Epidemiology of Ductal Carcinoma in Situ

Gurdeep S. Mannu
Green Templeton College, University of Oxford

Doctor of Philosophy
Michaelmas Term 2017

UNIVERSITY OF

0),43(0)23D

Nuffield Department of Population Health,
Richard Doll Building,
Old Road Campus,
Oxford
OX3 7LF

[NHS |
e ol ] The author was supported by the National Institute for Health Research
(NIHR) Biomedical Research Centre (BRC) fellowship, the Nuffield
{@b CANCER Department of Population and by Cancer Research UK.

RESEARCH

it UK



Life is short,
and the art long,
opportunity fleeting,
experimentations perilous,
and judgment difficult.

Hippocrates
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Abstract

Introduction:

Almost 7,000 people are diagnosed with ductal carcinoma in situ (DCIS) in the United
Kingdom each year, but there remains uncertainty regarding its natural history and optimal
management. The aim of this thesis was to evaluate factors contributing to the epidemiology
of DCIS and its outcomes.

Methods:

1) A cohort study comparing risk factors for DCIS and invasive breast cancer (IBC) using
UK Biobank; 2) A cohort study examining the accuracy of preoperative biopsy in DCIS using
clinical records from the Netherlands Cancer Institute; 3) A cohort study examining the rate
of invasive breast cancer following treatment for screen-detected DCIS in England using the
National Health Service Breast Screening Programme (NHSBSP) audit; 4) A methodological
study to develop an algorithm to identify invasive breast cancer recurrences, which in the
future may used to identify DCIS recurrences, using all relevant routinely collected data
stored within Public Health England (PHE).

Results:

(1) For both DCIS and IBC, postmenopausal BMI was associated with an increased risk of
developing disease, and the number of live births was associated with a decreased risk of
developing disease. However, the magnitude of the effect differed between DCIS and IBC.
The increased risk from postmenopausal BMI >35 kg/m* was larger for DCIS than for IBC
(RR 2.35, 95% CI 1.14 — 4.82), and the trend of reduction in risk with each additional live
birth was greater for DCIS than for IBC (p for trend = 0.03).

(2) Consideration of mammographic lesion size and the absence of necrosis on biopsy may be
helpful in selecting low-risk women for non-operative management of DCIS in the future, as
may use of the 9G vacuum-assisted method of biopsy.

(3) The cumulative risks of IBC at 5, 10 and 15 years after screen-detected DCIS in England
were 3.5%, 7.1%, and 9.4% respectively. Women with clear surgical margins of 1 — 2 mm
had a higher IBC rate than women with clear margins of 5+ mm (RR 1.85, 95% CI 1.20 —
2.84). Women given breast-conserving surgery (BCS) without radiotherapy had a higher
ipsilateral IBC rate than women given BCS with radiotherapy (RR 1.63, 95% CI 1.27 — 2.10).
Women given hormone therapy had a lower rate of any IBC compared with oestrogen
receptor (ER) positive women not given hormone therapy (RR 0.76, 95% CI1 0.63 — 0.93).

(4) There was good agreement between the number of recurrences indicated by the developed
algorithm using routinely collected data sources and the number of recurrences recorded in
the test dataset. This finding supports the potential value of compiling recurrence information
on a nationwide basis from routinely collected data, for use in future descriptive and
epidemiological studies and in follow-up for randomised trials.

Conclusions:
Using a variety of methods these studies have all succeeded in adding to knowledge about the
epidemiology of DCIS (see Figure A.1). This knowledge can be used to help the future



management of women with DCIS. In addition, each of the studies has planned extensions
and will continue to contribute further knowledge periodically into the future.
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Figure A.1: Schematic diagram summarising the medical pathway of patients with DCIS
(top row), and the related areas of clinical uncertainty and corresponding work-streams
contributing to this thesis (bottom row).
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Chapter 1: Contemporary uncertainties in
the epidemiology and management of
Ductal Carcinoma in Situ



1.1. Introduction

Ductal carcinoma in situ (DCIS) is amongst the earliest forms of breast cancer. It is a
heterogeneous entity, encompassing a broad spectrum of disease but it is characterised by the
proliferation of abnormal epithelial cells lining the milk ducts within the breast (Figure 1.1)
(1). These abnormal cells do not yet have the capacity to invade outside their basement
membrane into the surrounding stroma so DCIS is, by definition, a non-invasive cancer (2).
However, if left untreated, it can progress to invasive breast cancer (IBC) over a number of
years. Since not all women with DCIS will develop IBC within their lifetime, it is sometimes
considered as a non-obligate precursor of IBC and it is not yet clear which women with DCIS
will develop IBC and over what period of time (1). In light of this uncertainty, most women
with DCIS are treated with surgical excision to minimise their risk of developing IBC, even
though some may be inadvertently over-treated as a result. However, even after adequate
treatment of DCIS, some women will develop a recurrence of DCIS or a local occurrence of
IBC within the same breast. The reason for this is not entirely clear and although it is not yet
possible to accurately predict which women will suffer a recurrence or subsequent IBC, there
is currently a great deal of interest in developing predictive indices to help to identify those at

increased risk.
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Normal Ductal Carcinoma Invasive
in Situ Breast Cancer

Figure 1.1: Schematic diagram illustrating the pathology of ductal carcinoma-in-Situ.
Copyright © Gurdeep S. Mannu 2016.
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1.2. Methods

This chapter is a systematic review of the published literature regarding the epidemiology and
management of DCIS. The purpose was to identify areas of uncertainty for further research.
In October 2014, a systematic search was undertaken using PubMed/Medline MeSH terms:
("Carcinoma, Intraductal, Noninfiltrating”[Mesh]) AND "Prognosis“[Mesh]. The abstracts of
the resultant 2064 papers were reviewed and 210 relevant papers were retrieved for detailed
study. The reference lists of relevant papers were further reviewed to identify additional
pertinent publications. Articles published since this date were identified and screened
prospectively using weekly Google Scholar alerts for terms: ‘DCIS’ and ‘ductal carcinoma in
situ’, over the three-year period between 1/12/2014 — 1/12/2017. The findings from this

search are summarised in the following sections of this chapter.

1.3. The natural history of DCIS

The management of DCIS has been the source of uncertainty ever since its malignant
potential was first described in the early part of the twentieth century (3). Prior to the
introduction of mammographic screening programmes, DCIS was detected symptomatically,
such as by a palpable lump or nipple discharge. In this setting, cases of DCIS were often
larger, higher grade, more extensive and more often accompanied at the same time by IBC (4,
5). The majority of women with DCIS were offered primary surgery and the roles of margin
clearance and adjuvant therapy were less well developed during this time. In exceptional
circumstances women did not receive surgical treatment and the current published literature
on the natural history of DCIS arises from sequential follow-up of these women (Table 1.1).
Although case-series of women with DCIS receiving non-operative management confirm the

high risk of IBC developing after DCIS, underlying poor health, advanced age or other
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factors that were responsible for the non-operative approach to treatment mean that the
observed outcomes from these women are unlikely to represent the expected outcomes from
the wider population of women with non-screen detected DCIS today, if surgical treatment is
omitted. More importantly, the majority of diagnoses of DCIS today are not diagnosed
symptomatically, but from mammographic screening, and this in itself is a significant

prognostic factor (6), limiting the validity of these older case series.

Table 1.1: Demonstrating all available data on the natural history of Ductal Carcinoma in
Situ (DCIS) without surgery. Modified from (2, 7).

Study ID Location DCIS No. untreated Follow up % IBC at end % all-cause
of study type DCIS patients  duration (years) of f/up mortality at end
of flup

Farrow 1970 (8) USA NR 25 1-8 5 (20%) NR
Eusebi et al 1994 (9) Italy C,NC 80 5 2g® 11 (14%) 5 (6.3%)
Kraus & Neubecker USA P 4 5-13 2 (50%) NR
1962 (10)
Lewis & Geschickter USAP C 8¢ 4 6 (75%) 1(12.5%)
1938 (11)
Millis & Thynne 1975 UK. C,P,CR od 0-19 4 (44%) 3 (33%)
(12)
Page et al 1995 (13-15) USA NC 28 3-46 11 (39%) 5 (17.9%)
Rosen et al 1980 (16,17)  USA P 15 1-24° 8 (53%) 3 (20%)°
Sagara et al 2015 (18) USA NR 1169 6° NR 78 (6.7%)

Abbreviations: C=Comedo, CR=Cribiform, IBC=Invasive Breast Cancer, P=Papillary, NC-
Non-comedo, NR=Not reported.

Superscript: *Average follow-up period was 17.5 years. "Cohort study of DCIS patients with
varying degrees of operative excision. °8 patients were treated with excision biopsy alone
with no analysis of operative margin. “8 treated with wide local excision with no report of
margin thickness and possibility margins involvement suspected and 1 women treated with
radiotherapy alone. ®Average follow-up period was 9.7 years. 'Retrospective review of
records previously unrecognized DCIS. ¢ Median follow-up was 72 months.
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Due to the inherent confounding from selection bias in these retrospective case series, the
natural history of DCIS without treatment can only be reliably examined in the setting of
prospective randomised trials. There are two such trials underway, namely the LOw RISk
(LORIS) Trial and the LOw Risk Dcis (LORD) study. The LORIS trial is a UK-based phase
Il multicentre study that has randomised vacuum biopsy diagnosed low and intermediate
grade DCIS women to surgery or to active monitoring (19). The main outcome measured in
this study is ipsilateral IBC free survival rate at 5 years. It will aim to investigate whether
patients with newly diagnosed low risk DCIS can safely avoid surgery and whether those
patients who do require surgery can be accurately identified. The study started in 2014 and
should be completed by June 2020 (20). Simultaneously, the LORD trial is a similar
randomised, phase 11l non-inferiority trial but is an international multicentre study organised
by the European Organization for Research and Treatment of Cancer and the Dutch Breast
Cancer Research Group and is due to complete in 2029. These two randomised trials will
provide invaluable contributions to understanding the natural history of untreated low and
intermediate grade DCIS (21). There are currently on-going efforts to undertake a third trial
using similar methodology in the United States of America, called the ‘Comparison of

Operative to Monitoring and Endocrine Therapy (COMET) trial for low risk DCIS’ (22).

None of the on-going or planned randomised trials will investigate outcomes in high grade
DCIS in the absence of surgery and it is likely that a proportion of women within the active
monitoring arm of each study will develop ipsilateral IBC due to limitations in the methods
used in obtaining a biopsy diagnosis of DCIS grade, irrespective of whether it is undertaken
by central pathology review or locally at randomising institutions. However, these studies
will provide insights into the scale of the problem of over-treatment in DCIS as well as

helping to better understand the natural history of low and intermediate grade DCIS.
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1.4. National Breast Screening and the evolving incidence of DCIS

DCIS is the most common type of non-invasive breast tumour and with the advent of breast
screening the number of women diagnosed with DCIS each year has been increasing, so that
it now accounts for approximately one in five tumours detected by national screening
programmes (23). In 2009 the United States National Institutes of Health (NIH) convened a
State-of-the-Science Conference on DCIS which included a systematic review of the
literature available at the time and also presentations by several dozen investigators who were
carrying out research on DCIS (24). A panel of experts were invited to identify the most
critical research questions for the diagnosis and management of DCIS in the light of the
evidence they had heard. In particular, they noted the importance of improving the risk

stratification of DCIS patients in order to identify the optimal therapy for each woman.

Although some additional studies have been performed since the NIH Conference they have
mostly included only a small number of women and there is still a paucity of evidence on
which to base clinical management decisions in DCIS. Furthermore, few randomised trials
have been published since and it is unclear whether the results found in these trials can be
translated to a population setting (25-27). What is clear is that there is still marked variation
in the management of DCIS both between different countries (28, 29), and between treatment

centres within the same country (30).

The majority of women diagnosed with DCIS in England today are between 50-70 years of
age, corresponding to the age group eligible for breast cancer screening (Figure 1.2). The
incidence of DCIS at ages 50-64 rose dramatically from 1988 onwards, coinciding with the
introduction of the breast screening programme in that age-group, while the incidence at ages

65-69 rose rapidly from 2001, when the screening programme was extended to cover this age
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group. In contrast, the incidence in the non-screened age groups (< 49 years and >70 years of
age) has risen much more gradually. As a result, there is little doubt that the overall increase
in DCIS incidence in the England observed over the last few decades is largely a direct result

of the NHS breast-screening programme.

Age (years)
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Figure 1.2: Incidence of DCIS by age. Incidence rates of ductal carcinoma in situ (DCIS) by
age group per 100,000 women in Great Britain between 1979 - 2010. Modified from (31).

Whilst the introduction of the breast-screening programme has been the major factor for the
overall increase in DCIS incidence in recent decades, it is not the only factor responsible. In
the USA, the incidence of DCIS has increased over time from 1.87 per 100,000 women in
1975, to 32.5 per 100,000 women in 2005, even when the rate of screening mammography
has remained constant (32, 33). In addition to this absolute increased in DCIS incidence over
time, there is evidence to suggest that the incidence of different histological subtypes of
DCIS has also changed over time (34). This has chiefly been driven by increases in non-
comedo and prognostically favourable low-grade DCIS. In contrast, the incidence of the

prognostically less favourable comedo-type DCIS has remained largely stable over that
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period (35). Consequently, there may be influences on DCIS incidence in addition to the role

of mammographic screening.

Since the advent of breast screening, several new questions have arisen regarding the
treatment of DCIS. Some have argued that many cases of screen detected disease would
never have become clinically apparent or caused mortality, and that diagnosing and treating
such women simply causes psychological and physical harm through unnecessary surgery.
Others argue that early detection of DCIS is important because it prevents the future
development of IBC. What is known is that progression to IBC or death can take many years
to occur. Hence critical examination of long-term data is important to help formulate

appropriate patient selection for different management options.

Although it is clear that women with DCIS are at a higher risk of invasive breast cancer than
other women (36), and that more intensive treatment reduces this risk, as yet no study has
found a clear relationship between intensity of treatment and subsequent survival. Indeed
there is epidemiological evidence to suggest that even complete omission of treatment in
certain women may not negatively impact on survival. An example of this evidence comes
from Sagara and colleagues who undertook a retrospective cohort study using the
Surveillance, Epidemiology, and End Results (SEER) database and evaluated all women
diagnosed with DCIS between 1988 and 2011 (18). Of 57, 222 women diagnosed with DCIS,
1169 cases (2.0%) did not receive surgery. There was a clear difference in the 10-year breast
cancer—specific survival between the non-operative group (93.4%) and those that were treated
with surgery (98.5%) (p < 0.001). However this difference was amongst women with high

and intermediate grade disease and was not evident amongst women with low-grade disease
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where the 10-year breast cancer—specific survival of the non-operative group was 98.8% and

that of the surgery group was 98.6% (p = 0.95).

The findings from Sagara and colleagues demonstrate that the survival benefit from breast
surgery for low-grade DCIS was lower than that for intermediate- or high-grade DCIS. Thus
a stratified approach to treatment is warranted, taking into account a woman’s individual risk
based on patient and tumour-related factors. As a consequence there is uncertainty over the
optimal level of treatment for women with DCIS. One consequence of this uncertainty is that
there is wide variation in the degree of treatment of DCIS geographically, suggesting that

many women may be being over- or under-treated (30, 37).

Although there is little information on long-term outcomes of women diagnosed with screen-
detected DCIS in the UK, it is apparent that a small number of women diagnosed with DCIS
do not survive their first 15 years following their diagnosis and have IBC as the cause of
death on their death certificate. Physiologically, since DCIS is by definition a non-invasive
disease, women do not die as a result of their diagnosis of DCIS per se, but instead as a
consequence of occult or subsequent IBC. Thus an argument in favour of population
screening has been that by improving the detection and treatment of DCIS, IBC (and
therefore breast cancer mortality) would be decreased. In the UK, a significant reduction in
breast cancer mortality from breast screening has yet to be proven, but in 2016 Duffy and
colleagues provided the first evidence of a clear reduction in IBC following DCIS detection
at the screening unit level. They compared DCIS detection frequencies with invasive interval
cancer screen detection rates amongst 84 local screening units and found that amongst 90%
of units in England, for every three screen-detected cases of DCIS diagnosed, there was one

fewer invasive interval cancer in the subsequent 3 years at that unit (38).
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While the findings from Duffy and colleagues’ study do support the premise that the
detection and treatment of DCIS helps prevent future invasive disease at a unit level, 3 years
is a relatively short period of time in the natural history of DCIS or IBC and there is little
longer-term evidence published to date on outcomes following DCIS in the UK (39).
Furthermore, by grouping women with different risk profiles at the unit level in this way,
such an analysis does little to contribute towards the discussion of personalising treatment
according to individual risk profiles. A more meaningful approach would be to examine
differences and similarities amongst patient, tumour and treatment factors in women
diagnosed with DCIS and who suffer subsequent IBC with those who do not, and over a
longer period of follow-up using the national screening audit and cancer registries. However,

as yet this has not been undertaken in the UK.

By quantifying how the risk of DCIS recurrence or IBC occurrence following DCIS changes
over time since the date of original diagnosis, population level data would also provide
evidence to indicate the optimal duration and frequency of follow-up required for women
diagnosed with DCIS. In the years after completion of their initial treatment, current follow-
up for women with DCIS is similar to that for women with IBC. However, since DCIS is not
invasive, it remains unclear whether this is truly warranted or whether follow-up should be
less frequent than for women with IBC. This in turn, would have important economic and

clinical implications.
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1.5. Theories of disease progression in DCIS

Understanding the biological mechanism of DCIS progression is important for two main
reasons. Firstly, it aids interpretation of epidemiological trends in DCIS incidence, outcomes
over time and the elucidation of potential causal relationships from associations seen on
population level data. Secondly, it may allow the development and clinical utility of
molecular tests to predict the likelihood of disease progression, thus enabling the separation
of women at high and low risk of progression, and paving the way for strategies that reduce
overtreatment (40). Unfortunately, the pathway of disease progression in DCIS remains
poorly understood and the underlying biological mechanisms have not yet been fully
identified. Since the early 1970s, several probable models of disease progression have been
formulated from the available evidence. This evidence includes: the presence/absence of
molecular, morphological and immunohistochemical biomarkers of IBC and DCIS,
computational simulation experiments of ductal cell division and genetic expression profiling

with genomic analyses of DCIS and invasive tumour tissue.

In 1973, Wellings and Jensen, building on work by previous authors, examined 60 whole
breast specimens and published the hypothesis of step-wise progression of DCIS into IBC
(41). This model has since been further developed and in subsequent years has commonly
been described as the ‘linear’ pathway whereby consecutive genetic and morphological
changes mark the progression from normal ductal epithelium through the proliferative
changes of epithelial atypia to atypical hyperplasia, and then to DCIS. This in turn progresses
from grade 1 DCIS, through grade 2 to grade 3 DCIS followed by a milestone transition from
non-invasive disease to grade 1 IBC, through to grade 2 and then finally grade 3 IBC.
Credence for this model has arisen from the widely accepted and generally applied ‘multiple

hit’ hypothesis of cancer whereby sequential aberrations in cell signalling pathways may
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result in more aggressive cancer features. Evidence from transcriptomic and genomic studies

have lent further support to this model (42).

In 2005, several decades following Wellings and Jensen’s publication, Sontag and Axelrod
undertook a computer simulation study and compared several mathematical models of
disease progression with clinically observed frequencies of grades of DCIS and IBC that
were reported to occur in heterogeneous tumours that contained both non-invasive and
invasive disease of varying grades. They found that in tumours where DCIS and IBC were
both present, the model of a ‘parallel’ pathway fitted the observed findings better than a
linear model of disease progression (43). In the parallel model, it is assumed that both DCIS
and invasive breast tumours have arisen from a common DCIS progenitor (which could be at
DCIS grade 1, 2 or 3), and that both cell lines have continued to progress at similar rates
through respective grades. Further support for this model comes from the observation that
DCIS and IBC cells from the same breast have similar cellular copy numbers (with high

genomic similarity), indicating a common clonal origin (44).

The linear and parallel models provide orderly descriptions of disease progression and are in
contrast to the other contemporary ‘nonlinear’ or 'branched' model of disease progression
from DCIS, whereby the transition to IBC can occur at any grade of DCIS towards any grade
of IBC (45). This model of disease progression is analogous to a Darwinian tree with the
trunk representing a common ancestor and the branches representing heterogeneous and
novel mutations shifting the phenotype of the tumour from low to high grade and from non-
invasive to invasive disease (46). This model is supported by genomic and mutational
profiling experiments demonstrating that the progression of DCIS to IBC is analogous with

the evolution of DCIS cell lines showing recurrent patterns of genomic imbalances,
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consistent with a biological continuum (47, 48). It is likely that a proportion of DCIS
encompass a heterogeneous spectrum of cancer cells with distinct genetic aberrations and so
progression from DCIS to IBC in the absence of treatment may follow a Darwinian
evolutionary model (40). This explains the common clinical finding of concomitant DCIS
and IBC within the same breast. The three main theories of disease progression in DCIS are

summarised in Figure 1.3.
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Figure 1.3: The main theories of disease progression in ductal carcinoma in situ (DCIS). IDC:
invasive ductal carcinoma. Modified from (42).
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1.6. Risk factors for DCIS incidence and recurrence

Comparing and contrasting the risk factors for DCIS and IBC can provide insights into why
some women are diagnosed with IBC, and others with DCIS as their first cancer. It is clear
that there are many similarities between these two conditions and this has been the principle
support for the conventional view that DCIS and IBC are extremes of the same spectrum of
disease (Table 1.2). However, there are not only epidemiological differences, such as the role
of BMI on the incidence of the two conditions, but also evolving evidence to suggest DCIS
and IBC have distinct genetic aberrations that can be modified to different degrees by
modifiable lifestyle factors (49).

Table 1.2: Comparison of the risk factors for developing DCIS and IBC. Breast cancer 1 and
2 genes (BRCA 1 and 2), HRT (Hormone Replacement Therapy). *Whereas the incidence

rate of invasive breast cancer increases with age, the increased incidence of DCIS in the age-
group 60-74 years is due to the breast-screening programme. Modified from (50).

Factor DCIS | Invasive cancer
Breast density Women with high breast density have increased risk
Family History BRCAL/2 gene positive or positive family history increases risk
HRT Increased risk with HRT
Mammographic screening Increased risk
Parity Increased risk in women with who give birth at an older age or are nulliparous
Race Less common in Asian, African Ame_zrican, and Hispanic women compared with
white women
Tamoxifen Decreased risk
Age* Peak 60-74yrs Peak 75-79yrs
. I Increased risk with higher BMI in post-
Body mass index (BM1) No clear association menopausal women

Whilst there is evidence internationally to show that recurrences rates following DCIS have
fallen over time (51, 52), reliable information showing this in the UK is lacking. Well
recognised risk factors for DCIS recurrence or occurrence of IBC after breast conserving
surgery include resected margin width, histological subtype, nuclear grade, molecular
phenotype and the absence of adjuvant therapy (53). With the introduction of national breast

screening programmes in many countries, the method of DCIS detection and age at diagnosis
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have emerged as further prognostic factors (54). Risk factors associated with poorer

prognosis following treatment for DCIS are shown in Table 1.3.

Table 1.3: Factors associated with a poor prognosis following treatment for DCIS. A
systematic search of the literature was undertaken to identify factors linked with poor
prognosis (defined as DCIS recurrence, invasive breast cancer occurrence or mortality from
breast cancer after DCIS). Factors are placed into three categories by a modified format of
Greenhalgh’s hierarchy whereby factors with supporting evidence from two or more
randomised controlled trials were classified having ‘high’ evidence.

Risk factor Evidence RCTs
Positive, close, or unknown surgical margins High (55-57)
High tumour grade High (57, 58)
Comedo necrosis histological subtype High (55, 57)
Age <40 years at diagnosis High (55-59)
Symptomatic presentation High (55, 57)
High Van Nuys prognostic index Moderate (58)

1.7. Genetic risk factors for DCIS occurrence

Phenotypic and genetic features of DCIS associated with concomitant IBC, or with IBC
occurrence following treatment for DCIS, have been of substantial interest in recent years. In
addition to mutations in BRCA 1 and BRCA 2 genes associated with DCIS risk (60), a key
gene mutation thought to underlie the progression from DCIS to IBC is in the gene TP53
which has been associated with high grade DCIS and HER2 positivity (61-63). Two further
genetic drivers of clinical progression to IBC are mutations in PIK3CA and GATA 3 (64,
65), which are linked to oestrogen receptor positivity, transducing the promotor effect of
circulating oestrogen (66, 67). There have been a number of studies investigating genetic risk

factors for incidental IBC but considerably fewer studies examining genetic risk factors for
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DCIS or for diagnosis of IBC after DCIS treatment. Furthermore, the genetic research in
DCIS that has been published has focused largely on genetic features of the tumour tissue
with less research on germ-line genetic susceptibility factors that may predispose some

women to develop DCIS, or to develop IBC following DCIS (68-70).

The few studies that have examined genetic influences on outcomes following DCIS have
investigated a limited number of single nucleotide polymorphisms (SNPs) that have
previously been associated with breast cancer (71). One exception to this is the ICICLE
study, which is a multicentre trial investigating genetic biomarkers in blood and tumour
samples from women diagnosed with DCIS and from healthy volunteers (72). As accrual was
completed in 2013, the ICICLE study is currently in its follow-up stage and focuses on
inherited familial genetic variations that may predispose women to develop DCIS. Enrolled
women completed questionnaires assessing risk factors. However, these were completed after
DCIS diagnosis, meaning the information collected on risk factors is susceptible to recall
bias. Furthermore, genetic analyses from the ICICLE study lack detailed lifestyle information

and so cannot take lifestyle-associated factors into account when interpreting genetic data.

In addition to the studies cited above, many genome wide association studies have identified
novel SNPs associated with IBC in recent years that had not previously been studied in the
context of DCIS (61-67, 73-86) (Table 1.4). Evaluation of these newly identified SNPs in
women with DCIS and in women with IBC, after taking known environmental risk factors
into account, could further help our understanding of the aetiology and pathophysiology of
DCIS as well as its subsequent prognosis. More importantly, such studies could help to go
beyond what is known about the ‘non-obligate precursor’ concept of DCIS discussed in

section 1.1.1, and identify the genetic characteristics associated with women with DCIS who
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subsequently develop IBC and those who do not. This understanding is not only important to
women with DCIS who are in the process of making treatment decisions to help reduce their
future risk of a second breast cancer diagnosis [6], but also to clinicians aiming to quantify
this risk in order to advise on optimal management and follow up frequency as well as
duration. The current drive for such research stems from the goal of constructing a clinically
relevant prognostic score that combines genetic and environmental risk factors to give a
personalised risk profile for each woman in order to allow clinicians to provide a tailored
treatment regime. By virtue of the heterogeneous nature of DCIS, it is clear that no single
treatment strategy is ideal in all circumstances. Instead, treatment should be personalised in

accordance with each woman’s individual risk profile (1).
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Table 1.4: GWAS studies studying genetic risk factors for invasive breast cancer. Results of a systematic review of genome wide association
studies in breast cancer to date. Studies identified through PubMed/Medline Mesh search: ("Genome-Wide Association Study“[Majr]) AND
"Breast Neoplasms"[Mesh] and through review of subsequent study abstracts. Data crosschecked with (87-91). NA: Not available, NR: Not
reported, SNPs: Single nucleotide polymorphisms.

Citation Initial Sample Size and ethnicity Replication Sample Size and ethnicity SNPs associated with Platform
breast cancer
Ahsan H (61) 6225 European 8945 European 18 Hlumina
Purrington KS (62) 4928 European 3457 European 4 IHlumina
Rudolph A (63) 2,920 European 16955 European 4 Ilumina
Low SK (64) 4741 Japanese 6280 Japanese 4 Ilumina
Chung S (65) 1183 Japanese 1183 Japanese 30 IHlumina
Garcia-Closas M (66) 39387 European 47969 European 17 IHlumina
Michailidou K (67) 22627 European 87170 European 63 Ilumina & Affymetrix
Couch FJ (73) 2727 European 11964 European 6 Ilumina
Liu M (74) 772 international NA 18 Illumina
Song C (75) 5761 African American NA 21 IHlumina
Hein R (76) 731 European 16093 European & East Asian NR IHlumina
Rinella ES (77) 1001 Ashkenazi Jewish 466 Ashkenazi Jewish 3 Affymetrix
Rafig S (78) 536 European 1,516 European 5 Illumina
Orr N (79) 3618 European 912 European 3 Ilumina
Siddig A (80) 36278 European & African American 9350 international 4 IHlumina
Elgazzar S (81) 2902 Japanese 4450 Japanese 2 IHlumina
Chen F (82) 5761 African American 14579 African 1 Ilumina
Kim HC (83) 4325 Korean 7894 Korean 1 Affymetrix
Long J (84) 5242 Chinese 34455 East Asian 3 Affymetrix
Shu XO (85) 1,950 Chinese 4,160 Chinese 3 Affymetrix
Kiyotani K (86) 240 Japanese 222 Japanese 1 Ilumina
Haiman CA (92) 9137 African American and European 19193 European 1 Ilumina
Cai Q (93) 4128 East Asian 29968 East Asian 2 Affymetrix
Sehrawat B (94) 623 European 2368 European 2 Affymetrix
Fletcher O (95) 6346 European 18021 European 9 Ilumina
Spraggs CF (96) 323 European 179 European NR Ilumina
Chapter 1: Contemporary uncertainties in the epidemiology and management of DCIS 20




Table 1.4: Continued from previous page.

Citation Initial Sample Size and ethnicity Replication Sample Size and ethnicity SNPs associated with Platform
breast cancer
LiJ(97) 5200 European 8615 European NR Hlumina
Gaudet MM (98) 1703 European 2486 European 1 Affymetrix
LiJ (99) 8428 European 14962 European 4 Ilumina
Antoniou AC (100) 2383 European 5986 European 1 Ilumina
Long J (101) 4157 Chinese 20618 East Asian & European controls 1 Affymetrix
Turnbull C (102) 8556 European 24799 European 13 IHlumina
Azzato EM (103) 1,145 European 4,335 European NR IHlumina
Thomas G (104) 2287 Europe 18282 European 6 Ilumina
Zheng W (105) 3027 Chinese 10559 Chinese 1 Affymetrix
Kibriya MG (106) 60 international NA 1 Affymetrix
Gold B (107) 548 Ashkenazi Jewish 2359 Ashkenazi Jewish 1 Affymetrix
Murabito JM (108) 723 NA 9 Affymetrix
Easton DF (109) 754 51535 6 Perlegen
Hunter DJ (110) 2287 European 3248 European 1 Ilumina
Stacey SN (111) 13145 European 12198 international 2 IHlumina
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1.8. Biomarkers of prognosis in DCIS

The key driving force towards overtreatment in DCIS is the uncertainty about which DCIS
cases may have occult IBC present and which cases may go on and develop IBC if not
treated. Biomarkers predicting adverse outcomes following DCIS are by definition predictors
of the occult presence of, or risk of development of, IBC in women with DCIS. The former is
more important in the short-term and is a consequence of limitations of radiology, technical
biopsy methods and techniques for pathological diagnosis. The term biomarker, in this
context, refers to a characteristic that can be evaluated as an indicator of the presence of IBC
and this term has come into vogue in the context of personalised medicine and patient-centred
prognostic indices (112, 113). A number of biomarkers for the presence of IBC in the setting
of DCIS have been published, or which there are two main types: immunohistochemical, and
genetic markers. These are summarised in Table 1.5 below. In addition, positive expression
of ERBB2 and negative expression of bcl-2, oestrogen receptor (ER) and progesterone
receptor (PR) have each been associated with increased risk of clinical recurrence (114).

