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Invasive breast cancer and breast cancer mortality after  ductal 
carcinoma in situ in women attending for breast screening in 
England, 1988-2014: population based observational cohort 
study
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ABSTRACT
OBJECTIVE
To evaluate the long term risks of invasive breast 
cancer and death from breast cancer after ductal 
carcinoma in situ (DCIS) diagnosed through breast 
screening.
DESIGN
Population based observational cohort study.
SETTING
Data from the NHS Breast Screening Programme and 
the National Cancer Registration and Analysis Service.
PARTICIPANTS
All 35 024 women in England diagnosed as having 
DCIS by the NHS Breast Screening Programme from its 
start in 1988 until March 2014.
MAIN OUTCOME MEASURES
Incident invasive breast cancer and death from breast 
cancer.
RESULTS
By December 2014, 13 606 women had been followed 
for up to five years, 10 998 for five to nine years, 
6861 for 10-14 years, 2620 for 15-19 years, and 939 
for at least 20 years. Among these women, 2076 
developed invasive breast cancer, corresponding to 
an incidence rate of 8.82 (95% confidence interval 
8.45 to 9.21) per 1000 women per year and more 
than double that expected from national cancer 
incidence rates (ratio of observed rate to expected 
rate 2.52, 95% confidence interval 2.41 to 2.63). The 

increase started in the second year after diagnosis of 
DCIS and continued until the end of follow-up. In the 
same group of women, 310 died from breast cancer, 
corresponding to a death rate of 1.26 (1.13 to 1.41) 
per 1000 women per year and 70% higher than that 
expected from national breast cancer mortality rates 
(observed:expected ratio 1.70, 1.52 to 1.90). During 
the first five years after diagnosis of DCIS, the breast 
cancer death rate was similar to that expected from 
national mortality rates (observed:expected ratio 
0.87, 0.69 to 1.10), but it then increased, with values 
of 1.98 (1.65 to 2.37), 2.99 (2.41 to 3.70), and 2.77 
(2.01 to 3.80) in years five to nine, 10-14, and 15 or 
more after DCIS diagnosis. Among 29 044 women with 
unilateral DCIS undergoing surgery, those who had 
more intensive treatment (mastectomy, radiotherapy 
for women who had breast conserving surgery, and 
endocrine treatment in oestrogen receptor positive 
disease) and those with larger final surgical margins 
had lower rates of invasive breast cancer.
CONCLUSIONS
To date, women with DCIS detected by screening have, 
on average, experienced higher long term risks of 
invasive breast cancer and death from breast cancer 
than women in the general population during a period 
of at least two decades after their diagnosis. More 
intensive treatment and larger final surgical margins 
were associated with lower risks of invasive breast 
cancer.

Introduction
The incidence of ductal carcinoma in situ (DCIS) has 
been increasing, particularly in areas where breast 
screening programmes have been introduced, and 
DCIS now accounts for approximately one fifth of all 
new diagnoses of breast cancer detected through 
screening.1-4 Most women with DCIS are treated with 
surgery, often followed by radiotherapy and sometimes 
with endocrine treatment. The long term risks of 
invasive breast cancer and of death from breast cancer 
after DCIS detected by screening are incompletely 
understood. How these risks evolve over time is also 
unclear, so that the optimal period of post-treatment 
follow-up and frequency of surveillance imaging both 
remain uncertain. Additionally, it has been suggested 
that DCIS is being over-diagnosed and over-treated. 
These concerns have raised interest in non-operative 
management of DCIS,5-7 which requires reliable 
identification of women at low risk of developing 
invasive breast cancer and has created a need for 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
The incidence of ductal carcinoma in situ (DCIS) has increased substantially in 
recent years, especially since the introduction of breast screening programmes
The long term risks of invasive breast cancer (IBC) and of death from breast 
cancer after surgery for DCIS detected by screening are uncertain
More information is needed on how the incidence of IBC after DCIS varies with 
the characteristics of the patient, the tumour, and the treatment given

WHAT THIS STUDY ADDS
Following DCIS detected by screening, the rates of invasive breast cancer and 
of death from breast cancer were more than double the rates expected in the 
population for at least 20 years
Women who had breast conserving surgery had a lower rate of invasive breast 
cancer if they also had radiotherapy, and the lowest rate was in women who had 
mastectomy
Larger surgical margin widths were associated with a lower rate of invasive breast 
cancer, as was endocrine treatment for women with oestrogen receptor positive 
disease
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information on how the incidence of invasive breast 
cancer after DCIS varies with the characteristics of the 
patient, the tumour, and the treatment received.

Several cohort studies of women with DCIS 
have been conducted, but these lack information 
on screening status, do not distinguish between 
recurrence of DCIS and occurrence of invasive breast 
cancer, have short duration of follow-up, or have only 
limited information on resection margins, pathological 
factors, or use of endocrine treatment.8-12 Randomised 
trials of radiotherapy and endocrine treatment have 
reported the effects of these treatments in women with 
DCIS,13-15 but for some aspects of care, such as the 
determination of optimal margin distance, randomised 
trials are not feasible. Therefore, to provide further 
information on the long term consequences of DCIS, we 
did a population based study characterising the risks 
of invasive breast cancer and death from breast cancer 
among all women diagnosed as having DCIS detected 
by screening in England. We also investigated patient, 
tumour, and treatment related factors associated with 
these endpoints.

