders and non-responders on age at menarche, marital status, nulliparity, number 

of terminated pregnancies or miscarriages (including zero), parity, age first child, 

menstrual status, family history o f breast cancer and oral contraceptive use (table 3.10).

Differences in the proportions previously treated for breast disease, ever-breastfed and 

pregnant at baseline became insignificant after adjusting for age and date first seen. 

There were no differences in age at birth o f last child (after accounting for age at first 

child in addition to age and date first seen), type o f menopause or age at menopause 

(data not shown).
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Table 3.10: Comparison o f  questionnaire responders to non-responders

Baseline data Responders Non Significance1

responders z and p-value

N 6850 6000 - -

Median date first seen April 1977 April 1976 10.9 <0.0001

Median time to questionnaire 11.2 years 12.2 years -2.14 0.0332

Mean (SD) age first seen 39.7(10.6) 36.3(11.6) 16.9 <0.0001

Mean (SD) age at questionnaire 52.2(11.6) 50.0(13.5) -2.14 0.0332

mailing

Mean (SD) age at menarche3,4 13.1 (1.7) 13.1 (1.7) -2.11 0.035

Mean (SD) parity5 2.2 (1.0) 2.3 (1.2) -3.83 0.0001

Mean (SD) age at first child 24.6 (4.3) 23.5 (4.3) 8.21 <0.0001

Mean (SD) number o f terminated

pregnancies4 0.31 (0.74) 0.32 (0.76) -3.23 0.001

% single 10 16 -4.91 <0.0001

% premenopausal6 63 66 4.39 <0.0001

% parous 78 70 3.40 0.0007

% ever-breastfed4 69 66 1.51 0.13

% with family history o f breast cancer 15 13 2.39 0.017

% ever-users o f oral contraceptives7 46 56 -3.77 0.0002

% previously treated for breast disease 12 10 1.84 0.065

% pregnant 0.51 0.97 -1.44 0.15

1 significance in logistic regression (response=l, no response=0) with age and date first seen included as 
independent variables
2 date first seen was not significant in this model
3 in 5,580 responders and 4,419 non-responders with non-missing data
4 unadjusted test was non-significant
5 parous women only
6 logistic regression only considers pre- and postmenopausal women
7 in 5,339 responders an 4,337 non-responders with non-missing data
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3.8.3 Questionnaire responses

Responses to the questionnaire (Appendix D) are shown in table 3.11. Twenty-six 

percent o f women reported breast problems in the years between last being seen at 

Guy’s and questionnaire response. The most common complaints were of mastitis or 

breast pain (n=413), cysts (n=405) and lumps (n=368). The questionnaire asked about 

oral contraceptive use and family history o f breast cancer in more detail than was 

available at baseline. There were also questions on use o f hormone replacement therapy 

and hair dyes and on consumption o f tea and coffee. The mean total duration o f OC use 

in 2,348 ever-users was 61 months (SD: 59 months). In 1,038 users o f hormone 

replacement therapy, the mean duration o f use was 21 months (SD: 34 months). The 

mean ages at onset o f cancer in affected relatives o f 1,615 women with a family history 

o f  breast cancer were 58.7, 50.1 and 56.4 years for mothers, sisters and second degree 

relatives respectively. The mean numbers o f cups of tea and coffee drunk per day were

5.1 (SD: 2.8) and 3.3 (SD: 2.3) respectively.

3.8.4 Consistency of data

Where non-missing values o f non-time-dependent variables were present on both the 

questionnaire and the baseline form these have been checked for internal consistency. 

Cross-tabulations o f the data can be found in Appendix E.

Age at menarche is recorded at both time points for 5,492 women. There is no 

significant difference between mean age at menarche as recorded at baseline and as 

reported on the questionnaire. For 61% of women both values are identical. Ninety-two 

percent of women replying to the questionnaire reported their age at menarche to be 

within one year o f that recorded at baseline. Ninety-six percent o f 1,297 women who 

were post-menopausal at baseline and returned a questionnaire, replied that they were no 

longer menstruating. However, only 33% of 535 women had agreement on age at 

natural menopause. This increased to 55% showing agreement to within one year of 

their baseline value. O f 597 women recorded at baseline as having had a hysterectomy, 

97% answered in agreement on the questionnaire. Ovarian status agreed in 79% of 

those where it was known at baseline (n=384) but again there was poorer agreement on 

age at hysterectomy (41% exact agreement; 67% agreement to within one year).
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Table 3.11: Questionnaire data from 6,850 replies

Variable Value Number o f  women Percent
Subsequent breast problems yes 1,802 26

no 5,006 73
missing 42 1

Menstrual state premenopausal 2681 39
postmenopausal 4157 61
missing 12 0.2

Hysterectomy no 2774 67
(% o f  postmenopausal) yes 1377 33

missing 36 1
Ovarian status both ovaries present 796 60
(% o f  those with hysterectomy) one ovary removed 234 18

both ovaries removed 274 20
unknown 73 5

Ever use o f  oral contraceptives no 4258 62
yes 2644 39
missing 48 1

Number o f  children none 1100 16
1 1045 15
2 2741 40
3 1272 19
4 or more 678 10
missing 14 0

Sex o f  first child male 2,925 51
(% o f  parous) female 2,794 49

missing 17 0.3
Number o f  terminated pregnancies none 4893 71
or miscarriages 1 1370 20

2 364 5
3 or more 202 3
missing 21 0.3

Ever use o f  hormone replacement no 5744 84
therapies yes 1,038 15

missing 68 1
Family history o f  breast no 5122 75
cancer yes 1615 24

missing 113 2
Relatives with a history o f  breast mother 416 26
cancer sister 307 19
(% o f  those with a family history) daughter 14 1
not mutually exclusive maternal grandmother 205 13

paternal grandmother 133 8
maternal aunt 480 30
paternal aunt 166 10
cousin 233 14
missing 2 0.1

Ever use o f  permanent hair dye yes 2,330 34
no 4,423 65
missing 97 1

Tea drinker yes 6057 88
no 747 11
missing 46 1

Coffee drinker yes 5285 77
no 1521 22
missing 44 1
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In 1,049 women recorded as postmenopausal and parous at baseline and on their 

questionnaire reply, 92% showed agreement on their baseline and questionnaire values 

for number o f children. Excluding women with no terminated pregnancies or 

miscarriages at baseline (because o f contamination o f zero and missing values), 67% of 

postmenopausal women reported the same number o f terminated pregnancies or 

miscarriages on the questionnaire as at baseline. O f 4,873 parous women, 52% had 

identical values o f age at first birth at baseline and on their questionnaire. For age at last 

birth (where both data sources indicated the same number o f children) agreement was 

also seen for 52% of women with more than one child. There was 93% agreement to 

within one year for both age at first and at last birth.

Among 2,461 ever-users o f oral contraceptives at baseline, 85% reported ever-use of 

OCs on their questionnaire. Seven percent o f women reporting never use o f OCs on the 

questionnaire are recorded as ever-users at baseline. Eighty-four percent o f women with 

a baseline family history o f breast cancer also reported a family history on the 

questionnaire. In 349 women where both baseline data and the questionnaire indicated 

only one first degree relative with breast cancer, there was 99% agreement on that 

relative’s relationship to the cohort woman. For one second or third degree relative 

(irrespective o f first degree relatives) the agreement was 85%.

Agreement between questionnaire and baseline data is thus good with the exception of 

age at natural or artificial menopause. This may be a reflection of the protracted nature 

o f these events. For the other age variables agreement to within one year is over 90%.
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3.9 Inclusion of values originally missing at baseline

In section 3.7.2 it was noted that blank missing values had inadvertently been 

overwritten with zeros. In the absence of a specifically coded missing group it is 

therefore impossible to determine, in original cohort women, whether zero represents a 

true null value or an unknown missing value. However, there are two readily available 

alternative sources o f information (other than the original notes) for these and other 

(specifically coded) missing values - namely the questionnaire and the Guy’s Breast 

Unit cancer database. If women with questionnaire data were representative o f the 

cohort as a whole, questionnaire responses could be used to complete data missing at 

baseline. However, if  systematic baseline differences exist between questionnaire 

responders and the rest o f the cohort, baseline values that remained missing may not be 

‘missing at random’. This section considers the appropriateness o f using the 

questionnaire (and cancer database) to complete coded missing values and to distinguish 

between true zeros and ‘none or missing’ zeros.

3.9.1 Using multiple sources of data

It is frequently assumed that missing data are ‘missing at random’ that is that 

missingness is not associated with the true unobserved values. This implies that 

observations with missing values form a random sample o f the study population. If  the 

missing at random assumption does not hold an analysis ignoring non-response can lead 

to biased estimates o f odds ratios and relative risks (Vach (338)). If the proportion o f 

missing data on a particular covariate is large then the number o f complete observations 

available for use in a regression type model is reduced. Under the missing at random 

assumption, conditional likelihoods are often used to impute missing values thus 

enabling all observations to be used in estimating the relative risk. If an alternative 

source of data exists this can also provide information on missing values. In this study 

the primary source o f data was the hospital notes. Although failure to record data may 

be more indicative o f a negative or null categorical response, there are no obvious 

reasons to suspect that the missingness of data at the first visit should be related to the 

diagnosis of breast cancer in later years or, in the case o f quantitative variables, to the 

true but unobserved values. It is feasible that women who returned to the Breast Unit
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(for further treatment or later cancer) were less likely to have missing values at the time 

o f the retrospective data collection but without knowing how thoroughly each patients 

notes were searched it is difficult to determine this.

Section 3.8.4 showed that there was good agreement between values recorded on the 

questionnaire and those recorded at baseline for all variables except age at menopause. 

This suggests that data from the questionnaire are consistent and can be used to 

complete values missing at baseline. However, there are some baseline differences 

between the women sent questionnaires and those excluded, and between responders 

and non-responders (sections 3.8.1 and 3.8.2). The responders do not therefore form a 

random subgroup o f the cohort. Women known (at the time) to have breast cancer were 

excluded from the questionnaire. Derivation o f baseline data on breast cancer risk 

factors recorded on the questionnaire (including age at menarche, at first child and at 

menopause) may therefore be biased towards lower risk values. However, the biggest 

group o f women excluded from the questionnaire mailing were those with known NHS 

numbers. It is highly unlikely that knowledge o f a woman’s NHS number is related to 

any o f the baseline variables with missing values or to the later development o f cancer. 

Since flagging was not complete at the time of mailing, a large proportion of the women 

excluded because they had cancer are likely to have been identified via records at Guy’s 

hospital. For these women the Guy’s cancer database can be used as a source of 

information on menstrual, reproductive and family history variables. To increase the 

amount of analysable data missing values have therefore been derived from the 

questionnaire and cancer database. By using both these sources any dependence of 

availability o f an alternative data source on subsequent development o f breast cancer 

should be minimised.

3.9.2 Variables with a specified non-zero missing code

Baseline information was more likely to be coded as missing (when a specific missing 

code was available) than the equivalent response on the questionnaire. For example, age 

at menarche was coded missing for 6,110 women (27%) at baseline compared to 135 

women (2%) replying to the questionnaire. O f 1,270 women who replied to the 

questionnaire and also had missing baseline information, 1,212 (95%) had non-missing 

age at menarche on the questionnaire. By using the questionnaire answers, the
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proportion o f missing values for age at menarche was reduced to 22%. Similarly, 7.5%, 

34%, 21% and 19% of missing baseline values for ages at natural menopause, artificial 

menopause, first child and last child respectively were derived from questionnaire 

replies. Details o f the changes are shown in table 3.12.

Following this recoding, 14,933 women (66%) were premenopausal at baseline, 3,777 

(17%) postmenopausal and four percent had missing data. The mean age at menopause 

in 1,934 women believed to have a natural menopause (51% of all postmenopausal 

women) was 48.5 years (SD: 4.5). In 1,658 women with an artificial menopause the 

mean age at menopause (in 732 with data) was 39.9 years (SD: 6.9). This compares 

with the mean value of 41.5 (SD: 7.3) based on 251 women with age at artificial 

menopause recorded at baseline. Mean ages at menarche, first child and last child were 

unchanged from those calculated before inclusion of the questionnaire and cancer 

database derived values.
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3.9.3 Variables where ‘missing’ was inadvertently re-coded to zero

Number of children, number o f terminated pregnancies or miscarriages and family 

history o f breast cancer are among those baseline variables with ‘none or missing’ 

codes. Since they also feature on the questionnaire some re-coding from ‘none or 

missing’ to ‘known none’ is possible. The missing at random assumption does not hold 

here since a high proportion o f the ‘none or missing’ values are likely to be true zeros. 

Initially only the recently included women had true ‘known none’ or ‘known missing’ 

values for these variables.

In total, 32% of women had number o f children at baseline coded as ‘none or missing’. 

From the proportions o f missing and true zero codes within the ‘new’ women (5% and 

22% respectively) it is likely that the majority o f the ‘none or missing’ represent 

nulliparous women. Table 3.13 details the distribution o f parity codes within the cohort. 

After inclusion o f 33 non-zero values from the questionnaire and re-coding o f 102 

premenarchial women from ‘none or missing’ to ‘known none’, there remained 7,012 

women with a ‘none or missing’ code. O f these, 1,491 (22%) had replied to the 

questionnaire. In 1,076 replies (72%) the number o f children was zero and these women 

can be regarded as nulliparous. A further 328 women, whose age at first birth (as 

recorded on the questionnaire) was more than one year greater than age at first 

attendance, would also have been nulliparous at baseline. Thus 92% of questionnaire 

responders with unknown parity were nulliparous at baseline and 2% were parous, 

leaving 6% ‘none or missing’ - a figure comparable with the 5% of ‘new’ women with 

number of children coded missing. After including the questionnaire values, the parity 

distribution over all women would become 25 known missing, 1,622 (7%) known none, 

5,608 (25%) none or missing and 15,290 parous. Reclassification o f ‘none or missing’ 

values is impossible for (non-premenarchial) women with no questionnaire who are not 

on the Guy’s cancer database. Thirty-seven percent (5,521/15,091) o f such women have 

‘none or missing’ values for baseline number of children. This is a greater proportion 

than in questionnaire responders who tended to be older and were more often married 

(see sections 3.8.1 and 3.8.2). This suggests that the proportion of true zeros within the 

‘none or missing’ group would be at least as great as that in women with a questionnaire 

response (92%). Applying the same re-coding proportion of 92% to the non-
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questionnaire women would bring the proportion o f nulliparous women in the whole 

cohort to 30%.

In contrast to parity, it is the non-zero values o f family history are more important in 

terms o f assessing breast cancer risk. Combining the no family history and missing 

groups will lead to a dilution o f any relative effect o f a positive family history. The 

proportions o f women reporting a family history o f breast cancer at baseline were 18% 

for ‘new’ women, 12% for original cohort women with no questionnaire data and 15% 

for women with questionnaire data. Six percent o f ‘new’ women had missing values on 

this variable. O f 18,743 original women with baseline family history coded ‘none or 

missing’, 5,722 (31%) had a questionnaire response. Re-coding to no family history 

would be possible in 4,915 (86%) o f these women and would reduce the proportion 

‘none or missing’ from 84% to 12%. Applying this re-coding factor to the younger non

questionnaire subgroup would suggest that 73% o f the cohort had no family history o f 

breast cancer at baseline.

The proportion o f women with one or more terminated pregnancy or miscarriage was 

similar in the three subgroups o f women: 20% of 506 recently added women; 20% of 

15,179 original women with no questionnaire data; and 22% o f 6,850 original women 

who received and replied to the questionnaire. Twenty-eight percent o f questionnaire 

responders, who tended to be older, reported one or more terminated pregnancies. Only 

21 women did not answer this question. As with parity, the 102 premenarchial women 

can all been re-coded to ‘known none’. O f 17,452 remaining women coded ‘none or 

missing’, 5,338 (31%) had a questionnaire reply. Re-coding to ‘known none’ is possible 

for 4,742 (89%) responders and reduces the total coded ‘none or missing’ among 

responders from 78% to 9%. Amongst new women, 76% of those coded either missing 

or zero came from the latter group. The overall percentages in the new women were 

19% missing and 61% zero (though 36 of 100 missing values were re-coded to zero 

from information on the Guy’s Breast Unit cancer database). The true proportion of 

women with no terminated pregnancies or miscarriages is estimated at between 64% and 

71% (by applying re-coding factors o f 0.76 and 0.89 to the 12,114 ‘none or missing’ 

women without a questionnaire response respectively).
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Separating a ‘known none’ group from the ‘none or missing’ category as described 

above could lead to bias in the analysis o f breast cancer risk. Re-coding to ‘known 

none’ is only possible for women with questionnaire replies (or those on the Guy’s 

cancer database). In order to be sent a questionnaire women had to be alive and cancer 

free. The risk o f cancer associated with, say, the ‘known nulliparous’ group may 

therefore be conservative. If the risk o f cancer after the questionnaire is the same in 

women coded ‘none or missing’ but with no questionnaire response as it is in those with 

questionnaire derived zero values then it is acceptable to treat the ‘none or missing’ 

women as if  they were coded ‘known none’. The rate o f breast cancer from 1988 (the 

median year o f questionnaire mailing) to 1991 (the last year o f complete cancer 

notifications) was compared in the two ‘zero’ categories. The age and year adjusted rate 

ratios (IRRs) for women coded ‘known none’ relative to those coded ‘none or missing’ 

are given in table 3.14. Pre-menarchial and ‘new’ women were excluded. There was no 

overall significant difference in the post-questionnaire SIR for questionnaire responders 

(SIR=T40.6, 95% Cl: 115.5-171.3) and other original cohort members (SIR=156.9, 95% 

Cl: 125.3-196.0).

Table 3.14: Post-questionnaire IRRs for breast cancer: ‘known none’ versus ‘none or 

missing’ coded women

Variable ‘None or missing’ ‘ Known none’ IRR1 and 95% Cl

N N N N

women cancers women cancers

Number of children 4,206 29 1,363 20 1.42 0.82-2.45

Number of terminations

or miscarriages 9,232 75 4,634 48 1.03 0.71-1.49

Family history o f breast

cancer 10,097 78 4,807 48 1.08 0.75-1.55

1 reference category is ‘none or m issing’
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As there is no difference in post-questionnaire cancer risk between the ‘known none’ 

and ‘none or missing’ women for either number o f children, number o f terminations or 

miscarriages or family history o f breast cancer, the two ‘zero’ categories have been 

regarded as equivalent in the analyses of breast cancer risk that follow in chapters 4 and 

5.

To avoid bias, the 33 women coded none or missing at baseline but known from the 

questionnaire to have non-zero parity values have been left coded ‘none or missing’. 

True missing values o f number o f children, number o f terminations or miscarriages, 

number o f children breastfed, family history, marital status, previous hospital treatment 

and current pregnancy for ‘new’ women, who were unaffected by the re-coding to zero 

problem, have also been included in the ‘none or missing’ category as would have 

happened if  they had been included on the original database. This introduces known 

misclassification but ensures that misclassified women are just as likely to have 

developed cancer than to have remained cancer free. The misclassification is estimated 

to affect less than six percent o f women coded none or missing for number o f children. 

The baseline data are primarily used as covariates in the analysis o f the risk o f breast 

cancer associated with various classifications of benign disease. When considering 

interactions it is likely that a lack o f power (due to small numbers in specific subgroups) 

would be more limiting than a small degree of misclassification. Analyses including the 

true values of the 33 known misclassified nulliparous women and excluding the ‘known 

missing’ new women did not differ notably from those presented. Future references to 

nulliparous women, women with no family history and women with no terminations or 

miscarriages are taken to include all women coded ‘none or missing’ at baseline.
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3.10 Biopsy data

3.10.1 Data collected

Biopsy information is available for 7,231 women (32% of the cohort). The data 

collection form is included in Appendix D. Information on biopsies was collected from 

the Breast Unit notes rather than from specific histology or pathology reports and thus 

provides only a crude histologic diagnosis. Ten biopsies performed more than six 

months before ‘first’ attnedance and 579 performed more than 12 months after have 

been excluded since they may not relate to the baseline episode o f benign breast disease. 

Where a woman had more than one biopsy within this time period, data are based on the 

biopsy closest to her date o f first attendance though histologic details from other 

biopsies within 30 days o f this biopsy are also included. Data are thus included from 

6,711 biopsies on 6,642 women (29.5% of the cohort).

The median time from first recorded visit to the Breast Unit to biopsy was 13 days (IQ 

range: 5 to 28 days). Only 29 biopsies before first visit are included and 357 women 

have date o f biopsy equal to date first seen. Biopsies were performed at Guy’s 

(n=3,209), New Cross (n=3,056), St. Olave’s (n=83) and ‘other’ (n=116) or unrecorded 

(n=178) hospitals. The median date o f biopsy was February 1974 (IQ range: January 

1969 to May 1978) and the mean age at biopsy was 37.6 (SD: 12.4).

3.10.2 Factors determining biopsy

Women with biopsy data were expected to differ on baseline characteristics from those 

with no biopsy. Women with biopsies had an earlier median date first seen (January 

1974 versus June 1976; Mann Whitney U: p<0.0001) and were older (mean: 37.5 versus 

37.0 years; t-test: p=0.008) than those who did not have a biopsy. Differences on other 

baseline factors that remain significant at the five percent level after adjustment for age 

and date first seen are shown in table 3.15. After adjusting for age and date first seen, 

there were no significant differences in menstrual status, age at menopause or age at 

birth o f last child (after adjusting for age at first child) or in the proportion o f ever-users 

o f oral contraceptives, of ever-breastfeeders, o f women currently pregnant or o f women 

with previous hospital treatment for breast disease.
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Table 3.15: Comparison o f  women with and without biopsy data

Baseline data No biopsy Biopsy Significance1 

z and p-value

N 15,903 6,642 - -

Median date first seen June 1976 Jan 1974 -24.7 <0.0001

Mean (SD) age first seen 37.0(11.7) 37.5 (12.4) 2.62 0.009

Mean (SD) age at menarche2 13.1 (1.67) 13.2(1.67) 2.93 0.0033

Mean (SD) parity4 2.25(1.16) 2.16(1.12) -4.21 0.0001

Mean (SD) age at first child 24.0 (4.36) 24.5 (4.45) 2.75 0.006

Mean (SD) number o f terminated

pregnancies 0.31 (0.75) 0.25 (0.68) -3.23 0.001

% single 17.2 20.1 7.08 <0.0001

% parous 69.4 63.4 -9.14 <0.0001

% with family history of breast cancer 13.8 12.4 -2.29 0.02

1 significance in logistic regression (biopsy=l, no biopsy=0) with age and date first seen included as 
independent variables
2 in 12,827 non-biopsied and 4,820 biopsied women with non-missing data
3 age first seen was not significant in this model
4 parous women only

As expected, the likelihood o f a biopsy was strongly influenced by the profile o f 

symptoms and clinical signs at first attendance. Table 3.16 gives the proportions having 

a biopsy by presence and absence o f various (non-mutually exclusive) signs and 

symptoms. The odds ratio from a logistic regression model for odds o f biopsy, 

adjusting for age and date first seen, is also reported. All the two-by-two chi-square 

comparisons were significant at the 0.0001 percent level except for ‘clinically inverted 

nipple’ which was significant at the 0.005 percent level. Further, each factor retained its 

significance after adjustment for age and date first seen. Because o f the relationship 

between age and some of the signs and symptoms, the significance of age was reduced 

in some circumstances. When considering the effect o f clinical nipple discharge, age at 

first attendance became insignificant but for all other signs and symptoms it remained 

significant at the five percent level. Seventy-five percent of women who had a biopsy 

did so for a discrete breast lump, a further 11% had clinical nodularity but no lump. Six 

percent o f biopsied women had nipple discharge without lumps or nodularity.
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Table 3.16: Effect o f  signs and symptoms o f  disease on likelihood o f  biopsy

Sign or symptom of Percent with Odds o f biopsy (present versus absent)

disease biopsy adjusted for age and date first seen

Absent Present OR 95% Cl z P

Symptoms:

Lump 17 35 2.87 2.67-3.09 28.7 <0.0001

Nipple discharge 29 37 1.41 1.29-1.54 7.48 <0.0001

Other symptoms 30 24 0.79 0.70-0.89 -3.85 <0.0001

Tenderness 30 24 0.73 0.67-0.80 -6.65 <0.0001

Inverted nipple 30 20 0.60 0.49-0.73 -5.06 <0.0001

Swelling 31 20 0.54 0.50-0.60 -12.2 <0.0001

Pain 36 21 0.46 0.44-0.49 -23.9 <0.0001

Lumpiness 31 11 0.32 0.27-0.37 -14.4 <0.0001

No symptoms 30 7 0.21 0.08-0.58 -3.00 0.003

Signs:

Lump 12 60 11.1 10.3-11.9 69.1 <0.0001

Breast sinus 29 65 4.19 2.26-7.76 4.56 <0.0001

Nipple discharge 28 52 2.46 2.17-2.77 14.5 <0.0001

Swelling 29 42 1.90 0.65-2.19 8.76 <0.0001

Other physical signs 30 27 0.79 0.73-0.86 -5.61 <0.0001

Inverted nipple 30 25 0.77 0.66-0.89 -3.44 0.0006

Nodularity 43 14 0.21 0.20-0.23 -44.7 <0.0001

No physical signs 33 2 0.04 0.03-0.06 -19.1 <0.0001
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3.10.3 Histologic diagnosis

The histologic findings following breast biopsy are shown in table 3.17. The histologic 

diagnoses are not mutually exclusive. Unfortunately the coding scheme devised for the 

biopsy data did not include a ‘normal’ or ‘other’ category. It is therefore impossible to 

distinguish women whose biopsy revealed histologic features other than those on the 

coding sheet from women with ‘normal’ histology. The most common histologic 

diagnoses were fibroadenosis, fibroadenoma and cysts, together accounting for 71% of 

all biopsies.

Table 3.17: Histologic findings in 6,642 women with biopsies

Histologic diagnosis Number o f women Percent

Fibroadenosis 2091 31

Fibroadenoma 1851 28

Cystic disease 1660 25

Epithelial hyperplasia 455 7

(severity not stated 239 3.6)

(mild 119 1.8)

(moderate 68 1.0)

(severe 29 0.4)

Pink cell metaplasia 434 7

(severity not stated 421 6.34)

(mild 4 0.06)

(moderate 3 0.02)

(severe 8 0.12)

Duct ectasia 385 6

Duct papilloma 337 5

Stellate scar 6 0.1

None of the above 1458 22
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3.11 A categorisation of benign diseases in the cohort

The categories o f benign disease below are based on biopsy data, initial action taken and 

signs and symptoms o f benign disease as recorded at first attendance. Since provisional 

diagnosis is missing for 20% of women, it has not been used in defining the categories.

1) No signs or symptoms (n=42)

Women with no symptoms and no clinical signs recorded at first attendance.

2) Lumpy breasts (n=353)

Essentially ‘normal’ women with no clinical signs o f disease but reporting 

symptoms o f a lump (n=284), lumpiness (n=37) or swelling (n=48). Women with 

symptoms o f pain, tenderness or nipple discharge are excluded.

3) Clinical nodularity (n=2.091)

As above but including women with clinical nodularity but no other signs o f disease 

at first attendance.

4) Mastalgia (n= 1,143)

Essentially ‘normal’ women with no clinical signs o f disease but reporting 

symptoms o f breast tenderness (n=210) or pain (n=940). Women reporting nipple 

discharge are excluded.

5) Mastalgia with clinical nodularity or swelling (n=4,369)

As above but including women with only signs o f nodularity (n=4,327) or swelling 

(n=69) at first attendance.

6) Aspirated cyst (n=2.138)

Any woman with ‘aspiration o f cyst’ as her initial action taken and with no biopsy 

data. Irrespective of signs, symptoms and provisional diagnosis.
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7) Biopsied benign disease (n=6,642)

Any woman with biopsy data as discussed in section 3.10.1. This category has been 

split into mutually exclusive groups, on the basis of histologic diagnosis, as 

follows:

Epithelial hyperplasia (irrespective o f other histologic diagnoses)

Fibroadenoma alone

Fibrocystic disease (FCD) (histologically defined fibroadenosis or cysts)

Fibrocystic disease and fibroadenoma

Fibrocystic disease and pink cell metaplasia

Fibrocystic disease and duct papilloma

Fibrocystic disease and duct ectasia

Duct papilloma alone

Duct ectasia alone

Other defined BBD (including women with multiple histologic diagnoses) 

Non-defined biopsied disease (i.e. with biopsy data but with none o f the pre

specified histologic features. To be sub-divided by provisional diagnosis if  

necessary).

8) Benign disease requiring surgery (n=754)

Non-aspirated women with no biopsy data but where the initial action taken 

suggests some form o f surgery. Women with biopsy data more than six months 

before or 12 months after first attendance are included in this group. It was hoped 

that this definition would separate the more serious cases of benign disease from the 

group below.

9) Other non-biopsied benign disease (n=5,013)

All other women. This group to be sub-divided on the basis o f provisional 

diagnosis if  necessary.

The distribution o f provisional diagnosis within these groups is given in table 3.18. 

Sixty-five percent o f women provisionally diagnosed as normal fall into groups 1 to 5 

above. At worst, women in these groups presented with signs o f nodularity or swelling
i

so they can be regarded as essentially ‘normal’. O f the remaining women provisionally

136



diagnosed as normal, 32% fall into the ‘other non-biopsied BBD’ group. Eighty-nine 

percent o f these had nipple discharge or ‘other’ signs or symptoms which preclude them 

from the essentially normal categories. Fibroadenosis was the most frequent provisional 

diagnosis amongst the essentially normal women (77%). Seventy percent o f women 

provisionally diagnosed with cysts are in the aspirated cyst group, eight percent were 

diagnosed with fibrocystic disease following biopsy and seven percent had no biopsy 

data but their records suggest they did have surgery. Group 9, ‘other non-biopsied 

benign disease’, also has a high proportion o f women provisionally diagnosed with 

fibroadenosis (46%). Symptoms of nipple discharge (27%), lumps that were not 

aspirated or biopsied (22%) and other non-specifled physical signs (47%) were also 

common in this group.
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3.12 Epidemiology of BED within the cohort

The non-biopsied benign disease groups o f section 3.11 have been compared in terms of 

baseline characteristics (see table 3.19). Groups 2 and 3 (lumpy breasts and clinical 

nodularity) have been combined to form a ‘nodular breast’ group and similarly groups 4 

and 5 (mastalgia and mastalgia with clinical nodularity or swelling) to form a 

‘mastalgia’ group. Group 1 (no signs or symptoms) has been excluded from the 

comparisons due to its small size The sub-groups of biopsied BBD have also been 

compared (table 3.20). For now, women with fibrocystic disease and one other feature 

(fibroadenoma, pink cell metaplasia, duct papilloma or duct ectasia) have been 

combined with other women with multiple diagnoses in the ‘other defined BBD’ group. 

Differences in the distribution o f continuous variables across the groups were 

univariately assessed using the Kruskal-Wallis test. Multiple logistic regression was 

used to adjust for age and date first seen. The null hypothesis o f the ‘adjusted test’ 

shown in these tables is that the coefficients o f interest (say for parity) are zero across all 

equations in the multiple logistic regression model (i.e. for all outcomes). The statistic 

is compared to the chi-square distribution with n-1 degrees o f freedom where n is the 

number o f outcomes.

Age at first visit

The subgroups within both non-biopsied and biopsied women differed on age at first 

attendance. Bonferroni-adjusted pair-wise comparisons suggested that women with 

nodular breasts or mastalgia were significantly younger than those in all other non- 

biopsied groups and that those with aspirated cysts were significantly older. Within 

biopsied women, the fibroadenoma group were significantly younger and the duct 

ectasia and duct papilloma groups significantly older than all other groups. Women 

with FCD and those with other or non-specified BBD did not differ significantly on age 

first seen. This was to be expected due to the inclusion of women with FCD as part of a 

multiple diagnosis in the ‘other’ group. Women with epithelial hyperplasia were 

significantly older than those with FCD alone but did not differ on age first seen from 

the ‘other’ or ‘non-specified’ groups.
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Date first seen

There were significant differences (Bonferroni: p<0.001) in date first seen between all 

non-biopsied groups except aspirated cysts and other non-biopsied BBD. Similarly, 

there were differences between the biopsied subgroups.

Age at menarche

After adjustment for age and date first seen, there were no differences in mean age at 

menarche across the non-biopsied sub-groups. The overall adjusted test o f no difference 

across the biopsied subgroups was borderline significant (p=0.04). This effect was due 

mainly to the later age at menarche in the duct ectasia subgroup.

Parity

Amongst non-biopsied women differences in the proportion parous in each subgroup 

were explained by differences in age at first attendance. Age also accounted for some 

differences amongst biopsied women but there remained significant differences in the 

proportion parous after adjusting for age and date first seen. The ‘multiple or other’ and 

‘not specified’ groups had significantly fewer parous women than other groups. The 

FCD, epithelial hyperplasia and duct ectasia groups had significantly more parous 

women than any other group. Amongst parous women, there were significant 

differences in the number o f children across both the non-biopsied and biopsied 

subgroups. The greater parity of women with aspirated cysts accounted for most o f the 

variation across the non-biopsied women. In biopsied women, there were several inter

subgroup differences. After adjusting for age and date first seen, women o f higher 

parity were more likely to have duct ectasia or epithelial hyperplasia than FCD or duct 

papilloma.

Age at first and last child

Mother's age at birth of first child differed significantly across the non-biopsied 

subgroups. After adjusting for age and date first seen, there were significant differences 

between the lumpy or nodular breasts, mastalgia and other non-biopsied BBD 

subgroups. The biopsied subgroups did not differ significantly on age at first birth after 

accounting for differences in age and date first seen. Some differences in age at last 

birth remained across both sets o f subgroups after adjusting for age at first birth (in
i

addition to age and date first seen). Inclusion o f the parity variable in the multiple
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logistic regression model for odds o f biopsied BBD group removed the significance o f 

age at birth o f last child.

Number o f  terminated pregnancies or miscarriages

Neither the non-biopsied nor biopsied subgroups differed on the number o f terminated 

pregnancies or miscarriages.

Breastfeeding

Differences across the non-biopsied subgroups were due mainly to the higher proportion 

of ever-breastfeeders in the aspirated cyst group. Amongst biopsied women, those with 

no specific diagnosis contained a lower proportion o f ever-breastfeeders than all other 

groups except fibroadenoma. The fibroadenoma group had significantly fewer ever- 

breastfeeders than the duct ectasia, duct papilloma or epithelial hyperplasia groups.

Marital status

There is evidence o f differing proportions o f single women across the non-biopsied 

groups even among nulliparous women (adjusted chi-square test: p=0.0009). The 

variation is explained by the greater proportion o f single women in the ‘other BBD’ 

group. In biopsied women, the variation in the observed proportions o f single women is 

explained by subgroup differences in age and date first seen. Restricting the logistic 

model to nulliparous women revealed some differences, but there was no significant 

effect o f marital status on the odds o f outcome at the five percent level (x6=11.2,

p=0.08).

Menopausal variables

The proportion o f premenopausal women was not the same in the subgroups o f non- 

biopsied or biopsied BBD even after adjusting for age at first visit. The lumpy or 

nodular breast and mastalgia groups had the highest proportion o f premenopausal 

women (76% and 74% respectively) whilst the aspirated cyst group had a higher 

proportion of perimenopausal women (22%). Within biopsied women, the proportion o f 

premenopausal women ranged from 39% in women with duct ectasia to 83% in those 

with fibroadenoma. Differences in age at natural menopause across the non-biopsied 

subgroups were entirely due to an increased age at menopause in the aspirated cyst 

group. This effect was also seen for age at artificial menopause. Women in the
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aspirated cyst group were significantly older at first attendance than those in other 

subgroups thus this result may reflect inadequate adjustment for age at first attendance. 

There were no differences in age at natural or artificial menopause between the biopsied 

subgroups. However, the proportion of postmenopausal women with an artificial 

menopause varied across both the non-biopsied and biopsied subgroups. In non- 

biopsied women most o f the variation was attributable to an increased proportion of 

women with an artificial menopause in the aspirated cyst group. In some biopsied 

subgroups, the number o f women with an artificial menopause was quite small (less 

than 20) and there was therefore little power to detect pair-wise differences. The overall 

effect in the biopsied subgroups was due mainly to a significant difference between the 

two largest groups fibrocystic disease and ‘not specified’.

Use o f  oral contraceptives

The non-biopsied and biopsied subgroups showed differences in the proportion o f ever- 

users of OCs. Women with surgically treated BBD or aspirated cysts were less likely to 

have ever used oral contraceptives than those who presented with lumpy breasts or 

mastalgia. This relationship held for both current and previous OC users. Differences 

between the biopsied subgroups were less pronounced: there was no evidence that the 

age and date first seen adjusted proportions o f ever-users o f OCs differed between any 

o f the subgroups except for fibroadenoma. The proportion o f ever-users in the 

fibroadenoma group was 50% which was greater than in all other biopsied subgroups. 

Some of this variation was due to the different age distributions of the subgroups. In 

particular, both fibroadenoma and OC use were associated with young age at first 

attendance. Current OC use rather than previous use conferred a protective effect for 

fibroadenoma relative to other types o f biopsied BBD. Current users were 0.73 times 

more likely than never-users to be diagnosed with fibroadenoma compared to 0.86 for 

previous-users, relative to being diagnosed with FCD (ratio o f RRs from the multiple 

logistic regression equation for fibroadenoma, z=-2.90, p=0.004 for ever-users, z—1.14, 

p=0.25 for ex-users).

Family history o f  breast cancer

There was no overall difference between the biopsied subgroups in the proportions of 

women with a family history o f breast cancer. Amongst non-biopsied women, those
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with ‘other’ BBD were less likely to have a family history than those from other 

subgroups.

Previous hospital treatment fo r  breast disease

Differences were seen in the non-biopsied subgroup proportions o f women who had 

been previously treated for breast disease. The proportions in biopsied women were 

similar across all subgroups though women with a previous history were more likely to 

be diagnosed with epithelial hyperplasia than with fibroadenoma, FCD or duct ectasia.

