
University of South Wales

2059662

Bound by

JABBEY BOOKBINDING 
& PRINTING

Unit 3 Gabalfa Workshops Excelsior Ind Est. Cardiff CFl 4 3AY 
Tel: (029) 2062 3290 Fax: (029) 2062 5420 
Email: info@abbeybookbinding.co.uk 
Web: www-abbey book bind ing.co.uk



A Retrospective Analysis Of Screen Detected Breast Cancers And
Interval Breast Cancers In A Population Based Breast Cancer

Screening Programme (Breast Test Wales)
1998-2001

YIEWFAH FONG

Thesis Submitted In Fulfilment Of The Requirements Of 
The University Of Glamorgan For The Degree Of

Master of Philosophy

This Research Programme Was Carried Out 
In Collaboration With Breast Test Wales

October 2012



Declaration

Statement 1

This thesis is the result of my own investigation, except where otherwise stated. 

Other sources are acknowledged by giving explicit references.

Statement 2

This thesis is being submitted for the Degree of Master of Philosophy at the 

University of Glamorgan. This thesis has not been previously accepted in substance 

for any degree and is not being submitted in candidature for any degree at any 

other institutions.

Statement 3

I hereby give explicit consent for my thesis to be available for reproduction and 

storage at the library of the University of Glamorgan, the National Library of Wales, 

and the University's Research Repository

Candidate.

Date.



Rll

Certificate of Research

This is to certify that, except where specific reference is made, the work described in 

this thesis is the result of the candidate's research. Neither this thesis, nor any part 

of it, has been presented, or is currently submitted, in candidature for any degree at 

any other University.

Signed ...................
Candidate

Date

Signed ..................................
Director of Studies

Date ..................................



Acknowledgements

I would like to express my wholehearted gratitude to all my tutors, for without their 

support this research project would not be possible.

I am most grateful to Mr MH Lewis for his moral and monetary support throughout 

the project. He provided encouragement, motivation and most importantly the 

faith and believe in my ability to conclude this project.

My very sincere appreciation goes to Dr K Gower Thomas, for her patience, 

guidance and direction during the conception of the project. Her advice and clinical 

insight throughout the project proved invaluable. Without her support as a 

supervisor, work undertaken at Breast Test Wales would not have been possible.

I heartily thank Prof JE Kenkre for her overall supervision of the project. I am very 

grateful for her spending her extremely precious time overseeing the project and 

for her infectious enthusiasm in pushing forward with ideas.

Without his statistical wizardry, I would not have survived the torture of SPSS. I am 

indebted to Prof P Jarvis for his statistical knowhow and his proficiency in explaining 

statistics in very simple terms.

My special thanks to D Brookes and J Evans at the Breast Test Wales for their help in 

data collection.

in



Abstract

Breast cancer is the most common malignant neoplasm and cause of death 

of women in developed countries. Breast cancers screening has been shown to 

reduce breast cancer mortality. Despite screening, breast cancers can occur 

between screening episodes, these are termed interval breast cancers (1C). These 

can be further divided into true interval cancers (Tl) - cancers that developed de 

novo since screening, false negative cancers (FN) - cancers missed on screening, 

occult cancers - cancers not visible on mammograms, and unclassified cancers - 

cancers where classifications were not possible.

This study compared /Cto screen detected cancers (SD) to assess histological 

differences, presentation of 1C and its interval since screening, differences between 

Tl and FN, and evaluated the long term survival of 1C and SD.

The Welsh national database was accessed to identify all SD between 1998- 

2001 and all 1C presented between 1998-2004 but attended screening between 

1998-2001. Patient demographics, cancer histopathological reports, interval 

between screening and diagnosis of 1C and all cause death data were extracted and 

analysed.

The number of 1C decreased with age (p<0.001). There were more tubular 

cancers diagnosed by screening than presented as interval cancers (p<0.001). 1C was 

significantly larger in size compared to SD, but this was due to selection bias of the 

screening programme. 1C had more nodal disease (p<0.001), higher cancer grades 

(p<0.001), and worse prognostic score (p<0.001). Ten-year survival was 82% for SD 

and 72% for 1C (p<0.001).

FN presented earlier than Tl (p=0.014), proportionally have less nodal 

disease (p<0.001), lesser cancer grades (p<0.001), and better prognostic score 

(p<0.001). Paradoxically, false negative cancers had worse long term survival 

(p<0.001).

Reducing screening interval from 3 to 2 yearly would reduce 1C rate by 36% 

but confering no survival benefit. Survival of all cancers had improved significantly; 

NPI survival estimation requires revision to reflect latest data.

IV



Table Of Contents

Chapter Content Page

Declaration i

Certificate of Research ii

Acknowledgements jjj

Abstract iv

Table Of Contents v-vii

List Of Tables viii-ix

List Of Figures x

List Of Abbreviations xi

1 Introduction 1

2 Background 3

2.1 Breast Cancer Prognosis 4

2.2 Screening Definition 5

2.3 Screening Outcome, Sensitivity and Specificity 7

2.4 False Negative Cancers and True Interval Cancers 9

2.5 Interval Cancer Detection and Review Procedure 11

2.6 Factors Influencing Screening Detection Rate 13

2.7 Factors Influencing Review Outcome of Interval Cancers 15

2.8 Clinical Outcome of Breast Cancers 16

3 Aims 17

4 Study Design, Subjects and Methods 19

4.1 Study Design 20

4.2 Subjects 22

4.3 Age on Screening, Diagnosis and Death 23

4.4 Histopathology 24

4.5 Classifications of Interval Cancers 24

4.6 Cancer Detection and Interval Cancer Rates 24



4.7 Nottingham Prognostic Index 25

4.8 Statistical Methods 26

4.9 Ethical Approval 26

5 Results 27

	Introduction to Results 28

5.1 Basic Cancers Statistics 29

5.1.1 Screen Detected Cancers - Control Group 29

5.1.2 Interval Cancers-Study Group 30

5.1.3 Summary of Basic Cancer Statistics 31

5.2 Age and Screening Rounds 32

5.2.1 Summary of Age and Screening Rounds 35

5.3 Classifications and Interval Since Screening 36

5.3.1 Classifications of Interval Cancers and Interval Since Screening 36

5.3.2 Classifications of Interval Cancers and Age Groups 37

5.3.3 Interval Since Screening and Age Groups 39

5.3.4 Summary of Classifications of Interval Cancers and Interval 40 

	Since Screening

5.4 Cancer Subtypes 41

5.4.1 Cancer Subtypes in Screen Detected Cancers 41

5.4.2 Cancer Subtypes in True Interval and False Negative Cancers 42

5.4.3 Summary of Cancer Subtypes 43

5.5 Cancer Size 44

5.5.1 Summary of Cancer Size 47

5.6 Nodal Status, Cancer Grades and Oestrogen Receptor Status 48

5.6.1 Nodal Status 48

5.6.2 Cancer Grades 50

5.6.3 Oestrogen Receptor Status 51

VI



5.6.4 Summary of Nodal Status, Cancer Grades and Oestrogen 51 

	Receptor Status

5.7 Nottingham Prognostic Index 52

5.7.1 Summary of Nottingham Prognostic Index 53

5.8 Long Term Survival Outcome 54

5.8.1 Summary of Long Term Survival Outcome 59

6 Discussion 60

6.1 Basic Cancer Statistics 61

6.2 Age 64

6.3 Classifications of Interval Cancers 67

6.4 Interval Since Screening to Presentation 71

6.5 Cancer Subtypes 74

6.6 Cancer Size 78

6.7 Nodal Status, Cancer Grades, Oestrogen Receptor Status and 80 

	Nottingham Prognostic Index

6.8 Survival 83

7 Limitations 87

8 Conclusions 89

9 Recommendations 93

10 Reference 95

11 Appendices 105

A Ethical Approval - South East Wales Research Ethics Committee Panel B

B Research Approval - Joint Velindre NHS Trust / Public Health Wales

	Research Risk Review Committee 

C Masters of Philosophy Degree Application Acceptance - University of

	Glamorgan

VII



List Of Tables

Table Title Page

1 NHSBSP Cancer Detection Targets 24

2 Nottingham Prognostic Index Scoring and 5 year Survival 25 

Prediction

3 Number of Women Screened, Screened Detected and Interval 29 

Cancers

4 Observed Interval Cancer Rates in 12 Monthly Intervals 30

5 Cross Tabulation of Screening Round against Screen Detected and 32 

Interval Cancers

6 Cross Tabulation of Age on Screening against Screen Detected 34 

and Interval Cancers

7 Cross Tabulation of Age 50 and 52 on Screening against Screen 35 

Detected and Interval Cancers

8 Cross Tabulation of Classification of Interval Cancers against 36 

Interval Since Last Screen

9 Cross Tabulation of Classification of Interval Cancers against Age 37 

Groups

10 Cross Tabulation of Age Groups of False Negative Cancers against 38 

Screening Rounds

11 Cross Tabulation of Age Group against Interval Since Last Screen 39

12 Cross Tabulation of Cancer Subtypes against Screened Detected 41 

Cancers and Interval Cancers

13 Cross Tabulation of Cancer Subtypes against Interval Since 42 

Screening of True Interval Cancers

14 Cross Tabulation of Cancer Subtypes against Interval Since 43 

Screening of False Negative Cancers

15 Cross Tabulation of Size of Invasive Cancers against Screen 38

Detected and Interval Cancers

16 Comparisons of Size of Interval Cancers and Classifications of 47 

Interval Cancers

VIII



17 Cross Tabulation of Number of Positive Nodes against Screen 48 

Detected and Interval Cancers

18 Cross Tabulation of Number of Positive Nodes against Cancer 49 

Subtypes

19 Spearman's Rank Order Correlation Test of Age on Screening, 49 

Number of Nodes Sampled, Number of Positive Nodes and Size of 

Invasive Cancer

20 Cross Tabulation of Cancer Grades against Classifications of 50 

Interval Cancers

21 Cross Tabulation of Classification of Interval Cancers against 51 

Oestrogen Receptor Status

22 Median NPI of Interval Cancer Classifications and Predicted 52 

Survival

23 Cross Tabulation of NPI against Screen Detected and Interval 52 

Cancers

24 Comparisons of NPI of Screen Detected and Interval Cancers 53

25 Cross Tabulation of Survival against Screen Detected and Interval 54 

Cancers

26 Cox Regression Analysis of Multiple Factors of Interval Cancers 55 

with reference to Screen Detected Cancers

27 Cox Regression Analysis of Survival and Interval Since Screening of 57

Interval Cancers

28 Observed 5 Year and 10 year Survival Compared to Predicted 58

Survival in NPI Categories

29 Comparisons of Interval Cancer Rates with Other Published 71 

Results

IX



List Of Figures

Figure Title Page

1 Graphical Representation of the Onset of Disease and the 6 

Progression of Cancer Size

2 Invasive Breast Cancer Detection Rate per 1000 Women Screened 7 

byBTW

3 Graphical Illustration of Diagnosis of Interval Cancers and Screen 9 

Detected Cancers

4 Study Design 21

5 The Number of Screen Detected and Interval Cancers by Age on 33 

Screening in Incident and Prevalent Screening Rounds

6 The Number of Screen Detected and Interval Cancers Grouped in 33 

Age Groups in Incident and Prevalent Screening Rounds

7 Cancer Subtypes in Screened Detected and Interval Cancers 41

8 Size of Invasive Cancers by Cancer Subtypes of Screen Detected 45 

Cancers

9 Size of Invasive Cancers by Cancers Subtypes of Interval Caners 46

10 Kaplan-Meier Survival Curve of Screen Detected and Interval 54 

Cancers

11 Kaplan-Meier Survival Curve of Classifications of Interval Cancers 56

12 Kaplan-Meier Survival Curve of NPI Categories 51



List Of Abbreviations

BTW Breast Test Wales

FN False Negative

FP False Positive

IBM International Business Machine

NBSS National Breast Screening Database

NPI Nottingham Prognostic Index

OPCS Office of Population Censuses and Surveys

SPSS Statistical Package for the Social Sciences

TNM Tumour, Node and Metastases Classification

TN True Negative

TP True Positive

UICC Union for International Cancer Control

UKCCCR United Kingdom Co-ordinating Committee on Cancer Research

WHO World Health Organisation

XI



Introduction



1 Introduction

According to the latest global data of 184 countries collected by the World 

Health Organisation (WHO), Globocan 2008, breast cancer is the most common 

malignant neoplasm in women with an estimated 1.4 million cases worldwide and 

460,000 deaths 1 . It represents 10.9% of all cancers diagnosed worldwide and 

constituted 23% of all new cancers in women in 2008 1 . In the UK, the breast cancer 

incidence rate was 123.9 per 100,0002, and Welsh data was slightly higher at 128.4 

per 100,0003 . The overall cancer related mortality rate for the UK was just below 30 

per 100,0002 .

The introduction of national breast cancer screening programmes has been 

shown to reduce breast cancer mortality rate globally, as demonstrated in the 

Swedish Trials4' 5, in the DOM project, Netherlands6 , Malrmo Trial 7 and the UK8 " 10 . A 

population based breast cancer screening programme, Breast Test Wales (BTW), 

was therefore introduced in Wales in 1988 with the aim to improve breast cancer 

survival and prognosis.

Screening programmes are intended to diagnose cancers at an earlier stage, 

ideally before any clinical signs are present. However, a small proportion of breast 

cancers, termed interval cancers, can arise after a "normal" screening examination 

prior to the next scheduled screening round.

Interval cancers are further divided into 4 main groups - True Interval 

Cancers, False Negative Cancers, Occult Cancers and Unclassified. The occurrence of 

each subgroup of interval cancers is influenced by various factors, including the 

screening interval, the overall sensitivity of screening and availability of 

mammograms for comparisons. These interval cancers are thought to have 

different histopathological characteristics and ultimately long term prognosis.

This study has reviewed a group of women who have attended screening 

and subsequently developed interval cancers, and compared them to a control 

group of women with screen detected breast cancers within the same screening 

population and screening round. A ten-year follow-up period was completed 

providing data for long term survival analysis and comparison of histopathological 

characteristics of interval cancers to screen detected cancers.
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2 Background

It was postulated in the eighteen century by LeDran 11 that breast cancers 

originated as a localized disease that will eventually spread to the lymphatic and 

blood stream if not treated early. This theory was reiterated by Donegan 12 , and the 

concept that early detection of breast cancer would offer the potential to cure the 

disease. This was proven to be true by a multitude of randomized control trials as 

mentioned in the earlier chapter4 "10 . However, the ability to diagnose early breast 

cancer was not feasible until the development of x-ray imaging of the breast, or 

mammography, in the early twentieth century. It is now accepted that the most 

important factor in reducing breast cancer mortality is regular breast cancer 

screening13" 17 .

2.1 Breast Cancer Prognosis

Breast cancer is the commonest cancer in female in the developed world. 

There is a 10% life time risk of a woman developing breast cancer and a 3% risk of 

death due to breast cancer18 . Important prognostic factors are used to determine 

longterm outcome include cancer size, cancer grades, involvement of lymph nodes, 

and hormone receptor status at the time of diagnosis. Cancer size, lymph node and 

metastasis status are classified according to the Union for International Cancer 

Control (UICC) 19 and histological grading according to the Bloom-Richardson 

Grading System 20 .

These factors can be used to formulate a prognostic score expressed 

mathematically using the Nottingham Prognostic Index (NPI), in which patients are 

categorised into three main prognostic groups with differing long term survival 

ranging from 80% to 13%. MH Galea et al 21 who formulated the NPI also found that 

the 15 year survival of an age-matched female in the general population was 83%. 

This implied that patients with a cancer found at an early stage have an almost 

equal 15-year survival compared to the general population. All screening 

programmes aim to detect more patients with breast cancers at an earlier stage, 

thus improving overall survival. The NPI was later refined to 4 prognostic groups 

that provided a 5-year survival estimation.



2.2 Screening Definition

The basic concept behind breast cancer screening is to distinguish patients 

who have and those who do not have the disease. However, in reality, breast 

cancer screening can only indicate the likelihood of a woman of having breast 

cancer and highlight the need for further assessment. This exposes the limitation of 

the screening test, as it is not a diagnostic test. It highlights patients that require 

further evaluation and examination to determine if the disease is truly present or 

otherwise. Breast cancer screening in general is accurate, but as with any screening 

tests, it is inevitable that there will be patients regarded not to have breast cancers 

when they do, and similarly, patients deemed to have breast cancers where in fact 

they don't.

A population wide screening programme for a disease at a pre-clinical phase 

has to adhere to a well established criteria as set out by the World Health 

Organisation 22 . Firstly, it should be an important health issue. Secondly, a sojourn 

time should be present. This is the window where an asymptomatic disease is 

detectable by screening test. Thirdly, treatment at an early stage should provide 

better prognosis. Fourthly, the screening test should be effective, reasonably 

accurate, affordable and acceptable to patients.

Breast cancer screening meets these criteria in general, although there are 

concerns with regard to a number of issues. There was no consensus initially as to 

which age group should be screened, with some countries initiating screening test 

with women aged 40 and others at age 50. The UK wide National Health Service 

Breast Screening Programme (NHSBSP) and subsequently Welsh specific Breast Test 

Wales (BTW) implemented screening for women at age 50 to 64 in 1988, and was 

then extended to women aged 50 to 70 in 2005.

Similar to age group, screening intervals varied between countries 23 ' 24 . Early 

randomised trials were setup with a screening interval of 24 months. The Swedish 

Trial screened patients every 2 or 3 years depending on age, similarly the Malmo 

Trial screened women every 2 years, these two trials however includes patients age 

40 to 70, where as NHSBSP and BTW are screening patients from the age of 50.



In order to establish the screening interval, sojourn time of the disease is an 

important factor. Sojourn time is the time period when a cancer is detectable by 

screening test but not detectable clinically. In breast cancers, this is mainly due to 

the size of the cancer. The actual amount of time gained by detecting a cancer prior 

to clinical detection is termed the lead time. The lead time gained varies between 

individuals, age of the patient and histology of breast cancer as demonstrated by 

Tabaretal(23).

Time

Sojourn Time

Figure 1

Graphical Representation of the Onset of Disease and the Progression of Cancer Size. 

A is the earliest the cancer is detectable with a preclinical cancer size a. 

B is the when diagnosis is made at cancer size b. 

C is the time of clinical diagnosis at which size c is detectable clinically. 

A-C is the potential period where screening is able to detect the cancer (sojourn time). 

B-C is the time gained by screening thus bringing forward diagnosis of the cancer.

In 2000, after twenty years of follow up within the Swedish Trial, Tabar et 

al 25 estimated that the mean sojourn time is 2.4 years in women aged 40 to 49, 3.7 

years in women aged 50-59 and 4.2 years in women aged 60-69. Ideally, the lead 

time gained and the sojourn time should coincide to maximize the effectiveness of a 

screening programme, as sojourn time represent the upper limit of lead time. This is 

in reality challenging therefore in majority of the cases, the lead time gained is less 

than the underlying sojourn time (Figure 1). The current 3-year screening interval of 

the NHSBSP and BTW would therefore provide theoretical minimum of 0.7 year of 

lead time gained and a maximum of 4.2 years.



2.3 Screening Outcome, Sensitivity and Specificity

The interpretation of the screening mammogram ultimately falls into two 

categories- normal or abnormal. Comparing this interpretation to actual cancer 

status, women will be divided into 4 groups - true positive (TP), false positive (FP), 

true negative (TN) and/o/se negative (FN)26 ' 27 .

All women invited to screening are further divided into two main groups 

regardless of screening outcome. Women having their screening examination for 

the very first time - Prevalent Screen; or women having second or subsequent 

screen - Incidence Screen. Cancers being detected in each group are termed 

Prevalent Cancers and Incidence Cancers respectively.

True positive (TP) is defined as a cancer being diagnosed following 

recommendation for further evaluation from an abnormal screening 

mammography. Figure 2 illustrates this data published by BTW from the year 2000 

onwards28"36 .

Figure 2 
Invasive Breast Cancer Detection Rate per 1000 Women Screened by BTW

        Prevalent Screen

   -Incident Screen

oocnOrHrsim^LntDt^oo 
0101000000000
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False positive (FP) \s classified as no known cancer diagnosed despite an 

abnormal screening mammogram. It is further divided into 3 categories: FP1 refers 

to cases recalled for an abnormal mammogram and additional imaging were 

performed but no cancer was found. FP2 refers to cases where recommendation for 

surgical consultations and biopsies were made but no malignancies were found. FP3 

refers to cases where benign diseases were found on biopsies following screening.



True negative (TN) cases predominate in breast cancer screening 

programmes as most mammograms reported as normal will indeed be accurate. It 

is defined as no cancer diagnosed after a reported normal screening mammogram.

False negative (FN) is defined as cancers that were not picked up by 

screening mammograms that were actually present at the time of screening. Most 

of these cases would later present clinically with a palpable cancer.

Taking the above into consideration, the probability of detecting breast 

cancer when it is truly present, termed sensitivity, is the proportion of patients 

found to have breast cancers identified by an abnormal screening mammogram to 

all women who actually have breast cancer at the time of screening. Sensitivity = TP 

/ ( TP + FN ). Specificity refers to the probability of identifying normal patients 

where no cancer exists and therefore is the proportion of all patients deemed to 

have normal mammograms to all patients not having cancers including women with 

abnormal screening outcomes. Specificity = TN/ (TN + FP).