Methods
Study population and data
The National Health Service Breast Screening 
Programme (NHSBSP),16 the first of its kind in the 
world, began in 1988 and achieved national coverage 
in 1993. It is a centralised service in which women 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, it used single view 
mammography and women aged 50-64 years were 
invited. However, the use of two view mammography 
was introduced from the mid-1990s, and 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 NHSBSP, all women 
diagnosed as having DCIS detected by screening 
in England have been registered prospectively by 
organisations that are now unified into the National 
Cancer Registration and Analysis Service (NCRAS).17 
On an ongoing basis, NCRAS routinely links these 
registrations at the patient level with other information 
on the same woman, including registrations of other 
cancers, the date of emigration, and the date and 
cause of death when the woman dies. For this study, 
the NHSBSP also passed on information on the 
tumour characteristics and treatments recorded in 
its annual audits from April 2000 to March 2014 
to NCRAS for linkage. The resulting dataset, which 
included information up to December 2014 on 36 878 
women, was then de-personalised and released to the 
investigators in Oxford for analysis.

The dataset received in Oxford included, for each 
woman in the study, information on patient related 
factors (date of screening, date of DCIS diagnosis, age 
at DCIS diagnosis, any previous cancer diagnoses, 
region of residence based on the former Cancer Registry 

regions) and the date and site of any subsequent breast 
cancer registrations, as well as the date of emigration 
and the date and cause of death if relevant. For women 
screened from April 2000, information was also received 
on tumour related factors (DCIS tumour size, grade, 
laterality, oestrogen receptor status) and treatments 
(type of surgery, radiotherapy, endocrine treatment). 
Margin assessment was carried out in the pathology 
departments of individual treating centres/hospitals 
under national guidelines that have been in place 
since at least 2002, and information on final surgical 
margin status was available for women diagnosed as 
having DCIS from 2007 onwards. For women who had 
more than one operation, the final margin distance 
was calculated as the sum of the final closest margin 
distances recorded for each operation. To provide 
reassurance that women included in the study had, in 
fact, been initially diagnosed as having DCIS rather than 
invasive breast cancer, two clinicians (GSM and DD) 
examined the textual pathology reports stored by NCRAS 
for a sample of 130 women for whom invasive breast 
cancer or death from breast cancer was subsequently 
reported; none was found in which the initial diagnosis 
had in fact been invasive breast cancer rather than DCIS.

Analysis
We excluded any woman recorded as having an 
invasive cancer (other than non-melanoma skin 
cancer) before her diagnosis of DCIS, as well as women 
registered with invasive breast cancer or death from 
breast cancer or recorded as receiving chemotherapy 
within six months of diagnosis of DCIS (fig 1). We 
calculated cumulative observed risks of invasive breast 
cancer and death from breast cancer and cumulative 
rates of invasive breast cancer by considering women 
from six months after their DCIS diagnosis until the 
earliest of diagnosis of invasive breast cancer or 
death, loss to follow-up, or 31 December 2014.18 We 
calculated cumulative expected risks similarly, using 
cancer incidence rates for England and mortality rates 
for England and Wales in five year age groups and 
single calendar years. We took into account competing 
risks of death from other causes by using 2014 death 
rates for England and Wales. Confidence intervals for 
cumulative risks, observed and cumulative rates, and 
ratios of observed to expected rates were based on the 
Poisson distribution.19

We also used Poisson regression for analyses requiring 
adjustments and tests for interactions. However, 
information was missing for some women for the 
variables tumour size, DCIS grade, oestrogen receptor 
status, and tumour laterality. Omitting these women 
from the analysis may lead to loss of precision and 
possible bias. Therefore, we did analyses including these 
variables in two different ways. Firstly, we assigned the 
missing values for each variable to a separate category. 
Secondly, we did analyses using multiple imputation for 
the missing values. This takes account of any correlations 
between the missing variable and variables that are 
known. It also allows for the uncertainty arising from 
the missing variables in standard errors and significance 
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tests. Results from the two different methods were 
virtually identical, and those presented in the paper are 
based on multiple imputation. We used Stata statistical 
software version 15.1 and R version 3.2.2 for analyses. 
Further details of the statistical methods are provided in 
supplementary text S1.

Patient and public involvement
This study comprises a statistical analysis conducted on 
routinely collected data that had been depersonalised. 
No patients were involved in setting the research 
question or the outcome measures, nor were they 
involved in developing plans for the study. The results 
have already been presented to representatives of 
appropriate patient groups. After publication, they 
will be freely available both to stakeholders and to the 
broader public.

Results
Characteristics of study population and mortality 
from all causes
By March 2014, a total of 35 024 women in England had 
been diagnosed as having DCIS detected by screening 
as their first cancer and were included in the study 

(fig 1). Thirty two per cent were aged below 55 years 
at diagnosis, 22% were aged 55-59, 23% were 60-64, 
and 24% were at least 65 years (table 1). By December 
2014, 13 606 women had been followed for less than 
five years, 10 998 for five to nine years, 6861 for 10-14 
years, 2620 for 15-19 years, and 939 for 20 years or 
more. A total of 2234 women had died and, as would 
be expected in a population attending for screening, 
their overall mortality was lower than that expected 
from mortality rates in the general population (ratio of 
observed rate to expected rate based on five year age 
groups in single calendar years (observed:expected 
ratio) 0.77, 95% confidence interval 0.74 to 0.81; 
P<0.001) (tables S3 and S4).