Laterality o f  disease

As would be expected, the proportion o f women with bilateral BBD varied across both 

the non-biopsied and biopsied subgroups ( * 4  =281, pO.OOOl and X6=53.5, p<0.0001 

respectively). The highest rates o f bilateral disease in non-biopsied women were found 

in women with nodular breasts (40%) or mastalgia (43%); the lowest rates were in the 

aspirated cyst group (22%). In biopsied women, bilateral disease was present in 22% of 

those with fibrocystic disease and 12% o f those with duct papilloma. Unfortunately 

there is no information on the laterality o f biopsy.

Tea and coffee consumption

The proportion of tea and coffee consumers in the different BBD subgroups could be 

compared in women who responded to the questionnaire (data not shown in tables 3.19 

and 3.20). The analysis assumes that consumption of tea and coffee at baseline is the 

same as that at questionnaire response. In biopsied women, the proportions o f tea and 

coffee drinkers did not vary by BBD subgroup. Neither were there differences in the 

proportion of coffee drinkers in the non-biopsied subgroups. However, the proportion 

o f tea drinkers varied from 87% in the ‘other BBD’ group to 91% in the aspirated cyst 

group ( x24 =11.4, p=0.02). After adjusting for age and date first seen by multiple logistic 

regression the differences were not significant (adjusted X4 =6 .1 6 , p=0.19). Despite 

there being no difference in the proportion o f coffee drinkers across the non-biopsied 

subgroups, the number o f cups o f coffee (amongst coffee drinkers) did vary (Kruskal- 

Wallis x^=18.8, p=0.0008). However, number o f cups o f coffee per day was not a 

significant factor in a multiple regression model for BBD category that adjusted for age 

and date first seen.
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3.13 Type of cancer

For 302 women with NHSCR or TCR notified invasive breast cancers information on 

breast cancer histology was available from the Guy’s Breast Unit cancer database. The 

distribution o f histologic subtypes o f breast cancer is shown in table 3.21 below. 

Benign disease has been split into untreated (groups 1 to 5 and group 9 of the 

classification o f section 3.10) and treated BBD (groups 6, 7 and 8 i.e. aspirated cysts, 

biopsied BBD or BBD requiring surgery but with no biopsy data).

Table 3.21: Frequency (percent) o f histologic subtypes o f breast cancer in 302 women 

with breast cancer diagnosed at Guy’s hospital

Pathology Untreated Treated Total

BBD BBD

Lobular carcinoma in situ 1 (1%) 2 (1%) 3(1% )

Ductal carcinoma in situ 2 (2%) 6 (4%) 8 (3%)

Extensive in situ with minimal infiltration 4 (3%) 4 (2%) 8 (3%)

Infiltrating ductal: grade I 15(12%) 13 (7%) 28 (9%)

Infiltrating ductal: grade II 46 (37%) 52 (29%) 98 (32%)

Infiltrating ductal: grade III 24(19% ) 40 (22%) 64 (21%)

Infiltrating ductal: grade unknown 4 (3%) 10 (6%) 14 (5%)

Infiltrating lobular 11 (9%) 19(11%) 30(10% )

Mucoid 2 (2%) 1 (1%) 3(1% )

Medullary 0 2(1% ) 2 (1%)

Tubular or cribiform 1 (1%) 4 (2%) 5 (2%)

Mixed 4 (3%) 6 (3%) 10(3%)

Other 1 (1%) 1 (1%) 2(1% )

Unknown or uncertain 10 (8%) 17(10%) 27 (9%)

Total 125 (100%) 177(100%) 302 (100%)
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Eleven women (3.6%) were recorded on the Breast Unit database as having only in situ 

disease but were initially registered at NHSCR and / or TCR with invasive disease. O f 

the remaining known histological types, 204 (77%) were infiltrating ductal carcinomas 

of no specific type and 30 (11%) were lobular carcinomas. In a consecutive series o f 

1,869 women with invasive breast cancer diagnosed at the Breast Unit between 1983 

and 1992 (which will include some women previously seen for benign disease), 77% 

had ductal carcinoma and 13% lobular (Fisher et a l  (340)). There were no significant 

differences in the distribution o f histologic types o f cancer between women with 

untreated and treated benign disease. Twelve percent, 47% and 41% o f the 1,438 

invasive tumours in Fisher et a l 's study were o f grade I, II and III respectively although 

grade III tumours were more common in young women (aged 39 or less at cancer 

diagnosis) where they constituted 65% of infiltrating ductal carcinomas. In benign 

cohort women who later developed invasive ductal carcinoma o f known grade, 15% had 

grade I tumours, 52% grade II and 34% grade m . There was some evidence that grade 

IH cancers were more common in women with treated BBD (38% of ductal tumours o f 

known grade) than in those with untreated BBD (28%). However, there was no 

significant evidence o f heterogeneity (or trend) in the grade distributions between 

treated and untreated women ( x l  =2.43, p=0.30).

Information on nodal status and stage of breast cancer at presentation at Guy’s was 

available for 151 women. There were no differences between those with previously 

treated or untreated benign disease. Twenty-four untreated women (41% o f those with 

information) were node negative and 25 (42%) node positive compared to 36 (39%) and 

43 (47%) with negative and positive nodes respectively in treated women. Six other 

women had advanced disease when first diagnosed at Guy’s and in 17 the cancer was 

operable but o f unknown nodal status.
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4. COHORT RISK OF BREAST CANCER FOLLOWING

BENIGN BREAST DISEASE

4.1 Methodology

This section briefly describes the two main statistical techniques used to assess the risk 

of breast cancer after benign breast disease. The first uses standardised incidence or 

registration ratios (SIRs) to compare the cancer incidence o f the cohort to that o f a 

general population (Breslow and Day (341); Clayton and Hills (342)). Cancer rates from 

several populations are considered. The second technique, Poisson regression, (341’ 342) 

models the incidence rate o f breast cancer for various benign disease categories using 

information available at baseline. The cohort rate o f (breast) cancer is determined by 

the number o f events and the duration o f follow-up or period at risk. Assumptions used 

in the calculation o f these parameters are discussed below.

4.1.1 Woman-years at risk

A woman’s period at risk is calculated as the time from entry to first invasive breast 

cancer, death or loss to follow-up. In some analyses second primary cancers are 

included as events and thus time after the first (and subsequent) events also contributes 

to the total woman-years at risk. SIRs for breast cancer are presented using both the 

above definitions o f years at risk though the majority o f analyses described in this 

chapter are censored at diagnosis o f first breast cancer. The justification for this is 

discussed in section 4.2.5. Assumptions used in calculating a woman’s entry, exit and 

event dates are given below. Details o f exclusions which arise from the definitions o f 

the entry and exit dates are summarised in table 4.1.

Date o f  entry

To avoid including misdiagnosed cancers, the ‘at-risk period’ starts one year after the 

date of first attendance at the Breast Unit. Events and woman-years accumulated in the 

first year do not therefore contribute to the analyses o f cancer risk. Fourteen women 

with evidence of breast cancer within the first year are excluded; three diagnoses
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occurred within one month o f first attendance. Women dying (n=14) or lost to follow- 

up (n=l,642) within a year o f first attendance are also excluded from the analyses in this 

chapter. To avoid small age strata subject to a very low risk o f breast cancer, follow-up 

is left-censored on a woman’s fifteenth birthday. Nine women lost to follow-up before 

their fifteenth birthday are excluded. Where possible, date of birth is extracted from the 

members and postings listing since this value matches that held at NHSCR. If the 

woman is not on the members and postings listing (see section 3.6), then the date o f 

birth is taken from the cancer registration notification or otherwise from baseline data. 

Cancer notification data were used in preference to baseline data since they have been 

verified and cross checked against other sources. Other than in women with only a year 

o f birth recorded at baseline, the agreement between date o f birth as supplied on the 

cancer notification and that recorded at baseline is good. Women with only a year o f 

birth are assumed to have been bom on 30 June. Rates of cancer in the South Thames 

area are available from 1960 onwards so to compare the cohort rate o f breast cancer to 

these population rates it is necessary to left-censor follow-up on 1 January 1960. This 

results in the exclusion o f a further 76 women. Each woman therefore contributes 

woman-years o f follow up from the latest o f her 15th birthday, 1 January 1960 or date o f 

first attendance plus one year.

Date o f  exit
thFollow-up ends at death and to avoid ‘immortals’ is right-censored on a woman’s 85 

birthday. Women are considered lost to follow-up if they have cancelled FPC ciphers, 

are known to have emigrated or are posted as other exits from the FPC cipher system 

(see section 3.6, table 3.4). The latter category includes women not registered with a 

GP, members of the armed forces or others under the care of a service medical officer, 

women in prison and registered psychiatric patients). The censoring date for these 

women is the posting date as supplied by NHSCR. The vital status o f women thought to 

be resident in Northern Ireland and the Isle of Man was sought from the relevant 

authority. Since cancer registrations may not have been forwarded for such women or 

for women resident in Scotland, all such women are censored at their home country 

emigration or posting date unless further information (such as death) is available. 

Women not traced on the NHSCR are censored at the date last seen as recorded in their 

hospital notes at the time o f data extraction. The exit date of women censored or dyingi
on their calculated entry date is arbitrarily set to the date of entry plus one clay.
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When analysing only first events, the event is considered an exit and the exit date is 

brought forward to equal the date o f cancer. In analyses allowing multiple events and in 

women with no event, death or earlier loss to follow-up, the risk period is ‘globally’ 

censored. Two such censoring dates are used: 1 January 1997 and 1 January 1992. The 

former provides maximum follow-up on all women (cancer rates for the South Thames 

region are available up to 1996) and the latter is determined by the completeness of 

NHSCR cancer notifications (discussed in sections 3.3 to 3.5).

Table 4.1: Number of women and events excluded from analyses o f cancer risk

Reason for exclusion Women Events

Non-breast Breast

cancers cancers

(from 22,545) (from 1,165) (from 698)

Missing date of birth 1 0 0

Aged over 84 when first seen1 14 1 1

Evidence o f breast cancer within a

year o f date first seen 17 2 1 16

Died within a year o f date first seen 14 5 0

Lost to follow-up within a year o f

date first seen 1,639 - -

Exit before age 15 9 0 0

Exit before 1 January 1960 76 1 0

Thames Cancer Registry cancer in a

woman not traced at NHSCR - 1 1

Duplicate cancer registration - 2 3

Events before date first seen - 44 -

Event within a year of date first seen - 10 -

Event after 85th birthday - 26 9

Event after 31/12/1996 - 66 12

Number evaluable 20,775 1,008 656 

(979 first events) (642 first events)

1 i.e. women over 85 at entry to their ‘at risk’ period which begins 1 year after date first seen
2 One woman has evidence o f  invasive breast cancer within a year o f  date first seen but the cancer does 
not fulfil the requirements o f  event definition
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The median follow-up for all 22,545 women (from date first seen to death, known exit 

or censoring at 1 January 1997) is 19.0 years (IQ range: 15.4 to 23.8). After left 

censoring at one year after first attendance, age 15 and 1 January 1960 and right 

censoring at age 85 and 1 January 1997, 1,770 woman are excluded (table 4.1). The 

remaining 20,775 women accumulate 396,856 woman-years of risk (mean 19.1, SD 

6.69 years). The median at-risk period is 18.5 years (IQ range: 15.1 to 23.1).

4.1.2 Events

The primary endpoint is diagnosis o f first invasive breast cancer. Incidence all invasive 

cancers, all invasive non-breast cancers and cancers of the lung, colo-rectum and 

gynaecological organs are also considered. Cancers at these specific sites were the most 

frequent after cancers o f the breast. Only cancers notified by the NHSCR or TCR are 

included as events. Cancers recorded at death are included only if  there is no separate 

earlier notification o f cancer at that site. All cancers on the cohort database are coded to 

the Ninth Revision o f the International Classification o f Diseases, ICD-9 (World Health 

Organisation (343)). Cancers at death were obtained by searching the cause (and 

underlying cause) of death field for specific ICD-9 codes. For the analysis o f total 

cancer incidence ICD-9 codes 140 to 208 (malignant neoplasms) were used except for 

codes 196 to 198 which indicate secondary cancers. Cancers o f unspecified site (ICD-9: 

199) were only included as separate events if  there was no other evidence o f cancer. 

Colorectal cancer combines cancers o f the colon (ICD-9: 153) and rectum (ICD-9: 154) 

and gynaecological cancer is defined here as cancer o f the cervix uteri, body o f uterus or 

ovaries (ICD-9 codes 180, 182 and 183 respectively).

O f 698 breast cancers in 683 women, 656 cancers from 642 women are included in the 

analysis o f breast cancer risk (table 4.1). Three duplicate cancers and one cancer 

identified from the TCR in a woman not traced on the NHSCR were discarded. 

Seventeen excluded women had breast cancer registrations and 21 breast cancer events 

occurred outside the corresponding woman’s at risk period. O f these 21 cancers, nine 

occurred after age 85 and 12 were diagnosed after 1996. When the global censoring 

date o f 1 January 1992 is applied a further 75 breast cancers are excluded. Fourteen 

women have more than one registered invasive breast cancer. These second primaryi
cancers are included in the total 656 events but are excluded from some later analyses.
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Two percent o f all non-death certificate only cancers have no diagnosis date and in these 

cases the cancer is assumed to occur on 30 June in the year o f cancer registration. A 

further 387 (28%) o f all notified invasive cancer registrations were supplied with only a 

year o f diagnosis and these are also assumed to occur on 30 June. Cancers included 

from death certificates are counted as events on the date o f death. Where more than one 

cancer is mentioned on the death certificate and there are no previous cancer 

notifications each cancer is included as an event. If multiple cancers contribute to the 

same end-point (i.e. in the analyses of non-breast and all cancers) the events are deemed 

to have occurred on consecutive days immediately before the date of death. Sixty-seven 

(9%) o f evaluable breast cancers and 318 (32%) o f evaluable non-breast cancers are 

derived from death certificates.

O f 1,165 non-breast cancer events eight events occurred in the 1,770 excluded women. 

A further 147 are excluded as they occur outside the woman’s at-risk period (table 4.1).

4.1.3 Standardised incidence rates

All statistical analyses are performed in STATA (344). Particular use is made o f Clayton 

and Hills’ commands for analysis o f follow-up studies (345). Throughout this section D 

represents the total number o f events and Y the total number o f woman-years. The 

crude event rate is estimated by the observed rate D/Y. Using the quadratic (normal) 

approximation to the Poisson log-likelihood for the log rate gives 95% confidence limits

Follow-up is split on two time scales into cells defined by five-year age groups and 

calendar year. The published age and calendar year specific reference rates from the 

‘standard’ population are used to calculate the expected number o f cancers within each 

cell. These values are then summed over all cells to give the total expected number o f 

events, E. The standardised registration or incidence rate (SIR) is calculated as the ratio 

o f the observed to expected number o f breast cancers (D/E) and a 95% confidence 

interval is found as above by substituting E for the total number of woman-years Y. 

Score tests based on (D-E)2 / E (which has a chi-square distribution with one degree of

of,

156



freedom) are used to test the hypothesis that the overall SIR is equal to one (i.e. that the 

cohort’s risk is equal to that o f the general population) Score tests are also used to test 

for heterogeneity and linear trends in stratum-specific SIRs.

To compare the effect o f a particular factor on the cohort risk of breast cancer, rate 

ratios or ratios o f SIRs (SIRR) are used. The latter implicitly accounts for differences in 

the distribution o f age and calendar year between levels o f a factor but is only valid if  

the age and period variation in the cohort rates is modelled satisfactorily by the variation 

in the reference rates. This can be assessed by testing for heterogeneity o f the SIRs 

across the age and calendar year strata. The Mantel-Haenszel approach is used to obtain 

stratified rate (or SIR) ratios and approximate confidence intervals (Clayton and Hills
(342)̂

4.1.4 Population rates of cancer

To calculate SIRs a set o f reference rates are required. Annual published rates o f cancer 

by five-year age group for England and Wales were available from 1971 to 1992. These 

are coded by the ICD revision in use at the time: ICD-8 before 1979 and ICD-9 from 

1979 onwards. The overall rate o f cancer and rates o f specific cancers in the South 

Thames RHA between 1960 and 1996 were supplied by the TCR. These were all coded 

to the Tenth ICD Revision which became operational in 1995. Combining the South 

Thames rates with those for North Thames between 1985 and 1996 gives the rate in 

South East England over this later period.

Compatibility o f  reference rates using different ICD revisions

There is exact correspondence between the ICD-8, ICD-9 and ICD-10 codes for female 

breast cancer1 (codes 174, 174 and C50 respectively). There is also equivalence for the 

other specific sites o f cancer studied (lung, colon, rectum, ovaries, uterus and cervix) 

thus although cancers are recorded on the database in ICD-9, the South Thames 

reference rates (in ICD-10) and the pre-1979 rates for England and Wales (in ICD-8) 

can easily be used. However, some difficulties arise when considering total cancer 

incidence. In ICD-9 malignant neoplasms are coded 140 to 208. ICD-8 includes

1 In ICD-9 male breast cancer is coded separately (175) but in ICD-8 and IC D -10 it has the same code as female 
r breast cancer
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myelofibrosis (coded 209) and polycythemia vera (coded 208) which are not regarded as 

malignant in ICD-9 or ICD-10. Since the registration rates o f non-melanoma skin 

cancer are thought to seriously under estimate its incidence, total cancer incidence is 

often quoted as incidence o f all malignant neoplasms with the exception o f non

melanoma skin cancer (coded 173 in ICD-8 and ICD-9). In ICD-9 non-melanoma skin 

cancer o f the breast is included in code 173 but in ICD-8 it is coded as breast cancer. 

The total incidence figures provided by the TCR (by ICD-10 categories) are for all 

malignant cancers except basal cell carcinomas of the skin. This specific type of cancer 

is defined by its morphology and as such does not have a separate ICD-9 code (it is 

included under code 173). Although cancer notifications include a morphology code 

this has not been recorded on the benign cohort database. Comparing the total cancer 

incidence in the cohort (with or without non-melanoma skin cancers o f which there are 

129 notifications) to the ICD-10 figures provided for the South Thames region between 

1960 and 1996 is therefore inappropriate. SIRs for all cancers and all non-breast 

cancers (including non-melanoma skin cancers) are thus based on the reference rates for 

England and Wales.

Comparison o f breast cancer rates in the reference populations

Figure 4.1 shows the annual registration rates for breast cancer in England and Wales 

and in the Thames RHA area. The rates for each region have been directly age 

standardised to the standard European population (Waterhouse et a lP A6)). Since 1971, 

breast cancer registrations in the South Thames area have accounted for around 13 to 

15% o f the annual England and Wales total. The standardised registration ratio 

(England and Wales=100) has tended to be just over 100 for the South West RHA and 

just under 100 for South East Thames. The rates for North Thames are generally greater 

than those in South Thames and England and Wales as a whole.
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Most of the externally standardised analyses that follow are indirectly standardised using 

rates from the South Thames region. At baseline about 79% of women were resident in 

this area which (now) comprises the six London District Health Authorities south o f the 

River Thames plus the counties o f Kent, Surrey and Sussex. Data on the geographic 

area o f cancer or death registration has not been recorded but from the members and 

postings, listing o f July 1998 it is estimated that 67% of remaining cohort members are 

resident in the South Thames region. As discussed above, national rates are used for 

calculation o f SIRs for total and total non-breast cancers. Since these rates are only 

readily available from 1971 to 1992 woman-years and events are lost in these particular 

analyses.

4.1.5 Poisson regression

The breast cancer events in the cohort are relatively rare and, ignoring second primary 

cancers, independent. Poisson regression can therefore be used to model the rate o f 

breast cancer (with follow-up censored at first invasive breast cancer) and determine 

which factors influence risk. A regression approach allows greater flexibility than 

stratification in specifying the relationship between the rate and a number of factors or 

covariates. Assume that over a given follow-up time Y, the number o f events D has a 

Poisson distribution with mean AY that is,

exp(-AY)(AY)D
D\

The log-likelihood for the rate o f breast cancer A. is the given by DlogX - AY. Replacing 

Y by E, the number o f breast cancers expected if  the population rates applied to the 

cohort, gives an analogous model for the SIR. The general Poisson regression model 

assumes that the explanatory variables have a multiplicative effect on the rate. Thus in 

the absence o f interactions, the effect o f one factor is constant over the levels o f another 

and vice versa. Wald tests and the likelihood ratio test (LRT) are used to determine the 

significance o f variables within and between models.

STATA notation is used to describe the fitted models hence i.age denotes a set o f 

indicator variables for a categorical age variable. The groupings of ordinal variables are
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given in parentheses either explicitly or using the notation (15[5]80), for example, to 

denote cut-points every five units with the first level 15-19 and the last 80-84. Where 

categorical variables are fitted with a single parameter a linear trend is assumed unless 

otherwise stated. In most circumstances the cohort rate o f breast cancer rather than the 

SIR is modelled. The data are first ‘expanded’ such that each woman has multiple 

records representing periods o f follow-up between cut-points defined by age group and 

single calendar years. The rate o f breast cancer is thus assumed to be constant within an 

age by calendar year cell. To obtain the Poisson distributed count data, the records are 

‘collapsed’ and the data aggregated over the variables o f interest (including age and 

calendar year). The number o f breast cancers is then modelled as a Poisson variate 

using the natural logarithm o f the rate with an offset equal to the natural logarithm of the 

woman-years o f follow-up.
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4.2 Results I: Standardised incidence ratios

4.2.1 Illustration of the post-1991 shortfall in cancer notifications

As noted in section 3.4, a listing o f cancers by year o f diagnosis highlighted a shortfall 

in cancer notifications for 1992 onwards. Even after inclusion o f the newly identified 

cohort members and o f cancers identified on the TCR and from death certificates a 

shortfall was still evident. Between 1960 and 1991 there were 581 breast cancers - a 

registration rate o f 1.89 per 1000 woman-years (95% Cl: 1.74-2.04). In the period 1992 

to 1996 there were 75 notified breast cancers - a rate o f 0.85 per 1000 woman-years 

(95% Cl: 0.68-1.06). This reduction, o f over 50%, in the rate o f breast cancer between 

the two time periods is highly significant (x?=43.1, p=0.8xl0‘10). It is not compatible 

with smaller changes seen in the population rate o f breast cancer over time nor with the 

ageing o f the cohort which would tend to cause an increase in cancer rates in later 

periods. The SIRs for breast cancer for the periods 1960 to 1991 and 1992 to 1996 are

155.7 (95% Cl: 143.5-168.9) and 43.1 (34.3-54.0) respectively. The ONS warning o f 

incomplete notification o f cancers from 1992 onwards (The Researcher, 667) thus 

applies in a very marked way to breast cancer notifications in this study. The shortfall 

o f notifications is not restricted to cancers o f the breast. The SIR for all non-breast 

cancers (relative to that in England and Wales) is 94.7 (95% Cl: 88.3-101.6) for 1971 to 

1991 and 44.5 (32.4-61.1) for 1992.

For comparison to external reference rates it is therefore necessary to censor follow-up 

on 1 January 1992. Unfortunately this reduces the total follow-up by 22% to 308,264 

woman-years. The median at-risk period is reduced by approximately five years to 13.9 

years (IQ range: 10.5 to 18.3).

4.2.2 SIRs using different reference populations

As discussed in 4.1.4, the availability o f population cancer rates from 1960 onwards in 

the South Thames region promotes their use over that o f rates for England and Wales 

which were only readily available from 1971 to 1992. Table 4.2 gives the SIRs as 

calculated using the four sets o f available population rates: South Thames, North 

Thames, South East England and England and Wales. Since breast cancer rates are
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highest in the North Thames area (figure 4.1) the corresponding SIR based on the North 

Thames rates is lower than that calculated using the other sets o f rates. However, there 

is still a significant 29% increase in rate of breast cancer. In comparison, there is a 42% 

increase in rate o f breast cancer relative to the population o f England and Wales over the 

same time period. Unless otherwise stated, all subsequent SIRs for breast cancer are 

calculated relative to the South Thames rates between 1960 and 1991.

Although incidence rates were only available for England and Wales from 1971 the 

cancer registration system has had national coverage since 1962. There was no 

significant difference between the standardised rates o f breast cancer for 1960 to 1970 

and from 1971 to 1991. The SIRs (95% Cl) for these two periods were 157.9 (106.7- 

233.6) and 155.6 (143.2-169.1) respectively.

Table 4.2: Comparison of SIRs for breast cancer using different baseline rate files

Years Woman No. Standardised incidence ratio (95% confidence interval)

at risk years of South North South East England and

cancers Thames Thames England Wales

1971- 289,918 556 155.6 - - 159.2

1991 (143.2-169.1) (146.5-173.1)

1985- 132,398 276 139.8 129.2 138.4 142.0

1991 (124.2-157.3) (114.9-145.2) (123.0-155.7) (126.2-159.8)
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4.2.3 Risk of all cancers and of non-breast cancer

After breast cancer the most common cancers in the cohort are cancers o f the lung, and 

colon or rectum. Cancers o f the ovaries, body o f uterus and cervix uteri were the next 

most common (see table C2) and these have been combined under the term 

gynaecological cancer. As discussed in 4.1.3, total cancer incidence and total non-breast 

cancer incidence is compared to that o f the population o f England and Wales from 1971 

to 1991. The SIR for all invasive cancers is 132.9 (95% Cl: 106.6-118.8). Since there 

is no evidence of an increased risk for the other common cancers (table 4.3) nor for all 

non-breast cancers (SIR=94.7, 95% Cl: 88.3-101.6) it seems likely that overall increase 

in risk o f cancer is entirely due to the increased risk o f breast cancer (SIR=155.7, 95% 

Cl: 143.5-168.9).

Table 4.3: SIRs for common cancers 1960-1991

Type o f cancer Number o f events SIR 95% Cl p-value

Breast 581 155.7 143.5-168.9 <0.0001

Lung 118 112.2 93.6-134.3 NS

Colo-rectal 115 104.3 86.9-125.2 NS

Gynaecological 150 82.0 69.8-96.2 0.015

The SIR for gynaecological cancers is significantly less than 100. This is mainly due to 

a lower than expected rate o f cervical cancer (SIR=65.9, 95% Cl: 47.8-91.0 based on 37 

events). This result could be subject to confounding by factors associated with both 

benign disease and risk o f cervical cancer. Higher social class and participation in 

cervical screening programs both reduce the risk o f cervical cancer. There is no 

information on these factors for women in the cohort (the National Cervical Screening 

Program did not start until 1988) but higher social class has been associated with risk of 

benign as well as invasive breast disease (see section 2.4.6) and women with a history of 

breast disease may be more likely to participate in cervical as well as breast cancer 

screening programs.
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As seen for breast cancer, the SIRs for all cancers, all non-breast cancers and colo-rectal 

and gynaecological cancers for the period 1992 to 1996 were significantly lower than 

those for 1960 to 1991. For all non-breast cancers the SIR for 1992 was 44.5 (95% Cl: 

32.4-61.1) compared to 94.7 (88.3 to 101.6) for 1971 to 1991 ( x? =21.8). However, this 

pattern was not seen for lung cancer (SIR 1992-1996: 117.0; 95% Cl: 91.2-150.1). The 

five year survival rate for lung cancer is less than 10% (1I) thus a high proportion o f lung 

cancers caught up in the backlog of notifications at NHSCR have been identified from 

death certificates. Fifty-one percent o f the 180 evaluable lung cancers were derived 

from death certificates compared to 9% of breast cancers.

4.2.4 Risk of breast cancer: Age and period effects

Table 4.4 gives the rate o f breast cancer and SIRs by five year age group. The crude rate 

o f breast cancer increases significantly with age ( x? =228). However, since there is no 

evidence o f heterogeneity ( x?3 =7.53) or of a linear trend (x?=0.06) in the age-specific 

SIRs, this increase in rate with age is modelled satisfactorily by the corresponding 

increase in the referent population. After censoring at 1 January 1992, there is no 

significant heterogeneity in the crude annual rates o f breast cancer although the more 

sensitive test for a linear trend is significant (x?=9.55, p=0.002). This increase in rate 

with calendar year becomes insignificant after stratifying by age group. The SIRs show 

no significant heterogeneity over calendar year strata (x?i=33.0) but there is some 

evidence of a decreasing trend in SIRs over time (x? =4.05, p=0.04). The trend in SIRs 

remains borderline significant (p=0.052) after stratifying by age group though as shown 

later (section 4.2.6) this is more likely to be a cohort effect rather than an effect of 

calendar year per se.
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Table 4.4: Risk o f  breast cancer by age

Age

group

Woman-

years

Observed

BCs

Rate per 1000 

woman-years

Expected

BCs

SIR 95% Cl

15-19 1913 0 0.00 0.0 0.0 -

20-24 8737 0 0.00 0.1 0.0 -

25-29 19209 4 0.21 1.2 342.0 128.4-911.2

30-34 29420 9 0.31 5.5 163.1 84.8-313.4

35-39 38310 25 0.65 17.8 140.3 94.8-207.6

40-44 43020 64 1.49 40.1 159.6 124.9-203.6

45-49 43532 101 2.32 61.7 163.8 134.8-199.1

50-54 41345 105 2.54 65.9 159.4 131.6-193.0

55-59 33013 88 2.67 62.8 140.2 113.7-172.8

60-64 22939 77 3.36 52.0 148.0 118.4-185.0

65-69 14011 54 3.85 32.7 165.2 126.5-215.7

70-74 7384 28 3.79 18.4 152.0 105.0-220.2

75-79 3785 21 5.55 10.1 208.5 135.9-319.7

80-84 1646 5 3.04 5.0 100.1 41.6-240.4

All ages 308264 581 1.89 373.2 155.7 143.5-168.9

4.2.5 Exclusion of second cancers

In assessing the effects o f baseline factors and different types o f benign disease on the 

risk of breast cancer the event o f interest is first invasive breast cancer. Between 1960 

and 1991 there were 13 second breast cancers in 568 women (There was also one 

second breast cancer between 1992 and 1996). Excluding these events and censoring at 

first invasive breast cancer gives a SIR of 154.8 (95% Cl: 142.6-168.1) compared to

155.7 (143.5-168.9) when multiple events are included. The effect o f excluding 

multiple events for other endpoints was similarly small. Since in terms of risk analysis, 

the interest is in whether cancer develops or not, the 13 second breast cancers are 

excluded from all further analyses. All subsequent results are therefore based on 568 

first primary breast cancers diagnosed between 1960 and 1991 in 20,775 women who 

contribute 304,977 woman-years o f risk.
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4.2.6 Risk of breast cancer: effect of time since BBD

The cohort rate o f breast cancer increases over time as the cohort gets older and with 

secular changes in the background rate. Another time dependent factor is time since 

diagnosis o f benign disease. These three variables confound each other but by 

standardising by age and calendar year it is possible to look at the effect o f time since 

BBD. The median time from first attendance at the breast clinic to breast cancer 

diagnosis was 9.2 years (IQ range: 5.3-14.0). Time since first attendance was initially 

divided into five year periods (1-4, 5-9, 10-14, 15-19, 20-24, and >25 years) as a proxy 

for time since BBD. Figure 4.2 clearly shows that the SIRs for breast cancer decrease as 

time since BBD increases (trend: x? =8.14, p=0.004). Between one and five years after 

BBD the rate o f breast cancer is almost double the expected rate but it then falls to 

between 1.2 to 1.6 times that expected. The SIRs for 20-24 years and 25 or more years 

since BBD were still greater than 100 but not significantly so. The 5-9 and 10-14 year 

levels and 20-24 and 25 or more years were combined to form a 4-level ordinal variable. 

The estimate o f the ratio o f SIRs for a single increment increase in this variable is 0.87 

(95% Cl: 0.80-0.96). As one might expect, the trend in SERs by calendar year is not 

significant after stratifying by time since BBD (estimate o f ratio o f SIRs for a single year 

increase: 0.99, 95% Cl: 0.98-1.01).

Figure 4.2: SIR for breast cancer by years since BBD
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4.2.7 Risk of breast cancer: effect of type of BBD

Table 4.5 gives the SIRs for the various provisional diagnosis categories. The highest 

SIRs are seen in the multiple diagnosis and duct papilloma groups. Women 

provisionally diagnosed as ‘normal’ or those with ‘other’ diagnoses have a non

significant increase in breast cancer risk relative to that o f the South Thames population.

The SIRs for the benign disease groups defined in section 3.10 are shown in table 4.6. 

Women with ‘lumpy’ breasts or mastalgia without clinical nodularity do not have an 

increased risk of breast cancer. There was only one breast cancer in a woman with no 

signs or symptoms thus the confidence interval o f the SIR for this group is very wide. 

The overall SIR for women in these three groups or in the other ‘untreated’ groups 

(clinically nodular breasts, mastalgia with nodularity and other non-biopsied BBD) is

139.5 (95% Cl: 123.3-157.7). This compares to a combined SIR o f 170.0 (95% Cl: 

152.2-189.8) in women with treated BBD (that is in the aspirated cysts, biopsied BBD 

or surgically treated BBD groups). Women with aspirated cysts have an increase in risk 

comparable to that o f women who underwent biopsy (SIRs o f 178 and 165 respectively). 

The SIR ratio for aspirated cysts versus non-biopsied BBD is 1.32 (95% Cl: 1.00-1.76; 

p=0.05). Within biopsied women, the highest risks were seen for intraduct papilloma, 

duct ectasia and epithelial hyperplasia.

The three BBD groups with no significant increase in risk o f breast cancer (no signs or 

symptoms, lumpy breasts and mastalgia) were combined and used as a baseline 

comparator. Significant increases in relative risk were seen for clinical nodularity 

(SIRR=1.64; p=0.04), aspirated cysts (SIRR=1.57; p=0.04), intraduct papilloma 

(SIRR=2.28; p=0.02) and epithelial hyperplasia (SIRR=1.84; p=0.05). The number of 

events in the epithelial hyperplasia (EH) group was too small to allow analysis by 

degree o f EH: two cancers arose in women with severe EH and 14 in women with 

degree o f severity unspecified. Women with both fibroadenoma and fibrocystic disease 

(SIR=117.6, 95% Cl: 37.9-364.7) were not at greater risk o f breast cancer than those 

with fibroadenoma or fibrocystic disease alone.
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Table 4.5: SIRs for breast cancer by provisional diagnosis o f BBD

Provisional diagnosis Number 

o f women

Obs.

BCs

Exp.

BCs

SIR 95% Cl

Fibroadenosis 9241 204 136.0 150.0 130.8-172.1
Fibroadenoma 1929 36 22.1 162.8 117.4-225.6
Cyst 2303 103 56.7 181.8 149.9-220.5
Duct papilloma 318 17 7.2 237.7 147.8-382.3
Duct ectasia 198 6 4.1 146.6 65.9-326.4
Suspected carcinoma 493 19 11.7 161.9 103.3-253.9
Fat necrosis 7 0 0.2 0.0 -
Abscess or inflammation 206 3 3.8 79.8 25.8-247.6

Normal (cancer phobia) 735 17 11.9 143.4 89.1-230.6

Multiple 217 12 3.5 341.0 193.6-600.4

Other 1049 20 17.3 115.6 74.6-179.2

Not specified 4078 131 92.5 141.6 119.3-168.1

Table 4.6: SIRs for breast cancer by BBD category1

Type o f BBD Number 
o f women

Obs.

BCs

Exp.

BCs

SIR 95% Cl

No signs or symptoms 40 1 0.6 L62.5 22.9-1153.6

‘Lumpy’ breasts 325 6 5.0 120.5 54.1-268.2

Clinically nodular breasts 1936 47 25.3 185.8 139.6-247.4

Mastalgia 1037 21 19.1 110.0 71.7-168.8

Mastalgia with nodularity 4011 76 55.4 137.1 109.5-171.6

Aspirated cyst 2043 88 49.5 177.7 144.2-219.1

Biopsied BBD 6089 197 119.4 165.0 143.5-189.8

Fibroadenoma 1373 35 19.2 181.9 130.6-253.3

Fibrocystic disease 1964 76 48.2 157.8 126.0-197.5

Duct ectasia 128 7 3.0 232.0 110.6-486.7

Intraduct papilloma 157 10 3.9 258.9 139.3-481.1

Epithelial hyperplasia 429 16 7.6 209.2 128.1-341.4

Multiple/other diagnoses 709 18 13.1 137.3 86.5-217.9

Histology not specified 1329 35 24.3 144.0 103.4-200.6

BBD requiring surgery 720 29 15.9 182.8 127.0-263.0

Other non-biopsied BBD 4573 103 76.7 134.2 110.7-162.8
1 as defined in section 3.10
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The categorisation o f BBD used above defines mutually exclusive groups based on signs 

and symptoms at first attendance, initial treatment and histologic features seen at biopsy. 

However, 24% of biopsied women had multiple histologic features so each recorded 

feature was also considered in turn. Each feature is coded as a binary variable indicating 

presence or absence o f that particular histology. The binary epithelial hyperplasia 

variable identifies the same women with EH as those in table 4.6. This is because, in 

the sub-classification o f biopsied BBD described in section 3.10, ‘epithelial hyperplasia’ 

was defined irrespective o f presence o f other histologic features. Stellate scar is not 

considered as only six women had lesions o f this type. The SIRs for these non-mutually 

exclusive groups are shown in table 4.7. They do not differ markedly from the SIRs for 

the (mutually exclusive) subgroups o f biopsied BBD in table 4.6.