The probability of a woman having breast cancer when being told that she 

has an abnormal screening mammogram is the proportion of patients having 

cancers to all patients with abnormal screening mammograms, also known as 

Positive predictive value (PPV =TP/(TP + FP)). Equally, Negative predictive value ( 

NPV = TN / ( TN + FN) ), is the proportion of patients with no cancers to all patients 

with a deemed "normal" mammograms.
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2.4 False Negative Cancers and True Interval Cancers

Interval cancers are cancers being diagnosed clinically between screening 

episodes. These cancers can be divided into two main groups - False Negative (FN) 

and True Interval (Tl) cancers, and two minor groups - Occult and Unclassified. False 

negative cancer occurs when screening mammogram failed to identify the presence 

of a breast cancer. These cancers often present as interval cancers, where they 

became symptomatic and are diagnosed clinically. False negative interval cancers 

therefore in theory should have been detected by screening, in contrast to true 

interval cancers where detection during screening was not possible. True interval 

cancers are cancers that were not present or not detectable by screening 

mammogram but subsequently diagnosed clinically between screening episodes.

Screening 
Episode I

Screening 
Episode II

False Negative 
Interval Cancer I

Symptomatic Cancer 
Detected Clinically

False Negative 
Interval Cancer II

Asymptomatic Cancer 
Detectable By Mammogram

Screen detected 
Cancer I

Screen detected 
Cancer II

Figure 3 
Graphical Illustration of Diagnosis of Interval Cancers and Screen Detected Cancers.

Differentiating true interval cancers and false negative cancers in a practical 

sense is not easy. They both present as clinically detectable cancer in between 

screenings. In order to classify whether an interval cancer is a true interval or false 

negative cancer, the onset of the cancer in question needs to be established. This 

represents a major challenge, as yet, no technology exist that can retrospectively



and with any certainty reveal the precise moment of onset of a cancer. Therefore to 

establish if a cancer was present during the last screening examination, the best 

tool currently available is by reviewing mammograms taken when patients 

presented with symptomatic cancers, and compare that to screening mammograms 

of these patients. Upon review, if an abnormality corresponding to the location of 

the cancer were present on the screening mammogram, this would therefore be 

classified as a false negative cancer. Conversely, an interval cancer with a normal 

screening mammogram would be classified as true interval cancer.

False negative cancers and true interval cancers should, by logic, be similar 

in terms of clinical outcome. Both delay potential diagnosis and ultimately reducing 

the effectiveness of a screening programme. However, each highlights a different 

aspect of the screening programme that could be further improved. False negative 

cancers, if identified correctly upon retrospective review indicate a failure of the 

screening procedures initially. This is valuable data for quality assurance and audit. 

Improvement in this area will lead to improvement of sensitivity and thus overall 

cancer detection rate of the screening programme. However, a possible trade-off of 

increased sensitivity is decreased specificity, as more women with no cancers are 

potentially being recalled for further investigations.

NHSBSP and BTW have a target expected interval cancer rate of 1.2 per 1000 

women screened for the period 0-<24 months since screening, and 1.2-1.3 per 1000 

women screened 24-<36 months after a negative screen 37 . These targets were 

calculated based on the data from the Swedish Two-County Study published in 

1987 23 and data from the Office of Population Censuses and Surveys (OPCS). These 

targets are used as a proxy for quality assurance and audit purposes.

10



2.5 Interval Cancer Detection and Review Procedure

Within BTW, once an interval cancer has been diagnosed, a review 

procedure is carried out for the classification of the Interval cancer. Review process 

involves comparing the mammograms performed upon the clinical diagnosis of 

interval cancer (where available) to mammograms performed at the preceding 

screening examination. Reviewing and auditing interval cancers and producing 

interval cancer rates are an integral part of evaluation of the screening programme.

Upon conclusion of the review process, interval cancers are classified into 

four groups according to the European Commission's Classification Guidelines38'39 . 

The four groups are True Interval, False Negative, Occult and Unclassified. Each 

group represents a different aspect of the screening programme and the natural 

history of breast cancers.

True Interval Cancers - These cancers have mammographic appearance indicative 

of cancer on symptomatic mammograms but not on screening films. These are truly 

interval cancers that have developed between screenings. In conjunction with 

incident cancers, it is a surrogate indicator for background incidence of breast 

cancer in general. True interval cancer rate within a population should be less than 

the incidence of breast cancers in a similar but unscreened population. If the 

interval true interval cancer rate and background incidence rate were the same, this 

indicated that the screening programme in the current setup did not fulfil its 

primary aim of detecting cancers in preclinical phase to have an impact on the 

number of breast cancers with clinical symptoms. Changes in screening interval 

have a direct correlation to the incidence of true interval cancers. Reducing interval 

between screenings will reduce true interval cancer rate.

False Negative Cancers - These cancers have cancerous features on screening and 

symptomatic mammograms at the site of the symptomatic interval cancers. These 

represent cancers that could have been identified at the screening episode, 

indicating error in the interpretation of screening mammograms. False negative 

cancers are an important quality assurance indicator of a screening programme. 

Whilst accepting that no screening programme can identify all cancers on screening,

11



unacceptably high false negative rate indicates a significant failure of a screening 

programme in detecting cancers visible on screening mammograms.

Occult Cancers - This group of cancers are mammographically silent. They are not 

visible on symptomatic and screening films despite proof of cancer by tissue 

sample. In essence, these cancers are undetectable by current screening modality. 

In reality, occult cancers represent a small percentage of all interval cancers. 

However, an increase in the number of occult cancers indicates that the screening 

modality needs to evolve to detect these breast cancers.

Unclassified - Some cancers can be diagnosed without mammograms having been 

performed when the patients presented with symptoms. Comparison of 

mammograms therefore cannot take place hence these cancers are termed 

unclassified.

12



2.6 Factors Influencing Screening Detection Rate

Breast cancer screening involves a woman undergoing mammographic 

examination, processing of the mammographic material and finally interpretation of 

the mammogram. The effectiveness of the screening programme can be influenced 

by multiple factors along the chain of the process.

Breast tissue density - Breast tissue density affects the penetration of ionizing 

radiation and therefore the quality of mammographic results. Wolfe's classification 

of breast tissue density40 highlighted the risk of breast cancer increases with the 

density of breast tissue. The risk is more apparent for interval cancers41 . The 

mechanism behind the link has not been fully examined, but it is believed that 

dense breast tissue has an inherently higher risk, moreover small cancers are easily 

masked on mammograms by dense background tissue, making them difficult to 

identify on screening mammogram.

Cancer Location - Standard mammography consists of imaging each breast in two 

projections, an oblique and a cranio-caudal view. Tabar42 described a systematic 

examination of mammograms and indicates the areas that require special 

attention. The "milky way", a 3-4cm parallel zone to the edge of the pectoral 

muscle, and the retro-areolar space on the oblique projection, and the medial 

portion of the breast and "no mans land" at the back of the breast behind the 

glandular tissue on the cranio-caudal projection. Breast cancers are also shown to 

cluster in the upper outer quadrant of the breast which can be projected in the 

axillary tail on the oblique view but can be easily be missed out on the cranio-caudal

view43 .

Cancer Characteristics - Most breast cancers demonstrate mammographic signs. 

However, sub-clinical cancers are much smaller, mammographic signs can be very 

subtle, if at all, as compared to more advanced cancer. Therefore a breast cancer 

screening radiologist relies on very subtle signs to determine the likelihood of a 

woman of having a breast cancer. Some cancer sub-types, such as invasive lobular 

cancers may not exhibit significant desmoplastic reaction, rendering

13



mammographic detection extremely difficult. Conversely, tubular cancers are easily 

identified even at an early stage due to its characteristic spiculated appearance44 .

Technical Limitation - The technical aspect of obtaining breast screening 

mammograms in the UK has to adhere to a strict guideline as produced by the 

National Health Service Breast Screening Programme (NHSBSP)45 . This covers a 

comprehensive and detailed protocol for assessing X-ray units, film processors, 

mammographic techniques, including positioning of breasts, to mammographic 

viewing illuminators and conditions, staffing levels and quality control. Each and 

every step along these procedures can have an impact on the accuracy of the 

mammographic interpretation. This is to ensure that mammographic techniques are 

consistent within the NHSBSP and meet a superior standard, therefore limiting 

inaccuracies in breast cancer screening.

Mammographic Interpretation - This is perhaps the key step in the breast cancer 

screening programme. A breast cancer screening radiologist has to take into 

account all the above factors when viewing a mammogram to make a judgment on 

the likelihood of a woman of having breast cancer. This involves lengthy training in 

recognizing signs associated with cancers and experience in the viewing of 

mammograms. It is important to recognize that mammographic reporting is a 

judgment and opinion of radiologists, although the standard in the UK NHSBSP is 

extremely high and has been a great success; no screening programme is 100% 

sensitive and specific. To improve detection rate further, double readings of 

mammograms by two radiologists and two views mammography have improved the 

accuracy of mammographic interpretation significantly46"4 .
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2.7 Factors Influencing Review Outcome of Interval Cancers

Outcome of interval cancer review is also subjected to the variability 

affecting the outcome of screening mammograms. Whether a cancer is detectable 

on screening films varies between radiologists, the review procedure will invariably 

introduce inter- and intra-personnel error. Furthermore, the setup of a review 

process itself can influence the outcome of the review. A radiologist conducting a 

review process has a tendency to be more cautious in interpreting mammograms 

simply because of the knowledge of the fact that he or she is conducting a review 

process. Review process places radiologists in a different mindset as compared to 

interpreting screening films 'in the wild'. This phenomenon is difficult to assess as it 

varies between individuals, different review methods has therefore been suggested 

in order to minimize such effect.

On review, if the radiologist was informed of the presence of cancer, more 

cancers were classified as false negative cancers50 . Review cases that are mixed 

with normal mammograms also has an impact on the outcome of review51 ' 52 .

How many radiologists are required for the review process? This is another 

aspect that is being considered. Some centres employed a consensus approach on 

review of interval cancers, where at least two radiologists had to identify a missed 

radiology signs for a false negative cancer to be called 3;54 .

Some centres employed both the above methods by means of staged 

review, where films were classified in a blinded mixed fashioned and then by a 

consensus approach 55 .

BTW employs a blinded review process with consensus having to be reached

by 2 readers.
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2.8 Clinical Outcome of Breast Cancers

Regardless of how a breast cancer is diagnosed, either by screening, 

presented clinically or outside screening, a patient with breast cancer will be 

referred to a relevant surgeon for consultation. There are a number of treatment 

options including surgery, chemotherapy, radiotherapy and hormonal manipulation.

Within the UK, treatment options will be discussed by a team of clinicians, 

including surgeons, oncologists, radiologists and specialist nurses, and the 

recommended option will then be discussed with the patient prior to 

commencement of treatment.

As more screen detected cancers are being diagnosed at an earlier stage, 

more women are being offered less aggressive and radical treatments with no 

detrimental effect on long term outcome.
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3 Aims

To review and investigate interval breast cancers and compare them to a 

control group of screen detected cancers within a population based breast 

cancer screening programme

To investigate the time interval between last screening examinations and 

the presentation of interval cancer, and to investigate if changes in 

screening interval could affect cancer detection rate

To investigate the classifications of interval cancers and correlation to 

cancer size, prognostic index, cancer subtypes, and compared these to a 

control group to ascertain the effectiveness of current screening programme

To investigate and compare the long term prognosis of interval cancers and 

screen detected cancers and its major contributing factors
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4 Study Design, Subjects and Methods

4.1 Study Design

This study employed a case-controlled methodology. Control cases were 

women with breast cancers diagnosed through the screening programme and the 

study cases were all women that developed interval cancers, within one screening 

round (3 years) in Wales. BTW maintains a central database of all screen detected 

breast cancers and interval cancers. All cases for this study were identified via the 

BTW database. Relevant data was extracted with the help of BTW information 

officers. Each case was given a unique identifier and all data were formatted into 

Microsoft Excel file format for data analysis and manipulation. No personally 

identifiable data were stored except for dates of birth that were used to calculate 

age on screening, diagnosis and death. The same data was also formatted into IBM 

SPSS file format for statistical analysis.

Each case was identified as either a control or a study case. Where 

applicable, all cases had age on screening, diagnosis and death calculated. 

Histopathological data were collected as set out in Figure 4. For cases in the study 

group, the intervals between screening and presentation of interval cancers were 

calculated and the classification of the interval cancers recorded.

Basic cancer statistics were analysed and compared initially. The overall 

number of cancers diagnosed in each group was analysed, as well as the age 

distribution of each group subdivided into prevalent and incident screening rounds. 

For interval cancers, the classifications of interval cancers were analysed and 

examined in respect of their age distributions, screening rounds and interval since 

screening.

The histopathology data for each group were then reviewed and analysed. 

Cancer subtypes, size, nodal status, cancer grades, oestrogen receptor status and 

NPI were compared between the study and control groups in a stepwise fashion.

Survival data was obtained via the same BTW and NBSS database, but 

retrieved manually by interrogating NBSS directly. NBSS holds all death records of 

women who attended screening regardless of their age; however, it does not 

provide the cause of death.
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Study Design

Control and Study Groups Identified 
(Screen Detected Vs Interval)

• Eligible study cases identified
• Assigned Case Number
• Assigned to Control or Subject Group

Control Group
(Screen Detected Cancers)

• Age on Screening and Diagnosis
• Identify Prevalent or Incident 

Screening Round
• Age of death
• Interval between Diagnosis and 

Death

Study Group 
(Interval Cancers)

Age on Screening
Age on Presentation of Interval
Cancers
Interval between Screening and
Presentation of Interval Cancers
Identify Prevalent or Incident
Screening Round
Age of Death
Interval between Diagnosis and
Death
Classified to True Interval, False
Negative, Occult and Unclassified

Histopathology
• Cancer Size
• Cancer Subtypes - Ductal, Lobular, 

Medullary, Mixed, Mutinous, Tubular, 
Others 
Nodal Status

• Cancer Grades
• Oestrogen Receptor Status
• Nottingham Prognostic Index

\

J
Figure 4 

Study Design
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4.2 Subjects

Breast Test Wales (BTW) covers a general population of about 3 million in 

Wales. Initially, all eligible women between the age of 50 and 64 were invited for 

screening at three yearly intervals. Effectively, in Wales the targeted population was 

roughly 270,000 women in the eligible age group56 . In 2005 the age range has been 

increased to between 50 and 70. To date, the screening programme has performed 

over 1.3 million screening tests. The latest published detection rate for invasive 

breast cancer in Wales is 7 per 1000 for prevalent screen and 5.7 per 1000 for 

incident screen 36 .

The study period of 1998 to 2001 was chosen as this particular screening 

round (3 years) was the 10th year since the inception of BTW and would be 

considered to have reached a steady phase and it also provided a 10-year follow up 

period for evaluation of long term survival.

Data for the study sample were obtained from BTW and National Breast 

Screening (NBSS) database. Subjects and control group were identified and chosen 

from the women having had a screening examination in the 3 screening years 

starting from 1st April 1998 to 31st March 2001. Each screening year mirrored 

financial year starting from April for 12 months. As interval cancers could present 

up to 3 years after screening, all interval cancers detected between 1st April 1998 

and 31 st March 2004 were included.

BTW receives notification of interval cancers from monthly pathology report 

from pathology laboratories in Wales and that from Welsh-English border. Due to 

the geographical feature of Wales, with at least 800 miles of coastline with only one 

land border with England to the eastern aspect, the data captured for interval 

cancers is considered one of the most complete within the UK.

In the year 1998, 87,149 women were invited for screening and 67,361 

attended. In the year 1999, 85,228 women were invited and 65,935 attended, and 

in the year 2000, 85,273 were invited and 65,786 attended 57 . The overall uptake 

rate was 77.3%. All screen detected and interval cancers diagnosed within the BTW 

catchment area are reported. Basic demographics were collected from BTW 

database and analysed.
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4.3 Age on Screening, Diagnosis and Death

Age on screening was used as the index age in both groups. Screening can be 

further divided into Prevalent or Incident rounds. Most women between the age of 

50 and 52 ideally attend screening for the first time and therefore included in the 

prevalent group and older women in the incident group. However, a small number 

of women aged 50-52 attended their first screening prior to the age of 50 for other 

reasons, such as inclusion in the separate family history screening programme, 

therefore they would be included in the incident group, as they were attending not 

as a first screening. Similarly, not all women aged 52 and above would have 

attended previously, and therefore were included in the prevalent group.

In the control group, the vast majority of ages on diagnosis and ages on 

screening were the same, except in a few cases where the date of screening and 

date of diagnosis were before and after the women's dates of birth causing an 

apparent diagnostic delay of 1 year. In reality the interval is never more than 1 

month and this disparity was not of importance in the control group and therefore 

omitted from the study.

In the study group, the interval in months between screening and diagnosis 

of interval cancers was collected and analysed. They were segregated into three 

main groups of 0-12 months, 13-24 months and 25 months and over.

In both control and study groups, dates of death of patients were collected 

and the intervals between diagnosis and death were calculated. Details on causes of 

death were not available on the BTW database, therefore analyses were performed 

on all death data, and not cancer specific death.
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4.4 Histopathology

Histopathological data captured were as set out in the NHSBSP Publication 

No 58 "Pathology Reporting of Breast Disease"58 . Data extracted for use in this 

study included-

Cancer Types - Ductal, Lobular, Medullary, Mucinous

Mixed, Tubular, Other Primary

Cancer Size - Measured as the widest diameter in the specimen 

Cancer Grade - Bloom-Richardson Grading System I, II and III

Nodal Status - Positive/Negative

Number of positive nodes

4.5 Classifications of Interval Cancers

All interval cancers were reviewed by the BTW interval cancer review 

process and classified into True Interval, False Negative, Occult and Unclassified. 

This information was collated and used for analysis.

4.6 Cancer Detection and Interval Cancer Rates

Target cancer detection rate and interval cancer rate for the NHSBSP was 

calculated as outlined by Moss and Blanks in 199837 .

Table 1
________________NHSBSP Cancer Detection Targets_____________ 
Screen Detected Cancer Rates_______________Interval Cancer Rates______
_, r ,_„ , <=0.45 per 10000-12 months of screening
3.6 per 1000 prevalent screen rr v ^ e

K <=0.65per 1000 13-24 months of screening
n . . <=1.2 per 1000 0-24 months of screening

4.0 per 1000 incident screen ,-,*-, innmc^c *u c
___ ________1.2-1.3 per 1000 25-36 months of screening
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4.7 Nottingham Prognostic Index (NPI)

The Nottingham Prognostic Index (NPI) 21 is a validated prognostic calculation 

tool taking into account of size of cancer, number of lymph nodes involved and 

cancer grade. NPI can be used to predict long term prognosis of up to 15 years as 

initially used by MH Galea in 1982. It predicted a survival of 80%, 42% and 13% in 

three groups of patients according to the NPI score. Since then, it has been refined 

and segregates patients into 4 groups, predicting 5 year survival in line with the 

more commonly used survival time scale of other cancers. It is therefore used as a 

surrogate marker of aggressiveness of a breast cancer.

NPI scores for all cancers in this study were calculated where data is 

available. Incomplete data sets are omitted from statistical analysis. Continuous NPI 

scores are used for statistical analysis where appropriate, and categorised into 

respective prognostic groups that reflect clinical use of NPI.

Table 2
_________Nottingham Prognostic Index Scoring and 5 year survival prediction______ 
_____Nottingham Prognostic Index___________Score_________5 Year Survival 
Excellent prognosis group (I) <=2.4 93% 
Good prognosis group (II) >2.4<=3.4 85% 
Moderate prognosis group (III) >3.4<=5.4 70% 
Poor prognosis group (IV)___________________>5.4_____________50%
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4.8 Statistical Methods

Chi-Square x2 for single table analysis was used for comparing categorical 

variables and Z-test with a at 0.05 to compare intergroup significance. When the 

Standardised Residuals of a cell in cross tabulation were examined, a critical value 

of greater than 1.96 or less than -1.96 were used as significant. LogLinear Analysis 

and Logistic Regression were employed to determine interactions between multiple 

variables as required. Cox Regression analysis was used to analyse covariates and 

survival.

For continuous parametric data, Two-Sample Independent t Test was used 

for two samples analysis; for continuous non-parametric data, Kruskal-Wallis Test 

was used for comparing distribution multiple independent samples, and Mann- 

Whitney U Test was used for comparing two samples. Statistical analysis was 

performed using IBM SPSS version 19.

Median was used in the analysis of data instead of Mean as the distributions 

of data in this study were non-parametric and skewed. Median value was therefore 

a more useful representation of "average" as compared to mean value.

4.9 Ethical Approval

This study was granted ethical approval by the South East Wales Research 

Ethics Committee Panel B on the 14th July 2010, Ref Number 10/WSE02/52. It was 

also accepted by the University of Glamorgan to be submitted for consideration of a 

Master of Philosophy degree.
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5 Results

Introduction to Results

The results of this study are divided into 8 subsections. Each section will 

focus on one main issue. Firstly the basic cancer statistics will be discussed. 

Subsequently, the age distributions of women attending prevalent and incident 

screening rounds will be compared. Then the classifications of interval cancers, the 

interval from screening to presentation of interval cancers, cancer subtypes, 

histopathological features, NPI, and long term survival will be discussed.

Each section will be further sub-divided to allow comparisons and contrast 

between screen detected and interval cancers. The amount of information and data 

will therefore expand exponentially with the progression from one subsection to 

the next. In order to focus on the main and relevant issues, data and analyses not 

relevant to the main aims will not be presented.

The general approach to each section will be to highlight differences being 

observed between interval and screen detected cancers, and apply statistical tests 

to ascertain significance.

Investigation of intervals since screening, in conjunction with classifications 

of interval cancers, will be discussed and presented to evaluate the potential 

reduction in the presentation of interval cancers by altering screening parameters, 

such as screening intervals and screening sensitivity.

Finally, the long term survival data of interval and screen detected cancers 

will be discussed.
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5.1 Basic Cancers Statistics

This section will present the basic statistics of both screen detected and 

interval cancers. The overall number of women screened in each study year will be 

presented, and the number of cancers is broken down into the 3 yearly groups that 

will be examined and compared. Interval cancers will also be sub-divided into 

cancers diagnosed by 12 monthly intervals since screening.

