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ABSTRACT

OBJECTIVES

To evaluate the long term risks of invasive breast
cancer and death related to breast cancer after non-
screen detected ductal carcinoma in situ. Risks for
women in the general population and for women
diagnosed with ductal carcinoma in situ via the
screening programme were compared.
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Data from the National Disease Registration Service.

PARTICIPANTS
All 27 543 women in England who were diagnosed

screening programme, during 1990 to 2018.

MAIN OUTCOME MEASURES
Incident invasive breast cancer and death caused by
breast cancer.

RESULTS

By 31 December 2018, 3651 women with non-screen
detected ductal carcinoma in situ had developed
invasive breast cancer, more than four times higher
than expected from national cancer incidence rates
(ratio of observed to expected rate was 4.21 (95%
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conference interval 4.07 to 4.35)). The ratio of observed

to expected rate of developing invasive breast cancer
remained increased throughout follow-up among

women aged <45-70 years. The 25 year cumulative risks

with ductal carcinoma in situ, outside the NHS breast

WHAT IS ALREADY KNOWN ON THIS TOPIC

Ductal carcinoma in situ is usually diagnosed within the NHS breast screening
programme, but some diagnoses occur outside the programme, both in women
of screening age and in older and younger women

Following screen detected ductal carcinoma in situ, the rates of invasive breast
cancer and of breast cancer death are more than double those of the general
population

Rates of invasive breast cancer and breast cancer death after non-screen
detected ductal carcinoma in situ are uncertain

WHAT THIS STUDY ADDS

Following non-screen detected ductal carcinoma in situ, rates of invasive breast
cancer and breast cancer deaths were about four times more than the general
population

Women with unilateral ductal carcinoma in situ undergoing mastectomy had

a lower ipsilateral invasive breast cancer rate than those undergoing breast
conserving surgery, but breast cancer mortality rates were similar

Increased risks of invasive breast cancer and of breast cancer death lasted for
at least 25 years, suggesting that ductal carcinoma in situ survivors may benefit
from surveillance for at least three decades
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of invasive breast cancer by age at diagnosis of ductal
carcinoma in situ were 27.3% for <45 years, 25.2% for
45-49 years, 21.7% for 50-59 years, and 20.8% for
60-70 years. 908 women died of breast cancer, almost
four times higher than that expected from breast cancer
death rates in the general population (ratio of observed
to expected rate 3.83 (3.59 to 4.09)). The ratio of
observed to expected rate of mortality attributed to
breast cancer remained increased throughout follow-
up. The 25 year cumulative risks of breast cancer death
by age at ductal carcinoma in situ diagnosis were 7.6%
for <45 years, 5.8% for 45-49 years, 5.9% for 50-59,
and 6.2% for 60-70 years. Among women aged 50-64
years, and therefore eligible for breast screening by the
NHS, the ratio of observed to expected rate of invasive
breast cancer in women with non-screen detected
compared with screen detected ductal carcinoma in situ
was 1.26 (95% conference interval 1.17 to 1.35), while
the ratio for mortality from breast cancerwas 1.37 (1.17
to 1.60). Among 22 753 women with unilateral ductal
carcinoma in situ undergoing surgery, those who had
mastectomy rather than breast conserving surgery had
a lower 25 year cumulative rate of ipsilateral invasive
breast cancer (mastectomy 8.2% (95% conference
interval 7.0% to 9.4%), breast conserving surgery with
radiotherapy 19.8% (16.2% to 23.4%), and breast
conserving surgery with no radiotherapy recorded
20.6% (18.7% to 22.4%)). However, reductions did not
translate into a lower 25 year cumulative rate of deaths
attributable to breast cancer (mastectomy 6.5% (4.9%
to 10.9%), breast conserving surgery with radiotherapy
8.6% (5.9% to 15.5%), breast conserving surgery with
no radiotherapy recorded 7.8% (6.3% to 11.5%)).

CONCLUSIONS

For at least 25 years after their diagnosis, women
with non-screen detected ductal carcinoma in situ
had higher long term risks of invasive breast cancer
and breast cancer death than women in the general
population. Additionally, they had higher long

term risks than women with screen detected ductal
carcinoma in situ. Mastectomy was associated with
lower risks of invasive breast cancer than breast
conserving surgery, even when accompanied by
radiotherapy. However, risks of breast cancer death
appeared similar for mastectomy, breast conserving
surgery with radiotherapy, and breast conserving
surgery with no radiotherapy recorded.

Introduction

The increased incidence of ductal carcinoma in situ
over recent decades has been attributed largely to
the National Health Service (NHS) breast screening
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programme. Many women are, however, diagnosed
with ductal carcinoma in situ outside the screening
programme, either because they are not in the age
range included in the screening programme, or
because they did not respond to a screening invitation,
or because their carcinoma arose during an interval
between three-yearly screens. The risks of subsequent
invasive breast cancer and breast cancer death among
women with a diagnosis of non-screen detected ductal
carcinoma in situ are unclear, as is the way in which
the risks evolve over time. Hence, the optimal period of
post-treatment follow-up and frequency of surveillance
imaging following a diagnosis of non-screen detected
ductal carcinoma in situ are uncertain.