Table 4.7: SIRs for breast cancer by histologic feature o f biopsied BBD

Histologic feature on Number Observed Expected SIR 95% Cl

biopsy o f women cancers cancers

Fibroadenoma 1686 40 23.8 167.9 123.2-228.9

Fibroadenosis 1918 78 48.1 162.2 129.9-202.5

Cystic disease 1557 43 33.7 127.4 94.5-171.8

Duct ectasia 362 18 8.4 214.8 135.3-341.0

Intraduct papilloma 310 18 7.2 250.1 157.6-396.9

Epithelial hyperplasia 429 16 7.6 209.2 128.1-341.4

Pink cell metaplasia 421 7 6.6 106.2 50.6-222.8

4.2.8 Stratified analysis of the SIR by baseline factors

In section 3.12 the BBD groups were compared in terms of baseline variables. There 

were some differences between the groups on factors that are usually associated with 

breast cancer risk. This section investigates the relationship between various baseline 

factors and risk o f breast cancer within the cohort. Table 4.8 gives the SIRs for breast 

cancer by levels o f these baseline factors.
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Table 4.8: SIRs for breast cancer by baseline factors

Factor Number
of

women

Obs.
cancers

SIR 95% Cl Ratio
of

SIRs

95% Cl P-
value

Family history o f breast cancer:
no 17,609 450 145.8 132.9-159.9 1

yes 2,814 104 201.8 166.5-244.5 1.38 1.12-1.71 0.003
unknown 351 14 211.3 125.2-356.8 1.45 0.85-2.47 NS

Nearest relation with breast cancer:
first degree 1,135 52 223.7 170.5-293.6 1
second degree 1,545 47 177.6 133.5-236.4 0.79 0.53-1.18 NS
third degree 128 5 264.0 109.9-634.3 1.18 0.47-3.00 NS

Parity:
parous 14,251 420 146.9 133.5-161.6 1
nulliparous 6,523 148 182.8 155.6-214.7 1.24 1.03-1.50 0.02

No. o f children1: Trend:
1 3,590 121 172.9 144.7-206.6
2 6,382 182 146.1 126.3-168.9 0.90 0.81-1.00 0.05
3 2,748 71 122.4 97.0-154.5
4 or more 1,531 46 138.0 103.4-184.3

Age at first 12,931 344 - - 1.04 1.02-1.07 0.0006
child:1’2
Ever breast-fed1:

No 4,531 125 171.5 143.9-204.4 1
Yes 9,720 420 138.5 123.5-155.2 0.81 0.67-1.00 0.04

Menstrual status:
premenarchial 87 0 0.00 -

premenopausal 13,814 338 159.5 143.3-177.4 1
perimenopausal 2,684 81 141.4 113.7-175.8 0.89 0.70-1.13 NS

postmenopausal 3,479 137 155.7 131.7-184.1 0.98 0.80-1.19 NS

not stated 710 12 125.2 77.1-220.5 0.79 0.44-1.40 NS

Age at menarche2 16,643 374 - - 0.96 0.90-1.01 NS

Age at menopause2 2,473 114 - - 1.03 0.99-1.06 NS

Use o f oral contraceptives:
never 8,489 232 135.0 118.7-153.5 1
previously 5,595 85 138.8 112.2-171.9 1.03 0.80-1.32 NS

currently 2,099 32 190.1 134.4-268.8 1.41 0.97-2.04 0.07

not stated 4,591 219 187.4 164.1-213.9 1.39 1.15-1.67 <0.001
1 parous women only
2 ratio o f SIRs for a one year increase in age
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Family history o f  breast cancer

Women in the cohort are at increased risk o f breast cancer relative to the general 

population irrespective o f their family history o f breast cancer. The SIR for women with 

any family history o f breast cancer is 201.8 (95% Cl: 166.5-244.5). This is 1.4 times the 

SIR in women with no family history - a statistically significant relative increase in the 

standardised rate o f breast cancer registration ( x? =9.00, p=0.003). The age and calendar 

year adjusted cohort rates o f breast cancer give rise to a similar rate ratio o f 1.39 (95% 

Cl: 1.13-1.73). Stratifying by time since BBD has little effect, giving a pooled SIRR 

estimate of 1.37 (95% Cl: 1.11-1.70). The stratum specific estimates o f the SIRR are 

1.25, 1.35, 1.56 and 1.51 for 0 to 4, 5 to 14, 15 to 19 and 20 or more years since BBD 

respectively. There is no evidence o f an interaction between this measure o f family 

history and time since BBD.

Recall that the zero coded category o f family history includes some women with missing 

data. Exclusion o f the 32 women with ‘known missing’ family history had a negligible 

effect on the SIRRs. The SIR for the remaining 17,609 women with no family history 

was 145.8 (95% Cl: 132.9-159.9). It was also shown (table 3.14) that the two subsets o f 

women within the no family history group, that is those coded ‘known none’ and those 

coded ‘none or missing’, had similar post-questionnaire rates o f breast cancer 

(IRR=1.08, 95% Cl: 0.75-1.55). Women known to have a family history o f breast 

cancer have therefore been compared to all those with no known or no recorded family 

history.

Table 4.9 compares the SIRs o f women with varying degrees o f family history. Given a 

positive family history o f breast cancer, women with more than one affected first degree 

relative have an SIR 2.8 times that o f women with a single affected first degree relative 

(xf=6.80, p=0.009). Amongst those with a single affected first-degree relative, women 

whose mothers had breast cancer are at a similar risk to those with affected sisters. 

Women with only second or third-degree affected relatives have a lower risk than those 

with at least one first degree affected relative but this difference is not statistically 

significant.
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Table 4.9: SIRs for breast cancer in women with a family history o f  breast cancer

Number and degree 

o f relatives with 

breast cancer

Obs.

cancers

SIR 95% Cl Ratio of 

SIRs

95% Cl P-

value

1 x 1st degree only 

(no 2nd or 3rd degree) 38 196.6 143.1-270.2 1 _

>1 x 1st degree 7 549.0 261.7-1151.5 2.79 1.25-6.25 0.009

2nd or 3rd degree only 52 183.4 139.8-240.7 0.93 0.61-1.42 NS

Mother only 26 203.5 138.6-298.9 1 - -

Sister only 12 186.2 105.7-327.8 0.92 0.46-1.81 NS

Details of family history were also collected on the questionnaire. Considering the risk 

o f breast cancer following questionnaire response gave a similar relative increase in risk. 

For 1,562 responders reporting a family history o f breast cancer and 4,914 reporting no 

family history the SIRR for breast cancer was 1.49 (95% Cl: 0.87-2.53). Only 13 

cancers arose in women with first-degree affected relatives but, in contrast to the results 

for the whole cohort which were based on family history at first attendance, the risk in 

women with affected sisters was greater than that in women whose mothers had breast 

cancer (SIRR=3.69, 95%CI: 1.00-13.6; p=0.04). Age at onset in first-degree relatives 

was available for 649 women included in the risk analysis. There were only 10 cancers 

in these women thus numbers are too small to determine if  risk is greater in women with 

relatives affected at a young age.

Parity

The increase in risk of breast cancer compared to the general population is seen in both 

parous and nulliparous women. Women who had no children at baseline have a higher 

risk o f breast cancer than those who were parous (SIRR=1.24, 95% Cl: 1.03-1.50; 

p=0.02). As with family history, excluding the 27 women with known missing values 

and using the 33 derived true non-zero values (see section 3.9.3) had almost no effect on 

the SIRs or their ratios (SIRR for nulliparous versus parous = 1.25, 95% Cl: 1.03-1.50).
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Amongst parous women the SIR is highest for those with one child at baseline. There is 

weak evidence of a decreasing trend in risk with each subsequent birth reducing the SIR 

by around 10%. There was no significant evidence that questionnaire responders who 

had their first child before diagnosis o f BBD (85 cancers in 5,275 women) differed in 

terms o f breast cancer risk to those who had their first child after BBD but before 

completing the questionnaire (six cancers in 432 women).

Age at birth o f  first child

There is a significant increase in risk o f breast cancer with increasing age at first child. 

The SIR increases by about 4% for each year’s increase in age. Combining ages at the 

extremes gives SIRs of 112 and 294 for women aged under 19 and over 35 at first child 

respectively.

Menstrual status

Pre-, peri- and postmenopausal women (at baseline) are all at increased risk o f breast 

cancer. The crude rate o f breast cancer in postmenopausal women is almost twice that 

o f premenopausal women but there is no significant evidence o f heterogeneity between 

the SIRs of the menopausal status groups. Although women with an artificial 

menopause had a lower risk o f cancer than those with a natural menopause the 

difference was not significant (SIRR=0.87, 95% Cl: 0.61-1.24). The effect o f age at 

menopause was also non-significant.

Age at menarche

There is no evidence that the SIR (or crude rate) of breast cancer differs by age at 

menarche.

Use o f  oral contraceptives

The SIR for breast cancer is highest among women who were using oral contraceptives 

at the time of their initial episode o f BBD. However, there is little evidence that the 

standardised rate is greater than that o f never-users o f OCs especially if  age and period 

adjusted rates rather than SIRs are compared. The SIR for women with missing OC 

usage is also higher than that for never-users (SIR ratio=1.39, 95% Cl: 1.15-1.67). 

However, this may be a result o f re-coding. Women with OC use missing at baseline 

but replying in the questionnaire that they had never used OCs were re-coded as never-
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users. This group o f women is likely to have a lower overall risk o f cancer than those 

with OC use missing at baseline who were not sent a questionnaire (section 3.8). Ever- 

users o f OCs have a risk o f breast cancer comparable to that o f never-users (SIRR=1.11, 

95% Cl: 0.89-1.39). This is confirmed by an analysis o f questionnaire responders: the 

post-questionnaire SIRR for ever- versus never-users is 1.19 (95% Cl: 0.70-2.05).

Breast-feeding

Women who had ever-breast-fed have a lower SIR than parous women who had not 

(SIRR=0.81; p=0.04).

Other variables

The SIR for breast cancer did not vary with the following variables: duration o f 

symptomatic BBD before first attendance, age at birth o f last child, number o f 

terminations or miscarriages, date first seen, age first seen or laterality o f benign disease. 

There was no significant heterogeneity by site o f benign lesion though women with 

BBD in the central part o f the breast (including the nipple) had a particularly high SIR 

o f 277.1 (95% Cl: 201.7-380.9). This is consistent with the increased risk seen in 

women with intraduct papilloma who often present with nipple discharge. Amongst 

questionnaire responders the post-questionnaire SIR for ever-users o f hormone 

replacement therapy was less than that for never-users but the difference was not 

significant (SIRR=0.84, 95% Cl: 0.41-1.70). There was no difference between the post

questionnaire SIRs o f drinkers and non-drinkers o f tea or o f coffee or between users and 

non-users o f hair dyes. Excluding the 234 women (one cancer) who were pregnant or 

uncertain o f pregnancy at first attendance and 281 postpartum women (three cancers) 

had little effect, giving an overall SIR for breast cancer o f 156.2 (95% Cl: 143.8-169.6).
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4.3 Results II: Poisson regression modelling of the rate of breast cancer

In addition to the stratified analyses of the SIRs above, Poisson regression was used to 

model the rate o f breast cancer. Although an effect o f time since BBD was apparent in 

the SIRs (section 4.2.6) the cohort rate of cancer was initially modelled over the entire 

follow-up period. This enabled a more stable assessment o f risk factors which could 

then form the basis for follow-up duration specific analyses. Variables found to alter the 

risk o f breast cancer under the stratification methods o f section 4.2 were considered.

4.3.1 Simplification of age and calendar year variables

To account for known variation in the background rate o f breast cancer, age and 

calendar year are included in all models. Initial analyses included indicator variables for 

each five year age group and single calendar year equivalent to the strata in the analysis 

o f SIRs. However, to improve model parsimony, these variables were re-parameterised 

by consideration o f a series o f nested models as shown in table 4.10.

Table 4.10: Parameterisation of age and calendar year for use in Poisson modelling

Model ‘Parent’

model

LRT for difference 

between nested 

models

0 ) i.age(15[5]80) + i.year(1960[l]1991) -

(2) i.age(15[5]80) ( i) X23.=30.8 NS

(3) i.year( 1960[ 1 ] 1991) ( i) X?3=271 pO.0001

(4) i.age(15[5]80) + year ( i) X3o=30.5 NS

(5) age + year (4) X2\2 =67.2 p<0.0001

(6) i.c_age(l 5-34,35-39,40-44,45-59,60-85) + year (4) xl =10.9 NS

(7) c a g e  + year (6) *3 =1 1-8 p=0.008
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The age-adjusted effect o f calendar year was insignificant. However, calendar year has 

been retained as a continuous integer-valued variable since this parameterisation was 

valid when age was omitted from the model and the unadjusted effect was significant 

(Wald test, p=0.003). It was inappropriate to fit a linear trend to the effect o f age but by 

comparing coefficients for the age indicator variables it was possible to combine some 

levels. In subsequent models age and calendar year are parameterised as in model (6): 

age is fitted as a 5-level factor with the age group 40-44 taken as baseline and calendar 

year as an integer-valued variable.

4.3.2 Effects of type of BBD

Stratified analyses suggested that women with aspirated cysts and certain types o f 

biopsied BBD were at increased risk o f breast cancer compared to those with no clinical 

signs o f disease (groups 2 ‘lumpy breasts’ and 4 ‘mastalgia’ o f the categorisation in 

section 3.10 combined). This was also apparent using Poisson regression. The set of 

seven BBD indicator variables (groups as defined in section 3.10 with groups 2 and 4 

combined as the baseline group and denoted Ibbd_4 below) were not jointly significant 

(LRT X7 = 1 1 0 , p=0.14). However, there were differences between some BBD groups 

with aspirated cysts (Ibbd_6) and clinical nodularity (Ibbd_3) having significantly 

higher rates o f breast cancer than the baseline group (see STATA output below1).

. xi: poisson obs i.bbd1 i.c_age year, exp(pyears)
i.bbd Ibbd_l-9 (naturally coded; Ibbd_4 omitted)
i.c_age Ic_age_l-5 (naturally coded; Ic_age_3 omitted)

Poisson regression, normalized by pyears Number of obs = 1347
Goodness-of-fit chi2(1333) = 667.290 Model chi2(12) = 281.803
Prob > chi2 = 1.0000 Prob > chi2 = 0.0000
Log Likelihood = -680.070 Pseudo R2 = 0.1716

Obs | P SE(P) z P> 1 z | 95% Cl for P

Ibbd 1 | .3690379 1.018424 0.362 0 . 717 -1.627037 2.365113
Ibbd 3 j .5008309 . 2422571 2.067 0.039 .0260157 .9756461
Ibbd 5 j .1956333 .2247416 0 . 870 0 .384 - .2448521 .6361187
Ibbd 6 j .4670328 . 22047 2 .118 0 . 034 .0349196 .8991459
Ibbd 7 j .3739297 . 2055646 1. 819 0.069 -.0289695 .7768289
Ibbd 8 | .477028 . 2678145 1. 781 0 . 075 - . 0478787 1.001935
Ibbd_9 .1748804 . 2162452 0 . 809 0 .419 - . 2489525 .5987132

Ic age 1 | -1.887779 .3049545 -6.190 0 . 000 -2 .485479 -1.290079
Ic_age 2 j - . 8027953 .2364552 -3 .395 0 . 001 -1.266239 - .3393516
Ic_age 4 j . 5033081 .1399869 3 . 595 0 . 000 .2289388 . 7776774
Ic_age_5 | . 8812153 .1494994 5 . 894 0 . 000 . 5882018 1.174229

year j . 0049093 . 006734 0 . 729 0 .466 - . 008289 . 0181077
constant | -16 . 55264 13 .35388 -1 . 240 0 .215 -42 . 72576 9 . 620491

1 BBD groups as defined in 3.10: Ibbd 1) no signs or symptoms, 3) clinical nodularity, 4) lumpy breasts or 
mastalgia without clinical nodularity, 5) mastalgia with clinical nodularity, 6) AOC, 7) biopsied BBD, &) 
other surgery, 9) other non-biopsied BBD
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Combining the non-biopsied, non-surgery and non-aspirated groups (groups 1 to 5 and 

group 9) did not significantly alter the fit o f the model (LRT: xl =5.02, p=0.29). Further 

combination of the remaining groups (aspirated cysts, biopsied BBD and other 

surgically treated BBD) was also possible (LRT: xl =0.66, NS). The most parsimonious 

parameterisation o f BBD group was therefore into ‘untreated’ and ‘treated’ BBD. The 

age and calendar year adjusted ERR (95% Cl) for treated versus untreated BBD was 1.22 

(1.03-1.44) which was significant at the 2% level. The ratio o f the SIRs for these two 

groups o f women was also 1.22 (95% Cl: 1.03-1.44).

To compare the risks o f different types o f biopsied BBD, the biopsied group (7) was 

split into its constituent subgroups as given in section 3.10. The age and calendar year 

adjusted IRRs from the resulting Poisson model are shown in table 4.11. The table also 

gives the IRRs for BBD parameterised as a factor with the four levels: untreated, 

aspirated cyst, biopsy and other surgery. The relative risks for the histologic subgroups 

(relative to untreated BBD) range from 1.00 to 1.87 and, as in the stratified analyses o f 

the SIRs, the highest risk is seen in women with intraduct papilloma (p=0.05). 

Comparing presence o f each histologic feature to the same ‘untreated’ group using 

separate models for each feature gave similar IRRs (not shown).
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Table 4.11: Age and calendar year adjusted incidence rate ratios (IRR) for categories of 

BBD obtained by Poisson regression1

Type o f BBD (group2) IRR 95% Cl Wald test: 

p value

‘Untreated’ BBD (1-5, 9) 1 - -

BBD requiring aspiration, biopsy or surgery (6,7,8) 1.22 1.03-1.44 0.02

Aspirated cyst (6) 1.29 1.01-1.65 0.04

Biopsied BBD (7) 1.18 0.97-1.42 0.09

Fibroadenoma 1.28 0.90-1.82 0.18

Fibrocystic disease 1.12 0.86-1.45 0.40

Duct ectasia 1.68 0.79-3.57 0.18

Intraduct papilloma 1.87 0.99-3.54 0.05

Epithelial hyperplasia 1.52 0.92-2.53 0.10

Multiple/other histologic features 1.00 0.62-1.61 0.98

None of the above 1.03 0.72-1.47 0.86

Other surgically treated BBD (8) 1.31 0.89-1.92 0.18

1 Three models were fitted. All included i.c_age( 15-34,35-39,40-44,45-59,60-85) and year. BBD was 
included as a factor with levels defined as either (a) groups (1-5,9) and groups (6,7,8); (b) groups (1-5,9), 
(6), (7) and (8); or (c) groups (1-5,9), (6) and (8) and separate levels for subgroups o f  biopsied BBD  
(group 7).
2 groups as defined in section 3.10

4.3.3 Poisson modelling of other baseline variables

Breast cancer risk was modelled according to factors significant in the stratified analysis 

o f section 4.2.8. Age and date first seen were included as surrogates for age and date of 

benign breast disease. Although these two variables were not significant in the stratified 

analyses of SIRs they could conceivably add information to the analysis o f age and 

calendar year adjusted breast cancer rates. Initially each variable was considered 

independently (though adjusted for age and calendar year). The aim was to find the 

‘best’ choice of parameterisation for each variable and then to include all the variables 

as covariates in a risk factor model. Choice o f parameterisation was based on the
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principle o f parsimony and on statistically valid ‘natural’ combinations o f factor levels 

as determined by comparing nested models using the likelihood ratio test.

The IRRs associated with baseline factors that significantly affected the risk o f breast 

cancer are given in table 4.12. Date first seen, menstrual status and use o f oral 

contraceptives had no significant effect on the age and calendar year adjusted cohort rate 

o f breast cancer. Within postmenopausal women, age at menopause had a significant 

effect on the risk o f breast cancer but this was confounded with age per se. Age at 

menopause is therefore not included as a separate parameter. The table shows the age 

and calendar year adjusted IRRs and the ‘fully adjusted’ IRR from the model containing 

all the significant baseline variables (though excluding any reference to the category or 

histology o f BBD).

Age first seen was measured here in five year age groups: 10-14, 15-19, ..., 75-59 and 

80-84. Fitting separate terms for each age group, i.agefs, did not give a significantly 

better fit than the corresponding linear trend, agefs(10[5]85) (LRT: x?3 =8.78). The 

ordinal variable was significant (p=0.005) with a parameter estimate o f 0.0168 and 

corresponding IRR of 1.02 (table 4.12). Since the values o f agefs are multiples o f five 

years, the rate o f breast cancer in women first seen in any one age group is nine percent 

more than that o f women in the age group below (e5x0 0168=1.09).

For family history the known none, none or missing, unknown and missing levels were 

combined and used as the baseline category. Indicator variables were then defined by 

number o f first degree relatives: none (i.e. second or third degree only), one and more 

than one and the 4-level factor i.fh fitted. Combination o f the none and one first-degree 

relative levels was statistically acceptable (LRT test: x?=0-32, NS) but for

generalisability these were left as two separate groups.
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Parity was initially considered as an ordinal variable coded 0 to 4 by the number of 

children (where ‘4 ’ includes more than four children). However, the differences in risk 

were described adequately by a parous versus nulliparous dichotomy with the rate of 

breast cancer in parous women being about 20% less than that in nulliparous women 

(p=0.04). Differences in breast cancer rate by age at birth o f first child were described 

among parous women by an ordinal variable ‘afc’ coded 1 to 3 for women aged under 

25, 25-34 and 35 or more respectively at birth o f first child. The IRR (95% Cl) for a 

one unit increase in this variable was 1.51 (1.26-1.83). This grouping was derived after 

considering the age and calendar year adjusted parameter estimates for the set o f 

indicator variables for each single year age at first child group. It was not appropriate to 

fit a linear trend to the integer values of age at birth o f first child (LRT: *32=44.5, 

p=0.07). The single parameter afc offered a more parsimonious model than the 

corresponding 3-level factor (LRT: X2=2x l0 '3). However, to enable both parous and 

nulliparous women to be included in a single multivariate model, parity and age at birth 

o f first child needed to be combined. A 5-level factor (i.afc) was therefore defined with 

levels: nulliparous, age first child less than 25, age first child between 25 and 34, age 

first child 35 or more and age first child not known. The age and calendar year adjusted 

IRRs for this variable are shown in table 4.12.

Amongst parous women, ever-breastfeeders had a lower rate o f cancer than never- 

breastfeeders (IRR=0.79, 95% Cl: 0.64-0.97; p=0.03). There was no additional effect o f 

number o f children breastfed. Adjustment for age at birth o f first child gave a similar 

IRR of 0.82 though reduced the significance o f the effect (95% Cl: 0.66-1.02; p=0.07). 

As with age at birth o f first child, in order to define a single model for all women it was 

necessary to include nulliparous women in the parameterisation o f ever-breastfeeding. 

Including main effects with a common nulliparous baseline category for both age at first 

child and ever-breastfeeding introduced collinearity. Since parous women who had 

never breastfed had an age and calendar year adjusted ERR of 0.96 (95% Cl: 0.76-1.22) 

relative to nulliparous women these two groups were combined. This preserved full 

estimation of the more significant age at birth o f first child variable. The separate 

effects o f nulliparity and breast feeding amongst parous women are not estimable using 

this parameterisation but it allows a single baseline model by which to adjust any effects 

o f BBD to be fitted for all women (table 4.12).
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The ERRs from the model:

Log(rate) = constant + i.c_age + year(1960[l]1991) + agefs(10[5]85) + i.fh + 

i.afc + everbf

are given in table 4.12 and the parameter estimates are shown below in STATA output 

format. This model is referred to as the baseline model to which BBD variables are 

added in the next section.

obs Coef. Std. Err. z P>|z| [95% Conf. Interval]

Ic_age_l -1.761242 .3144677 -5.601 0.000 -2.377587 -1.144897
Ic_age_2 - . 7396721 .2380612 -3.107 0 . 002 -1.206263 -.2730807
Ic_age_4 .3341954 .1491933 2 .240 0.025 .0417818 .6266089
Ic_age_5 .4050268 .1961319 2 .065 0.039 .0206153 .7894382

year .0179213 .0075513 2 .373 0.018 .0031211 .0327215
agef s .0205873 .0062508 3.294 0 . 001 .0083361 .0328386

Iafc_l - .3736942 .1432619 -2.608 0 . 009 -.6544823 - .0929061
Iafc 2 - . 0078442 .1354587 -0.058 0 . 954 -.2733385 .25765
Iafc_3 .3652693 .2534272 1.441 0.149 -.1314388 .8619774
Iafc 4 .2644944 .1687781 1.567 0.117 -.0663046 .5952934
Ifh 1 .199484 .1464621 1.362 0 .173 -.0875764 .4865444
Ifh 2 .2973244 .1567794 1.896 0.058 -.0099575 .6046064
Ifh_3 1.345827 .3817591 3.525 0 . 000 .5975933 2.094062

everbf -.2104611 .1085662 -1.939 0.053 -.4232469 .0023248
constant -42.61081 15.04643 -2.832 0 . 005 -72.10128 -13.12035

Each baseline variable retained its significance in this model and the parameter for 

calendar year also became significant (p=0.02). Although only women with age at first 

child under 25 had a breast cancer risk significantly different to that o f nulliparous 

women, they also had a significantly lower rate than women aged 25 or more 

(comparing those aged under 25 to those 25 to 34 at birth o f first child: x?=0.6, 

p=0.001). In practice, inclusion o f ever-breastfeeding (denoted ‘everbf above) in the 

baseline model had little effect on the estimates o f the BBD associated IRRs.

The baseline model above, which adjusts for age and calendar year, implies that the rate 

o f breast cancer in the cohort increases with age at benign breast disease, number o f first 

degree relatives with a history o f breast cancer and older age at first child. Ever breast

feeding is protective against breast cancer in this cohort o f women.

183



4.3.4 Effects of type of BBD adjusted for baseline variables

Section 4.3.2 assessed the effect o f type o f BBD on the cohort rate o f breast cancer after 

adjusting for underlying trends in breast cancer rate by age and calendar year. Most o f 

the differences there could be explained by dichotomising BBD into ‘treated’ and 

‘untreated’ groups. Splitting the treated group into those with aspirated cysts, those with 

biopsy data and those with other surgery did not significantly improve the fit o f the 

model but revealed that the higher rate o f breast cancer in the treated group was due 

mainly to the increased rate in women with aspirated cysts (IRR=1.29; p=0.04). 

Dividing the biopsied group into subgroups defined by histology yielded little further 

information though there was a significantly increased rate o f breast cancer amongst 

women with intraduct papilloma (IRR=1.87; p=0.05). In this section the relative risk of 

breast cancer associated with each type o f BBD is estimated after adjusting for age at 

benign disease, parity, age at birth o f first child and family history o f breast cancer (all 

measured at time o f benign disease) as well as for age and calendar year. The resulting 

IRRs (obtained by adding the BBD variable to the baseline model o f table 4.12) are 

denoted ‘fully adjusted’ and are given in table 4.13.

The fully adjusted IRR for treated BBD is 1.24 and is therefore very similar to that 

adjusted for age and calendar year alone (i.e. ERR=1.22). The LRT statistic comparing 

the baseline + treated BBD model to the baseline model has a value o f 6.14 (p=0.01) 

thus suggesting that treated BBD has a higher rate o f breast cancer than untreated 

independent o f the factors in the baseline model. The increased risks associated with 

aspirated cysts and intraduct papillomas also remain after adjustment for baseline 

variables though the latter is no longer conventionally significant.

In addition to the mutually exclusive categories o f biopsied BBD in table 4.13 and as in 

the analysis of SIRs, histologic features recorded at biopsy were also considered 

individually. For each histologic feature (fibroadenoma, fibroadenosis, cysts, duct 

ectasia, duct papilloma, epithelial hyperplasia and pink cell metaplasia) a 5-level factor 

was created and added in turn to the baseline model. The levels o f each BBD factor 

were: untreated BBD, aspirated cysts, other surgery, biopsy with, for example, 

fibroadenoma and biopsy without, for example, fibroadenoma. The IRR for each 

histologic feature, relative to untreated BBD is shown in table 4.14. The IRRs for
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fibroadenoma, duct ectasia and duct papilloma using these indicators o f specific 

histology were slightly lower than those in the previous model (table 4.13). This was to 

be expected due to the inclusion of women previously counted in the lower risk 

‘multiple/other histologic features’ BBD category. The IRRs for EH in tables 4.13 and 

4.14 are identical as, by definition, the EH groups are identical. The IRRs for 

fibroadenosis and cystic disease lie either side o f that for fibrocystic disease - defined in 

table 4.13 as one or both o f these features (and no other features). Intraduct papilloma 

remains the only recorded histologic feature with a significantly higher rate o f breast 

cancer than the untreated group (IRR=1.73; p=0.03).
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Table 4.13: ‘Fully’ adjusted IRRs for BBD categories

Type o f BBD (group1) IRR2 95% Cl Wald test: 

p value

‘Untreated’ BBD (1-5, 9) 1 - -

BBD requiring aspiration, biopsy or surgery (6,7,8) 1.24 1.04-1.47 0.01

Aspirated cyst (6) 1.29 1.01-1.65 0.04

Biopsied BBD (7) 1.20 0.99-1.45 0.06

Fibroadenoma 1.36 0.95-1.94 NS

Fibrocystic disease 1.16 0.89-1.52 NS

Duct ectasia 1.59 0.75-3.38 NS

Intraduct papilloma 1.76 0.93-3.33 0.08

Epithelial hyperplasia 1.54 0.93-2.56 0.09

Multiple / other histologic features 0.99 0.62-1.61 NS

None o f the above 1.01 0.71-1.44 NS

Other surgically treated BBD (8) 1.37 0.93-2.01 NS

1 as defined in section 3.10
2 Adjusted for age and calendar year, age first seen, parity and age at birth o f  first child, ever-breastfed 
and family history o f  breast cancer as defined in the baseline model o f  section 4.3.3; baseline is untreated
BBD

Table 4.14: ‘Fully’ adjusted1 IRRs by histologic feature o f biopsied BBD

Histologic feature on biopsy IRR1 95% Cl Wald test: 

p-value

Fibroadenoma 1.25 0.89-1.75 NS

Fibroadenosis 1.21 0.93-1.57 NS

Cystic disease 0.92 0.66-1.27 NS

Duct ectasia 1.53 0.95-2.48 0.08

Intraduct papilloma 1.73 1.06-2.80 0.03

Epithelial hyperplasia 1.54 0.93-2.55 0.09

Pink cell metaplasia 0.76 0.36-1.62 NS

1 Adjusted for age and calendar year, age first seen, parity and age at birth o f first child, ever-breastfed 
and family history o f  breast cancer as defined in the baseline model o f  section 4.3.3; Baseline group is 
untreated BBD
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4.3.5 Interactions

Several authors have suggested that BBD and family history o f breast cancer interact in 

relation to the risk o f breast cancer and there is some evidence o f an interaction with 

young age at first child (see section 2.5.10). Possible interactions between BBD and the 

baseline variables that had significant main effect terms were considered. Two 

categorisations o f BBD were used: treated versus untreated and aspirated cyst (AOC), 

biopsy or other surgery versus untreated. Full interaction terms were fitted to the 

Poisson model and their significance assessed using Wald and LRT tests. More 

parsimonious interactions were also fitted by creating explicit interaction terms. By 

fitting the baseline model separately in each category o f BBD, the effect o f each 

baseline variable within a particular BBD category was assessed. There was no 

evidence o f interactions between the non-BBD baseline variables.

Family history o f  breast cancer

Family history is parameterised as a 4-level factor (i.fh): no family history, no first- 

degree relatives, 1 first-degree relative, >1 first-degree relative. The overall interaction 

term (i.fh x i.bbd) was not significant in either the model for treated versus untreated 

BBD or in the AOC, biopsy or surgery versus untreated BBD model (LRT: xl =3.8 and 

*9=8.93 respectively). Simplifying the interaction by considering only presence or 

absence of affected first-degree relatives (but keeping all 4 levels in the main effect) did 

not change this result. An interaction with strong family history (more than one first- 

degree relative) and biopsied BBD was also considered. Event numbers were too small 

to consider the equivalent interaction with aspirated cysts or with other surgically treated 

BBD. An explicit binary variable (coded 1 for biopsied BBD and strong family history; 

0 otherwise) was added to the baseline main effects plus BBD model and was found to 

be significant (LRT: *f=5.26, p=0.02). The resulting ERR for biopsied BBD and a 

strong family history o f breast cancer relative to untreated BBD and no family history 

was 15.0 (95% Cl: 5.57-40.3). The confidence interval on this result is wide - there are 

only seven cancers in women with a strong family history of which four are in women 

with biopsied benign disease. Age at onset o f cancer in affected relatives is available 

for only one of the event women (cancer in mother at age 61 and sister at age 51). Three 

of the seven event cancers were diagnosed before age 50: two at age 48 and one at age 

34. The interactive effect o f strong family history can also be seen on inspection o f the
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IRRs for family history by BBD group (table 4.15). In untreated women, those with 

more than one affected first degree relative had 2.4 times the risk o f cancer than those 

with no family history. In all treated women the relative risk was 8.39 (95% Cl: 3.11- 

22.6) and in biopsied women it was 12.6 (4.63-34.1). The evidence for an interaction 

between family history and benign breast disease is thus limited to an effect within 

women with biopsied BBD and a strong family. The effect is quite large (about 5-fold) 

but is only weakly significant.

Table 4.15: IRRs1 (95% Cl) for family history by BBD category

Family history 

(FH2)

Type o f BBD

Untreated Treated AOC Biopsy Other

surgery

No family history 1 1 1 1 1

Weak FH 1.28 1.16 1.10 1.02 2.33

(0.84-1.94) (0.78-1.73) (0.53-2.30) (0.59-1.77) (0.86-6.31)

One 1st degree relative 1.19 1.52 1.65 1.35 2.37

(0.74-1.94) (1.02-2.26) (0.82-3.32) (0.79-2.29) (0.69-8.08)

Strong FH 2.43 8.39 - 12.6 -

(0.77-7.60) (3.11-22.6) (4.63-34.1)

1 IRRs for family history adjusted for age and calendar year and age first seen, parity and age at birth o f  
first child within subsets o f  the data defined by BBD group
2 weak FH is defined as no first degree relatives with breast cancer; strong FH as more than one first 
degree relative with breast cancer

Parity and age at first child

The full interaction term i.afc x i.bbd was fitted using both parameterisations o f BBD 

but was not significant in either model. The number o f interaction parameters was 

reduced by collapsing the levels o f the i.afc variable to form a binary parous versus 

nulliparous variable. Again, there was no significant interaction with type of BBD. 

Inspection of the BBD stratum specific main effects suggested a possible interaction 

between treated benign disease and young age at birth of first child. The IRRs (95% Cl)
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for women aged under 25 at first birth (relative to nulliparous women) were 0.94 (0.63- 

1.41) in untreated women and 0.51 (0.34-0.77) in treated women. Fitting a single 

parameter interaction term (1 if  treated BBD and age first child less than 25; 0 

otherwise) to the baseline plus treated BBD model confirmed this effect (LRT: x?=4.72, 

p=0.03). The IRR (95% Cl) for women with treated BBD and age first child less than 

25 (relative to nulliparous women with untreated BBD) was 0.78 (0.54-1.12) when the 

interaction term was included and 0.87 (0.62-1.22) when it was excluded from the 

baseline plus treated BBD model. In summary, there is some evidence o f a slight 

interactive effect whereby the protective effect o f a younger age at birth o f first child is 

more pronounced in women with treated BBD (IRR=0.78) than in those with untreated 

BBD (IRR=0.82).

Age at benign disease

The IRRs for age at diagnosis o f benign breast disease did not differ significantly across 

BBD strata suggesting that its effect is the same whatever the type o f BBD.

Breast-feeding

There was no evidence of an interaction between breast-feeding and type o f BBD.

4.3.6 Relative risks of breast cancer

The two significant interaction terms (denoted afc bbd and fh_biop) improved the fit o f 

the baseline + treated BBD model (LRT: x l =9.68, p=0.008). The parameter estimates 

for the full model are given below in STATA output format. The fit o f the model that 

splits treated BBD into AOC, biopsy and surgery groups was also significantly 

improved upon inclusion o f the interaction terms (LRT: xl = 10-0, p=0.007). However, 

it was no better than the simpler treated versus untreated model below (LRT: xl =0-92). 

By considering linear combinations o f the estimated coefficients ((3), the IRRs for breast 

cancer in women with treated BBD (relative to untreated) are obtained (table 4.16).
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. x i : poisson obs fh_biop afc25bbd i.fh bbd i .c_age year agefs i.afc everbf, e(fup)
i.fh Ifh_0-3 (naturally coded; lfh_0 omitted)
i .c_age Ic_age_l-5 (naturally coded; Ic_age_3 omitted)
i . afc Iafc_0-4 (naturally coded; lafc_0 omitted)

Poisson regression, normalized by fup Number of obs 68220
Goodness -of -fit chi2(68202) = 4612.287 Model chi2(17) = 340.866
Prob > chi2 1 .0000 Prob > chi2 = 0.0000
Log Likelihood = -2865.705 Pseudo R2 = 0.0561

obs P SE(p) z P>|z| 95% Conf. Interval

fh_biop 1.740967 .7683611 2 .266 0 . 023 .2350069 3 .246927
afc25bbd - .4243727 .1978142 -2 .145 0 . 032 -.8120814 - .0366639

Ifh 1 .1975807 .1464941 1.349 0 .177 - .0895424 .4847037
Ifh 2 .3051923 .1568243 1.946 0 . 052 -.0021778 .6125623
Ifh 3 .7675774 .5812329 1.321 0.187 - .3716183 1.906773

bbd .3023381 .100387 3 . 012 0.003 .1055831 .4990931
Ic_age_l -1.724335 .3146337 -5.480 0.000 -2 .341006 -1.107665
Ic_age_2 -.7269897 .2381489 -3 .053 0 . 002 -1.193753 - .2602263
Ic_age_4 .3082352 .1501634 2 .053 0.040 .0139204 .6025501
Ic_age_5 .3661858 .1974364 1.855 0.064 - .0207824 . 7531541

year .0199284 .0076221 2 .615 0.009 .0049893 .0348674
agefs .0211938 .0062863 3 .371 0.001 .0088728 .0335147

Iafc_l -.1432005 .1701673 -0.842 0 .400 - .4767222 .1903213
Iafc 2 .0123893 .1356128 0.091 0 . 927 - .2534068 .2781854
Iafc_3 .3981375 .2533519 1.571 0.116 - .0984232 .8946981
Iafc_4 .2734797 .1691534 1.617 0.106 - .058055 .6050143
everbf -.2147189 .1087374 -1.975 0.048 - .4278404 - . 0015975

constant -46.77417 15.19331 -3.079 0 . 002 -76.55251 -16.99583

Table 4.16: Relative risk (IRR) o f breast cancer after treated BBD

IRR1 95% Cl P

Aged <25 at birth o f first child 0.89 0.63-1.24 NS

Nulliparous or aged >25 at birth o f first child but not

having both a biopsy and a strong FH2 o f breast cancer 1.35 1.11-1.65 0.003

Aged <25 at birth o f first child and with both a biopsy

and a strong FH o f breast cancer 5.05 1.09-23.3 0.04

Biopsied BBD and a strong FH o f breast cancer 7.72 1.72-34.6 0.008

1 baseline is untreated BBD
2 strong family history (FH) is more than one first degree relative with breast cancer

Amongst treated BBD there was no significant variation in the relative risks o f breast 

cancer associated with specific biopsy confirmed histologic diagnoses. Women with 

fibroadenoma, epithelial hyperplasia and (intra)duct papilloma had a significantly 

increased risk of breast cancer relative to those with untreated BBD. The IRRs (for
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women without a strong family history and either nulliparous or aged 25 or more at birth 

o f first child) were 1.49 (95% Cl: 1.03-2.17; p=0.04), 1.72 (1.21-2.88; p=0.04) and 1.91 

(1.00-3.64; p=0.05) for biopsy proven fibroadenoma, epithelial hyperplasia and 

intraduct papilloma respectively.