5.1.1 Screen Detected Cancers- Control Group

The number of women screened in each corresponding year, the number of 

cancers detected on screening and presented as interval cancers is summarized in 

Table 3. This demonstrated a fairly similar number of total cases across all three 

years, although there is a slight increase in the number of screen detected cancers 

with a corresponding drop in interval cancers in year 1999-2000.

Table 3 
Number of Women Screened, Screened Detected and Interval Cancers

Year
1998-1999 
1999-2000 
2000-2001

Women Screened
67,361 
65,935 
65,786

Total 199,082

Screen Detected 
Cancer

332 
353 
335

1,020

Interval Cancers
232 
227 
233
692

Even though these data were supplied by BTW, these results differ to the 

official BTW director report of 2001, where the cancers detected were 321, 309 and 

321 for each of the screening years57 . These discrepancies arose from the selection 

criteria used for identifying these screen detected cancers. The diagnoses of cancers 

were confirmed with biopsy; hence the diagnosis dates were always later than that 

of the screening dates. The official report included all diagnoses within the 

screening year. These included cancers diagnosed in the current year but screened 

in the preceding year due to the slight delay between screening and diagnosis, and 

also omitted cancers screened in the current year but diagnosed in the following 

year. This affected a very small group of cancers having been screened and 

diagnosed roughly 1 to 2 weeks before and after the change of the financial year.

Nonetheless this created a disparity of 57 cancers between the BTW report
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and this study. For the purpose of this study, all cancers are categorised according 

to the year of screening regardless of the diagnosis date. This will allow accurate 

comparison of screen detected cancers and interval cancers that are also 

categorised according to screening year. The overall cancer detection rate on 

screening for these three years was 0.51% or 5.1 per 1000 women screened.

5.1.2 Interval Cancers-Study Group

Of the 199,082 women who had screening examinations in the year 1998 to 

2001, 692 subsequently developed breast cancers that were not picked up by the 

screening mammograms. This equates to an interval cancer rate of 3.48 per 1,000 

women screened, in direct comparison to the screen detected cancer rate of 5.1 per 

1,000 women screened.

The interval cancer rates for each of the screening years were 232 (33.5%), 

227 (32.8%) and 233 (33.7%) respectively. This is the number of women who 

underwent screening in each year and subsequently developed cancers in the 

following 3 years. No significant differences are found in the number of interval 

cancers that had screening performed in each of the screening years.

Interval cancers were subdivided into three groups according to the intervals 

since the last screening examination. There were 108 women that presented with 

interval cancers within 12 months of screening, 264 within 13-24 months of 

screening and 319 presented more than 25 months after having had screening 

examinations. This equated to interval cancer rate of 0.5 per 1,000 screened, 1.3 

per 1,000 screened and 1.6 per 1,000 screened respectively.

Table 4

Observed Interval Cancer Rates in 12 Monthly Intervals 

Interval Since Screening Interval Cancer Rates

<12 Months 108 (0.5 per 1000) 

13 - 24 Months 264 (1.3 per 1000) 
>25 Months__________319 (1.6 per 1000) 

Total 692

One woman had an interval cancer 43 months after the previous screening.
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She did not attend an invitation for screening at 36 months but later presented with 

a symptomatic cancer. If she had attended, her cancer could have been detected 

and wound unlikely to be classified as an interval cancer. It was deemed that her 

case was not representative of interval cancers, and was therefore not included in 

any further statistical analysis. She was classified as a "lapsed attender".

5.1.3 Summary of Basic Cancer Statistics

The overall number of women attending screening, screen detected cancers 

(control cases) and interval cancers (study cases) remained fairly stable over the 3 

years. The number of interval cancers increased steadily with the increased interval 

since last screening.
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5.2 Age and Screening Rounds

In this section, the age distribution of screen detected and interval cancers 

will be examined. The proportion of women attending for the first time (prevalent 

round) and subsequently (incident round) for each group will also be reviewed and 

compared. The intention of the comparison is to investigate if age was a factor in 

women developing interval cancers as compared to screen detected cancers.

Table 5 
Cross Tabulation of Screening Round against Screen Detected and Interval Cancers

Screen Detected Count 
Cancers std. Residual
Interval Cancers Count 

Std. Residual
Total Count

Screening Round
Incident

738 
-1.1

552
1.4

1290

Prevalent
282 
2.0

139 
-2.4
421

Total
1020

691

1711

According to Table 5, there were 738 (72.4%, 4.9 per 1,000 screened) screen 

detected cancers diagnosed in the incident screening round compared to 282 

(27.6%, 5.9 per 1,000 screened) in the prevalent round. Comparatively, there were 

552 interval cancers that had undergone screening examinations in the incident 

screening round, and 139 had screening examinations in the prevalent screening 

round.

Chi-Square Test (x2) indicated a significant difference between screen 

detected cancers and interval cancers being diagnosed following women attending 

screening as a prevalent screen and incident screen (p<0.001, df=l). Examining the 

Standard Residuals and using +/-1-96 as critical value Z-test a at 0.05, there was an 

under representation of interval cancers in the prevalent screening round and an 

over representation of screen detected cancer in the prevalent round.

The age distributions of screen detected cancers and interval cancers are 

shown in Figure 5. There was a distinct peak at age 50-52 for prevalent group, 

which is to be expected as most women in this age group were attending screening 

for the very first time. Statistical analysis of age differences between prevalent and 

incident groups will not produce meaningful results as this pattern was 

predetermined by the setup of the screening programme.
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Figure 6
TYje Number of Screen Detected and Interval Cancers Grouped in Age Groups 

In Incident and Prevalent Screening Rounds

Figure 6 presents the overall number of cancers diagnosed, combining 

screen detected and interval cancers, in each age band. A typical woman attending 

incident screening would likely to be aged 53 and above. Figure 6 shows that the 

overall number of cancers diagnosed in women over 53 attending incident 

screening round remained fairly stable, around 300 cases. The number of interval 

cancers decreased with advancing age with an increased number of screen detected 

cancers.
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Table 6 
Cross Tabulation of Age on Screening against Screen Detected and Interval Cancers

Screening Round
Total Screen Count 

Detected Std. Residual 
Cancers
Interval Count 
Cancers std. Residual
Total Count

Age Group
<52
255 
1.0

146 
-1.3

401

53-55
194 
-1.0

156 
1.2

350

56-58
170 
-1.4

148 
1.7

318

59-62
183 
-0.5

135 
0.6

318

>63
218 
1.8

106 
-2.2

324

Total
1020

691

1711

Incident Screen Count
Detected std. Residual
Cancers
Interval Count
Cancers std. Residual
Total Count

26
-1.3

33
1.5
59

165
-0.9

144
1.0

309

161
-0.9

142
1.1

303

175
0.0

130
0.0
305

211
2.3

103
-2.7

314

738

552

1290

Prevalent Screen Count
Detected Std. Residual
Cancers
Interval Count
Cancers Std. Residual
Total Count

229
0.0

113
0.0

342

29
0.3

12
-0.4

41

9
-0.3

6
0.5
15

8
-0.2

5
0.3
13

7
0.1

3
-0.2

10

282

139

421

Table 6 presents the number of patients either with screen detected or 

interval cancers, separated into 3-yearly age group and further subdivided into 

incident or prevalent rounds. Within the incident round, there were significantly 

more screen detected cancers in women aged 63 and above compared to interval 

cancers (x2 p<0.001, df =4). Conversely, within the prevalent round, no differences 

in age were noted in the proportion of screen detected cancers compared to 

interval cancers (x2 p=0.938, df=4).

Ideally, women between the age of 50-52 should attend for the first time 

therefore would be included in the prevalent screening round, and women older 

than 52 attending subsequent screening tests within the incident screening round. 

Focusing on women attending screening outside the intended screening rounds, i.e. 

women younger than 52 attending incident screen, or women older than 52 

attending prevalent round. Referring to Figure 6 and Table 6, for women younger 

than 52 attending incident screen, the proportion of interval cancers were higher 

than screen detected cancers and this was not observed in the other age groups in 

the incident round. However, this observation was not statistically significant but 

may suggest a trend that this group of women are at higher risk of interval cancers.
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Table 7 
Cross Tabulation of Age 50 and 52 against Screen Detected and Interval Cancers

Screen Count 
Detected Std. Residual 
Cancers
Interval Count 
Cancers Std. Residual

Total Count

Age on Screening
50
83

0.7

38 
-0.9
121

52
71 

-0.7

51 
0.9
122

Total
154

89

243

Table 7 provided an opportunity to investigate if there was a detrimental 

effect for women attending screening for the first time at the age of 52 as 

compared to women attending screening for the first time at the age of 50; a sub 

set analysis was carried out on the prevalent screening round to compare the 

differences between women attending screening for the first time age 50 and 

women attending screening for the first time at the age of 52. No differences in 

cancer detection rate and interval cancer rates were found between women aged 

50 and 52 fc2 p=0.093, df=l).

5.2.1 Summary of Age and Screening Rounds

Most women at the age of 52 or younger attended screening for the first 

time (prevalent round) as expected, a small number however did not attend for 

their first screen until a later age. Those women attending the first screening at an 

older age did not seem to develop more interval breast cancers. It was also 

observed that the overall proportion of interval cancers in women attending 

screening for the first time was lower than that of women attending subsequent 

screenings. In contrast, although it did not achieve statistical significance, women 

age 52 or younger attending incident screening were more likely to develop interval 

breast cancers compared to women older than 52 attending incident screening 

round, as intended. The overall proportion of interval cancers as compared to 

screen detected cancers was noted to decrease with age.
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5.3 Classifications and Interval Since Screening

In this section, the classification of interval cancers as concluded by the BTW 

interval breast cancer review process will be presented. Each classification will be 

further subdivided into 12 monthly intervals since screening and age groups with 

the intention of examining whether interval since screening or age groups was a 

factor in the interval breast cancers presenting as false negative interval cancers. 

There were 691 interval cancers overall, 14 cases were omitted due to missing data, 

thereby only 677 cases were included.

5.3.1 Classifications of Interval Cancers and Interval Since Screening

Table 8 
Cross Tabulation of Classification of Interval Cancers against Interval Since Last Screen

Screening Round
Total Months 1-12 Count 

Since Std. Residual
Last i3_24 Count 
Screen Std Res idual

25-36 Count 
Std. Residual

Total Count

Classification of Interval Cancer
True 

Interval
44 

-2.1

148 
-0.2

199 
1.4

391

False 
Negative

28 
2.2
43 

-0.5

49 
-0.9

120

Occult
13 

0.8
29 

0.6
26 

-1.0

68

Unclassified
19 

1.0
40 
0.4
39 

-0.9

98

Total
104

260

313

677

Incident Months 1-12 Count 
Since Std. Residual
Last 13-24 Count 
Screen Std Residua |

25-36 Count 
Std. Residual

Total Count

36 
-2.0

121 
-0.2

163 
1.3

320

25 
2.7
34 

-0.4

35 
-1.2

94

9 
0.1
24 

0.6
22 

-0.6

55

15
1.1
29 

0.3
28 

-0.9

72

85

208

248

541

Prevalent Months 1-12 Count 
Since Std. Residual
Last 13-24 Count 
Screen Std. Residual

25-36 Count 
Std. Residual

Total Count

8 
-0.6

27 
0.0
36 

0.4
71

3 
-0.3

9 
-.3
14 

0.4
26

4 
1.6

5
0.0

4 
-0.9

13

4 
0.2
11

0.3
11 

-0.4
26

19

52

65

136

Table 8 presents the number of interval cancers subdivided into its 4 main 

classifications in each 12 monthly intervals that they presented since screening. This 

is further subdivided into interval cancers that were screened in the incident and 

prevalent rounds.
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The total number of true interval, false negative, occult and unclassified 

cancers were 391 (57.8% of all interval cancers), 120 (17.7%), 68 (10%) and 98 

(14.5%). Chi-Square analysis indicated a significant difference in the distribution of 

classification of interval cancers in each 12 monthly period (x2 p=0.014, df=6). There 

was an under representation of true interval cancers presenting within 12 months 

of screening (Std Res=-2.1) and over representation of false negative cancers within 

the same period (Std Res=2.2).

The above observations were heavily influenced by incident screening 

round. Referring to the incident round in Table 8, there were fewer true interval 

cancers in the first year after screening (Std Res=-2.0) but a significantly higher 

number of false negative interval cancers (Std Res=2.7) (x2 p=0.008, df=6). This 

trend was not observed in the prevalent round (x2 p=0.59, df~6).

The first part of Table 8 also demonstrates the overall number of interval 

cancers, combining all cancers screened in prevalent round and incident round, 

presenting 1-12 months after index screening were 104 (15.4%), 260 (38.4%) for 

months 13-24, and 313 (46.2%) for months 25-36. No differences were observed 

between the distribution of interval cancers when grouped into respective 12 

monthly groups, between interval cancers screened in the incident round and that 

screened in the prevalent round (x2 p=0.747, df=2).

5.3.2 Classifications of Interval Cancers and Age Groups

Table 9 

Cross Tabulation of Classification of Interval Cancers against Age Groups

Age <52 Count 
Std. Residual

53-55 Count 
Std. Residual

56-58 Count 
Std. Residual

59-62 Count 
Std. Residual

>63 Count 
Std. Residual

Total Count

Classification of Interval Cancer

Control
255 
1.0
194 
-1.0

170
-1.4

183 
-0.5

218 
1.8

1020

True 
Interval

73 
-2.0

95 
1.7
87 
1.7
75 

0.3
61 

-1.5

391

False 
Negative

25 
-0.6

26 
0.3
26 

0.8
25

0.6
18 

-1.0

120

Occult
15 

-0.2

14 
0.0
12

-0.2

14 
0.4
13

0.0
68

Unclassified
31 
1.7
18 

-0.5

19 
0.2
18 

0.0
12 

-1.5

98

Total
399

347

314

315

322

1697
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There was a trend, although not statistically significant, suggesting more 

interval cancers were being diagnosed in younger women. Chi-Square analysis did 

not demonstrate a statistical significant association between age and classification 

of interval cancer (x2 p=0.622, df=12), as demonstrated in Table 9. Of interest, 

amongst women younger than 52 attending incident screen, there were more 

unclassified cancers as compared to other age groups, although it was not 

statistically significant.

Looking at false negative cancers specifically, young women at the age of 52 

or younger attending screening for the first time (prevalent screen) were heavily 

over represented as demonstrated by Chi-Square analysis (Table 10, x2 p<0.001, 

df=4, Std Res = 5.8). The total number of false negative cancers in women under 52 

attending prevalent screening round was, however, not the highest compared to 

other age groups attending incident screening round. Nonetheless, as most 

prevalently screened women were 52 or younger, this data was biased.

Table 10 

Cross Tabulation of Age Groups of False Negative Cancers against Screening Rounds

Screening Incident Count 

Round std. Residual

Prevalent Count 
Std. Residual

Total Count

Age Group
<52

6
-3.1

19 
5.8
25

53-55
22 

0.4
4 

-0.7

26

56-58
26 

1.2
0 

-2.4

26

59-62
24 
1.0

1 
-1.9

25

>63
16 

0.5
2 

-1.0

18

Total
94

26

120

This analysis is an attempt to identify if a particular age group attending 

either incident or prevalent screening rounds was a major factor in women 

subsequently presenting with false negative cancers. This could help highlight a 

particular group of women more at risk of having screen detectable cancers being 

missed on screening.

38



5.3.3 Interval Since Screening and Age Groups

Table 11 presents the number of interval cancers presenting in each 12 

monthly interval since screening in each 3 yearly age group. This is further 

subdivided into incident and prevalent screening rounds.

Table 11 demonstrates that the majority of the interval cancers presented 

in the 2n and 3r year after screening but no one age group displayed 

predominance. No significance differences were demonstrated between age and 

presentation of interval cancers in each of the 12 months interval since screening 

overall, within the incident round, or within the prevalent round (x2 p=0.724, 0.466, 

0.826 respectively, df=8).

Table 11 

Cross Tabulation of Age Group against Interval Since Last Screen

Screening Round

Total Months 1-12 Count 
Since std. Residual
Last 13-24 Count 
Screen std Resi dual

25-36 Count 
Std. Residual

Total Count

Age Group
<52

23
0.0
56 

0.0
67 

0.0
146

53-55
24 

-0.1

63 
0.4
69 

-0.4

156

56-58
26

0.6
54 

-0.3

68
0.0
148

59-62
24 

0.6
52 

0.1
59 

-0.4

135

>63
11 

-1.4

39 
-0.2

56
1.0
106

Total

108

264

319

691

Incident Months 1-12 Count 
Since Std. Residual
Last 13-24 Count 

Screen Std. Residual
25-36 Count 

Std. Residual

Total Count

7 
0.7
13 

0.1
13 

-0.5

33

22 
-0.3

60 
0.7
62 

-0.5

144

26 
0.6
52 

-0.3

64 
-0.1

142

23
0.4
48 

-0.2

59 
0.0
130

11 
-1.4

38 
-0.2

54 
1.0

103

89

211

252

552

Prevalent Months 1-12 Count 
Since Std. Residual
Last 13-24 Count 
Screen Std. Residual

25-36 Count 
Std. Residual

Total Count

16 
0.1
43 

0.0
54 

-0.1

113

2
0.3

3 
-0.7

7 
0.5
12

0 
-0.9

2 
-0.2

4 
0.7

6

1 
0.4

4 
1.5

0 
-1.6

5

0 
-0.6

1 
-0.1

2 
0.5

3

19

53

67

139
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5.3.4 Summary of Classifications of Interval Cancers and Interval Since Screening

Most interval cancers presented as true interval cancers and more were 

diagnosed in the 2nd and 3 rd years since screening, although the increased 

proportion was not statistically significant. Perhaps not surprisingly, there was a 

proportionally higher number of false negative cancers in women presenting within 

the first 12 months since screening.

No differences were observed between the proportions of interval cancers 

in each 12 monthly interval between incident and prevalent rounds. There was a 

trend indicating more interval cancers in younger patients. Statistically, it appeared 

there was proportionally more false negative cancers in women younger than 52 in 

the prevalent screening round, but this data is biased. Age was not a factor in the 

presentation of interval cancers since screening.
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5.4 Cancer Subtypes

This section will present and compare cancer subtypes in screen detected 

cancers and interval cancers to investigate if one subtype predominates. Analysis 

will also be carried out to establish association between cancer subtypes and 

screening rounds, age groups, and classifications. Cancer subtypes will be further 

sub-divided and focus on true interval and false negative cancers, to examine 

cancer subtypes in 12 monthly intervals since screening. This sub-division for these 

two interval cancer classes will attempt to identify a particular cancer subtype that 

predominates in each 12 monthly interval in true interval cancers and false negative 

cancers.

5.4.1 Cancer Subtypes in Screen Detected and Interval Cancers

Table 12 
Cross Tabulation of Cancer Subtypes against Screened Detected Cancers and Interval Cancers

Screen Count 
Detected Std. 
Cancers Res
Interval Count 
Cancers Std. 

Res
Total Count

Cancer Subtypes
Invasive 
Ductal

760 
-0.6

540 
0.7

1300

Invasive 
Lobular

120
-0.6

92 
0.7

212

Invasive 
Medullary

7 
0.2

4 
-0.2

11

Invasive 
Mixed

28 
-1.6

35 
1.9

63

Invasive 
Mucinous

12 
0.2

7 
-0.2

19

Other
10 

0.4

5
-0.4

15

Invasive 
Tubular

83 
4.0

7 
-4.9

90

Total

1020

690

1710

Figure 7 

Cancer Subtypes in Screened Detected and Interval Cancers

Screen Detected Cancers Interval Cancers
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Referring to Figure 7 and Table 12, in both screened detected and interval 

cancers group, ductal cancers were the most common followed by lobular cancers. 

Tubular cancers were the third most common in the screen detected group. There 

was a disproportionately high number of tubular cancers in the control group 

compared to interval group (x2 p<0.001, df=6Std Res=4).

Chi Square analyses were performed on the distribution of cancers subtypes 

in each screening rounds, age groups, classifications of interval cancers and interval 

since screening. No differences were demonstrated between screening rounds and 

the distributions of cancer subtypes (x2 p=0.323, df=6), age groups and cancer 

subtypes (x2 p=0.276, df=8), classifications of interval cancers and cancer subtypes 

(X2 p=0.924, df=18), nor interval since last screen and cancer subtypes (x2 p=0.614, 

df=12).

5.4.2 Cancer Subtypes in True Interval and False Negative Cancers

Table 13 demonstrates each cancer subtype and time of presentation of 

true interval cancers since the last screening examination. No statistical significance 

was observed (x2 p=0.4, df=12). There was a trend suggesting a higher proportion of 

true interval lobular cancers presenting within the first year of screening with a 

standardised residual value of 1.7, and that of mixed cancers in the second year 

since screening with a standardised residual of 1.4. This however did not achieve 

statistical significance. The number of medullary, tubular and other cancer subtypes 

was too low to be included in Chi-Square analysis.

Table 13 

Cross Tabulation of Cancer Subtypes against Interval Since Screening of True Interval Cancers

Months Since 
Screening

1-12 Count 
Std. 
Residual

13-24 Count 
Std. 
Residual

25-36 Count 
Std. 
Residual

Total Count

Cancer Subtypes
Invasive 
Ductal

31 
-0.6

116 
-0.1

162 
0.4

309

Invasive 
Lobular

10 
1.7

18 
-0.5

25 
-0.4

53

Invasive 
Mixed

2 
-0.1

11 
1.4

6 
-1.2

19

Invasive 
Mucinous

1 
0.8

2 
0.4

1 
-0.7

4

Total
44

147

194

385
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Table 14 demonstrates each cancer subtype and time of presentation of 

false negative cancers since the last screening examination. Again, no statistical 

significance was observed (x2 p=0.15, df=12). There was a trend suggesting higher 

proportion of false negative mixed cancers presenting within the second year of 

screening with a standardised residual value of 2.1, but it did not achieve statistical 

significance. There were no mucinous cancers presenting as false negative cancers, 

therefore it was not included in Table 14.