Table 1.5: Biomarkers for the presence of IBC in biopsies showing DCIS. Established
biomarkers for the presence IBC in DCIS that could be compared between initial biopsies
that are upstaged with those that are not, in order to help provide insights into improving the

accuracy of DCIS biopsies and also form the basis of future studies examining invasive
transformation of ductal cells.

Biomarker Relevant supporting citations
ER/PR (115-121)
HER?2 (116-120, 122-124)
P16 (120, 125-129)
Cox-2 (125, 126, 129-132)
Ki-67 (116, 120, 125, 126, 129)
p53 (127, 128, 133)
bcl-2 (134-136)
Hsp-27 (137-139)
EGFR (115, 140)
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1.9. Developing prognostic indices for women with DCIS.

The historical classification of DCIS was pragmatic, and based on histological appearance
rather than prognostic value (141). Several classification systems have arisen in the last few
decades, but each is hampered by inter-rater variability amongst the pathologists using them
(Table 1.6). This inter-rater variability arises from a subjective component in the
interpretation of cellular appearances. The ability to provide a uniform categorisation of
disease type is paramount to risk prediction and subsequent treatment decision-making. One
approach to reduce inter-rater variability could be to use pattern recognition image analysis
software combined with artificial intelligence and deep neural networks (142-144). Another
approach could be to shift analysis techniques towards more objective, molecular marker
based classification systems (145-147). Proof of principle supporting the use of molecular
classification systems arises from the successful implemented of one-step nucleic acid
(OSNA) amplification in the intraoperative detection of lymph node metastasis in breast
cancer patients (148, 149). However, both artificial intelligence pattern recognition and
molecular classification assays, whilst showing promising results, are yet to overcome
pragmatic hurdles in achieving mainstream use in tumour analysis. Thus, irrespective of their
limitations from inter-rater variability, the traditional histopathological classification systems
are likely to remain the primary way of describing tumours for the foreseeable future, at least

for use in epidemiology studies.
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Table 1.6: Demonstrating classification systems commonly used in DCIS. Agreement is
defined as percentage agreement in studies assessing inter-rater variability amongst
pathologists when examining pathology slides: Poor agreement (less than or equal to 50%
agreement), Moderate agreement (51-80% agreement), Good agreement (more than 81%
agreement). *Table modified from and data obtained from (150).

Classification Group Necrosis | Nuclear grade | Cell polarization | Percentage agreement
in each classification
grouping amongst
pathologists examining
pathology slides*
Van Nuys Group 1 Absent Low 47
(151)
Group 2 Absent Intermediate N/A 36
Group 3 Present High 93
Modified Low grade Absent Low 50
Lagios (152)
Intermediate Focal Intermediate N/A 73
grade
High grade Extensive High 63
Holland Well Well Absent or very 88
(153) differentiated differentiated focal

Intermediately N/A Intermediately | Present and not 92

differentiated differentiated prominent
Poorly Poorly Prominent 76

differentiated differentiated

The Van Nuys Prognostic Index (VNPI) aims to predict the risk of further ipsilateral breast
events in women with DCIS based on the factors shown in Table 1.6, in addition to: tumour
size, margin width and age (154). It is accompanied by recommendations of excision alone,
excision plus radiotherapy, or mastectomy for women with a low, medium or high VNPI
score respectively. The Van Nuys classification has gained popularity over other
classification systems as it is easy to use, simplifies a difficult decision making process and is
more consistently reported amongst pathologists with lower inter-rater variation amongst
cases of higher grade disease than other histopathological systems (155). However, it was
derived from the experience of a single centre and from data analysed retrospectively (156).
The most recent version of the VNPI was based on observational data from 949 women (604

treated with excision alone and 345 treated with excision plus radiotherapy), and followed for
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a median time of 86 months. Several studies have attempted to validate the VNPI (156-160),
but they have had only moderate success. As a result the index is not uniformly used,

although its constituent factors form the basis of clinical management decisions (161).

1.10. Contemporary treatment strategies for DCIS

The management of DCIS can be considered under the categories of surgery, radiotherapy
and endocrine therapy. However, there are unanswered clinical questions within each of these
treatment modalities and these, alongside the evidence supporting each of these modalities,

are described below.

1.10.1. Breast Surgery

In the past many women with DCIS underwent mastectomy. However, in recent years with
developments in advanced oncoplastic procedures, even relatively large lesions can now be
treated with breast conserving surgery (BCS). The trend towards less extensive surgery for
women with DCIS has consistently tended to lag behind that for IBC. Currently,
approximately 75% of women with DCIS have BCS compared to 78% of women with IBC
(162). The decision on which of these two procedures to carry out is based on several factors,
including the size of the DCIS in relation to the patient’s breast, multifocality and patient
choice. BCS alone has lower surgery-related morbidity than mastectomy, but it has a higher

rate of further ipsilateral breast events compared with mastectomy (163, 164).

When BCS is given without radiotherapy, surgical margin width is possibly the most
important factor in predicting the rate of further ipsilateral breast events (165). Lower risks

have been observed in women with negative margins than in women with involved margins
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(166), and among women with negative margins lower risks have been reported with
increasing margin width up to around 6 mm. Some studies suggest that there is little
additional benefit in a margin width of more than 6 mm (17) while others have suggested that
a 10 mm margin may be needed to achieve risks comparable with those from mastectomy
(167). There is also considerable evidence that margin width is a determinant of further
ipsilateral breast events even in the presence of radiotherapy. In a review of 4660 patients
from 22 studies of radiotherapy after breast-conserving surgery, patients with negative
margins had lower event rates than those with either positive margins (odds ratio [OR] 0.36;
95% confidence interval [CI] 0.27-0.47) or close margins (OR 0.59; 95% CI 0.42-0.83),
while among those with negative margins a 2 mm margin was superior to a margin of <2 mm

(OR 0.53, 95% CI 0.26-0.96) (168).

The uncertainty regarding optimal margin width in the published literature is reflected in the
variation in professional guidance on the topic between clinical bodies. For example, the
Society of Surgical Oncology (SSO), American Society for Radiation Oncology (ASTRO)
and American Society of Clinical Oncology (ASCO) Consensus, as well as the National
Institute of Clinical Excellent (NICE) Guidelines recommend a 2 mm margin (169, 170).
However, the Association of Breast Surgery (ABS) recommends 1 mm and the Sloane
questionnaire of participating units in 2008 concluded that local margin protocols ranged
from 1 mm to 10 mm (171). Generally, many surgeons agree that a margin width less than 2
mm warrants a discussion with the patient regarding re-excision, although there is little
evidence documenting the benefit of re-excision. Long term follow up of a large group of
DCIS patients with varying margin sizes, such as would be available from the breast
screening audit, could make a substantial contribution to the existing evidence-base on

optimal margin distance.
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1.10.2. Core-Biopsy in DCIS

Core-needle breast biopsy is usually performed under ultrasound guidance for a breast lesion
suspicious for cancer. The biopsy sample is analysed by a histopathologist and a preliminary
diagnosis made prior to the management plan being discussed at a multidisciplinary team
meeting and before surgical intervention. However, a core biopsy diagnosis of DCIS is
sometimes upstaged to a diagnosis of IBC following the definitive histological analysis of the
resected specimen. When IBC is identified in these circumstances, patients will often undergo
a second surgical procedure to evaluate the status of their axillary nodes. Therefore
quantifying the accuracy of core biopsy in DCIS patients and investigating the risk factors for
missing IBC in DCIS core biopsies is of paramount importance in avoiding the potential
psychological, financial and medical complications of further surgery. The importance of an
accurate initial diagnosis is even more important in light of recent interest in treating low

grade DCIS with observation alone and in the absence of surgical excision (172).

A number of studies have investigated the accuracy of core biopsy in DCIS patients and have
reported from 17.2% to 37.2% of surgically excised specimens for core biopsies showing
DCIS actually contain IBC (173-181). Whilst, there has been evidence to show that more
tissue obtained from vacuum assisted biopsies may improve the sampling accuracy, there has
been conflicting information in the literature regarding general risk factors for upstaging
DCIS biopsy specimens to IBC, since such studies have largely been small scale, single-
centre and retrospective in nature. Meta-analysis of the published reports from these studies is
thereby limited by their differences in populations, local diagnostic and treatment protocols.
As a result, there remains a need for large scale, standardised data on this topic in order to
guide future management decisions. This is particularly pertinent in recent years with the start

of randomised trials of non-operative treatment for low risk disease (see section 1.1.2 above).
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1.10.3. Axillary staging

Sentinel lymph node biopsy (SLNB) has become the standard approach in evaluating the
presence of axillary metastasis in the clinically and radiologically node negative axilla for
women with IBC in many centres worldwide. Although introduced as a ‘gatekeeping’
procedure to minimise the morbidity resulting from conventional axillary lymph node
dissection, it has since evolved as the sole treatment modality for managing axillary isolated
tumour cell (ITC) metastasis, and also for micrometastatic axillary involvement (182, 183).
Although controversial, removal of macrometastatic nodes by SLNB has started to be

considered adequate surgery for the axilla in some circumstances (183, 184).

During the past 10 years, SLNB has been rapidly adopted into clinical practice, but long-term
outcomes are uncertain. In the UK, NICE guidelines recommend SLNB for DCIS patients
undergoing mastectomy, but not for those undergoing BCS unless there is a palpable mass or
extensive microcalcifications (185), and in the US, the ASCO guidelines advise against
SNLB in patients undergoing BCS unless the lesion is >5 cm or there is suspected or proven
microinvasion (186). Under both of these guidelines, only a small percentage of patients
undergoing BCS would receive SNLB, as many lesions are detected when smaller and prior
to microinvasion. However, a study of 62,935 women registered in the US SEER cancer
registries as having received BCS for DCIS from 2000 to 2008 showed that 12% of them had
received SLNB, and a further 3% had one or more lymph node removed and examined,

although SLNB was not specifically recorded (187)

Recent advances in the ability to analyse SLNB histology have given rise to new questions
regarding the long-term outcome of women with DCIS where a SLNB has shown isolated

tumour cells or micro-metastases, but where the surgically excised specimen has not revealed
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IBC. When this happens, it raises doubt regarding the original diagnosis of DCIS, which is by
definition a non-invasive cancer, and also on whether further axillary treatment is required.
Examination of outcomes using population level data could help to reduce some of the

uncertainty regarding appropriate treatment for such women.

1.10.4. Adjuvant radiotherapy

Five randomised trials comparing BCS plus adjuvant radiotherapy with BCS alone have been
carried out in women with DCIS (55, 59, 160, 166, 188-191). These are shown in Table 1.7.
With over 4000 women randomised, the trials clearly showed that radiotherapy after BCS
reduced both IBC occurrence and non-invasive recurrence of DCIS. These trials were meta-
analysed at the individual patient level in the 2010 Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) overview, which showed radiotherapy reduced the absolute
10-year risk of any ipsilateral breast event (i.e. either recurrent DCIS or invasive cancer) by
15.2% (SE 1.6%, 12.9% vs 28.1% 2 P <.00001) (161). The trials did not, however, find that
radiotherapy had a significant impact on breast cancer mortality and at present it is unclear
whether this was simply due to the limited number of high-risk women who were
randomised, so that only a small number of IBCs were observed in the trials, or whether there

is no such effect.

Unfortunately, detailed data on several potentially important factors, including margin width,
were lacking in the trials as these were not routinely recorded at the time the women were
randomised. As a result, it is unclear whether all women with DCIS would benefit from
radiotherapy after BCS, or whether there are groups of women for whom radiotherapy need

not be given. This uncertainty may, to some degree, explain why there is such variation
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between clinicians regarding the delivery of adjuvant radiotherapy following BCS for these

patients across the UK (192).

Table 1.7: Showing all randomized trials comparing breast surgery alone with breast surgery
and radiotherapy for DCIS. Modified from (161).

] Ye?r ] No. women Median dioth Eventsin  Eventsin RR
Study complete ik Surgery  Radiotherapy surgery + surgery recurrence
accrual  "ndomised*  fup (yr) RT (%)  alone (%) (SE)
NSABP B17 1990 818 16.5 BCS (+/- 50 Gy 19.5 34.9 0.49 (0.10)
(57, 188) AC)
0.52 (0.11)
EORTC 1996 1010 10.4 BCS (+/- 50 Gy 13.9 25.0
10853 (55, AC)
58, 193,
194)
SWeDCIS 1999 1067 8.4 BCS (+/- 48/50 /54 Gy 115 26.2 0.41 (0.10)
(190, 195, AC)
196)
1998 1030 4.8 BCS 50 Gy/f 55 135 0.41 (0.14)
UK/ANZ
DCIS (59)
2006 636 7.2 BCS 42.5/50/50.4 10.8 11.5 NA
RTOG (25) Gy

AC = Axillary Clearance; EORTC = European Organisation for Research and Treatment of
Cancer; f = fraction; Gy = Gray; NA = Data not available at time of EBCTCG meta-analysis;
NSABP =National Surgical Adjuvant Breast and Bowel Project; RTOG = Radiation Therapy
Oncology Group; RR recurrence= Ratio for annual ipsilateral breast cancer recurrence rates;
SE = Standard Error. Breast event is defined as ipsilateral recurrence of DCIS, ipsilateral
occurrence of invasive breast cancer, contralateral occurrence of DCIS or invasive breast
cancer, or regional or distant metastasis of breast cancer. *Number excludes drop-outs.

1.10.5. Adjuvant hormonal therapy

Oestrogen receptor (ER) and human epidermal growth factor receptor (HER) status are being
measured in an increasing number of DCIS patients but the relevance of these hormone
receptors in DCIS is unclear, as the association between receptor status and long-term
outcome is uncertain. Two randomised trials, involving over 3000 randomised patients, have
reported that tamoxifen reduces the rate of further ipsilateral and contralateral breast events
(189, 197). However, a recent Cochrane meta-analysis of tamoxifen use after local excision
for DCIS, with or without adjuvant radiotherapy, showed that although use of tamoxifen

reduced the risk of recurrent DCIS, it did not result in a significant reduction in all-cause
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mortality (198). Consequently there has not been an update to the 2009 NICE guidance,
which advises against the routine use of tamoxifen therapy in DCIS (199). As yet, no trials
have reported on the benefit of Trastuzumab in DCIS, although at least one trial is on-going
(200). Analyses of observational data from the UK cancer registries could contribute to the
question of the risks and benefits from hormonal therapy use in DCIS by quantifying the
breast-cancer specific and all-cause mortality rates amongst women with DCIS who have
received hormone therapy with those who have not, on a population level after taking all

other relevant factors into account.

1.11. Conclusion

Despite its increasing incidence, there remain a number of fundamental and clinically
important uncertainties relating to the aetiology, diagnosis and treatment of DCIS. This
chapter has highlighted the unanswered questions that would benefit most from further study.
Research into each of these areas has the potential to benefit large numbers of women each
year. This thesis will aim to focus on these research questions and thereby contribute to the

literature upon which contemporary clinical practice is based.
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2.1. Motivation

The previous chapter has highlighted the areas of uncertainty in the natural history and
clinical management of DCIS. The general aim of this thesis is to provide insight into some
of these uncertainties, particularly regarding risk factors for DCIS, its optimal treatment and

its long-term prognosis. Specifically, this thesis has the following four aims:

2.2. Aims

(i) Examine to what extent the risk factors for DCIS are similar to, or differ from, those for
IBC.
To this end, chapter 3 will:
(@) Investigate how DCIS incidence varies with different modifiable and non-
modifiable factors when compared with women without cancer;
(b) Investigate how IBC incidence varies with the same risk factors compared
with women without cancer;

(c) Compare the risk factors for IBC directly with those for DCIS.

(i) Investigate factors influencing the likelihood of a preoperative biopsy diagnosis of DCIS
being upgraded to a higher grade of DCIS, or upstaged to IBC, upon pathological
examination of the surgically excised specimen.
To this end, chapter 4 will:
(a) Identify the pathological and radiological factors associated with upstaging a

biopsy of DCIS to IBC upon pathological analysis of the resected specimen.
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(b) Evaluate to what extent these factors differ from those for upgrading a

biopsy of DCIS to higher grade of DCIS upon pathological analysis of the resected specimen.

(i) Explore the long-term risk of ipsilateral IBC in women diagnosed with screen-detected
DCIS for the whole of England.
To this end, chapter 5 will:
(@) Characterise the risk of developing IBC among women diagnosed with
screen-detected DCIS;
(b) Characterise the risk of death from breast cancer in women diagnosed with
screen-detected DCIS;
(c) ldentify the patient, tumour and treatment related factors influencing the rate

of subsequent IBC in women diagnosed with screen-detected DCIS.

Whereas the previous three aims examine the risk factors for developing DCIS, accuracy of
its initial diagnosis, and factors associated with the occurrence of IBC following treatment for
DCIS respectively, they have not referred to examining rates of recurrence of DCIS. The
reason for this is that much less information is available on DCIS recurrence, or on
recurrence more generally even after IBC. In light of this, this thesis will examine whether
recurrence information can be identified using the wealth of information stored in routinely
collected datasets by using IBC as a model, with the intention that the process may be

expanded to include DCIS at a later stage, in future studies. Specifically, this thesis will:

(iv) Investigate whether routinely collected data sources can be used to accurately identify

breast cancer recurrences in women registered with IBC in England.
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To this end, chapter 6 will:
(@) Collate all routinely collected information on breast cancer that is stored
within Public Health England;
(b) Use this information to develop an algorithm to identify which women have
had a recurrence of their breast cancer and, for those who did, the date of the recurrence;
(c) Examine the accuracy of this algorithm in terms of its sensitivity and

specificity.
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3.1.Background

Historically, the risk factors for DCIS have been thought to be the same as for invasive breast
cancer (IBC). However, there has been little evidence supporting this assumption, and only a
few studies have examined directly whether the magnitude of the effect from shared risk
factors is similar in DCIS and IBC or whether it differs. Previous studies that have aimed to
compare risk factors between DCIS and IBC have been either constrained by data on a

limited number of variables (71, 201) or confounded by recall bias (202).

Underlying genetic changes are responsible for both DCIS and IBC, and recent research into
identifying women at risk of developing either disease has focused on the presence or
absence of various genetic factors (203, 204). However, emerging evidence suggests that the
risk of disease development from common cancer related genetic variants is substantially
influenced by modifiable risk factors (49). Understanding similarities and differences in these
risk factors between women who are diagnosed with DCIS or IBC with those without either
condition may provide insights into the process of invasive transformation from normal

ductal epithelium.

This study aimed: firstly, to investigate how DCIS incidence varies with different modifiable
and non-modifiable factors when compared with women without cancer; secondly, to
investigate how IBC incidence varies with the same risk factors compared with women

without cancer; and thirdly, to compare the risk factors for IBC directly with those for DCIS.

Chapter 3: Differences in Risk Factors for DCIS and Invasive Breast Cancer: Prospective Cohort Study



3.2. Methods

This study was carried out using data from UK Biobank, which is a prospective cohort study
of 502,649 participants, recruited between 2006 and 2010 at ages 40-69 years. Baseline
assessments were conducted at 22 research centres located across the United Kingdom (205).
Participants completed touch-screen questionnaires to provide information on lifestyle,
socioeconomic and medical factors. Detailed information on the methodology, available
variables and data completeness is available at (206). Through linkage to national cancer
registries and Hospital Episodes Statistics (HES) data, UK Biobank currently has information
on the incidence of both DCIS and IBC amongst participants up to September 2016, and this
is further updated on an annual basis. The present study has been conducted under UK
Biobank Application Number 11091 (Appendix A), and is covered by the generic ethical
approval for UK Biobank studies from the NHS National Research Ethics Service (approval

dated 17" June 2011, Ref 11/NW/0382).

3.2.1. Participants

Data were available for all women enrolled into UK Biobank. However, the overwhelming
majority of diagnoses of DCIS occur as a result of screening and are in women aged 50-69
years. Therefore the study was restricted to women aged 50-69 years. Women with diagnoses
of DCIS, IBC or any other invasive cancer, except non-melanoma skin cancer (NMSC, ICD-

10: C44 (207)), prior to enrolment into UK Biobank were excluded.
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3.2.2. Variables

Variables examined included: age at menarche (<11, 12-13, 14+ years), number of live births
(nulliparous, 1, 2, 3, 4+), age at menopause (<45, 45-49, 50-54, 55+ years) or pre-
menopausal, age at first live birth (<19, 20-29, 30-39, 40+ years) or nulliparous, body mass
index (BMI) (<25, 25-30, 30-35, 35+ kg/m?), smoking status (never, previous, current),
alcohol intake (never, less than daily, daily), ever used hormone replacement therapy (HRT)
(yes, no), night shift work (regular, sometimes, never), daily vegetable consumption (¥4, %, ,
1, 2 or 3+), daily fruit consumption (0, <1, 1, 2, 3+) and oral contraceptive pill (OCP) use

(never, previous, current).

3.2.3. Statistical methods

Three types of analyses were carried out: firstly, the relationship between the rate of
development of DCIS and the variables listed above was examined; secondly, the relationship
between the rate of development of IBC and these same variables was examined; and thirdly
the effect of each variable on the rate of development of DCIS and the rate of development of
IBC was compared directly. For all three analyses, rate ratios were estimated using Poisson
regression with participant age as the underlying time variable. Women contributed person
years from the date of consent to UK Biobank and were followed-up until the earliest of date
of diagnosis of either IBC or DCIS (ICD-10 codes D051 and C50, respectively), date of
diagnosis of another type of invasive cancer (except for NMSC, ICD-10 C44), death, or 31%
December 2015. The endpoints of interest in the three analyses were: (i) first diagnosis of
DCIS censoring for IBC, other cancers and deaths; (ii) first diagnosis of IBC, censoring for
DCIS, other cancers and deaths; (iii) first diagnosis of either IBC or DCIS, censoring for

other cancers and deaths.
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Analyses were stratified by quintiles of socioeconomic group based on the Townsend
deprivation index (208), current age (5 year categories), number of years since last attended
mammographic screening, and oral contraceptive pill (OCP) use (never, previous, current).
These four stratification variables formed the ‘basic stratification’. We also studied the effect
of risk factors using full stratification, which included, as well as the basic stratification
factors, all the other variables being considered in the categories described above. Women
with unknown values for any of the stratification variables were assigned to a separate
category for that variable. Due to the previously documented influence of HRT use on the
association between BMI on breast cancer risk (209), analyses of BMI and age at menopause
were undertaken only on women who had never taken HRT. The effect of BMI on cancer risk

was also studied separately in pre- and postmenopausal women.
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3.3. Results

Overall, 273,632 women were included in the study population. The mean length of follow-
up for all participants was 5.1 years (SD 1.01). A total of 2772 women were diagnosed during
follow-up with IBC as their first cancer. A further 456 women were diagnosed with DCIS as
their first cancer. The mean age at diagnosis amongst women with incident IBC was 54.8

years (SD 8.85) and amongst women with incident DCIS was 56.5 years (SD 8.85).

3.3.1. Risk factors for incident IBC

The rate ratios for developing IBC according to the modifiable and non-modifiable risk
factors for which information was available following basic stratification are shown in Figure
3.1. Figure 3.2 gives the same analysis but including full stratification. For several variables,
similar trends were seen in both analyses. There was strong evidence of an increased IBC rate
with increasing BMI amongst postmenopausal women who had not used HRT (p for trend
0.00074) (Figure 3.2). Compared with women with BMI <25 kg/m? women with BMI of
>35 kg/m? had a substantially increased rate of IBC (RR 1.57, 95% CI 1.17-2.12) (Figure
3.2). There was no such trend between IBC rate and high BMI (>35 kg/m?) amongst pre-

menopausal women (p for trend 0.38) (Figure 3.2).
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Number
Risk of IBC
factor events RR (95% ClI)

Age of menarche (p_h=0.40, p_t=0.25)
575

<=11 1.00 (1.00-1.00)
12-13 1198 1.00(0.91-1.11)
14+ 840 0.95 (0.85-1.05)
Unknown 59 0.79 (0.60-1.03)
Number of live births (p_h=0.001, p_t=0.00003)

Nulliparous 515 1.00 (1.00-1.00)
1 358 0.89 (0.78-1.02)
2 1276 0.86 (0.77-0.95)
3 467 0.78 (0.69-0.89)
4+ 154 0.76 (0.63-0.91)
Unknown 2 1.01(0.25-4.08)
Age at menopause* (p_h=0.48, p_t=0.13)

<45 57 1.00 (1.00-1.00)
45-49 197 -H— 1.16 (0.86-1.56)
50-54 510 T 1.20(0.91-1.58)
55+ 158 HEl— 1.27 (0.94-1.72)
Other 482 -a— 1.30(0.98-1.73)
Age at first live birth (p_h=0.34, p_t=0.19)

<19 190 1.00 (1.00-1.00)
20-29 1390 1.01(0.87-1.17)
30-39 312 1.12(0.93-1.34)
40+ 2 e p—— 0.60 (0.15-2.40)
Unknown 878 HEl- 1.18 (1.00-1.38)
BMI at entry to UKB* (p_h=0.00066, p_t=0.0p013)

<25 513 1.00 (1.00-1.00)
25-30 509 1.11(0.98-1.25)
30-35 223 1.14 (0.97-1.33)
35+ 152 —- 1.46 (1.22-1.76)
Unknown 7 1. 1.44 (0.68-3.03)
Premenopausal BMI* (p_h=0.37, p_t=0.12)

<25 139 1.00 (1.00-1.00)
25-30 87 0.86 (0.66-1.12)
30-35 34 0.81(0.56-1.18)
35+ 16 0.70 (0.41-1.17)
Other/unknown 1128 0.87 (0.71-1.07)
Postmenopausal BMI* (p_h=0.00072, p_t=0§0008)

<25 332 1.00 (1.00-1.00)
25-30 355 1.15(0.99-1.33)
30-35 161 1.26 (1.04-1.52)
35+ 102 —-— 1.56 (1.25-1.95)
Other/unknown 454 1.24 (1.05-1.46)
Smoking status (p_h=0.49, p_t=0.24)

Never 1610 1.00 (1.00-1.00)
Previous 825 1.04 (0.96-1.13)
Current 228 1.06 (0.93-1.22)
Unknown 9 0.95 (0.49-1.83)
Alcohol intake frequency (p_h=0.04, p_t=0.91)

Never 227 1.00 (1.00-1.00)
Less than daily 2020 1.08 (0.94-1.24)
Daily 524 1.20 (1.02-1.40)
Unknown 1 0.63 (0.09-4.46)
Ever used HRT (p_h=0.005, p_t=0.004)

No 1404 1.00 (1.00-1.00)
Yes 1360 1.12(1.04-1.21)
Unknown 8 1.20 (0.60-2.41)
Night shift work (p_h=0.87, p_t=0.83)

Never 120 1.00 (1.00-1.00)
Sometimes 41 0.91 (0.64-1.30)
Regularly 36 0.98 (0.68-1.43)
Unknown 2575 0.99 (0.82-1.19)
Daily vegetable consumption? (p_h=0.21,

1 171 1.00 (1.00-1.00)
2 22 0.87 (0.56-1.35)
3+ 7 0.79 (0.37-1.68)
quarter 21 0.63 (0.40-0.98)
half 47 0.77 (0.56-1.07)
Unknown 2504 0.93 (0.80-1.09)
Number of Fruit daily (p_h=0.05, p_t=0.008)

none 110 1.00 (1.00-1.00)
Less than one 69 1.19(0.88-1.61)
1 615 1.00(0.81-1.22)
2 823 0.96 (0.79-1.18)
3+ 1148 0.89 (0.73-1.09)
Unknown 9 1.16 (0.59-2.30)

Figure 3.1: The association between different factors and the incidence of invasive breast
cancer, as first cancer, in women enrolled into UK Biobank, following basic stratification (see
Methods Section for stratification variables). Abbreviations: BMI = Body Mass Index (kg/m?),
Cl = Confidence Interval, HRT = Hormone Replacement Therapy, IBC = Invasive Breast
Cancer, p_h = p value for heterogeneity, p_t = p value for trend, RR = Rate Ratio, UKB = UK
Biobank, *Amongst never users of HRT.
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Number

Risk of IBC

factor events RR (95% ClI)
Age of menarche (p_h=0.25, p_t=0.11)

<=11 575 1.00 (1.00-1.00)
12-13 1198 0.96 (0.85-1.08)
14+ 940 0.90 (0.80-1.02)
Unknown 59 - 0.70 (0.51-0.98)
Number of live births (p h 0.001, p_t=0.00402)

Nulliparous 1.00 (1.00-1.00)
1 358 5 0.88 (0.76-1.03)
2 1276 0.86 (0.76-0.97)
3 467 = 0.77 (0.66-0.88)
4+ 154 L 0.70 (0.56-0.86)
Unknown 2 L 3 1.33 (0.28-6.28)
Age at menopause* (p_h=0.36, p_t=0.21)

<45 57 1.00 (1.00-1.00)
45-49 197 —— 1.38 (0.95-2.03)
50-54 510 —— 1.36 (0.95-1.95)
55+ 158 +—a— 1.39 (0.94-2.05)
Other 482 —a— 1.51 (1.04-2.18)
Age at first live birth (p_h=0.04, p_t=0.003)

<19 190 T._ 1.00 (1.00-1.00)
20-29 1390 1.13 (0.94-1.35)
30-39 312 - 1.33 (1.07-1.64)
40+ 2 —H 0.83 (0.20-3.52)
Unknown 878 - 1.32 (1.10-1.59)
BMI at entry to UKB* (p h=0.002, p_t=0.000122)

<25 513 1.00 (1.00-1.00)
25-30 509 1.13 (0.97-1.32)
30-35 223 HE— 1.23 (1.01-1.50)
35+ 152 —— 1.55(1.23-1.96)
Unknown 7 1T 1.94 (0.72-5.23)
Premenopausal BMI* (p h 0.62, p_t=0.38)

<25 1.00 (1.00-1.00)
25-30 87 0.85 (0.62-1.15)
30-35 34 0.82 (0.54-1.26)
35+ 16 0.79 (0.44-1.42)
Other/funknown 1128 0.93 (0.69-1.25)

<25 1.00 (1.00-1.00)
25-30 355 1.16 (0.96-1.40)
30-35 161 1.34 (1.05-1.70)
35+ 102 1.57 (1.17-2.12)
Other/unknown 454 1.30 (0.79-2.14)

Smoking status (p_h=0.50, p_t=0.48)
1610

Never 1.00 (1.00-1.00)
Previous 925 1.06 (0.96-1.17)
Current 228 1.00 (0.83-1.20)
Unknown 9 0.75 (0.32-1.77)

Alcohol intake frequency (p_h=0.54, p_t=0.B0)

Never 227 1.00 (1.00-1.00)
Less than daily 2020 1.08 (0.91-1.29)
Daily 524 1.12 (0.92-1.37)
Unknown 1 » > 1.53 (0.19-12.64)

Ever used HRT (p_h=0.49, p_t=0.52)

No 1404 1_ 1.00 (1.00-1.00)
Yes 1360 1.06 (0.90-1.26)
Unknown 8 - 0.46 (0.10-2.18)

Night shift work (p_h=0.68, p_t=0.37)
120

Never 1.00 (1.00-1.00)
Sometimes 41 0.88 (0.55-1.40)
Regularly 36 1.15(0.70-1.88)
Unknown 2575 0.92 (0.72-1.16)

Daily vegetable consumption? (p_h=0.19,
1

171 1.00 (1.00-1.00)
2 22 0.65 (0.37-1.15)
3+ 7 0.76 (0.29-2.02)
quarter 21 0.57 (0.32-0.99)
half 47 0.80 (0.55-1.18)
Unknown 2504 0.90 (0.75-1.09)
Number of Fruit daily (p_h 0.05, p_t=0.10)
none 10 1.00 (1.00-1.00)
Less than one 69 1.48 (1.02-2.14)
1 615 1.21(0.94-1.57)
2 823 1.14 (0.88-1.47)
3+ 1146 1.07 (0.83-1.37)
Unknown 9 — 0.56 (0.16-1.94)

Figure 3.2: The association between different factors on the incidence of invasive breast
cancer, as first cancer, in women enrolled into UK Biobank, following full stratification (see
methods section for stratification variables). Abbreviations: BMI = Body Mass Index (kg/m?),
Cl = Confidence Interval, HRT = Hormone Replacement Therapy, IBC = Invasive Breast
Cancer, p_h = p value for heterogeneity, p_t = p value for trend, RR = Rate Ratio, UKB = UK
Biobank, *Amongst never users of HRT.
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The IBC rate also increased with increasing age at first live birth (p = 0.003) and the IBC rate
amongst women giving birth when aged 30-39 years was increased by a third compared to
women giving birth aged <19 years (RR 1.33, 95% CI 1.07-1.64) (Figure 3.2). Compared to
women giving birth aged <19 years, the IBC rate was lower in women aged 40+ at the time
of first live birth (RR 0.83, 95% CI 0.20-3.52). However, there were only 2 women with IBC
in the 40+ group and the confidence intervals for this estimate were wide suggesting this
estimate is consistent with random variation. There was a reduction in the IBC rate with the
number of live births (p for trend = 0.00002). Biparous women were at a 14% lower IBC rate
when compared to nulliparous women (RR 0.86, 95% CI 0.76-0.97), whereas the rate for
women with four or more children was lower by 30% compared with nulliparous women (RR

0.70, 95% Cl 0.56-0.86) (Figure 3.2).