4.3.7 Effect of time since BBD

As noted in 4.2.6, the standardised risk of breast cancer decreases with time since first 

attendance at the Breast Unit. This effect is confounded with effects of age and calendar 

year. The cohort rate o f cancer increases with increasing age but this increase is in line 

with what would be expected thus there is no trend in the SIRs with age. The increase 

over calendar years is less than that seen in the general population and hence there is a 

(borderline significant) decreasing trend in the SIRs over calendar year. The SIR for 

breast cancer in the first five years following BBD was 1.91 (95% Cl: 1.59-2.29) whilst, 

given cancer-free survival to year 15, the SIR was 1.42 (1.15-1.75).

Adjusting for time since BBD had little effect on the parameter estimates o f the risk 

model presented in 4.3.6. However, when separate poisson models were fitted to 

different follow-up periods, some changes in the risk o f breast cancer in women with 

treated BBD relative to that in women with untreated BBD were seen. As shown in 

table 4.16, the risk o f breast cancer in women with treated BBD but without both a 

biopsy and a strong family history o f breast cancer and who were nulliparous or aged 25 

or more at first child was 1.35 times that o f similar women with untreated BBD. 

Restricting analysis to the first five years o f follow-up gave an IRR of 1.05 (95% Cl: 

0.69-1.61) thus suggesting no difference in risk between untreated and treated BBD over 

this time period. For the next 10 years (5 to 14 years after BBD) the IRR was 1.39 (95% 

Cl 1.05-1.83) and for year 15 onwards it was 1.63 (1.10-2.40). This increase in the 

relative risk o f treated BBD was also seen in other groups o f women. For example, in 

those with a strong family history of breast cancer who had a biopsy the IRR was 3.29 in 

the first five years and 5.04 in the next ten. So, although the overall cohort risk o f breast 

cancer decreases over time in relation to that o f the general population o f the South 

Thames area, the differential ion risk between untreated and treated BBD appears to 

increase. Together, these two observations suggest that in women with untreated BBD 

(57% of the cohort) the risk of breast cancer returns to that o f the general population
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more rapidly than that o f women with treated BBD. This can be seen in figure 4.3 below 

which gives the SIRs for breast cancer (relative to South Thames rates) by years of 

follow-up since BBD for women with treated and untreated BBD.

Figure 4.3: SIR for breast cancer by years o f follow-up and treatment o f BBD
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4.4 Summary

More cancers have occurred in women in the cohort than would be expected if the 

cohort were subject to the same risk as the general population. The standardised 

incidence rate for breast cancer (1960-1991) is 155.7. Excluding 13 second primary 

breast cancers gives an overall SIR o f 154.8 (95% Cl: 142.6-168.1). Thus the overall 

risk in all cohort women is around 55% greater than that o f the general population. In 

women with treated BBD the SIR was 170.0 (95% Cl: 152.2-189.8). Risk was greater 

in nulliparous women and in women with a family history o f breast cancer. Women 

who had ever-breastfed or with a young age at first childbirth (<25) had lower rates of 

cancer. There was some evidence o f an interaction between a strong family history 

(more than one first-degree affected relative) and biopsied BBD and o f a much weaker 

interaction with treated BBD and young age at first childbirth. Although this is a large 

cohort, the number o f events in some subgroups is small thus the power to detect 

interactions is not high. Inclusion o f cancers diagnosed and registered between 1992 

and 1996 would significantly improve the power o f the cohort but unfortunately these 

data were not available at the time o f analysis.

The risk o f breast cancer remained elevated for at least 10 years after initial diagnosis of 

BBD even when there was no immediate biopsy or aspiration. Women with aspirated 

cysts had approximately a 30% increase in risk over those with untreated BBD 

(LRR=1.29, 95% Cl: 1.01-1.65; p=0.04). Women with intraduct papilloma were 

consistently shown to have risks about 70% greater than women with untreated BBD 

(IRR=1.73, 95% Cl: 1.06-2.80; p=0.03). The SIRs in women with aspirated cysts and 

histologically confirmed IDP were 178 (95% Cl: 144-219) and 250 (158-397) 

respectively.
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5. BIOPSY REVIEW AND NESTED CASE-CONTROL STUDY

5.1 Justification and aims

As discussed in chapter 2, the nomenclature o f benign breast disease has not generally 

been consistent over time. Within the cohort itself there are considerable differences in 

the distribution o f initial diagnosis by year o f first attendance (table 3.8). Just under 

30% o f the cohort had a biopsy for their initial episode o f benign disease; all 6,711 

biopsies were performed before 1984 and around 75% were done over 20 years ago. A 

histologic review was therefore performed to update the classification o f benign disease 

within the cohort by providing detailed and consistent histology for a sample o f  the 

biopsied women. The review also provided histologic diagnoses for a sample o f 

biopsies with no recorded details - that is biopsies indicative o f a specific histologic 

feature not accounted for in the original coding scheme or biopsies with no remarkable 

features. Conducting the review on a case-control basis enabled the risk o f breast cancer 

associated with more specific and reliably defined histologic features o f BBD to be 

determined.
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5.2 Pilot review

5.2.1 Identification of case and control biopsies

A pilot study was performed to determine the feasibility o f a larger biopsy review. 

Cases and controls were selected from the 6,642 cohort women undergoing biopsy up to 

six months before or 12 months after their first attendance at the Breast Unit. Twenty 

cases were randomly selected from women subsequently diagnosed with invasive breast 

cancer. Controls were selected from women with no evidence o f invasive or in situ 

breast cancer and were matched on date o f birth (±1 year) and date o f biopsy (±6 

months). The identifying biopsy number was missing for approximately 44% o f 

biopsies on the database. Some women without a recorded biopsy number were 

included in the pilot study to determine if  this precluded identification and location o f 

their biopsy slides.

The majority o f Breast Unit biopsies performed before 1970 were sent to the 

histopathology laboratory at Guy’s hospital for analysis. Those done after 1970 were 

usually sent to the Hedley Atkins Breast Unit/ICRF Clinical Oncology Unit (as it was 

then called) now sited at Guy’s but previously at New Cross Hospital. Histology reports 

and biopsy slides are indexed chronologically for both series o f biopsies. The Hedley 

Atkins Breast Unit biopsies are also described in pathology laboratory ‘day’ books 

which provide a basic record o f all the biopsies performed. Since most women with 

missing biopsy identification numbers had their date o f biopsy recorded, the day books 

were used to identify biopsy numbers by date, patient name and hospital number. When 

no exact match was found, the search was widened to include a few days either side o f 

the recorded ‘biopsy’ date. This allowed for discrepancies between the dates o f biopsy, 

slide preparation and actual pathology report. A blinded list o f pilot study members 

with date, hospital o f biopsy and, where available, biopsy number was generated. Once 

the biopsy number had been identified the original slides o f paraffin embedded biopsy 

sections were retrieved from the storage system.
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5.2.2 Results

Eighty-nine slides were found for 39 o f the 40 women in the pilot biopsy review. Slides 

for one case biopsied in 1979 could not be found. Biopsy numbers were relatively easy 

to identify for women biopsied after 1970 at New Cross Hospital and therefore included 

in the day books. For other women the pathology report books had to be searched and 

this was more time consuming.

Dr. Andy Hanby o f the Guy’s Hospital Hedley Atkins/ICRF Breast Pathology 

Laboratory kindly reviewed the slides. Some biopsies had multiple ‘levels’ - deeper 

cuts into the same section - which increased the number o f slides but not necessarily the 

number o f samples or sections of biopsy tissue. As can be seen in table 5.1, the 

histologic information generated by the review was much more detailed than that 

provided by the original coding scheme. It was clear that for a large scale review to be 

practical, the information collected would need to be reduced.

Thirteen women included in the pilot study originally had no histologic diagnosis and 

were included in the ‘none specified’ group. On review, six o f these biopsies were 

deemed to be of non-breast tissue and two had no notable histologic features. Three had 

specific features included in the original coding scheme. It was therefore not 

appropriate to regard all the ‘none specified’ biopsies as either normal breast or non

breast tissue.

5.2.3 Conclusions

The pilot study suggested that it was practical and feasible to perform a large scale 

review provided a quick and simple method o f coding and recording the histologic 

information was developed. Identifying and locating the biopsy slides were likely to be 

the most time consuming aspects o f the review.
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5.3 Identification of cases and controls for main review

All women who had a benign biopsy (including those in the pilot review) and 

subsequently developed cancer were included as cases in the main biopsy review. 

Preparation o f the case and control lists was initiated before the 1991 backlog o f 

NHSCR cancer notifications had been received and before details o f suspected missing 

cancers were sent to the Thames Cancer Registry. Cases therefore included both women 

with NHSCR notified breast cancer and women assumed to have cancer on the basis o f 

their entry on the Guy’s Breast Unit cancer database. Only 13 cancers diagnosed from 

1996 onwards had been notified via NHSCR thus for the case-control analysis only 

cancers diagnosed before 1996 were considered. To account for differences in 

histologic diagnosis by age and year o f biopsy (described in section 3.11) controls were 

matched to cases on these two factors. For each case, two controls were selected at 

random from the set o f traced women alive at the time o f the case’s cancer, biopsied 

within 2.5 years and bom within 1.5 years o f the case, and believed cancer free. These 

matching intervals ensured an adequate pool o f controls for each case. Women from the 

pilot study were included after selection o f a second control for each case. A woman 

selected as a control for one case was not initially excluded from selection as a control 

for a different case. However, to increase the likelihood o f finding the slides for at least 

one control per case, a ‘reserve’ unique control was selected where possible. Twenty- 

nine such controls arose. For two cases there was only one woman who satisfied the 

control criteria. Two hundred and twenty cases were identified and 438 unique matched 

controls were selected.
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5.4 Histologic review criteria

The pilot study highlighted the need to draw up a set o f criteria on which to review the 

biopsies. A coding scheme was therefore devised to record the histologic features found 

on review. The scheme was transferred to an Excel spreadsheet to allow direct 

electronic input o f data via a lap-top computer as each slide was reviewed. The 

originally recorded features o f fibroadenoma, duct ectasia, duct papilloma and epithelial 

hyperplasia (EH) were retained. Cystic disease, pink cell metaplasia and stellate scar 

were also retained under the categories cysts, apocrine metaplasia and radial scar 

respectively. Fibroadenosis was not included as a separate histologic entity due to its 

vague definition. In addition, presence o f blunt duct adenosis (BDA), sclerosing 

adenosis (SA), complex sclerosing lesions, fibrosis and atypical ductal or lobular 

hyperplasia were noted. The relative frequency o f each feature was coded using a three- 

point quantitative scale (small amounts, moderate amounts, profuse). Severity o f EH 

was scored between 1 (mild) and 3 (severe). Fibroadenomas were recorded as 

intracanalicular, pericanalicular, mixed, complex or other. Histologic features involved 

within complex fibroadenomas were noted. If a tissue sample displayed features 

indicative of in situ or invasive cancer then the original full histology report was sought. 

A text field was available to code normal or non-breast tissue or unusual histology. 

Presence o f atypia associated with any o f the pre-specified histologic features was 

recorded as occasional, moderate or profuse. Thus for each feature there was a 

frequency and atypia score both coded between 1 (small amounts or occasional) and 3 

(frequent or profuse). Leaving the frequency score blank equated to absence o f the 

feature whilst a null atypia score indicated no notable atypia. A separate field was 

included for general atypia.

Dr. Andy Hanby reviewed the slides without knowledge o f case or control status. All 

the haematoxylin and eosin stained slides were examined and the score for each feature 

determined. Presence o f frozen sections and of levels was also noted at the time of 

review. Seven two to three hour sessions were required to complete the review.
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5.5 Statistical methods

Comparisons o f original to reviewed histology are performed using McNemar’s chi- 

square test for matched pairs. Due to incomplete retrieval o f slides the majority o f 

analysis are performed on an unmatched basis. Quoted p-values for differences between 

case and controls on non-histologic breast cancer risk factors are those from standard 

chi-square tests and Wilcoxon’s rank sum test. Use o f matched tests to compare cases 

and controls in terms o f baseline factors (McNemar’s chi-square, Mantel-Haenszel 

combined odds ratios (ORs) with strata for each matched set and conditional logistic 

regression) produced similar results.

In the case-control framework it is not possible to directly estimate the absolute cancer 

incidence by exposure status. Usually the odds o f exposure in case and controls are 

compared via the OR. In a nested case-control study with controls selected from cancer- 

free women the odds o f exposure ratio is an unbiased estimated o f the odds o f disease 

ratio. In cohort studies o f cancer the cases usually constitute a negligible proportion o f 

the cohort and the number o f people at risk is therefore approximately constant over the 

follow-up period. In this situation the OR approximates the relative risk as measured by 

the ratio o f cancer rates in exposed and unexposed cohort members. The exposures o f 

interest here are the histologic features seen on review. Crude ORs are presented with 

confidence intervals calculated using Cornfield’s approximation (324) and unconditional 

logistic regression is used to adjust for possible confounders. Section 5.7.5 discusses 

the theoretical differences between using conditional and unconditional analyses for 

matched case-control studies. The ORs from conditional analyses are presented for 

comparison. There is further discussion about the choice o f a baseline group against 

which to calculate ORs in section 5.8.
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5.6 Results

5.6.1 Slide retrieval

Slides were located for 182 cases (83%) and 388 controls (89%). This difference by 

case-control status was borderline significant (x?=3.71, p=0.05). The most influential 

factor in successful retrieval of slides was the date o f biopsy: slides from later biopsies 

were more likely to be found (median year o f biopsy: 1971 versus 1969; Wilcoxon: 

p=0.004). Women whose slides were found also tended to be older at biopsy (median

44.5 versus 42.0 years, Wilcoxon: p=0.002). Thirteen women were biopsied at hospitals 

other than Guy’s or New Cross and presumably attended the Guy’s Breast Unit after 

referral. None o f the slides for these women could be located, perhaps suggesting that 

the slides were returned to the referring hospital.

Slides were retrieved for 146 complete case-control triplets (a case and her two unique 

matched controls) and for 33 case-control pairs, 28 control-control pairs, seven single 

controls and three single cases. In total 1,318 slides from 570 women were located 

though 22 o f these were frozen sections rather than haematoxylin and eosin stained 

paraffin embedded sections. There was no significant difference between the average 

number o f slides per case (2.59) and per control (2.18). The blocks o f biopsied tissue 

were not routinely collected but were available if  further sections were needed.

5.6.2 Histologic features found on review

The features found on review are shown in table 5.2. The most common features were 

cysts or cystic disease (30% of reviewed biopsies), BDA (29%), EH (25%), apocrine 

metaplasia (25%) and fibroadenoma (22%). Four biopsies showed signs o f invasion and 

a further 11 suggested in situ carcinoma (8 DCIS, 3 LCIS). In four cases the lesion was 

a papillary type cancer. The original Breast Unit notes and histology reports were 

sought for these women to confirm that the biopsy details on the cohort database were 

correct and pertained to the initial episode o f (so called) benign disease. Two of the 

original histology reports for these 15 biopsies did in fact mention invasive or in situ 

disease and for one woman the biopsy coincided with a registration of in situ carcinoma 

at the TCR. The other cancers had not been recorded on the cohort database as, despite
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Table 5.2: Histologic features identified on biopsy review in 570 women

Histology1 Frequency Total

Occasional Moderate Profuse Not
stated

N %

Fibroadenoma: n/a n/a n/a n/a 127 22
complex 37 6
pericanalicular 34 6
intracanalicular 33 6
mixed 12 2
phyllodes tumours 3 1
NOS 8 1

Cysts 83 58 27 4 172 30
Duct ectasia 3 1 0 0 4 1
Intraduct papilloma or adenoma: n/a n/a n/a n/a 48 8

single 41 7
multiple 7 1

Epithelial hyperplasia: 69 51 21 0 141 25
mild 36 14 6 0 56 10
moderate 25 28 9 0 62 11
severe 8 9 6 0 23 4

Apocrine metaplasia 71 49 20 0 140 25
Radial scar 8 2 0 0 10 2
Complex sclerosing lesion 4 1 1 1 7 1
Sclerosing adenosis 43 14 13 1 71 12
Blunt duct adenosis 72 74 22 0 168 29
Fibrosis 12 28 18 1 59 10
Atypia (but not ADH/ALH) 27 28 10 1 66 12
Atypical hyperplasia: n/a n/a n/a n/a 8 1

ADH 5 1
ALH 3 1

Malignancy: n/a n/a n/a n/a 15 3
LCIS 3 1
DCIS 8 1
invasive 4 1

Other: n/a n/a n/a n/a 126 22
no breast epithelium 64 11
normal breast 27 5
inflammation 19 3
lactating breast 5 1
uncommon histology2 11 2

1 the histologic features are not mutually exclusive
2 3 hamartomas (benign tumour-like nodules), 1 angiolipoma (tumour composed o f  a mixture o f  adipose 
tissue and blood vessels), 1 lipoma (a benign tumour composed o f  fat cells), 2 nipple adenoma, 1 

lymphocytic lobulitis, 3 ‘odd’ stroma
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being mentioned in the histology report, it was not explicitly recorded in the hospital 

notes. On review the histology was recorded as ‘intermediate grade D O S ’. Slides from 

64 biopsies contained no breast epithelium. These tissue samples were o f breast skin 

(17), epidermal cyst (5), nipple (3) and nipple skin (4), fat (14) and fat necrosis (4), 

lymph node (7), breast duct only (2), abscess (3), glandular breast tissue only (1) and 

non-breast not otherwise specified (4). Sixty-six biopsies (12%) showed some degree of 

atypia though were not defined as atypical hyperplasia (AH). Atypia was associated 

with a diagnosis o f EH in 22 women (16% of all EH) and with BDA in 21 women 

(12.5% of all occurrences o f BDA). Levels o f the biopsy specimen had been taken in 51 

women.

The histologic features recorded on review were not independent. Fibroadenoma was 

negatively associated (p<0.05) with cysts, intraduct papilloma (IDP), BDA and fibrosis. 

This was most likely a reflection o f the younger age distribution of women with 

fibroadenomas as compared to other forms o f BBD. Fibrosis was positively associated 

(p<0.05) with BDA and SA with radial scar and complex sclerosing lesions. Cysts, EH, 

apocrine metaplasia, SA and BDA were all positively associated with each other ( X\ ' 

p<0.001 for each 2x2 table except for apocrine metaplasia versus SA: p=0.002). After 

adjusting for multiple comparisons, significant evidence for association remained for 

each of these pair-wise comparisons other than apocrine metaplasia and SA. Table 5.3 

gives the frequency o f pair-wise combinations o f these five (statistically) related 

histologic features. Sixty-five percent o f all non-malignant breast biopsies had at least 

one of these five features and 41% had two or more. SA was the least likely to occur 

without any o f the other four features (6 o f 71 or 8% o f SA biopsies fell into this 

category) and BDA the most likely (22%). Forty-seven women had both cysts and SA. 

This represents 66% o f 71 women with SA and 27% of 171 with cysts. Ninety-three 

women (56% of those with BDA and 54% of those with cysts) had both BDA and cysts.

A significant proportion o f biopsies had three or more histologic features from cysts, 

EH, apocrine metaplasia, SA and BDA. O f 201 biopsies with two or more o f the above 

features, 115 (57%) had three or more. The most common histologic ‘triplets’ were 

cysts, apocrine metaplasia and BDA (n=53), cysts, EH and BDA (n=46), cysts, EH and 

apocrine metaplasia (n=41) and EH, apocrine metaplasia and BDA (n=38). Twenty- 

eight women had cysts, EH, apocrine metaplasia and BDA present.
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Table 5.3: Frequency o f  common pair-wise combinations o f  histologic features

Histologic Cysts EH AM SA BDA None o f these Total2

feature1 N=171 N=140 N=139 N=71 N=167 N=174 N=491

(100%) (100%) (100%) (100%) (100%) (100%) (100%)

Cysts - 76 84 47 93 26 171

(54%) (60%) (66%) (56%) (15%) (31%)

EH 76 - 62 34 68 26 140

(44%) (45%) (48%) (42%) (15%) (25%)

AM 84 62 - 31 73 22 139

(49%) (44%) (44%) (44%) (13%) (25%)

SA 47 34 31 - 40 6 71

(27%) (24%) (22%) (24%) (3%) (13%)

BDA 93 68 73 40 - 36 167

(54%) (49%) (53%) (56%) (21%) (30%)

None o f 26 26 22 6 36 174

these (15%) (19%) (16%) (8%) (22%) (35%)

1 EH epithelial hyperplasia, AM apocrine metaplasia, SA sclerosing adenosis, B D A  blunt duct adenosis
2 64 non-breast biopsies and 15 women with malignancies are not considered - they include 1 woman also 
coded for B D A  and another for cysts, EH and AM.

5.6.3 Comparison of original and reviewed histology

One aim o f the biopsy review was to provide detailed and consistent histologic 

information for a subset o f the cohort. The features noted at review were compared to 

the information previously abstracted from the Breast Unit notes. Coding errors in the 

original data cannot be ruled out. There was a particular source o f ambiguity on the 

original coding sheet (see Appendix D) where an extra field appears to have been 

inserted for the second and third biopsies. Computerised data were checked against the 

original coding sheets for a few women with more than one biopsy and appeared 

correct. This suggested that the extra field had been correctly omitted. For the whole 

cohort, data from second or third biopsies were used for a maximum of 74 women (one 

percent o f those with biopsies).
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Since neither the original nor reviewed histologic categories are mutually exclusive it is 

impractical to construct a simple cross tabulation o f original versus reviewed histology. 

Table 5.4 tabulates the features found on review by each original histologic diagnosis in 

turn. Agreement between reviewed and original histology was greatest for presence of 

fibroadenoma. Biopsies from 141 women included an original histologic diagnosis of 

fibroadenoma. Sections from these 141 biopsies were located for 121 women and in 

102 (84% of those found) the reviewed histology also included fibroadenoma. O f the 19 

biopsies that did not include fibroadenoma on review, 9 had other specifically coded 

histologic features, 2 showed only fibrosis, 2 were hamartomas, 1 had ‘odd’ histology, 1 

was from lactating breast and 1 was deemed a non-breast specimen. There was 

significant disagreement between original and reviewed histology (as measured by 

McNemar’s chi-square test: p<0.0001) for duct ectasia, EH and apocrine (pink cell) 

metaplasia. Duct ectasia showed the worst agreement: o f 51 biopsies originally 

recorded as displaying duct ectasia only one did so on review. The most frequent 

histologic features found in the duct ectasia group were cysts, apocrine metaplasia, EH 

and BDA. This poor agreement almost certainly highlights a difference in interpretation 

or nomenclature that has occurred over the last 20 years or so.

In the original coding scheme there was no provision for non pre-specified diagnoses. It 

was therefore impossible to determine whether the 38 cases and 88 controls with no 

originally recorded histologic features had breast biopsies o f no significance, breast 

biopsies with unusual features or were o f non-breast tissue (for example, o f skin, fat or 

lymph node). Slides were located for 106 o f these women. Seventy-four (70%) o f the 

biopsies were recorded as ‘other’ on review. They included 50 non-breast epithelium 

biopsies (13 skin, 2 epidermal cysts, 3 nipple, 3 nipple skin, 16 fat, 7 lymph node, 3 

abscess and 3 not otherwise specified), 12 ‘normal’ breast epithelium samples, 10 

biopsies showing only inflammation, one angiolipoma and one nipple adenoma. Ten 

instances o f BDA and eight o f fibrosis were found among the other 35 women. These 

two features were not included in the original coding scheme.
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Table 5.5 splits each histologic feature found on review by the originally recorded 

categories. This table shows, for example, that the majority of fibroadenomas not 

originally diagnosed as such had an original diagnosis o f fibroadenosis. Similarly the 

most common non-agreeing diagnosis in women with cysts, EH and apocrine (or pink 

cell) metaplasia on review was fibroadenosis. SA, BDA and fibrosis were not included 

as separate entities in the original coding scheme. From the table it appears that many 

o f these were originally recorded as either fibroadenosis or cystic disease. In previous 

analyses, they would therefore have been included in the combined fibrocystic disease 

group (defined in 3.10 as fibroadenosis and/or fibrocystic disease but no EH).

From 1974 onwards most o f the Breast Unit pathology reports were done by the same 

pathologist. The original reports are o f high quality and are well documented in typed 

record books. The histologic diagnosis from these reports was transcribed (often in an 

abbreviated form) to the Breast Unit patient notes from where the data for the benign 

cohort was collected. Discrepancies between the original and reviewed histology could 

arise for several reasons other than true misdiagnosis. Data transcription and coding 

errors could have occurred and if  any slides for a particular biopsy were missing, or 

labelled or filed incorrectly they would not have been included in the review. Some 

histologic features within a single biopsy were seen on some slides but not others thus if  

slides were missing some features could have been excluded. Agreement, defined for 

features included in both the original and reviewed coding schemes as presence on both 

schemes versus disagreement as presence on only one scheme, did not differ by case- 

control status. Biopsies showing agreement for EH and apocrine (or pink cell) 

metaplasia were on average performed later than those without agreement. The median 

date of biopsy was July 1978 for the 20 biopsies with EH on both original and reviewed 

histology and October 1971 for the 143 discordant for EH (p<0.0001). For apocrine 

metaplasia the median dates were September 1978 in 23 concordant (positive) biopsies 

and April 1971 in 126 discordant biopsies (p<0.0001). This suggests that these two 

features are particularly prone to changes in reporting patterns over time.
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5.6.4 Baseline characteristics of women by reviewed histology

Since there was not perfect agreement between the original and reviewed histologic 

diagnosis and since some additional diagnoses are included in the reviewed scheme, 

baseline characteristics were compared between women with and without each reviewed 

histologic feature. This would identify non-histologic baseline factors related to 

exposure which might confound any effect o f histology on breast cancer risk. As 

expected from the analysis o f original histology there were significant differences in age 

and date o f biopsy. The largest and most significant difference in age was between 

women with fibroadenoma (median 38.6 years) and women without fibroadenoma 

(median 46.1, Wilcoxon: p<0.0001). Women with IDP were significantly older than 

those without (median: 48.2 versus 43.9 years; p=0.0006) as were those with cysts 

(median: 44.8 versus 43.5 years; p=0.01) and those with fibrosis (median 46.5 versus

43.6 years; p=0.05). The median date o f biopsy amongst women with EH was October 

1971 compared to April 1971 in those without (p=0.02). Similarly, SA was more 

common in later biopsies (June 1972 versus June 1971; p=0.05). Cysts were more 

common in earlier biopsies (median September 1970 versus October 1971; p=0.03).

Differences in other baseline variables were assessed by logistic regression for presence 

or absence of each histologic feature in turn. Age first seen and date o f biopsy were 

included in the regression model. Where quoted, mean values and percentages are 

unadjusted but p-values are from the Wald test for significance of the parameter 

estimate in the full logistic regression model. There were no differences in terms o f age 

at natural or artificial menopause, age at birth o f first or last child, number of 

terminations or miscarriages or in the proportion of ever-breastfeeders or of women with 

previous hospital treatment for breast disease (before first attendance at the Breast Unit). 

Women with cysts, EH, apocrine metaplasia, BDA and atypia were all more likely to be 

premenopausal than the women without the corresponding feature even after adjustment 

for age (and date o f biopsy). Out o f 92% of reviewed women with known menopausal 

status, 78% of women with cysts were premenopausal compared to 68% of women 

without cysts. The equivalent comparisons for EH, apocrine metaplasia, BDA and 

atypia are 80% versus 68%, 80% versus 68%, 84% versus 65% and 84% versus 69% 

respectively. Women with ‘other’ breast histology were more likely to be 

postmenopausal than women with specific features included in the coding scheme (43%
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versus 26%). Differences on other variables were restricted to fewer histologic features. 

Women with fibroadenoma were older at menarche than those without (mean 13.7 

versus 13.3 years; p=0.004). There were more never-users o f oral contraceptives in 

women with EH than in those without (82% versus 67%; p=0.008) and more nulliparous 

women in those with fibrosis than in those without (37% versus 26%; p=0.02). There 

were also differences in the number o f children amongst parous women. Those with 

fibroadenoma or SA each had fewer children than those without (mean parity: 1.89 in 

fibroadenoma group, 1.82 in SA group) whilst those with EH or ‘other’ histology had 

more children (mean: 2.26 and 2.37 respectively). Finally, a positive family history o f 

breast cancer was more common in women with SA than in those without (22.9% 

versus 12.2%) but there were no significant differences in family history between the 

other reviewed histology groups.

The numerous comparisons made above are likely to lead to some significant results by 

chance alone. The histologic groups are neither mutually exclusive nor independent so 

there are some relationships between results for one feature and those for another. 

However, differences in age, date o f biopsy and menopausal status were numerous and 

since these factors are associated with breast cancer risk they may confound any effect 

o f histologic subtype o f BBD on risk. Direct comparisons o f breast cancer risk between 

specific histologic groups should take account of this. Differences in age at menarche, 

parity and family history were more specific but since all these features are known risk 

factors for breast cancer additional adjustment for these variables is justified.
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5.7 Breast cancer risk

In section 4.2.7 the overall SIR for breast cancer in biopsied cohort women was 

calculated as 165.0 (95% Cl: 143.5-189.8). The risk o f cancer in biopsied women was 

shown to be 1.2 times that o f cohort women with untreated BBD (p=0.06). The biopsy 

review was designed to allow greater exploration o f the histologic risk factors for breast 

cancer than was possible in the cohort as a whole using the crude histologic categories. 

This section describes these results.

5.7.1 Exclusions from the risk analysis

Since the interest was in histology-specific risks the 64 women (11 cases, 53 controls) 

whose biopsies showed no breast epithelium are excluded from all further analyses. 

Four women whose biopsies showed signs o f invasion and 11 with in situ disease are 

also excluded. Some cases included in the review were selected on the basis o f “Guy’s 

only” cancers that had not been notified via the NHSCR flagging system. The Thames 

Cancer Registry subsequently identified some o f these cases and others were received 

from NHSCR after the review had begun. Six cancers remain un-notified by both the 

NHSCR and TCR and the cases with these “Guy’s only” cancers have been excluded 

from the study. The risk analyses are therefore based on 485 women. These comprise 

96 case-control triplets, 48 case-control pairs, 33 control-control pairs, 25 single 

controls and 10 single cases. Using only those cases with at least one matched control 

would reduce the numbers to 384 women from 144 case-control sets. A comparison of 

the ORs based on matched and un-matched analyses is given in section 5.7.5 but unless 

otherwise stated all 485 evaluable women (154 cases and 331 controls) are used in the 

assessment o f breast cancer risk.

5.7.2 Comparison of cases and controls by baseline characteristics

The cases and controls were matched on date o f birth and date o f biopsy and there were 

no significant differences between the subset o f evaluable cases and controls on these 

variables. The mean age at biopsy for the 485 women included in the case-control 

review was 44.3 (SD: 11.3). Eighty percent o f biopsies were performed between 1962
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and 1979 (range: 1948 to 1983). There were no significant differences between cases 

and controls by age first seen, age at biopsy, date o f biopsy, marital status, age at natural 

or artificial menopause, oral contraceptive use, age at birth o f last child, number o f 

children breastfed or the proportion with breast disease prior to first attendance with 

benign disease at Guy’s (data not shown). Cases were younger at menarche (mean: 13.0 

versus 13.6 years; median 13.0 in both groups, Wilcoxon: p=0.009) and older at birth o f 

first child (median: 27 versus 24 years; Wilcoxon: p=0.0002). Both o f  these 

characteristics are established risk factors for breast cancer. Although the proportion o f 

nulliparous women was not conventionally significantly different between cases and 

controls (24% versus 32%; xf =3-41, p=0.07) there was some evidence that cases were 

o f lower parity than controls. The mean parity (including nulliparous women) was 1.29 

in cases and 1.63 in controls (Wilcoxon: p=0.005). There were also some differences in 

menopausal status between cases and controls: 69% o f cases were premenopausal, 13% 

perimenopausal and 19% postmenopausal compared to 58%, 15% and 27% respectively 

in controls {%l=  5.60, p=0.06). The proportion o f women with a termination or 

miscarriage differed slightly between evaluable cases and controls 11% versus 18%, 

standard chi-square test: p=0.07, matched analysis: p=0.04). However, the effect was 

not seen in the complete set o f cases and controls (matched analysis: p=0.18) and, since 

there is no obvious reason why a previous termination or miscarriage would have 

influenced successful retrieval o f the benign biopsy slide, it is likely that this is a chance 

finding. No differences were seen between evaluable cases and controls in terms o f 

family history o f breast cancer. Since the overall effect in the cohort analysis was 

restricted to the few women with a strong family history (more than one first degree 

affected relative) this is not unexpected. However, differences were seen when 

considering the complete set o f cases and controls. The proportion o f women with at 

least one first degree affected relative was significantly greater in cases than in controls 

(11% versus 5%; p (matched)=0.02).

Duration o f symptoms before first attendance and symptoms and clinical signs recorded 

at first attendance did not differ significantly between cases and controls. The original 

biopsy data noted presence o f fibroadenoma, fibroadenosis, cystic disease, duct ectasia, 

duct papilloma, EH, pink cell metaplasia and stellate scar. There were no significant 

differences (at the five percent level) in the proportion o f evaluable cases and controls
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with any o f these features. Under a conditional analysis, the odds o f duct papilloma in 

evaluable cases were approximately twice those in controls (p=0.06). Using all cases 

and controls supported an effect of duct papilloma (crude conditional OR: 1.83, 95% Cl: 

1.03-3.27; p=0.04). There was also some evidence, in all cases and controls, the odds o f 

a protective effect (relative to other histologic exposures) o f cystic disease (crude 

conditional OR=0.71, 95% Cl: 0.48=1.04, p=0.07)

5.7.3 Breast cancer risk by histologic features present on review

As a result o f the case-control study's matched design, any effect of age or year o f 

biopsy on breast cancer risk could not be evaluated. There were no significant 

differences between the subsets of evaluable cases and controls on these variables. 

Adjusted ORs were calculated using unconditional logistic regression by including each 

feature in turn as a binary indicator variable. Duct ectasia was not considered 

individually since there were only three cases and one control with this histology.

Adjustment was made for baseline characteristics that were known to differ between 

cases and controls (section 5.7.2) namely age at menarche, parity, age at birth o f first 

child and menopausal status. Age first seen and date o f biopsy were also included. 

Despite strong family history being associated with breast cancer risk in the cohort as a 

whole, there were no significant differences in family history between cases and controls 

(one or more versus no first degree affected relatives: crude OR=1.47, 95% Cl: 0.69-

3.13). Adjusting for first degree family history had no effect on the results and it is thus 

excluded in the models presented here. The parameterisation o f the baseline variables 

and their associated ORs are given in table 5.6.

Age at menarche was included as a continuous integer-valued variable centred on the 

mean age of 13. Thirty-six percent o f women in the review had missing data for age at 

menarche but were included using the mean value. Age at first child was parameterised 

as in section 4.3.3 by a five-level factor with nulliparous women forming the baseline 

category. Menopausal status was initially included as a four-level factor: 

premenopausal, perimenopausal, postmenopausal and unknown status. Indicator 

variables were included for each level but only that for postmenopausal women differed 

from the baseline premenopausal level (OR 0.57, 95% Cl: 0.35-0.93; p=0.02). The
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three other levels were therefore combined (LRT: xl =0.52, NS) to form a single binary 

variable coded 1 if premenopausal and 0 otherwise. Parity was not included in the final 

baseline model as its effect was accounted for adequately by the age at first child factor 

(and in addition the parameters for age first child >35 and >3 children were collinear) 

and it was not predictive for breast cancer in the cohort as a whole. After adjusting for 

all other variables in the model, younger age at menarche, age under 25 at first child and 

postmenopausal status were associated with a significantly lower risk o f breast cancer 

(relative to nulliparous, premenopausal women) in the sample o f 485 women included 

in the case-control review. The number o f slides or samples and the presence o f levels 

or frozen sections had no effect on the risk o f breast cancer.

Adjusted ORs for the histologic features found on review were then obtained by adding 

the corresponding binary indicator variables to the model o f table 5.6. AH was present 

in six evaluable women. This was too few to give any meaningful results and the 

adjusted OR of 2.00 was not significantly different from unity (95% Cl: 0.38-10.5). 