Table 14 
Cross Tabulation of Cancer Subtypes against Interval Since Screening of False Negative Cancers

Months Since Screening
1-12 Count 

Std. Residual
13-24 Count 

Std. Residual
25-36 Count 

Std. Residual
Total Count

Cancer Subtypes
Invasive 
Ductal

23 
-0.1

34 
-0.3

43 
0.3
100

Invasive 
Lobular

3 
0.1

4 
-0.1

5 
0.0
12

Invasive 
Medullary

1 
1.6

0 
-0.6

0 
-0.6

1

Invasive 
Mixed

0 
-1.0

4 
2.1

0 
-1.3

4

Other
1 

1.6
0 

-0.6

0 
-0.6

1

Invasive 
Tubular

0 
-0.7

1 
0.3

1 
0.2

2

Total
28

43

49

120

5.4.3 Summary of Cancer Subtypes

Ductal cancers were the most common in screen detected cancers and 

interval cancers, followed by lobular cancers. Tubular cancers were also common in 

the screen detected group. These findings were consistent with current 

understanding of cancer subtype distributions. No associations were seen between 

cancer subtypes and screening round, age groups and classification of interval 

cancers.
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5.5 Cancer Size

Invasive cancer size can be divided according to clinical significance sizes of 

Tla(lOmm), Tlb(ll-20mm), T2a(21-30mm), T2b(31-50mm), T3 (<50mm), in 

accordance with World Health Organisation's TNM staging criteria. Cancer sizes of 

interval cancers and screen detected cancers will be compared in this section. 

Further analysis will be made on cancers sizes and age groups, screening rounds and 

interval since screening.

Table 15 
Cross Tabulation of Size of Invasive Cancers against Screen Detected and Interval Cancers

Screen Count
Detected std.
Cancers Residual

Interval Count
Cancers std.

Residual
Total Count

Size Of Invasive Cancers
<10 mm

309
4.7

69
-6.1

378

11-20 mm
527
1.4

263
-1.9

790

21-30 mm
137
-4.0

169
5.1

306

31-50 mm
29

-4.7

79
6.1

108

>51 mm
6

-2.6

20
3.3

26

Total

1008

600

1608

Table 15 summarises cancer sizes in screen detected cancers and interval 

cancers. Significant differences were noted with Chi-Square analysis (x2 p<0.001, 

df=4). Screen detected cancers were smaller, clustering around Tla and Tib where 

as interval cancers clustered around T2a and T2b.
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Figure 8 

Size of Invasive Cancers by Cancer Subtypes of Screen Detected Cancers

The median screen detected cancer size was 14mm. There was a statistically 

significant difference in the distribution of the size of cancers between each 

malignant cancer type. (Kruskal-Wallis p<0.0001, Median Test p<0.0001). Post-hoc 

analysis using Pairwise Comparison indicated significant differences amongst 

tubular, ductal and lobular cancers (p<0.002). Lobular cancers were the biggest with 

a median size of 18mm, where as tubular cancers had the lowest median size of 

9.35mm. No correlation was found between the age of women when screening 

took place and the size of the cancers (Spearman's rho r = -0.05). This indirectly 

indicated no differences between cancer sizes in each screening round, and indeed 

this was the case confirmed by Mann-Whitney U test (p = 0.872).
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Figure 9 

Size of Invasive Cancers by Cancers Subtypes of Interval Cancers

The median interval cancer size was 20mm. There was a statistically 

significant difference in the distribution of the size of cancers between each 

malignant cancer type. (Kruskal-Wallis p <0.0001, Median Test p < 0.0001). Mixed 

cancers were the biggest with a median size of 21mm, where as tubular cancers had 

the lowest median of 10.5mm. No correlation was found between the age of 

women when screening took place and the size of the cancers (Spearman's rho r = - 

0.015). This indirectly indicated no differences between cancer sizes in each 

screening round, and indeed this was the case confirmed by Mann-Whitney U test 

(p = 0.187).
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Comparisons were made between the size of cancers of each cancer subtype 

between screen detected and interval cancers. Differences were found in Ductal, 

Lobular and Mixed cancers. Interval ductal, lobular and mixed cancers were larger 

than that of screen detected cancers.

Table 16 

Comparisons of Cancer Size of Screen Detected Cancers and Interval Cancers

Cancer Types
Ductal Cancers

Lobular Cancers

Medullary Cancers

Mixed Cancers

Mucinous Cancers

Other Cancers

Tubular Cancers

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Median Size
14mm 
20mm

18mm 
21mm

12mm 
17mm

15mm 
23mm

13.5mm 
14mm

NA 
15mm

9mm 
10.5mm

Std Dev Mann-Whitney U Test
7.06 
13.88

13.99 
18.84

3.67 
15.61

11.8 
11.49

7.44 
5.93

NA 
9.29

3.66 
6.24

p<0.001

p=0.002

p=0.23

p=0.002

p=0.711

NA

p=0.288

LogLinear analysis demonstrated no correlation between the size of cancers 

and age groups (p=0.595, df=16), between size of cancers and intervals since 

screening (p=0.839, df=8), or screening rounds (p=OA92, df=4).

5.5.1 Summary of Cancer Size

In general, interval cancers were larger than that of screen detected cancers, 

with ductal, lobular and mixed cancers being statistically significantly different. Age, 

screening round or interval since screening were not factors influencing cancer size.
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5.6 Nodal Status, Cancer Grades and Oestrogen Receptor Status

In this section, the nodal status, cancer grades and oestrogen receptor 

status of interval cancers will be compared to screen detected cancers, and further 

sub-divided by size, interval since screening, and classifications of interval cancers.

5.6.1 Nodal Status
Nodes positive cancers can be stratified according to TNM staging of

NO(Node negative), Nl(l-3 nodes), N2 (4-9 nodes) and N3 (>10 nodes). This section 

aims to investigate the nodal involvement in screen detected cancers and interval 

cancers.

Table 17 
Cross Tabulation of Number of Positive Nodes against Screen Detected and Interval Cancers

Screen Detected Count 
Std. Residual

True Interval Count 
Std. Residual

False Negative Count 
Std. Residual

Occult Count 
Std. Residual

Unclassified Count 
Std. Residual

Total Count

Number Of Positive Nodes
Node Negative

774 
2.4
208 
-2.7

65 
-1.5

47 
0.5
51 

-1.3
1145

1-3 ^

168 
-1.6

78 
1.3
31 

2.2
9 

-0.8

20 
0.9
306

4-9

51 
-3.0

49 
4.2
10 

0.5
4 

-0.3

10 
1.3

124

>10
17

-2.7

22 
3.1

5 
0.8

2 
0.0

6 
1.9
52

Total
1010

357

111

62

87

1627

Table 17 demonstrates that 75.8% of all screen detected cancers and 60.5% 

of interval cancers that underwent nodal surgery had no nodal spread of the 

primary cancers. Comparatively, screened detected cancers were mostly NO (node 

negative), whereas interval cancers had a higher proportion of having N2 and N3 

disease (x2 p<0.001, df=3).

As demonstrated in Table 18, invasive ductal and lobular cancers were 

mostly node negative in the region of 70-76%. Invasive tubular cancers were almost 

exclusively node negative with 92% nodal disease free. Mixed cancers were just 

under 60% node negatives. These differences achieved statistical significance with 

Chi-Square test (x2 p<0.001, df=18). The number of cases in the remaining cancer 

subtypes was too low to contribute to any meaningful statistical analysis, hence not 

included in the above statistical analyses.
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Table 18 
Cross Tabulation of Number of Positive Nodes against Cancer Subtypes

Cancer Subtypes
Invasive Ductal Count 

Std. Residual
Invasive Lobular Count 

Std. Residual
Invasive Medullary Count 

Std. Residual
Invasive Mixed Count 

Std. Residual
Invasive Mucinous Count 

Std. Residual
Other Count 

Std. Residual
Invasive Tubular Count 

Std. Residual
Total Count

Number Of Positive Nodes
Node Negative

876
-0.1

128 
-1.3

9 
0.7
31 

-1.6

18 
1.3
11 

0.6
82
2.4

1155

1-3

239 
0.3
44 
1.0

1 
-0.6

15 
1.2

1 
-1.4

1 
-0.9

7 
-2.4
308

4-9

100 
0.6
14 

-0.3

0 
-0.9

9 
2.1

0 
-1.2

1 
0.0

0 
-2.6
124

>10
32 

-1.3

17
4.1

0 
-0.6

4 
1.5

0 
-0.8

0 
-0.6

0 
-1.7

53

Total
1247

203

10

59

19

13

89

1640

A non-parametric correlation test for all breast cancers using Spearman's 

Rank Order Correlation was carried out to check for correlations between the age of 

women on screening, the number of nodes sampled, the number of positive nodes 

and the size of invasive cancer as summarised in Table 19. The number of positive 

nodes correlated positively with the size of cancers and number of nodes sampled 

at surgery (Spearman's Rank Order Correlation p<0.01, r=0.357; p<0.01, r=0.313 

respectively). These correlations were maintained for analyses carried out within 

screen detected cancers and interval cancers.

Table 19
Spearman's Rank Order Correlation Test of Age on Screening, Number of Nodes 

Sampled, Number of Positive Nodes and Size of Invasive Cancer

Spearman's rho
Age on Correlation Coefficient 
Screening Sig. (2-tailed) 

N
Size Of Invasive Correlation Coefficient 
Cancers Sig. (2-tailed) 

N
Number Of Correlation Coefficient 
Nodes Sampled Sig. (2-tailed) 

N

Size Of 
Invasive 
Cancers

-0.005 
0.827 
1608

Number Of 
Nodes 

Sampled
-0.036 
0.134 
1711

0.321 
0.000 
1608

Number Of 
Positive 
Nodes

-0.008 
0.744 
1641

0.357 
0.000 
1589

0.313 
0.000 
1641
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5.6.2 Cancer Grade

Over half of all screen detected cancers were Grade 2 cancers being 54.7% 

of the total, Grade 1 cancers were 30.9% and Grade 3 cancers were 14.5%. Interval 

cancers were histologically more aggressive with over-representation of Grade 3 

disease as compared to screen detected cancers where Grade 1 cancers were over- 

represented (x2 p<0.001, df=2). Analysis of screening rounds and cancer grades did 

not yield statistically significant results (x2 p=0.09, df=2).

Table 20 
Cross Tabulation of Cancer Grades against Classifications of Interval Cancers

Screen Detected Count 
Std. Residual

True Interval Count 
Std. Residual

False Negative Count 
Std. Residual

Occult Count 
Std. Residual

Unclassified Count 
Std. Residual

Total Count

Cancer Grade
Grade 1

307 
4.3
47 

-4.6

19 
-1.7

12 
-.9

13 
-1.9

398

Grade 2
543 

.7
178 
-1.5

64 
.3

39 
.8

48 
-.1

872

Grade 3
143 
-5.4

151 
7.2
33 
1.3
14 
-.2

30 
2.1

371

Total

993

376

116

65

91

1641

Similar to nodal status, there was an over-representation of true interval 

cancers in grade 3 disease compared to screen detected cancers (x2 p<0.001, df=8).

Statistical significance was observed in the distribution of cancer grade 

according to cancer types (x2 p<0.001, df=12). Lobular cancers are mostly grade 2 

(89%), tubular cancers are mostly grade 1 (97%), whereas ductal cancers have a 

wider distribution with grade 2 being majority (54%) followed by grade 1 (28%) and 

grade 3 (18%). The number of cases in the remaining cancer subtypes was too low 

to produce meaningful Chi-Square analysis. Grade 1 tubular cancers, Grade 2 

lobular cancers and Grade 3 ductal cancers were over-represented compared to 

their expected frequency. Grade 1 and 3 lobular cancers and Grade 2 tubular were 

under represented compared to an expected sample.
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5.6.3 Oestrogen Receptor Status

The oestrogen receptor status of screen detected cancers and interval 

cancers is illustrated in Table 21. Significantly higher proportion of true interval 

cancers was found to be oestrogen receptor negative as compared to screen 

detected cancers and other types of interval cancers (x2 p<0.001, df=8).

Table 21 
Cross Tabulation of Classification of Interval Cancers against Oestrogen Receptor Status

Screen Detected Count 
Std. Residual

True Interval Count 
Std. Residual

False Negative Count 
Std. Residual

Occult Count 
Std. Residual

Unclassified Count 
Std. Residual

Total Count

Oestrogen Receptor Status

Negative
63 

-3.5

71 
4.5
14 
.5
5 

-.8

16 
1.8

169

Positive
657 
2.2

217 
-2.6

71 
-.6

47 
.4

54 
-1.1

1046

Weak 
Positive

0 
-4.4

21 
4.5

6 
2.3

1 
-.3

5 
2.1
33

Total
720

309

91

53

75

1248

There was no association between the interval since screening and 

oestrogen receptor status within true interval cancers (x2p=0.162, df-4), and that of 

false negative cancers (x2 p=0.168, df=4).

Controlling for size by further subdividing Table 21 with cancer size, true 

interval cancers still exhibited a higher than expected proportion of oestrogen 

receptor negative cancers compared to that of screen detected and false negative 

cancers (x2 p<0.001, df=4).

5.6.4 Summary of Nodal Status, Cancer Grades and Oestrogen Receptor Status

The majority of screen detected and interval cancers were node negative. 

However, there were more interval cancers with advanced nodal disease. True 

interval cancers had more positive nodes as compared to false negative interval 

cancers and were also more likely to be of Grade 3 disease with oestrogen receptor 

negative status.
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5.7 Nottingham Prognostic Index

The median NPI of screen detected cancers was 3.24 and was significantly 

different from the median NPI of interval cancers of 4.3 (Mann-Whitney U test 

p<0.001). Table 22 illustrates median NPI of each interval cancer classifications and 

the predicted 5 yr survival according to NPI scores. Kruskal-Wallis analysis 

comparing mean amongst these interval cancers confirmed that occult cancers 

were similarly distributed compared to screen detected cancers (p=0.47); true 

interval, false negative and unclassified were similar (p=l); and these two groups; 

occult and screen detected compared to true interval, false negative and 

unclassified, were significantly different from each other (p<0.001).

Table 22 
Median NPI of Interval Cancer Classifications and Predicted Survival

Interval Cancer Classifications
Screen Detected Cancers
True Interval
False Negative
Occult

Unclassified

Median NPI
3.24
4.4
3.7
3.3

4.36

Predicted Syr Survival

85%
70%
70%
85%

70%

Std Dev
0.99
1.25
1.22
0.91

1.21

Table 23 
Cross Tabulation of NPI against Screen Detected and Interval Cancers

Screen Detected Count 
Std. Residual

True Interval Count 
Std. Residual

False Negative Count 
Std. Residual

Occult Count 
Std. Residual

Unclassified Count 
Std. Residual

Total Count

NPI Category
1
274 
4.9
27 

-5.0

4 
-3.8

8 
-1.0

9 
-1.8

322

2
396 
3.0
73 

-3.9

30 
-1.0

26 
1.6
12 

-2.9

537

3
269 
-3.8

150 
3.4
53 

2.9
19
.0

45 
3.4
536

4
41 

-5.6

79 
8.3
16 

1.9
2

-1.5

13 
1.9

151

Total

980

329

103

55

79

1546

Subcategorising NPI into group 1, 2, 3 and 4, significant differences were 

observed between interval cancers and screen detected cancers (x* p<0.001, df-3). 

Most screened detected cancers were in category 1 and 2 whereas interval cancers 

were mostly category 3 and 4. Within interval cancers, true interval cancers were 

significantly over represented with NPI category 4 (Std Res=8.3) and less so in
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category 3 (Std Res=3.4) whereas false negative cancers were mostly category 3 (Std 

Res=2.9) and to a lesser degree in category 4 (Std Res=1.9).

Comparing cancer subtypes and NPI scores of screen detected and interval 

cancers highlighted significant differences of NPI scores in ductal, lobular, medullary 

and mixed cancers, as shown in Table 24. The number of medullary and mixed 

cancers were low and therefore not included in Chi-Square analysis of cancer 

subtypes and NPI categories.

Table 24 
Comparisons of NPI of Screen Detected Cancers and Interval Cancers

Cancer Types
Ductal Cancers

Lobular Cancers

Medullary Cancers

Mixed Cancers

Mucinous Cancers

Tubular Cancers

Median NPI Score Std Dev
Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

Screen Detected 
Interval

3.26 
4.34

3.40 
4.12

2.30 
4.90

3.29 
4.00

2.27 
2.28

2.18 
2.21

0.99 
1.21

0.84 
1.17

0.81 
0.42

1.14 
1.37

0.49 
0.54

0.23 
0.49

Mann-Whitney U Test
p<0.001

p<0.001

p=0.024

p=0.01

p=0.536

p=0.237

5.7.1 Summary NPI

Nottingham Prognostic Index of interval cancers was higher than that of 

screen detected cancers, irrespective of cancer subtypes. True interval cancers had 

the highest index compared to other interval cancers.
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5.8 Long Term Survival Outcome

Table 25 
Cross Tabulation of Survival against Screen Detected and Interval Cancers

Screen Detected Count 
Cancers std. Residual
Interval Cancers Count 

Std. Residual
Total Count

Death
No

832 
1.3

500 
-1.6

1332

Yes
188 
-2.5

191 
3.1

379

Total
1020

691

1711

1.0-

0.8-

0.6-

3

£
3 
U

0.2-

0.0-

Kaplan-Meier Survival Curve

' "1
" *L.

10 12 14

Screen Detected 
Cancers

Interval Cancers

Death - Year since diagnosis
Figure 10 

Kaplan-Meier Survival Curve of Screen Detect and Interval Cancers

After at least 10 years of follow up, the overall long term survival rate was 

77.8%. Long term survival for screen detected cancers was 81.6% and interval 

cancers was 72.4%. Cox Regression analysis of survival demonstrated a strong and 

significant difference between interval and screen detected cancers (p<0.001). 

Interval cancers were associated with odds ratio for death of 1.67 (95% Cl 1.36 - 

2.04) as compared to screen detected cancers.
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Table 26
Cox Regression Analysis of Multiple Factors of Interval Cancers 

with reference to Screen Detected Cancers

Classifications of
Interval Cancers

True Interval
False Negative

Occult
Unclassified

Age
<52

53-55
56-58
59-62

>63

Cancer Subtypes
Ductal

Lobular
Medullary

Mixed
Mucinous

Tubular

Cancer Size
<10mm

11 -20mm
21 -30mm

31 - 50mm
>50mm

Positive Nodes
0 nodes

1-3 nodes
4 - 9 nodes
>10 nodes

Oestrogen Receptor
Negative

Positive

NPI Catergory
1
2
3
4

Odds Ratio

1.003
2.355
3.173
0.614

1.009
1.106
1.652
1.170

0.729
1.443
1.201
1.845
0.677

1.086
0.795
1.135
1.046

0.839
1.251
1.558

0.997

1.021
1.536
1.576

95% 
Lower

0.702
1.523
1.942
0.296

0.662
0.728
1.121
0.775

0.470
0.197
0.677
0.573
0.283

0.744
0.472
0.605
0.389

0.580
0.697
0.724

0.668

0.649
0.910
0.658

Confidence Level 
Upper

1.433
3.641
5.183
1.272

1.536
1.679
2.436
1.765

1.133
10.593
2.134
5.942
1.621

1.586
1.338
2.130
2.815

1.213
2.245
3.353

1.487

1.605
2.594
3.775

p value

0.987
0.000
0.000
0.189

0.067
0.968
0.638
0.011
0.456

0.445
0.161
0.718
0.531
0.305
0.382

0.530
0.668
0.387
0.692
0.929

0.333
0.350
0.453
0.257

0.422
0.987

0.211
0.929
0.108
0.307
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Table 26 summarises the odd ratios of survival. Cox Regression Analysis 

demonstrated statistical significance in that false negative and occult cancers had 

worse prognosis after adjusting for all other variables. This is seen in Figure 11 - 

Kaplan-Meier Survival Curves of screen detected cancers and all classifications of 

interval cancers. 10 year survival of false negative cancers and occult cancers were 

55% and 54.4% compared to screen detected cancers, true interval cancers and 

unclassified cancers of 81.6%, 77.5% and 87.8% respectively.

1.0-

0.0-

Classifications

Unclassified 

Screen Detected 

True Interval

Occult

False Negative

14

Death - Year since diagnosis

Figure 11 

Kaplan-Meier Survival Curve of Classifications of Interval Cancers
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Table 27 is a summary of Cox Regression Analysis of true interval cancers 

and false negative cancers and presentation of interval cancers since screening. This 

was to evaluate the impact on survival by reducing screening interval from 36 

months to 24 months. The odds ratio of interval cancers presented after 24 months 

since screening were not significantly different from interval cancers presented 

earlier than 24 months. This implies that removing interval cancers presented 24 

months after screening did not significantly change overall survival of interval 

cancers.