Several further risk factors were associated with a woman’s rate of IBC in the analysis using
the basic stratification, but not with the full stratification. Women who drank alcohol daily
had IBC rate 20% higher than compared to those who did not drink alcohol (RR 1.20, 95%
Cl 1.02-1.40) and those who had used HRT had a 12% higher IBC rate compared to those
who had not, using basic stratification (RR 1.12, 95% CI 1.04-1.21) (Figure 3.1). The
magnitude of both of these factors was attenuated and the association became non-significant
with full stratification (RR 1.12, 95% CI 0.92-1.37 and RR 1.06, 95% CI 0.90-1.26
respectively) (Figure 3.2). Similarly, there was a trend in the IBC rate with the consumption
of fruits (p < 0.01) and vegetables (p = 0.03) using the basic stratification (Figure 3.1),
however these too became non-significant upon full stratification (p = 0.10 and p = 0.55,

respectively) (Figure 3.2).
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No significant trend in IBC rate was observed with age at menarche (p = 0.11), age at
menopause (p = 0.21), smoking status (p = 0.48) or with night shift work (p = 0.37), with

either the basic or full stratification (Figure 3.2).

3.3.2. Risk factors for incident DCIS

The influence of the factors discussed above on the DCIS rate following basic and full
stratification is shown in Figures 3.3 and 3.4 respectively. For several variables, similar
trends were seen in both analyses. The DCIS rate was lower in women with more live births
(p for trend < 0.00004) (Figure 3.4). When compared with nulliparous women, the DCIS rate
amongst women with four or more live births was more than halved (RR 0.40, 95% CI 0.21-

0.76) (Figure 3.4).

There was strong evidence of an increased DCIS rate with increasing BMI amongst
postmenopausal women who had not used HRT (p for trend 0.00021) (Figure 3.4). Compared
with women with BMI <25 kg/m?, women with BMI of >35 kg/m? had more than a threefold
increase in DCIS rate (RR 3.70, 95% CI 1.92-7.11) (Figure 3.4). There was no such trend
between DCIS rate and high BMI (>35 kg/m?) amongst pre-menopausal women (p for trend

0.13). No significant associations were seen in any of the other factors studied (Figure 3.4).

Chapter 3: Differences in Risk Factors for DCIS and Invasive Breast Cancer: Prospective Cohort Study

58



Number

Risk of DCIS
factor events RR (95% ClI)
Age of menarche (p_h=0.24, p_t=0.57)
<=11 80 1.00 (1.00-1.00)
12-13 207 1.24 (0.96-1.61)
14+ 156 1.13 (0.86-1.48)
Unknown 13 —t 1.22 (0.68-2.19)
Number of live births (p h=0.003, p_t=0.00410)
Nulliparous 1.00 (1.00-1.00)
1 71 0.99 (0.72-1.34)
2 201 - 0.76 (0.59-0.97)
3 72 - 0.68 (0.50-0.92)
4+ 16 - 0.43 (0.26-0.74)
Unknown 0 (Excluded)
Age at menopause* (p_h=0.29, p_t=0.33)
<45 14 1.00 (1.00-1.00)
45-49 28 —:5—_ 0.69 (0.36-1.32)
50-54 90 0.90 (0.51-1.59)
55+ 18 —I— 0.61 (0.30-1.22)
Other 111 — 1.26 (0.70-2.25)
Age at first live birth (p_h=0.70, p_t=0.27)
<19 27 1.00 (1.00-1.00)
20-29 211 1.07 (0.72-1.61)
30-39 50 T 1.24 (0.77-1.99)
40+ 1 L > 1.96 (0.27-14.44)
Unknown 167 —— 1.52 (1.01-2.29)
BMI at entry to UKB* (p h 0.20, p_t=0.07)

<25 1.00 (1.00-1.00)
25-30 87 1.01 (0.76-1.35)
30-35 50 1.36 (0.97-1.92)
35+ 26 1.32 (0.85-2.04)
Unknown 1 1.06 (0.15-7.63)
Premenopausal BMI* (p h=0.17, p_t=0.89)

<25 1.00 (1.00-1.00)
25-30 19 -1 0.70 (0.40-1.22)
30-35 16 -_L+—— 1.42 (0.79-2.55)
35+ 4 ——t— 0.64 (0.23-1.80)
Other/unknown 185 - 0.47 (0.31-0.74)
Postmenopausal BMI* (p h=0.06, p_t=0.03
<25 [ | 1.00 (1.00-1.00)
25-30 58 —+i— 1.18 (0.81-1.72)
30-35 24 —1|a— 1.18 (0.73-1.92)
35+ 21 —a— 2.01(1.21-3.35)
Other/unknown 106 —a— 1.85(1.26-2.71)
Smoking status (p_h=0.96, p_t=0.90)
Never 270 1.00 (1.00-1.00)
Previous 149 1.03 (0.84-1.26)
Current 36 1.00 (0.70-1.41)
Unknown 1 — ] 0.62 (0.09-4.45)
Alcohol intake frequency (p_h=0.06, p_t=0.112)
Never 1.00 (1.00-1.00)
Less than daily 357 1.10 (0.79-1.54)
Daily 59 — 0.79 (0.53-1.19)
Unknown 0 (Excluded)
Ever used HRT (p_h=0.27, p_t=0.28)
No 261 # 1.00 (1.00-1.00)
Yes 194 0.89 (0.73-1.09)
Unknown 1 . 0.72(0.10-5.19)
Night shift work (p_h=0.69, p_t=0.45)
Never 13 : 1.00 (1.00-1.00)
Sometimes 5 1.01(0.36-2.82)
Regularly 6 L > 1.51 (0.57-3.97)
Unknown 432 +—— 1.60 (0.92-2.79)
Daily vegetable consumption? (p_h=0.83, § t=0.87)
1 26 [ | 1.00 (1.00-1.00)
2 2 ——] 0.52 (0.12-2.17)
3+ 2 L > 1.46 (0.35-6.14)
quarter 6 —_— 1.17 (0.48-2.85)
half 8 0.87 (0.39-1.92)
Unknown 412 1.00 (0.67-1.49)

Number of Fruit daily (p h=0.34, p_t=0.58)

none 1.00 (1.00-1.00)
Less than one 4 0.38 (0.13-1.12)
1 108 0.97 (0.60-1.57)
2 128 0.84 (0.53-1.35)
3+ 194 0.86 (0.54-1.36)
Unknown 2 L ) 1.41 (0.33-6.05)

Figure 3.3: The association between different factors on the incidence of ductal carcinoma in
situ, as first cancer, in women enrolled into UK Biobank, following basic stratification (see
methods section for stratification variables). Abbreviations: BMI = Body Mass Index (kg/m?),
CI = Confidence Interval, DCIS = Ductal Carcinoma in Situ, HRT = Hormone Replacement
Therapy, IBC = Invasive Breast Cancer, p_h = p value for heterogeneity, p_t = p value for
trend, RR = Rate Ratio, UKB = UK Biobank, *Amongst never users of HRT.
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Risk
factor

Number
of DCIS
events

Age of menarche (p_h=0.35, p_t=0.53)
80

!

RR (95% Cl)

<=11 1.00 (1.00-1.00)
12-13 207 T 1.25(0.92-1.70)
14+ 156 -1 1.15(0.83-1.59)
Unknown 13 T—a— 1.70 (0.86-3.38)
Number of live births (p_h=0.00071, p_t=0.40004)
Nulliparous 96 * 1.00 (1.00-1.00)
1 71 1.08 (0.77-1.53)
2 201 - 0.78 (0.59-1.04)
3 72 - 0.58 (0.41-0.83)
4+ 16 - 0.40 (0.21-0.76)
Unknown 0 (Excluded)
Age at menopause* (p_h=0.15, p_t=0.59)
<45 14 1.00 (1.00-1.00)
45-49 28 —i 0.54 (0.23-1.27)
50-54 20 0.90 (0.42-1.93)
55+ 18 ——1 0.55 (0.22-1.37)
Other 111 —t 1.21 (0.56-2.64)
Age at first live birth (p_h=0.92, p_t=0.27)
<19 27 1.00 (1.00-1.00)
20-29 211 0.95 (0.61-1.48)
30-39 50 1.07 (0.64-1.82)
40+ 1 ] 0.95 (0.10-9.45)
Unknown 167 T— 1.44 (0.92-2.25)
BMI at entry to UKB* (p_h=0.07, p_t=0.02)
<25 97 1.00 (1.00-1.00)
25-30 87 —:— 1.03 (0.73-1.45)
30-35 50 —— 1.48 (0.97-2.26)
35+ 26 —— 1.77 (1.04-3.02)
Unknown 1 _—_t 0.50 (0.04-5.50)
Premenopausal BMI* (p_h=0.14, p_t=0.13)
<25 37 | | 1.00 (1.00-1.00)
25-30 19 — 0.65 (0.35-1.20)
30-35 16 —1 1.27 (0.64-2.55)
35+ 4 - 0.33 (0.08-1.37)
Other/unknown 185 —— 0.66 (0.36-1.20)
Postmenopausal BMI* (p h=0.001, p_t=0. 01021)
<25 1.00 (1.00-1.00)
25-30 58 1.31(0.81-2.12)
30-35 24 —I— 1.52 (0.82-2.83)
35+ 21 —_— 3.70 (1.92-7.11)
Other/unknown 106 i > 1.35 (0.49-3.75)
Smoking status (p_h=0.30, p_t=0.13)
Never 270 1.00 (1.00-1.00)
Previous 149 T 1.17 (0.91-1.50)
Current 36 -+a— 1.29 (0.84-1.97)
Unknown 1 L 4 0.82 (0.10-7.13)
Alcohol intake frequency (p_h=0.28, p_t=0.J1)
Never 40 1.00 (1.00-1.00)
Less than daily 357 —— 0.84 (0.57-1.25)
Daily 59 1 0.68 (0.42-1.11)
Unknown 0 (Excluded)
Ever used HRT (p_h=0.09, p_t=0.09)
No 261 1.00 (1.00-1.00)
Yes 194 — 0.72 (0.49-1.06)
Unknown 1 4 3.41 (0.42-27.91)
Night shift work (p_h=0.14, p_t=0.22)
Never 13 1.00 (1.00-1.00)
Sometimes 5 -t 0.26 (0.04-1.85)
Regularly 6 o s — 1.99 (0.60-6.53)
Unknown 432 T—a— 1.75(0.85-3.62)
Daily vegetable consumption? (p_h=0.27, g_t=0.23)
1 26 1.00 (1.00-1.00)
2 2 0.16 (0.02-1.31)
3+ 2 & 3 2.21(0.46-10.59)
quarter 6 —II— 0.87 (0.32-2.38)
half 8 —-— 0.60 (0.23-1.54)
Unknown 412 —- 0.77 (0.49-1.20)
Number of Fruit daily (p h=0.23, p_t=0.65)
none 1.00 (1.00-1.00)
Less than one 4 0.34 (0.10-1.19)
1 108 1.15(0.63-2.12)
2 128 1.01 (0.55-1.85)
3+ 194 0.95 (0.52-1.73)
Unknown 2 L ] 1.44 (0.17-12.40)
I R

Figure 3.4: The association between different factors on the incidence of ductal carcinoma in
situ, as first cancer, in women enrolled into UK Biobank, following full stratification (see
methods section for stratification variables). Abbreviations: BMI = Body Mass Index (kg/m?),
Cl = Confidence Interval, DCIS = Ductal Carcinoma in Situ, HRT = Hormone Replacement
Therapy, IBC = Invasive Breast Cancer, p_h = p value for heterogeneity, p_t = p value for
trend, RR = Rate Ratio, UKB = UK Biobank, *Amongst never users of HRT.
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3.3.3. Comparison of IBC and DCIS

Figure 3.5 compares the effect of the different factors in DCIS and IBC with basic
stratification, and Figure 3.6 shows the same analyses with full stratification. For most
reproductive and environmental risk factors shown in Figure 3.6, the pattern of association
did not differ between DCIS and IBC. However, for postmenopausal BMI the association
was much stronger for DCIS than for IBC. Compared with women with BMI <25kg/m?, the
increase in DCIS rate for women with BMI >35 kg/m? was more than twice the increase seen
in IBC rate (RR 2.35, 95% CI 1.14-4.82). There was also a larger reduction in disease rate

associated with each additional live birth live birth for DCIS than for IBC (p=0.03).
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Number of
Risk DCIS vs

factor IBC events RR (95% CI)
Age of menarche (p_h=0.31, p_t=0.34) l

<=11 655 1.00 (1.00-1.00)
12-13 1405 1+ 1.24 (0.94-1.63)
14+ 1096 +i— 1.19 (0.89-1.59)
Unknown 72 -+—a— 1.55 (0.81-2.96)

Number of live births (p h 0.19, p_t=0.04)
.00-1.00)

Nulliparous 1.00 (1

1 429 1.10 (0.79-1.55)
2 1477 0.89 (0.68-1.16)
3 539 —— 0.86 (0.62-1.20)
4+ 170 —— 0.57 (0.33-1.01)
Unknown 2 | 0.00 (0.00-.)
Age at menopause* (p_h=0.19, p_t=0.14)

<45 71 1.00 (1.00-1.00)
45-49 225 0.60 (0.29-1.21)
50-54 600 0.75 (0.40-1.41)
55+ 176 0.48 (0.22-1.03)
Other 593 0.97 (0.51-1.85)
Age at first live birth (p_h=0.80, p_t=0.58)

<19 217 1.00 (1.00-1.00)
20-29 1601 1.07 (0.69-1.64)
30-39 362 1.11(0.67-1.84)
40+ 3 3 3.28 (0.29-37.51)
Unknown 1045 +a— 1.30 (0.84-2.01)
BMI at entry to UKB* {p h 0.54, p_t=0.88)

<25 1.00 (1.00-1.00)
25-30 596 0.91(0.67-1.25)
30-35 273 1.20 (0.82-1.74)
35+ 178 0.90 (0.56-1.45)
Unknown 8 . 0.74 (0.09-6.09)
Premenopausal BMI* (p_h=0.27, p_t=0.52)

<25 176 1.00 (1.00-1.00)
25-30 106 0.82 (0.44-1.52)
30-35 50 1.75 (0.87-3.51)
35+ 20 0.92 (0.29-2.93)

0.55 (0.34-0.89)

Other/unknown 1313 -
Postmenopausal BMI* (p h=0.78, p_t=0.58)

<2 1.00 (1.00-1.00)
25-30 413 i 1.03 (0.69-1.54)
30-35 185 0.94 (0.56-1.59)
35+ 123 1.29 (0.74-2.25)
Other/funknown 560 1.49 (0.99-2.26)
Smoking status (p_h=0.94, p_t=0.74)

Never 1880 1.00 (1.00-1.00)
Previous 1074 _—L 0.99 (0.79-1.23)
Current 264 0.94 (0.64-1.36)
Unknown 10 —.—]t— 0.66 (0.08-5.21)
Alcohol intake frequency (p_h=0.01, p_t=0.02

Never : 1.00 (1.00-1.00)
Less than daily 237? 1.02 (0.71-1.46)
Daily 583 - 0.66 (0.43-1.02)
Unknown 1 | ] 0.00 (0.00-.)
Ever used HRT (p_h=0.04, p_t=0.04)

No 1665 1.00 (1.00-1.00)
Yes 1554 i+ 0.80 (0.64-0.99)
Unknown 9 —.—F— 0.60 (0.07-4.88)
Night shift work (p_h=0.72, p_t=0.44)

Never 133 L 1.00 (1.00-1.00)
Sometimes 46 ¥ 1.11(0.37-3.29)
Regularly 42 & ¥ 1.53 (0.54-4.32)
Unknown 3007 T— 1.63 (0.91-2.92)
Daily vegetable consumption? (p_h=0.62, p_t§0.32)

1 197 | | 1.00 (1.00-1.00)
2 24 -] 0.60 (0.13-2.68)
3+ 9 L 3 1.84 (0.36-9.36)
quarter 27 1 1.88 (0.69-5.09)
half 55 1.12 (0.48-2.65)
Unknown 2916 1.07 (0.70-1.64)
Number of Fruit daily (p_h =0.27, p_t=0.64)

none 30 1.00 (1.00-1.00)
Less than one 73 0.32 (0.11-0.98)
1 723 0.98 (0.58-1.64)
2 951 0.88 (0.52-1.46)
3+ 1340 0.96 (0.58-1.59)
Unknown 1 L ¥ 1.22 (0.24-6.05)

o 5 1 15 2 25 3

Figure 3.5: The association between different factors on the incidence of ductal carcinoma in
situ compared with invasive breast cancer, as first cancer, in women enrolled into UK Biobank,
following basic stratification (see methods section for stratification variables). Abbreviations:
BMI = Body Mass Index (kg/m?), Cl = Confidence Interval, DCIS = Ductal Carcinoma in Situ,
IBC = Invasive Breast Cancer, HRT = Hormone Replacement Therapy, IBC = Invasive Breast
Cancer, p_h = p value for heterogeneity, p_t = p value for trend, RR = Rate Ratio, UKB = UK
Biobank, *Amongst never users of HRT.



Number of
Risk DCIS vs

factor IBC events RR (95% CI)
Age of menarche (p_h=0.27, p_t=0.24) l

<=11 655 1.00 (1.00-1.00)
12-13 1405 - 1.30 (0.94-1.81)
14+ 1096 +a— 1.27 (0.90-1.80)
Unknown 72 —_— 2.42(1.13-5.18)
Number of live births (p h=0.09, p_t=0.03)

Nulliparous 1.00 (1.00-1.00)
1 429 1.23 (0.84-1.79)
2 1477 0.91 (0.67-1.24)
3 539 1 0.76 (0.52-1.12)
4+ 170 — 0.58 (0.30-1.12)
Unknown 2 | 0.00 (0.00-.)
Age at menopause* (p h=0.09, p_t=0.33)

<45 1.00 (1.00-1.00)
45-49 225 —I— 0.39 (0.15-1.00)
50-54 600 — 0.66 (0.29-1.54)
55+ 176 —I—- 0.40 (0.15-1.07)
Other 593 —a— 0.81(0.34-1.91)
Age at first live birth (p_h=0.89, p_t=0.97)

<19 217 1.00 (1.00-1.00)
20-29 1601 0.84 (0.52-1.36)
30-39 362 0.81 (0.46-1.43)
40+ 3 1.14 (0.08-17.23)
Unknown 1045 1.09 (0.67-1.77)
BMI at entry to UKB* (p h-O 67, p_t=0.51)

<25 1.00 (1.00-1.00)
25-30 596 0.91 (0.62-1.33)
30-35 273 1.21 (0.76-1.92)
35+ 178 1.14 (0.64-2.04)
Unknown 8 — > 0.26 (0.02-3.46)
Premenopausal BMI* (p_h=0.29, p_t=0.33)

<25 176 1.00 (1.00-1.00)
25-30 106 —-r— 0.76 (0.38-1.52)
30-35 50 o s — 1.55 (0.69-3.50)
35+ 20 ——] 0.42 (0.09-1.94)
Other/unknown 1313 —a—1— 0.71(0.37-1.38)
Postmenopausal BMI* (p h=0.13, p_t=0.03)

<25 1.00 (1.00-1.00)
25-30 413 1.13 (0.68-1.89)
30-35 185 1.14 (0.58-2.21)
35+ 123 — 2.35(1.14-4.82)
Other/unknown 560 > 1.04 (0.33-3.23)
Smoking status (p_h=0.49, p_t=0.27)

Never 1880 1.00 (1.00-1.00)
Previous 1074 1.10 (0.85-1.44)
Current 264 1.29 (0.81-2.06)
Unknown 10 1.10 (0.11-11.26)
Alcohol intake frequency (p_h=0.17, p_t=0.0

Never 267 1.00 (1.00-1.00)
Less than daily 2377 - 0.78 (0.50-1.20)
Daily 583 —— 0.61 (0.36-1.04)
Unknown 1 | 4 0.00 (0.00-.)
Ever used HRT (p_h=0.07, p_t=0.07)

No 1665 1.00 (1.00-1.00)
Yes 1554 —— 0.68 (0.45-1.03)
Unknown 9 > 7.46 (0.54-102.46)
Night shift work (p_h=0.27, p_t=0.44)

Never 133 [ ] 1.00 (1.00-1.00)
Sometimes 46 —-—— 0.30 (0.04-2.22)
Regularly 42 L > 1.73 (0.48-6.29)
Unknown 3007 +—— 1.92 (0.89-4.11)
Daily vegetable consumption? (p_h=0.39, p_§0.40)

1 197 N 1.00 (1.00-1.00)
2 24 -— 0.25 (0.03-2.17)
3+ 9 e p——— ] 2.91(0.46-18.43)
quarter 27 = > 1.54 (0.49-4.85)
half 55 —i 0.74 (0.27-2.06)
Unknown 2916 —— 0.85 (0.53-1.38)
Number of Fruit daily (p h=0.22, p_t=0.84)

none 1.00 (1.00-1.00)
Less than one 73 - 0.23 (0.06-0.85)
1 723 0.95 (0.49-1.84)
2 951 0.89 (0.46-1.71)
3+ 1340 0.89 (0.46-1.70)
Unknown 1 e — 2.58 (0.21-31.13)

Figure 3.6: The association between different factors on the incidence of ductal carcinoma in
situ compared with invasive breast cancer, as first cancer, in women enrolled into UK Biobank,
following full stratification (see methods section for stratification variables). Abbreviations: BMI
= Body Mass Index (kg/m?), CI = Confidence Interval, DCIS = Ductal Carcinoma in Situ, IBC =
Invasive Breast Cancer, HRT = Hormone Replacement Therapy, IBC = Invasive Breast Cancer,
p_h = p value for heterogeneity, p_t = p value for trend, RR = Rate Ratio, UKB = UK Biobank,
*Amongst never users of HRT.



3.4. Discussion

This study is amongst the most detailed comparisons of risk factors for DCIS and IBC to date
and contributes to the literature in this area. For both conditions, postmenopausal BMI was
associated with an increased risk of developing disease, and the number of live births was
associated with a decreased risk of developing disease. However, the magnitude of the effect
differed between DCIS and IBC. The increased rate from postmenopausal BMI >35 kg/m?
was larger for DCIS than for IBC (RR 2.35, 95% CI 1.14-4.82), and the trend of reduction in

rate with each additional live birth was greater for DCIS than for IBC (p for trend = 0.03).

3.4.1. Body mass index

The identification of risk factors for cancer is of limited relevance unless individuals have the
ability to influence their risk of developing disease and its subsequent progression by
modifying such factors. Obesity is an example of one such modifiable risk factor that this
study has identified as having a strong relationship with the development of both diseases
amongst postmenopausal women. It has long been hypothesised that obesity may increase
levels of circulating oestradiol due to its biosynthesis within adipose tissue, which in turn
may promote cell growth in susceptible tumours. To date, over a hundred studies have
demonstrated an association between BMI and IBC in postmenopausal women (209-211).
However, few studies have investigated the risk of high BMI specifically on DCIS risk.
Furthermore, those studies that have examined this have reported conflicting findings, with
some authors finding no association (71, 212, 213), others concluding a negative association
(214) and yet others reporting that DCIS risk increases with increasing BMI (215). Many of
these studies use data from SEER, and thereby acknowledge the limitations of this data

source (216). The results of the present study show strong evidence of an increased DCIS rate
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with increasing BMI amongst postmenopausal women who had not used HRT (p for trend

0.00021) (Figure 3.4).

To date, only one previous study has directly compared the influence of high BMI on the rate
of developing DCIS with the rate of developing IBC (71). It showed that increasing BMI was
positively associated with the risk of IBC, but not with the risk of DCIS (RRs per 5 kg/m?
increase in BMI = 1.20 for IBC and 1.01 for DCIS, respectively; p-value for heterogeneity =
0.002). This finding led the study’s authors to conclude that the lack of association between
BMI and DCIS suggested a greater influence of BMI on disease progression to invasive
potential than in its initiation (71). However, findings from the present study challenge this
assertion. In the present study, the effect of high BMI (BMI >35 kg/m?) on the rate of disease
amongst postmenopausal women was two-fold larger for incident DCIS than it was for
incident IBC (ratio of relative risks 2.35 (95% CI 1.14 — 4.82)). If this effect is causal, this
suggests that BMI may, conversely, have more of a role in the initiation of the carcinogenic
process from ductal atypia to in situ disease, than it does on its subsequent progression to

IBC.

3.4.2. Number of live births

The association between number of live births and breast cancer has been suspected as early
as the 18" century (217). There is now strong evidence that multiparous women have a lower
risk of breast cancer than their nulliparous counterparts (218), and that increased exposure to
endogenous oestrogen levels increases the risk of breast cancer and also drives breast cancer
progression (219). However, the hormonal mechanisms underlying this process are not yet
fully understood. Our results show higher numbers of live births decreases the risk of both

DCIS and IBC and is consistent with previously published studies examining this relationship
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(213, 220). However, our findings show, for the first time, that there is a stronger association
with DCIS than IBC (p=0.03). The reason for this is not yet clear. Whilst the possibility of
this being attributable to a chance finding cannot be completely excluded, it is possible that
the hormonal milieu during pregnancy may be more influential in protecting against the
initial carcinogenic in situ changes amongst ductal cells than in their subsequent invasive

transformation.

3.4.3. Dietary factors

Although previous studies have found interesting associations between certain dietary factors
and breast cancer incidence (221-225), the influence of dietary and related lifestyle factors
has been difficult to study and therefore reliably reported dietary associations poses
considerable challenges (226). There are problems with recall bias in case-control studies,
while cohort studies often suffer from short-term follow-up, imperfect quantification of
dietary intake or exercise as well as selection bias (227). In the present study, alcohol intake,
HRT use, as well as fruit and vegetable consumption were all were associated with IBC rate
in the analysis using the basic stratification (Figure 3.1), but not with the full stratification
(Figure 3.2). The reason for this finding is likely due to strong correlation between dietary
and lifestyle risk factors. As a result, whilst individually they may significantly influence IBC

rate, this effect is attenuated when correlated factors are stratified for.

3.4.4. Limitations

The present study had the advantage of avoiding recall bias by establishing risk factors at
entry into the cohort. Whilst this is less of a limitation when considering factors such as age

at first live birth or parity, it is of vital importance when considering dietary and lifestyle
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factors such as smoking or alcohol consumption. Whist the depth of information collected
within UK Biobank allows the study of many different exposures with disease, it should be
noted that the low response rate (5.5%) at recruitment suggests selection bias, which should
be given thought when considering whether findings presented in this study are generalizable

to the general population.

Most DCIS cases are treated with surgical excision to minimise the risk of progression to
invasive cancer. However, even after adequate treatment of DCIS, some women will develop
a local occurrence of IBC within the same breast. Well recognised risk factors of DCIS
recurrence or occurrence of IBC after surgery include resected margin width, histological
subtype, nuclear grade, molecular phenotype and the absence of adjuvant radiotherapy (53).
Whether the risk of local IBC occurrence can be influenced by modifying certain lifestyle or
behavioural factors following DCIS treatment has been a question of keen interest amongst
patients and clinicians alike, and one which has been poorly addressed so far. Our study was
underpowered to evaluate risk factors for subsequent IBC diagnosis amongst the 456 women
with DCIS. However, it is expected that sufficient numbers of diagnoses in the coming years,

as these data continue to accrue, will permit such analyses.

3.4.5. Conclusion

This study is one of the most detailed comparisons of risk factors for DCIS and IBC to date.
Our results confirm similarities in the risk factors for these two conditions, but reveal
differences in the magnitude of their effect. By doing so, these findings provide unique
insights into the contribution of BMI and endocrine factors associated with parity at different

stages in the process of carcinogenesis.
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4.1. Background

Chapter 1 has described how the introduction of breast screening programmes in many
countries has led to a dramatic increase in the numbers of women diagnosed with DCIS.
Overdiagnosis, and thus overtreatment, are inevitable consequences of screening programmes
and result in some women with DCIS potentially receiving treatment for a condition that, in
the absence of screening, may never have come to light or become clinically significant
during their lifetime (228). Clinical research in the field of DCIS management has focused on
finding ways to help separate those screen-detected DCIS lesions that require active treatment
from those that can be safely left under surveillance, and only treated if there is a change in
their characteristics (229). Whereas it is widely accepted that high grade DCIS falls into the
former category (230), the likelihood of low and intermediate grade DCIS to progress to IBC
is less clear and therefore is the focus of trials evaluating a non-operative approach to

management of women with lower risk DCIS (231, 232).