Many diagnoses of ductal carcinoma in situ occur as
a result of screening, which has led to concerns that
ductal carcinoma in situ may be overtreated in some
women, something that is being investigated in various
ongoing randomised trials evaluating non-operative
management of ductal carcinoma in situ.'> However,
alongside these concerns, it is also the case that the
rates of invasive breast cancer and breast cancer death
in women with screen detected ductal carcinoma
in situ are more than double those of women in the
general population and remain raised for at least 20
years after diagnosis.* A greater understanding of the
risks following non-screen detected ductal carcinoma
in situ would provide insights into the natural history
of ductal carcinoma in situ and into whether concerns
regarding overtreatment of screen detected ductal
carcinoma in situ are warranted.

To provide further information on the long term
consequences of ductal carcinoma in situ diagnosed
outside the screening programme, we undertook a
population based, observational study characterising the
risks of invasive breast cancer and breast cancer death
among all women diagnosed with non-screen detected
ductal carcinoma in situ in England. We compared
the risks for these women with those for the general
population and for women diagnosed with screen
detected ductal carcinoma in situ. We also investigated
patient, tumour, and treatment related factors that are
associated with these endpoints in women with non-
screen detected ductal carcinoma in situ.

Methods
Study population and data
The NHS breast screening programme,’ began in 1988
and achieved national coverage in 1993. The service
is centralised in which women (specifically, people
registered with a general practitioner as female) in
specified age groups are sent personal letters every
three years inviting them to attend an appointment for
screening mammography in one of 78 breast screening
units across England. Initially, women aged 50-64
years were invited. However, from 2003 the age range
was extended to include women aged 65-70 years. The
attendance rate for women invited for screening has
consistently been over 70%.°

Since the introduction of the NHS breast screening
programme in England, all women diagnosed with
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either screen detected or non-screen detected ductal
carcinoma in situ have been registered prospectively
as such. These registrations were initially with the
Regional Cancer Registries, but these have now
been unified into the National Disease Registration
Service.” Registrations are routinely linked at the
patient level with other information on the same
woman, including registrations of other cancers, the
date of any emigration, and the date and cause of
death, if relevant. For this study, the National Disease
Registration Service compiled a dataset that included
information on 82009 women diagnosed between
1990 and 2018 and followed up to December 2018.
This was the most recent dataset available for cancer
registrations at the time of applying. The dataset was
then de-personalised and released to the investigators
in the Nuffield Department of Population Health at the
University of Oxford for analysis.

The dataset received by these investigators included,
for each woman, information on patient related
factors (date of ductal carcinoma in situ diagnosis,
age at diagnosis, laterality of ductal carcinoma in
situ, whether or not the disease was screen detected,
information about the treatment given (surgery and
radiotherapy) where recorded, and any prior cancer
diagnoses), date and site of any subsequent breast
cancer registrations, date of emigration, and date and
cause of death, if relevant. To provide reassurance
that women included in the study had, in fact, been
diagnosed initially with ductal carcinoma in situ rather
than invasive breast cancer, the textual pathology
reports stored by the National Disease Registration
Service for a random sample of 130 women for whom
an invasive breast cancer or breast cancer death was
subsequently reported were examined by two clinicians
(GSM and DD); no cases were found in which the initial
diagnosis had been invasive breast cancer rather than
ductal carcinoma in situ. The study was approved by
Yorkshire and The Humber-Leeds East research ethics
committee (16/YH/0209), the NHS breast screening
programme research committee, and Public Health
England’s office for data release (ODR1516_225).

Data analysis

Data for women with ductal carcinoma in situ were
separated into those with screen detected diagnoses
and those with non-screen detected diagnoses.
We excluded any woman recorded with a previous
invasive cancer (other than non-melanoma skin
cancer), aged 290 years at diagnosis, or with no
histological confirmation of ductal carcinoma in situ.
Women with either a record of invasive breast cancer
or a record of having received chemotherapy within
six months of ductal carcinoma in situ diagnosis were
also excluded. Further exclusions included women
with inconsistent records and those with less than six
months of follow-up. The analysis focused on women
with non-screen detected ductal carcinoma in situ,
apart from a comparison of the risks of invasive breast
cancer and breast cancer death between women with
screen detected and those with non-screen detected
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ductal carcinoma in situ diagnosed during 1990-
2018 at ages 50-64 years. All women in this age group
were eligible for screening within the NHS breast
screening programme throughout this calendar period.
Further results for women with screen detected ductal
carcinoma in situ have been given elsewhere."