Table 27 
Cox Regression Analysis of Survival and Interval Since Screening of Interval Cancers

95% Confidence Level

Odds Ratio Lower Upper p value

All Interval Cancers
Interval Since Last Screen

1 - 12 Months
13 - 24 Months

> 25 Months
1.009
1.162

0.651
0.762

1.565
1.773

0.612
0.966
0.486

True

False

Interval Cancers
Interval Since Last Screen

1 - 12 Months
13 -24 Months

> 25 Months

Negative Cancers
Interval Since Last Screen

1 - 12 Months
13 -24 Months

> 25 Months

1.580
2.066

1.300
1.097

0.659
0.887

0.630
0.529

3.786
4.815

2.681
2.276

0.168
0.305
0.093

0.744
0.478
0.803
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Table 28 is a summary of survival according to NPI categories and in 

conjunction with Kaplan-Meier survival curve of NPI categories in Figure 12, the 5 

and 10 years survival were compared to that of the survival figures as described by 

Galea in 1982. There has been an improvement in the survival rates for cancers in 

the each of the NPI categories.

Table 28
Observed 5 year and 10 year Survival Compared to Predicted Survival (Galea 1982) of NPI

Categories

NPI Category
1
2
3
4

Total

5 yr Survival
97%
93%
90%
88%
94%

lOyr Survival
89%
84%
77%
73%
82%

Predicted Syr 
Survival

93%
85%
70%
50%
75%

Overall Survival
85%
81%
75%
68%
78%

i.o-

> 0.6^'E
3

Eu °'4H

0.2-

o.o-

*

—r~
12

NPI Categories

  NPI 1

— NPI2

— NPI 3

— NPI 4

10 12 14

Death - Year since diagnosis
Figure 12 

Kaplan-Meier Survival Curve of NPI Categories
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5.8.1 Summary of Survival

Overall survival had improved since the inception of the screening 

programmes. 10 year survival was 78% overall and screen detected cancers had a 

better 10 year survival rate compared to interval cancers. False negative and occult 

cancers were significant independent factors predicting worse survival compared to 

screen detected and true interval cancers. New survival data reflected the need to 

review NPI survival prediction in screened patients.
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Discussions

60



6 Discussions

6.1 Basic Cancers Statistics

A perfect breast screening programme will pick up all asymptomatic cancers 

and at the same time eliminate interval cancers. Practically, due to various factors, 

including infrastructure and financial constrains, or due to human resources issues 

such as staffing level and training of radiologist, to the potential benefit such a 

perfect programme could bring balanced against potential side effects and long 

term effects of screening, most screening programmes are a compromise between 

maximizing its effectiveness and all the factors mentioned above.

Interval cancers will continue to exist in the current breast cancer screening 

setup. This is because even with 100% detection rate of asymptomatic breast 

cancers, true interval cancers can still develop between the screening episodes. A 

long time gap between screening episodes will result in more true interval cancers 

developing and the shorter the gap, the fewer interval cancers will occur.

With the help of the Interval Cancer Working Group the NHSBSP adopted 

new targets for screen detected cancers and interval cancers37 . The Interval Cancer 

Working Group, lead by Moss and Blanks, was setup in 1994 to examine the latest 

evidence and to review epidemiological data to calculate the expected rate of 

screen detected and interval cancers. They reported their findings in 1998 and their 

recommendations were adopted by the NHSBSP. The report relied heavily on the 

findings of the Swedish Two County Study4 and the epidemiological data from the 

Office of Population Censuses and Surveys, as to review and update previous 

NHSBSP targets published in 1989 and 1993. BTW detected 1,020 asymptomatic 

cancers in the 3 study years. This overall rate of 0.51% (5.1 per 1,000) had 

surpassed the target as set by the NHSBSP of >4 per 1,000 women screened.

However, as yet we do not and will be unlikely to have 100% detection rate 

of asymptomatic cancers, false negative cancers can therefore present as 

symptomatic cancers in between screening. If the interval cancer rate is equal to 

that of screen detected cancer rate i.e. background incident rate, this presents a 

valid argument that the screening programme is not effective in detecting all 

asymptomatic cancers. Mathematically, in this scenario, the risk of a woman
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developing interval cancer is the same as the odds of having a cancer detected by 

screening. This would render the screening programme ineffective.

Nonetheless, interval cancer rates are used as a surrogate marker of the 

effectiveness of a screening programme. The overall cancer rate in the study was 

8.58 per 1,000 women screened. Of these, 5.1 per 1,000 women screened were 

detected by screening, and 3.48 per 1,000 women screened presented as interval 

cancers.

One of the largest breast cancer screening trial was the United Kingdom Co 

ordinating Committee on Cancer Research (UKCCCR) trial of Breast Screening 

Frequency59 . It reported 248 screened detected cancers and 104 interval cancers in 

the 50,216 women within the control group that underwent 3 yearly screening. This 

represents an overall rate of 7.02 per 1,000 women screened, screen detected 

cancer rate of 4.9 per 1,000 women screened, and an interval cancer rate of 2.07 

per 1,000 women screened. The UKCCCR results are similar to that of the Swedish 

trial60 after 30 years follow up. Tabar et al 60 reported an interval cancer rate of 2.24 

per 1,000 women screened, and a detection rate of 7.01 per 1,000 women 

screened, however the screening interval for the Swedish trial was shorter which 

could account for the higher number of screened detected cancers.

Bennett et al 61 reviewed interval cancers nationally over a six year period 

from 1997 to 2003 and reported their findings in 2011. Overall there were 26,475 

interval cancers in England, Wales and Northern Ireland, which is an interval 

cancers rate of 2.91 per 1,000 women screened. The regional variation of the 

interval cancers rate was 2.28-3.79 per 1,000 women screened. The interval cancer 

rate of 3.48 per 1,000 women screened from this study indicated that BTW is within 

the higher spectrum of the national average.

Approximately 60% can be viewed as the sensitivity of the screening 

programme for these 3 years as a whole. Although these figures included the 

overall screen detection rate of breast cancers and presentation of interval cancers 

between screening episodes, it has to be viewed with the understanding that this 

overview did not take into account of the classifications of these interval cancers, ie 

whether these interval cancers were detectable on screening mammograms or 

otherwise.
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If the majority of these interval cancers were visible on screening 

mammograms but were not identified on interpretation of these mammograms, 

this would indicate a shortfall of the mammographic screening process. In this 

scenario, we could conclude that the true sensitivity of the screening programme 

would be similar to the approximate figure presented above. Conversely, if the 

majority of these interval cancers were not identifiable on the initial screening 

mammograms, although the overall sensitivity was 60%, the sensitivity of the 

mammographic interpretation in isolation in reality would be much higher.

Breaking down the interval cancers into 3 yearly groups; the group of 

women with interval cancers more than 25 months since screening had an interval 

rate of 1.6 per 1,000 women screened, this had exceeded the target rate of 1.3 per 

1,000 women screened. The rate of interval cancers presenting within the first year 

was 0.5 per 1,000 and the rate of interval cancers presenting 15-24 months was 1.3 

per 1,000 women screened, both were within the target rates.
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6.2 Age

It is expected that the age of women in the prevalent screening round would 

be different to that of incident screening round. Prevalent screening round is defied 

as women attending screening for the very first time, usually when they were 

between the ages of 50-52. This was clearly seen in this study.

It is also expected that the screen detected cancer rate differ between the 

two groups as the incidence of breast cancers increases with age. This study 

demonstrated that with increasing age, there was an increased screen detected 

cancer rate with a corresponding decreased in interval cancer rate. This study also 

demonstrated that there were proportionally more screen detected cancers 

compared to interval cancers within prevalently screened women, more than the 

proportion of screen detected cancers in incident round.

The target detection rates for each group are >3.6 per 1,000 and >4 per 

1,000 women screened for prevalent screening round and incident screening round 

respectively37 . This was a reflection on the increasing incidence of breast cancer 

with advancing age. However, in reality more women attending screening in the 

prevalent screening round had asymptomatic cancers being picked up, although 

there was not a statistically significant difference, the absolute number showed that 

there were 255 women with cancers at the age of <52 compared to the 194 women 

aged 53-55, 170 for women aged 56-58, 183 and 218 for women aged 59-62 and 

>62 respectively.

This is an endorsement of the screening programme, specifically for 

prevalent screen as it successfully detected a larger proportion of asymptomatic 

cancers, which were undetectable by clinical examinations and reduced the 

proportion of cancers presenting as interval cancers. This was due to the fact that 

cancers that were detected on prevalent screening round had much longer 

preclinical period for cancers to develop as compared to incident round cancers 

that had only a maximum of three years during which a cancer could develop.

Within the incident screened group, there were more screen detected 

cancers compared to interval cancers, especially in women over the age of 63. This 

supports the understanding that breasts cancers are more prevalent in the older 

age groups. This effect was not apparent when the group was split into women
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aged <52 and women >53, however this distinction was less important in the 

incident group but should be examined further in the prevalent group.

Not only was the incidence of screen detected cancers higher in women 

aged more than 63 attending screening, the incidence of interval cancers was lower 

as compared to the other age groups. The overall number of cancers, the sum of 

screen detected and interval cancers, within the incident screening round for 

women aged 53 and above were very similar ranging from 303 to 314. This 

observation would suggest that screening mammograms was effective for women 

aged 63 and above, as a larger proportion of breast cancers were detected on 

screening thus reducing the number of interval cancers.

This observation can be explained by the involution of breast tissues with 

increasing age4 . Age-related lobular involution reflects a process of physiologic 

atrophy of the breast glandular epithelium. It is believed that the epithelium is first 

replaced by stroma62 and, with time, the stroma is replaced by fat, such that 

completely involuted breast tissue is composed of atrophic epithelium and fat. 

Histological studies of breast tissues corresponding to that of mammographic 

density have shown that dense tissue reflects both breast epithelial tissue as well as 

stroma in the form of stromal fibrosis, proliferation, and deposition of collagen 63, 

and non-dense tissue primarily reflects fatty tissue in the breast. Breast cancers 

occur commonly within breast stroma rather than fatty areas.

In older women, the lower density of their breasts due to involution changes 

can result in a much clearer mammographic image, and therefore a cancer is much 

easier to spot when compared to than of a younger and higher density breast. If this 

were the case, we should expect a reduction of false negative interval cancers in 

this age group. There was a reduction of false negative cancers in women over the 

age of 63, but it did not achieve statistical significance.

Women attending screening for the very first time will be classified as 

prevalent screening episode. The vast majority of these women should fall into the 

age group of 50-52, but there would be a small number of women attending 

screening for the first time older than 52. Some women did not attend the first 

invitations for various reasons, for examples - personal choice, moving from 

another catchment areas, or, in some anecdotal reports, older women who missed
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initial invitations subsequently discovered palpable breast lumps and decided to 

attend screening examinations rather that attending their GP surgeries.

Whatever the reasons behind the delay, this provided an opportunity for 

this study to examine the effect of delay in women attending first episode of 

screening. Interestingly, unlike incident screened women, there was no increase in 

the proportion of screen detected cancers nor decrease in the proportion of 

interval cancers in prevalent screened women with increasing age. There were 

proportionally more screen detected cancers in women attending prevalent 

screening round compared to incident screening round regardless of age group. To 

date, no other major studies have examined the outcome of older women 

attending screening for the first time.

This observation would suggest that for any women, even of age >53, 

attending screening programme for the first time would still benefit from having an 

asymptomatic cancer detected. Women attending their first screen after the age of 

52 did not seem to be disadvantaged as there were no more cancers detected or 

presented as interval cancers. This particular group of patients would most likely to 

have missed their first invitation and attended the following screening round.

Within the targeted prevalent group of 50-52 years old, we can examine the 

effect of intra-group delay of up to 2 years. This will highlight whether all women 

should be called no later than age 50 or the current setup of inviting women for first 

screening between the ages of 50 to 52 is acceptable. Extrapolating the findings of 

women attending screening later than age of 52, it is reasonable to expect that a 

delay of 2 years from 50 to 52 does not carry a higher risk as compared to a much 

longer delay for example from age 50 to 58.

In this study, there was indeed no difference in the screen detected cancers 

rate or the interval cancers rate between women attending screening at the age of 

50 and at the age of 52. This indicated that women attending screening for the first 

time at 52 were not disadvantaged by a delay of screening of 2 years as compared 

to women attending at age of 50.
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6.3 Classifications of Interval Cancers

Classification of interval cancers is subjected to the interval cancer review 

procedure, this involves reviewing symptomatic and screening mammograms. This 

process relies upon the ability of a radiologist in identifying the presence, or 

otherwise, of a cancer on the screening and the symptomatic mammograms. In 

most cases, a cancer is confirmed and its location on symptomatic mammograms 

will have been identified. The screening mammograms will therefore be reviewed in 

order to classify this interval cancer into True interval, False negative, Occult and 

Unclassified. There are multiple models for which the review process can be carried 

out.

BTW employs a consensus method, where two radiologists had to agree 

independently to the presence of suspicious features on the screening 

mammogram. A third radiologist would compare the outcome of the review process 

to the location of interval cancer on the symptomatic mammogram to confirm a 

classification of false negative interval cancer.

This study demonstrated that 57.8% of all interval cancers were true interval 

cancers, 10% being occult cancers, 14.5% were unfortunately unclassifiable and 

17.7% were false negative cancers. Sylvester39 reported a 50% true interval cancers 

rate, 16.4% false negative cancers rate in 1997 during the early stages of NHSBSP. 

Britton54 investigated various review methods for interval cancers and reported a 

16% false negative cancers rate and 60% true interval cancers rate. Outside of the 

UK, Hofvind64 reported a significantly higher false negative rate of 35% in Norway. 

They employed a consensus meeting to determine the classifications of interval 

cancers, this is different to the method used by NHSBSP. Spanish data reported by 

Domingo65 is more similar to that of UK data with 42.5% being true interval cancers 

and 16.2% being false negative cancers.

True interval cancers and occult cancers by definition would not be detected 

even with a perfect screening test as these two groups of cancers were 'blinded' to 

screening as they were either not visible on mammograms or that the cancers 

simply was not present during the screening test, Improvement in screening 

process would still yield no improvement, as no cancers would be seen on the 

screening film.
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In the other hand, improving the screening test, especially the cancer pickup 

rate, can reduce the false negative cancers rate. These cancers were present and 

visible on screening mammograms but were not identified. In this study, eliminating 

false negative interval cancers could potentially reduce 17.7% of the total interval 

cancers in the study period. This is in comparison to the rate of false negative 

cancers in other published data vary from 5%-56% depending on the review 
design 51'53 ' 66 '67 .

The false negative interval cancer rate is a reflection on the sensitivity of a 

screening programme of detecting breast cancers during screening; it does not in 

itself influence the screening examination, as it is a marker of screening sensitivity 

that is obtained retrospectively. It is nonetheless an important indicator of 

performance and aid in the improvement of the screening process, quality 

assurance and audit procedure.

As mentioned earlier, it can be argued that the overall sensitivity of BTW 

screening programme for the 3-year study period was 59.4%. This figure was 

calculated by the following -

Sensitivity = SDC/(SDC + 1C)
= 1020/(1020 + 692) 
= 59.6%

SDC = Screen Detected Cancers 

1C = Interval Cancers

This assumption was simplistic and overlooks the fact that not all interval 

cancers were detectable or present during screening. In fact, only false negative 

cancers were present and visible at the point of screening, therefore in order to 

calculate a more accurate sensitivity of mammographic screening, only cancers that 

were identifiable on mammograms should be considered. The false negative cancer 

rate should be used rather than the overall interval cancer rate to perform this

calculation.
Revised Sensitivity = SDC /(SDC + FN)

= 1020 /(1020 + 120) 
= 89.5%

FN = False Negative Cancers
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The revised sensitivity for this study would be nearly 90% instead of nearly 

60%. This would be the proportion of cancers visible on screening films that were 

correctly identified. If the false negative cancer rate in this study was much worse, 

perhaps due to the adoption of a poorer review protocol, theoretically it can be as 

high as the highest rate in the published data of 56% instead of the observed 17.7%. 

The overall sensitivity of this screening programme could potentially be reduced to 

nearer 70%. On the other hand, if superior screening technique was employed and 

BTW screening programme achieved the lowest false negative interval cancer rate 

of 5% as published in other study, this could potentially produce a sensitivity rate of 

almost 97%.

The breast cancer screening process includes a chain of events that have a 

small but potentially significant knock on effect on the final sensitivity of the 

screening programme. These factors include patient factors, positioning of the 

patient, sensitivity of the mammographic equipment, accuracy of the reproduction 

of mammogram, and also the ability of radiologist in identifying a lesion on the 

mammogram reproduced. When screening mammograms are read, screening 

radiologists do not have the luxury of knowing in advance whether a mammogram 

has a screen detectable breast cancers or otherwise. If higher risk factors were 

known at the point of reading mammograms, it could potentially improve the 

sensitivity of cancer detection. This would therefore greatly reduce the occurrence 

of false negative cancers.

Within this study design, two potential candidates as an indicator for high 

risk of visible cancers being missed, i.e. false negative cancers, were age at the point 

of screening and screening round at the point of screening. Both of these variables 

were independent of the actual screening process.

Women over the age of 63 were significantly more likely to be diagnosed 

with screen detected cancers as opposed to developing interval cancers. This was 

observed in women attending screening as an incident screen; the number of 

women aged 63 and over attending their first screen was very low, therefore a 

meaningful statistical analysis was not possible.
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It would be tempting to declare that prevalently screened women less than 

52 year old were very high risk of having false negative cancers as p value was 

highly significant and standard residual was very high at 5.8 (significant level was 

determined at +/- 1.96). There was however a significant selection biases as most 

women less than 52 year old would fall into the prevalent screening group and 

older women into the incident screening round. The total number of false negative 

cancers in each age group combining prevalent and incident screening rounds, in 

fact were very similar at 25, 26, 26, 25, and 18 for age group <52, 53-55, 56-58, 59- 

62 and >63 respectively. A more accurate interpretation of this data would be that 

age and screening round were not suitable candidates to highlight potential high 

risk groups of women where false negative cancers were more likely missed on 

screening.
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6.4 Interval Since Screening to Presentation

The interval cancer rates increased with each successive year since the last 

screening episode. The interval cancer rates for this study was 15.4%, 38.4% and 

46.2% for each 12-monthly period since screening. This can be expressed as an 

interval cancer rate of 5.2 per 10,000 women screened for the first 12 months, 13.1 

per 10,000 screened for 13-24 months, and 15.1 per 10,000 women screened for 

>24 months. BTW published a report on the first 10 years of screening in 200149 . In 

the report, the interval cancer rates were somewhat less than that observed in this 

study.

Interval cancer rates can also be expressed as a proportion of underlying 

incidence of breast cancer rate. The underlying incidence rate is calculated using 

data from previous screening years to determine the rate of breast cancers 

occurring in the absence of breast screening programme. This is expressed as a 

proportion of the interval cancer occurring compared to the incidence of breast 

cancers. This allowed comparisons with other studies where screening programme 

and underlying incidence may differ. The Welsh underlying incident rate is 18.1 per

10,00049 .

Table 29 
Comparisons of Interval Cancer Rates with Other Published Results

Months Since Screening

Interval Cancer Rate per 10,000 Screen
(% of background incidence)

UK Standard

This Study
BTW Report49
Scottish Programme
North West24
East Anglia55
Swedish Trial23

0-12 Months

4.5 (20%)

5.2 (29%)
4.4 (24%)
4.8 (23%)
5.7(31%)
5.2 (24%)
(12-15%)

13-24 Months

6.5(30%)

13.1 (72%)
9.0(50%)

12.1 (60%)
9.5 (52%)

12.8 (59%)
(18-20%)

25-36 Months

12-13 (55-59%)

15.1 (83%)
12.4 (69%)
12.1 (60%)
15.1 (82%)
18.9(79%)
(45-46%)

Within the United Kingdom, the interval cancer rates differed from region to 

region. Even within the same screening unit, interval cancer rates were different 

from year to year. This study reviewed the screening service covering the year of 

1998-2001, whereas the BTW report reviewed the first 10 years of screening that 

was undertaken in Wales. This study observed that the interval cancer rates were
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higher than that of the first decade of screening and significantly higher than that of 

the national benchmark.

Furthermore, all the UK data demonstrated an increased interval cancer 

rates especially in the third year following screening with the exception of the 

Scottish data, which showed no increment. None were able to achieve the national 

target of 55-59% of background incidence rate. Although the Swedish trial 

demonstrated significantly lower interval cancer rates, especially in the second and 

third year, Tabar et al4 suggested that screening should be carried out every 24 

months. The rationale behind this suggestion was not clearly explained. No other 

study since Tabar was able to produce interval cancer rates as low as seen in the 

Swedish study in the third year since screening.

Initially the Swedish trial carried out screening less than 36 monthly. This 

can explain to a certain extend the exceptionally low third year interval cancer rate 

as compared to other studies, therefore this produced an underestimation of 

expected interval cancer rates. Despite this, even with an interval rate less than 

50% of estimated underlying incidence of breast cancers, Tabar et al recommended 

than screening interval should not be more than 24 months.

Woodman et al 24 published their experience in the north western region of 

England in which they had an extremely high interval cancer rate in the third year of 

82% of underlying incidence rate. They called into question the rationale of having a 

3 yearly screening programme as the screening programme was at risk of defeating 

the screening programme's objective of detecting cancer as early as possible. This 

study observed an even higher third year interval cancer rate of 83% of background 

incidence. This is a very strong argument to reduce the screening interval from 3 

yearly to a least 2 yearly.

It was observed that 46.2% of all interval cancers occurred in the third year 

after screening. It can be argued that reducing the screening interval would 

therefore almost halve the interval cancer rate. This argument is not without merit, 

but will over estimate the effect of reducing interval of screening on the overall 

number of interval cancers.

Referring to Table 8, of all interval cancers that were classified, reduction of 

screening interval would identify only true interval and false negative cancers in the
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25-36 months group which were 248 out of 313 women (79.2%), or 36.6% of all 

interval cancers. This was less than initially predicted. Reduced screening interval 

would reduce overall interval cancer rate by a third but not as much as 46% as first 

thought.