Incidence of invasive breast cancer
By 31 December 2014, 2076 women in the study had 
developed invasive breast cancer (1029 ipsilateral, 
860 contralateral, 187 laterality unknown) (table 
1). The rate of invasive breast cancer was 8.82 (95% 
confidence interval 8.45 to 9.21) per 1000 women 
per year and did not vary significantly with age at 
diagnosis of DCIS (P for trend=0.52) (table S5). The 
rate of invasive breast cancer was, however, more than 

381
2

352

Excluded
Previous cancer
Within 6 months of DCIS
  Invasive breast cancer
  Death from breast cancer
  Chemotherapy

1119
735

Screen detected DCIS in England 1988-March 2014

Screened before April 2000
(detailed information not available)

1854

Excluded
Bilateral DCIS
Unilateral DCIS, no surgery recorded

63
1452

1515

4465

36 878

Included in study
35 024

Screened April 2000-March 2014
30 559

Unilateral DCIS with surgery
29 044

All except oestrogen receptor
positive with endocrine treatment

BCS with radiotherapy
BCS, no radiotherapy
Mastectomy

4799
12 441

7539

24 779
Oestrogen receptor positive

with endocrine treatment
BCS with radiotherapy
BCS, no radiotherapy
Mastectomy

569
2745

951

4265

Fig 1 | Derivation of study population. BCS=breast conserving surgery; DCIS=ductal carcinoma in situ
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Table 1 | Characteristics of 35 024 women in England diagnosed as having ductal carcinoma in situ (DCIS) as a result 
of screening between January 1988 and March 2014, and their status on 31 December 2014. Values are numbers 
(percentages)

Screened 
before 
April 2000 
(n=4465)

Screened April 2000 to March 2014

Total 
(n=35 024)

Bilateral DCIS 
(n=63)

Unilateral DCIS

BCS+RT 
(n=5368)

BCS-RT 
(n=15 188)

Mastectomy 
(n=8488)

No surgery 
 recorded 
(n=1452)