We considered women from six months after their
diagnosis of ductal carcinoma in situ (so that the most
recent diagnosis date considered was 30 June 2018)
until the earliest of diagnosis of invasive breast cancer
or death, loss to follow-up, the woman’s 90th birthday
or 31 December 2018 (see supplementary text S1,
sections A-C). We calculated observed numbers
and observed rates of invasive breast cancer, breast
cancer death, and non-breast cancer death. We also
calculated cumulative expected numbers and expected
risks for these endpoints, using cancer incidence
rates for England and mortality rates for England and
Wales both in five-year age groups and single calendar
years. Confidence intervals for rates in the study
population and for the ratios of observed to expected
events and event rates assumed that the numbers of
observed deaths had a Poisson distribution and that
the numbers of expected deaths were fixed. Variability
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in the ratio of observed to expected death rates was
studied using Poisson regression (supplementary text
S1, section D). Tests for trend or heterogeneity in the
ratio across individual characteristics were conducted
using a likelihood ratio test, as were tests for an
interaction between two characteristics. The ratios
of observed rates in different groups of women were
studied in a similar fashion using Poisson regression
(supplementary text S1, section H), and cumulative
rates assumed that the numbers of observed events in
all the groups of women studied followed a Poisson
distribution (supplementary text S1, section I). We
calculated cumulative observed risks of invasive breast
cancer and of breast cancer death based on the annual
event rates and we took competing causes of death
into account using five-year age specific mortality
rates for England and Wales (supplementary text S1,
sections E-G). Calculations were performed using Stata
statistical software version 15.1 (StataCorp, College
Station, TX, USA) and R (version 4.2.2).

Patient and public involvement
This study comprises a statistical analysis conducted
on routinely collected patient data that had been

Ductal carcinoma in situ diagnosed in England from Jan 1990 to Jun 2018

A
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{33770

Non-screen detected ductal carcinoma in situ

6227
Excluded
855 Previous cancer

)

t 48 239

Screen detected ductal carcinoma in situ

Excluded

1100 Previous cancer

346 Age =90 years when diagnosed
392 No histology confirmation
87 Histology indicates not DCIS
4493 Within 6 months of DCIS
3788 Invasive breast cancer
455 Chemotherapy
250 End of follow-up
54 Inconsistent record

f27 543

Included in study
A

v v

3 Age 290 years when diagnosed
509 No histology confirmation
126 Histology indicates not DCIS
1267 Within 6 months of DCIS
821 Invasive breast cancer
395 Chemotherapy
51 End of follow-up
86 Inconsistent record

45 148

Data available

Excluded from comparison
with non-screen detected
2495 Age at DCIS diagnosis (years)
<50 (below standard screening
> age)
8988 65-70 (invited for screening
only from 2003)
2524 =71 (above standard screening
age)

22753 4790
Unilateral DCIS 4582 Unilateral DCIS,
with surgery treatment not
4444 BCS+RT reported
8338 BCS no RT 208 Bilateral DCIS

9971 Mastectomy

Included in comparison with non-screen detected,
age 50-64 years at DCIS diagnosis

Fig 1 | Derivation of study population. DCIS=ductal carcinoma in situ; BCS+RT=breast conserving surgery, radiotherapy recorded; BCS no RT=breast

conserving surgery, radiotherapy not recorded
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Table 1 | Characteristics of 27 543 women in England diagnosed with non-screen detected ductal carcinoma in situ (DCIS) between 1990 and 2018 and
their status in December 2018. The table shows number of women in each category and the column percentage

Unilateral DCIS

Bilateral
Characteristics DCIS BCS + RT BCS no RT Mastectomy Unknown* P valuet Total
Calendar year of DCIS diagnosis:
1990-99 52 (25.0) 749 (16.9) 2534 (30.4) 2060 (20.7) 2598 (56.7) <0.001 7993 (29.0)
2000-09 47 (22.6) 1461 (32.9) 2889 (34.6) 4013 (40.2) 904 (19.7) = 9314 (33.8)
2010-18 109 (52.4) 2234 (50.3) 2915 (35.0) 3898 (39.1) 1080 (23.6) = 10236 (37.2)
Age at DCIS diagnosis, years:
<45 34 (16.3) 867 (19.5) 1280 (15.4) 2515 (25.2) 577 (12.6) <0.001 5273 (19.1)
45-49 43 (20.7) 899 (20.2) 1353 (16.2) 1821 (18.3) 514 (11.2) = 4630 (16.8)
50-59 55 (26.4) 1166 (26.2) 2092 (25.1) 2178 (21.8) 1417 (30.9) = 6908 (25.1)
60-70 36 (17.3) 910 (20.5) 1770 (21.2) 1698 (17.0) 1019 (22.2) = 5433 (19.7)
>71 40 (19.2) 602 (13.5) 1843 (22.1) 1759 (17.6) 1055 (23.0) = 5299 (19.2)
Laterality of DCIS:
Left = 2282 (51.4) 4240 (50.9) 5184 (52.0) 2175 (47.5) 0.81 13881 (50.4)
Right = 2125 (47.8) 3878 (46.5) 4669 (46.8) 2001 (43.7) = 12673 (46.0)
Bilateralt 208 (100.0) = = = = = 208 (0.8)
Unknown# = 37 (0.8) 220 (2.6) 118 (1.2) 406 (8.9) = 781 (2.8)
Length of follow-up since DCIS diagnosis, years:
<5 72 (34.6) 1520 (34.2) 2055 (24.6) 2561 (25.7) 1143 (24.9) = 7351 (26.7)
5-9 55 (26.4) 1112 (25.0) 1978 (23.7) 2581 (25.9) 704 (15.4) = 6430 (23.3)
10-19 52 (25.0) 1370 (30.8) 2887 (34.6) 3708 (37.2) 1044 (22.8) = 9061 (32.9)
>20 29 (13.9) 442 (9.9) 1418 (17.0) 1121 (11.2) 1691 (36.9) = 4701 (17.1)
Invasive breast cancer diagnosed by 31 December 2018:
Ipsilateral = 288 (6.5) 825 (9.9) 435 (4.4) 402 (8.8) = 1950 (7.1)
Contralateral = 157 (3.5) 351 (4.2) 413 (4.1) 182 (4.0) = 1103 (4.0)
Unknown 21 (10.1) 60 (1.4) 125 (1.5) 133 (1.3) 259 (5.7) = 598 (2.2)
Vital status on 31 December 2018:
Alive 173 (83.2) 3899 (87.7) 6695 (80.3) 8368 (83.9) 2992 (65.3) = 22127 (80.3)
Emigrated§ 3(1.4) 69 (1.6) 143 (1.7) 154 (1.5) 109 (2.4) = 478 (1.7)
Dead 32 (15.4) 476 (10.7) 1500 (18.0) 1449 (14.5) 1481 (32.3) = 4938 (17.9)
Cause of death:
Breast cancer 3 (1.4) 112 (2.5) 232 (2.8) 250 (2.5) 311 (6.8) — 908 (3.3)
Other causes 27 (13.0) 349 (7.9) 1250 (15.0) 1185 (11.9) 1139 (24.9) = 3950 (14.3)
Unknown cause 2 (1.0) 15 (0.3) 18 (0.2) 14 (0.1) 31 (0.7) — 80 (0.3)
Total 208 (100.0) 4444 (100.0) 8338 (100.0) 9971 (100.0) 4582 (100.0) = 27543 (100.0)