Any reduction of screening interval will produce a significant financial 

burden to the screening programme. This has not taken into account of an 

increased manpower, equipment, logistics, treatment and other costs. The benefit 

of the reduction of the screening interval should be validated and reinforced with 

proven improvement of long term prognosis to be justifiable.

The cost effectiveness of altering the screening interval has to be carefully 

considered. According to the information available on the NHSBSP website69 , the 

current NHSBSP's budget in England alone is estimated to be approximately £75 

million. This is upward of £100 per woman screened. The eligible screening age has 

been extended to 70 years old, each woman will be invited to attend 7 episodes of 

screening, and therefore costing the NHSBSP upward of £700 per woman for the 

whole period of the screening programme. This estimation is based on current cost, 

in the future, the overall cost may well be much more expansive.

If the screening interval were to be reduced to 2 yearly, each woman would 

therefore attend screening for at least 15 times. The projected cost would therefore 

be upward of £1400, per woman for the whole period of the screening programme. 

Simplistic and crude calculation would estimate the need to double the current 

annual budget to implement a 2 yearly screening interval and extension of 

screening age to 70.

Taking the above into consideration, in order to reduce the overall interval 

cancer rate by a third, the screening interval would have to be reduced to two years 

and with an expected doubling of the financial burden.
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6.5 Cancer Subtypes

Ductal and lobular cancers were the most common cancer types in both 

screen detected and interval cancers. This was not unexpected, as these two 

cancers are known to be the most common amongst women with breast cancers 70 .

Tubular cancers were however more commonly picked up by screening 

compared to presenting as interval cancers. Again this was not unexpected as 

tubular cancers are know to be less aggressive and has a long preclinical phase 

compared to other breast cancers types, therefore more likely to be picked up on 

screening71 .

Certain cancer subtypes are more sensitive to mammographic detection 

than others, as different cancer types are associated with different tumour growth 

pattern and stromal response63 . Lobular cancer spreads diffusely and is less likely 

than ductal carcinoma to evoke a stromal response 72 ' 73 . Similarly, mucinous 

carcinoma exhibits a minimal stromal response and is composed of radiologically 

indistinct mucin. The lack of or minimal stromal response therefore renders these 

cancer subtypes more difficult to be identified and differentiate from benign lesion 

on screening mammograms. By this logic, more of these cancer subtypes would be 

missed on screening mammograms, and thus present as interval cancers. In this 

study there were higher proportions of mucinous and lobular cancers presenting as 

interval cancers compared to screen detected cancers, but this did not achieve 

statistical significance.

Conversely, tubular cancers are discrete lesions composed of well- 

differentiated tubules of ductal epithelium surrounded by sometimes very dense 

collagenous stroma that are more readily visualized on mammography74 . Therefore 

tubular cancers were easily identified on screening mammograms comprising a 

larger proportion of screen detect cancers as compared to interval cancers.

No statistical significances in cancer subtypes were observed when 

comparing screen detected cancers and interval cancers in respect to screening 

rounds, age, classifications of interval cancers nor interval since last screen. Cancer 

subtypes and classification of interval cancers would be of interest to any 

organisation interested in a screening programme. This could highlight potential 

subtype of breast cancer that is more likely to present as interval cancer, and
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whether this subtype of cancers are missed on screening (false negative) or that 

they are likely to present as true interval cancers. No such indicator was unveiled in 

this study.

On review of published literature, not many studies had included and 

compared cancer subtypes, either between interval cancers and screen detected 

cancers or between false negative and true interval cancers. Porter et al 75 

compared screen detected and interval cancers in 1999, and found that tubular 

cancers were more likely to be detected on screening, conversely, mucinous and 

lobular cancers were more likely to present as interval cancers. The finding of 

tubular cancers being detected on screening was reflected in this study but not that 

of mucinous and lobular cancers. Lobular cancers were again noted to be more 

likely to be found in interval cancers by Ma et al in 199273, but did not report on 

tubular cancers and its propensity to be picked up on screening.

If a true interval cancer presented within a very short period of time since 

last screening investigation, this would indicate that this cancer was rapidly 

growing. Rapid growth is linked to poorer prognosis. The study of true interval 

cancers and their presentation since the last screen could be used to estimate the 

underlying growth rate of these cancers. Again, in this study, there was no evidence 

to suggest that one cancer subtype was more aggressive and presented within a 

short time scince screening.

Within true interval breast cancers, lobular cancers were noted to exhibit a 

trend suggesting more were presenting within the first year of screening. This 

would suggest that lobular cancers potentially had a greater growth rate than other 

cancer subtypes. This has to be viewed in perspective, as the overall number of 

lobular cancers was 6 times lower than that of ductal cancers. In this study, it was 

observed that most ductal cancers within the true interval cancer group presented 

in the third year since screening. There was a big increase in the number of true 

interval ductal cancers, from the first year of 10%, to the second year of 37.5%. The 

occurrence of true interval cancers seemed to reach a relatively steady state after 

the first year of screening. Using true interval cancers as an indicator of underlying 

incidence of breast cancers, the overall underlying incidence of breast cancers 

within screened population was 19.6 per 10,000 women. This is comparable to that
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of welsh figure from the first decade of BTW screening programme of 18.1 per 

10,000 women screened49 .

The estimated underlying incidence rate (calculated using true interval 

cancer rate) in the first year after screening was 2.2 per 10,000 women screened, 

7.4 per 10,000 women screened for the second year since screening and 10 per 

10,000 women screened for the third year.

Another valuable tool in determining the underlying incidence rate of breast 

cancers would be to investigate the breast cancer rate in women whom did not 

attend breast cancer screening. These women are termed non-attenders, and can 

be viewed as potential group of women "in the wild" as a source of data or control 

group to be compared to with women with screen detected cancers and women 

presenting with interval cancers.

The overall proportion of women attending BTW screening in the three 

years study period was 77.3%. This equates to around 60,000 women invited to 

screening but did not attending at least one these tests. However, within the scope 

of this study, no information was available with regards to the incidence of cancers 

in non-attenders. Most data for non-attenders were historical as screening 

programmes became more wide spread and more women are taking up invitation 

to attend screening76 . The current true underlying incidence rate is no longer 

known, due to high uptake of screening.

Lawrence et al reviewed two rounds of screening covering the West 

Midlands from 1989 to 200677 . The authors were able to gather valuable 

information regarding the occurrence of breast cancers in non-attenders, and 

calculated an 11.2% breast cancer incidence in this group of women. This was much 

lower than the 36.3% of interval cancer rate in their study. They did not present the 

classifications of interval cancers in the study; therefore it was not possible to 

estimate the proportion of true interval cancers within the study. This would have 

been a valuable opportunity to determine whether true interval cancer rates within 

screened population was a viable tool to estimate the underlying incidence of 

breast cancers in the era of breast cancer screening. In order to verify that true 

interval cancer rates were comparable to cancer incidence rates in non-attenders, 

the true interval cancer rate in Lawrence's77 study would be around 33% of all
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interval cancers. This figure is about half that observed in the current study; even 

accounting for population and geographical differences, this represent a significant 

variation in the proportion of true interval to false negative interval cancers. Both 

areas were employing the same standard of screening in accordance to that of 

NHSBSP.

Within false negative cancers, mixed cancers had a higher proportional 

representation in the second year since screening. It is important to bear in mind 

that these trends were indications of over or under representation rather than a 

statistically proven significance. There were only 4 mixed cancers presented as false 

negative cancers all presented in the second year since screening, comparatively 

there were 100 false negative invasive ductal cancers in the study; the over 

representation of false negative mixed cancers in the second year since screening 

would more likely be of mathematical significance than of clinical significance.

Ductal cancers were the most common cancers in both false negative and 

true interval cancers. Proportionally, there were more false negative ductal cancers 

presenting within the first year after screening compared to that of true interval 

cancers. Presentation of false negative cancers was not time dependant and would 

not be confined to a particular time frame since index screening. The rate of false 

negative interval cancers would of course increase with longer interval since 

screening, as more of these missed cancers would be more apparent as they 

reached clinically detectable size.
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6.6 Cancer Size

From the data gathered and analysed, screen detected cancers were mostly 

Tl cancers and interval cancers were mostly T2 cancers. True interval and false 

negative cancers contributed mostly to this observation. This would confer with the 

underlying mechanics of screening, as by definition, screen detected cancers are 

more likely to be clinically impalpable therefore smaller and interval cancers 

presented clinically by being palpable by women and clinicians are therefore larger.
Vft

Bassett et al reviewed clinically palpable and impalpable breast cancers on 

mammographically detected cancers and reported that clinically impalpable cancers 

within their study group had a median size of 15mm whereas clinically palpable 

cancers had a median size of 28mm.

The median size of screen detected cancers in this study was 14mm and the 

median size of interval cancers was 20mm. This finding was almost identical to 

Lehtimaki et al 79 recently published data of a Finish cohort, where screen detected 

cancers were 13mm and symptomatic cancers were 20mm. The significant size 

difference was also seen in other studies supporting the view that screen detected 

cancers are universally smaller than interval cancers75 ' 80 ' 81 .

Within the interval cancer group, Chi-Square analysis indicated that the only 

significant difference of cancer size was that occult cancers were smaller compared 

to other cancer classifications.

False negative cancers by logic should be larger, as they were 'missed' by 

screening and therefore had a longer preclinical phase compared to other types of 

interval cancers. Although there was an over-representation of false negative 

cancers presenting within the first 12 months after screening, the absolute number 

of false negative cancers increased over the 3 years since screening. This would 

suggest that more than 30% of false negative cancers had an extra 3 years since 

screening to develop. In this study, false negative cancers were not significantly 

larger compared to other type of interval cancers, even after accounting for the 

interval since screening.

Unlike false negative cancers, we have no information on the onset of 

malignant tendency of true interval and occult cancers. A statistical analysis that 

resulted in significant outcome in the time interval since screening could highlight
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areas that warrant further investigations, as this could indicate these groups of 

interval cancers grew at a higher rate than false negative cancers. However, no such 

differences were found; no meaningful conclusions can be drawn from cancer sizes 

against interval cancer types broken down into interval since screening.

Other than the observation that screen detected cancers were less than 

20mm and interval cancers were more than 20mm; No other conclusions from 

comparing cancer sizes of interval and screen detected cancer were possible. It was 

expected that with longer interval since screening, interval cancers that presented 

later should, by logical conclusion, be far larger than that presented earlier. This 

was however not proven to be the case.

No differences in size were found between false negative and true interval 

cancers. Further more no differences in size were found between cancers 

presenting in the first year since screening and those presented in the third year 

since screening. These two subset of cancers were noted to have very similar 

median size of around 20mm. This observation suggested a potential bias in the 

data, which prompted re-examination of raw data, however, no errors were found 

in the data acquisition, analysis, manipulation and reporting.

There was indeed a significant bias that was not initially anticipated. Interval 

cancers were all clinically detected; therefore, they became clinically detectable 

approximately at the size of around 20mm. This effect was independent to that of 

interval since screening, classifications of interval cancers and screening round. In 

essence the size of interval cancers was predetermined by the lower size limit 

where clinical palpation was able to reveal the presence of a cancer. There would 

not be any clinical relevance in determining the statistical significance of these 

variables and their effect on cancer sizes.

Although no sensible statistical analysis could be carried out on comparing 

cancer size, it was possible to examine the time taken for false negative cancers 

becoming clinically detectable. We can be confident of the time when a false 

negative cancer was present, i.e. on the screening mammogram, and the time it 

presented clinically. The interval of these cancers taken to become symptomatic 

could be used as a surrogate marker of growth rate and aggressiveness.
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6.7 Nodal Status, Cancer Grades, Oestrogen Receptor Status and 

Nottingham Prognostic Index

In this study, interval cancer sizes were generally larger than that of screen 

detected cancers. This would suggest that these cancers were more advanced than 

screen detected cancers; therefore it would be reasonable to expect that more 

lymph nodes were involved in interval cancers and the cancer grades would be 

higher. Large proportion of screen detected cancers (75.8%) was free of nodal 

disease as compared to 60.5% of interval cancers.

It was noted in this study that the number of positive nodes correlated 

strongly with the size of cancers in both screen detected and interval cancers. There 

were more screen detected cancers without nodal disease as described above, 

equally screen detected cancers were smaller compared to that of interval cancers. 

Could the higher proportion of screen detected cancers without nodal disease be 

simply due to the fact that theses cancers were smaller? Given the same cancer 

size, would interval cancers have more nodal involvement compared to screen 

detected cancers?

In order to investigate if interval cancers were more advanced with regards 

to nodal status, comparisons were carried out on the number of nodes involvement 

on cancers of similar size. Mann-Whitney U-tests confirmed that no statistical 

differences in number of positive nodes between screen detected cancers and 

interval cancers controlling for cancers size. This would suggest strongly that the 

higher proportion of screen detected cancers without nodal disease was a result of 

generally smaller cancer size.

Other studies also reported a statistically significant differences of nodal 

disease and cancer grades between screen detected cancers and interval cancers81 " 

8S . Porter et al 81 did, however find that interval cancers were no more likely to have 

nodal disease after controlling for cancer size.

Chi-Square analysis and Logistic Regression did not demonstrate a 

statistically significant effect of age, screening round on the number of nodes 

involvement with cancer.

It was however observed that there were a higher proportion of early false 

negative cancers presenting with high number of positive nodes. This was
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independent of the size of the false negative cancers. The significance of cancer size 

was irrelevant due to factors described in previous section, but it did once again 

indicate that false negative cancers presenting early were exhibiting an aggressive 

trait. This was reflected by the presence of early false negative cancers with high 

number of positive nodes.
oc

Cowan et al investigated a small number of interval cancers and 

demonstrated that nodal status was independent of length of time since screening, 

however they did not specifically distinguish between true interval and false 

negative cancers. Brekelmans et al 74 attempted to sub classify interval cancers into 

different prognostic group by means of mitotic count as a surrogate to the growth 

rate of cancers. They did present a proportion of false negative cancers with higher 

nodal involvement, but did not further examine its effect.

As expected, cancer grades were lower in screen detected cancers as 

compared to interval cancers. There was a significantly higher proportion of true 

interval cancers with histological grade 3 disease than that of screen detected 

cancers. Unlike nodal status, early false negative cancers did not have a higher 

proportion of high grade cancers. Cancer grades were further broken down into 

cancer subtypes. There were differences in the distribution of cancer subtypes and 

cancer grading, however, upon further review, it did not amount to any clinical 

significance.

Similarly, true interval cancers demonstrated a higher than expected 

proportion of oestrogen receptor negative cancers as compared to screen detected 

cancers and false negative cancers. In a very recent review of interval cancers in 

Ontario, Kirsh et al 87 reported that true interval cancers were more likely to be 

oestrogen receptor negative compared to screen detected cancers. These findings 

highlighted that true interval cancers were more likely to be oestrogen receptor 

negative, and have a higher histological grades compared to screen detected 

cancers; false negative cancers if presenting within the first year, had higher than 

expected number of positive nodes.

As NPI is a product of nodal status, cancer size and cancer grades, there 

would be a strong and significant association between these parameters. Statistical 

analysis comparing these parameters would produce no meaningful results.
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When comparing screen detected cancers and interval cancers, NPI scores 

were higher in interval cancers compared to screen detected cancers. The main 

reason for this is that interval cancers were larger and had higher cancer grades, as 

compared to screen detected cancers.

The predicted 5-year survival for true interval cancers was 70% according to 

NPI scores. Although false negative cancers, as compared to true interval cancers, 

were not similar in size, nodal involvement or grade and the NPI scores were lower, 

they fell into the same Syr survival category by score criteria.
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6.8 Survival

A Cochrane Review of mammographic breast cancer screening and its effect 

on breast cancer mortality was under taken in 200888 . It concluded that - 

"Screening is likely to reduce breast cancer mortality. As the effect was lowest in the 

adequately randomised trials, a reasonable estimate is a 15% reduction 

corresponding to an absolute risk reduction of 0.05%. Screening led to 30% 

overdiagnosis and overtreatment, or an absolute risk increase of 0.5%, This means 

that for every 2000 women invited for screening throughout 10 years, one will have 

her life prolonged and 10 healthy women, who would not have been diagnosed if 

there had not been screening, will be treated unnecessarily"

Soon after, Tabar et al60 presented one of the longest cohort follow up of 

breast cancer screening results. After 29 years of follow up, they demonstrated that 

the relative risk of breast cancer mortality in screened women was between 0.69- 

0.73 when compared to unscreened women. This is comparable to their first 

publication of 30% reduction of breast cancer mortality in 198B4 .

The overall survival rate of all women in this study was 78%, which is higher 

than that seen in the Swedish study. Screen detected cancers had a better survival 

of 82% as compared to that of interval cancers of 72%. The odds ratio of death of 

interval cancers as compared to screen detected cancers was 1.67. Although true 

interval cancers had a higher proportion of cancers with higher NPI scores, false 

negative and occult had a significantly worse survival outcome compared to true 

interval cancers. The odds ratio of death for false negative cancers was 2.4 times 

that of screen detected cancers. This was in contrast to the observation that true 

interval cancers had higher grade cancers and NPI scores, but only had an odds ratio

for death of 1.003.

This is truly a significant observation as false negative cancers are by 

definition visible on screening mammograms but were 'missed' on initial screening. 

Unfortunately there were no indicators identified within the remits of this study to 

highlight at risk group of women likely to have false negative interval breast 

cancers. 41% of all false negative cancers presented in the 3 rd year after initial 

screening. In theory, by bringing forward screening from 3 yearly to 2 yearly could 

reduce false negative cancer rates to around 60% of current figure.
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Despite having a higher median NPI score and larger proportion in higher 

NPI categories, true interval cancers did not have a worse survival outcome than 

initially imagined. True interval cancers were predicted to only have a 70% 5 year 

survival, but this study found that the overall survival of these cancers were in the 

region of 80% even after 10 years of follow up.

Occult cancers were not significantly different to screen detected cancers in 

size or nodal involvement, but had a higher cancer grade of 2 compared to cancer 

grade of 1 in screen detected cancers. The NPI scores were not significantly 

different; both groups were predicted to have a 5 year survival of more than 85%. In 

reality, occult cancers had a 75% 5 year survival rate, and 45% of all women with 

occult cancers died at the end of the follow up period.

It was discussed in an earlier section that reduction of screening interval 

from 3 years to 2 could potentially reduced interval cancer rate by a least 36%, with 

the potential to double the current financial burden. In order to evaluate the 

survival benefit, Cox Regression analysis and Kaplan-Meier Survival Curve were used 

to examine the potential reduction in long term all-cause mortality on interval 

cancers. Interval cancers were grouped into 3 groups of 12 monthly period since 

screening. There were no statistical significant survival differences between each 12 

monthly period in all interval cancers, true interval cancers or false negative 

cancers.

Reduction of screening interval would therefore reduce the overall number 

of interval cancers, but would not alter the long term survival of interval cancers. 

Any survival benefit for individual woman would be the result of shifting from being 

classified as interval breast cancers to being classified as screened detected cancers. 

Paradoxically, such a shift would therefore reduce the overall long term survival of 

screen detected cancers as the survival benefit would be averaged downward.

The NPI was first proposed in 1982 and then refined by Galea et al 21 in 1992, 

it was used as an aid to predict survival of women who developed breast cancers. 

Since then, the treatment and management of breast cancers has developed and 

more women are now surviving breast cancer for longer.

Most women can expect a 5 year survival of up to 80%89 . It seems that the 

actual survival had improved significantly as compared to the predicted survival
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rates. 10 year survival rates in this study broken down to each NPI categories were 

better than the predicted 5 year survival.

NPI is still an invaluable prognostic predicting tool used in the management 

of breast cancers, however, with the treatment of breast cancers having had 

significant advancement over the years, the survival prediction should now be 

further revised since its first revision of almost 20 years ago.

Do interval cancers have better or worse prognosis compared to screen 

detected cancers and unscreened women? Various studies have demonstrated 

conflicting evidence. Burrell et al 82 showed that interval cancers have prognostic 

pathological features similar to unscreened symptomatic cancers, but worse than 

screen detected. Whereas Collins et al 90 showed that the survival of interval cancers 

is similar to survival in unscreened symptomatic cancers. More recent studies have 

now demonstrated that screen detected cancers are smaller, well differentiated 

and less lymph node involvement80' 91 , indirectly inferring lower NPI.

There have been a number of previous studies looking at pathological 

prognostic/predictive features and their relationship to interval cancer types and 

time interval from screening to presentation. Some studies have suggested that 

true interval cancers have worse prognostic features and grow faster than false 

negative cancers81' 86 .

This study demonstrated that true interval cancers did have features that 

suggested worse long term prognosis with higher grade cancers, nodal disease and 

NPIs. However these features did not translate to poorer survival figures with at 

least ten years of follow up.

Comparatively, false negative cancers did not seem to have features 

suggesting significantly poorer prognosis as compared to true interval cancers. In 

fact, false negative cancers had NPI values less than that of true interval cancers but 

worse than screen detected cancers.

The long term prognosis of false negative cancers were significantly worse 

compared to screen detected cancers and true interval cancers. There were no clear 

indicators within this study to explain this phenomenon.

It is generally thought that if a cancer arises in the first year after screening, 

it is more likely to be more aggressive and faster growing and to have a worse
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prognosis. Again, this study did not demonstrate this effect. Kaplan-Meier survival 

analysis of cancers by interval since screening showed that there were almost 

negligible differences between the three year period.