Clinical trials randomising women with low and intermediate grade DCIS to surgery or to
observation alone rely upon an accurate biopsy diagnosis and determination of pathological
grade in order to exclude women with a higher risk of disease progression from inclusion in
the trial. This is clearly of vital importance since any occult IBC or high grade DCIS that is
missed at the time of biopsy may subsequently go undetected, and therefore untreated until
later, by which time the patient’s prognosis may be poorer. However, much of the existing
literature on the accuracy of pre-operative biopsy in DCIS has focused on identifying factors
related to missing the presence of IBC on biopsy, rather than factors related to missing the
presence higher grade DCIS on biopsy. The reason for this is that, prior to the introduction of
trials of non-operative treatment for low-risk DCIS, DCIS grade has not influenced clinical

management in the same way that the presence of IBC has done. In cases where DCIS is

Chapter 4: The accuracy of preoperative biopsy in DCIS 71



detected by biopsy but IBC is subsequently detected following pathological analysis of the
surgically excised breast specimen, women may need to undergo a second surgical procedure
to evaluate the status of their axillary nodes (170, 233). This has clear financial cost, carries

risk of medical complications and is also accompanied by psychological distress.

Whereas previous studies have reported the proportion of DCIS biopsies missing the presence
of IBC as approximately one in four (181), few of them have been careful to exclude biopsies
that were performed because IBC was already strongly suspected and little is known
regarding the underestimation rate of DCIS grade. In addition, despite its importance to on-
going clinical research, no studies have directly compared the factors associated with biopsies
that are upstaged to IBC with those that are upgraded to a higher grade of DCIS. The present
study aimed to evaluate the proportion of preoperative biopsies showing DCIS that were
subsequently upstaged to IBC and upgraded to higher grade DCIS following pathological
analysis of the surgically excised specimen at a large tertiary referral centre, and to directly
compare the factors associated with upstaging or upgrading a biopsy diagnosis of DCIS

following surgery.
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4.2. Methods

4.2.1. Data sources

Women were selected through the nationwide registry of histology and cytopathology records
in the Netherlands (PALGA) and through the regional tumour registry at the Netherlands
Cancer Institute (NKI). The NKI is a large specialist cancer centre. It has a large pathology
database, which contains information on the initial biopsy diagnosis of every women referred
to its breast cancer service, as well as the final pathological diagnosis of each woman with

DCIS or IBC treated at the NKI, allowing a retrospective cohort study to be conducted.

4.2.2. Participants

All women diagnosed with DCIS who either had their initial biopsy performed at the NKI or
were referred for a second opinion at the NKI, between 2000 and 2014 were identified.
Women who had evidence of IBC on initial biopsy, received neoadjuvant chemotherapy or
where there was documented clinical suspicion of the presence of (ipsilateral or contralateral)
IBC or lymph node invasion at the time of biopsy were excluded. Additionally, women who
had encapsulated papillary carcinoma, LCIS or other non-DCIS pathology on biopsy or who

had subsequent surgical excision performed at a different hospital were also excluded.

4.2.3. Variables

Radiology and pathology data from the time of their initial biopsy, and pathology data from
the analysis of their surgically excised specimen were abstracted, in order to identify women
whose biopsy result was subsequently upstaged to IBC or upgraded to a higher grade of
DCIS following surgery. The NKI uses an integrated electronic patient record system.

Detailed information on clinical, radiological and pathological variables on all women was
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collected directly from the patient’s medical records using this system (Appendices B-D).
The variables collected from the clinical data included whether the lesion was symptomatic
or screen-detected lesion, whether symptoms were present at time of diagnosis, menopausal

status and date of birth.

The variables collected from the pathology data included presence of invasive cancer, age at
diagnosis, laterality of tumour, pathological grade of biopsy, presence of necrosis on biopsy,
type of surgery performed and pathological size of DCIS. If more than one biopsy showing
DCIS was taken from the same area, the highest grade was recorded. Missing values were
replaced by blinded re-examination of a sample of the raw pathology slides by two expert
pathologists (JW and EG, Appendix M). Variables collected from the radiology data included
size of the lesion on mammogram and method of biopsy (9G vacuum-assisted or 14G core
needle biopsy). Missing values were replaced by blinded re-examination of a sample of the of

the original mammograms slides by two experienced radiologists (GW and JT, Appendix M)

4.2.4. Statistical methods

Exact chi-squared (y?) test was used to compare patient, tumour and radiological
characteristics between women upstaged or upgraded with those with no change (or down-
graded). Further analyses were conducted to directly compare risk factors for upstaging and

upgrading. All analyses were undertaken using IBM Stata version 13.0 (Texas, USA).
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4.3. Results

The clinical, radiological and pathological information from 714 women diagnosed with
DCIS between 2000 and 2014 was abstracted in this study. Of these, 125 were removed due
to meeting one of the exclusion criteria for the study (Figure 4.1), leaving information on 589

women available for analysis.

All biopsies showing DCIS at NKI, 2000 - 2014

n=714
Excluded, n= 125:
*  Suspicious for IBC, n= 80
> Encapsulated papillary carcinoma/LCIS, n=12
Pathology not reviewed in NKI, n= 15
Duplicate records or missing data, n =18
A 4
Included in study
n=>589
hvd
No change to biopsy diagnosis Upstaged to IBC Upgraded to a higher grade of DCIS
n =447 (76%) n =83 (14%) n=759 (10%)

Figure 4.1: Derivation of the population used in the analysis. Abbreviations: NKI =
Netherlands Cancer Institute Antoni van Leeuwenhoek hospital, DCIS = Ductal carcinoma in
situ, LCIS: Lobular carcinoma in situ, IBC = Invasive Breast Cancer

Participant characteristics are shown in Table 4.1. The number of women diagnosed with
DCIS on biopsy at the NKI/AVL increased during the study period from 73 women
diagnosed between 2000 — 2004, to 197 women diagnosed between 2005 — 2009, and
increased again to 319 women diagnosed between 2010 — 2014, as service capacity has
increased. Overall, 32.1% women diagnosed with DCIS were aged 20 — 49 years, 40.8%
were 50 — 59 years, 19.9% were 60 — 69 years, and 7.3% were aged 70+ years. The majority
of DCIS cases were screen-detected (54.2%). A further 23.4% were detected during routine
follow-up for genetic predisposition/family history or another reason, 11.7% presented

symptomatically and 10.4% were referred for a second opinion from a different hospital.
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Method of presentation was unknown for 2 (0.3%) women. 39.2% women were diagnosed

using a 9G vacuum-assisted biopsy and 21.2% were diagnosed using a 14G core needle

biopsy. The method of biopsy was unknown for 39.6% women. 25.5% women had low grade

on biopsy, 42.8% had intermediate grade and 29.9% had high grade. DCIS grade on biopsy

was unknown in 1.9% of cases. All women underwent surgical excision with approximately

half receiving breast conserving surgery (52.8%) and approximately half receiving

mastectomy (47.2%) (Table 4.1).

Table 4.1: Characteristics of women diagnosed with ductal carcinoma in situ on initial

biopsy.

Characteristics N (%)
Calendar year of diagnosis
2000-2004 73 (12.4)
2005-2009 197 (33.5)
2010-2014 319 (54.1)
Age at diagnosis (years)
20-49 189 (32.1)
50-59 240 (40.8)
60-69 117 (19.9)
70+ 43 (7.3)
Method of presentation
Symptomatic 69 (11.7)
Screening 319 (54.2)
Follow-up 138 (23.4)
Second opinion 61 (10.4)
Unknown 2 (0.3)
Method of biopsy
Core needle biopsy (14G) 125 (21.2)
Vacuum Assisted Biopsy (9G) 231 (39.2)
Unknown 233 (39.6)
Grade on initial biopsy
Low 150 (25.5)
Intermediate 252 (42.8)
High 176 (29.9)
Unknown 11 (1.9
Type of curative surgery
BCS 219 (37.2)
BCS+SLNB 92 (15.6)
Mastectomy 75 (12.7)
Mastectomy+SLNB 199 (33.8)
Mastectomy+SLNB+AC 4 (0.7)
Total number of women: 589 (100)

Abbreviations: BCS: breast conserving surgery, SLNB: sentinel lymph node biopsy, AC:
axillary clearance.
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The biopsy results from 142 (24.1%) women were found to have underestimated disease
severity following examination of the surgically excised specimen (Table 4.2). Of these, 83
(14.1%) women had IBC present in the final excised specimen that was not present on the
biopsy (i.e. were upstaged) and 59 (10%) women had a higher grade of DCIS present in the

final excised specimen compared with their initial biopsy (i.e. were upgraded).
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Table 4.2: Final diagnoses in women with ductal carcinoma in situ on biopsy by various

characteristics.

Characteristic Total number

Final diagnosis following evaluation of surgically excised specimen

of women No Change Upstage to Upstage DCIS with Upgrade  Upgrade
IBC VS no higher grade VS No Vs
change change upstage
n (%) n (%) n (%) P value n (%) P value P value
Age at diagnosis (years)
20-49 189  (100) 136 (72.0)0 32 (16.9) 0.45 21 (11.1) 0.11 0.24
50-59 240 (100) 180 (75.00 31 (12.9) 29 (12.1)
60-69 117 (100) 96 (82.1) 16 (13.6) 5 (4.3)
70+ 43 (100) 35 (81.4) 4 (9.3) 4 (9.3)
Method of Biopsy
9G VAC 231 (100) 195 (84.4) 24 (10.4) 0.08 12 (5.2) 0.003 0.32
14G Core needle 125 (100) 87 (69.6) 20 (16) 18 (14.4)
Unknown 233 - 165 - 39 - 29 -
Pathological lesion size (mm)
0-19 195 (100) 171 (87.7) 11 (5.6) <0.001 13 (6.7) 0.003 0.67
20-50 175 (100) 115 (65.7) 34 (19.4) 26 (14.9)
50+ 104 (100) 69 (66.3) 19 (18.3) 16 (15.4)
Unknown 115 - 92 - 19 - 4 -
Mammaographic lesion size (mm)
0-19 175 (100) 146 (83.4) 14 (8.0 0.01 15 (8.6) 0.04 0.20
20-50 140 (100) 103 (73.6) 25 (17.8) 12 (8.6)
50+ 95 (100) 63 (66.4) 16 (16.8) 16 (16.8)
Unknown 179 - 135 - 28 - 16 -
Method of presentation
Symptomatic 69 (100) 53 (76.8) 12 (17.4) 0.43 4 (5.8) 0.70 0.33
Screen-detected 319  (100) 247 (77.4) 38 (119 34 (10.7)
Follow-up 138  (100) 101 (73.2) 24 (17.9) 13 (9.4)
Second opinion 61 (100) 45 (738) 9 (14.7) 7 (11.5)
Unknown 2 - 1 - 0 - 1 -
Presence of symptoms at presentation
Symptoms 143 (100) 103 (72.0) 29 (20.3) 0.02 11 7.7) 0.52 0.03
No symptoms 219 (100) 171 (78.1) 23 (10.5) 25 (11.4)
Unknown 227 - 173 - 31 - 23 -
Presence of palpable lump
Yes 112 (100) 80 (71.4) 21 (18.8) 0.10 11 (9.8) 0.89 0.47
No 439 (100) 343 (78.1) 54 (12.3) 42 (9.6)
Unknown 38 - 24 - 8 6 -
Menopausal status
Premenopausal 207 (100) 152 (734) 32 (15.5) 0.49 23 (11.1) 0.50 1
Postmenopausal 295 (100) 229 (77.6) 39 (13.2) 27 (9.2)
Unknown 87 - 66 - 12 9 -
Lesion laterality
Left 300 (100) 230 (76.7) 47 (15.7) 0.46 23 7.7) 0.10 0.06
Right 289 (100) 217 (75.00 36 (12.5) 36 (12.5)
Unknown 0 - 0 - 0 0 -
Immunohistochemistry performed on biopsy
No 281 (100) 223 (79.4) 40 (142) 1 18 (6.4) 0.18 0.28
Yes 107 (100) 81 (75.7) 14 (13.1) 12 (11.2)
Unknown 201 - 143 - 29 - 29 -
Presence of necrosis on biopsy
No 357 (100) 282 (79.0) 47 (13.2) 0.12 28 (7.8) 0.008 0.40
Yes 204  (100) 139 (68.1) 35 17.2) 30 14.7)
Unknown 28 - 26 - 1 - 1 -
Total 589 (100) 447 (75.9) 83 (14.1) 59 (10.0)

Abbreviations: VAC: vacuum assisted biopsy, DCIS: ductal carcinoma in situ, IBC: invasive breast
cancer, Hereditary: family history related screening mammography, SLNB: sentinel lymph node

biopsy, AC: axillary clearance.
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There were clinical and radiological differences between the biopsies that were upstaged or
upgraded and those that were not. Fewer 9G vacuum-assisted biopsies than 14G core biopsies
were upgraded (5.2% vs 14.4%, p for difference: 0.003), while the effect of biopsy method on
upstaging was not significant (10.4% vs 16%, p for difference: 0.08) (Table 4.2). Lesions
with pathological size 20+ mm were more likely to be both upstaged (p for difference:
<0.001) and upgraded (p for difference: 0.003). Lesions with mammographic size 20+ mm
were also more likely to be both upstaged (p for difference: 0.01) and upgraded (p for

difference: 0.04).

The presence of symptoms increased the risk of upstaging (20.3% vs 10.5%, p for difference:
0.02), but not of upgrading (7.7% vs 11.4%), p for difference: 0.52) and the difference
between the presence of symptoms on upstaging and upgrading was significantly different (p:
0.03). The presence of necrosis on biopsy increased the risk of upgrading (14.7% vs 7.8%, p
for difference: 0.008) but the association between necrosis and upstaging was not significant
(17.2% vs 13.2%, p for difference: 0.12). However, age at diagnosis of DCIS, method of
presentation, the presence of a palpable lump, menopausal status, lesion laterality, and use of
immunohistochemistry on biopsy were not significantly associated with upstaging or

upgrading (Table 4.2).
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4.4. Discussion

The accuracy of biopsy in determining DCIS grade is the single most important factor upon
which the contemporary paradigm shift towards non-operative management of low-risk DCIS
is based. The present study is one of the largest to date to evaluate risk factors for upgrading
and upstaging preoperative biopsies in women diagnosed with DCIS. It has demonstrated that
larger lesion size is significantly associated with both upstaging and upgrading of DCIS on
preoperative biopsy. The presence of symptoms was significantly associated with upstaging
but not with upgrading, whereas the use of core biopsy instead of vacuum-assisted biopsy and
the presence of necrosis on biopsy were significantly associated with upgrading of DCIS, but
not with upstaging. Consequently, this study highlights factors to aid in the risk stratification

of women poised towards a non-operative approach.

The association between larger DCIS size on mammography and upstaging to IBC or
upgrading to a higher grade of DCIS may be due to the heterogeneous growth patterns seen in
larger DCIS lesions (70). Whereas invasive disease spreads through the ductal basement
membrane, DCIS lesions grow along the milk duct with a branched process of growth, with
emerging and competing cell-lines of low, intermediate and high-grade disease often
resulting in a diverse cell-line environment (120, 234) (see section 1.1.3). Thus, the larger the
area of disease, the higher likelihood of IBC or more than one grade of disease being present
that may not have been sampled during biopsy and only subsequently detected following
pathological analysis of the surgically excised specimen (235). The presence of clinical
symptoms was significantly associated with upstaged biopsies, but not with upgraded
biopsies. The reason for this was unclear and there was little information on the nature of

symptoms available to allow this finding to be examined further.
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There was strong evidence that fewer 9G vacuum-assisted biopsies than 14G core biopsies
were upgraded (p for difference: 0.003), while the effect of biopsy method on upstaging was
not significant (p for difference: 0.08). Pre-operative biopsy for breast cancer has
conventionally been undertaken by radiologically guided core-needle (14G) biopsy, and in
more recent years, by vacuum-assisted (9G) breast biopsy. The accuracy of either of these
two methods is dependent on both human factors and technical factors. Human factors
represent not only the level of skill on behalf of the radiologist responsible for taking an
appropriate sample that is representative of the entire lesion, but also the experience of the
pathologist in accurately interpreting the biopsied tissue. These human factors, whilst
difficult to objectively quantify, have been previously discussed in the literature (236). In
addition to human factors, certain technical factors also play a substantial role in influencing
the overall accuracy of the breast biopsy (181). These include both the resolution of imaging-
guidance and the type of biopsy device used. 9G vacuum-assisted biopsy devices obtain more
tissue than 14G core-biopsy devices, increasing the likelihood of a representative tissue
specimen being obtained (237). This is the likely reason for the lower number of 9G vacuum-

assisted biopsies upgraded in the present study, compared with 14G core biopsies.

Upgraded lesions also were more likely to have necrosis present on biopsy when compared
with lesions with no change in diagnosis following surgery. Necrosis in the DCIS biopsy
tissue indicates that the cancer cells in the sampled area have died. The pathological finding
of necrosis often accompanies rapid cell turnover, where the rate of growth may have
outstripped the blood supply to a central portion of the cancer. The presence of this finding
on biopsy, similar to a large tumour size, should raise the suspicion of a higher grade of DCIS

being present.
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Although our study was limited to a single centre, work is currently on going to validate our
findings using data from other centres. If the results of the present study can be validated in
other cohorts, they could provide recommendations for refining the selection criteria for
studies evaluating a non-operative approach (Appendices E and F). In recent years, rapid
developments in genomics and candidate gene analysis of tumour tissue have meant that
focus has started to move away from the phenotypic characteristics such as nuclear grade as
the chief determining factors of DCIS prognosis, and towards biomarkers for cell
proliferation instead. A summary of these candidate biomarkers is shown in Table 1.5 (page
22). On-going research building on the present study is exploring whether the presence of
these biomarkers may further improve the diagnostic accuracy of pre-operative biopsy to

detect occult high-risk lesions.

4.4.1. Conclusion

Over the years there has been a trend towards less invasive surgical treatment of breast
cancer. The coming decade will herald the publication of findings from on-going randomised
trials of non-operative treatment in DCIS and by doing so will determine whether a further
paradigm shift in its treatment is necessary. Subsequent interpretation and implementation of
the findings from these trials must take into account the underlying factors determining the
accuracy of pathological grade on biopsy in order to consider the safest transition towards

possible non-operative management for a low risk group.
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5.1. Background

Approximately 4,000 women with screen-detected DCIS undergo surgical treatment each
year in the UK (238). However, little is known about the long-term prognosis of these women
following their treatment. Although formal reports from the National Health Service Breast
Screening Programme (NHSBSP) audit are published on an annual basis, these reports focus
on describing the tumour and treatment characteristics of women diagnosed only in a single
year. To date there has been no population-level publication of the long-term risk of IBC in
women diagnosed with screen-detected DCIS in England, nor of how it has changed over
time or how it depends on the characteristics of the patient, the tumour, or the treatment

received.

Whereas randomised trials of radiotherapy and hormone therapy have identified the benefits
of these treatments in women with DCIS (160, 197, 239), it remains unclear as to what extent
these benefits are carried over to women diagnosed with screen-detected DCIS in the general
population. Critical examination of long-term data, such as that held by Public Health
England (PHE) and the NHSBSP audit could help provide valuable insights into the
prognosis of women with DCIS under different treatment strategies. Furthermore, describing
how the rate of development of IBC varies with the time since treatment for DCIS could help
to identify the optimal frequency and period of surveillance following treatment. In addition,
comparing the rate of development of IBC for different tumour characteristics could
contribute to the current understand of risk factors for IBC after DCIS (50, 53, 58), and
thereby also help to shed light on which women should be considered for less extensive

treatment, whilst enabling those at higher risk also to be identified.
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This study examined women diagnosed with DCIS via the NHSBSP and aimed to: (i)
characterise the risk of developing subsequent IBC among women diagnosed with screen-
detected DCIS; (ii) characterise the risk of death from breast cancer in women diagnosed with
screen-detected DCIS; and (iii) identify the patient, tumour and treatment related factors

influencing the rate of subsequent IBC in women diagnosed with screen-detected DCIS.
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5.2. Methods

5.2.1. Introduction to data sources

The NHSBSP was introduced in the UK in 1988 and currently provides three-yearly
mammograms for women between 50 and 70 years of age. Prior to 2000, screening records
were collected and stored locally at individual screening centres. From 2000 onwards,
information for all women diagnosed with screen-detected breast cancer was collected
centrally on an annual basis as part of the NHSBSP audit and it is currently stored within
PHE. The resulting dataset contains information on all women diagnosed with screen-
detected DCIS throughout England. By linking the dataset with the Cancer Analysis System
(CAS), it was possible to identify which women with screen-detected DCIS went on to be
diagnosed with a subsequent IBC and which women subsequently died with breast cancer as
the underlying cause on their death certificate. This enabled a retrospective cohort study to be
conducted. Study linkage was undertaken within Public Health England and this study was

undertaken under research ethics approval (reference: 16/YH/0209) (Appendices G-H).

5.2.2. Participants

Records of all women who have been diagnosed with screen-detected DCIS (ICD 10: D05
(207)) in England during the period 1/1/2000 — 31/12/2015 were identified. Following
linkage with CAS, any individuals who, prior to or within 6 months of their DCIS diagnosis
that qualified them for entry into this study, had been were registered with invasive cancer of
any type, other than non-melanoma skin cancer (ICD-10 code: C44 (207); ICD-9 code 173
(240)), were excluded. Similarly, any women recorded as having received chemotherapy as

treatment for her DCIS, and any women with no date of birth recorded, were excluded.
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5.2.3. Variables

Information on the following variables was obtained from the NHSBSP audit: age at
diagnosis (<55, 55-60, 60-64, 65+ years), calendar year of diagnosis (2000-2004, 2005-2009
and 2010-2015), DCIS size (<10, 11-20, 21-50, 51+ mm), pathological grade of DCIS (low
or intermediate, high), laterality of DCIS (left, right), surgery and radiotherapy (breast
conserving surgery (BCS) with radiotherapy (RT), BCS no RT, mastectomy), final margin
distance (involved, 1-2, 3-4, 5+ mm), oestrogen receptor (ER) status, (positive, negative) and
hormone therapy (received, not received). Any missing information from the NHSBSP audit
was supplemented, if possible, using data stored in CAS. If this was not possible, missing

information was treated as an additional category for each variable.

5.2.4. Statistical methods

Three types of analyses were carried out: first, the cumulative risks of any (i.e. ipsilateral or
contralateral) IBC and of breast cancer death by time since diagnosis of DCIS were
estimated; second, factors associated with the development of ipsilateral invasive breast
cancer (iIBC) in women who had not received hormone therapy were estimated; and third,
the rates of developing any IBC in ER+ women with and without hormone therapy were
compared. For all three analyses, women were followed from six months after their DCIS
diagnosis to the earliest of IBC diagnosis, death, loss to follow-up, or 31% December 2015.
Cumulative risks were estimated using the Kaplan-Meier method. Variability in the IBC rate
with each of the variables listed above and with years of follow up (<2, 2-3, 4-5, 6-7, 8-9,
10+ years) was examined using Poisson regression. Initial analyses considered each variable
on its own. The analyses were then repeated considering each variable after adjustment for all

other variables. Confidence intervals were based on the standard error. Significance tests for
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the effect of each variable, and for all pairwise interactions between them, were based on the

likelihood ratio.
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5.3. Results

The NHSBSP audit held information on a total of 196,294 women. 164,263 women were
registered with a cancer prior to their diagnosis of DCIS, 218 women were diagnosed with
IBC within 6 months of their diagnosis of DCIS, 1 woman died with breast cancer recorded
on her death certificate within 6 months of her diagnosis of DCIS, 8 women did not have a
date of birth recorded and 140 women were recorded as having received chemotherapy as
treatment for their DCIS, and were not considered further. After applying the exclusion
criteria as described above, a total of 31,664 women diagnosed with screen-detected DCIS in

England were available for analysis (see Figure 5.1).

NHSBSP audit (n = 196,294)

164,630 women excluded:

+  First cancer is not DCIS (n = 164,263)

+ IBC <6 months after DCIS (n=218)

* Breast Cancer death < 6 months of DCIS diagnosis (n=1)
* NoDoB(n=28)

* Received Chemotherapy (n = 140)

L 4

\ 4
Available for analysis (n = 31,664)

Bilateral DCIS (n =46)

Unilateral DCIS with BCS or Mastect \
niiatera (n“;' 0146 )"r astectomy le ¥ 5 Unilateral DCIS without surgery (n = 1396)
/ ’\\ Unilateral DCIS with unknown surgery (n = 76)
ER+ and hormone ER+ without hormone therapy or
therapy (n = 3463) ER- or ER unknown (n = 26,683)
) 4 Y
Mastectomy (n="719) Mastectomy (n = 7998 )
BCS no RT (n=2287) BCS no RT (n=13,528 )
BCS and RT (n=457) BCS and RT (n=5157)

Figure 5.1: Flow diagram showing the selection of participants for inclusion in the study
from the 196,294 women recorded in the National Health Service Breast Screening
Programme (NHSBSP) audit. Abbreviations: DoB: date of birth, BCS: breast conserving
surgery, DCIS: ductal carcinoma in situ, ER: oestrogen receptor, IBC: invasive breast cancer,
RT: radiotherapy.
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5.3.1. Risk of any IBC or breast cancer death by time since diagnosis

Of the 31,664 women available for analysis and diagnosed with screen-detected DCIS as
their first cancer, 1416 women were subsequently diagnosed with any (i.e. ipsilateral or
contralateral) IBC and 234 died with breast cancer as the underlying cause of death. The
cumulative risks of any IBC at 5, 10 and 15 years after DCIS diagnosis were 3.5%, 7.1%, and
9.4% and the cumulative risks of dying from breast cancer after DCIS diagnosis were 0.3%,

1.1%, and 2.3% respectively (Figure 5.2).

15 1
e —— |nvasive breast cancer
<~ 10 1 —— Breast cancer death
w
L
o
=
E 5
S i
£
-
O

0

0 5 10 15

Time since diagnosis of DICS (Years)

Figure 5.2: Cumulative risk of any (ipsilateral or contralateral) IBC and breast cancer death
by time since diagnosis of DCIS among 31,664 women registered with screen-detected DCIS
as their first cancer.

Chapter 5: Population-based Study of Long-term Outcomes in Women Diagnosed with DCIS 91



5.3.2. Risk of IBC in women with unilateral DCIS who received
surgery

Of the 31,664 women diagnosed with screen-detected DCIS as their first cancer, 46 women
had bilateral DCIS, 1396 women had unilateral DCIS without surgical treatment and 76
women had unilateral DCIS with unknown surgery and therefore were not considered further,
leaving a total of 30,146 women with unilateral screen-detected DCIS and treated with
surgery for study (Figure 5.1). The majority of women were aged between 50 and 70 years of
age, corresponding with eligibility criteria for breast cancer screening in England during the
study period. 9427 (31.3%) women were aged <55 year, 6181 (20.5%) women were aged 55-
60 years, 6622 (22.0%) were aged 60-64 years and 7916 (26.3%) were aged 65+ years (Table

5.1).

The number of women diagnosed with screen-detected DCIS in each five-year period
increased during the study period, from 5989 (19.9%) in 2000 — 2004 to 10,419 (34.6%) in
2005 — 2009, and again to 13,738 (45.6%) in 2010 — 2015. As expected with a screened
population, the majority of women had small lesions (<10mm: 32.6%, 11-20mm: 29.6%),
whereas 30.0% of women had tumours measuring 21-50mm, and 7.7% had tumours
measuring more than 51mm. Amongst those for whom grade was known, 59.6% of women
had high grade tumours and 40.4% had low or intermediate grade tumours. Among those for
whom ER status was known, 78.8% had tumours that were ER positive. Overall, 5614
(18.6%) women with DCIS were treated with BCS alone, 14,485 (52.3%) were treated with
BCS and RT and 8717 (28.9%) with mastectomy. A total of 4459 (15.3%) women with DCIS

were recorded as having received hormone therapy (Figure 5.1).
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Table 5.1: Participant characteristics for all 30,146 women with unilateral screen-detected
DCIS in England during 2000 — 2015 and treated with surgery.