BCS+RT=breast conserving surgery, radiotherapy recorded; BCS no RT=breast conserving surgery, radiotherapy not recorded; DCIS=ductal carcinoma in situ.
*Includes both women who did not have surgery and those who had surgery but for whom it was not recorded. Numbers of women with unknown treatment by year of diagnosis and age at

diagnosis are in table S1.
1P values for heterogeneity tests.

#Bilateral and unknown excluded from heterogeneity tests.
§See table S2 for numbers emigrated by age at diagnosis and calendar year of diagnosis.

depersonalised. Two patients representing the
organisation Independent Cancer Patients’ Voice were
involved as research partners. They advised on which
analyses would be informative to patients. They also
reviewed and commented on the main findings in the
manuscript via face-to-face meetings, teleconferences,
and email. They have agreed to help with dissemination
of the findings.

Results

Characteristics of women with non-screen detected
ductal carcinoma in situ

By 30 June 2018, a total of 27 543 women in England
had been diagnosed with non-screen detected ductal
carcinoma in situ as their first cancer and were included
in the study (fig 1). Of these, 22753 women had
unilateral ductal carcinoma in situ and were treated
with surgery (4444 (19.5%) with breast conserving
surgery with radiotherapy, 8338 (36.7%) with breast
conserving surgery without a record of radiotherapy,
9971 (43.8%) mastectomy). Among the remaining
4790 women, 4582 (95.7%) had unilateral ductal

carcinoma in situ, while 208 (4.3%) were diagnosed
with bilateral ductal carcinoma in situ. The number
of women diagnosed per year increased with each
calendar year (Phetemgeneiw<0.001) (table 1). Over half the
women were diagnosed when aged younger than 50
years or at least 71 years, and therefore would not have
received screening invitations (table 1).

By 31 December 2018, 9061 women had been
followed up for 10-19 years and 4701 for more than
20 years, while 478 (1.7%) women had emigrated.
A total of 908 women had died from breast cancer.
Additionally, 4030 women had died from other or
unknown causes, which is considerably fewer than
expected from mortality rates in the general population
(ratio of observed to expected death rate 0.73 (95%
confidence interval 0.71 to 0.76), tables S3-4).

Incidence of invasive breast cancer in women with
non-screen detected ductal carcinoma in situ

By 31 December 2018, 3651 women with non-screen
detected ductal carcinoma in situ had developed
invasive breast cancer (1950 ipsilateral, 1103
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Invasive breast cancer

Breast cancer death

<45 years
S 30 N 10
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Fig 2 | Cumulative risk of invasive breast cancer (left) and of death from breast cancer (right) in 27 543 women with non-screen detected DCIS by age
at diagnosis of DCIS. O/E is ratio of observed and expected rates with 95% confidence interval. Cumulative risks take into account competing risks
from other causes of death. Expected values are based on cancer incidence rates for England and mortality rates for England and Wales. For women
aged 271 years at diagnosis cumulative risks have been calculated only up to 15 years since diagnosis as the study followed women only up to age
90 years. Cumulative risks and confidence intervals are in tables S9 & S10 (see also tables S5-S8). IBC=invasive breast cancer; BCD=breast cancer
death; DCIS=ductal carcinoma in situ
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contralateral, 598 unknown laterality) (table 1). The
invasive breast cancer rate was 13.28 (95% confidence
interval 12.85 to 13.71) per 1000 woman years overall.
It varied with age at diagnosis of ductal carcinoma in
situ (Phetemgeneiw<0.001) and was 14.80 per 1000 woman
years at ages <45 years, 12.32 for 45-49 years, 11.37
for 50-59 years, 12.65 for 60-69 years, and 18.61 for
>70 years (table S5).