Note that these women are included in the null category for the other features (except 

for two women with usual EH in addition to AH). It could be argued that these AH 

women should be excluded from the risk analysis o f the other features on the grounds 

that both ADH and ALH are usually associated with greater malignant potential than 

other forms o f BBD. This would slightly alter the ORs for the other features. In 

practice the effect o f excluding the AH women was negligible and they were therefore 

retained. Table 5.7 gives the crude and adjusted ORs for the other histologic features. 

These ORs are for each specific feature relative to all biopsies without that feature. The 

referent category therefore includes women with a range o f histologic features, some of 

which confer an increase in the risk o f breast cancer. Therefore, ORs not significantly 

different from unity do not necessarily imply no increase in risk over that o f normal or 

non-biopsied women - rather they indicate statistical ‘equivalence’ to the ‘average’ risk 

o f cohort women with biopsied benign breast disease. Comparisons to a common ‘non

proliferative disease’ group are considered in section 5.7.4 and in section 5.8 an 

artificial baseline group o f non-biopsied women is constructed.
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Table 5.7: Histologic features seen on review and their associated risk o f  cancer

Histologic feature Number Number Crude Adjusted OR1,2 P-value3

o f cases o f controls OR1 (95% Cl)

Fibroadenoma 42 84 1.10 1.13 (0.69-1.82) NS

Cysts 60 111 1.27 1.15 (0.76-1.73) NS

Intraduct papilloma or

adenoma 27 21 3.14 3.47 (1.79-6.74) 0.0002

Epithelial hyperplasia 54 84 1.59 1.48 (0.95-2.29) 0.08

Apocrine metaplasia 44 93 1.02 0.95 (0.61-1.49) NS

Radial scar 6 3 4.43 2.73 (0.62-12.1) NS

Complex sclerosing

lesion 2 4 1.08 0.80 (0.14-4.75) NS

Sclerosing adenosis 31 40 1.83 1.88 (1.08-3.21) 0.02

Blunt duct adenosis 63 103 1.53 1.48 (0.97-2.24) 0.07

Fibrosis 28 31 2.15 2.01 (1.12-3.61) 0.02

Atypia (any)4 37 29 3.29 3.36 (1.91-5.89) <0.0001

Other breast biopsy
i i ,

13 48 0.54 0.66 (0.34-1.29) NS

adjusted for age first seen, year o f  biopsy, age at menarche, menopausal status and nulliparity/age at 
birth o f  first child
3 Wald test for O R=l
4 ADH and ALH are counted under atypical hyperplasia

Atypia, IDP, S A and fibrosis showed significant increases in the odds o f breast cancer 

(table 5.7). BDA and EH were each associated with an adjusted OR o f around 1.5 but 

this was not significant at the 5% level. Fibroadenoma, cysts and apocrine metaplasia 

were not associated with increases in risk relative to other biopsied women. Radial scar 

had an elevated OR but there were too few occurrences o f this histologic feature to draw 

any meaningful conclusions. In the cohort analysis o f chapter 4, IDP had the highest 

incidence rate ratio (relative to untreated BBD) o f the originally recorded histologic 

features (IRR=1.73, 95% Cl: 1.06-2.80; p=0.03). This increase in risk was also seen in 

the case-control based biopsy review - the OR for EDP being 3.47 (95% Cl: 1.79-6.74).
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Presence o f atypia increased the odds o f breast cancer relative to biopsies without atypia 

by a factor o f 3.4. This relationship is studied further in 5.7.7.

The result for fibrosis should be treated with caution. A single pathologist reviewed all 

the slides over seven sessions. However, there is a possibility that fibrosis was scored 

for more keenly at the outset than in later sessions where it tended to be recorded only if 

there was little else to note. Thirteen women (2 cases and 11 controls) with only 

fibrosis only and had a crude OR (relative to all other biopsies) o f 0.4. If cases and 

controls were equally distributed over the sessions this should not introduce bias. 

However, slide review began before all the slides had been retrieved and because o f the 

order in which the case and control lists were drawn up, no second controls were 

reviewed until session four. There was therefore a higher proportion o f cases in the 

earlier sessions. The proportion of control biopsies showing fibrosis on review was 

15% for the first four sessions and 8% for the last three sessions (x?=3.75, p=0.05). 

There was no difference between the proportion o f cases with fibrosis in the earlier and 

later sessions. Scoring o f the other histologic features was believed to be fairly 

consistent throughout the review process. However, the proportions o f control biopsies 

showing EH and atypia and case biopsies showing apocrine metaplasia also varied 

between the first four and last three sessions. Some o f these variations could be due to 

random fluctuation but there are other differences between the biopsies o f earlier and 

later sessions that may account for the differential diagnosis rates. The Guy’s slides 

were located separately to and were from earlier biopsies than the New Cross slides 

(difference in mean year o f biopsy: 8.5 years, p<0.0001). Some of the Guy’s cases were 

located early on in the process but the majority o f Guy’s biopsies were located towards 

the end and were thus reviewed in the later sessions. Slides in the later sessions 

therefore tended to come from earlier biopsies and as shown earlier there are differences 

in the relative frequency of benign diagnoses over time (section 3.7.5, table 3.8).

Although there was no increased risk associated with fibroadenoma (relative to biopsies 

without fibroadenoma) the odds of breast cancer for specific types o f fibroadenoma 

were calculated and assessed for heterogeneity. The fibroadenoma group was split into 

five subgroups: intracanalicular, pericanalicular, mixed (intra- and pericanalicular), 

complex and other or not specified. There was some evidence that the (unadjusted) 

odds o f cancer differed by type of fibroadenoma (x 4 = 1 0 .7 , p=0.03). The highest odds
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were for other or not specified fibroadenomas but this was because all three phyllodes 

type tumours (included as ‘other’ fibroadenomas) were in women who subsequently 

developed cancer. With the exception o f these phyllodes tumours, no type o f 

fibroadenoma conferred a risk o f cancer greater than that in biopsy reviewed women 

without fibroadenoma. However, the unadjusted odds o f breast cancer in women with 

intracanalicular fibroadenomas (0.88) were significantly greater than those for 

pericanalicular fibroadenoma (0.26): OR=3.40, 95% Cl: 1.09-10.6; p=0.025.

In the analyses leading to table 5.7 the histologic features were considered 

independently o f each other and no account was taken o f their relative frequency within 

the biopsy section. The STATA output below shows the ORs for each feature adjusted 

for the other features as well as for age first seen, year o f biopsy, age at menarche, 

menopausal status and nulliparity / age at first childbirth. Note that, in this joint model, 

fibroadenoma is associated with a borderline significant increase in risk o f breast 

(OR=1.78, 95% Cl: 1.01-3.15). The OR o f 1.13 in table 5.7 was the odds o f breast 

cancer for fibroadenoma relative to women without fibroadenoma. The larger OR of 

1.78 is relative to women without fibroadenoma but adjusted for presence o f  other 

notable histologic features. The ORs for the other recorded features do not change 

markedly after adjusting for presence o f all other features. In particular, the increased 

risk of breast cancer after IDP or atypia remains (ORs 4.79 and 3.35 respectively). 

Analyses on a quantitative scale and o f common combinations o f histologic features are 

considered in sections 5.7.6 and 5.7.8 respectively.

BBD | Od d s  R a t i o S t d . E r r . z P> | z  | [95% C o n f . I n t e r v a l ]

FA | 1 . 7 8 3 9 8 2 . 5 1 8 4 2 3 1 . 9 9 2 0 . 0 4 6 1 . 0 0 9 3 2 8 3 . 1 5 3 1 7 9

C y s t  | . 9 9 0 6 8 4 9 . 2 6 7 4 1 - 0 . 0 3 5 0 . 9 7 2 . 5 8 3 6 8 0 9 1 . 6 8 1 4 9 5

IDP | 4 . 7 9 4 1 0 6 1 .  7 4 8 6 9 4 . 2 9 7 0 . 0 0 0 2 . 3 4 5 4 4 2 9 . 7 9 9 1 9 7

EH | 1 . 1 7 8 8 8 6 . 3 0 1 0 5 5 2 0 . 6 4 4 0 . 5 1 9 . 7 1 4 6 5 7 6 1 . 9 4 4 6 6 7

AM | . 8 4 9 4 2 7 9 . 2 3 0 3 8 1 7 - 0 . 6 0 2 0 . 5 4 7 . 4 9 9 1 8 7 6 1 . 4 4 5 4 0 4

RS /  CSL | 1 . 4 8 0 6 9 2 . 8 9 4 1 2 7 2 0 . 6 5 0 0 . 5 1 6 . 4 5 3 3 7 7 6 4 . 8 3 5 8 1 1

BDA | 1 . 3 6 2 5 6 6 . 3 5 8 2 3 3 7 1 . 1 7 7 0 . 2 3 9 . 8 1 3 8 9 2 5 2 . 2 8 1 1 1 8

SA | 1 . 6 2 2 5 7 1 . 5 0 3 4 0 9 2 1 .  5 6 0 0 . 1 1 9 . 8 8 3 3 1 4 2 . 9 8 0 5 2 3

F i b r o s i s  | 2 . 3 3 4 6 5 9 . 7 7 0 3 8 3 6 2 . 5 6 9 0 . 0 1 0 1 . 2 2 2 7 7 5 4 . 4 5 7 5 9 2

A t y p i a  | 3 . 3 4 5 6 2 8 1 . 0 2 4 2 5 7 3 . 9 4 5 0 . 0 0 0 1 . 8 3 6 0 4 9 6 . 0 9 6 3 6 7

221



5.7.4 Odds relative to non-proliferative disease

In chapter 2 it was noted that many studies quoted risks o f breast cancer relative to 

women with non-proliferative benign disease (NPD). Page and Dupont in particular 

distinguish between the breast cancer risks associated with NPD, proliferative disease 

without atypia and proliferative disease with atypia (e g l’7’8). Proliferative disease with 

atypia or AH) has been associated with risks about four times those of NPD (see table 

2.5). Page and Dupont classify cysts, apocrine metaplasia, duct ectasia and mild EH as 

non-proliferative diseases. Fibroadenoma was originally included in their NPD group 

but more recently has been considered a proliferative disease by virtue o f its reported 

increase in risk o f breast cancer (e g 210). In this review, atypia was defined as a relative 

measure and was not subject to strict defining criteria such as those of Page et alSn5\  

Page and Rogers (283) or Black and Chabon (117). As such, atypia was sometimes 

associated with features that would normally be regarded as non-proliferative in four 

women. The biopsies have therefore been classified into those with only NPD, those 

with proliferative disease (PD) but no atypia and those with PD and atypia. The NPD 

group comprises 128 women with (only) unremarkable breast tissue (coded as normal, 

lactating breast or inflammation), cysts, apocrine metaplasia, duct ectasia, mild EH or 

fibrosis and with no mention o f atypia. The remaining 357 women have PD either with 

(n=66) or without (n=291) atypia. The atypia group includes the four women with 

atypia associated with ‘NPD’ and those with ADH or ALH biopsies.

The crude and adjusted ORs for PD and for PD with and without atypia are given in 

table 5.8. PD with atypia was associated with a four-fold increase in odds o f breast 

cancer relative to NPD whereas proliferative disease without atypia (PDWA) increased 

the odds by a factor o f 1.6. The ORs for specific histologic subtypes of PD (relative to 

NPD) are shown in table 5.9.

EDP, SA, BDA and EH had significantly increased odds of breast cancer relative to 

NPD. However, amongst women with non-atypical proliferative disease, only IDP had 

odds significantly greater than those of NPD (OR=5.59, 95% Cl: 2.36-13.2; p=0.0001). 

SA, EH and BDA were associated with ORs o f between 1.7 and 1.9 but these were not 

significant. No feature included in the NPD group had an individual OR significantly 

different from the combined OR for all other NPD women. Including fibroadenoma in
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the NPD group had little effect giving adjusted ORs o f 1.62 (95% Cl: 1.03-2.56; 

p=0.04) and 3.85 (1.92-7.73; p=0.0001) for PDWA and PD with atypia respectively.

Table 5.8: ORs for proliferative and non-proliferative disease

Type o f BBD Number 

o f cases

Number 

of controls

Crude

OR

Adjusted OR1 

(95% Cl)

P-

value2

Non-proliferative3 26 102 1 1 -

Proliferative 128 229 2.19 2.00 (1.21-3.32) 0.007

PD without atypia 91 200 1.79 1.66 (0.98-2.82) 0.06

PD with atypia 37 29 5.01 4.25 (2.07-8.72) 0.0001

1 adjusted for age first seen, year o f  biopsy, age at menarche, menopausal status and nulliparity/age at 
birth o f  first child as described in 5.7.3
2 Wald test for O R=l
3 baseline category

Table 5.9: ORs for specific types o f proliferative disease

Type o f proliferative 

disease

Number 

o f cases

Number 

o f controls

Crude

OR1

Adjusted OR1,2 

(95 % Cl)

P-

value3

Intraduct papilloma 27 48 5.04 6.42 (2.75-15.0) <0.0001

Sclerosing adenosis 31 40 3.04 2.44 (1.22-4.91) 0.01

Blunt duct adenosis 63 103 2.40 2.07 (1.17-3.64) 0.01

Epithelial hyperplasia 50 74 2.65 2.04 (1.09-3.79) 0.03

Radial scar / complex

sclerosing lesion 8 7 4.48 2.00 (0.52-7.56) NS

Fibroadenoma 42 84 1.96 1.63 (0.85-3.15) NS

All proliferative disease 128 229 2.19 2.00 (1.21-3.32) 0.007

1 baseline category is NPD
2 adjusted for age first seen, date o f  biopsy, age at menarche, menopausal status and nulliparity/age first 
child as described in 5.7.3
3 Wald test for OR=l
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5.7.5 Comparison of odds ratios from matched and unmatched analyses

Due to the incomplete tracing o f slides, the data were analysed without explicit 

reference to the original matched design o f the review. In general, failure to account for 

matching by use o f unconditional rather than conditional logistic regression results in 

biased estimates o f the OR (Breslow and Day (347)). In particular, incorporating 

numerous fine strata representing individual matched sets into an unconditional logistic 

regression model leads to biased estimates o f the true conditional OR. The bias is 

greatest in one to one matched studies where the unconditional OR from the ordinary 

logistic regression with a separate parameter fitted for each matched set is equal to the 

square o f the true OR estimated using conditional logistic regression. On the other 

hand, estimates o f ORs resulting from an analysis that ignores matching are more 

conservative (closer to unity) than those from an analysis that incorporates matching. In 

general, if  the matching variables are conditionally independent o f case-control status 

given the risk factors or are conditionally independent o f the risk factors given the case- 

control status then both the matched (conditional) and unmatched (unconditional) 

analyses will give asymptotically unbiased estimates o f the relative risk for a 

dichotomous exposure (Breslow and D ay (347)).

ORs from models that take varying account o f the matching on age and date o f biopsy 

are shown in table 5.10. These ORs are based only on those matched case-control sets 

comprising at least one case and one control. The unconditional ORs therefore differ 

slightly from those in tables 5.8 and 5.9 which are based on all 485 evaluable women. 

The ORs for PD for example are based on 384 women from 144 matched case-control 

sets. Calculation o f conditional ORs for PDWA, EDP and SA was not possible due to 

the small numbers of evaluable case-control sets (57 women from 25 sets for both 

PDWA and IDP and 52 women from 23 sets for SA). As expected, the crude 

unconditional ORs are all less than the corresponding conditional OR (though only 

marginally so). The ORs and their standard errors from the models that include 

numerous fine strata representing individual matched sets are inflated. Including fewer 

matching strata by adjusting for age first seen and year of biopsy as factors with 11 and 

6 levels respectively gives estimates closer to the conditional ones. The likelihood for 

the conditional model differs from that of the unconditional model as a result of 

conditioning on the marginal totals thus even if the matching strata could be reproduced
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in the unconditional models the OR estimates would not be identical. In this study, 

some additional discrepancies remain because the ‘coarse’ matching criteria (date of 

birth ±1.5 years and date o f biopsy ±2.5 years) cannot be specified exactly in the 

unconditional model. Agreement between the crude conditional and unconditional ORs 

is good. Adjusting for the matching variables by including then as ordinal covariates in 

the unconditional logistic regression does not markedly affect the ORs. The ‘fully’ 

adjusted ORs from the conditional and unconditional models show satisfactory 

agreement.

Despite the theoretical differences between unconditional and conditional analyses, all 

the results that follow are based on the unconditional likelihood. This approach allows 

all the collected data to be used, including that from 101 women where the biopsy from 

their matched case or control was not found.

225



Ta
bl

e 
5.

10
: 

O
R

s1 
(s

ta
nd

ar
d 

er
ro

rs
) 

fro
m 

m
od

el
s 

tak
in

g 
di

ffe
rin

g 
ac

co
un

ts 
of 

m
at

ch
in

g
C/30
s
■8
+->

1
1
PQ

c3
»C/D05
6<u
&X
'irt * ̂  
Id XH—»
►

O h

W

ccj

Icsj
OC
X

QOh

<D>
13
Sw
O
V-(
Oh

<

in

On

mr-
CN

oom

o o t P cT Os G ' in'VO p ON vo oo
o X o o o o

r - CN o CN oOn 7 f 7 f p O p
rn CN CN 4—H

nG tP m G' r-H cop r̂ 00 CN CNr-H cn ©, X 1—̂

ON 7 f m CNP VO CN o o oo O
CN vd cn i—H CN CN

o ' no" G' o T—1 Gin ON in in m in
o o, o o <p o

7 f VO o m m o
r - in o o p p p

CN

00 m Os oT o ' o 'in CN vo v“H vo r'-'
o ,—4 o CN o o'_'

On oo VO ON CN 7 f«—< in 7j- CN CN
CN cn CN CN CN CN

&o

P4
O
<D

73eo
o
.2 *H—>
’Ooooo
p

<dC/3
<DXo
e

x
73<D
• ̂
13
J-H

P4
O
13co
73Cooc

C/3
l-Hto
a>00ccj
X
73
<d03

• i-H

13
«-H

Oho
13co
73cooo

m
oo

ovo

P  P

>>C/3 Ph
Gu OO (N

X 73
<H-H <DH—<o C/3
(3 p
13 s
73 CU
73g fi& o,-s H—•m
r- 73

S3in O* ■ j oin S3
CN P

73
<DXO
13
S

<d

o
<D

73

eo
13co

P4
O

<N
73
<D

73

C3O
73 73
S3 C O O

U U

cn
t-~
in
.g

73
IDX'Go
C/3<u

7 3
C/3
a3

73
3O

a>60
C3

•G
03

§
03
C/3
3ci

S303a,oS3
8
<oXo
t- irt
S3
8
<uoo03

OhO
X
<4-1O
t3
73

O <u
s  s?
/->  |M
.53 «21) T3
.S Bp H  c/5<L> 3

C/3
C* ^  JD C3

226



5.7.6 Trend in risk with increasing extent of specific histologic features

Most histologic features were scored for extent on a 3-point scale as occasional, 

moderate or profuse. Where numbers permitted it was therefore possible to see if the 

odds o f breast cancer increased with increasing extent o f a particular histologic feature. 

This was done by adding three indicator variables to the baseline model o f table 5.6. 

Fitting o f a linear trend was also considered. The resulting ORs (relative to NPD) are 

given in table 5.11.

Table 5.11: ORs for specific histologic features by increasing frequency

Histology Frequency specific adjusted OR1 Linear trend

Occasional Moderate Profuse OR1

Cysts 1.85 2.36" 2.81" 1.45**

Epithelial hyperplasia 1.66 1.41 7.88 1.58""

Apocrine metaplasia 1.78 1.53 1.42 1.19

Sclerosing adenosis 1.70 2.28 5.39"" 1.68""

Blunt duct adenosis 1.91 2.04" 2.85" 1.41"

Atypia
1 J  • . 1 zv /-  .

3.94 3.20" 15.4"" 2.16"""

1 adjusted for age first seen, year o f  biopsy, age at menarche, menopausal status and nulliparity/age at 
birth o f  first child. Baseline category is non-proliferative disease 
*p<0.05, *' p<0.01, ***p<0.001 (W ald test for O R =l))

The frequency o f cysts, EH and apocrine metaplasia in women with NPD are not 

included in the ORs shown in table 5.11. Including these women gave ORs for linear 

trends in risk with increasing frequency o f 1.27, 1.63 and 1.07 respectively relative to all 

other NPD women. The amount o f apocrine metaplasia clearly had no effect on the risk 

o f breast cancer. The ORs for women with cysts increased with cyst frequency and if 

exposure is restricted to just women with proliferative disease the linear trend was 

significant (p=0.008). There were also significant increasing trends in risk with 

increasing frequencies o f EH, SA, BDA and atypia. There was some evidence against 

the validity o f fitting a simple linear trend to increasing extent of EH (LRT: p=0.09). 

Cases were eight times more likely to have profuse EH than controls (p=0.0004) and 

five times more likely to have profuse SA (p=0.009).
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EH was scored for severity (mild, moderate or severe) as well as for extent. Severe EH 

was associated with an adjusted OR of 3.54 (95% Cl: 1.16-10.8; p=0.03) relative to 

NPD. The increasing trend in risk with increasing severity was also significant: 

OR=1.41, 95% Cl: 1.04-1.90; p=0.03. However, the effect o f severity o f EH became 

insignificant on addition o f the EH frequency indicator variables. O f five evaluable 

women with profuse amounts o f severe EH four were cases and one was a control.

There was evidence that the odds for cancer differed by type o f fibroadenoma. Relative 

to NPD, intracanalicular fibroadenoma had an adjusted OR of 3.17 (95% Cl: 1.15-8.75; 

p=0.002) whereas the OR for pericanalicular fibroadenomas was 0.77 (0.27-2.24). 

Comparing these two groups directly gave an OR of 3.48 (95% Cl: 0.96-12.3; p=0.05) 

for intra- versus pericanalicular fibroadenoma.

LDP was scored as single or multiple. Seven women had multiple papillomas and they 

all went on to be diagnosed with breast cancer. The adjusted OR for the remaining 

women with a single IDP relative to NPD was 4.46 (95% Cl: 1.83-10.9; p=0.001).

5.7.7 Effect of atypia

Along with LDP, the most significant histologic risk factor for breast cancer amongst 

women with biopsied benign disease was presence o f atypia. As noted earlier, atypia 

was defined here as a relative measure and did not meet the criteria necessary for a 

diagnosis o f ADH or ALH which was coded separately. Frequency o f atypia 

(occasional, moderate or profuse) was scored separately for each of the histologic 

features considered. The overall OR for any atypia (relative to no atypia) was 3.35 

(95% Cl: 1.91-5.89). Removing women with ADH or ALH from the ‘no atypia’ group 

gave a slightly reduced OR of 3.17 (95% Cl: 1.80-5.60). In section 5.7.4, the OR for PD 

with atypia relative to NPD was estimated as 4.26 (95% Cl: 2.07-8.77).

An overall atypia frequency score was calculated as the maximum value o f the 

histology-specific atypia frequencies. (Using the sum o f atypia scores across features 

did not markedly affect the results.) Table 5.11 shows that the overall increased risk of 

breast cancer associated with atypia is present at each level o f atypia frequency. The
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greatest risk is in biopsies with profuse atypia: adjusted OR (relative to NPD) of 15.4 

(95% Cl: 2.68-88.6; p=0.002).

To see whether the underlying feature with which atypia was associated affected the risk 

o f breast cancer, the histology-specific atypia scores were considered. Eighteen biopsies 

(6 cases, 12 controls) had atypia associated with EH, 17 (10 cases, 7 controls) with 

BDA, 4 (2 cases, 2 controls) with both EH and BDA and 10 (8 cases, 2 controls) with 

fibroadenoma. Six other biopsies had atypia associated with a specific feature (3 with 

cysts, 1 with IDP, 1 with apocrine metaplasia) and 11 (6 cases, 5 controls) were coded 

as having general atypia. There was no evidence to suggest that the odds o f breast 

cancer for atypia versus no atypia differed over strata defined by underlying histology.

In section 5.7.4 it was shown that PDWA had an OR o f 1.66 relative to NPD (p=0.06). 

Only the OR for IDP remained significant after removal o f women with atypia. This 

result was investigated in the models comparing presence o f a feature to all other 

biopsies without that feature. For this purpose, a binary indicator for atypia was added 

to the each feature’s logistic model for odds o f breast cancer. The resulting ORs for 

fibroadenoma, cysts, apocrine metaplasia, radial scar, complex sclerosing lesion and 

fibrosis were little changed from those o f table 5.7. The OR for IDP increased slightly 

from 3.39 to 3.89 (95% Cl: 1.97-7.62) whilst that for cysts decreased from 1.14 (0.75- 

1.73) to 1.05 (0.68-1.62). EH and BDA were both associated with atypia and the ORs 

for these two features decreased after adjusting for presence o f atypia. EH had an atypia 

adjusted OR o f 1.26 (95% Cl: 0.80-1.99) and BDA of 1.25 (0.81-1.93). The borderline 

significance o f these effects (table 5.7) was no longer seen thus the observed increase in 

risk for these features was due in part to coincident atypia. The OR for SA also 

decreased, from 1.88 to 1.75 (95% Cl: 1.01-3.05; p=0.06).

For fibroadenoma, BDA and EH, the atypia adjusted effects were parameterised slightly 

differently. For fibroadenoma a 3-level factor ‘no fibroadenoma and no atypia’, 

‘fibroadenoma but no atypia’, ‘fibroadenoma and any atypia’ was created. 

Corresponding factors were defined for BDA and EH in turn. The odds for 

fibroadenoma with and without atypia were compared to those for biopsies with neither 

fibroadenoma nor atypia. The adjusted ORs were 0.94 (95% Cl: 0.53-1.64) for 

fibroadenoma but no atypia and 9.02 (2.93-27.8; p=0.0001) for fibroadenoma and
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atypia. These ORs were significantly different (x? =14.4, p=0.0001). BDA with atypia 

had an OR of 3.53 (95% Cl: 1.70-7.35; p=0.001) relative to no BDA and no atypia. The 

OR for BDA without atypia was 1.34 (0.83-2.15). Again, presence o f atypia 

significantly increased the OR (x?=5.95, p=0.01). There was no significant difference 

between the ORs for EH with and without atypia (relative to no EH and no atypia). EH 

with atypia had an OR of 2.59 (95% Cl: 1.20-5.59; p=0.016) and EH without atypia had 

an OR o f 1.64 (0.99-2.71; p=0.05).

5.7.8 Risk of breast cancer associated with combinations of histologic features

Many o f the histologic features recorded on review were coincident within the same 

biopsy (table 5.3). The ORs for different features are therefore unlikely to be 

independent and cannot simply be multiplied together to obtain ORs for combinations o f 

histologic types o f BBD. STATA output from the logistic regression model that 

included indicator variables for the presence or absence o f each histologic feature of 

note was presented in section 5.7.3. The ORs for features other than fibroadenoma 

remained little changed after adjustment for presence o f other histologies. The ORs for 

various combinations o f histologic features (relative to NPD) were calculated directly by 

considering indicator variables coded 1 if  two particular features were present and 0 if  

the biopsy contained only NPD features. Pair-wise combinations o f cysts, apocrine 

metaplasia, EH, SA and BDA revealed no significant interactions. The OR for women 

with any two features (relative to NPD) was generally greater than the individual ORs 

associated with each feature regardless o f coincidence o f the other but it was not 

significantly greater. As an example, table 5.12 gives the individual ORs for EH and 

SA (as in table 5.9), the OR obtained by fitting a single indicator variable for presence 

o f EH and SA (ignoring presence o f either feature alone) and that seen when a three- 

level factor (EH but no SA, SA but no EH and EH and SA versus NPD) was added to 

the baseline model.

It has already been shown that, in the reviewed biopsies, EH and SA are associated 

(table 5.3). The crude OR for women with both EH and SA relative to NPD is 4.41 

which is clearly less than that expected under independence (2.65*3.04=8.06). 

However, when testing linear combinations of model parameters, no significant
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differences were seen between EH and SA and SA alone or between EH and SA and EH 

alone. Similar models (with three-level factors to indicate joint presence or absence of 

two specific features) were fitted for EH and BDA and for SA and BDA. Again no 

significant differences were seen between the OR for the combination compared to the 

ORs associated with either feature alone. The adjusted OR for women with both EH 

and BDA was 2.66 (95% Cl: 1.32-5.33) compared to 1.88 (0.90-3.94) and 1.79 (0.95- 

3.37) for women with EH and no BDA and BDA and no EH respectively. The adjusted 

OR for SA and BDA combined was 3.01 (95% Cl: 1.34-6.78) whereas that for SA but 

no BDA was 2.39 (0.99-5.79) and that for BDA but no SA was 1.81 (0.99-3.29). 

Presence o f cysts, EH, SA or BDA with apocrine metaplasia did not significantly 

increase the odds over those o f NPD.

Table 5.12: ORs for epithelial hyperplasia (EH) and / or sclerosing adenosis (SA)

Histologic feature Number Number Crude Adjusted1 95% Cl P-

o f cases o f controls OR OR value2

NPD3 26 102 1 1 - -

EH 50 74 2.65 2.04 1.09-3.79 0.03

SA 31 40 3.04 2.44 1.22-4.91 0.01

EH and SA 18 16 4.41 2.94 1.19-7.30 0.02

EH and no SA 32 13 2.16 1.66 0.86-3.20 0.13

SA and no EH 13 24 2.13 2.19 0.93-5.13 0.07

EH and SA
l j - . j /- /- .

18 16 4.41 3.44 1.44-8.20 0.005

child as described in 5.7.3
2 Wald test for O R=l
3baseline category (includes mild-EH with no concomitant ‘proliferative’ disease)

5.7.9 Interactions between histology and baseline variables

Poisson modelling in Chapter 4 suggested possible interactions between family history 

of breast cancer and biopsied BBD and between young age at first childbirth and treated 

BBD. These interactions were considered in the nested case-control setting but were not 

significant and were therefore not included in any o f the logistic models presented here.
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5.8 Case-control comparison to non-biopsied women

5.8.1 Justification

The case-control biopsy review provided better quality data on the benign histologic 

features in women who developed cancer and a set o f biopsied controls that did not. 

Calculation o f meaningful ORs within this reviewed group is hampered by the lack o f 

an obvious baseline group. Using presence or absence o f a particular feature ensures the 

baseline group for a particular feature is o f adequate size but has the disadvantage that 

the baseline groups for different histologic features are not the same. This analysis will 

tend to pick out features with a large effect on risk relative to other features but smaller 

effects may be masked by larger or more significant effects. For example, the risk in 

women with fibroadenoma is referred to the risk in women with other histologic 

features such as IDP or EH but no fibroadenoma. In effect the comparisons are being 

made to the ‘average’ risk o f all women in the review. In an attempt to define a fixed 

baseline category, ORs were also calculated relative to women with non-proliferative 

breast disease and non-BBD biopsies. By definition the ORs obtained from these 

analyses were generally greater than those from the presence/absence models but they 

were more imprecise as a result o f the smaller size o f the baseline category. One 

solution to this problem would be to use a floating absolute risks approach (Easton et 

a/.(348)). This method removes the necessity for an arbitrary baseline group and results 

in essentially uncorrelated estimates identical in value to the usual relative risk or ORs 

but with smaller standard errors. The parameter estimates are effectively scaled 

absolute incidence rates centred on a weighted average. Floating absolute risks are best 

used when there is no obvious baseline category or when the obvious baseline is too 

small to provide stable estimates. In the biopsy review study the ideal reference 

category would be women biopsied but found to have ‘normal’ breasts. This group is 

too small (n=27) and even including other ‘non-BBD’ categories does not provide a 

wholly adequate alternative. Floating absolute risks could therefore be used as a 

solution. However, the case-control study is nested within a cohort and there is 

therefore the possibility of constructing a baseline group from non-biopsied cohort 

women. In some aspects this is preferable to using floating absolute risks as the
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reference group represents a tangible group o f women and should be large enough to 

allow stable estimates o f the OR.

Each histologic feature was compared in turn to a non-biopsied baseline group using 

unconditional logistic regression. Since presence o f any histology is limited to women 

with a biopsy, adjustment was made for baseline factors that differ between biopsied 

and non-biopsied women (section 3.10.2). Adjustment for biopsy per se was not 

possible since a binary yes/no biopsy variable would be collinear with each specific 

binary BBD variable. Inclusion o f a non-biopsied baseline group would add no 

information to the conditional analysis since all case-control groups o f non-biopsied 

women are concordantly negative in terms o f ‘exposure’ to histologically defined BBD 

features.

5.8.2 Selection of a non-biopsied baseline group

To prevent bias it was necessary to construct the baseline group in the same way that 

women included in the review had been identified and selected. All ‘untreated’ women 

with known breast cancer were therefore selected as baseline group cases. Women with 

aspirated cysts or other surgery were not considered for inclusion in the baseline group. 

Controls were selected by matching on date o f birth (±1.5 years) and, as a proxy for date 

o f biopsy, date o f first attendance for benign disease (±2.5 years). As described in 

section 5.3, two controls were selected at random from the pool o f possible controls for 

each case. Two hundred and eighty four cases were identified and were matched to 564 

unique controls. One case had only one control satisfying the matching criteria and 

three controls were used for two separate cases. The mean age at date first seen in all 

852 untreated baseline women was 43.0 years (SD: 11.0).

In the cohort as a whole biopsied women were older and were seen in earlier years than 

non-biopsied women. There were also differences between biopsied and non-biopsied 

women in terms of age at menarche, marital status, nulliparity, parity, number of 

terminations or miscarriages and age at birth o f first child (section 3.10.2). Biopsied 

women included in the review were also older at first attendance (median age: 44.0 

years) than the untreated women included in the case-control baseline group (median: 

42.5; Wilcoxon: p=0.02). The biopsied women were also seen earlier - median date of
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first attendance: June 1971 in biopsied women; March 1974 in untreated (Wilcoxon: 

p<0.0001). After adjusting for these two variables, differences remained between the 

biopsied and untreated women in terms o f nulliparity, number o f children, number of 

terminations or miscarriages and menstrual status. Twenty-seven percent o f biopsied 

women were nulliparous compared to 20% o f untreated women (p from logistic 

regression for odds o f biopsy adjusted for age and date first seen: 0.004). More biopsied 

women were premenopausal (60% versus 57%; adjusted p=0.01) and the average parity 

o f biopsied women was less than that o f untreated women (mean number o f children 

amongst parous women: 2.08 versus 2.39; adjusted p for linear trend=0.003). Fifteen 

percent o f biopsied women had at least one termination or miscarriage compared to 24% 

of untreated women and this difference remained significant after adjusting for age and 

date first seen and number o f children (adjusted p=0.04).

There were no differences between non-biopsied cases and controls in terms o f age at 

menarche, marital status, menstrual status, age at natural or artificial menopause, type of 

menopause, use o f oral contraceptives, age at birth o f first or last child, breast feeding 

history, previous history o f breast disease, family history o f breast cancer, symptoms at 

first attendance (with the exception of Tumpiness’) or signs at first attendance. As in 

the biopsied case and control women, the proportion o f nulliparous cases (18%) was not 

significantly different to the proportion o f nulliparous controls (22%) but cases were of 

lower average parity than controls (mean: 1.77 versus 1.99; Wilcoxon: p=0.02). Thirty- 

one percent o f non-biopsied cases had experienced at least one termination or 

miscarriage compared to 23% of controls ( x? =3.26, p=0.07).

5.8.3 Odds relative to a fixed baseline group

If all the biopsies had been found and there were two controls per biopsied and per 

untreated case the crude odds o f cancer in the biopsied and untreated women would 

have been identical by design. However, this was not the case and as such the crude OR 

for all biopsied women combined, relative to the untreated, non-biopsied baseline group 

was 0.93 (95% Cl: 0.73-1.18). After adjusting for age and date first seen, age at 

menarche, menstrual state, number o f children, age at birth o f first child and ever- 

miscarried (or had a termination) the odds o f breast cancer in the biopsied group were 

0.87 times those o f the baseline group (95% Cl: 0.68-1.11). Presence o f a family history
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of breast cancer did not affect this result. In the absence o f missing data and covariate 

differences, the OR would be equal to unity.

Table 5.13 gives the crude and adjusted ORs for the histologic features identified on 

review relative to the common baseline group comprising untreated women. Each 

feature is considered in turn and women without that particular feature are omitted from 

that particular logistic model. The total number o f women included in each model 

therefore differs but the baseline group is consistent across models. Adjustment was 

made for age and year o f biopsy (with year o f first attendance used for non-biopsied 

women), age at menarche, nulliparity and age at birth o f first child as described in 

section 5.3.6. A binary variable ‘ever-miscarried or had a termination’ was also 

included in the logistic model. In theory, an OR o f unity indicates that the cases are 

equally as likely to have a particular histologic feature as the controls. In practice, the 

crude odds for women with fibroadenoma and those for biopsied women without 

fibroadenoma will average to 0.93.