Variable Category n Percent

Age at DCIS diagnosis (years) <55 9427 31.3%
55-60 6181 20.5%
60-64 6622 22.0%
65+ 7916 26.3%

Calendar year of diagnosis 2000-2004 5989 19.9%
2005-2009 10,419 34.6%
2010-2015 13,738 45.6%

Years of follow-up <2 2893 9.6%
2-3 5908 19.6%
4-5 5136 17.0%
6-7 4436 14.7%
8-9 4123 13.7%
10+ 7650 25.4%

Tumour size (mm) <10 9293 32.6%
11-20 8427 29.6%
21-50 8543 30.0%
51+ 2204 7.7%
Unknown 1679

Grade Low/intermediate 11,981 40.4%
High 17,669 59.6%
Unknown 496

ER status Negative 2935 21.2%
Positive 10,891 78.8%
Unknown 16,320

Laterality of DCIS Left 15,516 51.7%
Right 14,485 48.3%
Unknown 145

Local treatment BCS 5614 18.6%
BCS+RT 15,815 52.3%
Mastectomy 8717 28.9%

Final margin distance (mm) 5+ 7846 58.0%
3-4 2188 16.2%
1-2 3057 22.6%
Involved 443 3.3%
Unknown 16,612

Hormone therapy recorded Yes 4459 15.3%
No 25,687 84.7%

Total with DCIS as first event 30,146 100%

Abbreviations: mm = millimetres, ER = oestrogen receptor
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5.3.3. Patient and tumour related factors and iIBC rate

Of the 30,146 women with unilateral screen-detected DCIS and treated with surgery, 3463
women were ER+ DCIS received hormone therapy and therefore were not considered further,
leaving a total of 26,683 women for study of patient and tumour related factors and iIBC rate.
There was a significant variation in iIBC rate by calendar year of diagnosis (p for
heterogeneity: < 0.001) (Figure 5.3). Women diagnosed with screen-detected DCIS between
2010 — 2016 had almost half the rate of iIBC than women diagnosed between 2000-2004 (RR
0.54 (95% CI 0.42 — 0.69)). This finding was only slightly attenuated following adjustment

for years since diagnosis and all other factors (RR 0.69 (95% C1 0.50 — 0.95)) (Figure 5.4).
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Ratio of rates

0,
(versus baseline) 95% ClI

Category  Cases/Women

(a) Age at DCIS diagnosis (years) (x;=54; p=0.14)

<65 194/8375 1.00 (1.00-1.00)
55-60 141/5427 1.04 (0.84-1.30)
60-64 109/5829 0.80 (0.63-1.01)
65+ 141/7051 1.01 (0.81-1.25)

(b) Years since diagnosis (x;=68.9; p<0.001

<2 68/77311 [ ] 1.00 (1.00-1.00)
2-3 175/82693 » 2.41 (1.82-3.18)
4-5 155/61892 — B 285(2.14-3.79)
6-7 80/45110 = 2.02 (1.46-2.79)
8-9 65/30908 - 2.39 (1.70-3.36)
10+ 42/30155 = 1.58 (1.08-2.33)

(c) Year of diagnosis (x5 =32.2; p<0.001)
2000-04 235/5160 1.00 (1.00-1.00)
2005-09 272/8806 i 1.03 (0.87-1.23)
2010-16 78/12716 - 0.54 (0.42-0.69)

(d) Grade (x;=2.0; p=0.16)

Low/intermediate 243/10501 [ ] 1.00 (1.00-1.00)
High 319/15721 B 0.89 (0.75-1.05)
UNK 23/460 1.78 (1.16-2.73)

(e) Tumour size (mm) (x5=29.3; p<0.001)

<=10 223/8210 : 1.00 (1.00-1.00)
11-20 181/7357 0.93 (0.76-1.13)
21-50 119/7581 - 0.63 (0.50-0.78)
51+ 20/2001 .- 0.44 (0.28-0.70)
UNK 42/1533 0.92 (0.66-1.28)
(f) Laterality of DCIS (x;=4.0; p=0.04)
L 279/13740 [ | 1.00 (1.00-1.00)
R 306/12819 B 1.18 (1.00-1.39)
UNK 0/123 0.00 (0.00~ Inf)
(g) Surgery and radiotherapy (5 =72.4; p<0001)
BCS with RT 70/5157 [ ] 1.00 (1.00-1.00)
BCS no RT 409/13527 B 1.63 (1.27-2.10)
Mastectomy 106/7998 —— 0.71 (0.52-0.96)
(h) Final margin distance (mm) (x5=21.8; p40.001)
5+ 48/7192 [ ] 1.00 (1.00-1.00)
3-4 21/1959 . 1.56 (0.93-2.60)
1-2 37/2687 - 2.04 (1.33-3.12)
Involved 12/395 ————> 4.34(2.31-8.17)
UNK 467/14449 2.22 (1.65-2.99)
L 1 1 1 1 |
0 0.5 1 1.5 2 25 3

Figure 5.3: Ipsilateral invasive breast cancer after screen-detected DCIS by patient, tumour
and treatment factors, in 26,683 women who were not recorded as receiving hormone
therapy. No adjustment applied. Baseline is the first row for each variable (a) — (h).
Abbreviations: CI = Confidence Interval, UNK = Unknown, mm = millimeters, BCS = Breast
Conserving Surgery, RT = Radiotherapy.
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Ratio of rates

Categor i
gory Cases/Women (versus baseline)

95% CI

(a) Age at DCIS diagnosis (years) (x5=6.4; p=0.10)

<55 194/8375 1.00 (1.00-1.00)
55-60 141/5427 1.01 (0.81-1.25)
60-64 109/5829 0.78 (0.62-0.99)
65+ 141/7051 1.03 (0.83-1.29)
(b) Years since diagnosis (7 =57.6; p<0.001

< 68/77311 " 1.00 (1.00-1.00)
2-3 175/82693 = 2.26 (1.71-3.00)
4-5 155/61892 = 2.44 (1.83-3.27)
6-7 80/45110 - 1.60 (1.14-2.23)
8-9 65/30908 = 1.83 (1.28-2.60)
10+ 42/30155 S 1.22 (0.81-1.83)
(c) Year of diagnosis (y5=7.9; p=0.02)

2000-04 235/5160 1.00 (1.00-1.00)
2005-09 272/8806 1.02 (0.84-1.24)
2010-16 78/12716 —-— 0.69 (0.50-0.95)
(d) Grade (%i=0.4; p=0.51)

Low/intermediate 243/10501

High 319/15721
UNK 23/460

1.00 (1.00-1.00)

1.06 (0.89-1.26)
1.77 (1.12-2.79)

(e) Tumour size (mm) (x5=50; p=0.17)

<=10 223/8210 1.00 (1.00-1.00)
11-20 181/7357 —=— 1.00 (0.82-1.23)
21-50 119/7581 —— 0.80 (0.63-1.02)
51+ 20/2001 e 0.75 (0.46-1.22)
UNK 42/1533 0.85 (0.60-1.21)

(f) Laterality of DCIS (32=45; p=0.03)

L 279/13740 [ | 1.00 (1.00-1.00)
R 306/12819 - 1.19 (1.01-1.40)
UNK 0/123 0.00 (0.00- Inf)

(g) Surgery and radiotherapy (x5=72.4; p<0001)

BCS with RT 70/5157 ] 1.00 (1.00-1.00)
BCS no RT 409/13527 —— 1.63 (1.27-2.10)
Mastectomy 106/7998 —— 0.71 (0.52-0.96)

(h) Final margin distance (mm) (5=18.6; p¢0.001)

5+ 48/7192 [ ] 1.00 (1.00-1.00)
3-4 21/1959 = 1.37 (0.82-2.30)
1-2 3712687 = 1.85 (1.20-2.84)
Involved 12/395 — 412 (2.18-7.77)
UNK 467/14449 1.84 (1.33-2.54)
L | 1 1 | |
0 0.5 1 1.5 2 25 3

Figure 5.4: Ipsilateral invasive breast cancer after screen-detected DCIS by patient, tumour
and treatment factors, in 26,683 women who were not recorded as receiving hormone
therapy. Each variable is adjusted by all other variables in the categories shown. Baseline is
the first row for each variable (a) — (h). Abbreviations: ClI = Confidence Interval, UNK =
Unknown, mm = millimeters, BCS = Breast Conserving Surgery, RT = Radiotherapy.
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In the unadjusted analysis, larger DCIS size resulted in a lower iIBC rate (p for heterogeneity:
0.005). Women with DCIS lesions measuring 21-50 mm and 50 mm+ had lower iIBC rates
than women with tumours <10 mm in size (RR 0.63 (95% CI 0.50 — 0.78) and RR 0.44 (95%

C10.28 — 0.70), respectively) (Figure 5.3). However, after adjusting for all the other factors,
the size of the effect was much diminished and no significant heterogeneity in the iIBC rate
with tumour size remained (p for heterogeneity: 0.17) (Figure 5.4). There was no significant
heterogeneity in the iIBC rate by age at DCIS diagnosis in either the unadjusted or the
adjusted analysis (p for heterogeneity: 0.14 and 0.10, respectively) although in the adjusted
analysis the rate of iIBC for women aged 60-64 years compared with women aged <55 years
was 0.78 (95% CI 0.62 — 0.99). However, it was consistent with random variation (p for
heterogeneity = 0.10). There was an increase in the rate of iIBC in women diagnosed with
DCIS in the right breast compared with the left breast (RR 1.18 (95% CI 1.00 — 1.39), p for
difference = 0.04), which persisted following adjustment (RR 1.19 (95% CI 1.01 — 1.40), p

for difference = 0.03).

There was no significant difference in iIBC rate between high and low/intermediate grade
tumours either before or after adjustment for the other variables (p for heterogeneity: 0.16
and 0.51, respectively).There was, however, a significant interaction between DCIS grade
and years of follow up after adjustments for the other variables (p for heterogenity: 0.02),
indicating that the difference between the iIBC rate in high and in low/intermediate grade
DCIS differed by time since DCIS diagnosis. After adjustment for surgery and radiotherapy,
there was a higher cumulative risk of iIBC with high grade DCIS in the first 5 years
following DCIS diagnosis compared with low/intermediate grade DCIS (Figure 5.4).
However in the intermediate period, during 5-10 years following DCIS diagnosis, the iIBC

rate in low/intermediate grade DCIS increased, so that by 10 years, the cumulative risk of

Chapter 5: Population-based Study of Long-term Outcomes in Women Diagnosed with DCIS 97



IBC in low/intermediate grade DCIS was 2%, matching that in the high grade DCIS. This
pattern persisted into the 10+ year period following DCIS diagnosis resulting in an overall
higher cumulative risk from low or intermediate grade DCIS (2.7%) at 14 years, compared

with high grade DCIS (2.4%) (Figure 5.5).

3 -
2.5 7
X
~ 2]
A2
o
2 1.5 -
E e===High Grade
)
e 11
8 | ow/Intermediate Grade
0.5 -
0 : 1 1 1 1 1 1

2 s s 8 10 12 1
Time since DCIS diagnosis (years)

Figure 5.5: Cumulative risk of ipsilateral invasive breast cancer (ilBC) in high and
low/intermediate grade DCIS. Adjusted for surgery and radiotherapy.
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5.3.4. Treatment related factors and IBC rate

There was strong evidence of heterogeneity in the iIBC rate according to the local treatment
the women received (p for heterogeneity <0.001 both before and after adjustment for the
other variables). Without adjustment, women treated with mastectomy had a lower rate of
iIBC that women treated with BCS with radiotherapy (RR 0.71 (95% CI1 0.52-0.96). Whilst
women who received BCS with no radiotherapy had a higher iIBC rate than women treated
with BCS with radiotherapy (RR 1.63, 95% CI 1.27-2.10) (Figure 5.3). Rate ratios after

adjustment for all other variables were identical considered (Figure 5.4).

As expected women who still had involved margins at the end of their surgery had higher
iIBC rates than women with clear margins (p for heterogeneity: < 0.001, both with and
without adjustment), however among women with clear margins, iIBC rate increased with
decreasing surgical margin distance (p for trend < 0.001 both before and after adjustment).
Women with clear surgical margins of 1-2 mm had an increased iIBC rate compared with
women with clear margins of 5+ mm both analyses before adjustment (RR 2.04, 95% CI 1.33
— 3.12) (Figure 5.3) and also with adjustment (RR 1.85, 95% CI 1.20 — 2.84) (Figure 5.4).
The evidence for a relationship between margin distance and iIBC was strongest in women
treated with BCS alone (p for heterogeneity: 0.003) (Appendix I). The trends were not
significant in women who received radiotherapy after BCS (p for heterogeneity: 0.30)
(Appendix J), or in women who received mastectomy (p for heterogeneity = 0.19)

(Appendix K).
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Due to its systemic, rather than local mechanism of action, analyses of hormone therapy after
screen-detected DCIS considered any (both ipsilateral and contralateral) IBC, instead of
solely 1IBC. Analyses of hormone therapy were conducted in all 10,891 women recorded as
having ER+ DCIS (Table 5.1) and compared women recorded as having received hormone

therapy with women with no such record of having received hormone therapy.

In the unadjusted analysis, ER+ women given hormone therapy had a somewhat lower rate of
any IBC compared with ER+ women who were not given hormone therapy (RR 0.84, 95% CI
0.69-1.02). The difference became statistically significant following adjustment for all other

factors (RR 0.76, 95% CI 0.63-0.93) (Figure 5.6).

Ratio of rates
Categor - o
gory Cases/Women (versus baseline) 95% CI

Unadjusted

Hormone vs ER status (x2=52; p=0.08)
ER+, no hormone 276/7199 | | 1.00 (1.00-1.00)
ER+, hormone 155/3463 — 0.84 (0.69-1.02)
ER- 148/2935 i 1.07 (0.88-1.31)
UNK 733/16549 0.96 (0.84-1.11)
Adjusted*

Hormone vs ER status (x§ =9.5; p=0.009)
ER+, no hormone 276/7199 1.00 (1.00-1.00)
ER+, hormone 155/3463 . 0.76 (0.63-0.93)
ER- 148/2935 1.04 (0.85-1.28)
UNK 733/16549 0.90 (0.78-1.04)

| | | 1 | |

0 0.5 1 1.5 2 2.5 3

Figure 5.6: Hormone therapy and any (i.e. ipsilateral or contralateral) invasive breast DCIS in
10,891 women recorded with ER+ DCIS. *Adjusted for all variables listed in methods,
section 2.3. Abbreviations: ClI = Confidence Interval, UNK = Unknown, Hormone =
Hormone therapy, ER = Oestrogen Receptor.
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5.4. Discussion

This is the first nationwide study to examine the long-term risk of IBC in individual women
diagnosed with screen-detected DCIS in England, and it has provided important insights into
its epidemiology. This study has shown that the cumulative risk of any IBC after screen-
detected DCIS is 9.4% at 15 years and that women diagnosed in more recent years (2010 —
2015) have lower rates of iIBC than those diagnosed a decade earlier. This study also
contributes to the discussion of optimal resection margin distance in DCIS and it provides
novel evidence that the pattern of risk for high and lower/intermediate grade DCIS changes
over time since DCIS diagnosis, with higher IBC rates in women with low/intermediate grade
DCIS than high grade DCIS more than 10 years after treatment. This work also provides
important evidence that the benefits of hormone therapy and radiotherapy identified from
randomised clinical trials are being carried over to women diagnosed with screen-detected
DCIS in the general population (160, 197, 239). These results, together with evidence from
randomised trials, can help clinicians to discuss the risks and benefits of different treatment

strategies with women diagnosed with screen-detected DCIS.

5.4.1. Calendar year

Women diagnosed with screen-detected DCIS between 2010 — 2016 had lower iIBC rates
than women diagnosed between 2000 — 2004 even after adjustment for all other factors
considered (RR 0.69 (95% CI 0.50 — 0.95)) (Figure 5.4). The reasons for this are likely to be
multifactorial. A number of national breast cancer initiatives were introduced shortly before
2010, such as the 2007 Cancer Reform Strategy and updated treatment recommendations
from professional bodies such as the National Institute for Clinical Excellence and the

Association of Breast Surgery, in order to spread best practice and to help minimise variation
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in treatment strategies (170, 241, 242). The improvement in iIBC rates amongst women
diagnosed with screen-detected DCIS in 2010 — 2016 may represent a beneficial consequence
of these initiatives. The consequent changes in clinical pathways and cancer infrastructure
from these initiatives may have influenced the rates of iIBC after DCIS in ways not

accounted for by the patient, tumour and treatment factors adjusted for in the present study.

5.4.2. Tumour related factors and iIBC rate

High grade DCIS has traditionally been considered a marker of poor prognosis when
compared with low or intermediate grade DCIS and this has led to it being incorporated into
several prognostic indices for DCIS. However, the evidence these prognostic indices are
derived from and validated against comprise small numbers of patients, who present both
symptomatically and via screening, and who often have less than 5 years of subsequent
follow up (151-153, 157). In this study, with larger size and longer follow-up duration, a
higher cumulative risk from low or intermediate grade DCIS (2.7% at 15 years) was evident
when compared with high grade DCIS (2.4% at 15 years) (Figure 5.5). This finding may
apply only to the screened population but nevertheless it raises important implications when
selecting women for less extensive treatment, or for non-operative management based on

DCIS grade.

Some studies have found no association between DCIS size and disease recurrence or
metastasis (243), whereas others show that it significantly influences outcomes following
DCIS (244, 245). Due to irregular ductal growth patterns, differences in tumour sample
processing between centres and tumour sampling limitations, accurate pathological
determination of lesion size can be challenging (246). These factors are difficult to take into

account when studying DCIS size, and in our analyses, we did not find a significant
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difference in tumour size and rate of iIBC after taking all other factors into account (Figure
5.4). Surprisingly, there was an increase in the rate of iIBC in women diagnosed with DCIS
in the right breast compared with the left breast (RR 1.18 (95% CI 1.00 — 1.39), p for
difference = 0.04), which persisted following adjustment (RR 1.19 (95% CI 1.01 — 1.40), p
for difference = 0.03). The reason for this finding is not clear and published literature

supporting, or disputing, a role of tumour laterality on outcomes after DCIS is lacking.

5.4.3. Margin distance

In clinical practice, an involved margin with zero millimetres thickness, often referred to in
pathology terms as ‘ink on tumour’, is a marker of inadequate local therapy and such cases
often warrant further surgery. When clear margins are present, the larger the radial margin,
the greater the likelihood of complete excision and the lower the likelihood of missing occult
foci of disease (247). However, the optimal margin distance is contentious, since insufficient
margins may result in treatment failure with high local DCIS recurrence or IBC occurrence
rates, but disproportionate margins cause overtreatment with potentially poorer cosmetic
outcome in the absence of any tangible oncologic benefit (248). Previously published studies
show no significant difference in the rate of iIBC with margins of 2 mm compared with 5
mm-+ margins (168). However, prognosis amongst women with clear margins, but with a

margin distance of less than 2 mm, remains less clear.

There have been conflicting views for many years on the optimal margin distance for women
with DCIS (168, 249), and this is evidenced both by the variation in clinical practice
internationally (250-252), and between professional organisations within the UK. The
Association of Breast Surgery is the professional body of breast surgeons in the UK and

although the organisation’s formal guidance defers the decision of optimal margin distance to
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local multidisciplinary team discussion, many members accept a 1 mm margin distance to be
adequate (241). The National Institute of Clinical Excellence (NICE) guidance, however
recommends a minimum 2 mm margin for women treated with BCS and advises a discussion
of the risks and benefits for re-excision should the margin distance be less than 2 mm (170).
The issue of optimal margin distance is further compounded by the technical difficulties
pathologists face in reliably ascertaining the anatomy of the breast ductal system on excised

specimens and from sampling error during specimen preparation (252).

The results of the present study contribute towards the discussion of optimal margin distance
by showing a significant trend of increasing iIBC rate with decreasing surgical margin
distance (p < 0.001) (Figure 5.3). After adjustment for other factors, women with screen-
detected DCIS with clear surgical margins of 1-2 mm had nearly twice the iIBC rate of
women with clear margins of 5+ mm (RR 1.85, 95% CI 1.20- 2.84). As with other recent
studies (253, 254), the present study found no significant difference in iIBC rate with 1-2 mm
margin distance when compared with 5+ mm margins in women who received radiotherapy
following their BCS (RR 3.19 95% CI 0.86-11.92, p for heterogeniety = 0.30) (Appendix J),
likely due to the beneficial effect of radiotherapy in treating any remaining occult tumour

burden from close margins.

5.4.4. Radiotherapy and DCIS

Women treated with mastectomy had an iIBC rate of around 30% lower than women treated
with BCS with radiotherapy, whereas women treated with BCS without radiotherapy had
around 60% higher iIBC rate than women treated with BCS with radiotherapy. Our findings
are comparable with the results from a recently published population-based cohort of 10,090

women with DCIS treated in the Netherlands (255). Together, these studies show that the

Chapter 5: Population-based Study of Long-term Outcomes in Women Diagnosed with DCIS 104



beneficial reduction in iIBC rate from radiotherapy seen in the highly selected participants
enrolled into randomised trials are carried over to women diagnosed with screen-detected

DCIS in the general population (25, 57, 59, 160, 190).

In clinical practice, women receiving BCS with no radiotherapy often have characteristics
that have traditionally been considered as favourable, such as smaller lesions, lower grade of
disease and larger margin distances, when compared with women treated with BCS with
radiotherapy (161, 256). In addition, there remains wide geographical variation in the use of
adjuvant RT by individual breast units across the UK (161). It is possible that this variation
may, in the past, have been due to regional limitations in radiotherapy capacity, resulting in
clinicians prioritising patients with IBC or high risk DCIS over those with low or
intermediate risk DCIS, based upon on these supposedly favourable characteristics (161,
257). However, the variation in radiotherapy use after BCS for DCIS may also arise from
differing views amongst clinicians regarding the absolute risks and benefits of radiotherapy in
the setting of low or intermediate risk DCIS (161), particularly as professional bodies do not

provide definitive recommendations on this issue (170).

5.4.5. Hormone therapy and DCIS

A meta-analysis of 3375 women from two randomised trials of tamoxifen versus placebo in
women following surgical resection of DCIS showed no benefit in all-cause mortality from
tamoxifen (RR 1.11, 95% CI 0.89-1.39) (189, 197, 198). However, there was a reduction in
the risk of ipsilateral DCIS recurrence (hazard ratio [HR] 0.75, 95% CI 0.61 - 0.92), and a
trend towards a lower risk of iIBC, but that did not reach statistical significance (HR 0.79,
95% CI 0.61 - 1.01). this meta-analysis did show that Tamoxifen reduced the risk of

contralateral DCIS (relative risk [RR] 0.50, 95% CI 0.28 - 0.87) and contralateral IBC (RR
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0.57, 95% CI 0.39 - 0.83). Only one of the two trials reported on adverse events and there
was a non-significant trend towards more endometrial cancer in the tamoxifen group but no
overall difference in adverse events when compared with placebo (258). These data were not
available at the time NICE guidance advised against the routine use of hormone therapy in
DCIS. Whilst the findings from the present study support the benefit of hormone therapy in
reducing the rate of any IBC after screen-detected DCIS (RR 0.75, 95% CI 0.60-0.92)
(Figure 5.6), information regarding the type of hormone therapy women received or any
information on side-effects or adverse events that women may have suffered whilst taking
hormone therapy, was not available. Consequently, it was not possible to weigh the benefits

with the risks from taking hormone therapy in the present study.

5.4.6. Limitations

The NHSBSP audit and the CAS are invaluable sources of population-level information on
outcomes in women diagnosed with DCIS in the UK, as well as in helping to inform how
patterns of care have changed over time. However, care must be taken when inferring the
effects of cancer treatments based solely on non-randomised data, even when efforts had been
made to remove confounding as selection bias may remain. Therefore non-randomized
comparisons can provide inaccurate estimates of treatment effects and careful justification is
required every time they are used for this purpose (259). In the case of this study, DCIS is a
common disease but with many areas of uncertainty regarding its epidemiology and optimal
treatment that have not fully been addressed by randomised trials. It is in this context that
population-based, non-randomised datasets can not only be hypothesis-generating, but can
also provide an invaluable contribution to clinical decision-making, both for issues such as
optimal margin distance, which are not amenable to study by means of a randomised trial,

and for issues that have not yet been studied by appropriate randomised trials.
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5.4.7. Conclusion

This study is the largest of its kind in the UK and for the first time has described the
prognosis of women diagnosed with screen-detected DCIS and treated under different
management strategies. The risk of IBC following a diagnosis of DCIS varies with patient,
tumour and treatment factors. The findings from this study will help in the discussion
between clinicians and patients regarding the optimal management of screen-detected DCIS
by quantifying outcomes after different margin distances and after different adjuvant

treatments such as radiotherapy or hormone therapy.
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6.1. Introduction

Invasive breast cancer (IBC) incidence rates have been increasing since the mid-1970s and it
now accounts for almost 1 in 3 of all newly diagnosed cancers in women (260, 261).
Although high quality population-based information is available on breast cancer incidence
and on survival after a diagnosis of breast cancer in the UK, much less information is
available on breast cancer recurrence. Reliable information on breast cancer recurrence would
be helpful for many purposes, including healthcare policy-making (e.g. by guiding decisions
on optimal follow-up strategies for women treated with breast cancer), guiding clinical
management (e.g. by inputting into clinical decision aids), facilitating follow-up in

randomised trials and for descriptive and analytical epidemiology.

The reason for the paucity of information on breast cancer recurrence is that it has not
traditionally been part of the standard National Health Service (NHS) information flow. To
rectify this, Public Health England (PHE) mandated that from the 1% January 2013, all
women newly diagnosed with breast cancer and who subsequently suffer a recurrence of their
cancer, should be ‘flagged’ in the new Cancer Outcomes and Services Dataset (COSD) (262).
Data entry for the recurrence flag is, however, labour intensive and there is wide geographical
variation in its data completeness. Furthermore, on the 1% January 2013 there were
approximately half a million women previously diagnosed with breast cancer alive in the UK
for whom recurrence reporting was not included within the new COSD mandate. Little is
known about how many of these women had a recurrence before COSD was introduced, and
at present there is no mechanism in place to record any recurrences that they have developed
since then, or may develop in the future. If an automated system using the wealth of data

routinely collected by PHE for other purposes could be used to identify breast cancer
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recurrences reliably and accurately, then it could be used for all of the purposes listed above

and without the drawbacks associated with manual data collection.

The aims of this study were threefold: firstly, to collate all routinely collected information
potentially relevant to breast cancer recurrence stored in datasets available within PHE;
secondly, to use this information to develop an algorithm to identify which women have had
a recurrence of their breast cancer and, for those who did, the date of the recurrence; and

thirdly, to examine the accuracy of this algorithm in terms of its sensitivity and specificity.
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6.2. Methods

This study involved five stages: (i) identifying and collating all sources of data relevant to
breast cancer recurrence and held within PHE; (ii) developing an algorithm to identify
recurrence using these data; (iii) identifying a population in which to test the proposed
algorithm; (iv) applying the algorithm to the test population and (v) examining the

performance of the algorithm. These stages are described below:

6.2.1. Collating all relevant routinely collected datasets

Data items that were considered potentially informative as to whether a woman has had a
recurrence of her breast cancer were selected from the routinely collected data sources that
are currently held within PHE. These sources included the Cancer Analysis System (CAS),
Hospital Episode Statistics on inpatients (HES) (from approximately 1997), the Radiotherapy
Treatment Dataset (RTDS) (from approximately 2009), the Digital Imaging Dataset (DID)
(from approximately 2014) and the Cancer Waiting Times data (CWT) (from approximately

2009).

6.2.2. Development of the algorithm

Descriptions of all possible eventualities following a diagnosis of IBC were created. These
descriptions were then used to create a list of different outcome categories into which the
women could be classified based on the routinely collected data items. Examples included
locoregional recurrence, distant recurrence, contralateral breast cancer, death from breast
cancer, as well as death from an unrelated cause and diagnosis of another primary cancer of a

different site. Using this list of possible outcomes, combined with clinically relevant data
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items, it was possible to undertake a process of clinical pathway visualisation (263), in order
to develop coding rules to classify women into their respective outcome categories. The data
items used in these coding rules included information on treatment events, such as type of
surgery and adjuvant therapy, the dates and durations of these treatments, and the

pathological and radiological factors underlying these treatment decisions (Appendix L).

6.2.3. Identifying a population in which to test the algorithm

The former West Midlands Cancer Intelligence Unit (WMCIU) was the lead cancer registry
for breast cancer in England for many years. In this capacity, it had traditionally collected
detailed recurrence information through a meticulous process of contacting individual
hospitals for women living within its catchment area and diagnosed with IBC. This

information was recorded in a system referred to as ‘GRACE’.

The GRACE recurrence dataset is unique in the country in that it provides detailed recurrence
information for women diagnosed with IBC in the West Midlands region and has reliable
data quality from 1997 until 2011, at which time it was superseded by CAS and no longer
collected detailed recurrence information. It is also readily accessible as a testing dataset for
the algorithm and has the ability to provide a substantial yet manageable cohort to help
identify and mitigate any problems arising prior to expanding work to a nationwide level. For
these reasons the population of the West Midlands was selected for the testing stage of this

project.

6.2.4. Inclusion criteria

All women registered with IBC: (ICD-10 code C50 (207) during the period 1% January 1997

— 31% December 2011 and living in the West Midlands area at the time of their cancer
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registration were included, unless one of the exclusion criteria described below applied.

Patients were given anonymised identifiers prior to their inclusion in the study.

6.2.5. Exclusion criteria

The following exclusion criteria were applied: male breast cancer cases; anyone not living in
the West Midlands area at the time of their first registration of IBC; anyone with a diagnosis
of IBC prior to 1% January 1997 (even if they had another IBC registered after 1% January
1997); and anyone who had another invasive cancer of a site other than IBC prior to their
initial diagnosis of IBC, with the exception of non-melanoma skin cancer (ICD-10 code:
C44), which was ignored. Previously diagnosed cancers that were not invasive, including in
situ breast cancers, benign breast tumours, and breast tumours of uncertain or unknown
behaviour (ICD-10: D05, D25, D48.6) were not grounds for exclusion. However, women
who, at the time of their initial diagnosis of breast cancer, or within three months of it, were
diagnosed with an invasive cancer in the other breast (i.e. had bilateral IBC) were excluded,
as were women who were registered with a primary invasive cancer of another site at the
same time as their initial diagnosis of IBC, or within three months of it, (with the exception

of non-melanoma skin cancer, as specified above).

6.2.6. Application of the algorithm to the test population

The algorithm was then applied to the test population using only routinely collected data.
Treatment events recorded in multiple datasets were combined. During this process a number
of ‘working rules’ were developed in which events of the same type and occurring within 7
days of each other from different datasets were counted only once and allocated an event

source by taking datasets in descending order of national accessibility and expected
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completeness: i.e. CAS, HES, CWT, RTDS. Tables were created within CAS to hold
patient/tumour data for the cohort, event or treatment related data, and recurrence or outcome

related data.

Care was taken to ensure that the routinely collected data did not contain any data items that
may have been transferred from GRACE into the CAS, as this would have caused the
performance of the algorithm to be over-estimated. For each woman included in the test
population, the period of time considered began from the date of initial diagnosis of breast
cancer until the earliest of: date of death, date of emigration, date of a classification event of
interest or the latest date for which both routinely collected data and the GRACE data from

the West Midlands were thought to be complete, i.e. 31% December 2011.

6.2.7. Testing the algorithm using the GRACE data

Data items that had been especially collected in the West Midlands and stored in the GRACE
system were also collated. These data provide information on the stage of the cancer at initial
diagnosis, recurrences, contralateral breast cancers and deaths, together with the dates of
these events, to act as a testing dataset for the algorithm. Using the GRACE dataset, women
were classified according to the same list of recurrence categories as before, allowing the
numbers of recurrences recorded in the GRACE data to be cross-tabulated with the numbers
of recurrences identified from the algorithm using routinely collected data. The cumulative
risk of any recurrence recorded in the GRACE data (defined as any of: locoregional
recurrence, distant recurrence, recurrence with type unknown, contralateral breast cancer or
death from breast cancer with no record of a previous recurrence) were plotted alongside the
cumulative risk of any recurrence identified by the algorithm using the routinely collected

data. A further comparison was undertaken by comparing the rate of developing the different
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types of recurrences recorded in the GRACE data with that identified by the algorithm using

the routinely collected data.

6.2.8. Unexpected challenges in conducting the study

This study has involved overcoming four key challenges prior to its completion. Firstly, it
was discovered that, unknown to PHE, information on causes of death were missing in the
PHE data for large numbers of cancer patients, including over 1500 women in the present
study’s cohort. Rectifying this deficiency involved elucidating and overcoming previously
unidentified barriers to information flow within PHE and between the Office for National

Statistics (ONS) and the CAS.

Secondly, early descriptive analyses revealed that almost one in five (17.8%) women within
our cohort were recorded as having stage IV disease at presentation, or distant metastasis
within 3 months of diagnosis. This was not realistic based on the published literature or
reconcilable with clinical experience. A closer examination of this variable revealed that most
women recorded as having stage IV disease had in fact unknown stage (referred to as ‘stage
VI’ within PHE) and had been mistakenly classified as Stage IV. Once this was corrected,
consideration was given to the remaining women with unknown stage recorded in CAS. By
developing simple rules based on data items recorded within HES data, it was possible to
infer the cancer stage at diagnosis for a substantial number of these women, leaving only
2.8% recorded as having stage IV disease at presentation, or distant metastasis within 3

months of diagnosis.

Thirdly, during the process of algorithm development, a number of important errors in the

recording of cancer related data items within the cancer registries were identified and
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required correction before this study could continue. An example was the variable ‘curative
surgery’ within CAS, which was intended to describe the breast cancer related surgical
procedure each woman had received. Since this variable had historically been completed
within PHE in the absence of clinical expertise, this variable included non-breast cancer
procedures such as ‘total cholecystectomy’, ‘ileectomy and anastomosis of Ileum to Ileum’
and ‘unspecified operations on aberrant adrenal tissue’. A process of manual reclassification

of this variable was required before progress on the algorithm could be made.