The invasive breast cancer rate was more than four
times that expected based on breast cancer incidence
rates in the general population (observed to expected
rate ratio 4.21 (95% confidence interval 4.07 to 4.35),
P<0.001). The rate ratio also varied with age at ductal
carcinoma in situ diagnosis (Phetemgeneny<0.001) (table
S5). The ratios for women by diagnosis age were
7.33 at <45 years, 4.28 at 45-49 years, 3.37 at 50-59
years, 3.49 at 60-70 years, and 4.58 at 271 years. The
observed to expected rate ratios decreased steadily

Invasive breast cancer

25 1990-1999

Cumulative risk (%)
oo
o »n o

w1

0

No of IBC 471 452

No atrisk 7993 7184

25 2000-2009

Cumulative risk (%)
oo
o o»n o

w1

0

Noof IBC 584 500

No atrisk 9314 8164

25 2010-2018

a AN
u O u1 O

\

Cumulative risk (%)

0
Noof IBC 545

No atrisk 10236
0

-

N D~ O 0 O

Cumulative risk (%)

Population expected

with time since ductal carcinoma in situ diagnosis
(Phetemgeneiw<0.001) with values of 5.56 (95% confidence
interval 5.29 to 5.84) at 0.5-4 years after diagnosis,
4.32 (4.07 to 4.59) after 5-9 years, 3.06 (2.86 to 3.27)
after 10-19 years, and 2.50 (2.13 to 2.95) after 220
years.

The observed and expected cumulative risks of
invasive breast cancer diverged with increasing time
since diagnosis in every age at diagnosis group. The
risks continued to diverge throughout follow-up and,
by 25 years after ductal carcinoma in situ diagnosis,
observed and expected cumulative risks of invasive
breast cancer were 27.3% and 5.8% for <45 years,
25.2% and 7.3% for 45-49 years, 21.7% and 7.7%
for 50-59 years, and 20.8% and 7.0% for 60-70 years
(fig 2, left).

No significant trend was found in the observed
to expected rate ratio of invasive breast cancer with

Breast cancer death

—— Non-screen detected
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Fig 3 | Cumulative risk of invasive breast cancer (left) and of death from breast cancer (right) in 27 543 women with non-screen detected DCIS by year
of diagnosis of DCIS. Cumulative risks take into account competing risks from other causes of death. Expected values are based on cancer incidence
rates for England and mortality rates for England and Wales. Cumulative risks and confidence intervals are in tables S11 & S12 (see also tables S5-

S8). IBC=invasive breast cancer; BCD=breast cancer death, DCIS=ductal carcinoma in situ
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calendar year of ductal carcinoma in situ diagnosis
after accounting for age at ductal carcinoma in situ
diagnosis and time since diagnosis (P, ,=0.45) (table
S6). The cumulative observed and expected risks
of invasive breast cancer diverged with increasing
time since diagnosis of ductal carcinoma in situ in
every calendar period of diagnosis (fig 3, left). By 25
years after ductal carcinoma in situ diagnosis, the
cumulative observed risk of invasive breast cancer for
women diagnosed before the year 2000 was 22.2%
compared with 6.7% expected.

Mortality from breast cancer in women with non-
screen detected ductal carcinoma in situ

A total of 908 women with non-screen detected ductal
carcinoma in situ died with breast cancer as the
certified cause of death (table 1). The breast cancer
death rate was 3.05 per 1000 woman years overall
and, as for invasive breast cancer incidence, it varied

Invasive breast cancer (age 50-64 years)

with age at diagnosis of ductal carcinoma in situ
(Phetemgeneiw<0.001) (table S7). The breast cancer death
rate per 1000 woman years by diagnosis age was 2.98
for <45 years, 2.33 for 45-59 years, 2.49 for 50-59
years, 2.96 for 60-70 years, and 6.11 for =71 years.
Considering all women with non-screen-detected
ductal carcinoma in situ, the observed breast cancer
death rate was almost four times higher than that
expected from mortality rates in the general population
(observed to expected rate ratio 3.83 (95% confidence
interval 3.59 to 4.09), (Phe(emgeneiw<0.001)). This rate
ratio varied with age at diagnosis of ductal carcinoma
in situ: 10.25 for women diagnosed at age <45 years,
4.99 for 45-49 years, 3.44 for 50-59 years, 2.63 for 60-
70 years, and 3.34 for 271 years (table S7). The ratio
of the observed to the expected breast cancer death
rate also varied with time since ductal carcinoma in
situ diagnosis (Phe(emgeneiw<0.001) with values of 3.59
(95% confidence interval 3.19 to 4.05) at 0.5-4 years

Breast cancer death (age 50-64 years)
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Fig 4 | Cumulative risks of invasive breast cancer (left) and of death from breast cancer (right) in 9679 women with non-screen detected DCIS

and 31141 women with screen detected DCIS aged 50-64 years by year of diagnosis. The numbers of women at risk in screen detected and non-
screen detected are given under each panel. Cumulative risks take into account competing risks from other causes of death. Cumulative risks and
confidence intervals are in tables S16 and S17 (see also tables S13-S15). DCIS=ductal carcinoma in situ
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after diagnosis, 4.72 (4.22 to 5.28) after 5-9 years, and
3.44 (3.05 to 3.88) after 10-19 years. The death rate
remained markedly raised even after 20 years or more
from diagnosis, (ratio of observed to expected death
rates 3.34 (2.63 to 4.25).