Year of screening 
Before April 2000 4465 (100.0) — — — — — 4465 (12.7)
April 2000-Dec 2004 — 14 (22) 669 (12.5) 3617 (23.8) 1985 (23.4) 557 (38.4) 6842 (19.5)
Jan 2005-Dec 2009 — 23 (37) 1313 (24.5) 5908 (38.9) 3203 (37.7) 320 (22.0) 10 767 (30.7)
Jan 2010-March 2014 — 26 (41) 3386 (63.1) 5663 (37.3) 3300 (38.9) 575 (39.6) 12 950 (37.0)
Age at DCIS diagnosis, years
<55 1630 (36.5) 19 (30) 1611 (30.0) 4577 (30.1) 2829 (33.3) 459 (31.6) 11 125 (31.8)
55-59 1234 (27.6) 16 (25) 1122 (20.9) 3107 (20.5) 1820 (21.4) 304 (20.9) 7603 (21.7)
60-64 1234 (27.6) 10 (16) 1183 (22.0) 3446 (22.7) 1789 (21.1) 329 (22.7) 7991 (22.8)
≥65 367 (8.2) 18 (29) 1452 (27.0) 4058 (26.7) 2050 (24.2) 360 (24.8) 8305 (23.7)
Region
Eastern — 6 (10) 1367 (25.5) 1315 (8.7) 978 (11.5) 118 (8.1) 3784 (10.8)
North West — 5 (8) 456 (8.5) 2117 (13.9) 1105 (13.0) 119 (8.2) 3802 (10.9)
Northern/Yorkshire — 9 (14) 1758 (32.7) 1176 (7.7) 1433 (16.9) 88 (6.1) 4464 (12.7)
Oxford — 5 (8) 161 (3.0) 1052 (6.9) 450 (5.3) 38 (2.6) 1706 (4.9)
South West — 10 (16) 216 (4.0) 3162 (20.8) 1327 (15.6) 108 (7.4) 4823 (13.8)
Thames — 15 (24) 607 (11.3) 3472 (22.9) 1600 (18.9) 396 (27.3) 6090 (17.4)
Trent — 5 (8) 413 (7.7) 1242 (8.2) 824 (9.7) 532 (36.6) 3016 (8.6)
West Midlands — 8 (13) 390 (7.3) 1652 (10.9) 771 (9.1) 53 (3.7) 2874 (8.2)
Unknown 4465 (100.0) — — — — — 4465 (12.7)
Tumour size, mm
≤10 — 14 (22) 1595 (29.7) 7085 (46.6) 853 (10.0) 390 (26.9) 9937 (28.4)
11-20 — 14 (22) 2147 (40.0) 4820 (31.7) 1687 (19.9) 352 (24.2) 9020 (25.8)
21-50 — 18 (29) 1551 (28.9) 3056 (20.1) 4034 (47.5) 309 (21.3) 8968 (25.6)
≥51 — 9 (14) 75 (1.4) 227 (1.5) 1914 (22.5) 56 (3.9) 2281 (6.5)
Unknown 4465 (100.0) 8 (13) — — — 345 (23.8) 4818 (13.8)
DCIS grade
Low/intermediate — 23 (37) 1375 (25.6) 8019 (52.8) 2337 (27.5) 535 (36.8) 12 289 (35.1)
High — 33 (52) 3993 (74.4) 7169 (47.2) 6151 (72.5) 680 (46.8) 18 026 (51.5)
Unknown 4465 (100.0) 7 (11) — — — 237 (16.3) 4709 (13.4)
Oestrogen receptor status and endocrine treatment 
ER+, no endocrine — 21 (33) 3585 (66.8) 9947 (65.5) 5003 (58.9) 277 (19.1) 18 833 (53.8)
ER+, endocrine — 10 (16) 569 (10.6) 2747 (18.1) 950 (11.2) 245 (16.9) 4521 (12.9)
ER- — 7 (11) 1214 (22.6) 2494 (16.4) 2535 (29.9) 127 (8.7) 6377 (18.2)
Unknown 4465 (100.0) 25 (40) — — — 803 (55.3) 5293 (15.1)
Laterality of DCIS
Left 2230 (49.9) — 2802 (52.2) 7821 (51.5) 4365 (51.4) 748 (51.5) 17 966 (51.3)
Right 2049 (45.9) — 2566 (47.8) 7367 (48.5) 4123 (48.6) 691 (47.6) 16 796 (48.0)
Bilateral 13 (0.3) 63 (100) — — — — 76 (0.2)
Unknown 173 (3.9) — — — — 13 (0.9) 186 (0.5)
Length of follow-up, years
0-4 162 (3.6) 27 (43) 3428 (63.9) 5939 (39.1) 3441 (40.5) 609 (41.9) 13 606 (38.8)
5-9 219 (4.9) 23 (37) 1316 (24.5) 5898 (38.8) 3214 (37.9) 328 (22.6) 10 998 (31.4)
10-14 525 (11.8) 13 (21) 624 (11.6) 3351 (22.1) 1833 (21.6) 515 (35.5) 6861 (19.6)
15-19 2620 (58.7) — — — — — 2620 (7.5)
≥20 939 (21.0) — — — — — 939 (2.7)
Invasive breast cancer diagnosed by 31 Dec 2014
Ipsilateral 320 (7.2) — 73 (1.4) 460 (3.0) 113 (1.3) 63 (4.3) 1029 (2.9)
Contralateral 234 (5.2) — 84 (1.6) 297 (2.0) 206 (2.4) 39 (2.7) 860 (2.5)
Laterality unknown 89 (2.0) 5 (8) 7 (0.1) 41 (0.3) 35 (0.4) 10 (0.7) 187 (0.5)
Vital status on 31 Dec 2014
Alive 3363 (75.3) 60 (95) 5220 (97.2) 14 472 (95.3) 8103 (95.5) 1345 (92.6) 32 563 (93.0)
Emigrated 151 (3.4) — 6 (0.1) 46 (0.3) 22 (0.3) 2 (0.1) 227 (0.6)
Dead 951 (21.3) 3 (5) 142 (2.6) 670 (4.4) 363 (4.3) 105 (7.2) 2234 (6.4)
Cause of death
Breast cancer 150 1 16 67 53 23 310
Other known causes 725 2 126 595 300 79 1827
Unknown cause 76 0 0 8 10 3 97
BCS+RT=breast conserving surgery, radiotherapy recorded; BCS-RT=breast conserving surgery, radiotherapy not recorded; ER+, no endocrine=oestrogen 
receptor positive DCIS, endocrine therapy not recorded; ER+, endocrine=oestrogen receptor positive DCIS, endocrine therapy recorded; ER-=oestrogen 
receptor negative DCIS.
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double that expected from breast cancer incidence 
rates in the general population (observed:expected 
ratio 2.52, 2.41 to 2.63; P<0.001). The observed to 
expected ratio was 1.06 (0.81 to 1.37) in the period 
0.5-0.9 years after DCIS diagnosis, increasing to 2.13 
(1.86 to 2.44) during years 1.0-1.9 and to 2.67 (2.35 
to 3.02) during years 2.0-2.9. Beyond three years, it 
was 2.69 (2.56 to 2.83) with no significant trend with 
time (P for trend=0.53). After accounting for age at 
DCIS diagnosis and time since diagnosis, we observed 
no significant trend in the observed to expected ratio 
with calendar year of DCIS diagnosis (P for trend=0.26) 
(table S6).

By the end of the third year after diagnosis, the 
cumulative risk of invasive breast cancer exceeded 
that expected in every calendar period studied, and 
observed and expected cumulative risks continued to 
diverge with increasing time since diagnosis of DCIS (fig 
2 and table S7). By 10 years after diagnosis of DCIS, the 
cumulative risks of invasive breast cancer were 8.3% 
(95% confidence interval 7.5% to 9.2%), 7.8% (7.2% to 
8.4%), and 7.7% (6.9% to 8.4%), compared with 2.9%, 
3.2%, and 3.2% expected for women with diagnosis of 
DCIS before the year 2000 and during years 2000-04 
and 2005-09, respectively. By 20 years after diagnosis 
of DCIS, the cumulative risk of invasive breast cancer 
was 15.6% (14.3% to 16.8%) compared with 6.1% 
expected for women with diagnosis before 2000.

Among the 30 559 women screened during April 
2000 to March 2014, the observed to expected ratio for 
invasive breast cancer was 2.43 (2.31 to 2.56) overall 
and 2.68 (2.52 to 2.85) in the period three or more years 
after diagnosis of DCIS (table S8). In the period three 
or more years after diagnosis of DCIS, the observed to 
expected ratio was 2.63 (2.47 to 2.81) for women with 
unilateral DCIS who received surgery; for women with 
unilateral DCIS and no surgery recorded it was 3.38 
(2.70 to 4.24), and for women with bilateral DCIS it 
was 3.96 (1.28 to 12.30) (P for heterogeneity=0.11).