As shown in table 5.13, the only features conferring a significant increases in risk were 

IDP (p=0.002) and presence o f atypia (p=0.001). Proliferative disease with atypia had 

an OR of 2.38 (95% Cl: 1.42-3.99; p=0.001) whereas that for PDWA was 0.85 (0.63-

1.14). IDP was associated with an increased risk even in women without atypia 

(OR=2.30, 95% Cl: 1.23-4.30; p=0.009) and in those with single IDPs (OR=1.95, 95% 

Cl: 1.01-3.75; p=0.05).
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Table 5.13: ORs relative to an arbitrary reference group o f  untreated women

Histologic feature Crude

OR1

Adjusted OR1,2 

(95% Cl)

Any biopsy 0.93 0.87 (0.68-1.11)

Fibroadenoma 1.00 1.01 (0.67-1.53)

Cysts 1.08 0.97 (0.68-1.40)

Intraduct papilloma / adenoma 2.57 2.68 (1.46-4.93)*

Epithelial hyperplasia 1.29 1.19 (0.81-1.74)

Apocrine metaplasia 0.95 0.88 (0.59-1.30)

Radial scar 4.00 3.30 (0.80-13.6)

Complex sclerosing lesion 1.00 0.87 (0.16-4.85)

Sclerosing adenosis 1.55 1.49 (0.90-2.44)

Blunt duct adenosis 1.22 1.15 (0.81-1.64)

Fibrosis 1.81 1.69 (0.98-2.91)

Atypia (any)3 2.55 2.46 (1.47-4.12)**

Other breast biopsy 0.54 0.57 (0.30-1.08)

Atypical hyperplasia 2.00 1.89 (0.37-9.57)

1 baseline group is untreated women
2 adjusted for age first seen, year o f  first attendance, age at menarche, menopausal status, nulliparity/age at 
birth o f  first child and ever-miscarried
3 ADH and ALH are counted under atypical hyperplasia
* p=0 .002; ** p=0.001
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5.9 Summary of biopsy review results

Recall that for the cohort as a whole the risk o f breast cancer in biopsied women was 

significantly greater than that o f the general population (SIR=165.0, 95% Cl: 143.5- 

189.8) and o f that o f cohort women with untreated BBD (IRR=T.20, 95% Cl: 0.99-1.46; 

p=0.06). There was some evidence o f interactions with strong family history (more than 

one first degree relative with breast cancer) and age o f first childbirth with the incidence 

rate in biopsied women with a strong family history who were either nulliparous at BBD 

diagnosis or aged over 25 at first childbirth being 7.72 times that o f similar women with 

untreated BBD (table 4.16). The crude histologic classification based on hospital notes 

suggested that IDP was the only specific feature to confer a significant increase in risk 

(IRR=1.73, 95% Cl 1.06-2.80 from table 4.14). The biopsy review was undertaken to 

confirm this result and to determine if  other histologic features that were not originally 

recorded were significant risk factors for subsequent invasive disease.

The biopsy review confirmed that LDP was significantly associated with risk o f breast 

cancer (OR=3.5, p=0.0002). The other feature that had a consistently significant effect 

on breast cancer risk was atypia (OR=3.4, p<0.0001). There was some evidence to 

suggest that radial scar might confer an increased risk but this observation was based on 

small numbers and did not approach statistical significance. After adjusting for 

presence o f other histologic features, fibroadenoma was also found to be a risk factor 

(OR=1.78, 95% Cl 1.01-3.15). This effect was o f borderline significance and was 

greatest for intracanalicular type fibroadenomas. There was some evidence o f a dose 

response relationship between risk o f breast cancer and increasing frequency o f atypia, 

EH, SA and cysts. Proliferative disease with atypia was associated with a risk o f breast 

cancer over four times greater than that o f NPD (OR=4.25, 95% Cl 2.07-8.72; 

p=0.0001) and this was shown to be primarily due to LDP, SA, BDA and EH.
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6. DISCUSSION

The study of benign diseases and conditions of the breast is important for several 

reasons. BBD is a common condition that affects up to 60 percent of women (102,110, m) 

and which is likely to cause concern until a diagnosis of cancer is excluded. BBD often 

recurs and particular types imply an increased risk of subsequent breast cancer (2,105). 

The main aim of this thesis was to quantify the risks associated with different types of 

BBD in a cohort o f women attending the Breast Unit at Guy’s Hospital. Estimates of 

cancer risk associated with BBD took into account other known risk factors for breast 

cancer and thus the epidemiology o f benign and invasive breast disease was reviewed.

6.1 Risk factors for BBD and breast cancer

The female breast exhibits considerable variations in structure and function during life. 

These variations are largely dependent on changes in oestrogen and progesterone levels 

through puberty, pregnancy, lactation and the menopause and on more subtle cyclical 

changes over the course of a menstrual cycle. Oestrogen stimulates proliferation o f the 

epithelial cells and ductal growth whilst progesterone promotes development o f the 

breast acini and moderates the effect of oestrogen (264). Both hormones are essential for 

normal activity of the breast and imbalances are thought to be an underlying factor in 

benign breast disorders and to play a part in the pathogenesis of breast cancer. Factors 

that affect exposure to endogenous or exogenous oestrogen or progesterone are therefore 

candidate risk factors for both diseases. However, whilst benign and invasive breast 

disease do have some risk factors in common, there are also some striking differences.

6.1.1 Reproductive and menstrual factors

A primary difference in the epidemiology of benign and invasive breast disease is the 

age incidence distribution. Breast cancer is predominantly a disease of postmenopausal 

women whilst BBD is much more common in younger, premenopausal women. 

However, epidemiologic similarities arise in terms of reproductive and menstrual 

factors. The literature review presented in Chapter 2 concluded that nulliparity and late
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age at natural menopause are risk factors for BBD, particularly for fibrocystic type 

disease. Both are established risk factors for breast cancer (Chapter 1). On the other 

hand, late age at first birth and early age at menarche, both risk factors for breast cancer, 

have not consistently been shown to increase risk o f BBD. An earlier review by Wang 

and Fentim an(120) and one published late in 1997 by Goehring and M orabia(349) reached 

similar conclusions regarding reproductive and menstrual history. Within the Guy’s 

cohort, a comparison of biopsied to non-biopsied women (see section 3.10.2) showed 

nulliparity to be a risk factor for biopsy (34.6% o f biopsied women were nulliparous 

compared to 30.6% of non-biopsied; p<0.0001) but there was no effect o f age at 

menopause. There were also significant differences in age at menarche, age at first 

childbirth (biopsied women were older at both events) and parity (biopsied women had a 

lower mean parity). These results are not entirely consistent with the general literature. 

However, the comparison made is one between women who had a biopsy and those who 

did not, within a cohort o f women attending a special clinic for breast disease (and who 

were not diagnosed with cancer). Strictly, the identified factors are therefore risk factors 

for biopsy. Section 3.12 described the epidemiology o f BBD within the cohort. The 

type o f non-biopsied BBD (lumpy or nodular breasts, mastalgia, AOC, BBD treated by 

other surgery or other non-biopsied BBD) was dependent on age at and date of first 

attendance, (nulli)parity, age at first childbirth and age at menopause. Ages at first 

childbirth and at menopause were not significant predictors o f type o f biopsied BBD, 

though age at menarche and age at last childbirth (as recorded at first attendance) were. 

Comparisons to a population o f ‘normal’ women or the general population is difficult 

due to the extended time over which the cohort was (retrospectively) collated and the 

corresponding range in birth dates. For example, the average reproductive 

characteristics o f a woman seen at age 40 in 1960 were likely to be different to those of 

a woman seen at age 40 in 1980. Population level data on such factors are sparse (14) 

and a comparison o f cohort values to such data was outside the scope o f this thesis.

6.1.2 Other factors

Family history of breast cancer is a strong risk factor for breast cancer. There is also 

some evidence that it is a risk factor for BBD (section 2.4.4), though this may be due in 

part to a detection bias since women who have affected relatives may be more likely to 

be biopsied for benign disease. Thirteen percent of cohort women had a family history

240



of breast cancer when they were diagnosed with BBD but there was little difference in 

the proportion with a family history amongst different BBD categories (section 3.12). 

Hormone replacement therapy (HRT) has been associated with a slightly increased risk 

o f breast cancer amongst current or recently stopped users (RR=1.35, 95% Cl 1.21-1.49 

for five or more years o f use relative to never-users (41)). HRT users also have an 

increased risk o f fibrocystic disease (see section 2.4.9 and the review by Goehring and 

Marabia (349)) though, as with invasive disease, detection bias may be an issue. As the 

Guy’s cohort comprises women diagnosed with BBD before 1982 use o f HRT prior to 

BBD was unlikely to be widespread. Information on HRT use was only available for 

the 30% of women with questionnaire responses. Only 15% o f these (i.e. less than 5% 

o f the total population) had ever used HRT and there is no information regarding the 

timing o f HRT use relative to diagnosis o f BBD. The association o f HRT with type o f 

BBD could therefore not be determined in this study. High socio-economic status is 

also a risk factor for benign and invasive breast disease but no socio-economic 

information (education, employment, income, etc.) was available for the Guy’s cohort.

6.2 Factors that have differential effects on risk of BBD and breast cancer

The postmenopausal body’s main source o f oestrogen is from adipose tissue and thus, 

not surprisingly, obesity is a risk factor for postmenopausal breast cancer. In contrast, 

the risk of BBD is decreased in obese women (see section 2.4.5). Detection bias may 

explain some o f this contradiction and it is possible that any protection is against types 

o f BBD that do not confer a risk o f breast cancer. No information on weight, height or 

body mass index was collected on Guy’s cohort women.

Current use of oral contraceptives has been associated with a slight increase in risk of 

breast cancer (RR=1.24, 95% Cl: 1.15-1.33 (45)). For BBD the opposite is true with OC 

use, particularly long-term current use, protecting against both fibrocystic type disease 

and fibroadenoma (see section 2.4.8). There are several reasons why opposite effects 

might arise. Some authors have suggested that OCs protect only against forms o f BBD 

that are not strongly associated with breast cancer (,2°’ 121 ’ 164). This would imply that 

women who do develop BBD despite OC use are more likely to develop breast cancer 

than non-users o f OCs who develop BBD. Past reluctance to prescribe OCs to women
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with BBD and increased willingness to perform a biopsy in OC users could also add to 

the effect. Fifty-two percent o f cohort women with baseline OC data were current or 

previous users of OCs. The risk o f cancer was greatest amongst women using OCs at 

BBD diagnosis but this is only borderline significant when compared to never-users 

(SIRR=1.41, 95% Cl: 0.97-2.04; p=0.07). O f non-biopsied cohort women, those with 

lumpy breasts and mastalgia were more likely to be ever-users than those with aspirated 

cysts (58%, 55% and 26% respectively). These differences were significant after 

adjusting for age and date first seen and suggest that OC use is protective against non

treated forms o f BBD. Amongst biopsied women, those with fibroadenoma had the 

highest rate o f OC use (50% were ever-users).

There is no strong association o f smoking with breast cancer but smoking has been 

linked to increased risk o f periduct mastitis (185) and decreased risk o f other forms o f 

BBD (180). Various dietary factors have also been associated with breast cancer but the 

evidence for an effect on benign disorders is inconclusive (discussed in section 2.4.13). 

There is no evidence o f an association between alcohol and BBD despite the growing 

body o f evidence that it is associated with a small but significant increase in risk o f 

breast cancer(53). Information on smoking habits, diet and alcohol consumption was not 

collected on the Guy’s cohort.

6.3 The Guy’s Breast Unit BBD cohort

The Guy’s cohort o f 22,545 women was retrospectively collated to include all women 

diagnosed with BBD at the Breast Unit between 1946 and 1982. It is one o f the largest 

cohorts of women with BBD and has some of the longest follow-up available. Baseline 

data collection was a lengthy process and was mainly undertaken prior to this thesis. It 

involved identification o f eligible BBD women, location o f hospital notes and 

abstraction o f baseline and biopsy data from the paper notes or, in some cases, from 

microfiche. The data were entered on to a computerised database indexed by hospital 

number. Failure to record the unique Breast Unit number, by which patient records are 

indexed, hampered data cleaning undertaken as part o f this thesis. It may also have 

played a role in the exclusion o f some eligible women who were subsequently identified 

and added to complete the cohort (described in section 3.4.4). Although the quality of
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the original hospital notes was good, coding errors were introduced into the 

computerised database when it was transferred onto a new computer system. These 

errors were identified by data checking described earlier and meant that, for some 

variables, zero and missing values could not be distinguished. The extent o f the 

problem was estimated and some data were generated from other sources, namely the 

Guy’s Breast Unit cancer database and the postal questionnaire. The ‘post

questionnaire’ risk o f cancer in women with zero values abstracted from the 

questionnaire was not significantly different to that o f women with ‘none or missing’ 

values who did not respond to the questionnaire (table 3.14). It was therefore concluded 

that, for the purposes o f using affected variables as covariates in the estimation o f BBD 

specific cancer risk, ‘zero’ values should be used as they appeared on the original 

database. However, since two o f the affected variables were number o f children and 

family history o f breast cancer, the accidental errors and subsequent misclassification 

reduced the potential o f the database in terms o f more extensive risk factor modelling. 

Misclassification, for example o f some parous women as nulliparous, will tend to 

reduce estimates o f relative risks associated with the affected variables. Interpretation 

o f relative risk estimates for nulliparity in particular should therefore be made with this 

mind.

As with any retrospective cohort study, incomplete tracing can introduce bias through 

informative censoring. In this study the majority o f untraceable women were those seen 

earlier on who had less accurate identifying information. Since women with more 

serious forms of BBD are likely to have had longer clinical follow-up it is possible that 

they were more readily traced. However, the period at risk used in calculation of SIRs 

begins in 1960 and after accounting for age and time since first attendance, there was 

little evidence o f heterogeneity o f risk by calendar year. The validity and interpretation 

o f (standardised) relative risk estimates is dependent not only on the success o f the 

tracing, flagging and notification systems but on the timeliness, accuracy and coverage 

o f cancer registry data itse lf(317). Ninety percent o f the cohort were traced and flagged 

at the NHSCR. Although not ideal, this is an acceptable proportion given the length of 

time between tracing and first attendance at the clinic (at which the patient’s address 

was recorded). The facts that many women would have changed name through 

marriage, and that for some women seen in the 1950s and 1960s only their age and not 

date o f birth was available from the hospital notes also decreased the likelihood of
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complete tracing. The completeness o f notifications o f cancer was, however, 

unacceptable. The shortfall in cancer notifications was mainly due to a backlog in 

processing at NHSCR caused by a break in addition o f new cancer data between 1993 

and 1995 whilst their data were computerised. This meant that cancers diagnosed and 

registered in 1991 were not notified to ICRF until 1998. Notifications to 1993 were 

received after the database was ‘frozen’ for the analyses presented in this thesis. Some 

pre-computerisation errors were also identified in the notification system and these have 

now been rectified. In a Welsh cohort study, Roberts et a/.(246) also found cancers 

missing from registry data. They identified 22 cancers from hospital notes and GP 

practices and, o f these, 19 were known to the Welsh Cancer Registry. However, they 

conclude that the ‘system of registration is reasonably adequate’. The problems 

encountered within the Guy’s cohort study suggest that, even if  the registration system 

was adequate, over recent years the flagging and notification systems have been far from 

ideal. As well as a shortfall in cancer notifications in the Guy’s cohort, several 

discrepancies were found between data held at the Thames Cancer Registry and that at 

NHSCR. This is worrying and highlights the problem that alterations to a particular 

cancer registration at the local registry do not always filter through to the NHSCR and in 

any case are not automatically notified to researchers. By using combined information 

from the TCR and NHSCR and from death certificates, it is hoped that the cancer 

incidence (and overall mortality) data, at least between 1960 and 1991 are complete.

6.4 Overall increased risk of breast cancer in women with BBD

The overall SIR for breast cancer in the Guy’s cohort o f women with BBD was 154.8 

(95% Cl: 142.6-168.1). This figure is based on the whole cohort and thus included 

women who had no clinical diagnosis o f benign disease (i.e. ‘normal’ women and those 

with nodularity or mastalgia only). The SIR for 6,089 women who had a biopsy was

165.0 (95% Cl: 143.5-189.9) whilst that for 2,043 women who had aspirated cysts was 

177.7 (95% Cl: 144.2-219.1). Essentially normal women (i.e. those with no signs or 

symptoms of BBD, ‘lumpy’ breasts without clinical nodularity or mastalgia without 

clinical nodularity) had SIRs greater than 100 but there was no evidence that the risk in 

these women was significantly greater than that o f the general population o f the South 

Thames RHA (combined S IR -113, 95% Cl: 78-164).
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The only other sizeable UK cohorts are the Welsh cohorts of Roberts et alS246) and 

Bundred et al.(266) and a recently published study on Scottish women with aspirated 

cysts (Dixon et 350)). Roberts et al. reported a SIR o f 270 (95% Cl: 169-409) 

based on 22 cancers in 770 women who attended a diagnostic breast clinic between 

1967 and 1970. Excluding four cancers that they think may have been missed (three 

physically missed at biopsy; one misdiagnosis) gave a SIR o f around 220. The SIR for 

all biopsied women in their study was 308 whilst that for 428 women with a biopsy or 

aspiration-proven diagnosis o f cysts was 355. The women were relatively young (mean 

age 38) and had an average follow-up o f 11 years. They also found an increased risk in 

women whose original diagnosis was ‘essentially normal’ defined as having had 

symptoms o f BBD but with no palpable or mammographic lesion. In a similar study 

Bundred et al}266̂  followed a cohort o f 639 women with breast nodularity (defined as 

fibroadenosis or fibrocystic disease) attending a breast clinic between 1976 and 1982. 

Over a mean follow-up period o f 7.2 years, 15 invasive cancers developed giving a SIR 

of 290 (95% Cl: 160-480). The observed increase in risk o f cancer was mainly due to 

an increase in 352 women undergoing cyst aspiration (SIR=440, 95% Cl: 240-730). 

The most recently published UK cohort included 1,374 women with cysts aspirated 

between 1981 and 1987 at Edinburgh Breast Unit (Dixon et a lP 50)). Sixty-five cancers 

were identified over a median follow-up o f 9.4 years giving a SIR o f 281 (95% Cl: 217- 

359).

The ICRF/Guy’s cohort differs from the other UK studies described above in that it has 

longer follow-up and includes women seen as long ago as 1946. These factors may 

partially explain why the overall observed SIR was less than those found in the other 

UK studies. Firstly, since the SIR was shown to decrease with increasing time since 

BBD (figure 3.2), it is more appropriate to compare the results of these other studies to 

the SIR based on the first 10 years o f follow-up. For the whole cohort this SIR was 171 

(95% Cl: 152-192) whilst in the subgroup o f women with treated BBD (i.e. aspiration, 

biopsy or other evidence o f surgery) it was 186 (158-219). Secondly, in section 3.7.5 it 

was shown that the proportion o f women undergoing biopsy decreased over time. Thus 

in earlier years o f the Guy’s cohort, biopsied women would have had a different profile 

o f disease than women biopsied in later years. It is therefore possible that the biopsied 

group in the Guy’s cohort represents a different type o f woman than biopsied groups in
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more recent cohorts. This could result in a lower overall risk of cancer in the whole 

biopsied group.

The risk found in the Guy’s cohort is consistent with that o f most other large cohort 

studies that have a prolonged duration o f follow-up (1,7’8’252,248,352). The most notable 

exception to this is the higher risk found in the Haagensen series o f women with gross 

cystic disease (264). In this series the combined SIR o f 2,493 women with an average 

follow-up of 16.6 years was 270 (95% Cl: 240-310). This result was later updated by 

Bodian et alS267) who reported SIRs o f 210 (95% Cl: 170-260) and 300 (260-350) in 

those whose disease was initially confirmed by biopsy and aspiration respectively. It is, 

however, unclear whether Haagensen included cases o f DCIS as observed events in the 

calculation o f SIRs.

6.4.1 Risk factors for breast cancer in women with BBD

Risk factors for breast cancer amongst the general population are well described (e.g. 

review in Alberg and Helzlsouer (25)). There are no strong reasons to suspect that such 

risk factors do not apply to women with BBD, but a difference in interpretation of 

results from benign rather than cancer cohort studies may be necessary to account for 

differences in time o f data collection. In most cohort studies that assess BBD as a risk 

factor for breast cancer, data are collected at diagnosis o f BBD. Values o f breast cancer 

risk factors such as nulliparity and family history are thus determined earlier than they 

would be in a cohort o f women with cancer or in a case-control study with cases defined 

as women with invasive disease. The proportion o f postmenopausal women and of 

women with a family history o f breast cancer will increase over time whilst the 

proportion of nulliparous women will decrease. When comparing results on the effects 

o f risk factors based on values recorded at diagnosis o f benign rather than invasive 

disease there is therefore a degree o f ‘misclassification’ which will tend to reduce the 

absolute size of any relative effects. One advantage o f cohort over case-control 

assessment of risk factors in this setting is that recall bias is not an issue.

In the Guy’s cohort, risk o f cancer was significantly increased by a history o f breast 

cancer in any family member (SIRR=1.38, 95% Cl: 1.12-1.71), nulliparity (SIRR=1.24, 

1.03-3.00) and increasing age at first childbirth (SIRR=1.04, 1.02-1.07 for each one year
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increase). Along with early age at menarche and late age at menopause, these factors 

are the most commonly cited risk factors for breast cancer. Age at menopause was not 

associated with postmenopausal risk o f cancer in this cohort, though it is confounded 

with age at first attendance which did have significant effect on risk. A comparison o f 

data recorded at baseline to that reported in the questionnaire revealed some 

inconsistencies in age at menopause values and this will have reduced the likelihood of 

detecting a small effect.

Amongst parous women, ever-breast-feeding and increasing number o f children reduced 

the risk o f cancer. These results held in analyses o f SIR ratios and IRRs obtained by 

Poisson regression. The effects o f nulliparity, parity and age at first childbirth were 

however better described in the latter analysis by a single factor comparing levels o f age 

at first childbirth to a baseline o f nulliparous women. Women aged under 25 at first 

childbirth had an IRR o f 0.69 (95% Cl: 0.52-0.91) relative to nulliparous women. The 

IRRs for those aged 25 to 34 and 35 or more at first childbirth were 0.99 (95% Cl: 0.76- 

1.29) and 1.44 (0.88-2.37) respectively. Since women with BBD are generally younger 

than those with cancer and since BBD may be more evident during lactation, it is 

possible that breastfeeding data are collected more completely in women presenting 

with BBD than in those presenting with breast cancer. If collection o f breastfeeding 

data differed across BBD groups and was more often determined in women with types 

o f BBD associated with both breastfeeding and breast cancer risk, then this could bias 

the assessment o f risk attributable to breastfeeding. There was however no evidence o f 

an interactive effect between breastfeeding and type o f BBD. Further, there was no 

difference between the proportion o f ever-breastfeeders in cases or controls in the 

biopsy review and thus the identification o f breastfeeding as a risk factor in this cohort 

should be interpreted with caution. Menopausal status and age at menarche had no 

effect on breast cancer risk in the cohort as a whole but were associated with outcome in 

the nested case-control biopsy review. In this analysis o f biopsied women, 

premenopausal women had almost twice the risk o f cancer as non-premenopausal 

women (OR=1.90, 95% Cl: 1.15-3.15) whilst each years increase in age at menarche 

decreased the odds o f cancer by a factor o f 0.84 (95% Cl: 0.72-0.97). In the cohort as a 

whole, there was some evidence o f interactive effects between women with biopsied 

BBD and a strong family history and between women with any treated BBD and those
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aged less than 25 at first childbirth. Although not definitive, these interactions are 

consistent with results of other studies (Lubin et alS2*® and section 2.5.10)

O f the major cohort studies, few have reported results adjusted for known risk factors 

other than age at BBD diagnosis and family history o f breast cancer. Thomas et alS2i9) 

used Cox’s proportional hazard model (351) to assess the affect o f risk factors in 

Hutchinson’s cohort (248). They found the risk o f breast cancer to increase with 

nulliparity, early age at menarche and late age at first birth. The risk associated with 

BBD was still apparent after adjusting for these factors, bilaterality o f disease, 

breastfeeding and hormone use. Dupont et «/.(8) reported that breast cancer in women 

with biopsied BBD was increased in nulliparous women and in those with later age at 

first childbirth or a family history of breast cancer.

6.4.2 Duration of risk

In the Guy’s cohort, the risk o f breast cancer decreased with time since BBD and this 

reduction in risk was more rapid for women with untreated BBD (figure 4.3). In women 

with untreated BBD the SIR for breast cancer in the first five years after diagnosis was 

189 (95% Cl: 147-244). In years 5 to 10 and 10 to 15 the SIRs were similar at 139 

(95% Cl: 111-174) and 140 (111-178) respectively. After this the risk fell to levels 

similar to those o f the general population with the SIRs for 15 to 20 and 20 to 25 years 

after first attendance being 125 (95% Cl: 90-175) and 74 (38-142) respectively. For 

women with BBD requiring aspiration, biopsy or other surgery the risk in the first five 

years was similar to that of women with untreated BBD (SIR=192, 95% Cl: 148-250). 

However, in each subsequent five year period the risk in women with treated BBD was 

greater than that o f untreated women over the same time interval. In treated BBD 

women there was some evidence o f an elevated risk 20 or more years after the initial 

diagnosis of BBD (SER=155, 95% Cl: 105-227). Since few studies have follow-up of 

over ten years risk o f cancer ten or more years after BBD diagnosis is not well 

documented. Dupont et a/.(210) report increased risks up to 20 years after diagnosis of 

fibroadenoma (RR=2.3). Kreiger and Hiatt (252) found women aged 45 or less at BBD 

biopsy to have an increased risk o f breast cancer for at least 15 years. This was in 

contrast to women aged 55 or more in whom the risk (rate ratio) decreased over time 

(3.0 in the first 5 years to 1.0 for the period starting 15 years after BBD biopsy). They
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suggest that this differential decreasing in risk is a result o f the underlying type o f BBD 

- ductal epithelial disorders (such as IDP) showing the greatest risk attenuation and BBD 

with little epithelial change showing the least. In women with atypical hyperplasia 

(AH), Dupont and Page (215) reported relative risks (relative to non-proliferative disease) 

o f 9.8 for the first 10 years following biopsy and 3.6 after ten years. They suggest that 

this is evidence that AH is not an obligate precursor o f breast cancer. They also state 

that cancer incidence, and therefore the absolute risk over all women in their study, was 

approximately evenly distributed over the 17 year follow-up period. Since the age- 

specific incidence in the reference population increases with age this results in a 

decrease in risk relative to that reference population.

6.5 Increased risks associated with specific types of BBD

The risk o f breast cancer varies according to type o f BBD. The Guy’s cohort included 

11,922 women with ‘untreated’ BBD who had an SIR o f 139.5 (95% Cl: 123.3-157.7) 

and 8,852 women with an aspiration, biopsy or other surgery who had an SIR o f 170.0 

(152.2-189.8).

The most commonly used risk-based categorisation o f BBD is into non-proliferative 

disease (NPD), proliferative disease without atypia (PDWA) and proliferative disease 

with atypia or atypical hyperplasia (7). This provides an approximate translation to the 

no increased risk, slightly increased risk (1.5 to 2 fold) and moderately increased risk (4 

to 5 fold) groups o f the College o f American Pathologists’ Consensus Statements (2,105). 

The definition o f AH used in the Consensus Statement was that developed by Page and 

Dupont et a/.(,15) i.e. ‘some but not all the features o f carcinoma in situ’. Other 

pathologists employ slightly different classifications; some include lesions that others 

might class as in situ carcinomas and others apply a looser definition and thus report a 

higher prevalence o f atypical lesions (119). Whatever classification is used, lesions with 

signs o f atypia are consistently found to confer the highest risks o f subsequent breast 

cancer. Since atypia is a histological feature it was not possible to categorise the entire 

Guy’s cohort into groups o f women with NPD, PDWA or AH (in addition, atypia was 

not coded amongst the subgroup o f women undergoing biopsy). Within the nested case- 

control biopsy review, the risks (OR) o f breast cancer after PDWA and AH were 1.66
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and 4.25 times those o f NPD respectively. These results are consistent with those of 

other studies.

Intraduct papilloma (IDP) was consistently associated with an increased risk of breast 

cancer. The SIR for 320 women with biopsy-proven IDP was 250.1 (95% Cl: 157.6- 

396.9). The risk, was 1.73 times that o f women with ‘untreated’ BBD (95% Cl: 1.06- 

2.80) and in the case-control biopsy review the odds o f cancer were 3.47 times those of 

women without IDP (95% Cl: 1.79-6.74) and over six times those o f women with NPD. 

These results are consistent with those o f other cohort studies (252,256,264,268,272) -  see 

appendix B for details. The largest study o f IDP is that o f Ciatto et alS212\  They 

followed 339 patients with surgically removed IDP for an average o f 6.62 years. 

Comparison to local population rates gave an SIR o f 333 (95% Cl: 160-613).

Fibroadenomas are benign tumours that are relatively common in premenopausal 

women. In the Guy’s cohort the mean age o f women with a histological diagnosis o f 

fibroadenoma was 30.0 (SD=9.7 years). Since breast cancer is predominantly a disease 

o f postmenopausal women, fibroadenomas were originally thought to be unrelated to 

cancer. However, in an update o f the original 1985 Consensus Statement (2), 

fibroadenoma with complex features was ‘promoted’ from a lesion with no increased 

risk o f breast cancer to one conferring a slight increase in risk (105). The most extensive 

studies are those by Dupont et <a/.(210) and Ciatto et a/.(255). Dupont’s study found an 

overall SIR o f 161 (95% Cl: 130-200) based on 87 cancers in a 22.5 year follow-up 

period on 1,835 women with biopsied fibroadenoma. The risk persisted for more than 

20 years and was greater in women with complex fibroadenomas or those who had 

proliferative disease. There was no excess risk in women with non-complex 

fibroadenomas with no proliferative disease and no family history of breast cancer. 

Ciatto’s study concluded that the risk was confined to women with a histologic 

diagnosis o f fibroadenoma (SIR=200, 95% Cl: 140-270). Women with only a clinical 

diagnosis had a SIR o f 97 (95% Cl: 70-140). The risk in the Guy’s cohort was o f a 

similar magnitude to that reported by Dupont et alS2]0\  The overall SIR for women 

provisionally diagnosed with fibroadenoma was 162.8 (95% Cl: 117.4-225.6) whilst in 

those with biopsy confirmed fibroadenoma the SIR was 167.9 (123.2-228.9). However, 

the risk was not significantly greater than that o f cohort women with untreated BBD 

(IRR=1.25, 95% Cl: 0.89-1.75) nor, within the nested case-control biopsy review, than
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that o f women with NPD (OR=1.63, 95% Cl: 0.85-3.15). The number o f women with 

complex fibroadenoma was too small to confirm or refute Dupont et al. ’s observation 

that complex fibroadenomas were associated with a greater risk (SIR=224) than non

complex fibroadenomas (SIR=142). However, there was some evidence o f 

heterogeneity o f risk according to type o f fibroadenoma. Guy’s women with 

intracanalicular fibroadenomas had an OR o f 3.17 (95% Cl: 1.15-8.75) which was over 

three times that o f women with pericanalicular fibroadenomas (OR=0.77, 95% Cl: 0.27- 

2.24). If  this finding represents a real effect, it is important in that it identifies a group 

o f relatively young women who are at increased risk o f cancer for a significant period o f 

time particularly if  other breast cancer risk factors such as family history are also 

present.

Along with fibroadenoma, cysts or cystic disease are one o f the more common types o f 

BBD. Cysts are usually treated by aspiration and the Guy’s cohort included 2,138 such 

women. The overall SIR for breast cancer in this subgroup o f the cohort was 177.7 

(95% Cl: 144.2-219.1); restricting follow-up to the first 10 years after aspiration gives a 

similar SIR o f 185 (138-248). This is lower than that recently reported by Dixon et 

a lP 20) (SIR=281, 95% Cl: 217-359). Their study comprised women diagnosed with 

palpable breast cysts between 1981 and 1987 and is thus a later cohort with shorter 

follow-up than that in o f the Guy’s cohort. In contrast, Guy’s women with cystic 

disease diagnosed at biopsy did not have a risk significantly greater than that o f  the 

general population (SIR=127.4, 95% Cl: 94.5-171.8). Although there was some 

evidence o f an increasing trend in risk with relative frequency o f cysts detected in 

women included the biopsy review, the overall risk in this group o f women was no 

greater than that o f other biopsied women. It is possible that cysts treated by aspiration 

and cystic disease or cysts detected on biopsy confer differing risks o f cancer. 

Aspiration is performed when a palpable lump is detected whilst biopsy can detect 

smaller, microscopic cysts which in themselves may not be clinically significant.

6.6 Interpretation of biopsy review results

The biopsy review was conducted on a case-control basis and thus offered an alternative 

approach to estimating relative risks o f cancer within the Guy’s cohort. Cases were
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identified as women with benign biopsies who had developed cancer whilst controls 

were women without cancer. To avoid bias the biopsies were reviewed without 

knowledge of case-control status. The review ‘updated’ the histologic classification of 

BBD and looked for features that were not originally recorded. The histological 

diagnosis o f BBD is based on a sample o f breast tissue that is then sub-sampled or 

sectioned by the pathologist. Detection of particular histologic features therefore 

depends on the accurate removal o f the entire lesion and on the sampling proportion of 

the sections. Sampling error, where the tissue obtained in the biopsy is not 

representative o f the pathology o f the whole breast can therefore not be eliminated. 

Prior to the review o f the Guy’s biopsies it was suggested that the number of slides per 

biopsy might provide a crude predictor o f breast cancer risk. However, this was not the 

case.

It was infeasible to review all biopsies within the cohort but the case control study was 

important as the benign lesions o f all biopsied women with subsequent cancer were 

reviewed. The biopsies o f two controls for each case were reviewed to the same 

standards. The reviewer was blind to the case-control status o f the benign biopsy. The 

biopsies were compared in terms of the originally recorded features and those identified 

on review. The extent o f agreement differed between different histologic features: it 

was good for fibroadenoma but poor for duct ectasia, epithelial hyperplasia and apocrine 

metaplasia. This highlights changes in nomenclature over time and limits simple 

application o f the results to the rest o f the biopsied cohort based on original histology. 

Temporal changes in referral patterns for biopsy also complicates comparison o f the 

overall results with those o f later cohorts. In case-control studies the choice of controls 

is important and determines the baseline against which risk ratios, odds ratios or rate 

ratios are estimated. This nested case-control study is no exception and determination 

o f a meaningful ‘baseline’ category on which to base ‘relative’ risks is perhaps the 

greatest limitation. In accordance with other studies, ORs were calculated relative to 

women with non-proliferative disease.
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6.7 Models of familial risk

An alternative direction that this thesis could have taken would have been to use the 

cohort data to develop a ‘familial risk factor’ model incorporating BBD and family 

history data. Gail et a lP 52) produced a risk model for women undergoing regular 

screening based on age, age at menarche, age at first childbirth, number o f first degree 

relatives with breast cancer and number o f previous biopsies. Claus et al., focusing on 

risk in women with a family history, modelled breast cancer risk in terms o f first degree 

family history and age at onset o f cancer in the case (353) and in terms o f ages at onset in 

the case and in her first and second degree affected relatives (354). They also 

incorporated this information into a genetic model specifying a rare dominantly 

inherited allele leading to increased susceptibility to breast cancer (354,355). Use of a 

frailty parameter to incorporate genetic susceptibility and familial dependence would 

further develop risk models in this setting (356,357). These models were developed on 

large case-control data sets and have undergone validation in other populations (156,358’ 

359). In theory the Guy’s cohort could provide data to expand such models by 

incorporating more detailed information on benign disease. However, due to the coding 

errors on important risk factors, the lack o f availability o f age at cancer onset data in 

relatives (asked only on the questionnaire and therefore only available for a subset o f the 

cohort and not collected at either BBD or cancer diagnosis) and the lack o f an 

independent data set for validation purposes, detailed familial and genetic risk factor 

modelling in women with BBD was not pursued.

6.8 Future work

The value o f this cohort has been diminished by the lack o f up-to-date information on 

cancer diagnoses in cohort women. An updated analysis is therefore recommended once 

the backlog of cancer notifications has been received from NHSCR, checked and 

entered on to the database1. Progressive improvements in the cancer registration and 

notification systems, particularly since computerisation o f the NHSCR, will result in

1 Cancers diagnosed in 1994 and some from 1995 were received in March 1999 but are not yet 
incorporated on the benign database.

253



better quality cancer incidence data which can only improve the worth o f the cohort 

analysis.

There has been a recent explosion in the research o f molecular markers for breast 

cancer. This cohort provides a unique source o f data for histologic studies in this area 

since pre-invasive benign samples are available for women who later developed breast 

cancer. Further, for women whose cancer was diagnosed at Guy’s hospital, there is the 

possibility o f comparing histologic features o f the benign and subsequent invasive 

samples. Pathologic research o f this nature should be carried out within the cohort 

using cases from the case-control biopsy review as a starting point. Relevant cases 

identified from the backlog o f notifications could also be included. Data from the 

cohort should also be included in a world-wide collaboration to pool cohorts o f women 

with benign disease in order to study the molecular pathogenesis of breast cancer 

(Rohan, personal communication). At present the only data on the implications o f 

expression of c-erbB-2 and p53 in benign disease are those o f Rohan et a/.(313). They 

found no effect o f c-erbB-2 but an increased risk in lesions expressing p53 (OR=2.55, 

95% Cl: 1.01-6.40). By pooling the major large cohorts of BBD women these results 

can be validated and the association of other candidate markers for invasive disease 

assessed. Such studies could elucidate biologic and genetic pathways o f progression to 

invasive disease and thus lead to the assessment o f the invasive potential o f a benign 

lesion. Since high-risk lesions such as atypical ductal hyperplasia are increasingly 

detected through the National Breast Screening Program this could provide useful 

information in the management and treatment o f women diagnosed with such lesions. 

Improvement in identification o f high-risk groups o f women is also paramount in further 

development of breast cancer prevention programs particularly in light o f results from 

the NSABP P-01 trial (360). This large placebo controlled trial found a reduction in 

short-term cancer incidence in high risk women randomised to five years tamoxifen 

(rate ratio=0.51, 95% Cl: 0.39-0.66). The reduction was mainly attributable to a 

reduced incidence o f ER positive tumours and was particularly striking in women with a 

history of AH (rate ratio=0.14, 95% Cl: 0.03-0.47). Improved risk-based classification 

o f benign lesions through identification of biomolecular markers would allow further 

targeting o f cancer prevention towards women with benign breast diseases that have a 

high potential for progression to invasive disease.