The observed and expected cumulative risks of
breast cancer death diverged with increasing time since
diagnosis in every age at diagnosis group (fig 2, right).
By 25 years after ductal carcinoma in situ diagnosis,
the observed and expected cumulative risks were 7.6%
and 0.9% for age <45 years at diagnosis, 5.8% and
1.2% for 45-49 years, 5.9% and 1.7% for 5059 years,
and 6.2% and 2.4% for 60-70 years.

The observed cumulative risk of breast cancer death
in women with non-screen detected ductal carcinoma
in situ exceeded that expected in women in the general

5 Ipsilateral invasive breast cancer

N 2
ot —$—BCS+RT
3 20
2 BCS no RT
g 15
E] --§-- Mastectomy
= 10
E 5 L o !
[ R e
0l e®
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Fig 5 | Cumulative incidence rates of ipsilateral and contralateral invasive breast cancer
and cumulative rate of breast cancer death by recorded treatment and 95% confidence
intervals in 22 753 women with non-screen detected unilateral DCIS during 1990-2018.
IIBC=ipsilateral invasive breast cancer; CIBC=contralateral invasive breast cancer;
BCD=breast cancer death; BCS+RT=breast conserving surgery, radiotherapy recorded;
BCS no RT=breast conserving surgery, radiotherapy not recorded. Cumulative risks,
confidence intervals, and significance tests are in table S1

population in all three calendar periods studied (table
S8). The ratio of the observed to the expected breast
cancer death rate decreased with calendar year of
diagnosis of ductal carcinoma in situ when time since
diagnosis was considered (P __,<0.001). The ratio of
the observed to the expected death rate during the
period 0.5-4 years after diagnosis of ductal carcinoma
in situ was 4.00 (95% confidence interval 3.32 to
4.81) for 1990-99 diagnoses, 3.81 (3.15 to 4.60)
for 2000-09 diagnoses, and 2.69 (2.05 to 3.53), for
2010-18 diagnoses. In all three calendar periods, the
observed and expected cumulative risks diverged with
increasing time since diagnosis of ductal carcinoma
in situ (fig 3, right). Among women diagnosed before
2000, the 25 year cumulative risk of breast cancer
death was 7.4% (95% confidence interval 6.8% to
8.0%) compared with 1.9% expected in the general
population; among women diagnosed during 2000-10,
the 15 year cumulative risk was 3.5% (3.1% to 3.9%)
compared with 1.0% expected; and among women
diagnosed during 2010-18, the five year cumulative
risk was 0.8% (0.6% to 1.0%) compared with 0.3% in
the general population.

Comparison between women with non-screen
detected and screen detected ductal carcinoma in
situ

A total of 9679 women were diagnosed with non-
screen detected ductal carcinoma in situ at ages 50-64
years, that is, within the age range that was eligible for
screening within the NHS breast screening programme
throughout the study period. In the same age range,
31141 women were diagnosed with screen detected
ductal carcinoma in situ during the study period (fig
1). The proportion of women whose ductal carcinoma
in situ was detected via screening increased with each
calendar period (Phetemgeneny<0.001) (table S13). Women
with non-screen detected ductal carcinoma in situ
tended to be younger when diagnosed than those with
screen detected ductal carcinoma in situ: 40.4% versus
38.2% were aged 50-54 years, 31.0% versus 30.4%
were aged 55-59 years, and 28.6% versus 31.4% were
aged 60-64 years (Phetemgeneiw<0.001). Compared with
the general population, fewer women lived in areas
classified as “most deprived” in the index of multiple
deprivation in both non-screen detected and screen
detected groups, and more women lived in areas
classified as “least deprived”. However, the distribution
across the five index of multiple deprivation quintiles
did not differ significantly between the two groups
(P=0.43, table S13).

The ratio of the invasive breast cancer rate among
women with non-screen detected ductal carcinoma
in situ to that of women with screen detected ductal
carcinoma in situ was 1.26 (95% confidence interval
1.17 to 1.35) overall. The ratio tended to decrease
with time since diagnosis of ductal carcinoma in situ
within categories of calendar period (P<0.001) and
increase with each calendar period category within
time since diagnosis categories (P<0.001) (table S14).
For women diagnosed during 2000-09, the cumulative
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invasive breast cancer risk at five years was 5.1% and
at 15 years was 15.4% for non-screen detected ductal
carcinoma in situ compared with 3.7% and 12.3%
for screen detected ductal carcinoma in situ. For
women diagnosed during 2010-18, the five year risks
of invasive breast cancer were 7.5% for non-screen
detected ductal carcinoma in situ compared with
3.8% for screen detected ductal carcinoma in situ (fig
4, left).