Fourthly, the study involved establishing a consensus definition of breast cancer recurrence
with the support of the National Cancer Registration and Analysis Service (NCRAS) Breast
Cancer Site Specific Cancer Reference Group (SSCRG). In this study, a broad and pragmatic
definition of recurrence, appropriate for epidemiological purposes, was used (11, 12). This
definition described breast cancer recurrence as any subsequent IBC diagnosis, following 3
months from the date of registration of the incident breast cancer, recorded in the ipsilateral
or contralateral breast or axilla, as a distant metastasis, as a record of breast cancer recurrence

with unknown location, or as death with breast cancer recorded as the underlying cause.

Only after the resolution of these four challenges was it possible to successfully develop, test

and refine an algorithm to reliably identify breast cancer recurrences.
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6.3. Results

A total of 52,446 women living in the West Midlands, and registered with IBC during 1997-
2011, were included in the population studied. Of these, 4164 women had either breast cancer
related events, death or another cancer recorded within 3 months of their incident IBC
diagnosis, and therefore were not considered further, leaving a total of 48,282 women for

study.

6.3.1. Recurrence results from the algorithm executed using
routinely collected data

Of the 48,282 women, 5428 (11.2%) had an event not related to breast cancer prior to any
further recorded breast cancer event. These included a new primary cancer (1563 women,
3.2%), death from a cause other than breast cancer (3745 women, 7.8%), death with no cause
recorded in the cancer registry (44 women, 0.1%) or embarkation (76 women, 0.2%) (Table

6.1).
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Table 6.1: Number of women classified according to first recorded outcome event using
information from the routinely collected data only, without the addition of the GRACE
dataset. Women with an outcome event <3 months from date of diagnosis are excluded.

Routinely collected data
(excluding data items from

First recorded outcome event GRACE)
Number of o
Yo
women
New primary non-breast cancer 1563 3.2%
Not related hf her th 0
0 breast Deat rom cause other than cancer _ 3745 7.8%
cancer Death with no cause recorded in the registry 44 0.1%
Embarkation 76 0.2%
Subtotal 5428 11.2%
Recurrence in ipsilateral breast 3570 7.4%

Recurrence in ipsilateral regional lymph nodes 995 2.1%

Locoregional : . .
g Recurrence in regional lymph nodes with no

recurrence . 469 1.0%
laterality recorded
Subtotal 5034 10.4%
Confirmed fﬂstant metastases to liver, lung, 9588 5 4%
bone or brain
Distant | (I)r;fte):giag distant metastasis to liver, lung, bone 2062 4.3%
metastasis Distant metastasis - other locations 378 0.8%
Record of palliative care 14 0.0%
Subtotal 5042 10.4%
Recurrence, type unknown 3436 7.1%
Contralateral breast cancer 541 1.1%
Death from breast cancer with no record of previous recurrence 1793 3.7%
No events recorded by end of follow-up 27,008 55.9%
All women 48,282 100.0%

A further 5034 women (10.4%) had a locoregional recurrence. Of these, 3570 women (7.4%)
had a recurrence in the ipsilateral breast and 995 women (2.1%) had a recurrence in the
ipsilateral regional lymph nodes. A further 469 women (1.0%) also had a recurrence in the
regional lymph nodes but no laterality was recorded, and thus were assumed to be ipsilateral

recurrences.

A total of 5042 women (10.4%) had a distant metastasis. 2588 women (5.4%) had a

confirmed metastasis to one of the four common sites of breast cancer metastases (liver, lung,
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bone or brain). An additional 2062 women (4.3%) had a suspected distant metastasis to one
of these four sites but histological tissue confirmation was not recorded. 378 women (0.8%)
had a distant metastasis recorded in an anatomical location other than the four common sites
listed above. A further 14 women (<0.1%) had a record of palliative care, and these were
assumed to have had a distant metastasis although no confirmed site of metastasis was
available. 3436 women (7.1%) had data items suggesting a recurrence, however the type
could not be identified. A further 541 women (1.1%) had a contralateral breast cancer. 1794
women (3.7%) died with breast cancer as the underlying cause of death recorded on their
death certificate, but with no record of a previous recurrence. In total, 27,008 women (55.9%)

remained under follow-up with no recurrence-related events at the end of the study period.

6.3.2. Evaluation of algorithm using the GRACE data

There was complete agreement between the routinely collected data and the GRACE data as
to which women were removed from follow up due to the diagnosis of a new primary cancer
other than breast cancer, death from other causes (or with no cause recorded) or embarkation
as the two datasets were based on the same sources of information for these outcomes (Table
6.2). 97.6% (15,846 out of 16,237) women recorded as having any type of recurrence (either
locoregional, distant metastasis, recurrence with type unknown, contralateral breast cancer or
death from breast cancer) in the GRACE data were identified as such from the routinely
collected data. Of the 391 women with a recurrence recorded in the GRACE data that was not
identified by the algorithm using the routinely collected data, 320 women were classified by
the algorithm as having no recurrence, 55 women as having died from a cause other than
breast cancer, 14 women as having new primary (non-breast) cancer diagnosis, 1 woman as

having died with no cause recorded in the cancer registry, and 1 woman as having embarked.
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Table 6.2: Cross Tabulation of the numbers of women with non-breast cancer related first events, any recurrences and no recorded recurrences
recorded in the GRACE data (rows), with the same categories identified by the algorithm using routinely collected data (columns).

Without GRACE
Death with
New primary  Death from no cause
non-breast cause other recorded in Any No
cancer than cancer  the registry = Embarkation recurrence  recurrence Total
New primary non-
breast cancer (133%% %) 1549
il — — — — — (3.2%)
Death from cause
other than cancer (18’8%% %) 3690
— i — — — — (7.6%)
E)J Death with no cause 43
< recorded in the (100.0%) 43
% registry — — s — — — (0.1%)
= ; 75
= Embarkation 75
2 o o o (100.0%) _ o (0.2%)
Any recurrence 14 > L L 15,846 320 16,237
1% 3% 0% 0% 9 2.0% '
(0.1%) (0.3%) (0.0%) (0.0%) (97.6%) (2.0%) (33.6%)
26,688 26,688
No recurrence — — — — — (100.0%) (55.3%)
1563 3745 44 76 15846 27,008 48,282
Total (3.2%) (7.8%) (0.1%) (0.2%) (32.8%) (55.9%)  (100.0%)
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Further detail as to the level of agreement between the GRACE data and the algorithm using
routinely collected data by the type of recurrence identified is given in Table 6.3.
Contralateral breast cancer and distant recurrence had excellent agreement whereby 527/528
(99.8%) and 4784/4882 (98.0%) of events recorded in the GRACE data were correctly
identified by the algorithm using the routinely collected data respectively. 1 woman classified
as having contralateral breast cancer in GRACE was classified as having had a locoregional
recurrence by the routinely collected data. This was likely due to a discrepancy in data
recorded for the laterality variable. 98 women had a distant recurrence classification in
GRACE that was not detected as such by the routinely collected data. Of these, 14 were
classified by the algorithm using the routinely collected data as having had a recurrence of
unknown type, 1 was classified as having a locoregional recurrence, 51 were classified by the
algorithm as having died from breast cancer prior to a diagnosis of recurrence and 8 were
identified with a new (non-breast primary cancer) or non-breast cancer death as their first
event and for the remaining 24 women, no events were identified by the algorithm using

routinely collected data before the end of follow up.

2717/2966 (91.6%) women had a recurrence recorded in the GRACE data, but with type
unknown, and were identified as such by the algorithm using the routinely collected data. 250
women had a recurrence of unknown type recorded in the GRACE data that was not detected
as such by the routinely collected data. Of these, 56 women were classified by the algorithm
using the routinely collected data as having locoregional recurrence, 38 as having distant
metastasis, 3 as having contralateral breast cancer, 17 were classified by the algorithm as
having died from breast cancer prior to a diagnosis of recurrence, 11 were identified with a
new (non-breast primary cancer) or non-breast cancer death as their first event and for the
125 women, no events were identified by the algorithm using routinely collected data before

the end of follow up.
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For locoregional recurrence the agreement between the two datasets was poorer with only
4976/6222 women (80%) recorded as having a locoregional recurrence in the GRACE data
identified as such from the routinely collected data. 1246 women had a locoregional
recurrence recorded in the GRACE data that was not detected as such by the routinely
collected data. Of these, 706 women were classified by the algorithm using the routinely
collected data as having ‘recurrence of unknown location’, 220 were identified as distant
metastasis, 11 as contralateral breast cancer, 86 were classified by the algorithm as having
died from breast cancer prior to a diagnosis of recurrence, 52 were identified with a new
(non-breast primary cancer) or non-breast cancer death as their first event and for the
remaining 171 women, no events were identified by the algorithm using routinely collected

data before the end of follow up.
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Table 6.3: Cross Tabulation of the numbers of women with different types of recurrences, who were removed from follow-up or who did not have a
recurrence, recorded in the GRACE data (rows), with the same categories identified by the algorithm using routinely collected data (columns).

Without GRACE
Locoregional Distant Recurrence, Contralateral Death from Removed from Under follow up
recurrence metastasis  type unknown  breast cancer  breast cancer follow up with no recurrence Total patients
Locoregional 4976 220 706 11 86 52 171 6222
recurrence (80.0%) (3.5%) (11.3%) (0.2%) (1.4%) (0.8%) (2.7%) (12.9%)
1 4784 14 51 8 24 4882
Distant metastasis (0.0%) (98.0%) (0.3%) — (1.0%) (0.2%) (0.5%) (10.1%)
w Recurrence, type 56 38 2716 3 17 11 125 2966
2 unknown (1.9%) (1.3%) (91.6%) (0.1%) (0.6%) (0.4%) (4.2%) (6.1%)
& Contralateral breast 1 527 528
S cancer (0.2%) — — (99.8%) — — — (1.1%)
2 Death from breast 1639 1639
cancer — — — — (100.0%) — — (3.4%)
Removed from 5357 5357
follow up — — — — — (100.0%) — (11.1%)
Under follow up 26,688 26,688
with no recurrence — — — — — — (100.0%) (55.3%)
5034 5042 3436 541 1793 5428 27,008 48,282
TOTAL (10.4%) (10.4%) (7.1%) (1.1%) (3.7%) (11.2%) (55.9%) (100.0%)
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Cumulative risk of any recurrence(%)

6.3.3. Evaluation of recurrence dates identified by the algorithm

using the GRACE data

The cumulative risk of any recurrence, both recorded in GRACE data and identified by the
algorithm using the routinely collected data, increases rapidly within the first 5 years
following diagnosis and rises to 7% and 6.8% respectively, at 15 years (Figure 6.1). In the
intermediate term, between 5 and 15 years following diagnosis, the difference in cumulative
risk between the GRACE data and algorithm using the routinely collected data remains

similar, differing by only 0.2% at 15 years.

Routinely collected data
— GRACE data

0 5 10
Years since registration
Figure 6.1: Comparison of cumulative risk of any recurrence by time since cancer

registration identified by the algorithm using the routinely collected data (red) and the
GRACE data (green).
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Recurrence hazard rate

Agreement as to the rate of any recurrence between the algorithm using routinely collected
data and the GRACE data was generally good during each year following registration of
breast cancer (Figure 6.2). However, the routinely collected data missed more recurrences in
the earlier period following cancer registration (<2 years) than in the later period. Exploratory
analyses of this finding revealed that this discrepancy is due to the difficulty in separating
recurrence related treatment events from primary tumour related treatments using routinely
collected data sources, particularly since this earlier period is when much of the primary
cancer related treatment is undertaken. From year 5 onwards, however, the annual recurrence

hazard rates from both data sources were almost identical.

0.15-

Routinely collected data
— GRACE data

0.10-

0.05-

Years since registration

Figure 6.2: Comparison of recurrence hazard rate by time since cancer registration identified
by the algorithm using the routinely collected data (red) and the GRACE data (green).
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Further detail as to the level of agreement in the recurrence rate between the GRACE data
and the algorithm using routinely collected data, by the type of recurrence identified, is given
in Figure 6.3. There was good agreement in the rate of locoregional recurrence, distant
metastasis, contralateral breast cancer and recurrence of unknown type between the GRACE
data and the routinely collected data. The rate of locoregional recurrence in the GRACE data
was slightly higher than in the routinely collected data between years 2 and 6 following
diagnosis, whereas the rate of recurrence of unknown type in the GRACE data was lower
than in the routinely collected data during the same period. This was due to the 706 women
with locoregional recurrence recorded in the GRACE data that were identified as having

recurrence of unknown type in the routinely collected data (Table 6.3)

Locoregional Distant metastasis Contralateral Recurrence, type unknown Breast cancer death

— Routinely collected data
----GRACE data

type
Breast cancer death

= Contralateral
Distant metastasis
Locoregional

— Recurrence, type unknown

& 6 ¢ 12 150 3 6 & 12 150 3 6 6 12 150 & 6 9 12 150 & 6& 9
Years since registration

Figure 6.3: Comparison of the recurrence rate of different types of recurrence, by time since
cancer registration between routinely collected data and the GRACE data
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6.4. Discussion

This study represents the most comprehensive approach to the use of routinely collected data
to identify recurrences of breast cancer at the population level in the UK. In the test
population, 97.6% of all women with a breast cancer recurrence recorded in the GRACE data
were identified as such from the routinely collected data. In addition, the recurrence rate by
time since diagnosis in the GRACE data was similar to that identified using the routinely
collected data. This study has, therefore, demonstrated the feasibility of using this approach
and its potential in providing breast cancer recurrence information on a nationwide level both

for women diagnosed with breast cancer in the past and for women diagnosed in the future.

6.4.1. The growing need for information on recurrence

Four important factors have influenced the landscape of clinical research, particularly
randomised trials, in breast cancer in the UK. Firstly, as a beneficial consequence of advances
in cancer treatments overall, women entering modern clinical trials are surviving for longer
than in earlier trials, which in turn means follow-up is needed for a longer period of time than
ever before. Secondly, some important side-effects of breast cancer treatments only become
clinically important after more than a decade following cancer diagnosis, so that in modern
clinical trials, follow-up needs to be continued over a longer period of time than previously
(264). Whereas these first two points have encouraged the need for longer follow-up to
examine the benefits and risks of treatments, a third important consideration is that progress
in breast cancer has been made due to studies evaluating incremental modifications in
treatment strategies and this continues to be likely for the foreseeable future. As a result,
large trials are needed to provide sufficient power to detect small differences between

treatments being compared, meaning more women require follow-up. Fourthly, changes in
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data protection, confidentiality legislature and information governance regulations have
meant conducting clinical trial follow-up is more resource intensive than in the past. As a
result of these four points, trialists and research funding organisations now face the challenge
of planning detailed, reliable follow-up of women randomised into modern trials whilst
minimising the expense in time, manpower and bureaucracy resulting from the factors above
(265). The use of routinely collected data for the purpose of clinical trial follow-up offers a
viable solution to these problems by allowing clinical trials to be conducted more efficiently

and cost-effectively than ever before.

6.4.2. Relation between local recurrence and subsequent breast
cancer death

Epidemiological research into outcomes after a diagnosis of breast cancer in the UK has
traditionally focused on evaluating factors affecting overall survival or breast cancer specific
mortality. The absence of reliable recurrence information has been the major reason why
recurrence has been used less frequently than these other outcome measures, but another
reason has been uncertainty regarding the importance of recurrence in terms of health
economic and clinical considerations. Recent research has affirmed the influence of local
recurrence on subsequent breast cancer death (266), as well as the substantial health

economic cost attributable to both local and distant recurrences (267).

Evidence suggests that a shorter disease-free interval between the date of primary diagnosis
and date of local recurrence and contralateral breast cancer are determinants of poor
prognosis (268-270). The presence of locoregional recurrence may also act as a marker of
occult metastatic disease, tumour aggressiveness, large tumour burden, or depleted host

defences (271, 272). Although the underlying mechanisms are unclear, the presence of

Chapter 6: Using Routine Data Sources to Identify Recurrence in Women Registered with IBC in England 131



locoregional recurrence has equally important repercussions for post-treatment surveillance

and follow-up strategies (271).

6.4.3. Validity of the algorithm

Whilst able to detect 97.6% of all recurrences, 2.4% of recurrences recorded in the GRACE
data were not detected by the algorithm when using data items from routinely collected data
sources. This raises a number of important points: Firstly, it raises the question of to what
extent the GRACE data is an appropriate validation cohort. Whereas there is no doubt that the
GRACE data represents the most complete source of breast cancer recurrence information
within PHE, without comparison with an independently collected recurrence dataset, it is
impossible to confirm its reliability. This could mean that the algorithm may perform better

than has been reported here.

The method of validation used in this study may represent another reason for underestimation
of the algorithm’s performance as when the algorithm was used on the routinely collected
data, care was taken to ensure that these data did not contain any data items that may have
originated from GRACE. This stringent criterion would not be applied when examining the
performance of the algorithm on a population level, where the algorithm may again, perform
better than has been reported here. To investigate these issues further, the next step in this
research is to repeat the evaluation exercise using data from a UK based randomised
controlled trial, the AZURE trial, as the testing dataset (273). Ethical approvals are in place

for this additional validation and this research is currently underway.

An additional issue is that this work raises the question of what degree of accuracy is
acceptable for epidemiological use and for follow-up in randomised trials. The algorithm

developed during this study is not aimed for clinical purposes, where reliable individual
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patient level outcomes are critical, but instead for use in clinical research and epidemiological
analyses at a population level, where findings of differences in outcomes by patient, tumour
or treatment factors can accept a wider degree of inaccuracy, particularly in the early period
i.e. <3 years from date of diagnosis, provided that missed recurrences are not closely
associated with particular treatment modalities. In any case, there is promising potential for
improving the accuracy of the algorithm even further, such as by the addition of more data
items from newer datasets, such as DID and the Systemic Anti-Cancer Therapy (SACT)

dataset.

6.4.4. Conclusion

In the test population, there was good agreement between recurrences indicated by our
algorithm using routinely collected data and those recorded by the former WMCIU in the
GRACE dataset. This finding supports the potential value of compiling recurrence
information on a nationwide basis from routinely collected data, for use in future descriptive
and epidemiological studies and in randomised trials. Additional work is needed to confirm
the accuracy of information on recurrences identified from routinely collected data, and, if

possible, to improve it further before considering its use on a nationwide basis.
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7.1. Discussion

Whilst almost 7,000 people are diagnosed with DCIS in the United Kingdom each year,
many aspects of its natural history and optimal management remain unclear. The general aim
of this thesis was to study the epidemiology of DCIS, including both the risk factors for the
disease and the outcomes following its diagnosis. This has been achieved in four ways: first
by quantifying the similarities and differences in the modifiable and non-modifiable risk
factors for developing DCIS with those for developing IBC; second by evaluating
pathological and radiological factors influencing the accuracy of DCIS diagnosis on pre-
operative biopsy; third by evaluating the patient, tumour and treatment factors contributing to
the rate of IBC following treatment for DCIS; and finally by developing a mechanism to
permit the identification of breast cancer recurrences for use in future randomised trials,

epidemiological studies and other purposes.

Chapters 1 and 2 have summarised the relevant literature on the pathophysiology and
epidemiology of DCIS and have highlighted that, despite its increasing incidence, there
remain a number of fundamental and clinically important uncertainties relating to its
aetiology, diagnosis and treatment. Research into each of these areas has the potential to

benefit large numbers of women each year.

Chapter 3 presented one of the most detailed comparisons of risk factors for DCIS and IBC
to date, and contributes to the previously scant literature on this issue. This study confirmed
similarities in the risk factors for both conditions, but revealed differences in the magnitude
of their effect. Postmenopausal BMI was associated with an increased rate of developing
both DCIS and IBC, and the number of live births was associated with a decreased rate of

developing both conditions. However, the magnitude of the effect of these two factors
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differed between DCIS and IBC. The effect of postmenopausal BMI >35 kg/m? on the rate of
developing DCIS when compared with BMI <25 kg/m?, was more than double its effect on
developing IBC (RR 2.35, 95% CI 1.14-4.82). In addition, increasing number of live births
had a larger protective effect for DCIS than for IBC (p for trend = 0.03). These findings
provide insights into the contribution of BMI and endocrine factors associated with parity at

different stages in the process of carcinogenesis.

Over the years there has been a general trend towards less invasive surgical treatment of
breast cancer. Contemporary studies evaluating the management of low-risk DCIS have
pioneered the concept of non-operative treatment for the condition. The coming decade will
herald the publication of findings from two such randomised trials comparing non-operative
treatment with surgery in DCIS and by doing so, will determine whether a further paradigm
shift in its treatment would be appropriate (20, 21). However, these trials rely upon an
accurate biopsy determination of invasive status and DCIS grade. In light of this, Chapter 4
evaluated 589 women diagnosed with DCIS on preoperative biopsy and is amongst the
largest studies examining factors associated with an upstaged diagnosis of IBC following
surgery and also with an upgraded diagnosis to a higher grade of DCIS. This study
demonstrated that both lesion size and the presence of clinical symptoms at the time of
biopsy were significantly associated with upstaging of biopsy diagnoses of DCIS to IBC
following surgery, and that lesion size, the method of biopsy (14G core biopsy) and the
presence of necrosis on biopsy were all significantly associated with upgrading of biopsy
diagnoses to a higher grade of DCIS following surgery. By doing so, these findings provide
important considerations for the selection of women with a biopsy diagnosis of DCIS for

non-operative management.
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Whereas the clinical trials of non-operative treatment for DCIS will provide invaluable
information on the natural history of DCIS in the absence of surgery, there still remain
uncertainties on the long-term prognosis of women with DCIS who are treated with surgery.
To date there has been no nationwide study of long-term outcomes in individual women
diagnosed with screen-detected DCIS in the UK, nor of how these outcomes have changed
over time or vary with differences in the characteristics of the patient, the tumour, or the
treatment received. To this end, Chapter 5 presented the largest study of its kind in the UK
and has described the long-term prognosis of women diagnosed with screen-detected DCIS
and treated under different management strategies. This study has shown that the cumulative
risk of any IBC after screen-detected DCIS is 9.4% at 15 years and that women diagnosed in
more recent years (2010 - 2015) have lower rates of ipsilateral IBC than those diagnosed

even a decade earlier.

The results presented in Chapter 5 contribute towards the discussion on optimal margin
distance in DCIS by showing that women with clear surgical margins of 1-2 mm had a
significantly higher ipsilateral IBC rate than women with clear margins of 5+ mm (RR 1.85,
95% CI 1.20- 2.84). Furthermore, they provided novel evidence that the pattern of risk for
high grade DCIS, and for low or intermediate grade DCIS, changes over the period of
follow-up. Furthermore, this work provides evidence that the benefits of hormone therapy
and radiotherapy identified from randomised clinical trials are being carried over to women
diagnosed with screen-detected DCIS in the general population. These results, together with
evidence from randomised trials, can help clinicians to discuss the risks and benefits of

different treatment strategies with women diagnosed with screen-detected DCIS.
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Whilst Chapters 3, 4 and 5 have described risk factors for developing DCIS, accuracy of its
initial diagnosis, and factors associated with the occurrence of IBC following treatment for
DCIS respectively, recurrence of DCIS has not been discussed. The reason for this is that
much less information is available on DCIS recurrence, or on recurrence more generally
even after IBC. Reliable information on breast cancer recurrence would be useful for many
purposes, including follow-up in randomised trials, healthcare policy-making, guiding
clinical management, and for epidemiological research. Chapter 6 presented a
methodological study that identified and collated all sources of data relevant to breast cancer
recurrence that are held within PHE, developed an algorithm to identify recurrence using
these data, identified a population in which to test the proposed algorithm, and examined the
performance of the algorithm when applied to this test population. Whilst this work has
focused on IBC as a proof-of-concept model, the goal is to extend it to be to identify DCIS

recurrences in future research.

Chapter 6 represents the most comprehensive approach to the use of routinely collected data
to identify recurrences of IBC at the population level in the UK. In the test population, 97.6%
of all women with any breast cancer recurrence recorded in the test dataset were identified as
such from the routinely collected data. In addition, the recurrence rate by time since
diagnosis in the test data was similar to that identified by the algorithm using the routinely
collected data. This study has, therefore, demonstrated the feasibility of using this approach
and its potential in providing breast cancer recurrence information for research purposes on a
nationwide level both for women diagnosed with breast cancer in the past and for women

diagnosed in the future.
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The findings from Chapter 6 support the potential value of compiling recurrence
information on a nationwide basis from routinely collected data, for use in future descriptive
and epidemiological studies and in randomised trials. Additional work is needed to confirm
the accuracy of information on recurrences identified from routinely collected data, and, if
possible, to improve it further before considering using it routinely on a nationwide basis.
Once this has been completed, the intention is for this work to then be extended to identify

IBC recurrences after DCIS, as well as to identify DCIS recurrences.

There remains a pressing need amongst clinicians and patients for more information
concerning the risks and benefits of treatments for DCIS and the prognosis of low-risk DCIS
in the absence of treatment. Whilst randomised trials can answer some of the outstanding
questions, epidemiological analyses of observational data, such as those presented in this
thesis, also have an important role to play in investigating many of the uncertainties around

optimal management that cannot be evaluated by randomised trials.
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7.2. Conclusions

(1) DCIS and IBC have similar risk factors, however the magnitude of the effects
differed between DCIS and IBC. The effect of postmenopausal BMI >35 kg/m2 was larger
for DCIS than for IBC (RR 2.35, 95% CI 1.14-4.82), and the decrease in risk with each

additional live birth was greater for DCIS than for IBC (p = 0.03).

(2) Consideration of lesion size and the presence of necrosis on biopsy may be
helpful in selecting low-risk women for non-operative management of DCIS in the future, as

may use of the 9G vacuum-assisted method of biopsy.

(3) In the general population of England, the cumulative risks of any (ipsilateral or
contralateral) IBC at 5, 10 and 15 years after screen-detected DCIS were 3.5%, 7.1%, and
9.4% respectively and the cumulative risks of dying from breast cancer after DCIS were

0.3%, 1.1%, and 2.3% respectively.

(4) In England, women given breast-conserving surgery (BCS) with no
radiotherapy had a higher ipsilateral IBC rate than women given BCS with radiotherapy (RR
1.63, 95% CI 1.27-2.10), and women with clear surgical margins of 1-2 mm had a higher

ipsilateral IBC rate than women with clear margins of 5+ mm (RR 1.85, 95% CI 1.20— 2.84).

(5) In England, ER+ women given hormone therapy had a lower rate of any

(ipsilateral or contralateral) IBC compared with ER+ women who were not given hormone

therapy (RR 0.76, 95% CI 0.63-0.93).
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(6) Routinely collected data sources can be used to identify breast cancer
recurrences on a nationwide basis, for use in future descriptive and epidemiological studies

and in randomised trials.
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Appendix A: Permissions and lay summary of approved UK Biobank study protocol. Taken

Appendices

from (206), Chapter 3.

biobank”

Improving the health of future generations

Principal Investigator

Dr Gurdeep Mannu

Address
University of Oxford,CTSU, Nuffield Department of Population Health,
L1/40 Richard Doll Building, Old Road Campus, Roosevelt Drive, Oxford,
OX3 7LF

Summary of research

Key words: Cancer, Breast, Diet, Lifestyle

Application lay Summary:

1a: Although ductal carcinoma in situ (DCIS) is considered a pre-invasive
condition; it can progress to invasive breast cancer or death over a number of
years. It is unclear which women with DCIS will develop invasive cancer within
their lifetime and over what period of time. This project will investigate the risk
factors for developing DCIS and its subsequent progression to invasive cancer
and aim to quantify a woman'’s risk of disease progression based on her
lifestyle, dietary, socioeconomic, medical and genetic factors in order to help
clinicians tailor diagnosis/screening, follow-up and treatment options according

to individual patient risk-profiles.

1b: The objective of the UK Biobank is to undertake research in improving the
prevention, diagnosis and treatment of a wide range of serious illnesses
including breast cancer. By investigating the risk factors for developing DCIS or
having a poorer outcome after DCIS treatment, it may be possible to quantify a
woman’s risk based on her individual risk factors and so tailor prevention,

diagnosis, and treatment options accordingly. Hence the aim of this project is in
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synergy with that of the UK Biobank and could help to provide innovative new

directions to improve healthcare for DCIS patients.

1c: Of the women within the UK Biobank diagnosed with DCIS, analyses will be
conducted of patient, medical, socioeconomic, dietary, lifestyle and genetic
factors to investigate possible risk factors for DCIS when compared against age
matched controls without DCIS or invasive breast cancer and with those women
who were diagnosed with invasive breast cancer without a prior diagnosis of
DCIS. Further analyses of the women with DCIS will be conducted according to

whether or not they were subsequently diagnosed with invasive breast cancer.

1d: Three groups ((i) DCIS patients (n=2000 women), (ii) age matched controls
(n=8000 women), and (iii) primary invasive breast cancer patients (n=2000),
ensuring at least 4 women as controls for each woman with DCIS or invasive
breast cancer will be included in this study with a total of approximately 12,000
women. After 12-18 months a further data request will be made in order to
increase the sample size of the cohort further by including new incident DCIS

cases.
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Appendix B: Study protocol for Chapter 4.

A study to investigate the accuracy of initial biopsy in DCIS and risk factors for
upstaging a diagnosis of DCIS on biopsy to one of invasive cancer on surgical specimen
analysis

Gurdeep Mannu, Sarah Darby, Flora van Leeuwen, Michael Schaapveld, Jelle Wesseling

Background: Core-needle (14G) or vacuum-assisted (9G) breast biopsy is usually performed
under radiological guidance for a breast lesion suspicious for cancer. The biopsy sample is
analysed by a pathologist and a histological diagnosis is made prior to a multidisciplinary
team meeting where a treatment plan based on this diagnosis is discussed for each woman.
However, a biopsy diagnosis of Ductal Carcinoma-In-Situ (DCIS) is sometimes upstaged to a
diagnosis of invasive breast cancer (IBC) following the definitive histological analysis of the
resected specimen, which is only available after surgery.

Quantifying the accuracy of the initial biopsy in women with DCIS and investigating the risk
factors for missing invasive cancer in DCIS biopsies are of importance in two ways:
(i) When IBC is identified only after surgery, patients usually need to undergo a
second surgical procedure to evaluate the status of their axillary nodes. This has a
financial cost and carries risks of medical complications and psychological distress;

(i1) There is recent interest in treating low grade DCIS with observation alone without
surgical excision (1). Under this scenario, any IBC that is missed at the time of biopsy
would go undetected, and therefore untreated until later, by which time the patient’s
prognosis may be poorer.

There has been large variation in the reported accuracy of initial biopsy amongst studies
focussing on DCIS patients (2-11). Furthermore many of these have been small scale, single-
centre, retrospective studies which have provided little information on the relationship
between radiological features and core-needle biopsy findings. Although there have been
relatively larger scale studies comparing vacuum assisted biopsy with core needle biopsy in
recent years, these again have not included detailed information on pathological, radiological
and clinical factors (12-14). Despite the unsatisfactory nature of the available information, the
initial breast biopsy result remains amongst the most influential factors in determining a
woman’s surgical management. There is, therefore, a need to carry out large-scale studies to
obtain detailed and uniform data on this topic in order to guide future management decisions.