254



Appendix A

Details of studies assessing risk factors for benign breast disease

Table A1: Details o f studies in Tables A2 to A 1 0 .......................................................... 256

Table A2: Age at menarche as a risk factor for BBD......................................................260

Table A3: Irregularity o f menses as a risk factor for BBD............................................. 261

Table A4: Menopausal status / age at natural menopause as a risk factor for BBD ... 262

Table A5: Parity / nulliparity as risk factors for BBD.....................................................263

Table A6: Age at first birth as a risk factor for B B D ......................................................265

Table A7: Obesity, weight and height as risk factors for BBD ..................................... 267

Table A8: OC use as a risk factor for BBD...................................................................... 268

Table A9: HRT as a risk factor for BBD...........................................................................271

Table A10: Smoking as a risk factor for B B D .................................................................... 272

255



Ta
bl

e 
A

l: 
De

ta
ils

 
of 

stu
di

es
 i

n 
Ta

bl
es

 A
2 

to 
A

10

u jl cS i2E -s

>

O
c5 i2 E -a

J fll

0> 

o
•o v° '

■S2 <
cL u . 

vo .2 o  
^  oo ja m
S a g ov! u t; u
15 r~ cd
2 : 2 s

1> 03
4= x
t j  _!. 
W i2E -a

5 Qx u 15 vo

ON E

T3 X  
4) ~

'S.<o Cx

<N Q ̂u 
*  u-

* §■'f EJ Hi

<
tu

<N

0° f-3 m CJ 
. .  U, 
15 Os

s S

Q  4!y 4=

• XIt:

c  £

O T3
X  2
>v 1/5

e .s
D- *0

■o
^  U-* 

’c/3 sP CL §■2 
x  '"I 
Ov O  
w~> u  
x  £

£
o  U 2 u

sP!0s ino I m
r-; r-

«7j <1b-E

E Q 
U  

u  U* 
c  u

S'62
U  J2

£ «- OO 3  q

>o

g2 Q x u 
^  u- 
15 no
2S

aj 00

WO CS

*0.̂ *0 O M O
O £5bCU N>

■s >Q- --r <u 
3  J  'O

TT 35 
Tj* £
J (Li

O J .c3 ^E -a

<
Uh
c*->
(N

NO Q 
NO W
<*"> UU* 
a  — 
1 ^

< 
IX
v>_ <n xc/3 cn *“-

o< o  -  ~  — Q

X  °  rt m *r oo 2 f2

M !  c«

„  t>•o «4> C3 
X  X  2 — g 3 
c  '5 .

— x

. 2  <  
a  tx
.2•° 2 r -  ^
5 QX u 
03 00

2 £

«« B- «

E-otS
O
Xou

o •£15 "5 E ?-  y-  6

CO
ro

o bCJ ■£ 
o

u*i ^  o  

2 ? “

256



V

£ 3

o  “2 E 
cs? S

B
' £ -

c/>
O , - v  *=> «r> 

*o ^S v 
•g *oH AJCQ 00E «
g §r -  w

§.« s-fr o. 2

e !o . uw  o .

8  Q
E  U^  ci*

o C ■O 
- I )  u  

£*5 oj

3
■S+-*
co

H

U C4 J= .OO Ji.
5 B E *5.

C3
"S.
&*o
mo<N
Cfl

Q  QCQ 00 00 00
*oa> •-

'Mo  B 
£> 3  -o 
0000 w », rs -  o.
.. g .2

75 •“
S  «  o  S  oo h

<2 •£ 
^  g,C F° s03 8
7  «o  -p m  2

oo U<N '
0 3  C J

00 Vim CL, 
—

<u.

Q
Uu.
<N■a ^ 

.2 <
O \Q!5 “

os 
(N  
Os

m
a
uU. ,_1 r- S

* S ? 1

r<3 */3 C3 
3 0  > 0  - g  
3 0  r>1 2

o.o oc •oc <uo>
E £ c/5

CL
a COr\ o
3 CL X)
a Q OOsu  o vnu.
o <N S
tT o

e3 Tf-
a . r-  
2  o
2  w>

o.
tn  3

S  2  o fab ^
s u3 2
j'*' c e

3 t  0 3  O*T T  ̂  °
OO OO C ($5

3  u- 
cL.EVi
©

x : 2
c- o

<u-
«y
Q
CJtL.
•*i-73 r-~ .2

a. u. .2 _ X> in 
„  <N
C3| Q
-  U  .. u.

o' o O  r- 
33 AO * 
U S

•£ < •C u .

m

•2 g 
S E

^  n  in rs 
<N <N

Vi .2
s  a

257



u

T3<u|
Coo

aH

o —  m u rt »
g »  3  

3 03

g 1 °" c 5tj* a> c n e t^ fe £

• O  O n * 0

cd ^
E T3

E Q
I  fei 
£ *

\C O X  .gw £
«/T c  <U o
U 1>
u  js■ CD -S

cdV)
• o

3cd
*55
p . Q

P<
o
c

o U
U-

o <N NO
E O n ON
to
o X
o -

5
UJ

r ^
Tf O nO

ON

o . S eg 15 
C 3  „  CUt: o — a

53 D  u cu*> z
e-.c c r  
5 g S 't
ao *2 Q eO' —  CD o ^  gffl <• 
. .  O- 3 «

<n r-~

<L> —.

® OO tuJS ^  QC "> •ri' _« w DC ~r « » iu ^
” o" RS 5; a •; 'oi D
O  £  -  S

(/] 
§■ 

£ 3o 0ip ^ X  mO  Hu  s

cd
&  <D £3 &j) oc Pcd c 4= <L>

>> O- U < .

ir>
r -
00

C*} ^  ”
^  r -  15

j i
f t 11 is 
8  Q  c

x>
*5)

cd c/2  O
O  w  CJ

u

on E

os
*oa i?'cl a

22 cd

00

*V vj </5 e w5 mO s r  cd'5 a
Cd

03
*3 5  O. ■O e«
O'C S ^ o

*

•3 <_. e3•c o ~
U 3o. *o«0 ON 

Os  C<-1 —  eo

QCDCQ

W  - >'■> 2 ~ U u  j2

U

258



u

T3<U3
C
co

ca
H

oo o  oo »nt t t ° f
O ' n  SO N  — <n <n »a-

Z

ii E

=8

c/i vi W) 3
ctf rt C ’D «
E E g  w ^ 5 b 3o o o 2  o
3 3 cd fc g

■O T3 7  C «
•r“ - r -  r -  t -

O .Sd 
bO .£

£  O

0/1 C/1<U i) CJ
£  &  VI

VI

25 u y u o oz y ^
ac o  £© " C« /-N fS

Tj- OO ~  ON

* 54> ©*Ci X

£  e  Cu v)
o  w 
ac >> 
o  g
U 3

acw•u „ .2 cu
Q ■” Q< £on Z

«* *. 
a  <2
CL. ^

£  o \

K 52.
A “ joo £

Q 
cu -* Z

©  VI© O 
§  ° *  
g  g

o ©

cd o
E 3  
o\ E 00 —  

. .
—

— o
v5 p_r U*©■ 3C iy».
.2 <  S

m Q
C-: ^
« o  O ^

U

CQ

259



Table A2: Age at menarche as a risk factor for BBD
Author Ref. Details of effect1

OR (“RR”) unless stated otherwise
95% Cl Comments

Kelsey et al. 143 - “no effect”
Fasal & Paffenbarger 133 mean age cases vs. controls: 

12.7 vs. 12.8
NS

Nomura et al. 135 mean age cases vs. controls: 
13.1 vs. 13.0

NS

Cole et al. 123 > 1 2  vs. < 1 2  

FCD: no effect 
FA: 1.7 
FCD & FA: no effect

1.0-2.9

“just significant” in 
FA

Lees et al. 146 - “no difference”
Sartwell et al. 132 - “trivial differences”
Ravnihar et al. 136 % cases vs. controls age <14 and OR for <14 

vs. >14:
CD: 33.5% vs. 40.3%, O R=0.7 
FA: 41.1% vs. 33.7%, OR=1.4 
other: 27.9% vs. 44.2%, OR=0.5

0.5-1.1 
0.8-2.5 
0.2-1.2

“small differences” 
“no marked 
difference” for mean 
age at menarche

Soini & Hakama
(unclear if cases overlap 
with Soini et al. 1981
( 1 3 9 k

131 <14 vs. >14: 1.0 0.7-1 . 6

Hislop & Elwood 108 - “no association” 
(BBD before age 30)

Soini et al.
(unclear if cases overlap 
with Soini & Hakama
1 9 7 9  (HO)

139 mean matched pair difference=0 . 0  

(SD=2.45)
no effect

Odenheimer et al. 147 biopsied: 1.26 per 1.5 yr. increase 
clinical: 0.95 per 1.5 yr. increase

0.83-1.93
0.49-1.8

Parazzini et al. 124 tumours: 1.5 <13 vs. >13 
dysplasia: 1.3 <13 vs. >13 
total: 1.4 <13 vs. >13

0.9-2 . 6  

0.9-1.9
1.0-1.9, p=0.08

Berkowitz et al. 141 premen.: 1 . 0  per 2  yr. decrease 
postmen.: 1 . 0  per 2  yr. decrease

0 .8 - 1 . 2  

0.7-1.4
Pastides et al. 128 1.1 per 3 yr. Increase 0.8-1.4
Bright et al. 145 premen.: 0.69 <13 vs. >13 

postmen.: 0.96 <13 vs. >13 
total: 0.80 <13 vs. >13

0.36-1.3
0.45-2.0
0.49-1.3

“weak association” in 
premenopausal

Cook & Rohan
see Yu et al. 1992 (130) 
for reanalysis of FA 
cases

142 “no association”

Gatley et al. 137 <11: 0.41 
12: 0.57 
13*: 1.00 
14: 0.80 
>15: 0.58

0.24-0.67
0.35-0.93

0.50-1.28
0.36-0.93

trend NS

Yu et al.
reanalysis of FA cases 
in Cook & Rohan 
1991°42)

130 < 1 2 : 1 . 0  

12-14: 0.8 
>14: 0.9

0.4-1 . 6  

0.4-2.2

trend NS

Simard et al. 129 >14: 1.00 
<14: 0.90 0.56-1.43

Rautalahti et al. 127 for <13 vs. >13: MCC: 0.9 
FA: 1.9 
cysts: 1.4 
other: 1 . 2

0.5-1 . 8  

0.7-5 . 8  

0.5-3.7 
0 .6 -2 . 6

Minami eta l. 140 OR (95% Cl) for <13*, 14, 15, >16:
PD: 1.00, 0.99 (0.58-1.70), 1.35 (0.76-2.40), 0.93 

(0.47-1.85)
non-PD: 1.00, 1.22 (0.83-1.81), 0.94 (0.60-1.46), 0.99 (0.61-1.61)

trends: NS

1 Italic type denotes an OR and Cl derived from published numbers/percentages in the underlying 2x2 table of exposure and disease 
status; tb denotes test-based confidence limits; denotes baseline group i.e. RR=1; NS denotes not significant
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Table A3: Irregularity of menses as a risk factor for BBD
Author Ref. OR/“RR” (95% Cl) estimate1 for irregular 

vs. regular menses
Comments

Soini & Hakama 131 0.5
Hislop & El wood 108 overall:

BC at age <30: 
BC at age 30-50:

1.4
3.4, p<0.001 
0.8, NS

Pastides et al. 128 - “no association”
Yu et al. 130 - “no difference”
Simard et al. 129 1.00 (0.71-1.40) also duration of cycle, mean cases vs. 

controls: 27.9 vs. 28.5, p=0.006
Rautalahti et al 127 MCC: 0.9  (reported as 1.1,0.4-3.0) 

FA: no cases in 1 group 
cysts: 0.8 (reported as 1.3.0.3-4.8) 
other: 0.9  (reported as 1.1, 0.4-3.2)

“no effect” for length of menstrual cycle 
comparing means & >25 days vs. <25 days

1 see footnote to table A2
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Table A4: Menopausal status / age at natural menopause as a risk factor for BBD
Author Ref. OR/“RR” (95% Cl) estimate1 by age at 

menopause or for premenopausal vs. 
postmenopausal

Comments

Vessey et al. 134 - “no difference” in menopausal status (age 
matched)

Fasal & Paffenbarger 133 % postmen, cases vs. controls: 
9% vs. 18.9%, p<0.01. 
OR=2.4 (1.6-3.4)

age matched

Nomura et al. 135 %  premenopausal cases vs. controls: 
84.4% vs. 84.3%, NS

% natural menop.: 2.5% vs. 3.8% NS 
% artificial menop.: 13.1% vs. 11.9% NS

Cole et al. 123 for FCD: <49*: 1.0 
49-51: 1.4 
>52: 3.0

trend: p=0.0005

Sartwell et al. 132 RR premen. vs. postmen.: 
CD: 2.1 (1.6-2.8), p<0.05 
FA: 1.7 (0.7-4.3) 
other: 2.2 (0.8-5.8)

age matched

Ravnihar et al. 136 % premen. cases vs. controls, OR & 95%  
Cl:
93.5% vs. 89.0%, 1.8 (0.96-3.3)
97.9% vs. 94.7%, 2.6(0 .5 -13) (tb) 
90.7% vs. 90.7%, 1.0 (0.3-3.9)

matched on age ±5 years

Hislop & Elwood 108 - “no association” between biopsied BBD 
before age 30 & age at menopause

Soini et al. 139 mean matched pair difference in age at 
menop.: -0.52 (SD=6.27)

Duffy et al. 149 aged: 45-49: 3.2, p<0.005 
aged 50-54: 4.5, p<0.001 
crude (all ages): 3.4 (2.4-5.0) p<0.0001

reported for postmen, vs. premen.: 0.31 
(aged 45-49) & 0.22 (aged 50-54)

Parazzini et al. 124 RR for <50*, 50-52, >53: 
tumours: 1.0, 4.0, - 
dysplasias: 1.0, 1.9, 3.4, trend: p=0.05 
total: 1.0, 2.0, 3.1

Berkowitz et al. 138 <45*: 1.0 
45-49: 1.2 (0.6-2.5) 
>50: 2.2 (1.1-4.4)

RR age artificial menopause
<40*: 1.0
40-44: 2.5(1.0-6.4)
>45: 2.1 (0.8-5.5)

Pastides et al. 128 per 5 year increase in age at menopause: 
1.1 (0.8-3.0)

Gatley et al. 137 <44: 0.33(0.08-1.44) 
45-49*: 1.00 - 
>50: 1-56 (0.53-4.57) 

trend: p<0.05

RR premen. vs. postmen.: 1.5 
(reported for postmen, vs. premen. 0 . 6 6  

(0.39-1.74))
“age comparable”

Yu et al. 130 RR=0.8 (0.4-1.6), NS
(presented for premen. vs. postmen.: 1.56
(0.6-3.7))

age matched

Simard et al. 129 RRfor>45 vs. <45: 1.43 (0.99-2.06) unadjusted, p<0.05
Rautalahti et al. 127 mean (SE) age at menop. cases vs. 

controls:
50.3 (0.5) vs. 49.4 (0.5) NS

“not related”. Also presents RR & 95% Cl 
for postmen, vs. premen. by BBD group. 
All NS. Controls not individually age- 
matched to cases.

Minami et al. 140 RR (95% Cl) for <45*, 50-54, >55: 
PD: 1.00, 1.25 (0.39-4.03), 4.75 

(0.26- 87.9), trend: NS 
non-PD: 1.00, 0.87 (0.41-1.81), 0.4 

(0.05-4.88), trend: NS

RR for pre vs. post-men.
PD: 0.6, NS (1 . 6 8  (.68-4.15) for 

post vs. pre) 
non-PD: 0.5, p<0.05 (2.22 (1.24-3.97) 

for post vs. pre-men.)
1 see footnote to table A2
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Table A5: Parity / nulliparity as risk factors for BBD
Author Ref. Nulliparity Parity (no. of children) Comments

RR1 estimate 95% Cl 
(parous vs. nulliparous)

RR1 estimate 95% Cl 
nulliparous=l . 0

BCDSP 153 parity: “not 
significantly 
associated”

Kelsey et al. 143 Mean no. of FCD: 
children: (cases FA: 
vs. controls) FCD & FA 

total:

1.73 vs. 2.03, p<0.02
1.20 vs. 1.38
1.40 vs. 1.53
1.52 vs. 1.77, p<0.005

fewer parous 
among cases
p<0 . 0 1

Fasal & 
Paffenbarger

133 %  parous cases vs. controls: 
87.9 vs. 87.2 NS,
O R =1.0 (0.7-1.3)

mean parity cases vs. controls: 
2.8 vs. 3.2 NS

Ory et al. 144 age-standardised rate of FCD per 1000 pyrs: nulliparous: 5.1
>5 children: 2.4

trend p<0 . 0 0 0 0 1

Nomura et al. 135 % parous cases vs. controls: 
81.6 vs. 82.8 NS 
O R=0.9 (0.6-1.4)

RR for 0/1*, 2/3, >4 children:
FCD: 1.0, 0.77 (p<.05), 0.23 (p<.05) 
FA: 1.0, 1.0, 1.0 
all: 1.0, 0.78 (p<.05), 0.31 (p<-05) 
(reported relative to >4)

Cole et al. 123 FCD: 0.6  (2.2) 0.4-0.96  
FA: 0.3 (3.2) 0.2-0.5  
FCD: 1.4 (0.5) 0.9-2.3  
FA: 3.7  (0.3) 0.6-23 (tb) 
(reported
adjusted RR for fo r  crude 
nulliparous vs. RR 
parous in 
parentheses)

RR for 1 *, 2, 3, >4 children: 
FCD: 1.0, 1.2, 1.4, 1.1 
FA: 1.0, 0.9, 1.2, 0.7

trend: NS in both groups

effects in married 
women only. 
Never married; 
RR similar to 
married & 
nulliparous

Lees et al. 146 % nulliparous cases vs. controls: 
13.1% vs. 10.2%, NS

% cases vs. controls of parity: 
1 : 1 1 .0 % vs. 1 0 .8 %
2-4: 62.1% vs. 65.5%
>5: 13/6% vs. 14.0%, NS

Sartwell et al. 132 CD: 0.9
(reported 1 . 1  0 .8 - 1 .5) 

FA: 0.6
(reported 1.6 0.8-3.2) 

other: 0.7
(reported 1.4 0.5-3.7)

mean difference -0.42, p<0.001 
(cases-controls) -0.46, p<0.05 

-0.40, p>0.1

Ravnihar et al. 136 % cases vs. controls parous: 
CD: 8 6 % vs. 81%, NS 
FA: 74% vs. 6 8 %, NS 
other: 84% vs. 81%, NS 
ORs: CD: 1 .5(0 .9-2 .3)  

FA: 1.3 (0.7-2.4) 
other: 1.2 (0.4-3.5)

mean in parous cases vs. controls: 
CD: 1.9 vs. 1.9 
FA: 1. 6  vs. 2.0, p<0.05 
other: 1 . 8  vs. 1 . 8

sig. more ever 
pregnant in CD: 
90% vs. 83% in 
controls, p<0.05 
O R=1.9 (1.1- 
3.1). FA & other 
BBD: NS

Soini & Hakama
(unclear if  cases 
overlap with Soini 
e ta l. 1981 (,39))

131 RR for parous 
& AFC<25 vs. 
nulliparous:
0.9 0.6-1.5

1-2: 1.0 (Cl not given) 
>3: 0.8 (0.5-1.4)

Brinton et al. 152 RR for 1,2,3,4 and >5 children:
FA: 4.13,3.00,5.40,2.00,1.00  
CD: 1.04,1.20,1.05,0.74,1.08  
lumps: 1 .30,0.97,0.93,0.91,0.60  
other: 0.53, 0.78, 0.44, 0.83, 0.67

trend NS in any 
BBD group

Hislop & Elwood 108 among ever married, for BBD 
before age 30: p=0.05 (adjusted)

among ever- trend: NS 
married:
1 -2 : 0 . 6  

>3: 0.8

“higher risk 
biopsied BBD 
among 
nulliparous”. 
Cannot determine 
if pregnancies 
prior to BBD.

Soini et al. 
(unclear if cases 
overlap with Soini 
& Hakama 1979
(131))

139 RRs from 0.77 to 1.0 among 
various sub-groups (NS). 
Overall RR=0.9 (NS) (reported 
for nulliparous vs. parous, 
overall RR=1.1).

as a continuous variable: RRs from 0.8 
to 1.1 (NS)
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Table A5 continued...
Author Ref. Nulliparity Parity (no. of children) Comments

RR 95% Cl RR 95% Cl
Duffy et al. 149 among aged 40-44, 45-49 and 50-54: 

0.81, 1.36, 3.68, all NS 
all ages (crude): 0.9 (0.6-1.3)

RR for >5 vs. <5 among aged 40-44, 
45-49, 50-54:
2.14, 1.39, 1.78, all NS 
all ages (crude): 1.5 (0.9-2.9)

Hsieh et al. 
reanalysis of data 
in Ory et al. 1976
(144)

151
if

1 -2 : 1 . 0 0

3-4: 0.95 0.65-1.33 
>5: 0.48 0.27-0.84

also looks at 
effect o f atypia

Odenheimer et
al.

147 biopsied: - 
clinical: 0.65 0.07-1.8

biopsied: 0.76 0.49-1.19
per 1.5 unit
increase
clinical: no
effect

p=0.04 for 
effect of parity 
among those 
biopsied after 
age 30

Parazzini et al. 124 0.36
(reported for 
nulliparous vs. 
parous: 2 .8 )

RR for >3* ,1-2 and no children: 
tumours: 1 .0 , 2 .0 , 2 . 2  

dysplasia: 1.0, 1.7, 1.6 
total: 1.0, 1.8(1.1-2.8), 1.9 (0.9-3.7)

among married 
women.

trend: p=0.03
Berkowitz et al. 141 premen.: 1.0 

(reported 1 .0 , 
postmen.: 1.1 
(reported 0.9,

0 .6 - 1 .6 ) 

0.4-2.1)

RR for 1-2*, 3-4 and >4 children: 
premen.: 1.0, 0.7 (.5-1.1), 0.6 (.3-2.3) 
postmen.: 1.0, 1.5 (.8-2.9), 1. 6  (.6-4.2)

trend test: 
p=0.07
p>0 . 1

Pastides et al. 128 1 . 0 0 .6 - 1 . 6 RR=1.1 per unit 0.9-1.7 
increase

Bright et al. 145 premen.: 0.29 
postmen.: 0.47 
total: 0.37

0.12-0.71
0 .2 0 - 1 .1

0 .2 0 -0 . 6 8

(data not 
reported)

“little variation 
in risk 
according to 
no. of 
children”

Cook & Rohan
see Yu et al. 1992 
(l30) for reanalysis of 
FA cases

142 “positive association” between 
nulliparity and:
FA at age<40: p<0.05

“positive association” between parity 
and: AHatage<40: p<0.01 

EH at age>40: p<0.005 
BDA at age>40: p<0.05

“no
correlations” 
between other 
groups & 
parity

Pathak et al. 148 cyst: 0 . 8  

AM: 0.71 
EH: 0.72

0.41-1.56
0.28-1.85
0.27-1.98

>2 v. 1-2:0.71 0.29-1.66 
2.18 0.76-6.76 
0.84 0.27-2.58

no significant 
associations

Gatley et al. 137 0.4
(reported for 
nulliparous vs. 
parous: 2.28)

0.3-0.7  

(1.34-3.88)
Yu et al. 
reanalysis of FA 
cases in Cook & 
Rohan 1991 (142)

130 RR for T, 2 , >3 children:
1.0, 0.4 (0.1-1.5), 0.2 (0.04-0.8) 
trend: p=0.003

Simard et al. 129 O R =0.7
reported for nulliparous vs. parous: 
1.37(0.91-2.07)

Rautalahti et al. 127 MCC: 0.7 
FA: 0.2 
cysts: 0.4 
other: 0.9

0.3-1.5 
0.1-0.7 
0.1-0.9 
0.4-1.9

mean (SE) parity cases vs. controls: 
1.4 (0.2) vs. 1.6 (0.1)

“no effect” of 
parity among 
parous

Minami et al. 140
PD: 0.3 
non-PD: 1.2 
(reported for 
nulliparous vs. 
parous:
PD: 3.01,

p<0.05
NS

1.29-7.01)

RR for 1,2, >3:
PD: 0.29 (.09-.87), 0.39 (.16-.93), 

0.29 (.12-.70),
each RR p<0.05, trend: p=0.03 

non-PD: 1.42 (.61-3.27), 1.26 (.60- 
2.64), 0.94 (.44-2.02), 
each RR NS, trend NS

1 see footnote to table A2
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Table A6: Age at first birth as a risk factor for BBD
Author Ref. OR/”RR” estimate1 95% Cl Comments
Vessey et al. 134 % cases vs. controls for age first pregnancy of 

16-20: 13% v 21%
21-25: 35% v 31 %
>26: 2 2 % v 18%

matched on parity. BBD 
tended to be older than 
controls at first pregnancy

Kelsey et al. 143 - - no effect
F asal& 
Paffenbarger

133 mean AFC cases vs. controls: 
23.5 vs. 23.1

NS

Nomura et al. 135 RR for AFC >21 vs. <21: 
CD: 1.1; FA: 0.9; all: 1.1

all NS crude RR=1.9 for CD, p<0.05

Cole et al. 123 RR for AFC <20*, 20-24, 25-29, >30: 
FCD: 1.0, 1.2, 1.5, 1.1 
FA: 1.0, 1.5, 1.0, 0.8 trend: NS 

trend: NS

Among married women only

Lees et al. 146 % cases vs. controls:
<19: 18.9% vs. 18.8% 
20-24: 52.0% vs. 56.5% 
>25: 29.2% vs. 24.8%

NS

Sartwell et al. 132 >25 vs. <25: CD: 1.7 
FA: 2.1 
other: 1 . 2

1.3-2.3 p<0.05 
0.9-5.1 
0.5-2.7

Ravnihar et al. 136 % cases v controls for AFC<20, OR for 
> 2 0  vs. <2 0 :
CD: 12.4% vs. 13.2%, O R = l.l  
FA: 27.1% vs. 21.5%, OR=1.3 
other: 5.6% vs. 14.3%, OR=2.8

all NS

(0.6-1.9) 
(0.6-3.1) 
(0.5-15) (tb)

FA “tendency towards later 
AFC”, “not seen in CD”.

Soini & Hakama
(unclear if  cases 
overlap with Soini 
e ta l. 1981 (139))

131 >25 vs. <25: 0.6 0.4-1.0

Brinton et al. 152 RR for AFC <22*, 22-24, 25-27, >27: no significant trends
FA: 1.00,1.24,2.17,0.86
CD: 1.00,1.17,1.69,1.43
lump: 1.00,0.93,1.11,0.99
other: 1.00^ 1.45 1.84, 0.98

Hislop & Elwood 108 - “no association”
Soini et al. 
(unclear if  cases 
overlap with Soini 
& Hakama 1979(131))

139 mean matched pair difference: 
-0.10 (SD=5.64)

Duffy et al. 149 AFC >35 vs <35: 0.2 0.1-0.8 (tb) 
AFC >20 vs <20: 0.5 0.3-1.0. p=0 .03

presented split by age: all 
categories NS

Hsieh et al. 151 0.96 per 1 yr. increase 0.92-1.01 
or RR for AFC: <20*: 1.00

20-24: 0.73 0.44-1.21 
25-29: 0.65 0.37-1.13 
>29: 0.64 0.29-1.41

“unrelated”
Also splits FCD by atypia 
score but no heterogeneity 
or trend evident

Odenheimer et al. 147 - “no effect”
Parazzini et al. 124 RR for AFC <20*, 20-24, 25-29 and >29: 

tumours: 1.0, - , 1.0, 1. 8  trend: NS 
dysplasia.: 1.0, 2.2, 2.9, 2.6 trend: p<0.05 
total: 1.0, 3.1, 3.4, 3.6 trend: p=0.01

in group as whole, adjusted 
for parity: p=0.04

Berkowitz et al. 141 premen.: 0.9 per 5 yr. increase 0.7-1.1 
postmen.: 0.9 per 5 yr. increase 0.7-1.0

Pastides et al. 128 1.7 per 5 yr. increase 1.2-2.4 reported for age first 
pregnancy but effects 
similar for AFC

Bright et al. 145 - “little variation in risk by 
AFC”

Cook & Rohan
see Yu et al. 1992 
(l30) for reanalysis of 
FA cases

142 “no correlations”

Pathak et al. 148 RR (95% Cl) for AFC <21 *, 21-24, >24: 
cyst: 1.0, 0.96 (0.34-2.71), 1.83 (0.55-6.26) 
AM: 1.0, 0.64 (0.16-2.38), 0.57 (0.10-2.68) 
EH: 1.0, 0.59 (0.15-2.03), 0.60 (0.12-2.49)
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Table A6 continued...
Author Ref. OR/”RR” estimate 95% Cl Comments
Gatley et al. 137 <19: 0.43 

20-24’: 1.00 
25-29: 1.10 
>30: 1.99

0.25-0.73

0.75-1.62
0.57-1.74

trend: p<0.025

Yu et al. 
reanalysis of FA 
cases in Cook & 
Rohan 1991 (l42)

130 <2 0 *: 1 . 0  

20-27: 1.7 
>27: 5.1

0.6-4.5 
1.2-21.7

trend: p=0 . 0 1 1

Rautalahti et al. 127 RR for >28 vs. <28 : MCC: 0.7 
FA: 4.5 
cysts: 0.9 
other: 0 . 6

0.3-1 . 6  

1.3-15.3 
0.3-2.7 
0.3-1.3

Minami er al. 140 RR (95% Cl) for AFC <24*, 25-29, >30:
PD: 1.00, 1.20 (0.77-1.8 6 ), 1.03 (0.39-2.69) 
non-PD: 1.00, 0.86 (0.63-1.17), 1.40 (0.76-2.58) trend: NS

also looked at age at birth of 
last child: no effect in PD 
or non-PD

1 see footnote to table A2
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Table A7: Obesity, weight and height as risk factors for BBD
Author Ref. OR/”RR” (95% Cl) estimate1 by BMI (weight (kg) / height2 

(cm2)) or mean weight (kg) or height (cm) for cases vs. controls
Comments

Fasal & 133 mean height: 163.6 vs. 163.6, NS (reported in inches &
Paffenbarger mean weight:: 60.8  vs. 64.4, p<0.01 pounds)
Cole et al. 123 RR for BMI of < 19, 19-21.9*. 22-24.9, 25- 1 sided test: 

27.9, >28: FCD: 1.3, 1.0, 0.9, 0.7, 0.3 p=0.00003 
FA: 1.5, 1.0, 0.8, 0.6, 0.5 p=0.000003

effect similar in all age 
groups

Ravnihar et al. 136 CD: height: 163.2 vs. 163.0; weight: 64.6 vs. 67.4 
FA: 163.6 vs. 163.5; 63.1 vs. 66.1 
other: 164.1 vs. 164.5; 67.1 vs. 69.2

CD: weight: p<0.01 
FA: weight: p<0.05

Soini & Hakama
(unclear if  cases 
overlap with Soini et 
al. 1981 (l39))

131 RR for height X weight >10,700 vs. <10,700: 0.6

Brinton et al. 152 RR for BMI o f <21*, 21-22,23-24, >25: trend: 
FA: 1.00, 0.47, 0.34, 0.22 p<0.01 
CD: 1.00,0.88 0.66,0.41 p<0.01 
lump: 1.00,0.83,0.82,0.44 p<0.01 
other: 1.00, 0.86, 0.96,0.78 NS

height: no effect; 
weight: decreased risk 
with increasing weight, 
FA & CD: p<0.05, lumps: 
p<0.01, other NS

Hislop & Elwood 108 RR for BMI of <21*, 21-22, £23: 
current: 1.00,0.8, 0.7, p=0.02, 
as a young adult: 1.0, 0.6, 0.5, p=0.004; 

max. lifetime BMI of 23*, 34-34, >25: 1.0, 0.7,0.7, p=0.02

effect independent of 
breast size

Soini et al. 139 mean matched pair difference (SD) for RRs o f 0.3- 0.5 per 30kg
(unclear if  cases 
overlap with Soini & 
Hakama 1979(m))

weight: -2.30 (13.23), p<0.01; 
height: -0.18 (7.30), NS
weight effect apparent in non-EH dysplasias: -2.19 (13.35), 
p<0.001 and FA: -2.69(11.57), p<0.05

increase in weight & 0.7- 
1.3 per 20cm increase in 
height over different 
categories of BBD

Odenheimer et al. 147 per 0.01 increase in BMI: premen.: 0.42 (0.20-0.88) 
postmen.: 0.50 (0.08-1.16)

controlled for breast size

Parazzini et al. 124 BMI <20*, 21-22, 23-24, >25: 
tumours: 1.0, 1.9, 1.6,0.9, NS 
dysplasia: 1.0, 1.7, 1.3, 0.8, NS 
total: 1.0, 1.7, 1.3, 0.8 (0.5-1.3), NS

heterogeneity in all BBD:
p=0 . 0 2

Berkowitz et al. 141 premen. With BMI <20*, 21-24, >25:
1.0, 0.8 (0.6-1.2), 0.4 (0.3-0.7), trend: p<0.001; 
postmen, with BMI <21*, 22-26,>27:
1.0, 0.9 (0.5-1.7), 0.9 (0.4-2.1), trend: p>0.10

Pastides et al. 128 weight: age<55: 0.8 (0.7-0.9) per 22kg increase 
age >55: 1 . 0  per 2 2 kg increase

“similar results for BMI”

Bright et al. 145 >23 vs. <23: premen.: 0.75 (0.38-1.5) 
postmen.: 0.86 (0.40-1.8) 
all women: 0.80 (0.48-1.3)

overall “weak
association”
NS

Ingram et al. 160 RR for BMI <20*, 21-23, 24-26,>26: protective effect o f skinfold
EH: 1.0, 0.6 (.19-1.79), 0.30 (.09,1.00), 0.27 (.009-.86) thickness on EH (trend:

p=0.038 p=0.012) but not on FCD.
FCD: 1.0, 1.05 (.43-2.58), 0.71 (.30,1.69), 0.63 (.30-1.31) No effect of weight gain

J?.=M
Rohan & Cook 158 mean (SE) BMI: 23.5 (0.5) vs. 24.5 (0.2), p= 0.06
Hislop et al. 159 RR for BMI in teenage years of <19*, 20-21, 22-23, >24:

PD: 1.00,0.63 (.24-1.65), 0.61 (.23-1.61), 0.19 (.07-.54) 
NPD: 1.00, 0.64 (.38-1.07), 0.53 (.32-.87), 0.49 (,29-.84)

OR are adjusted for age, 
parity, AFC, OC use & the 
other BMI variable

RR for heaviest ever BMI of <24, 25-27, 28-30, >31:
PD: 1.00, 0.39 (.17-.88), 0.40 (.16- 99), 0.16 (.06-.39)
NPD: 1.00, 0.58 (.36-.93), 0.49 (,29-.83), 0.39 (,24-.63) 
trend: p<0.001 & p<0.05 for PD & NPD respectively

Cook & Rohan
reanalysis of FA cases 
in Yu e ta l. 1992 <l30)

142 “no association” with 
obesity in any group other 
than FA & age<40

Yu et al.
reanalysis of FA cases 
in Cook & Rohan 
1991 (l42)

130 BMI by quartiles of: <20.7*:
20.7-22.2:
22.3-24.5:
>24.6:

1 . 0

1.0 (0.4-2.2) 
0.7 (0.3-1.6 ) 
0.4 (0.2-1.0) 
trend: p=0.014

Simard et al. 129 BMI >25 vs. <25: 0.72 (0.51-1.02), p<0.05 weight: controls heavier
p=0.016

Rautalahti et al. 127 BMI of >26 vs. <26: MCC:
FA:
cysts:
other:

0.7 (0.3-1.3) 
0.3 (0.1-0.9) 
0.9 (0.4-2.2) 
0.9 (0.5-1.8 )

No effect of childhood / 
adolescent BMI.
RR for height >162 vs. 
<162: all NS.