The overall ratio of the breast cancer death rate
among women with non-screen detected compared
with screen detected ductal carcinoma in situ after
taking calendar period and time since diagnosis into
account was 1.37 (95% confidence interval 1.17 to
1.60). This ratio tended to decrease with time since
diagnosis after each calendar period of diagnosis was
taken into account (P, d<0.001) but increased with
calendar period after time since diagnosis was taken
into account (P, ,<0.001) (table S15). For women
diagnosed during 2000-09, the cumulative risk of
breast cancer death at five years after diagnosis was
0.7% and at 15 years it was 3.0% for women with non-
screen detected ductal carcinoma in situ compared
with 0.3% and 1.6% for women with screen detected
ductal carcinoma in situ. For women diagnosed
during 2010-18, the five year risk of breast cancer
death was 0.6% for women with non-screen detected
ductal carcinoma in situ compared with 0.1% for
women with screen detected ductal carcinoma in situ
(fig 4, right). Further results for women with screen
detected ductal carcinoma in situ have been given
elsewhere.”

Treatments and outcomes in non-screen detected
ductal carcinoma in situ

Of the 22753 women diagnosed with unilateral
non-screen detected ductal carcinoma in situ and
recorded as receiving surgery, invasive breast cancer
rates differed according to whether a woman had
breast conserving surgery with radiotherapy, breast
conserving surgery without a record of radiotherapy, or
mastectomy (Phe‘emgeneiw<0.001, table S18). Women who
received breast conserving surgery but had no record of
radiotherapy had higher cumulative incidence rates of
ipsilateral invasive breast cancer than did women who
received breast conserving surgery and radiotherapy
during the first 10 years after diagnosis (fig 5, upper
panel). After this point, the cumulative incidence rates
in women treated with breast conserving surgery, with
and without radiotherapy, converged, and by 25 years
after diagnosis the cumulative invasive breast cancer
rate was 20.6% (95% confidence interval 18.7% to
22.4%) after breast conserving surgery without a
record of radiotherapy and 19.8% (16.2% to 23.4%)
after conserving surgery with radiotherapy. Women
receiving a mastectomy had lower rates of ipsilateral
invasive breast cancer than women who received breast
conserving surgery throughout follow-up and their
cumulative invasive breast cancer rate at 25 years was
8.2% (7.0% to 9.4%). In contrast to ipsilateral invasive
breast cancer, no significant heterogeneity between the
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three treatment modalities was found for contralateral
invasive breast cancer (Phetemgeneiw=0.94) or breast
cancer death (Phetemgeneity=0.5 7). The 25 year cumulative
breast cancer mortality rate was 8.6% (5.9% to 15.5%)
for breast conserving surgery with radiotherapy,
7.8% (6.3% to 11.5%) for breast conserving surgery
without radiotherapy, and 6.5% (4.9% to 10.9%) for
mastectomy (fig 5, lower panel).

Information was too limited on tumour related
characteristics to conduct any meaningful analyses,
with information missing on tumour size (72.7%
of women), grade of invasive disease (62.2%), and
oestrogen receptor status (88.3%). Only 1.4% were
recorded as having oestrogen receptor positive
status and receiving endocrine therapy (table S19).
Information about margin status was not available.

Discussion

Principal findings

Women diagnosed with non-screen detected ductal
carcinoma in situ in England had around a four times
greater risk of invasive breast cancer and of breast
cancer death than women in the general population.
For both endpoints, the increased risks lasted until
at least 25 years after diagnosis. For invasive breast
cancer, the cumulative risks were highest for women
aged <50 years or =71 years at diagnosis, that is,
for women who would not be invited for screening
by the population-based NHS breast screening
programme. For breast cancer death, the risks were
highest for women aged <45 years or >60 years. The
cumulative risks of invasive breast cancer and breast
cancer death for women with non-screen detected
ductal carcinoma in situ were higher than for women
with screen detected ductal carcinoma in situ, but
the absolute differences at 25 years were small (1.6
percentage points for invasive breast cancer and 0.6
percentage points for breast cancer death). There
is no evidence that invasive breast cancer rates are
decreasing for women whose ductal carcinoma in
situ was diagnosed more recently, but breast cancer
death rates for women diagnosed more recently have
decreased significantly, probably due to improved
treatment of invasive disease.

In this observational study, breast cancer mortality
rates were similar in the various treatment groups.
However, women with unilateral ductal carcinoma
in situ undergoing breast conserving surgery had
substantially higher ipsilateral invasive breast cancer
rates than those undergoing mastectomy. Among
women undergoing breast conserving surgery,
ipsilateral invasive breast cancer rates were highest
in women who did not receive radiotherapy, but even
among those who received radiotherapy, the 25 year
cumulative incidence rate was more than double that
for women undergoing mastectomy.