In light of this, Dr Pieter Westenend at the Albert Schweitzer hospital in the Netherlands has
recently completed a study using the nationwide pathology register, PALGA, with the aim of
providing further insights into this field. Although including large numbers of biopsies, this
study has not re-assessed pathology samples, clinical records or radiological information and
is restricted to the limited number of variables stored within PALGA. Furthermore, it also
cannot compare the accuracy of vacuum assisted biopsy with core needle biopsy. As a result,
there remains a need for a uniform, large-scale study on the topic which includes the detailed
clinical, radiological and pathological data required to accurately and comprehensively
investigate risk factors for underestimation of an initial biopsy in DCIS. The Netherlands
Cancer Institute/Antoni van Leeuwenhoek Hospital (NKI/AVL) could provide the ideal
setting in which to conduct such a study.

GS Mannu 10.02.15 Page 1 of 6
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Aims: To investigate:
(i) the accuracy of initial biopsy in DCIS in the NKI/AVL;

(ii) the risk factors for upstaging a biopsy of DCIS to IBC (or higher grade DCIS)
upon pathological analysis of the resected specimen in the NKI/AVL;

(iii) the relationship between radiological features and biopsy findings in women
presenting symptomatically or via the national screening program in the NKI/AVL,;

(iv) the relationship between the above factors and the accuracy of core needle biopsy
(14G) versus vacuum assisted biopsy (9G) in DCIS in the NKI/AVL.

Methodology: The NKI/AVL is a large specialist cancer centre with 180-beds, 5-operating
theatres, 11 radiotherapy suites and receives approximately 27,000 new patients to its clinics
every year. It has a large pathology database which contains information on the initial biopsy
diagnosis as well as the final pathological diagnosis for each woman diagnosed with DCIS or
IBC treated at the NKI/AVL. By comparing the biopsy histology with the final resected
specimen histology, it will be possible to identify which women diagnosed with DCIS on
initial biopsy were upstaged to IBC or to higher grade DCIS on final histology. This database
includes biopsy results for approximately 1200 patients with DCIS, treated between 2008 and
2014. These raw data show that between 10% and 20% of biopsies for DCIS have under-
estimated the tumour when compared with the histopathological evaluation of the surgically
resected specimen. By comparing differences in clinical, radiological and histopathological
factors between those who were upstaged with those who were not, it will be possible to
investigate risk factors for upstaging DCIS biopsies to IBC.

Whereas many previous studies have relied on retrospective datasets, this study will involve
detailed re-examination and integration of pathological, clinical and radiological data. For
biopsy specimens showing DCIS, a dedicated breast radiologist at the NKI/AKI will review
the initial mammography and specimen images and assess radiological risk factors for under-
estimation of DCIS biopsies. Furthermore a team of expert breast pathologists will review
the histology for all women in this study, in order to assess pathological risk factors for
biopsy under-estimation. By linking these radiological and pathological data to clinical
records, it will be possible to further investigate patient or clinical presentation-related factors
that might contribute to under-estimation of a biopsy in these cases. Furthermore it will be
possible to examine these risk factors in relation to both vacuum-assisted (9G) and core
needle biopsies (14G) in order to identify technique-specific risk profiles for each woman.
The variables to be analysed will include the following:

Variables from pathology:  -Date of birth
-Presence of invasive cancer
-Age at diagnosis
-Location of tumour (laterality and quadrant)
-Pathological grade (1-3)
-Calcifications present in biopsy
-Stromal changes (i.e. concentric fibrosis in DCIS)
-Presence and amount of lymphocytic infiltrate
-Number of samples taken per biopsy
-Size of area with DCIS

GS Mannu 10.02.15 Page 2 of 6
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-DCIS outside invasive tumour

-Growth pattern

-Presence of multifocality

-Presence of comedo necrosis

-Presence of microinvasion

-Paget’s disease

-Minimum distance of DCIS to final margin
-Number of lymph nodes examined
-Number of nodes with macro- or micro-metastasis or isolated
tumour cells

-ER status

-PGR status

-Her-2 status

-Type of surgery performed

-Adjuvant therapy given

From the radiological data: ~ -Breast density
-Site of lesion
-Predominant radiological feature (s)
-Microcalcifications present on mammogram, pattern,
extensiveness  (multifocality and multicentricity) and
description according to the ACR BIRADS breast imaging
atlas
-Visibility of mammographically (MMG) detected lesion at
ultrasound (USS)
-Size of lesion on MMG and USS (radiological bi-dimensional
& maximum diameter)
-Breast Imaging-Reporting and Data System category
-Method of biopsy: 9G vacuum assisted or 14G core needle
biopsy
-Method of guided biopsy (clinical, USS, MMG, MRI)
-Additional imaging findings such as the absence of mass-
forming lesions

From the clinical notes: -Presentation type (whether symptomatic or screen-detected
lesion)
-Symptoms at presentation
-If palpable, then clinical size and location

Method of analysis: Women will be placed into 4 groups (i-iv) as shown in red in figure I,
and detailed below:
i. ~ DCIS only on initial biopsy and same grade DCIS on final histology
ii.  DCIS only on initial biopsy and higher grade DCIS on final histology
iii.  DCIS only on initial biopsy and invasive cancer on final histology
iv.  Both DCIS and invasive cancer on initial biopsy

Analyses will compare women in group (i) with groups (ii) and (iii). Groups (ii) and (iii) will
also be compared with group (iv). Regression techniques will be used to identify patient,

tumour and radiological characteristics which are risk factors for under-staged biopsies
(groups (ii) and (iii)). Further analyses will be conducted to compare the accuracy of core
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needle (14G) and vacuum-assisted (9G) biopsies in DCIS. We will validate our findings in
two series: (i) a nation-wide cohort of DCIS cases with or without concurrent IBC and (ii) a
DCIS cohort from the Albert Schweitzer hospital (a large community hospital in the
Netherlands), which also contains both detailed pathology and radiology data. Both
validation series will be available from our collaborating breast pathologist, Dr. Pieter
Westenend, MD, PhD.

Scientific significance: The percentages of core-needle biopsies showing DCIS that actually
contain IBC based on the surgically excised specimen range from 17% to 48% in different
studies (2-12). There are also several studies that have attempted to relate under-staging of
core-needle biopsy in DCIS to possible risk factors. However, these studies have often
examined only a limited number of variables or have been restricted by small numbers of
patients. As a result they have produced heterogeneous results. Brennan and colleagues have
published the largest meta-analysis to date on this question including 7350 cases of DCIS
from 52 studies with 1736 under-staged samples (10). However, their work was based only
on published data and so they were unable to undertake detailed analyses considering more
than one variable at a time. Furthermore, few of the available studies reported all of the
variables of interest or used comparable classification systems. In light of this, confounding
factors could not be distinguished from true associations. As a result, there remains a need
for a large-scale study with uniform high quality, detailed data to help to provide clearer
information. The NKI/AVL is ideally suited to address this issue.

Clinical significance: By using data from the NKI/AVL to investigate (i) the accuracy of
core needle biopsies (14G) and vacuum-assisted (9G) in DCIS and (ii) factors associated with
underestimation of IBC in DCIS biopsies demonstrating DCIS, it will be possible to carry out
by far the most detailed study to date on this issue. This will: (i) quantify the extent of the
problem within the Netherlands and (ii) provide a platform from which more sophisticated
comparisons using biomarkers to identify molecular risk factors for the presence of IBC
alongside DCIS, can be undertaken. In addition to providing a substantial contribution to the
existing evidence base, this study may help to influence contemporary clinical practice in the
management of biopsy proven DCIS.

A large number of women currently undergo a second surgical procedure due to under-staged
biopsy reports. By investigating risk factors for upstaging DCIS biopsies to IBC, risk-specific
stratification of management options may be possible. A pragmatic example of the future
implications of risk-stratifying treatment in this way could be by performing a sentinel lymph
node biopsy (SLNB) at the same time as wide local excision of a DCIS lesion in a woman at
very high risk for under-staged core-biopsy. This could alleviate the potential psychological,
financial and medical complications of an unexpected IBC on final histology whilst balancing
the risks from complications of SLNB. Furthermore, in recent years, vacuum-assisted biopsy
has begun to be more widely used in place of core-needle biopsy in clinical and research
settings (1, 11, 15). By comparing the accuracy of these two techniques in a large number of
women with DCIS from the NKI/AVL, alongside radiological and clinical factors, clinically
important information can be obtained that could help guide future management decisions.

Conclusion: This is an important clinical research question and information from the
NKI/AVL could make a substantial contribution in helping to address it.
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Final Histology Additional information

Population Biopsy result rasult votvicvad

(i) Same grade Method of biopsy

DCIS Radiological data
Women without
a prior diagnosis
of breast cancer, \
who have a : Pathology data
biopsy (Either
core-needle

Clinical data
(ii) Higher grade

biopsy (14G) or
Vacuum assisted (For more information
(9G) biopsy) ) (iv) DCIS + IBC please see the detailed list
showing DCIS at of variables in the
the NKI/AVL methods section of
proposal)

Figure 1: Flowchart of study methodology. DCIS: Ductal carcinoma-in-situ, IBC: Invasive breast cancer NKI/AVL: Netherlands Cancer Institute — Antoni van Leeuwenhoek
Hospital. The information retrieved (right hand column) will be used to investigate risk factors for biopsy ‘underestimation’ of invasive cancer by comparing the groups (i-iv,
shown in red) (as detailed in the ‘method of analysis’ section of the proposal) and to compare the accuracy of vacuum assisted biopsy (9G) with core needle biopsy (14G).
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Appendix C: Pathology data collection form

PA score form
1. DS scoring + muse seledtion
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slide selection:
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Appendices

Appendix D: Clinical data collection form

Version 9th April 2015

Study to investigate biopsy accuracy in DCIS
Clinical data collection form

Name of person completing form:

Code: initials |

Patient Hospital number:
Code: (numerical text) | |

Age at diagnosis: | |

Code: (years)

Hormone replacement
therapy:

Code: 0=never used, 1= current user, 2= previous user,

3= does not use, 4= history of former use not stated,
888=male/NA, 998= unknown. See code-book for definition.

Presentation type:
Code: 1= Symptomatic,
2= Screen-detected lesion, 998= unknown

Clinical size of lump:
Code: (centimetres. 888=not palpable/not applicable)

Height:
Width:

Symptoms at presentation:
Code: Check-box (multiple
options can be selected)

1= Palpable lump, 2= Nipple discharge, 3= Mastalgia,
4= Skin-tethering, 5= Other symptoms, 6= No symptoms,
998= Unknown. See code-book for definition.

Type of breast
surgery:

Date form completed:
Code: (dd/mm/yyyy)

Date of Birth: ‘ |

Code: (dd/mm/yyyy)

Sex: ‘ |

Code: 1=male, 2=female

Menopausal status:
Code: 1= premenopausal,
2= peri-menopausal, 3= postmenopausal, 888=male/not applicable
998= unknown. See code-book for definition.

Presence of palpable

lump
Code: 1= yes, 2= no, 998= unknown

Location of tumour:
Code: As shown below:

Laterality:
Code: 1=Left, 2= Right
Quadrant:

Code: 1= Upper inner quadrant, 2= upper outer quadrant,

3= lower inner quadrant, 4= lower outer quadrant, 5= retroareolar

Date of presentation:
Code:  (dd/mm/yyyy)

Date of core biopsy:
Code: (dd/mm/yvyyy)

Date of surgery:

Code: (dd/mm/yyvyy)

See code-book for definition of “date of presentation’

Code: 1= Breast conserving surgery (BCS) alone, 2= BCS with sentinel lymph node biopsy (SLNB), 3= BCS with axillary ¢learance (AC), 4=
Mastectomy, 5= Mastectomy with SLNB, 6= Mastectomy with AC. 7= Other, 998= unknown

Notes:

For further help in completing this form, please see the relevant coding guidance form, or contact
gurdeep. mannu(@ctsu.ox.ac.uk
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Appendix E: A summary of the respective inclusion and exclusion criteria for the two
ongoing trials randomising women with DCIS to surgical excision or active surveillance.

LORIS trial

LORD trial

Inclusion
Criteria:

Exclusion
Criteria:

. Female, aged 46 years or above
. Screen-detected or incidental

microcalcification (unilateral or bilateral)

. Histologically confirmed diagnosis of non

high grade DCIS confirmed by local
pathologist on either small volume core
biopsy or VACB (in accordance with the
current NHSBSP Guidelines for Pathology
Reporting in Breast Cancer Screening)

. DCIS diagnosed =90 days before

registration

. Able to give informed consent and comply

with the trial schedule and completion of
Patient Reported Outcome

. Patient fit to undergo surgery
. Written informed consent obtained

questionnaires

. Previous diagnosis of invasive cancer or

ipsilateral DCIS (previous surgically
treated contralateral DCIS is permitted)

. A mass lesion clinically on mammogram

or on ultrasound scan (if performed) at the
site of the microcalcification before biopsy

. Any serious and/or unstable pre-existing

medical, psychiatric, or other condition
that would prevent compliance with the
trial or consent process

. Recent onset ipsilateral bloodstained

nipple discharge, unless cytology and/or
Ultrasound Scan (USS) confirmed
concomitant duct ectasia

. High risk group for developing breast

cancer (as defined in current NICE
guidelines for familial breast cancer, or due
to prior exposure to mantle field
radiotherapy)

1.Women of age > or = 45 years.

2. Any menopausal status. Calcifications
only lesions, detected by population-based
or opportunistic screening mammography.

3. Representative vacuum-assisted core
biopsies with pure low-grade DCIS

4. Any size DCIS.

5. Marker placement at biopsy site(s) in the
breast.

6. Good correlation between pathological
and radiological findings i.e. both findings
confirm low-grade DCIS and no suspicion
of intermediate or high-grade DCIS or
invasive breast cancer

7.Prior surgery of the ipsilateral breast
because of a benign lesion allowed.

8.ASA score 1 or 2

9. Before patient registration/randomization,
written informed consent must be given
according to ICH/GCP, and national/local
regulations

1. Presence of mass, increased density
around calcifications, architectural
distortion, stellate lesion on
mammography.

2.Presence of bilateral DCIS.

3. Presence of Paget's disease, invasive
breast cancer, or lobular carcinoma in situ
on cytology or histology.

4.Presence of symptomatic DCIS e.g. DCIS
detected by palpation or nipple discharge.

5.Presence of synchronous invasive
carcinoma in the contralateral breast.

6. Prior history of invasive breast cancer or
DCIS.

7.Prior history of other cancer except
carcinoma in situ of the cervix or
basocellular carcinoma of the skin.

8. Presence of serious disease that precludes
definitive surgical treatment (e.g.
cardiovascular/pulmonary/renal disease).

9. Individual from a family with a known
BRCA1/2 mutation

10. Presence of pregnancy or breast-feeding.

11. Presence of any psychological, familial,

sociological or geographical condition
potentially hampering compliance with
the study protocol and follow-up
schedule; those conditions should be
discussed with the patient before
registration in the trial
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Appendix F: Suggestions to the criteria used to identify low risk DCIS cases shown in
supplementary table 3 which may help to minimise the risk of DCIS grade underestimation
amongst women appropriate for non-operative management.

Recommendations to minimise grade discrepancy for non-operative management
of low-risk DCIS
e Exclusion of women with the presence of necrosis on biopsy
from consideration for non-operative management

e Exclusion of lesions which have the presence of a larger tumour
area (>20mm) on pre-operative imaging from consideration for
non-operative management
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Appendix G: NHS Breast Cancer Screening Programme (BCSP) Research Committee
approval letter for Chapter 5.

Public Health Screening Programmes
England

C/o PHE Screening Programmes
Fulwood House
Old Fulwood Road

Sheffield
Gurdeep Mannu S103TH
CTSU, Nuffield Department of Population Health, Tel: 0114 2013040
Richard Doll Building,
Old Road Campus, rachel.crowther9@nhs.net
Roosevelt Drive, Oxford,
OX3 7LF.

Gurdeep.Mannu@ndph.ox.ac.uk
19th July 2016
Dear Gurdeep Mannu,

The Breast Cancer Screening Programme (BSP) have discussed your project plans: Population
based study of outcomes and long-term trends in women diagnosed with non-invasive breast
cancer (ODR1516_225)

The Committee gave their support to the project.

As a condition of support, the BSP Research Committee requires you to keep them informed of
developments with the project, including any changes of status, any significant adverse events,
when completed, and when written up.

Any applications requiring patient identifiable data and/or potentially identifiable data from the
Screening Programme will also require PHE ODR (Office of Data Release) approval. The ODR
was established in January 2014 as a cross-agency service to manage the release of explicitly
identifiable or potentially identifiable data from PHE. The ODR provides systematic, consistent
and coherent approach to the review of data release requests for PHE datasets, to ensure that
there is a legal and legitimate purpose for processing personal confidential data and that any risk
of disclosure is minimised. Requests for data can be made by emailing ODR@PHE.gov.uk

The Screening Programme requires you to notify them promptly of any incidents that would be
recorded on the Health Research Authority (HRA) Breaches Register. Undertaking research
within the Screening Programme following receipt of this letter of support assumes your
agreement to fulfil this obligation. HRA has the potential to share information with the BSP
regarding any breaches of ethics related to projects involving the BSP.

The Committee wishes you well with your project.

Yours sincerely

i s A 4

e

Rachel Crowther MSc BMedSci
On behalf of the NHS BCSP Research Committee.
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Appendix H: Research Ethics Committee approval letter for Chapter 5.

NHS

Health Research Authority

Yorkshire & The Humber - Leeds East Research Ethics Committee
Room 001

Jarrow Business Centre

Rolling Mill Road

Jarrow

Tyne and Wear

NE32 3DT

Telephone: 0207 1048081

18 May 2016

Dr Gurdeep S. Mannu

Clinical Research Fellow in Cancer Surgery
University of Oxford

CTSU, Richard Doll Building

Old Road Campus, Roosevelt Drive
OXFORD

OX3 7LF

Dear Dr Mannu

Study title: Population based study of outcomes and long-term
trends in women diagnosed with non-invasive breast
cancer

REC reference: 16/YH/0209

Protocol number: Version 1.

IRAS project ID: 192243

The Proportionate Review Sub-committee of the Yorkshire & The Humber - Leeds East
Research Ethics Committee reviewed the above application on 13 May 2016.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no earlier than three months from the date
of this favourable opinion letter. The expectation is that this information will be published for all
studies that receive an ethical opinion but should you wish to provide a substitute contact point,
wish to make a request to defer, or require further information, please contact the REC Manager
Katy Cassidy, nrescommittee.yorkandhumber-leedseast@nhs.net. Under very limited
circumstances (e.g. for student research which has received an unfavourable opinion), it may be
possible to grant an exemption to the publication of the study.

Ethical opinion
On behalf of the Committee, the sub-committee 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.

A Research Ethics Committee established by the Health Research Authority
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Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

Management permission must be obtained from each host organisation prior to the start of the
study at the site concerned.

Management permission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must
confirm through the signing of agreements and/or other documents that it has given permission
for the research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA Approval (England)/ NHS permission for research is available in
the Integrated Research Application System, www.hra.nhs.uk or at http.//www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre”), guidance should be sought
from the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Reqistration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database. This should be before the first participant is recruited but no
later than 6 weeks after recruitment of the first participant.

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical trials this is not currently mandatory.

If a sponsor wishes to request a deferral for study registration within the required timeframe,

they should contact hra.studyregistration@nhs.net. The expectation is that all clinical trials will
be registered, however, in exceptional circumstances non registration may be permissible with
prior agreement from the HRA. Guidance on where to register is provided on the HRA website.

It is the 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).

A Research Ethics Committee established by the Health Research Authority
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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”).

Summary of discussion at the meeting

The Sub-Committee raised no concerns regarding the study.

Approved documents

The documents reviewed and approved were:

Document Version Date

IRAS Checklist XML [Checklist_03052016] 03 May 2016
REC Application Form [REC_Form_29042016] 29 April 2016
Research protocol or project proposal [Protocol] 1.0 14 April 2016
Summary CV for Chief Investigator (Cl) [CV Gurdeep Mannu] 1.0 29 April 2016
Summary CV for supervisor (student research) [Prof Sarah Darby |1.0 25 March 2016
Supervisor CV]

Membership of the Proportionate Review Sub-Committee

The members of the Sub-Committee who took part in the review are listed on the attached
sheet.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

After ethical review

Reporting requirements

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
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

A Research Ethics Committee established by the Health Research Authority
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User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received and
the application procedure. If you wish to make your views known please use the feedback form
available on the HRA website:
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/

HRA Training

We are pleased to welcome researchers and R&D staff at our training days — see details at
http://www.hra.nhs.uk/hra-training/

With the Committee’s best wishes for the success of this project.

| 16/YH/0209 Please quote this number on all correspondence |

Yours sincerely

pp
Dr Deborah Jane Fox
Chair

Email: nrescommittee.yorkandhumber-leedseast@nhs.net

Enclosures: List of names and professions of members who took part in the review
“After ethical review — guidance for researchers” [SL-AR2]

Copy to: Ms Heather House, University of Oxford

A Research Ethics Committee established by the Health Research Authority
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Appendices

Yorkshire & The Humber - Leeds East Research Ethics Committee

Attendance at PRS Sub-Committee of the REC meeting on 13 May 2016

Committee Members:

Name Profession Present Notes
Professor Kenneth Brodlie Retired Professor of Yes
Visualization
Dr Deborah Jane Fox Senior Lecturer in Yes
Nursing
Mr Tom Wilson Consultant ENT Surgeon| Yes

Also in attendance:

Name

Position (or reason for attending)

Ms Katy Cassidy

REC Manager

A Research Ethics Committee established by the Health Research Authority
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Appendix I: Ipsilateral invasive breast cancer after screen-detected DCIS by patient, tumour
and treatment factors, in 13,528 women who were treated with breast conserving surgery
alone and were not recorded as receiving hormone therapy. Each variable is adjusted by all
other variables in the categories shown. Baseline is the first row for each variable (a) — (g).
Abbreviations: CI = Confidence Interval, UNK = Unknown, mm = millimeters.

Ratio of rates

t
Category Cases/Women (versus baseline)

95% CI

(a) Age at DCIS diagnosis (years) (13=6.7; =0.08)

<55 127/4140 1.00 (1.00-1.00)
55-60 93/2679 —=— 1.01 (0.77-1.32)
60-64 78/3018 —— 0.84 (0.63-1.11)
65+ 111/3690 4+ 1.22 (0.94-1.59)
(b) Years since diagnosis (x%=36.5; p<0.001

<2 48/39242 [ | 1.00 (1.00-1.00)
2-3 123/43190 B 2.23 (1.60-3.12)
4-5 107/33713 | 2.34 (1.66-3.32)
6-7 54/24729 ] 1.51 (1.01-2.26)
8-9 44/17048 " 1.73 (1.14-2.65)
10+ 33/16815 = 1.34 (0.84-2.15)
(c) Year of diagnosis ( 12=3.4; p=0.18)

2000-04 166/2899 1.00 (1.00-1.00)
2005-09 189/4816 1.01 (0.80-1.28)
2010-16 54/5812 —.— 0.74 (0.51-1.09)

(d) Grade (x7=04; p=0.53)
Low/intermediate 199/7090 1.00 (1.00-1.00)
High 195/6124 1.07 (0.87-1.31)

UNK 15/313 1.55 (0.88-2.73)
(e) Tumour size (mm) (x5=58; p=0.12)

<=10 192/5987 1.00 (1.00-1.00)
11-20 129/3862 1.00 (0.79-1.25)
21-50 57/2500 - 0.72 (0.53-0.97)
51+ 4179 0.70 (0.26-1.90)
UNK 27/999 0.75 (0.48-1.16)
(f) Laterality of DCIS (x;=3.3; p=0.07)
L 195/6951 [ | 1.00 (1.00-1.00)
R 214/6486 —— 1.20 (0.99-1.45)
UNK 0/90 0.00 (0.00- Inf)
(9) Final margin distance (mm) (x5=14.2; p0.003)
5+ 34/3056 n .00 (1.00-1.00)
3-4 15/1098 - 18 (0.64-2.16)
1-2 26/1495 = 59 (0.95-2.65)
Involved 10/196 — . 448(2.20-9.10)
UNK 324/7682 1.71 (1.17-2.52)
l ] 1 | | |
0 0.5 1 1.5 2 2.5 3
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Appendix J: Ipsilateral invasive breast cancer after screen-detected DCIS by patient, tumour
and treatment factors, in 5157 women who were treated with breast conserving surgery and
radiotherapy and not recorded as receiving hormone therapy. Each variable is adjusted by all
other variables in the categories shown. Baseline is the first row for each variable (a) — (g).
Abbreviations: CI = Confidence Interval, UNK = Unknown, mm = millimeters.

Ratio of rates

(=)
Category  Cases/Women (versus baseline) 95% CI
(a) Age at DCIS diagnosis (years) (x5=7.1; p=0.07)
<55 19/1531 1.00 (1.00- 1.00)
55-60 25/1068 I ] 1.88 (1.03- 3.42)
60-64 14/1146 1.00 (0.50- 2.00)
65+ 1211412 ] 0.84 (0.41- 1.75)

(b) Years since diagnosis (75=18.1; p=0.003

<2 514777 | 1.00 (1.00- 1.00)
2-3 21113513 4.33 (1.63-11.55)
4-5 19/8059 —— > 5.85(2.10-16.27)
6-7 8/5566 3.19 (0.98-10.36)
8-9 11/3721 5.88 (1.91-18.13)
10+ 6/3177 3.64 (1.01-13.05)

(c) Year of diagnosis (x5=0.1; p=097)

2000-04 28/566 1.00 (1.00- 1.00)
2005-09 28/1144 0.95 (0.54- 1.67)
2010-16 14/3447 1.02 (0.44- 2.38)

(d) Grade (%5=05; p=0.46)

Low/intermediate 21/1289 [ ] 1.00 (1.00- 1.00)
High 47/3813 — 0.82 (0.49- 1.38)
UNK 2/55 1.13 (0.25- 5.04)
(e) Tumour size (mm) (x5=5.0; p=0.17)

<=10 16/1484 [ ] 1.00 (1.00- 1.00)
11-20 26/2018 B 1.26 (0.67- 2.35)
21-50 23/1442 B 1.84 (0.96- 3.50)
51+ 0/71 0.00 (0.00- Inf)
UNK 5/142 2.01(0.71- 5.66)

(f) Laterality of DCIS (x5=0.7; p=0.40)

L 40/2711 [ | 1.00 (1.00- 1.00)
R 30/2437 —B— 0.82 (0.51-1.31)
UNK 0/9 0.00 (0.00- Inf)
(g) Final margin distance (mm) (x5=3.7; p=D.30)
5+ 41779 L 1.00 (1.00- 1.00)
3-4 2/546 - 1.54 (0.28- 8.39)
1-2 5/658 3.19 (0.86-11.92)
Involved 1/78 4.51 (0.50-40.63)
UNK 58/2096 4.15 (1.39-12.45)
L | | 1 1 |
0 0.5 1 1.5 2 2.5 3
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Appendix K: Ipsilateral invasive breast cancer after screen-detected DCIS by patient, tumour
and treatment factors, in 7998 women who were treated with mastectomy and not recorded as
receiving hormone therapy. Each variable is adjusted by all other variables in the categories
shown. Baseline is the first row for each variable (a) — (g). Abbreviations: Cl = Confidence

Interval, UNK = Unknown, mm = millimeters.

Ratio of rates

Categor . o
gory  Cases/Women (versus baseline) 95% ClI

(a) Age at DCIS diagnosis (years) (x5=7.7; f=0.05)
<55 48/2704 1.00 (1.00- 1.00)
55-60 23/1680 —a— 0.67 (0.41-1.10)
60-64 17/1665 —.— 0.53 (0.30- 0.92)
65+ 18/1949 —— 0.56 (0.32- 0.96)
(b) Years since diagnosis (x3=145; p=0.01)
<2 15/23292 [ ] 1.00 (1.00- 1.00)
2-3 31/25990 a 1.71 (0.92- 3.18)
4-5 29/20121 ) 1.83 (0.97- 3.45)
6-7 18/14816 n 1.40 (0.69- 2.82)
8-9 10/10139 = 1.13 (0.50- 2.57)
10+ 3/10163 - 0.33 (0.09- 1.19)
(c) Year of diagnosis (5=6.8; p=0.03)
2000-04 41/1695 1.00 (1.00- 1.00)
2005-09 55/2846 1.08 (0.69- 1.69)
2010-16 10/3457 —— 0.43 (0.19- 0.98)
(d) Grade (15=24; p=0.12)
Low/intermediate 23/2122 [ | 1.00 (1.00- 1.00)
High 77/5784 B 1.43 (0.90- 2.30)
UNK 6/92 4.70 (1.83-12.10)

(e) Tumour size (mm) (x5=3.2; p=0.36)

<=10 15/739

11-20 26/1477 ;
21-50 39/3639 —
51+ 16/1751 —.—
UNK 10/392

(f) Laterality of DCIS (x;=3.9; p=0.05)

L 44/4078 [ |

R 62/3896 B

UNK 0/24

(g) Final margin distance (mm) (x5=48; p=p.19)

5+ 10/2357 »

3-4 4/315

1-2 6/534 =

Involved 1121

UNK 85/4671
| | | | 1
0 0.5 1 1.5 2 2.5
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1.00 (1.00- 1.00)
0.95 (0.50- 1.80)
0.66 (0.36- 1.20)
0.67 (0.33- 1.36)
0.86 (0.37— 1.98)

1.00 (1.00- 1.00)

1.48 (1.00- 2.17)
0.00 (0.00- Inf)

1.00 (1.00- 1.00)
2.96 (0.93- 9.46)
2.53 (0.92-6.99)
1.89 (0.24-14.85)

1.46 (0.72- 2.98)
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Appendix L: Description of algorithm for Chapter 6.

Draft of 31 January 2017
WORKING DOCUMENT

Classifications used in the Process of Identifying Recurrences in Invasive Breast Cancer

Any algorithm that is used to identify recurrences and other outcomes in invasive breast cancer will
need rules that can be applied to patients with different tumour characteristics and treatment
pathways. Therefore we are developing a ‘classification system’ based on known recurrence
indicators, timing of treatment events and known deaths.

1. Method

A cohort of patients was extracted from the PHE’s Cancer Analysis System (CAS). All women
registered with invasive breast cancer (ICD10 C50, ICD9 174) during the time-period under
consideration (1 Jan 1997-31 Dec 2011) and living in the West Midlands area at the time of their
registration were included in the initial dataset, unless one of the exclusion criteria applied. The
exclusion criteria are listed in Appendix A.