Mortality from breast cancer
By 31 December 2014, 310 women had died with 
breast cancer as the certified cause of death (table 
1). The rate of death from breast cancer was 1.26 
(1.13 to 1.41) per 1000 women per year and did not 
vary significantly with age at diagnosis of DCIS (P for 
trend=0.20) (table S9). The rate was, however, greater 
than expected from national breast cancer mortality 
rates (observed:expected ratio 1.70, 1.52 to 1.90; 
P<0.001). The observed to expected ratio during the 
first five years after diagnosis of DCIS was close to 
one (0.87, 0.69 to 1.10), but during years five to nine 
it was nearly doubled (1.98, 1.65 to 2.37), and it was 
higher still during years 10-14 (2.99, 2.41 to 3.70) and 
15 or more (2.77, 2.01 to 3.80). After accounting for 
age at diagnosis and time since diagnosis, we found 
weak evidence that the observed to expected ratio had 
decreased with increasing calendar year of diagnosis 
(P for trend=0.09) (table S10).

During the first five years after diagnosis of DCIS, 
the cumulative risk of death from breast cancer was 

similar to that expected, but after that the cumulative 
observed risk increased more rapidly than expected 
(fig 2, table S11). At 10 years after diagnosis of DCIS, 
the cumulative risks of death from breast cancer were 
1.2% (0.9% to 1.5%), 1.0% (0.8% to 1.2%), and 0.8% 
(0.5% to 1.1%), compared with 0.7%, 0.7%, and 
0.6% expected for women diagnosed before 2000, 
during 2000-04, and during 2005-09, respectively. 
By 20 years after diagnosis of DCIS, the cumulative 
risk of death from breast cancer was 3.8% (3.2% to 
4.5%) compared with 1.6% expected for women with 
diagnosis before 2000.

Among the 30 559 women screened during April 
2000 to March 2014, the observed to expected ratio 
for death from breast cancer was 1.36 (1.16 to 1.58) 
overall and 1.88 (1.54 to 2.29) in the period five or 
more years after diagnosis of DCIS (table S12). In the 
five years or more period, the observed to expected 
ratio was 1.72 (1.38 to 2.12) for women with unilateral 
DCIS who had surgery; for women with unilateral DCIS 
and no surgery recorded it was higher, at 3.89 (2.31 to 
6.57), and for women with bilateral DCIS it was higher 
still, at 9.96 (1.40 to 70.7) (P for heterogeneity=0.02).

Invasive breast cancer after unilateral DCIS and 
surgery but without endocrine treatment
A total of 24 779 women were diagnosed as having DCIS 
detected by screening during April 2000 to March 2014 
and recorded as undergoing surgery but not receiving 
endocrine treatment (fig 1). Among these women, 
4799 were recorded as having breast conserving 
surgery with radiotherapy, 12 441 as having breast 
conserving surgery with no record of radiotherapy, 
and 7539 as having mastectomy. The characteristics 
of the women in the three treatment groups differed 
significantly for every recorded characteristic (P for 
heterogeneity<0.001), with the exception of DCIS 
laterality (P for heterogeneity=0.36) (table S13). By 31 
December 2014, 564 of these 24 779 women had been 
diagnosed as having ipsilateral invasive breast cancer.

Compared with women having breast conserving 
surgery with radiotherapy, the rate of ipsilateral invasive 
breast cancer for women having breast conserving 
surgery with no record of radiotherapy was higher 
(adjusted rate ratio 1.43, 95% confidence interval 1.05 
to 1.96), whereas for women having mastectomy it was 
lower (0.65, 0.45 to 0.92) (P for heterogeneity<0.001; 
fig 3). The rate of ipsilateral invasive breast cancer was 
lower during the first three years after diagnosis of DCIS 
than subsequently (fig 3). After three years, however, 
the cumulative rate of invasive breast cancer increased 
more steeply for women having breast conserving 
surgery (with or without radiotherapy) than for those 
having mastectomy (fig 4).

The rate of ipsilateral invasive breast cancer was 
strongly associated with final margin status. Compared 
with women whose final margin distance was at least 
5 mm, the adjusted rate ratio for women with involved 
margins was 3.73 (2.04 to 6.83), whereas for women 
with final margin distance 1-2 mm it was 1.74 (1.15 to 
2.63) and for those with final margin distance 3-4 mm 
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it was 1.32 (0.80 to 2.19) (P for trend=0.009 across 
clear margin categories) (fig 3). When we repeated 
the analysis considering final margin distances of 
1 mm and 2 mm separately, the adjusted rate ratios 
for margins of 1 mm and 2 mm compared with 5 
mm or more were 1.47 (0.85 to 2.54) and 2.02 (1.23 
to 3.31), respectively (figure S1). We found similar 
associations with final margin distance when we 
examined women having breast conserving surgery 
with radiotherapy, breast conserving surgery with no 
record of radiotherapy, and mastectomy separately, 
but only for breast conserving surgery with no record 
of radiotherapy were the numbers sufficient for the 
trend across clear margin categories to reach statistical 
significance (P for trend=0.05 across clear margin 
categories) (figure S2).