It was observed however, false negative cancers that presented early did 

have a higher proportion of nodal disease, but nodal disease was shown not to have 

a significant effect on survival figures. This is similar to a study by Vitak et al 92 and 

Porter et al 81 , they found that time interval from screening to presentation and 

interval cancer type did not influence survival despite significant variation in 

prognostic pathological features namely true interval cancers were of higher grade 

and more frequently ER negative.
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Limitations
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7 Limitations

There were a number of limitations to this study. No data was available on 

women who did not attend screening. This would have provided a true control arm 

for this study, as non-attenders with breast cancers would be regarded as a true 

'wild type'. Comparisons of screen detected cancers and interval cancers to this 

control would further strengthen the findings of the study. As the uptake of 

screening continues to improve, the existence of true wild type breast cancers will 

become a rarity. Eventually it would be difficult to estimate the true prevalence of 

breast cancers due to the success of breast cancer screening.

The data on death obtained for the study included all death rates, instead of 

cancer specific death rates. BTW and NBSS receive notification of all death in 

women who attended screening, mainly to avoid inviting these women for further 

screening. The specific cause of death was not part of the notification process; 

hence the information on cancer specific death was not available to the study. 

Although co-founding factors would have been cancelled out when comparisons 

were made between women in different sub groups; this would still have been a 

very good approximation to cancer related death. Access to cancer specific death 

would involve further ethical consideration with potential access to personally 

identifiable data.

This study did not take into consideration the surgical or oncological 

treatment following the diagnosis of screen detected and interval cancers. This 

could have affected the eventual long term outcome, and may explain the 

discrepancies in the lower NPI score of false negative cancers but with a worse long 

term survival.
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8 Conclusions

Breast cancer screening had improved significantly the overall survival of 

patients with breast cancer. Interval cancers will always exist and their presence has 

been used as a surrogate marker of quality of a screening programme.

During the study period of 1998-2001, BTW met and exceeded the national 

targets for cancer detection rate and achieved target interval cancer rates. In this 

study, women of all age group has been shown to benefit from breast cancer 

screening; beyond the first prevalent screen, older women had more screen 

detected cancers and therefore a good indicator that women should continue to 

attend screening even after the first few screenings. Delaying attending for the first 

screen did not appear to have a detrimental effect on the long term out come.

Presentation of interval cancer and the interval since screening was thought 

to be an important covariate in the long term prognosis of interval cancers; this 

effect was not observed in this study.

The most common cancer type was ductal cancer. Cancer types alone did 

not have a significant influence in the outcome of either screen detected or interval 

cancers. There were more tubular cancers within the screen detected cancer group, 

and this was compatible to current knowledge.

Generally, cancer size was a significant factor in determining to what extend 

a cancer has progress. It was expected that this study could examine interval cancer 

size and compare this to screen detected cancers and evaluate the long term 

prognosis. However, due to the bias introduced by women presenting with palpable 

cancers, it would not be possible to undertake such analysis. Potentially, a smaller 

subset of false negative cancers could provide information on the growth rate of 

cancers by observing the interval from screening to presentation of false negative 

cancers, but no significant results from statistical analysis was obtained.

The overall survival of interval cancers was inferior to that of screen 

detected cancers and NPI scores reflected this. False negative interval cancers had a 

lower NPI scores as compared to true interval cancers. However, paradoxically, they 

had the worse survival outcome compared to true interval cancers and screen 

detected cancers. Within the remit of this study, no predictors were identified to
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highlight women at risks of developing false negative cancers.

Cancer size, nodal involvement and grade were indicators of advance 

cancers. Interval cancers in general were bigger, with more nodal involvement and 

of higher grades. This was reflected in the NPI scores and categories. However, 

since its inception more than 20 years ago, survival of breast cancers has improved 

significantly and NPI survival prediction will need revision. The survival of screen 

detected cancers was 82% compared to 72% for interval cancers. This far exceeded 

the survival estimation from when the NPI was first introduced.

Screening in its current format would provide an invaluable service to the 

general population as a whole. Reducing screening interval will reduce the overall 

number of interval cancers, but not by the margin initially envisaged. Overall 

reduction would be in the region of 36% by reducing screening interval from 3 

yearly to 2 yearly. The potential financial burden of this change could double the 

current breast cancer screening budget. This would need to be balanced against the 

lack of survival benefit for interval cancers as observed in this study.

Further research is required to identify the factors behind worsening 

survival figures in false negative cancers. Furthermore, establishing risk factors of 

women likely to have breast cancers missed, i.e. false negative cancers, would 

further improve long term survival.

After considering the findings of this study, the following aims were 

achieved and conclusions are drawn.

• To review and investigate interval breast cancers and compare them to a 

control group of screen detected cancers within a population based breast 

cancer screening programme

o Besides the higher number of tubular cancers in screen detected

cancers, the compositions of cancer subtypes were similar 

o Interval cancers were larger, had higher cancer grades, with more 

advanced nodal disease.
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• To investigate the time interval between last screening examinations and 

the presentation of interval cancer, and to investigate if changes in 

screening interval could affect cancer detection rate

o Reducing screening interval from 3 yearly to 2 yearly would reduce

the overall interval cancer rate by 36%

o Interval between screening and presentation of interval cancer was 

not a negative prognostic factor

• To investigate the classifications of interval cancers and correlation to 

cancer size, prognostic index, cancer subtypes, and compared these to a 

control group to ascertain the effectiveness of current screening programme 

o True interval cancers had higher NPI 

o False negative cancers had worse long term survival

• To investigate and compare the long term prognosis of interval cancers and 

screen detected cancers and its major contributing factors

o Interval cancers had worse long term survival compared to screen

detected

o False negative and occult cancers had worse long term survival 

compared to true interval and screen detected cancers
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9 Recommendations for Future Research

The following recommendations may be deduced from this study.

• Assess the cost-benefit implications of reducing screening interval from 3 

years to 2 years.

Investigations to explore the factors contributing to significantly worse long 

term survival of false negative and occult cancers.

Study to compare the surgical and oncological treatment received by false 

negative cancers and true interval cancers and long term outcome.

• Feasibility study to establish a database of breast cancers in non-attenders 

to screening.

• Future studies would benefit from access to cancer specific death data.

94



Reference

95



10 Reference

1. Ferlay J SH, Bray F, Forman D, Mathers C and Parkin DM. GLOBOCAN 2008 

vl.2, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10 

Lyon, France: World Health Organisation; 2008.

2. Cancer Statistics Registrations 2008. London: Office for National Statistics; 

2010.

3. Cancer Incidence in Wales 2008. Cardiff: Welsh Cancer Intelligence and 

Surveillance Unit; 2010.

4. Tabar L, Fagerberg C, Gad A, Baldetorp L, Holmberg L, Grontoft 0, et al. 

Reduction in mortality from breast cancer after mass screening with 

mammography. randomised trial from the breast cancer screening working 

group of the Swedish national board of health and welfare. Lancet. 1985 

April;l(8433):829-32.

5. Tabar L, Fagerberg G, Duffy SW, Day NE. The Swedish two county trial of 

mammographic screening for breast cancer: recent results and calculation of 

benefit. Journal of Epidemiology and Community Health. 1989;43:107-14.

6. Collette C, Collette H, Fracheboud J, Slotboom B, de Waard F. Evaluation of a 

breast cancer screening programme—the DOM project. European Journal of 

Cancer. 1992;28A(12):1985-8.

7. Miltenburg G, Peeters P, Fracheboud J, Collette H. Seventeen-year 

evaluation of breast cancer screening: the DOM project, The Netherlands. 

British Journal of Cancer. 1998 October;78(7):962-5.

8. Bennett RL, Blanks RG, Patnick J, Moss SM. Results from the UK NHS breast 

screening programme 2000-05. Journal of Medical Screening. 2007 

December;14(4):200-4.

9. Blanks RG, Moss SM, Patnick J. Results from the UK NHS breast screening 

programme 1994-1999. Journal of Medical Screening. 2000 

December;7(4):195-8.

10. Alexander F, Anderson T, Brown H, Forrest A, Hepburn W, Kirkpatrick A, et 

al. 14 years of follow-up from the Edinburgh randomised trial of breast- 

cancer screening. Lancet. 1999 June;353(9168):1903-8.

96



11. LeDran H. Memoires avec un precis de plusieurs observations sur le cancer. 

Memories de I'academie royale de chirurgie. 1757;3:l-54.

12. Donegan W. Cancer of the breast. In: Donegan W, Spratt J, editors.: WB 

Saunders; 1995.

13. Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L. Screening for 

breast cancer: an update for the u.s. preventive services task force. Annals 

of Internal Medicine. 2009 November;151(10):727-37.

14. Lee JH, Yim SH, Won YJ, Jung KW, Son BH, Lee HD, et al. Population-based 

breast cancer statistics in Korea during 1993-2002: incidence, mortality, and 

survival. J Korean Med Sci. 2007 Sep;22 Suppl:Sll-6.

15. Olsen AH, Njor SH, Vejborg I, Schwartz W, Dalgaard P, Jensen M-B, et al. 

Breast cancer mortality in Copenhagen after introduction of mammography 

screening: cohort study. BMJ. 2005 January;330(7485):220.

16. Nystrom L, Andersson I, Bjurstam N, Frisell J, Nordenskjold B, Rutqvis LE. 

Long-term effects of mammography screening: updated overview of the 

Swedish randomised trials". The Lancer. 2002 March;359(9310):909-19.

17. Bjurstam N, Bjorneld L, Warwick J, Sala E, Duffy SW, Nystrom L, et al. The 

Gothenburg Breast Screening Trial. Cancer. 2003 May;97(10):2387-96.

18. Feuer EJ, Wun LM, Boring CC, Flanders WD, Timmel MJ, Tong T. The Lifetime 

Risk of Developing Breast Cancer. Journal of the National Cancer Institute. 

1993June;85(ll):892-7.

19. International Union against Cancer. TNM classification of malignant 

tumours. Geneva: International Union against Cancerl987.

20. Bloom HJ, Richardson WW. Histological grading and prognosis in breast 

cancer; a study of 1409 cases of which 359 have been followed for 15 years. 

Br J Cancer. 1957 Sep;ll(3):359-77.

21. Galea M, Blarney R, Elston C, Ellis I. The Nottingham Prognostic Index in 

primary breast cancer. Breast Cancer Reserach and Treatment. 

1992;22(3):201-19.

22. Wilson J, Junger G. Principles and practise of screening for disease. Geneva: 

World Health Organisationl968.

97



23. Tabar L, Faberberg G, Day NE, Holmberg L. What is the optimum interval 

between mammographic screening examinations? - An analysis based on 

the latest results of the Swedish two-county breast cancer screening trial. 

British Journal of Cancer. 1987 May;55(5):547-51.

24. Woodman C, Threlfall A, Boggis C, Prior P. Is the three year breast screening 

interval too long? Occurrence of interval cancers in NHS breast screening 

programme's north western region. BMJ. 1995 January;310(6974):224-6.

25. Tabar L, Vitak B, Chen H-H, Duffy SW, Yen M-F, Chiang C-F, et al. The Swedish 

two-county trial twenty years later: Updated mortality results and new 

insights from long-term follow-up. Radiologic Clinics of North America. 2000 

July;38(4):625-51.

26. American College of Radiology BI-RADS Committee. Illustrated breast 

imaging reporting and data system (BI-RADS): American College of 

Radiologyl998.

27. Linver M, Osuch J, Brenner R, Smith R. The mammography audit: a primer 

for the mammography quality standards act (MQSA). American Journal of 

Roentgenology. 1995;165(l):19-25.

28. BTW. Annual Report (KC62): Breast Test WalesZOOl.

29. BTW. Annual Report (KC62): Breast Test Wales2002.

30. BTW. Annual Report (KC62): Breast Test Wales2003.

31. BTW. Annual Report (KC62): Breast Test Wales2004.

32. BTW. Annual Report (KC62): Breast Test Wales2005.

33. BTW. Annual Report (KC62): Breast Test Wales2006.

34. BTW. Annual Report (KC62): Breast Test Wales2007.

35. BTW. Annual Report (KC62): Breast Test Wales2008.

36. BTW. Annual Report (KC62): Breast Test Wales2009.

37. Moss S, Blanks R. Calculating appropriate target cancer detection rates and 

expected interval cancer rates for the UK NHS Breast Screening Programme. 

Journal of Epidemiology and Community Health. 1998 February;52(2):lll-5.

38. Commission E. European Guidelines For Quality Assurance in Mammography 

Screening. European Commission Public Health; 1996.

98



39. Sylvester P, Kutt E, Baird A, Vipond M, Webb A, Farndon J. Rate and 

classification of interval cancers in the breast screening programme. Annals 

of the Royal College of Surgeons of England. 1997 July;79(4):276-7.

40. Wolfe J. Breast Parenchymal Patterns and Their Changes With Age. 

Radiology. 1976 Decembet;121(3):545-52.

41. Mandelson MT, Oestreicher N, Porter PL, White D, Finder CA, Taplin SH, et 

al. Breast Density as a Predictor of Mammographic Detection: Comparison of 

Interval and Screen-Detected Cancers. Journal of the National Cancer 

Institute. 2000 July;92(13):1081-7.

42. Tabar L, Dean P. Teaching Atlas of Mammography. 2 ed: Thieme Inc; 1985.

43. Brown M, Eccles C, Wallis M. Geographical Distribution Of Breast Cancers On 

The Mammogram: An Interval Cancer Database. British Journal of Radiology. 

2001 April;74(880):317-22.

44. Feig S, Svane G. Tubular Carcinoma of the Breast. Radiology. 1978;129:311.

45. Group NQAC. Quality Assurance Guidelines For Mammography Including 

Radiographic Quality Control - NHSBSP Publication No 63: NSHBSP2006.

46. Wald N, Murphy P, Major P, Parkes C, Townsend J, Frost C. UKCCCR 

multicentre randomised controlled trial of one and two view mammography 

in breast cancer screening. BMJ. 1995 November;311(7014):1189-93.

47. Blanks R, Wallis M, Moss S. A comparison of cancer detection rates achieved 

by breast cancer screening programmes by number of readers, for one and 

two view mammography: results from the UK National Health Service breast 

screening programme. Journal of Medical Screening. 1998;5(4):195-201.

48. Blanks R, Moss S, Wallis M. Use of two view mammography compared with 

one view in the detection of small invasive cancers: further results from the 

National Health Service breast screening programme. Journal of Medical 

Screening. 1997;4(2):98-101.

49. Fielder H, Rogers C, Gower-Thomas K, Monypenny I, Dallimore N, Brook D, 

et al. Results from 10 years of breast screening in Wales. Journal of Medical 

Screening. 2001;8(l):21-3.

99



50. Harvey J, Fajardo L, Innis C. Previous Mammograms In Patients With 

Impalpable Breast Carcinoma: Retrospective Vs Blinded Interpretation. 

American Journal of Roentgenology. 1993 December;161(6):1167-72.

51. Gower-Thomas K, Fielder H, Branston L, Greening S, Beer H, Rogers C. 

Reviewing interval cancers: time well spent? Clinical Radiology. 2002 

May;57(5):384-8.

52. Duncan A, Wallis M. Classifying Interval Cancers. Clinical Radiology. 1995 

November;50(ll):774-7.

53. McCann J, Britton P, Warren R, Hunnam G. Radiological peer review of 

interval cancers in the East Anglian breast screening programme: what are 

we missing? East Anglian Breast Screening Programme. Journal of Medical 

Screening. 2001;8(2):77-85.

54. Britton P, McCann J, O'Driscoll D, Hunnam G, Warren R. Interval Cancer Peer 

Review In East Anglia: Implications For Monitoring Doctors As Well As The 

Nhs Breast Screening Programme. Clinical Radiology. 2001 January;56(l):44- 

9.

55. Day N, McCann J, Camilleri-Ferrante C, Britton P, Hurst G, Cush S, et al. 

Monitoring interval cancers in breast screening programmes: the east 

Anglian experience. Journal of Medical Screening. 1995;2(4):180-5.

56. Welsh Population A Demographic Overview 2010: Welsh Assmebly 

Government2010.

57. Wales BT. Director Report 2001: Breast Test Wales2001.

58. Programme NBS. Pathology Reporting of Breast Disease: NHSBSP2005 

January.

59. Group TBSFT. The frequency of breast cancer screening: results from the 

UKCCCR Randomised Trial. United Kingdom Co-ordinating Committee on 

Cancer Research. Eur J Cancer. 2002 Jul;38(ll):1458-64.

60. Tabar L, Vitak B, Chen TH, Yen AM, Cohen A, Tot T, et al. Swedish two-county 

trial: impact of mammographic screening on breast cancer mortality during 

3 decades. Radiology. 2011 Sep;260(3):658-63.

100



61. Bennett RL, Sellars SJ, Moss SM. Interval cancers in the NHS breast cancer 

screening programme in England, Wales and Northern Ireland. Br J Cancer. 

2011 Feb 15;104(4):571-7.

62. Vorrherr H. The Breast: Morphology, Physiology, and Lactation: Academic 

Press; 1974.

63. Guo Y-P, Martin U, Hanna W, Banerjee D, Miller N, Fishell E, et al. Growth 

Factors and Stromal Matrix Proteins Associated with Mammographic 

Densities. Cancer Epidemiology Biomarkers & Prevention. 2001;10(3):243-8.

64. Hofvind S, Geller B, Skaane P. Mammographic features and histopathological 

findings of interval breast cancers. Acta Radiol. 2008 Nov;49(9):975-81.

65. Domingo L, Sala M, Servitja S, Corominas JM, Ferrer F, Martfnez J, et al. 

Phenotypic characterization and risk factors for interval breast cancers in a 

population-based breast cancer screening program in Barcelona, Spain. 

Cancer Causes and Control. 2010 March.

66. Gordan P, Borugian M, Warren-Burhenne L. A True Screening Environment 

for Review of Interval Breast Cancers: Pilot Study to Reduce Bias. Radiology. 

2007 November;245(2):411-5.

67. Hofvind S, Skaane P, Vitak B, Wang H, Thoresen S, Eriksen L, et al. Influence 

of review design on percentages of missed interval breast cancers: 

retrospective study of interval cancers in a population-based screening 

program. Radiology. 2005 November;237(2):437-43.

68. Everington D, Gilbert FJ, Tyack C, Warner J. The Scottish Breast Screening 

Programme's Experience of Monitoring Interval Cancers. Journal of Medical 

Screening. 1999(6):21-7.

69. Service NH. NHS Breast Screening Programme. Available from: 

http://www.cancerscreening.nhs.uk/breastscreen/.

70. Li C, Uribe D, Daling J. Clinical Characteristics of Different Histologic Types of 

Breast Cancer. British Journal of Cancers. 2005;93:1046-52.

71. Anderson WF, Chu KC, Chang S, Sherman ME. Comparison of Age-Specific 

Incidence Rate Patterns for Different Histopathologic Types of Breast 

Carcinoma. Cancer Epidemiology Biomarkers & Prevention. 

2004;13(7):1128-35.

101



72. Ikeda DM, Andersson I, Wattsgard C, Janzon L, Linell F. Interval carcinomas 

in the Malmb Mammographic Screening Trial: radiographic appearance and 

prognostic considerations. AJR Am J Roentgenol. 1992 Aug;159(2):287-94.

73. Ma L, Fishell E, Wright B, Hanna W, Allan S, Boyd NF. Case-Control Study of 

Factors Associated With Failure to Detect Breast Cancer by Mammography. 

Journal of the National Cancer Institute. 1992;84(10):781-5.

74. Brekelmans C, van Gorp J, Peeters P, Collette H. Histopathology and growth 

rate of interval breast carcinoma. Characterization of different subgroups. 

Cancer. 1996 September;78(6):1220-8.

75. Porter PL, EI-Bastawissi AY, Mandelson MT, Lin MG, Khalid N, Watney EA, et 

al. Breast tumor characteristics as predictors of mammographic detection: 

comparison of interval- and screen-detected cancers. Journal of the National 

Cancer Institute. 1999 December;91{23):2020-8.

76. Zackrisson S, Janzon L, Manjer J, Andersson I. Improved survival rate for 

women with interval breast cancer — results from the breast cancer 

screening programme in Malmo, Sweden 1976-1999. Journal Medical 

Screening. 2007 September;14(3):138-43.

77. Lawrence G, O'Sullivan E, Kearins O, Tappenden N, Martin K, Wallis M. 

Screening histories of invasive breast cancers diagnosed 1989—2006 in the 

west midlands, uk: variation with time and impact on 10-year survival. 

Journal of Medical Screening. 2009 December;16(4):186-92.

78. Bassett L, Liu T, Giuliano A, Gold R. The Prevalence of Carcinoma in Palpable 

vs Impalpable Mammographically Detected Lesions. American Journal of 

Roentgenology. 1991 July;157:21-4.

79. Lehtimaki T, Lundin M, Under N, Sihto H, Holli K, Turpeenniemi-Hujanen T, et 

al. Long-term prognosis of breast cancer detected by mammography 

screening or other methods. Breast Cancer Research. 2011;13(6):R134.

80. Dawson SJ, Duffy SW, Blows FM, Driver KE, Provenzano E, LeQuesne J, et al. 

Molecular characteristics of screen-detected vs symptomatic breast cancers 

and their impact on survival. British Journal of Cancer. 2009;101(8):1338-44.

102



81. Porter G, Evans A, Burrell H, Lee A, Ellis I, Chakrabarti J. Interval breast 

cancers: prognostic features and survival by subtype and time since 

screening. Journal of Medical Screening. 2006 September;13(3):115-22.

82. Burrell HC, Sibbering DM, Wilson AR, Pinder SE, Evans AJ, Yeoman U ; et al. 

Screening interval breast cancers: mammographic features and prognosis 

factors. Radiology. 1996 June;199(3):811-7.

83. Cady B, Stone MD, Schuler JG, Thakur R, Wanner MA, Lavin PT. The new era 

in breast cancer. Invasion, size, and nodal involvement dramatically 

decreasing as a result of mammographic screening. Arch Surg. 1996 

Mar;131(3):301-8.

84. Klemi P, Toikkanen S, Rasanen, Parvinen I, Joensuu H. Mammography 

screening interval and the frequency of interval cancers in a population- 

based screening. British Journal of Cancer. 1997;75(5):762-6.