Hospital Episode Statistics (HES), Cancer Waiting Times (CWT), Radiotherapy Dataset (RTDS), Digital
Imaging Dataset (DID) and the West Midlands Cancer Registry dataset (GRACE) were interrogated for
data relating to these patients/tumours, and all events and information relating to possible
recurrences (local, regional, distant, or of unknown location) were extracted for the time-period
under consideration. A greater volume of recurrence data had been collated by the West Midlands
Cancer Registry, acting as lead breast cancer registry, than had been recorded in other regions.
Therefore, GRACE was included as a source of enriched event and recurrence data.

Events recorded in multiple datasets were combined where possible using a ‘working rule’ whereby
events of the same type and occurring within 7 days of each other from different datasets would be
counted once and allocated an event source by taking datasets in order of national accessibility and
expected completeness: CAS, HES, CWT, RTDS, DID, GRACE i.e. GRACE data would only be used if no
matching data was found elsewhere. Tables were created within CAS to hold patient/tumour data
for the cohort, event data and recurrence data. Patients and tumours were given anonymised
identifiers.

Initial analysis was performed twice, (i) on all datasets and (ii) excluding both GRACE data and also
excluding CAS recurrence data transferred from GRACE to CAS in 2012. Classifications as defined in
in section 2 (below) were allocated to each patient/tumour.

CONFIDENTIAL 26.01.17 Page10f 13
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2. Definitions of Classifications (updated from the Project Description)

A. Women who should have been excluded from the initial data set (see Appendix A), but who were
not initially identified as such.

If any of these exist, they are likely to be discovered during analysis of extracted data at later stages

of the project.

B. Women notin A and who already had metastatic breast cancer on date of cancer registration.

B1. Women who were registered as having stage IV breast cancer, or who were described as
having distant metastases at time of registration or within 3 months of
registration.

-For women registered as stage VI (unknown stage), ICD-10 codes C77-C79 from HES data
will be used to determine their cancer stage in accordance with the criteria
listed in appendix B. All women who are not stage IV at time of, or within 3
months of registration will be classified into C1-11 below.

-Women receiving palliative care within 3 months of registration are B1

B2. Women not in B1 and who were reported to have breast cancer only from their death
certificate (ie DCO) and other women whose date of cancer registration was the same as
their date of death.

Patients/tumours recorded as DCO="Y’ or where diagnosis date = date of death

C. Women not in A or B and who had further cancer-related (or possibly cancer-related) events or
who died during the time-period under consideration (ie 1 Jan 1997-31 Dec 2011). Women may have
more than one event, but the main focus at present is on the earliest such event. In cases where one
or more of the classifications titled ‘C1’-‘C11’ occur on the same date or very close together, all
events will be recorded but the order of precedence is described in Appendix C.

C1. Death from breast cancer

Breast cancer (code C50) entered in any cause of death field 1a, 1b, 1c or ‘underlying’. Breast cancer
(C50), ‘Breast unspecified’ or ‘malignant neoplasm’ that only appears in cause of death field 2 is not
included.
Cla. Death from breast cancer and has had breast surgery
Breast surgery is defined as:
-‘01"in CWT
- the following OPCS4 codes:
Breast conserving surgery: (‘B281’, ‘B282’, ‘B283’, ‘B285’, ‘B286’, ‘B287’,
‘B288’, ‘B289’, ‘B34’, ‘B341’, ‘B342’, ‘B343’, ‘B344’, ‘B345’, ‘B348’, ‘B349,
‘B35’)
Mastectomy: (‘B27’, ‘B271’, ‘B272’, ‘B27’, ‘B274’, ‘B275’, ‘B276’, ‘B278’, ‘B279’)
SLNB: (‘O142’, ‘T87’, ‘T873’, ‘T878’, ‘T879’, ‘T91’, ‘T911’, ‘T918’, ‘T919’, ‘T928’,
‘2613’)
Sampling: (‘T86’, ‘T862’, ‘T869’)
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Axillary Dissection: (‘Z613’, ‘T852’, ‘T859’, ‘T862’)

Clb. Death from breast cancer but has never had breast surgery (i.e. no evidence of surgery
from CWT and none of the OPCS4 codes listed in Cla)

[C2. Not in use]

C3. Distant metastasis
C3a (i): Distant metastases of liver/lung/bone/brain as indicated by one or more of the
following occurring at least 3 months after date of original cancer diagnosis but before or on 31% Dec
2011 (in these 4 anatomical sites):
West Midlands legacy data (GRACE): recurrence code = ‘M’, metastatic disease
- CAS (NCRS): typeofrecurrence = ‘05’, metastatic disease
- CWT: mets_site is not null or CTE_type (cancer treatment event type) =
'05' Treatment for a distant recurrence of cancer (metastatic disease)
'07' First treatment for metastatic disease following an unknown primary
'08' Second or subsequent treatment for metastatic disease following an unknown primary

- HES: All women regarded as stage IV from the HES diagnosis codes (ICD-10 codes C77-C79)
using criteria listed in appendix B.

C03a(ii) (Distant metastases in other locations after 3m):

There is a registration of a new secondary malignancy in an anatomical site not covered by C0O3a that
occurs at least 93 days after the date of the original diagnosis

C3a (iii): Metastatic disease receiving palliative therapy at least 3 months after date of
original cancer diagnosis but before or on 31% Dec 2011:

-Palliative care is only given to cancer patients with distant metastases, so anyone receiving it after 3
months from diagnosis can be classified as C3a.

-Any of the following three event codes are recorded: 'HP' — hospice stay (GRACE), '07' — specialist
palliative care (CWT), '09' — non-specialist palliative care (CWT). (Although these last two codes exist
in CAS — none have been allocated from CAS to this cohort within the timeframe).

C3b. women who do not have any other invasive cancer recorded (ICD-10 codes: C00-C97,
including C50, but excluding C44; ICD-9 codes: 140-209, including 174, but excluding 173) but have
one or more of the following OPCS4 codes in CAS/HES after 3 months of diagnosis (‘T122’, ‘T121’,
‘T013’, ‘A025’, ‘W085’, ‘W097’, ‘A021’, ‘A028’, ‘B343’, ‘W091’, ‘E543’, ‘A023’, ‘E544’, ‘'V432’, “‘W098’,
‘A029’, ‘W088’, ‘A024’, ‘S049’, ‘W093’, ‘A022’, 1J023’, ‘W089Y’, ‘E545’, ‘T018’, ‘E552’, ‘V431’, 1024,
J031’, J124’, ‘TO19’, ‘V257’, 1029’, ‘Q241’, ‘VO51’, “‘W096’, ‘ES58’, ‘A026’, ‘A178’, ‘B401’, ‘ES4Y’,
‘E542’, ‘E548’, ‘1027’, 1J032’, ‘TO78’, ‘TO79’, ‘T101’, ‘W099’, ‘T102’, ‘T103’, ‘T131’, ‘TO95’, ‘TO94’,
‘1912, ‘L943’, ‘Z941’, ‘ABLATION,” ‘T124’, ‘T882’, ‘L915’) irrespective of the laterality of the
procedure.

-Women in C3b may either have (1) one or more of the cancers in C08a that was not registered, (2)
an occult breast cancer recurrence or (3) no second cancer. The classification algorithm will be re-

CONFIDENTIAL 26.01.17 Page 3 of 13

Appendices

169



run on these women after excluding the ‘first event’ to see which category they subsequently fall
into.

C4a. Recurrence of cancer in the ipsilateral regional lymph nodes

Indicated by one or more of the following occurring at least 3 months after date of original cancer
diagnosis but before or on 31* Dec 2011:

- HES/CAS: {OPCS4 treatment type = ‘MT’ (Surgery for nodes and metastases: i.e. OPCS4 codes
'T873','T878', 'T879','T911','T918','T919','T928','2613','T862",'T869", ‘T8S’, 'T852','T859') OR OPCS4 =
‘0142’} AND the laterality relating to the event is the same as recorded for the tumour

- CAS/CWT: Treatment event type ‘04’: Treatment for a regional recurrence of cancer

- GRACE: recurrence event of ‘B" Loco-nodal recurrence OR ‘R’ Nodal recurrence

C4b. Recurrence of cancer in the regional lymph nodes with no laterality recorded (assumed to
be ipsilateral).

Indicated by one or more of the events listed in category ‘C4 (i), occurring at least 3 months after
date of original cancer diagnosis but before or on 31% Dec 2011, but with no laterality recorded in
any routinely collected dataset. In this setting it is assumed that the recurrence of cancer is in the
ipsilateral regional lymph nodes, in the absence of evidence to the contrary.

C5. Recurrence of cancer in the ipsilateral breast

Indicated by one or more of the following occurring at least 3 months after date of original cancer
diagnosis but before or on 31* Dec 2011:

- CAS: Another, later breast tumour with same laterality

- CAS/CWT: event type of ‘03, i.e. Treatment for a local recurrence of a primary cancer.

- GRACE: recurrence type of ‘L’ Local recurrence or progression of primary disease

- HES/CAS: (OPCS4 codes = ‘B28’, ‘B281’, ‘B282’, ‘B283’, ‘B285’, ‘B286’, ‘B287’, ‘B288’, ‘B289’, ‘B323’,
‘B34’, '‘B341’, ‘B342’, ‘B343’, ‘B345’, ‘B348’, ‘B349’, ‘B35’, ‘B27’, ‘B271’, ‘B272’, ‘B273’, ‘B274’, 'B27%’,
‘B276’, ‘B278’, ‘B279’) AND the laterality relating to the event is the same as recorded for the
original tumour

C6. Breast cancer recurrence of unknown location
Indicated by one or more of the following before or on 31 Dec 2011:

- CWT: patient status in ('15','16','17','18','19','20") all indicating recurrent cancer suspected or
confirmed.

- CAS/CWT: event type in '06' Treatment for multiple recurrence of cancer (local/regional/distant)
'09' 2" or subsequent treatment for relapse of primary cancer
'10' 2™ or subsequent treatment for progression of primary cancer
'39'/'U' Unknown recurrence treatment

- CAS: recurrence flag ='Y'

-CAS/HES: one or more of the following OPCS4 codes in CAS/HES:
Initiation of chemotherapy 2 1 year after diagnosis ("X352’, ‘02’)
Initiation of radiotherapy 21 year after diagnosis (RTX)
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Initiation of hormone therapy at any time after diagnosis following an
absence of hormone therapy of > 1 year (‘03’)

Two or more of the following types of scan, within a 1 year time period,
at least one year following diagnosis of breast cancer: ‘CT scan with contrast’, ‘CT

scan with unspecified contrast’, ‘MRI scan with contrast’, ‘MRI scan with unspecified

contrast’, ‘PET scan’, ‘Radio-isotope bone scan’.

-DID: Two or more of the following types of scan, within a 1 year time period, at least one year
following diagnosis of breast cancer:’

Computed tomography of abdomen (procedure) (169070004) [CABDO], Computed
tomography and biopsy of abdomen (procedure) (419940006) [CABDOB], Computed
tomography of abdomen and pelvis (procedure) (419394006) [CABPE], Computed
tomography of chest and abdomen (procedure) (418891003) [CCABD], Computed
tomography of chest, abdomen and pelvis (procedure) (418023006) [CCHAP], Computed
tomography of chest (procedure) (169069000) [CCHES], Computed tomography of cervical
spine (procedure) (241578008) [CCSPN], Computed tomography of liver (procedure)
(241549007) [CLIVE], Computed tomography and biopsy of liver (procedure) (418749009)
[CLIVEB], Computed tomography of lumbar spine (procedure) (241580002) [CLSPN],
Computed tomography of mediastinum (procedure) (241543008) [CMEDM], Computed
tomography of pituitary fossa (procedure) (241519005) [CPITF], Computed tomography of
posterior fossa (procedure) (241518002) [CPOSF], Computed tomography of sacral spine
(procedure) (241581003) [CSACM], Computed tomography of thoracic spine (procedure)
(241579000) [CTSPN], Virtual computed tomography bronchoscopy (procedure)
(418419008) [CVBRY], Magnetic resonance imaging of abdomen (procedure) (241621009)
[MABDO], Ablation of lesion of liver using computed tomography guidance (procedure)
(432226009) [CLMAAA], Radiofrequency ablation of lesion of liver using computed
tomography guidance (procedure) (431475009) [CLMAFA], Laser ablation of lesion of liver
using computed tomography guidance (procedure) (433866007) [CLMASA], Computed
tomography of neck and thorax (procedure) (430448007) [CNECH], Computed tomography
of neck and thorax with contrast (procedure) (429927002) [CNECHC], Computed
tomography of neck with contrast (procedure) (431326009) [CNECKC], Computed
tomography of sacral spine with contrast (procedure) (430452007) [CSACMC] Computed
tomography of sternum (procedure) (429874005) [CSTRM], Magnetic resonance imaging of
chest with contrast (procedure) (432815006) [MCHESC], Magnetic resonance imaging of
liver with contrast (procedure) (431839003) [MLIVEC].

Or one or more of the following (SNOMED) or [NICIP] codes in DID after 1 year of diagnosis:

Computed tomography of breast for radiotherapy planning (procedure) (429866009)
[CRTMAR], Computed tomography of head for radiotherapy planning (procedure) (429867000)
[CRTSKR], Computed tomography of spine for radiotherapy planning (procedure) (430438005)

[CRTSPR], Magnetic resonance imaging of chest for radiotherapy planning (procedure)

(431766006) [MRTCHR], Magnetic resonance imaging of breast for radiotherapy planning
(procedure) (430243000) [MRTMAR], Radiofrequency ablation using ultrasound guidance
(procedure) (433058002) [URAFGA], Wire guided localisation of lesion using ultrasonography
guidance (procedure) (915381000000106) [UWLLE], Wire guided localisation of breast lesion
using magnetic resonance imaging guidance (procedure) (911831000000104) [MWLBL], Wire
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guided localisation of breast lesion using magnetic resonance imaging guidance (procedure)
(911831000000104) [MWLBR], Wire guided localisation of breast lesion using magnetic
resonance imaging guidance (procedure) (911831000000104) [MWLBB], Biopsy of femur using
fluoroscopic guidance (procedure) (431455000) [FTHIBB], Biopsy of lung using computed
tomography guidance (procedure) (429932001) [CLUNGB], Biopsy of brain using computed
tomography guidance (procedure) (432666003) [CSKUHB].

C7. Cancer in the contralateral breast or the contralateral lymph nodes
This is also referred to as the woman having had bilateral breast cancer. Indicated by one or more of
the following before or on 31% Dec 2011:
- HES: {OPCS4 treatment type = ‘MT’ (Surgery for nodes and metastases, covering OPCS4 codes
'T873','T878','T879','T911','T918','T919','T928','2613''T862','T869', ‘T85’, 'T852','T859') OR OPCS4 =
‘0142°} AND the laterality relating to the event is not the same as recorded for the tumour.
-HES/CAS: {(OPCS4 treatment (surgery for breast), covering OPCS4 codes ‘B28’, ‘B281’, ‘B282’,
‘B283’, ‘B285’, ‘B286’, ‘B287’, ‘B288’, ‘B289’, ‘B323’, ‘B34’, ‘B341’, ‘B342’, ‘B343’, 'B345’, '‘B348’,
‘B349’, ‘B35’) OR OPCS4 = ‘B27’, ‘B271’, ‘B272’, ‘B273’, ‘B274’, ‘B275’, ‘B276’, ‘B278’, ‘B279'} AND the
laterality relating to the event is not the same as recorded for the tumour
- GRACE: Recurrence type ='C' Contralateral disease
- CAS: Another, later breast tumour with different laterality

C8. Occurrence of any other invasive cancer (ICD-10 codes: C00-C97, including C50, but excluding
C44; ICD-9 codes: 140-209, including 174, but excluding 173)

CAS: another, later, tumour of any type other than non-melanoma skin more before or on 31% Dec
2011:

where ICD10 codes are between C00-C97 exc. C44; and ICD9 codes are between 140 and 209,
exc.173, and cross referenced with behaviour being in (3,6,9) to indicate malignancy/invasive
tumour.
This group is subdivided into C8a, C8b and C8c as follows:
C8a. women falling into category C8 who have cancer (s) of liver (ICD 9: 155, ICD 10: D13.4),
lung (ICD 9: 162, ICD 10: C34), bone (ICD 9: 170, ICD 10: C40-41) or brain (ICD 9: 191-192, ICD 10:
C70-C72) and the ‘basis of diagnosis’ are one or more of ‘specific tumour markers’, ‘cytology’,
‘histology of metastasis’ and ‘histology of primary’.
C8b. women falling into category C8 who have cancer (s) of liver (ICD 9: 155, ICD 10: D13.4),
lung (ICD 9: 162, ICD 10: C34), bone (ICD 9: 170, ICD 10: C40-41) or brain (ICD 9: 191-192, ICD 10:

C70-C72) and the ‘basis of diagnosis’ as one or more of ‘death certificate’, ‘clinical’, ‘clinical
investigation’, ‘x not known’

C8c. women falling into category C8 who have invasive cancers other than those listed in
CO08a irrespective of the ‘basis of diagnosis’.

C9. Death from a cancer other than breast cancer, i.e. with one of the relevant codes entered in
any cause of death field 1a, 1b, 1c or ‘underlying’. (ICD-10 codes: CO0-C97, excluding C50;
ICD-9 codes: 140-209, excluding 174). Codes in cause of death field 2 are not taken into
account.
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C10. Deaths where no cause has been attributed.

C11. Women who died of a cause other than cancer

Women who are not in any of the above categories but who died before or on 31° Dec 2011 and
for whom the cause of death is known but for whom there is no mention of cancer entered in
any cause of death fields 1a, 1b, 1c or ‘underlying’ (ie no ICD-10 codes: CO0-C97; ICD-9 codes:
140-209). Codes in cause of death field 2 are not taken into account.

D. Women not in A, B, or C and with no further cancer-related events recorded during the time-period
under consideration

D1. Women for whom there was no indication that any further event related to breast cancer
had occurred by the end of the time period under consideration (ie 31 December 2011}, nor
had they died by the end of the time period under consideration.

E. Women who cannot be classified into any of the above categories.
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Supplementary material A. Women to be excluded from the initial dataset
(taken directly from Project Description version of 3 November 2015)

Anyone not recorded as female.

® >

Anyone not living in the West Midlands area at time of first registration of breast cancer.

C. Anyone with a diagnosis of invasive breast cancer prior to 1 Jan 1997, even if they have
another breast cancer registered after 1 Jan 1997.

D. Anyone who had an invasive cancer of a site other than invasive breast cancer prior to

their initial diagnosis of invasive breast cancer, with the exception of non-melanoma skin

cancer which is to be ignored.

The ICD codes for non-melanoma skin cancer are: (ICD-10 code: C44; ICD-9 code 173)

NB: Previously diagnosed cancers that are NOT invasive, including in situ breast cancers, benign
breast tumours, and breast tumours of uncertain or unknown behaviour are NOT grounds for
exclusion. The ICD codes for these cancers that are not classified as invasive cancers are: (ICD-10:
D05, D25, D48.6; ICD-9 217, 233.0, 238.3, 239.3).

E. Women who, at the time of their initial diagnosis of breast cancer, or within three
months of it, were diagnosed with an invasive cancer in the other breast (ie had bilateral
invasive breast cancer). NB Women who, within a period of three months, have several
diagnoses of invasive breast cancer reported in the same breast will be included in the
dataset. Their date of diagnosis will be taken to be the earliest of these reported dates
and the stage of breast cancer will be taken to be the highest recorded.

F. Women who were registered with a primary invasive cancer of another site as well as
breast cancer at the same time as their initial diagnosis of invasive breast cancer, or
within three months of it (with the exception of non-melanoma skin cancer, which is to
be ignored, see above).
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Supplementary material B. For women registered as stage VI (unknown stage), ICD-10 codes C77-C79

from HES data (within 3 months of diagnosis of breast cancer) will used to determine cancer stage

ICD 10 code Sub-classification Cancer stage to be allocated
c77 Secondary and | C77.0 Lymph nodes of head, face and neck 1]
unspecified malignant | Supraclavicular lymph nodes

neoplasm of lymph nodes
Excl.: malignant neoplasm
of lymph nodes, specified as
primary (C81-C86, C96.-)

C77.1 Intrathoracic lymph nodes

C77.2 Intra-abdominal lymph nodes

VI (Not staged)

C77.3 Axillary and upper limb lymph nodes Pectoral
lymph nodes

C77.4 Inguinal and lower limb lymph nodes

VI (Not staged)

C77.5 Intrapelvic lymph nodes

VI (Not staged)

C77.8 Lymph nodes of multiple regions

C77.9 Lymph node, unspecified

C78 Secondary malignant
neoplasm of respiratory and
digestive organs

C78.0 Secondary malignant neoplasm of lung v
C78.1 Secondary  malignant neoplasm  of v
mediastinum

C78.2 Secondary malignant neoplasm of pleura v
Malignant pleural effusion NOS

C78.3 Secondary malignant neoplasm of other and I\

unspecified respiratory organs

C78.4 Secondary malignant neoplasm of small
intestine

VI (Not staged)

C78.5 Secondary malignant neoplasm of
intestine and rectum

large

VI (Not staged)

C78.6  Secondary  malignant  neoplasm  of v
retroperitoneum and peritoneum, Malignant ascites

NOS

C78.7 Secondary malignant neoplasm of liver and v
intrahepatic bile duct

C78.8 Secondary malignant neoplasm of other and v

unspecified digestive organs

C79 Secondary malignant
neoplasm of other and
unspecified sites

C79.0 Secondary malignant neoplasm of kidney and
renal pelvis

VI (Not staged)

€79.1 Secondary malignant neoplasm of bladder and
other and unspecified urinary organs

VI (Not staged)

€79.2 Secondary malignant neoplasm of skin v
C€79.3 Secondary malignant neoplasm of brain and I\
cerebral meninges

C79.4 Secondary malignant neoplasm of other and v
unspecified parts of nervous system

C79.5 Secondary malignant neoplasm of bone and v

bone marrow

C79.6 Secondary malignant neoplasm of ovary

VI (Not staged)

C79.7 Secondary malignant neoplasm of adrenal
gland

VI (Not staged)

C79.8 Secondary malignant neoplasm of other v
specified sites
C79.9 Secondary malignant neoplasm, unspecified I\

site, Carcinomatosis (secondary), Disseminated
(secondary): cancer NOS, malignancy NOS,
Generalized (secondary): cancer NOS, Malignancy
NOS, Multiple secondary cancer NOS, Sarcomatosis
(secondary) NOS
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Supplementary material C.Priority order and rules defining the categorisation

The priority order is applied from top to bottom of the following list at the time of each
potential classifying event, in order of time from diagnosis. Each tumour is assigned
one classification and inclusion in a particular classification is only possible if that
tumour cannot be classified by any of the preceding classifications. (i.e. for B1
onwards, the criteria for B2 can be considered as being implicitly stated in the
inverse as part of the criteria for B1 and so on throughout the priority order.)

So, for instance, if a patient (as their first potential classifying events occurring on the
same date) is recorded as developing both contralateral recurrence and being
diagnosed with a secondary cancer of the liver, then they will be classified to C07,
not C08a. This patient’s treatment pathway can also be said not to have fulfilled any
of the criteria before CO7 in the priority order.

B2 (DCO or death & diagnosis on the same day):
The tumour recorded as a DCO or the date of death is the same as the date
of diagnosis.

B1 (Stage 4 or metastases within 3 months of diagnosis):
The stage at diagnosis for the tumour is 4 or there is an indication of
metastases.

Metastases are indicated by:
« the registration of a secondary malignancy that is distant to the breast
in HES
» the notification of a metastatic recurrence to NCRAS by a Trust
» the treatment for a distant recurrence of cancer in CWT

C01 (Death from breast cancer):
The tumour is not a DCO and any part of the death certificate includes an
invasive breast cancer code

CO02 (Palliative treatment):
An event notified to NCRAS as palliative care by a Trust

C03a(i) (Distant metastases of liver/lung/bone/brain after 3m):
There is a registration of a new secondary malignancy in the above locations
that occurs at least 93 days after the date of diagnosis

C03a(ii) (Distant metastases in other locations after 3m):
There is a registration of a new secondary malignancy not covered by C03a
that occurs at least 93 days after the date of the original diagnosis

C03b (Distant metastases of liver/lung/bone/brain (unconfirmed) after 3m):
There is a procedure on the above locations that occurs at least 93 days after
the date of diagnosis, which may represent treatment for a distant breast
cancer metastasis in the absence of registration of a new primary cancer of
that location.
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CO07 (Contralateral breast/lymph node cancer)/bilateral breast cancer:
One of the following conditions is met
* Sentinel lymph node biopsy on the other side from the original tumour
* Any surgery to the other breast
* Diagnosis of a breast tumour in the other breast

C04a (Recurrence in ipsilateral regional lymph nodes):
One of the following conditions is met
* Sentinel lymph node biopsy on the same side as the original tumour at
least 93 days after the date of diagnosis
* CWT records treatment for a regional recurrence of cancer

C4b (Recurrence of cancer in the regional lymph nodes (assumed to be
ipsilateral)):
* One of the conditions listed in C04 (i) is met but no information on
laterality is recorded.
* In this setting it is assumed that the recurrence of cancer is in the
ipsilateral regional lymph nodes (in the absence of evidence to the
contrary).

CO05 (Recurrence in ipsilateral breast):
One of the following conditions is met, occurring at least 93 days after the
date of the original diagnosis
* Adiagnosis of another tumour in the same breast
* CWT records treatment for a local recurrence of a primary cancer
* There is a mastectomy or further BCS

C06 (Recurrence — unknown location):
One of the following conditions is met
* CWT records the patient status as having suspected or diagnosed
recurrent cancer

* CWT records treatment for one of

o multiple recurrence of cancer (local and/or regional and/or
distant)

o relapse of primary cancer (second or subsequent)
o progression of primary cancer (second or subsequent)

* Notification to NCRAS by a Trust of recurrence
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C08a (New microscopically confirmed primary cancer of liver/lung/bone/brain
after 3 months):
There is a registration of a new malignancy in the above locations that occurs
at least 93 days after the date of diagnosis with microscopic confirmation of a
primary cancer
C08b (New microscopically unconfirmed primary cancer of
liver/lung/bone/brain after 3 months):
There is a registration of a new malignancy in the above locations that occurs
at least 93 days after the date of diagnosis without microscopic confirmation
of a primary cancer

C08c (New primary cancer in other locations after 3m):
There is a registration of a new malignancy not covered by C08a that occurs
at least 93 days after the date of the original diagnosis

Note that C5, C7 prevent another breast tumour diagnoses from being
categorised here although C50s are not explicitly excluded.

C09 (Death from another cancer):
The tumour is not a DCO and any part of the death certificate includes an
invasive cancer code but no invasive breast cancer codes

C10 (Death with no cause recorded):
The tumour is not a DCO and there is no recorded cause of death information

C11 (Death from cause other than cancer):
The tumour is not a DCO and there is no record of cancer in the cause of
death information

D01 (Embarkation):
Where NCRAS have been notified by ONS that the patient has emigrated

D02 (No further events within the time period):
No events (diagnostic or treatment) were found between the date of diagnosis
and the end of the period of study.

E (Unclassified):
Tumours and patients that do not meet any of the above criteria.
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Appendix M: Contributions to and Planned Extensions of Studies in the Thesis

The introductory and discussion chapters (1, 2 and 7) were the work of GM alone. The four
studies presented in chapters 3 -6 were all highly collaborative with contributions described
below. SD and FH provided appropriate supervision throughout.

Chapter 3: Differences in Risk Factors for Ductal Carcinoma in Situ and Invasive Breast
Cancer: Prospective Cohort Study

-GM: Application for funding to the Royal College of Surgeons of Edinburgh for UK
Biobank application costs, chief investigator on data requests to the UK Biobank scientific
committee, design of the study, interpretation of data and composition of chapter.

-PM and ZW: Assistance with (and programming for) statistical analyses
Planned extensions:

-Analyses of risk factors for cases of DCIS and IBC diagnosed before entry into UK

Biobank

-Comparison of genetic risk factors for DCIS and IBC

Chapter 4: The accuracy of preoperative biopsy in Ductal Carcinoma in Situ
-GM: Design of the study, analysis and programming, interpretation of data and
composition of chapter.
-ZW: Assistance with (and programming for) statistical analyses
-MC and 1J: data extraction from clinical records
-FL.: statistical and methodological input
-MS: database design and methodological input
-EG: data extraction from pathology slides
-EL.: pathology input
-JW: methodological input and data extraction from pathology slides
-GW/JT: data extraction from mammograms
Planned extensions:
-Examination of the association between genetic biomarkers and preoperative biopsy
underestimation rate for IBC or DCIS grade
-Detailed examination of characteristics of IBC in upstaged biopsies.

Chapter 5: Population-based Study of Invasive Breast Cancer in Women Diagnosed with
Ductal Carcinoma in Situ

-GM: Design of the study, principal investigator for Research Ethics Committee
(REC) application and Office of Data Release (ODR) application, interpretation of data and
composition of chapter.

-Z\W: Assistance with (and programming for) statistical analyses

-SC and OK: Extraction and transfer of data from the NHS Breast Screening

Programme (NHSBSP) audit.

-JAC and JB: Extraction and transfer of data from the Cancer Analysis System (CAS).
Planned extensions:

-Examination of the association between DCIS morphology and geographical region

of DCIS diagnosis and IBC rate.

-Comparison of IBC rate and breast cancer mortality in women diagnosed with

screen-detected DCIS with those diagnosed with non-screen-detected DCIS
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Chapter 6: The Use of Routine Data Sources to Identify Recurrence in Women Registered
with Invasive Breast Cancer in England

-GM: Design of the study, data cleaning, development of the algorithm, principal
investigator for REC application and ODR application, interpretation of data and composition
of chapter.

-DK: Assistance with (and programming for) statistical analyses

-JAC and JB: Assistance with (and programming for) algorithm and statistical
analyses
Planned extensions:

-External validation of findings using data from a UK randomised controlled trial

and/or from a regional cohort study.

-Extension of the algorithm to the identify recurrences for women diagnosed in the

whole of England.

Contributors’ initials (alphabetical order):

DK: David Kennedy, Statistician, Nuffield Department of Population Health, University of
Oxford

EG: Emilie Groen, Pathologist, Netherlands Cancer Institute Antoni van Leeuwenhoek
EL: Esther Lips, Staff scientist, Netherlands Cancer Institute Antoni van Leeuwenhoek

FL: Flora van Leeuwen, Professor in Epidemiology, Netherlands Cancer Institute Antoni van
Leeuwenhoek

GM: Gurdeep S. Mannu (thesis author), Nuffield Department of Population Health,
University of Oxford

1J: Ires Joore, Researcher, Netherlands Cancer Institute Antoni van Leeuwenhoek

JB: John Broggio, Principal Analyst, National Cancer Registration and Analysis Service,
Public Health England

JC: Jackie Charman, Senior Cancer Analyst, National Cancer Registration and Analysis
Service, Public Health England

JT = Jelle Teerstra, Radiologist, Netherlands Cancer Institute Antoni van Leeuwenhoek

JW: Jelle Wesseling, Professor in Molecular Pathology, Netherlands Cancer Institute Antoni
van Leeuwenhoek

MC: Monica Chung, Researcher, Netherlands Cancer Institute Antoni van Leeuwenhoek
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