Women with low/intermediate grade DCIS were 
less likely than women with high grade DCIS to have 
mastectomy (20.3% v 37.1%; table S13). Although we 

observed no overall difference in the adjusted rate of 
ipsilateral invasive breast cancer between women with 
low/intermediate DCIS and women with high grade 
DCIS (fig 3), a significant interaction existed between 
grade and time since diagnosis (P=0.01) (table S14). 
In the period more than seven years after diagnosis 
of DCIS, the cumulative rate of ipsilateral invasive 
breast cancer increased more rapidly in women with 
low/intermediate grade DCIS than in women with 
high grade DCIS (fig 4). This was due to higher rates of 
invasive breast cancer in women with low/intermediate 
grade DCIS who had had breast conserving surgery 
rather than mastectomy, irrespective of whether they 
also had radiotherapy (figure S4).

The rate of ipsilateral invasive breast cancer was 
slightly higher for women with more recent diagnosis 
(adjusted rate ratio 1.21, 0.89 to 1.65, for 2010-14 v 
2000-04), but the trend across calendar periods was 
not significant (P for trend=0.20) (fig 3). We observed 
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Fig 2 | Cumulative risk diagnosis of invasive breast cancer (top) and of death from breast cancer (bottom) in 35 024 women with ductal carcinoma 
in situ (DCIS) detected through screening 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. See supplementary text S1 and 
supplementary tables S7 and S11 for further details. BCS=breast conserving surgery; DCIS=ductal carcinoma in situ. *Number of invasive breast 
cancers/deaths from breast cancer during interval. †Number of women at risk of invasive breast cancer/death from breast cancer at start of interval
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Year of DCIS diagnosis
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Fig 3 | Incidence of ipsilateral invasive breast cancer according to various factors in 24 779 women diagnosed as having unilateral ductal carcinoma 
in situ (DCIS) as a result of screening during April 2000 to March 2014 and who had surgery. Women with oestrogen receptor positive DCIS and 
recorded as receiving endocrine treatment were excluded. For each factor, rates are shown relative to the first category shown and adjustment is for 
all other factors except final margin distance. Final margin distance was not included in adjustment as information on this variable was available 
only from 2007 onwards. Separate results for “breast conserving surgery with radiotherapy,” for “breast conserving surgery, radiotherapy not 
recorded,” and for “mastectomy” and results showing final margin distances of 1 mm and 2 mm separately are given in supplementary figures S1 
to S3. BCS+RT=breast conserving surgery, radiotherapy recorded; BCS-RT: breast conserving surgery, radiotherapy not recorded. *Tests for trend 
excluding years 0.5-2.9: crude P=0.40; adjusted P=0.87. †Tests for trend across clear margin categories: crude P=0.001; adjusted P=0.009
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no significant overall trend in the rate of ipsilateral 
invasive breast cancer with age at diagnosis of DCIS 
or tumour size, and after adjustment no significant 
heterogeneity existed according to region of residence, 
although we found some evidence of an association 
between rate of ipsilateral invasive breast cancer and 
laterality of DCIS (P for trend=0.04). Additional results 
are shown in table S14 and figure S5.

As with ipsilateral invasive breast cancer, the 
incidence rate of contralateral invasive breast cancer 
was lower during the first three years after diagnosis 
of DCIS than subsequently, but after this we observed 
no significant trend (P for trend=0.36) and only 
weak evidence that it varied with treatment (P for 
heterogeneity=0.04) (fig S6). In contrast, we found 
strong evidence that the ratio of the ipsilateral to 
the contralateral invasive breast cancer rate varied 
with treatment (P for heterogeneity<0.001) (fig S7). 
For women having breast conserving surgery with 
radiotherapy, the cumulative incidence rates of 
ipsilateral and contralateral invasive breast cancer 
by 15 years after diagnosis of DCIS were similar 
(ipsilateral: 7.1%, 4.2% to 10.0%; contralateral: 
6.0%, 3.5% to 8.5%), whereas for women having 
breast conserving surgery with no record of 
radiotherapy the 15 year cumulative incidence rate of 
ipsilateral invasive breast cancer was higher than that 
for contralateral invasive breast cancer (ipsilateral: 
9.4%, 8.0% to 10.8%; contralateral: 4.9%, 3.9% to 
5.8%), and for women having mastectomy it was lower 
(ipsilateral: 2.8%, 2.1% to 3.5%; contralateral: 6.8%, 
5.3% to 8.3%) (fig 5).