1 see footnote to table A2
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Table A8: OC use as a risk factor for BBD
Author Ref. OR/”RR” (95% Cl) estimate1 Comments

Ever use vs. never 
use

Duration of use 
(never=1 . 0  unless stated 

otherwise)

Recency of use 
(never=l . 0  unless 
stated otherwise)

Vessey et al.
see Vessey et al. 
(l34) below for 
update

316 70% cases vs. 60% 
controls never used, 
p=0.07.
OR=0.7 (0.4-1.0)

mean duration in months 
cases vs. controls:
13 vs. 22, p=0.015

1 2 % cases vs. 2 2 % 
controls current users 
(within 1 mo.),
p=0 .0 2 ,
OR=0.5 (0.3-0.9).
18% vs. 18% for last 
use >1 mo., NS. 
O R=0.9 (0.5-1.5)

Vessey et al. 
update of Vessey 
et a l . (316) above

134 67% cases vs. 55% 
controls never used, 
p=0.005.
OR=0.6 (0.4-0.9)

In current users: >25 mo: 
3.5% cases vs. 1.4% 
controls explains most of 
the observed difference. 
OR=0.4 (0.2-0.8)

13% cases vs. 23% 
controls current users 
(within 1 mo.), 
p=0.003,
OR=0.5 (0.3-0.8). 
20% vs. 23% for last 
use >1 mo., NS. 
O R=0.7 (0.5-1.1)

type ofOC: “no 
difference”

BCDSP 153 current use:
0.47 (0.13-0.87),
p=0 . 0 2

effect “more 
pronounced” in 
FA

Sartwell et al. 154 0.9 (0.6-J.5)
1.3 (0.7-2.6) 
relative to those with 
no use of hormones

<1 yr.: CD: 2.2(1 .1-1 .4) 
<1 yr.: FA: 1.0(0.4-2.3) 
>1 yr.: CD: 0.4 (0.2-0.8) 

p<0.05 
>1 yr.: FA: 1.6(0.7-3.8)

CD: current (<1 
mo.): 0.6 (0.4-1.1) 
last use within 2-12 
mo.: 2.4 (1.2-4.6)

FA: “no marked 
differences”

F asal& 
Paffenbarger

133 0 . 8  p=0.15 <2 yrs : 1 0, p=0.99 
2-4 yrs.: 0.9, p=1.00 
4-8 yrs.: 0.6, p=0.02 
>8 yrs.: 0.4, p=0.11

current: 0 . 6  p=0.06 
last use within,
2-12 mo.: 0.7

p=0 . 2 1

13-36 mo.: 0.9
p=0.85 

>37 mo.: 0.8
p=0.31

also looked at 
interval since first 
use (>73 mo.: 
RR=0.7, p=0.03), 
earliest year of use 
(no effect), 
duration of use in 
current users (>49 
mo.: RR=0.5, 
p=0.03)

Nomura & 
Comstock

1 2 2 1.14 (0.7-1.8)
p=0.28

median (months): 
6.0 vs. 7.0 (NS)

similar results for 
CD & FA 
separately

Ory et al.
232 FCD cases 
also analysed in a 
nested case- 
control study by 
Hsiehe/o/. 1984 
(l72) Also reported 
by Hoover et al. 
1978 (317)

144 age standardised rate ratio (none users=l .0 ): 
FCD: 1-12 mo.: 0.9 (NS)

13-24 mo.: 0.7 (0.4-1.1)
>25 mo.: 0.4 (0.3-0.6), trend: p= lO'6 

FA: <25 mo.: 1.2 (0.7-2.2)
>25 mo.: 0.5 (0.2-1.2) 

from Hoover et a l.: rate ratios for BBD:
1-9 mo.: 1.2 
10-15 mo.: 1.1 
16-39 mo.: 0.6 
>40 mo.: 0.6

FCD: recent long
term use: rate ratio = 
0.5 (0.2-0.7) 
non-recent long-term 
use: rate ratio = 0.5 
(0 .2 -0 .9)

Hsieh et al. (172) 
for FCD: overall 
RR: 0.63 (0.47- 
0 .8 6 ); risks sig. 
reduced with 
duration of OC; 
no real differences 
by degree of 
atypia (after 
adjusting for 
confounders)

Janerich et al. 318 O R = l.l  (0.6-2.2) mean observed: 19.6 mo. 
expected (from entire 
cohort): 27.3 
0-E= -7.7

more cases 
discontinued OCs 
on physician’s 
advice

Kelsey et al. 169 FCD: 0.83
(0.56-1.24) 

FA: 0.92
(0.52-1.62) 

FCD 0.40 
& FA: (0.13-1.28)

FCD: 0.3 (0.1-0.9) 
FA: 0.1 (0.0-0.7) 
for >5 yrs. vs. never 
mean duration (years): 
FCD: 13.3 vs. 18.5 
FA: 14.3 vs. 23.0, 

p<.05 
FCD & FA:

16.6 vs. 23.6, 
P< 01

•

sequential OCs
particularly
protective.
LiVolsi et al. 1978 
(170) £  j 9 7 9  0 71)
FCD & FA “not 
differentially 
associated” with 
atypia
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Table A8 continued...
Author Ref. ORTRR” (95% Cl) estimate1 Comments

Ever use vs. never 
use

Duration of use 
(never=1 . 0  unless stated 

otherwise)

Recency of use 
(never=l . 0  unless 
stated otherwise)

Lees et al. 146 in <40:
0.5 (0.3-0.7) 
in >40:
1.0 (0.7-1.3)

RR in <12 mo., 13-59 mo., 
>60 mo.:
in <40: 0.5 (0.3-0.9).

0.5 (0.3-0.8).
0.3 (0.2-0.6) 

in >40: 0.8 (0.5-1.3),
1.4 (0.7-2.6),
1.0 (0.6-1.7)

former users ( > 1 2  mo. 
previously): 
in <40: 0.5 (0.3-0.7) 
in >40: 0.9 (0.6-1.3)

reported RR by 
history of previous 
biopsy (all ages): 
sig. effect only in 
former users 
(RR=0.6, p<0.01) 
& users of >60 
mos. (RR=0.5, 
p<0 .0 1 ) without 
previous biopsy

Ravnihar et al. 136 CD: 0.64 (0.42-0.97) 
FA: 0.94(0 .49-1 .83) 
other: 0.71 (.28-1.79) 
CD: p<0.05

0.50 (0.24-1.06) 
0.48(0.14-1.66)
0.44 (0.08-2.32)
for > 2  years vs. < 2  years

1.04 (0.43-2.48) 
0.45(0.13-1.63) 
0.29(0.05-1.77) 
for current vs. past

Brinton et al. 152 FA: 0.35 (0.2-0.7) 
CD: 0.66(0.4-0.9) 
lump: 0.58 (0.4-0.8) 
other: 0.63 (0.3-1.2)

0.43, 0.46, 0.33, 0.46,0.00  
1.28,0.89, 0.49, 0.56,0.35 
0.84, 0.67, 0.56, 0.44,0.49  
0.44,0.51,0.49, 1.34, 0.38 
for <2, 2-3,4-5,6-7, 8 - yrs. 
P 0.001  for each group 
except ‘other’

0.16,0.46,0.98,0.54  
0.47,0.56, 1.16, 1.10 
0.52,0.57,0.43,0.81  
0.60, 1.91, 1.15, 0.41 
for current use, and 
< 1 , 1 - 2  and > 2  yrs. 
since last use

sig. trend of 
decreasing risks 
with increasing 
years since first 
use. Duration 
effects only sig. 
among current 
users. Also 
considers OC type

Duffy et a I. 149 0.9 (0.7-1.3) - - presented split 
by age - all NS

Pastides et al. 166 0.7 (0.5-1.3) or 
0.6 (0.4-1.2) if 
exclude those with 
previous BBD

< 2  years: 1 .1  

2-4 years: 0.5 
>4 years: 0.6

< 1  year: 0 . 6  

1-2 years: 0.7 
>2 years: 0.7

also analysed 
effect by atypia 
score

Berkowitz et al. 176 premen.: 1.31
(0.99-1.73) 

perimen.: 1 . 2 2

(0.40-3.76) 
postmen.: 2.52

(1.33-4.77)

no effect in premen. 
in postmen.:
<2 yrs.: 2.29(1.09-4.83) 
2-3 yrs.: 2.58(0.70-9.59) 
>4 yrs.: 3.16(1.09-9.15)

current use (within 6  

months): 1 . 2 0

past use (within 
premenopausal.): 1.32

RR in postmen, 
with no previous 
BBD: 5.91 
(2.25-15.58). 
Also considers 
OC type

Franceschi et al. 150 tumours: no sig. associations. RR for <1, 1-4, >5 in current users
/ Parazzini et al. / 1 . 1  (0 .6 - 1 .9) Overall RR for <1, 1-3 and yrs. since last use. protection

124 dysplasia:
0.9 (0.7-1.6 ) 

total: 1.0 (0.7-1.5)

>3 yrs.:
1 .2 , 1 .2 , 0 . 6

tumours: 0.9,1.1,1.3 
dysplasias: 0 . 2  (0 . 1 - 
0.6), 0.9, 1.6 
Overall RR for last 
use < 1  year:

0.4 (0.2-0.8 )

increases with 
increasing 
duration of use

Hislop & Threlfall 162 biopsied: 0.7 
clinical: 1 .1

biopsied: <5 yrs.: 0.9 
>5 yrs.: 0.5, 
p<0.05 

clinical: <5 yrs.: 1.1 
>5 yrs.: 0.8

use for >5 yrs and 
within 1 year of 
biopsied BBD: 0.2

also RR clinical 
BBD with later 
biopsy

Odenheimer et al. 147 0.48 p=0.5 for 
diagnosis aged<30 
0.31 (0.09-0.81)

>5yrs. 0.09(0.01-0.74) 
and for short vs. none or 
long vs. short term use: 
biopsied: 0.26 (0 .1 0 -0 .6 6 )

p<0 . 0 2

clinical: 0.75(0.47-1.18)
Canny et al. 167 aged <45: 0.60 in premen. aged<45 for in premen. aged <45 in premen. aged
same control (0.43-0.84) < f ,  1-2, 3-4, 5-6, 7-8, 9+ for within 6  mo., 6 <45, risks also
group as aged >45: 1.65 yrs. of use: 1.0,0.72,1.18, mo.-3 yrs., 4-7 yrs., decrease with
Berkowitz et al. 
1984 (,76)

(0.58-4.68) 1.21,0.61,0.61 (trend NS) 8 + yrs.: 0.77,0.47, 
0.57,0.65 
(trend: p=0 .0 1 )

increasing years 
since first use - 
trend: p=0 . 0 2

Bright et al. 145 in premenopausal: 
0.35 (0.16-0.76)

- -

Gatley et al. 137 0.38 (0.26-0.55) < 1  yr.*: 1 . 0 0  

1-2.9: 0.43 (0.18-1.04) 
3-9.9: 0.20 (0.08-0.48) 
>10: 0.15(0.04-0.52) 

trend: p<0 . 0 0 1

current vs. ex-users: 
0.51 (0.24-1.07)
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Table A8 continued...
Author Ref. OR/”RR” (95% Cl) estimate' Comments

Ever use vs. never 
use

Duration of use 
(nevei=1 . 0  unless stated 

otherwise)

Recency of use 
(never=l . 0  unless 
stated otherwise)

Yu et al. 130 only presented by age 
at first use:
12-18: 2.9 (1.0-8.5) 
19-20: 1.9 (0.7-4.8 ) 
>21: 0.8 (0.4-2.0) 
trend: p=0 . 0 0 1

1-30 mo.: 1.1 (0.5-2.7) 
31-69 mo.: 1.8(0.7-4.2) 
>70 mo.: 0.9 (0.4-2.3)

trend: NS

current:
0.8 (0.3-2.1) 

ex: 1. 6  (0.7-3.6 )

no association 
with years since 
first/last use or use 
before 1 st 
pregnancy. Cook 
& Rohan 1991 
(142) found some 
association with 
EH at age>40 & 
age first use OC 
but no other sig. 
differences

Simard et al. 129 0.64 (0.46-0.88) - -

Rautalahti et al. 127 MCC: 2.1 (1.0-4.3) 
FA: 1.0 (0.4-2.8 ) 
cysts: 1.0 (0.4-2.6) 
other: 1.3 (0.6-2.8)

<5 years, >5 years: 
MCC: 1.7 (0.8-3.8 ) 

3.2 (1.2-8.4) 
FA: 0.7 (0.2-2.2)

2.0 (0.6-7.1) 
cysts: 1.2 (0.5-3.3)

0.4 (0.1-3.3) 
other: 0.9 (0.3-2.2)

________________________________________________________2.5 (0.9-6.8)____________________________________________
Tzingounis et al. 168 - - - 0.4 (0.3-0.6)

lower incidence 
of BBD in OC

________________________________________________________________________________   users: p<0 . 0 0 1

1 see footnote to table A2
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Table A9: HRT as a risk factor for BBD
First author Ref. OR/”RR” (95% Cl) estimate1 Comments

Ever use vs. never use Duration of use (years) 
(never = 1 . 0  unless stated 
otherwise)

Recency of use

Sartwell et al. 154 CD: 0.7 (0.4-2.3) 
FA: 2.3 (0.2-25) 

(tb C l fo r  FA)

(only reported numbers 
for all hormones i.e. 
including OCs).

HRT=“estrogens”
CD & duration of 
use: “suggestion of 
similar relation” to 
that seen with OCs. 
FA: no “marked 
differences”

BCDSP 177 current use: age adj. 
R R =I.6  (0.7-3.5)

- - “no effect”

Ravnihar et al. 136 CD: 0.9 (0.3-2.4) 
FA: (no users) 
other: 2.4 (0.4-14.4) 

(tb Cl)

“numbers too small” “numbers too small” HRT=”estrogens” 
“no difference”

Soini & 
Hakama

131 >6 mo vs. never: 1 . 2 - - “no relationship”

Hislop & 
Elwood

108 “no association” 
between biopsied 
BBD & non-OC 
oestrogen therapy

Parazzini et al. 124 tumours: 0.5(0.1-3.7) 
dysplasia: 1.4 (0.5-4.0) 
total: 1.1 (0.4-3.2)

Trapido et al. 157 FCD: 1.4 (1.1-1.8 ) 
FA: 1.6 (0.8-3.5) 
both: 1.8(1.0-3.1) 
other: 1.1 (0.8-1.4) 
total: 1.3 (1.1-1.6 )

for all BBD groups:
<5: 1.2 (0.9-1.6 ) 
5-9: 1.4 (1.0-1.8 ) 
10-14: 1.4 (1.0-1.9) 
>15: 1.9(1.2-2.9) 
trend (in users): p<0 . 0 1

for all BBD groups: 
current: 1.3(1.1-1.7) 
<2 yrs: 1.6(1.0-3.0) 
2-3 yrs: 1.3 (0.8-2.1) 
>4 yrs: 1.3 (0.9-1.7) 
trend (in users): p=0.33

increased risks with 
years since first use 
- trend (in users): 
p<0.01. Also 
considered, age at 
first use, type, dose 
& regimen of HRT

Berkowitz et 138 with a history of BBD: <2: 1.5 (0.8-2.8 ) current: 2 .6 ( 1 .2 -6 .0 ) also looks at
al. 1.6 (0.8-3.1) 

with no history of 
BBD: 2.1 (1.1-3.9)
(no sig. heterogeneity)

2-4: 1.1 (0.5-2.5) 
5-9: 2.1 (1.0-4.4) 
>10: 5.2(2.2-12.3) 
trend: p<0 . 0 1

ex-user: 1.4 (0.8-2.5)

also looks at years 
since last use split by 
duration o f use

oestrogen dose

Jick et al. 178 current (within 1 2  

months) vs. current 
non-users:
1.9(1.3-2.7)

relative to not using 
currently ( < 1 2  months) 
1 : 3.4(1.1-10.1) 
2-4: 0.84 (0.27-2.6) 
>5: 3.7(1.6-8.4) 
n/k: 2.7(1.3-5.8)

no effect of dose.

Canny et al. 167 2.83 (1.21-6.60) 
or, adjusted for 
confounders: 3.13 
(1.05-9.35)

<1: 2.31 
>1: 3.66 
trend: p=0 . 0 1

current (within 6  

months): 2.14 
<12 years: 3.87 
>12 years: 2.47 
trend: p=0.03

Also years since 
first use: < 1 2 : 

1.56
>12: 4.14 

trend: p=<0 . 0 1

Bright et al. 145 0.35 (0.14-0.88) - -

Yu et al. 130 “no difference” 
seen “with any 
aspect of HRT 
use”

Simard et al. 129 0.75 (0.54-1.05) - -

Rautalahti et
al.

127 MCC: 1.4 (0.6-3.3) 
FA: 1.4 (0.3-6.0) 
cysts:
other: 0.5 (0.2-1.3)

<4 years, >4 years 
MCC: 1.2 (0.4-3.7) 

1.5 (0.5-4.7) 
FA: 1.3 (0.3-6.6 )

“no effect”

1.2 (0.1-10.9) 
cysts: no cases in 1 group
other: 0.8 (0.2-2.5)

0 .2  (0 .1 - 1 .6 )

Tzingounis 168 - 0.4 (0.2-0.7)
et al. lower incidence of BBD

in HRT users: p<0.001
Cahn et al. 179 3.9 (2.0-7.8) cohort study - PD

relative to NPD
1 see footnote to table A2
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Table A10: Smoking as a risk factor for BBD
Author Ref. ORTRR” (95% Cl) 

estimate1 for current vs. 
never-smokers

OR/”RR” (95% Cl) 
estimate1 for ex- vs. 

never-smokers

Comments

BCDSP 153 - - “not significantly associated”
Nomura et al. 135 for smoked in 1963 (study carried out 1968-1972): 

CD: 1.8, p<0.05 
FA: 0.8, NS 
all: 1.6, p<0.05

Berkowitz et al. 180 FCD: 0.6 (0.5-0.8) 
FA: 0.7 (0.5-0.9) 
both: 0.6 (0.3-0.096) 
other: 0.6 (0.5-0.9)

1 . 0  (0 .8 - 1 .3) 
0.7 (0.6-1.2) 
0.8 (0.4-1.5) 
0.9 (0.7-1.3)

RRs adjusted for age & BMI except 
‘other’.
FCD: “stronger association in 
postmenopausal.” RR for current 
smokers: 0.4 (0.2-0.8 ); 0.8 (0.5-1.2) 
in premen.

Pastides et al. 128 - - “no association”
Mant et al. 182 Adj. hospital visit rate per 

1 0 0 0  woman -years: 
never: 5.7 
1-14 cigs. per day: 5.9 
>15 cigs. per day: 6.5

Adj. hospital visit rate 
per 1 0 0 0  woman years: 

never: 5.7 
ex: 6.4

“no indication of reduction in risk” 
effects similar in CCD & FA

Rohan et al.
see Yu et al. 1992 
(130) for reanalysis of 
FA cases

184 0.9 (0.7-1.3) 0.8 (0.5-1.1) also looked at duration in premen. 
(relative to never):
1-9 yrs: 1.0 (0.6-1.9)
10-19 yrs: 0.7 (0.4-1.3)
>20 yrs: 0.9 (0.5-1.5) NS;
cigarette years of exposure (NS 
decrease in risk with increasing 
exposure); age first smoked (NS after 
adjustment); years since first smoked

Parazzini et al. 181 Split by no. per day: 0.7 (0.4-1.3) 
<10: 1.4 (0.8-2.5)
>10: 1.1 (0.7-1.7)
RR among current smokers 
of benign tumour: 1.5 
(0.9-2.6 )

also looked at duration:
<20 yrs.: 1.1 (0.7-1.6 )
>2 0 yrs.: 1 . 2  (0 .6 -2 .4)
& menopausal status (RR for any 
BBD in current smokers): 
premen.: \ . 2  (0 .8 -1 .8 ) 
postmen.: 0 . 6  (0 .2 - 1 .7)

Yu et al. 
reanalysis of FA 
cases in Rohan et al. 
1989(I84)

130 Split by duration: “no association” 
1-7 yrs.: 1.1 (0.5-2.5)
8-15 yrs.: 0.7 (0.3-1.6 )
>16yrs.: 0.6 (0.3-1.4) 
trend: NS

Bundred et al. 185 6.2(2.9-13.4) “cases significantly more likely to be 
heavy smokers than controls”. Effect 
limited to periduct mastitis

Thomas et al. 188 % smokers in cases vs. controls:
PDM: 38% vs. 32% OR=1.3 (1.1-1.5) 
DE: 37% vs. 32% OR=1.3 (0.99-1.8) 
abscess: 40% vs. 32% O R =I.4 (0.8-2.4) 
total among cases: 37.5% OR=1.3 (1.1-1.5)

Rautalahti et al. 127 %  current smokers cases % ex smokers cases vs. 
vs. controls: controls:
27.6% vs. 19.9% 19.2% vs. 12.8%
O R =1.8(1.0-3.0) O R =1.9(1.0-3.6)

mean (SE) yrs. smoked cases vs. 
controls:
20.9(1.8) vs. 16.5(1.3) 
mean (SE) no. cigarettes per day 
cases vs. controls:
14.1 (2.0) vs. 13.6(1.0)

Dziewulskabokiniec 183 0.8 (0.4-1.5) >10 per day: 0.9 (0.4- 
2 .2 )

duration >20 yrs: 0.8 (0.1-3.4)

Dixon et al. 187 % smokers in cases vs. controls:
PDM: 8 8 % vs. 38% p<0.001 OR=12 (5.9-25) 
abscess: 87% vs. 39% p<0.001 O R=JI (4.4-27) 
fistula: 94% vs. 38% p<0.001 OR=25 (9.5-65) 
DE: 28% vs. 30% NS, OR=0.9 (0.7-1.3)

1 see footnote to table A2
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Appendix B

Details of cohort studies assessing the risk of breast cancer after

benign breast disease

Table B 1: Cohort studies assessing the risk o f cancer after BBD................................. 274
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m  II
> o
03 0 0

j>N33
|i
GO
G
OH-H
G

3 aj
UP >
PhC/3
C/3 JPITN3

(N XON 03

C/3
03 • 2 03

&
a>

& • 2

03
6 0
G
o3

UP

C/3
G

&
<u

UP
03

_G

C/3

3o
o
03

_G
&
UP

3
G

C/3
"Co o ’ C

o 3+H f f i u

<
C/3
>%

o
p

o
G

o
p

o
G Q <

0 0 o 03 T P 03 T P < P
(N < N O O n ON r- NO
r- NO h-H o n h-H T f

ON o o m <N (N

«g <n
P h (N

„__„„__v,—s /— v
_ ro <N NO

rn ro
<N rA OnrA O
NO r  < P d r-H

'h—h
H----' NT) «o NO o

(N
<N o-i <N

<N o co <N
NO NO

NO on no 
rs ro

vvoxf"
o odII
X*<u
G,o
H—H
033
P h
o
P h

G03
60

tT
t~ s  
2  §

On<N
On' >3-' 
rvj No ^i iOn oo no
O  ^  ~~H
    ~~H

no m

O n

'f  f7NO

No d  

^ -3-d

m  >o °o >
V ^  r\j rs| fN| »o 
NO rsj r\j
<N

a oo
03 OO
o o  r -
03  O N  Ph i—i

c/3 f/3w cn

Q
CQCQ

<L3 C/5
m>
’+->

. 2
C/5 C/303 cd »H

l-H

P & f f i <
03

hGUP 03 < Ph o
o
tH & NO <N
P  ,G r- 'P" NO
00 NO ,—1 ro
o r-~-m

277



Q
m
PQ

(UPi

G
O

CO
G_o

cD "+H
CD

3 .bP ho p
CO

P h CD
f_H C+H
CD
tH O
D Vh
G U
t> hP
DO a
O G•«-> G<D C+H.> OM-> HH

PS o
3
Ch <4H

M u
CO o

’E G

O G
£  n

§•
£

3
Ph

DO
<

g
0
ci) p*
G o

1  s s  
* £ 2

DO >

CN
a>: DO: CD i

r-~ c n  
i n  "D-
o  > 
m  cd

cn
C '  u"'II 'o
ww  m  in

O rn

O  > h  a

Oo 

« n  ° °  

A* ^

,_^ OO
°° Os r—H cd
oo1 CNi II a

CN S Ph

rn o 05 T3N—' co' G
c n Ov tHD cD
in O SII II Gcd

►HO

m ^  vo m 
<n 3  -i 3  C
hH so
Os

m  so

Tf o\
o

m o  
r ~  c n

CN h H

2  ^  q
A  cd C/3

OO 0 0

< <

Os Os
so  soi i
[h. vo 
cn cn

r n  cn  
■cf- ■Df

SO so 
• 't  n -

<£
co Q 5

• J h p oCO
pO Q

p
m
O n
i o

CN
m
CN

3 m H o o
m
O

CN r -
Os m

m
c n

CO
p
Oco O‘E O

CO O
CO 1“̂poXu CN
O <L>G■

+HCD
lH

T3 G
3CO O•pcDDO3POU PU
tH D3o UCO GpQ

Uu
tH

Q oCOU o
« H

po (U
>•p

t sCD
P

CD
3

lH

go
M3cD
3pop
3

iHHo
o
G

<L)
gOJ
DO W 
o  .S2+5 C  co
«  £  g
>  P  CD
•-C 2  gcd ’■y in
P h G  O
a) O  2
*H >0

P<5 M P4C/3 p H  CO
‘E  Ph ’E

R ' R 1in ' CN
•n '
rsj c n 1

~H cn CN oo’ -H <n
<N n - so oo <N IN

<N o ci
VO r - p 1"; CN inCD CN H rn >n H

SO
©
c n  r-~ so sn so

VO i—i n ;
in Os n - •n

Os CN in
R o r - CN
n- n - m n -

M 55 ffi
P Q  O  2 < <  

^  O  VO 
m  * n  cn 
ooCN cn >n

J2 C/3

&  OOCD oo

ffi
Ph

T3
G
CD

C \ OO 
CN OOIcn

m

h  oo oo
^  1 H  r H  l / j i

V  vo  CN OO

!p s d d
W  OO Tj- p  
Tfr O  —•

- D O  m h  m

278



P3

60
<

Od

o  °
'B ^
5  <u <  >■

CO f s

co 6 0

o B X

■ £ V

Tj" ’—1cn
>c o  d

o oo fT' CO Os'
CN CN rf CN o CO
H-Hco 1 1 o oo K so CM
-̂H -̂H CN o VO CO'--^'--- s—̂ c *

CO ON O CN WHoo r-
X X CO X X CO so o i

CO >■ 4 r ' r - r̂
ON rr~-

CN
VO CO SO

Ĵ
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Table Cl: Latest FPC cipher postings on the NHSCR Central Index

Avon 63 Isle o f Man 6
Bedfordshire 54 Northern Ireland 14
Berkshire 91 Scotland 77
Buckinghamshire 125
Cambridgeshire 91
Cheshire 32
Cleveland 14
Cornwall 89
Cumbria 20
Derbyshire 28
Devon 197
Dorset 189
Durham 15
East Sussex 465
Essex 820
Gloucestershire 61
Greater London 8703 O f which: North Thames RHA 1506
Greater Manchester 41 South Thames RHA 7197
Hampshire 211
Hereford and Worcester 44
Hertfordshire 596
Humberside 28
Isle of Wight 58
Kent 2657
Lancashire 32
Leicestershire 27
Lincolnshire 81
Merseyside 23
Norfolk 170
Northumberland 54
North Yorkshire 34
Nottinghamshire 30
Oxfordshire 55
Shropshire 39
Somerset 59
South Yorkshire 23
Staffordshire 20
Suffolk 143
Surrey 779
Tyne and Wear 14
Wales 129
Warwickshire 32
West Midlands 44
West Sussex 403
West Yorkshire 50
Wiltshire 73

284



Table C2: NHSCR notified cancers

Site o f cancer ICD-9 N 1 %
Primary malignant neoplasms of specified site 140-195 1210 79%

Lip, oral cavity and pharynx 140-149 8 1%
Lip, tongue, salivary gland, gum, mouth 140-145 7
Oropharynx, nasopharynx, hypopharynx 146-148 1

Other and ill-defined sites 149 0

Digestive organs and peritoneum 150-159 167 11%
Oesophagus 150 11

Stomach, small intestine 151-152 12

Colon JS3 65 4%
Rectum, rectosigmoid junction and anus 154 42 3%
Liver, gallbladder, bile ducts 155-156 10

Pancreas 157 22

Other and ill-defined sites 158-159 5
Respiratory and intrathoracic organs 160-165 102 7%

Nasal cavities, middle ear & accessory sinuses 160 2

Larynx 161 3
Trachea, bronchus and lung 162 93 6%
Other and ill-defined sites 163-165 4

Bone, connective tissue, skin and breast 170-174 708 46%
Bone and articular cartilage 170 2

Connective and other soft tissue 171 7
Melanoma o f skin 172 31
Other neoplasm o f skin 173 129 8%
Female breast 174 539 35%

Genitourinary organs 179-184,188,189 194 13%
Cervix uteri 180 45 3%
Body o f  uterus 182 44 3%
Ovary and other uterine adnexa 183 67 4%
Other and unspecified female genital organs 179,181, 184 8

Bladder 188 19
Kidney and other unspecified urinary organs 189 11

Other and unspecified sites 190-195 31 2%
Brain 191 17
Thyroid gland 193 8

Other and ill-defined sites 190, 192, 194, 195 6

Secondary malignant neoplasms of specified site 196-198 19 1%
Lymph nodes 196 2

Respiratory and digestive systems 197 7
Other 198 10

M alignant neoplasm of unspecified site 199 23 1%
Primary malignant neoplasm o f lymphatic and haematopoietic 200-208 62 4%
tissue

Lymphoma and reticulosarcoma 200 5
Hodgkin’s disease 201 6

Other lymphoid and histiocytic tissue 202 22

Multiple myeloma & immunoproliferative neoplasms 203 10

Lymphoid leukaemia 204 8

Myeloid leukaemia 205 10

Other and unspecified leukaemia 206-208 1

Benign neoplasms 210-229 13 1%
Carcinomas in situ 230-234 183 12%

Breast 233.0 41
Cervix uteri or uterus 233.1,233.2 129
Other and unspecified other 230-234 13

Neoplasms o f uncertain behaviour 235-238 19 1%
Neoplasms of unspecified nature 239 1 <0.5%
TOTAL 140-239 1530 100%

1 Includes 71 second, 5 third and 1 fourth notified cancer registrations
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Table C3: NHSCR notified underlying causes of death

Underlying cause o f death IC D -9 N %
Infectious and parasitic diseases 001-139 4 0%

Intestinal 001-009 0

Tuberculosis 010-018 0

Bacterial diseases 020-041 0

Poliomyelitis and other viral diseases 045-079 0

Other 080-139 4
Neoplasm s 140-239 1016 45%

Malignant: lip, oral cavity and pharynx 140-149 6

Malignant: digestive organs and peritoneum 150-159 201 9%
Malignant: respiratory and intrathoracic organs 160-169 185 8%
Malignant: bone, connective tissue, skin 170-173 21

Malignant: fem ale breast 174 300 13%
Malignant: genitourinary organs 179-184, 188, 189 125
Malignant: other and unspecified 190-199 102

Malignant: lymphatic and haematopoietic tissue 200-208 71
Benign neoplasms 210-229 1

Carcinoma in situ 230-234 0

Neoplasms o f  uncertain behaviour or unspecified nature 235-239 4
Endocrine, nutritional and m etabolic diseases and im m unity  
disorders

240-279 23 1%

Disorders o f  thyroid gland 240-246 0

Diseases o f  other endocrine glands 250-259 19
Nutritional deficiencies 260-269 0

Other metabolic disorders and immunity disorders 270-279 4
Diseases o f  the blood and blood-form ing organs 280-289 8 0%
M ental disorders 290-319 28 1%

Organic psychotic disorders 290-294 17
Other psychoses 295-299 7
Other 300-316 4

Diseases o f the nervous system s and sense organs 320-389 44 2%
Inflammatory diseases o f  the CNS 320-326 2

Hereditary and degenerative diseases o f  the CNS 330-337 27
Other disorders o f  the CNS 340-349 13
Other 350-389 2

Diseases o f  the circulatory system 390-459 731 33%
Rheumatic fever or rheumatic heart disease 390-398 17
Hypertensive disease 401-405 14
Ischaemic heart disease 410-414 352 16%
Diseases o f  pulmonary circulation 415-417 20

Other heart disease 420-429 57
Cerebrovascular disease 430-438 218 10%
Diseases o f  arteries, arterioles and capillaries 440-448 39
Diseases o f  veins and lymphatics, and other 451-459 14

Diseases o f the respiratory system 460-519 198 9%
Acute infections & disease o f  upper respiratory tract 460-478 0

Pneumonia and influenza 480-487 114
Chronic obstructive pulmonary disease 490-496 77
Other 500-519 7

Diseases o f the digestive system 520-529 70 3%
Oesophagus, stomach and duodenum 530-537 23
Noninfective entiritis and colits 555-558 3
Other disease o f intestines and peritoneum 560-569 12

Other diseases o f the digestive system 570-579 25
Other 520-529, 540-553 7
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continued...
Underlying cause o f death ICD-9 N %
Diseases o f the genitourinary system 580-629 20 1%

Nephritis, nephrotic syndrome and nephrosis 580-589 7
Other diseases o f  the urinary system 590-599 13
Other 610-629 0

Com plications o f pregnancy, childbirth & the puerperium 630-676 2 0 %
Diseases o f the skin and subcutaneous tissue 680-709 2 0 %
D iseases o f  the m usculoskeletal system  and connective tissue 710-739 19 1%

Arthropathies 710-719 9
Osteopathies & acquired musculoskeletal deformities 730-739 10

Other 720-729 0

Congenital anom alies and perinatal conditions 740-779 0 -

Symptom s, signs and ill-defined conditions 780-799 9 0 %
Injury and poisoning 800-999 53 2 %

Fractures, dislocations, sprains and strains 800-848 5
Intracranial injury (non-fracture) and internal injuries 850-869 7
Open wounds 870-897 8

Bums 940-949 1

Poisoning 960-979 1

Toxic effects 980-989 1

Other injury and complications o f  medical care not elsewhere 900-939, 950-959,
specified 996-999 28
Other and unspecified effects o f  external causes 990-995 2

M issing underlying cause o f death - 17 1%
TO TAL 2245 100%
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Data collection forms
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Questionnaire

GUYS HOSPITAL BREAST CLINIC QUESTIONNAIRE 
FOR OFFICE USE ONLY

Full nam e (include aU Christian names)

Maiden name (if m arried )____________

Date o f Birth _______________________

National Health Service N u m b er__________________________
This appears on your medical card, and consists of a series o f letters follow ed by  a series of num bers. If 
you are unable to  locate this, the  num ber may be ob ta ined  from  th e  recep tion ist o f your regular doctor 
(GP). Do n o t give your National Insurance num ber, w hich ends in a letter.

Name and address of your current d o c to r____________________________________________________________

1. Have you had any subsequent problem s w ith your breasts? YES/NO 
If YES please give details (including w here you w ere treated)

2. T otal num ber of children you have given b irth  to  (including stillbirths)

Y our age when the child was born  and sex of each child

3. Total num ber of miscarriages or term inated pregnancies

4, Are you still having menstrual periods? YES/NO

If NO, at what age did they  stop? _______________

Y o u r  a g e  S e x  o f  C h i ld

M/F
M/F
M/F
M/F
M/F
M/F

Please give details of additional 
children  in space to  th e  left.

Please turn over
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Questionnaire continued

5. Have you had a hysterectom y? YES/NO 

If YES, at w hat age? ______________

Were your ovaries removed? YES/NO

6. A t what age did you periods b e g in ? ______

7. Have you ever used oral contraceptives (the "p ill" )?  YES/NO

If YES, please give dates of use and if possible th e  nam e o f th e  pill used

8. Have you ever used horm ones during or after th e  m enopause (change of life) to  control h o t flushes?
YES/NO

If YES, please give duration of use __________________

9. Have any of your blood relatives had breast cancer? YES/NO
If YES, please indicate which relation and the  approx im ate  age a t w hich the  
disease occurred

Age Age

M other __________________ M aternal A unt __________________

Sister Paternal A un t

Maternal G randm other D aughter

Paternal G randm other Cousin

10. Have you ever regularly used a perm anent hair dye  (one which does n o t wash out)? YES/NO 
If YES, please indicate (for each shade used)

Colour  _______________  Dates of Use   F requency once a m on th  or more
less than  once a month

Colour Dates of Use Frequency once a m on th  or more
--------------------------  -------------------  less than once a month

Continue at bo ttom  of page if necessary.

11. How many cups of tea do you drink on a normal day? _____________________

12. How many cups of coffee do you drink on a norm al day? ______________________

Thank you very much for your co operation .
Please return the com pleted questionnaire in the  envelope provided.
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Appendix E

Cross tabulations of questionnaire responses and baseline data

Table E 1: Age at menarche.................................................................................................. 296

Table E2: Menstrual sta tu s.................................................................................................. 297

Table E3: Age at natural menopause..................................................................................298

Table E4: Ovarian status in women reporting a hysterectomy at baseline and on the

questionnaire........................................................................................................299

Table E5: Age at artificial menopause / hysterectomy....................................................300

Table E6: Number o f children among women postmenopausal at baseline and

questionnaire........................................................................................................301

Table E7: Number o f terminated pregnancies or miscarriages among women

postmenopausal at baseline and questionnaire............................................... 301

Table E8: Age at first childbirth......................................................................................... 302

Table E9: Age at last childbirth...........................................................................................303

Table E10: Oral contraceptive use........................................................................................ 304

Table El 1: Family history o f breast cancer......................................................................... 305

Table E12: Relationship o f any affected 1st degree relatives............................................ 305

Table El 3: Relationship o f any non-1st degree affected relatives.................................... 305
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Table E10: Oral contraceptive (OC) use

Baseline | Questionnaire: ever OC use
OC use j no yes n/s | Total
-----------------------+ ----- -----------+ —
never | 2 6 1 3 2 4 9 16 1 2 8 7 8
previous | 2 6 1 1 6 6 9 11 j 1 9 4 1
now | 24 4 9 3 3 1 5 2 0
not stated | 1 2 6 2 2 3 1 18 1 1 5 1 1
-----------------------+ — -----------+ —
Total 1 4 1 6 0 2 6 4 2 48  1 6 8 5 0
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Table E l l :  Family history of breast cancer

Baseline
family
history

Questionnaire family history
no yes n/s | Total

No (or n/s) 
Yes
Unknown

4 9 1 5
154
53

712
860
43

95
20

8

5722
1024
104

Total 5122 1615 113 6850

Table E12: Relationship of any affected 1st degree relatives

Baseline Questionnaire
>1

mother sister daughter first n/s | Total
mother | 2 5 3 4 0 12 6 | 2 7 5
sister 1 90 0 8 2 j 1 0 1
daughter 0 0 1 0 0 | 1
>1 first 2 3 0 1 9 1 1 25not stated 17 14 1 3 4 2 3 j 4 5 8

-H ----------------- - +-----
Total 273 111 42 432 860

Table E13: Relationship of any non-lst degree affected relatives

Baseline Questionnaire
Mat. Pat. Mat. Pat. 3rd >1 2nd 

gran. gran. aunt aunt degree degree n/s | Total
mat. grandmother | 9 5 12 1 1 0 10 3 | 12 2
pat. grandmother | 3 3 8 0 2 0 5 1 j 4 9
mat. aunt | 5 1 1 1 7 10 1 18 7 1 1 5 9
pat. aunt | 1 1 8 64 1 11 2 1 88
third degree | 4 0 4 3 11 3 6 31
>1 2nd degree | 9 2 17 7 2 31 1 j 69
not stated j 5 2 28 8 9 0 2 9 0  j 34 2

Total 1 1 2 2 56 1 7 5 95 24 78 3 1 0  1 8 6 0

n/s not stated
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