Strengths and limitations

This study is the first, to our knowledge, to characterise
the long term risks of invasive breast cancer and of
breast cancer death in all women diagnosed with ductal
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carcinoma in situ outside the NHS breast screening
programme, and it accompanies our previous study
of women diagnosed within the NHS breast screening
programme.* We have considered invasive recurrences
only and not recurrences of ductal carcinoma in situ
because, while the national disease registration service
has near complete follow-up for invasive breast cancer,
breast cancer death, and deaths from other causes, no
mechanisms are in place for complete identification of
recurrence of ductal carcinoma in situ.

The data available had some limitations.
Information about surgery and radiotherapy
treatment was not recorded for 16.8% (4582/27 335)
of women with unilateral non-screen detected ductal
carcinoma in situ. Also, we did not have information
on the route to diagnosis for women with non-screen
detected ductal carcinoma in situ. They may have
presented symptomatically (perhaps as an interval
ductal carcinoma in situ diagnosed between NHS
screening mammograms), had ductal carcinoma in
situ diagnosed incidentally from imaging undertaken
for other reasons, or had screening undertaken in
the private sector. Incidental diagnosis is a likely
reason for younger women who were not eligible
for the NHS breast screening programme. For those
of screening age, any of these reasons are possible,
and one possible explanation for the increasing
cumulative risk of invasive breast cancer with
increasing calendar period in the non-screen detected
group is an increase in the proportion of cases that
were interval ductal carcinoma in situ, with more
aggressive characteristics (fig 4). Whilst some of the
lower rates of invasive breast cancer and breast cancer
death in women with screen detected compared with
non-screen detected ductal carcinoma in situ might
be attributable to differences in lifestyle and health
behaviour,® the limited socioeconomic information
that we had for these cohorts suggested that no large
differences existed.

Data are missing regarding tumour related
factors, so study of the associations between these
characteristics and outcomes in non-screen detected
ductal carcinoma in situ was not possible, neither
was comparison of tumour characteristics in women
in non-screen detected and screen detected ductal
carcinoma in situ. Likewise, information about
margin distance after surgical resection was not
available, which meant that these data could not
contribute further to the discussion on optimal
margin distance. Nor did we have information on
women for whom ductal carcinoma in situ was not
their first cancer. Cause of death was missing for a
small proportion of women, so that our estimated
rates for breast cancer death may be slightly low.
Despite these limitations, we consider the overall
quality of the data underpinning the conclusions in
our study remains high.

Comparison with other studies
A previous study examined the risks of invasive breast
cancer and breast cancer death solely in women with

RESEARCH

screen detected ductal carcinoma in situ in England.*
By studying women diagnosed outside the NHS breast
screening programme and with long follow-up, this
study allows for a complete picture of the long term
risks of both invasive breast cancer and breast cancer
death after diagnosis of ductal carcinoma in situ
among women in England. Our findings also inform
the discussion on whether the mode of detection
should be used in the treatment decision making
process as a prognostic consideration.” Similar work
in the Netherlands comparing invasive breast cancer
after screen detected and non-screen detected ductal
carcinoma in situ estimated the absolute difference in
the risk of ipsilateral invasive breast cancer at 15 years
to be 1.0 percentage point.'° Our work has found a
similar difference at 15 years (1.4 percentage points)
and also provided estimates of the differences at 25
years of 1.6 percentage points for invasive breast cancer
and 0.6 percentage points for breast cancer death.
While we had sparse information about oestrogen
receptor status and endocrine therapy use, National
Institute of Clinical Excellence (NICE) guidelines
did not introduce a recommendation that clinicians
discuss the use of endocrine treatment for women
with ductal carcinoma in situ after breast conserving
surgery until July 2018, and therefore few women in
our study are likely to have received this treatment.

A previous study of 108196 women with ductal
carcinoma in situ in the United States has reported
a cumulative risk of breast cancer mortality of 3.3%
at 20 years after diagnosis of ductal carcinoma in
situ.'> While that study could not separate women
with screen detected and non-screen detected ductal
carcinoma in situ, their reported risk was lower than
the 20 year breast cancer death risk observed in our
study for women with either non-screen detected
ductal carcinoma in situ (6.1%) or screen detected
ductal carcinoma in situ (4.4%). The screening interval
is generally shorter in the United States and other high
income countries than the three yearly intervals used
in the UK. As a result, the proportion of non-screen
detected ductal carcinoma in situ diagnoses that are
interval cases (ie, arising in between screens) would
be expected to be higher in the UK than in the United
States or other high-income countries.

Ipsilateral invasive breast cancer rates were much
lower following mastectomy than following breast
conserving surgery, with or without radiotherapy,
in the present study, in our previous work,* and in a
population based cohort of 10090 women with ductal
carcinoma in situ in the Netherlands.*> The consistency
of these observational studies is notable. However, the
overall benefits and risks of treatment can only be
evaluated reliably in the setting of randomised trials
with long term follow-up. An overview of randomised
trials of radiotherapy versus not in ductal carcinoma
in situ found that radiotherapy after breast conserving
surgery reduced the absolute 10-year risk of any
ipsilateral breast event by around 15% but, like the
present study, found no significant reduction in breast
cancer mortality.’ Several other trials comparing non-
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