Invasive breast cancer after unilateral DCIS and 
surgery with endocrine treatment
Of the 29 044 women screened during April 2000 
to March 2014 and recorded as having unilateral 
DCIS and undergoing surgery, 18 542 had oestrogen 
receptor positive disease but did not receive endocrine 
treatment, 4265 had oestrogen receptor positive 
disease and received endocrine treatment, and 6237 
women had oestrogen receptor negative disease 
(table S15). The rate of ipsilateral invasive breast 
cancer varied between these three groups (P for 
heterogeneity<0.001) (fig S8). Compared with women 
with oestrogen receptor positive disease who did 
not receive endocrine treatment, the rate for women 
with oestrogen receptor negative disease was similar 
(adjusted rate ratio 1.16, 0.90 to 1.50), but the rate for 
women with oestrogen receptor positive disease who 
received endocrine treatment was lower (adjusted rate 
ratio 0.62, 0.49 to 0.80). By 15 years after diagnosis 
of DCIS, the cumulative rate of ipsilateral invasive 
breast cancer was 4.7% (3.2% to 6.2%) in women 
with oestrogen receptor positive disease who received 
endocrine treatment compared with 7.3% (6.1% to 
8.5%) in women who did not receive it (fig 4). Among 
women with oestrogen receptor positive disease who 
were treated with breast conserving surgery with 
radiotherapy, the invasive breast cancer rate was lower 
for those who also received endocrine treatment than 
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Fig 4 | Cumulative incidence rates of ipsilateral invasive breast cancer and 95% 
confidence intervals in 29 044 women with unilateral ductal carcinoma in situ (DCIS) 
detected as a result of screening during April 2000 to March 2014 and who had surgery. 
Women with oestrogen receptor positive DCIS and recorded as receiving endocrine 
treatment were excluded from the top two graphs. BCS+RT=breast conserving surgery, 
radiotherapy recorded; BCS-RT=breast conserving surgery, radiotherapy not recorded; 
ER+, endocrine=oestrogen receptor positive DCIS and endocrine treatment recorded; 
ER+, no endocrine=oestrogen receptor positive DCIS and endocrine treatment not 
recorded. *Number of ipsilateral invasive breast cancers during interval; †Number of 
women at risk of ipsilateral invasive breast cancer at start of interval
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for those who did not, but the numbers were small so 
the difference was not statistically significant (adjusted 
rate ratio 0.61, 0.35 to 1.08) (figure S9).

Breast cancer mortality after unilateral DCIS and 
surgery
Of the 29 044 women screened during April 2000 to 
March 2014, diagnosed as having unilateral DCIS, 
and recorded as undergoing surgery, 1316 had been 
registered with invasive breast cancer by 31 December 
2014, of which 43 were death certificate only 
registrations. Among the remaining 1273 women, 93 
died with breast cancer as the certified cause of death. 
Women whose DCIS was diagnosed more recently 
had a lower breast cancer mortality rate than those 
diagnosed earlier (P for trend=0.02), and women 
whose DCIS was larger had a higher breast cancer 
mortality rate than women whose DCIS was smaller (P 
for trend=0.01) (fig 6). No other characteristics of the 
original DCIS were significantly associated with the 
breast cancer mortality rate.

Discussion
We have shown that women diagnosed as having DCIS 
detected by screening in England have experienced 
substantially increased risks of both invasive breast 
cancer and death from breast cancer compared with 
women in the general population, despite having 
lower overall mortality. The women with DCIS detected 
by screening had rates of both invasive breast cancer 
and death from breast cancer that, from a few years 
after diagnosis of DCIS, were more than double those 
of the general population, and the increases lasted 
until at least 20 years after diagnosis. The increases 
affected women of all ages and applied to women with 
unilateral DCIS who were treated surgically, as well as 
to the few women with bilateral DCIS or for whom no 
surgery was reported. So far, little evidence is available 
to suggest that rates of invasive breast cancer are lower 
for women whose DCIS was diagnosed more recently, 
but rates of death from breast cancer for women 
with more recent diagnosis are decreasing, probably 
reflecting improved treatment of invasive disease.

We did not find any significant differences in 
mortality from breast cancer between the various 
treatment groups. However, women with unilateral 
DCIS undergoing breast conserving surgery had 
higher rates of ipsilateral invasive breast cancer than 
did those undergoing mastectomy, and the absolute 
difference in the cumulative incidence rate between 
these two groups continued to increase for at least 
15 years after the diagnosis of DCIS. Among women 
having breast conserving surgery, rates of ipsilateral 
invasive breast cancer were lower for those who also 
had radiotherapy, but even with radiotherapy the 
15 year cumulative incidence rate was substantially 
higher than that among women having mastectomy, 
and only for women recorded as having mastectomy 
was the 15 year cumulative rate of ipsilateral invasive 
breast cancer lower than that for contralateral invasive 
breast cancer. In oestrogen receptor positive disease, 
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Fig 5 | Cumulative incidence rates of ipsilateral and contralateral invasive breast cancer 
and 95% confidence intervals in 24 716 women with unilateral ductal carcinoma in 
situ (DCIS) detected as a result of screening between April 2000 and March 2014 
and who had surgery. Women with unknown laterality of subsequent invasive cancer 
were excluded, as were women with oestrogen receptor positive DCIS and recorded 
as receiving endocrine treatment. BCS+RT=breast conserving surgery, radiotherapy 
recorded; BCS-RT=breast conserving surgery, radiotherapy not recorded. *Number of 
ipsilateral invasive breast cancers during interval. †Number of contralateral invasive 
breast cancers during interval
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rates of invasive breast cancer were considerably lower 
among women who received endocrine treatment, 
mainly owing to a reduction in ipsilateral events.

Our study also shows the importance of sufficient 
margin width. Involved margins were associated with 
the highest rate of invasive breast cancer, and the rate 
fell steadily with increasing margin width up to at least 

5 mm among women with clear margins. Margins were 
particularly important after breast conserving surgery 
with no record of radiotherapy, but we saw similar 
trends after both breast conserving surgery with 
radiotherapy and mastectomy.