85. Nagtegaal ID, Allgood PC, Duffy SW, Kearins 0, Sullivan EO, Tappenden N, et 

al. Prognosis and pathology of screen-detected carcinomas: how different 

are they? Cancer. 2011 Apr l;117(7):1360-8.

86. Cowan W, Angus B, Gray J, Lunt L, Al-Tamimi SRA-T. A study of interval 

breast cancer within the NHS breast screening programme. Journal of 

Clinical Pathology. 2000 February;53(2):140-6.

87. Kirsh VA, Chiarelli AM, Edwards SA, O'Malley FP, Shumak RS, Yaffe MJ, et al. 

Tumor Characteristics Associated With Mammographic Detection of Breast 

Cancer in the Ontario Breast Screening Program. Journal of the National 

Cancer Institute. 2011;103(12):942-50.

88. G0tzsche PC NM. Screening for breast cancer with mammography. Cochrane 

Database Syst Rev. 2009;4(CD001877).

89. Rachet B, Maringe c, Nur U, Quaresma M, Shah A, Woods L, et al. 

Population-based cancer survival trends in England and Wales up to 2007: 

an assessment of the NHS cancer plan for England. The Lancet Oncology. 

2009April;10(4):351-69.

90. Collins S, Woodman CBJ, Threlfall A, Prior P. Survival rates from interval 

cancer in NHS breast screening programme. BMJ. 1998 

March;316(7134):832-3.

103



91. Dong W, Berry DA, Bevers TB, Kau SW, Hsu L, Theriault RL, et al. Prognostic 

Role of Detection Method and Its Relationship with Tumor Biomarkers in 

Breast Cancer: The University of Texas M. D. Anderson Cancer Center 

Experience. Cancer Epidemiology Biomarkers & Prevention. 

2008;17(5):1096-103.

92. Vitak B, Olsen K, Manson J, Arnesson L, Stal O. Tumour characteristics and 

survival in patients with invasive interval breast cancer classified according 

to mammographic findings at the latest screening: a comparison of true 

interval and missed interval cancers. European radiology. 1999 

March;9(3):460-9.

104



Appendices

105



Appendix A

/'fix GIG
C Y M k lj

NHS
VV A 1. E S

Canolfan Gwasanaethau 
Busnes
Business Services 
Centre

South East Wales Research Ethics Committee Panel B
Telephone: 02920 376823
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Email: Carl.phillips@bsc.wales.nhs.uk

Mr Yiewfah Fong 
Surgical Registrar 
Cwm Taf NHS Trust 
Royal Glamorgan Hospital 
Llantrisant 
CF72 8XR

16 July 2010 

Dear Mr Fong

Study Title: A REVIEW OF INTERVAL BREAST CANCERS IN
PATIENTS SCREENED WITHIN THE BREAST TEST 
WALES (BTW) BREAST CANCER SCREENING 
PROGRAMME 1998-2001

REC reference number: 10/WSE02/52
Protocol number: 6.29

The Research Ethics Committee reviewed the above application at the meeting held on the 
14 July 2010.

Thank you for attending to discuss the study. 

Ethical opinion

The Committee noted that this was a single site study limited to working with human tissue 
samples, other biological samples and/or data.

The Committee noted that whilst the application form declared the sponsor to be the Cwm 
Taf NHS Trust, the sponsor was in fact the Velindre NHS Trust and that NHS indemnity 
applied.

The Committee noted that the sponsor's representative had declared that an appropriate 
process of scientific critique had demonstrated that this research proposal was worthwhile 
and of high scientific quality. Members also noted the confirmation provided that the study 
had been approved by the Joint Velindre NHS Trust/Public Health Wales Research Risk 
Review Committee.

The Committee noted that the statistical aspects of the research had been reviewed by Dr J 
Kenkre of the University of Glamorgan.

The Committee noted the study was being undertaken as an educational project in part 
fulfillment of an MPhil in Health, Sports and Science and members further noted that the 
"Declaration by the sponsor's representative" bad been signed.

Canolfan Gwasanaethau Busnes Business Services Centre
Ty Churchill Churchill House
17 Ffordd Churchill 17 Churchill Way
Caerdydd, CF10 2TW Cardiff, CF10 2TW
Ff6n: 029 20 376820 WHTN: 1809 ., Telephone: 029 20 376820 WHTN- 1809
Ffacs: 029 20 376826 1 Fax: 029 20 376826

rhan o Bwrdd lechyd Lleol Addysgu Powys / part of Powys Teaching Local Health Board
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The Committee noted that the study aimed to analyse data retrospectively and that no 
patient contact was required. Members noted that the study would involve identifiable 
personal data namely date of birth and post code.

The Committee noted from section A43 of the application form that personal data would be 
stored for between 6-12 months after the study had ended.

The Committee noted that the study involved the use of a lap-top computer and members 
strongly recommended the use of an appropriate encryption programme to ensure the 
security and confidentiality of data.

The Committee pointed out that it was the responsibility of the Chief Investigator to be up to 
date and to comply with the requirements of the law and relevant guidelines relating to 
security and confidentiality of patient or other personal data, including the need to register 
when necessary with the appropriate Data Protection Officer.

The members of the Committee present gave a favourable ethical opinion of the above 
research on the basis described in the application form, protocol and supporting 
documentation, subject to the conditions specified below.

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to 
management permission being obtained from the NHS/HSC R&D office prior to the start of 
the study (see "Conditions of the favourable opinion" below).

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of 
the study.

• Management permission or approval must be obtained from each host organisation 
prior to the start of the study at the site concerned.

• For NHS research sites only, management permission for research ("R&D
approval") should be obtained from the relevant care organisation(s) in accordance 
with NHS research governance arrangements. Guidance on applying for NHS 
permission for research is available in the Integrated Research Application System 
or at http://www.rdforum.nhs.uk. Where the only involvement of the NHS 
organisation is as a Participant Identification Centre, management permission for 
research is not required but the R&D office should be notified of the study. Guidance 
should be sought from the R&D office where necessary.

• Sponsors are not required to notify the Committee of approvals from host 
organisations.

• It is responsibility of the sponsor to ensure that all the conditions are complied with 
before the start of the study or its initiation at a particular site (as applicable).

Membership of the Committee

The members of the Ethics Committee who were present at the meeting are listed on the 
attached sheet.
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Approved documents

The documents reviewed and approved at the meeting were:

Document
Investigator CV
Protocol
REC application
Covering Letter
Referees or other scientific critique report

Referees or other scientific critique report

Version
YFong
6.29
3.0
YFong
Trust Research Risk Review 
Committee
Trust Research Risk Review 
Committee

Date
28 June 2010
29 June 2010
18 June 2010
29 July 2010
31 March 2010

11 June 2010

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees (July 2001) and complies fully with the Standard Operating 
Procedures for Research Ethics Committees in the UK.

After ethical review

Now that you have completed the application process please visit the National Research 
Ethics Service website > After Review

You are invited to give your view of the service that you have received from the National 
Research Ethics Service and the application procedure. If you wish to make your views 
known please use the feedback form available on the website.

The attached document "After ethical review - guidance for researchers" gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including:

• Notifying substantial amendments
• Adding new sites and investigators
• Progress and safety reports
• Notifying the end of the study

The NRES website also provides guidance on these topics, which is updated in the light of 
changes in reporting requirements or procedures.

We would also like to inform you that we consult regularly with stakeholders to improve our 
service. If you would like to join our Reference Group please email 
referenceqroup@nres.npsa.nhs.uk.

riO/WSE02/52 Please quote this number on all correspondence

With the Committee's best wishes for the success of this project
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Yours sino

Mrs A Dowden 
Chair, Panel B 
South East Wales Research Ethics Committees

Enclosures: List of names and professions of members who were present at the meeting 
and those who submitted written comments

Copy to:

"After ethical review - guidance for researchers" SL-AR2 

R&D office for Velindre NHS Trust
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South East Wales Research Ethics Committee Panel B

Attendance at Committee meeting on 14 July 2010

Committee Members:

Name
Dr A Bayer
Ms G Bennett
Drl Doull

Mrs A Dowden
Dr N A Drage
Dr P Evans
Professor N Frude
DrN Jamil
Dr I J Kerby
Mrs S J Kotecha
Mr P Lindsay

Mrs J Matthews
Mr J Owen
Dr M D Page
Mrs S Warrell
Mr Paul Williams

Profession
Consultant Physician
Lay Member
Vice Chair and Consultant Respiratory 
Paediatrician
Chair and Lay Member
Consultant Dental Radiologist
Consultant Physician
Consultant Psychologist
Consultant Psychiatrist
Consultant Oncologist
Research Dietician
Consultant Obstetrician and 
Gynaecologist
Pharmacist
Lay Member
Consultant Physician
Alternate Vice-Chair & Lay Member
Lay Member

Present
No
Yes
Yes

Yes
Yes
No
No
No
Yes
Yes
No

Yes
Yes
Yes
No
No

——————————— !

Notes
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Correspondence to: Mrs Sarah Totmsend, Research and Development Manager, Velindre NHS Trust,
3* Floor, U Cathedral Road, Cardiff, CF11 9LH

Email: Sarah.Toumsend@velindre-tr.wales.nhs.uk
Tel: 02920 316165

Dr Kate Gower-Thomas
Breast Test Wales
18 Cathedral Road
Cardiff
CF119LJ 31 s1 March 2010

Dear Dr Gower-Thomas

2009/SS/0074: Review of Interval Breast Cancer in Wales

The above proposed project was assessed by the Joint Velindre NHS Trust /Public 
Health Wales Research Risk Review Committee held on 25th March 2010, at which the 
following Committee members were present:

Mrs Diane Smith (Chair), Executive Director of Nursing and Quality and Joint Board R&D
Lead
Mrs Sarah Townsend, Research and Development Manager
Professor Peter Barrett-Lee, Velindre NHS Trust Interim Medical Director and Joint R&D
Lead
Mr Bryan Rose, Programme Manager, Screening Services
Mrs Jane Darmanin, CTU Manager
Mrs Beryl Pugh, Consumer Representative
Dr Geraint Lewis, Head of Physics, Velindre Cancer Centre
Mr Darren Lloyd, Information Governance Manager, Health Solutions Wales

I am pleased to confirm that the study has been approved by the Committee for 
commencement within Public Health Wales subject to the issues detailed within this 
letter being satisfactorily addressed and ethical approval being awarded if required. 
Amended versions of all documentation should be forwarded to the R&D Office for 
consideration on completion.

If the project requires an ARSAC certificate recruitment must not commence until the 
certificate has been received by the Trust. If your project includes patients recruited 
from other Local Health Boards it is your responsibility to contact the relevant R&D 
Office(s) in order to gain R&D approval to commence.

Without individual R&D approval from all Local Health Boards where patients will be 
recruited Welsh Risk Pool indemnity will not be afforded to the researcher.

Approval lapses if the project does not commence within 12 months of approval.
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The Committee reserve the right to information on the progress of the project at any time 
and should receive a progress report six monthly and a written report on completion.

Random audits may be carried out to ensure that projects comply with the clinical 
guidelines for research.

Any serious adverse incidents relating to the project should be reported to the R&D 
office and a Clinical Incident Form completed. 
Reviewer's comments are listed below for your action:

Reviewer 1
Submission now has the required clarity and detail.

Reviewer 2
Corrections/ suggested additions (given in square brackets):

Diagnosis and Main Inclusion Criteria - Study group - 'all women invited for screening 
between 50 and 65' [should be 50-64]

Introduction - 'All eligible women between the age of 50 and 64 are invited for screening 
at three yearly intervals [(the upper age was extended to 70 in 2005)]

Introduction - 'the pncident screen] detection rate for invasive breast cancer in the 
screening group [(50-70)] is 6.8 per 1000.' [The rate at prevalent screen is 6.6.] [The 
reference title for this should read 'Breast Test Wales Annual [KC62] Report 2007- 
20081]

The committee seeks clarification as to whether the stated intention to analyse the data 
base was in addition to recruitment.
Confirmation is requested that ethical approval has been sought for this study. This was 
unclear from the project registration form which stated that this was sought in 2005, 
presumably for another project?

All correspondence should be forwarded to Sarah Townsend, R&D Manager, R&D 
Office, 3rd Floor, 14 Cathedral Road Cardiff Cf11 9LJ, ext 6165.

Yours sincerely

Mrs Diane Smith
Executive Director of Nursing and Quality and RRRC Chair

112



Appendix B

Correspondence to: Mrs Sarah Townsend, Research and Development Manager, Ve/indre NHS Trust,
3rd Floor, 14 Cathedral Road, Cardiff, CF11 9LH

Email: Sarah. Townsend@wales.nhs.uk
Tel: 02920 196529/Fax: 029 20344695

Dr Kate Gower-Thomas
Breast Test Wales
18 Cathedral Road
Cardiff
CF119LJ 11* June 2010
January 2010

Dear Dr Gower-Thomas

2009/VCC/0074: Review of Interval Breast Cancer in Wales

Thank you for your letter dated 23rt April 2010, in which you responded to the issues 
raised by the reviewers on the 31 st March 2010. Your response was forwarded to the 
original reviewers as per Trust procedures, who have confirmed the responses as 
satisfactory.

I am therefore pleased to take Chair's action to approve this project on behalf of the 
Research Risk Review Committee (RRRC) This decision will be reported for ratification 
at the next RRRC on 24<h June 2010.

Approval lapses if the project does not commence within 12 months of Trust approval. 
The Committee reserve the right to information on the progress of the project at any time 
and should receive a progress report six monthly and a written report on completion. 
On completion of the project please inform the R&D office.

All correspondence relating to this project should be forwarded to Sarah Townsend, 
R&D Manager, R&D Office, 3rd floor, 14 Cathedral Road, Cardiff CF11 9LJ ext 6529.

Yours sincerely

Mrs. Diane Smith
Executive Director of Nursing and Quality and RRRC Chair
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University of Glamorgan

Prifysgol Morgannwg
Faculty of Health, Sport and Science

Cyfadran lechyd, Chwaraeon a Gwyddoniaeth 
Mr Yiewfah Fong
23 Vervain Close
Cardiff
CF5 4PL

28th July 2010

Re: Application for MPhil - a retrospective case controlled study to investigate the histopathology 
and radiological features of interval cancers versus other breast cancers

Dear Yiewfah,

Your application to register for an MPhil degree at the Faculty of Health, Sport and Science was 
reviewed by the Research Application Panel (RAP) on the 21st July 2010.1 am pleased to inform you 
that the Research Applications Panel approved your application to register for MPhil, subject to 
satisfactory references.

However, two issues were raised by the committee. Firstly, given the nature of the study, the 
committee recommended that Dr Paul Jarvis be added in to the supervision team as a statistical 
advisor. Also I would ask you to provide me with a copy of your NRES approval letter for our own 
records.

The RAP committee have therefore granted you approval to register as a student in the Faculty, 
providing you agree with the above. Please can you therefore confirm that you are happy to accept 
the panel's decision to register your application. Patricia Millard will contact you shortly with a 
memo of agreement and to arrange a date for enrolment.

Your supervision team was agreed as:

Prof Kenkre, Director of Studies 
Mr M Lewis, Supervisor 
Dr Kate Gower Thomas, Supervisor 
Dr Paul Jarvis, Advisor

If you have any queries, don't hesitate to contact me. 

Best wishes /

Dr Paul Gill
Postgraduate Research training Coordinator

Cc Prof Kenkre, 
Mr M Lewis 
DrKa

Professor/ Yr Athro Donna M Mead O.B.E. 
Dean off Faculty/Deon y Cyfadran

University of Glamorgan/Prifysgol Morgannwg. Pontypridd, CF37 1DL, UK/DU
Tel/Ff6n 01443 483094 Fa«/Ffacs 01443 483118

www.glafn.ac.uk

Professor/Yr Alhro David Halton VIce-Chancellor/ls-Ganghellor
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University of Glamorgan
Tel: 01443-483092 

Email: pmillard@glam.ac.uk

Mr Yiewfah Fong 
23 Vervain Close 
Cardiff 
CF5 4PL

10th August 2010 

Dear Yiewfah,

Prifysgol Morgannwg
Faculty of Health, Sport and Science 

Cyfadran lechyd, Chwaraeon a Gwyddoniaeth

Re: MPhil - A retrospective case controlled study to investigate the histopathology 

and radiological features of interval cancers versus other breast cancers

I have pleasure in writing to confirm that your recent application regarding the above 

titled research degree has been successful. The interview panel felt that your 

performance demonstrated your enthusiasm and commitment to your topic. The 

details of the studentship are outlined in the enclosed Memorandum of Agreement. 

When you have read through the details and are sure you understand and agree with 

them, please sign both copies and return to me. Further details about studying for 

a research degree are to be found on the Research Office website 

http://office.research.glam.ac.uk/forms/. Please could you contact Ms P Millard 

(tel: 01443 483092) to arrange a convenient date and time for you to report to the 

Faculty Research Administration Office to enrol on your research degree.

I would be happy for you to get back to me if anything in the Memorandum of 

Agreement is not clear to you or if you need further information. We are very much 

looking forward to having you as a research student within the Care Sciences 

Research Unit.

Congratulations. 

Yours sincerely

Dr Paul Gill
Postgraduate Research Training Coordinator

Enc
Copy to: Professor Joyce Kenkre, Director of Studies 

Mr Mike Lewis, Supervisor 
Dr Kate Cower Thomas, Supervisor 

Student File

INVESTOR IN rEOPLl

Professor/Yr Athro Donna M Mead O.B.E. 

Dean of Faculty/Deon y Cyfadran

University of Glamorgan/Prifysgol Morgannwg, Pontypridd, CF37 1DL, UK/DU
Tel/Ffon 01443 483094 Fax^Ffacs 01443 483118

www.glam.ac.uk

Professor/Yr Athro David Halton Vke-Chancellor/ls-Ganghellor
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University of Glamorgan 
Faculty of Health, Sport and Science

Memorandum of Agreement for MPhil Research Studentship

The agreement is made between
The Faculty of Health, Sport and Science

And

Yiewfah Fong (Research Student)

IT IS AGREED THAT

1 The period of your study will be for 30 months (minimum) to 48 months 
(maximum), from date of enrolment. Your study should be completed on a 
part time basis in the stated period.

2 Your formal registration date will take effect immediately at the time of 
enrolment. On the day of enrolment you will need to bring with you evidence 
of your qualifications and if your employer is funding your study please bring 
confirmation of funding. Enrolment will give you access to the University e- 
mail system, libraries and their databases etc.

3 The University will normally act as Sponsor for the duration of your research 
study on the proviso that ethical approval is granted by the Faculty and any 
other committee deemed necessary. The University insurers will insure and 
indemnify your study throughout the course of your research degree.

Faculty Obligations

4 The research team unit to which you have been assigned is the Care Sciences 
Research Unit and your Director of Studies will be Professor Joyce Kenkre. 
Your Director of Studies will meet with you at least on a monthly basis to 
discuss your project, offer guidance and to monitor your progress. You will 
be able to negotiate with her the arrangements for the meetings.

5 In the case of any postponement or extended sick leave from your studies 
your registration is normally suspended and will recommence when you 
resume your studies.
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The Faculty Research Office will oversee the provision of an induction 
programme for all new students.

As part of the requirement for registration, your Director of Studies, in 
discussions with you, will identify your research training needs and plan how 
these can be met. This will also include identifying Health and Safety courses 
needed for you to carry out your study.

The progress of your research degree will be monitored twice yearly in a 
Faculty Progress Board meeting. The Director of Studies will alert the 
Research Training Coordinator if there are any concerns about your progress 
and they will work with you to address these.

Student Obligations

9 The research degree will be subject to registration fees. As a self funding or 
employer funded student you/your employer will be liable for your tuition 
fees for the duration of your research degree.

10 During your study you are required to adhere to (where applicable) the 
Department of Health Research Governance Framework, The Human Tissue 
Act, The Data Protection Act, all of the University regulations and procedures 
and the Faculty Framework for Good Research Practice.

11 As part of the Faculty policy, you must inform the Faculty Research Office of 
any periods of absence, including sick leave and holidays so that an 
appropriate record may be kept.

12 It is a requisite of your research degree that you take part in the Faculty 
annual monitoring process. Annual monitoring aims to ensure that students 
have the facilities and guidance they require, and that their progress is 
satisfactory.

1 3 Your progress with your research degree will be monitored on a regular basis 
against key targets set by you in negotiation with your supervision team. You 
must keep a record of these meetings using a standard form available 
electronically. If it is found that sufficient progress is not being made, in the 
first instance the Research Training Coordinator will meet with you and your 
Director of Studies to discuss this. If the situation cannot be resolved, it will 
be referred to the Faculty's Research Programmes Committee who reserve the 
right to discontinue your research degree. If termination of your research 
degree is deemed necessary you will be given a period of notice, usually one 
month
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14 As part of your research degree you are expected to complete the 
Postgraduate Certificate in Research (60 credits). If you have a Masters by 
Research (or equivalent) you may be exempt from completing the certificate.

1 5 During the course of your research degree you will be required to present 
your work at the Faculty Student Presentation Day and at the University's 
Annual Doctoral and Masters Seminar.

16 The Faculty Research Office hosts regular lunchtime seminars and other 
events to promote a research culture within the Faculty. The Research 
Student Forum is also held on a regular basis. Your participation in these 
events during your research degree is encouraged and welcomed.

17 We strongly recommend that you maintain a complete record of all your 
activities in an electronic student Progress File. This will help you when 
preparing your thesis and curriculum vitae, and helps remind you of how 
much work you have completed to a given date! The Research Training 
Coordinator will give you advice about content and format of this during your 
induction.

Signed by

For and on behalf of
The University of Glamorgan Research Student
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