Finally, our study found higher 15 year cumulative 
rates of ipsilateral invasive breast cancer among 
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3.05 (1.23 to 7.57)

(P for trend=0.77)

1.00 (1.00 to 1.00)

1.08 (0.64 to 1.82)

(P for trend=0.87)

1.00 (1.00 to 1.00)

1.04 (0.67 to 1.60)

(P for heterogeneity=0.18)

1.00 (1.00 to 1.00)

0.87 (0.41 to 1.86)

1.42 (0.68 to 2.98)

(P for heterogeneity=0.84)

1.00 (1.00 to 1.00)

1.33 (0.72 to 2.49)

1.04 (0.49 to 2.24)

Adjusted rate ratio
(95% CI)

Adjusted rate ratio
(95% CI)

Fig 6 | Breast cancer mortality among 1273 women registered with invasive breast cancer after previously being diagnosed as having unilateral 
ductal carcinoma in situ (DCIS) as a result of screening during April 2000 to March 2014 and who had surgery, according to characteristics of original 
DCIS. For each variable, adjustment was for all other variables shown. BCS+RT=breast conserving surgery, radiotherapy recorded; BCS-RT=breast 
conserving surgery, radiotherapy not recorded; ER+, endocrine=oestrogen receptor positive DCIS and endocrine treatment recorded; ER+, no 
endocrine=oestrogen receptor positive DCIS and endocrine treatment not recorded; ER-=oestrogen receptor negative
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women with low/intermediate grade tumours 
compared with high grade tumours. This may reflect 
a continuing risk of progression in low/intermediate 
grade tumours, as has been reported previously,20 or it 
might reflect under-treatment of these women, as most 
of them received breast conserving surgery with no 
record of radiotherapy. In either case, it clearly shows 
the long term malignant potential of low/intermediate 
grade tumours.

Strengths and limitations of study
This is the first study to characterise the long term 
risks of invasive breast cancer and death from breast 
cancer in all women diagnosed as having DCIS in a 
large population based screening programme. We 
have considered only invasive recurrences and not 
recurrences of DCIS, because survival after invasive 
recurrence is substantially poorer than after recurrent 
DCIS.12 Also, whereas the mechanisms developed 
by NCRAS enable virtually complete follow-up for 
invasive breast cancer, death from breast cancer, 
and deaths from other causes, uncertainty remains 
about the identification of recurrences of DCIS in 
terms of both sensitivity and specificity. As the 
screening programme has complete coverage of the 
population, incidence and mortality rates from the 
general population of England comprise those for 
all women invited for screening in the relevant age 
groups, so they form an appropriate comparison 
group.

In our analyses, we have made strenuous efforts to 
control for confounding; however, despite this, great 
care is always needed before attributing causality to 
associations identified from an observational study. 
The data available to us also have some limitations. 
No central records exist of subsequent breast cancer 
incidence or mortality in individual women who 
attended for screening but for whom no abnormality 
was identified, so we could not do any comparisons 
involving this group. Other limitations in our data were 
mainly in the form of missing values. Information on 
treatment and tumour related factors was available 
only from 2000 and information for final margin 
status only from 2007. Even after these dates, this 
information was missing for a few women. However, 
multiple imputation has enabled us to include all 
these women in the analysis in an appropriate way. 
Cause of death was missing for a few women, so 
that our estimated rates for death from breast cancer 
may be slightly low. Also, in some cases in which 
surgery, radiotherapy, or endocrine treatment was 
not recorded, it may have been given, so that the true 
differences between women with and without these 
treatments are likely to be slightly larger than our 
estimates. Finally, information on type and duration 
of endocrine treatment and on any adverse events that 
women may have experienced while taking it were not 
available. Information on comorbidities, ethnicity, and 
deprivation was not available in our dataset. Despite 
these weaknesses, the overall quality of the data in our 
study is high.

Comparison with other studies
A previous study of 108 196 women with DCIS in the 
United States also reported an increased breast cancer 
mortality rate compared with the general population.21 
In that study, which could not distinguish between 
DCIS detected by screening and DCIS detected by 
other means, the observed to expected ratio based 
on breast cancer mortality for all women in the US 
was 1.8 (95% confidence interval 1.7 to 1.9), slightly 
higher than the value we report here (1.70, 1.52 to 
1.90). Lower rates of ipsilateral invasive breast cancer 
after breast conserving surgery with radiotherapy 
compared with breast conserving surgery with no 
record of radiotherapy have been documented in 
several randomised trials15; when taken together 
with our study, the combined evidence suggests that 
the reduction in ipsilateral invasive breast cancer 
from radiotherapy seen in participants selected for 
enrolment into randomised trials is likely to apply 
to women diagnosed as having DCIS in the general 
population. Notably, both this study and a population 
based cohort of 10 090 women in the Netherlands with 
DCIS detected by screening or by other means found 
much lower rates of ipsilateral invasive breast cancer 
after mastectomy than after breast conserving surgery, 
with or without radiotherapy.8

Of the two randomised trials of endocrine treatment 
versus no endocrine treatment after DCIS, one reported 
a benefit in terms of invasive breast cancer.13  14 
Endocrine treatment was not recommended for any 
women with DCIS in the UK until recently,22 and many 
of the women receiving endocrine treatment in our 
study are likely to have done so as part of a randomised 
trial, so our findings cannot be regarded as reflecting 
the likely experience of the general population.

Several studies have reported that women with 
clear margins after surgery for DCIS have lower rates 
of local recurrence than do women who have involved 
margins,12 23-25 as does our study. Although guidelines 
recommend that margin widths do not need to be more 
than 1 or 2 mm,22 26 our study suggests that having 
margins greater than this may confer some further 
benefit. Further studies examining margin distances 
in DCIS may be helpful provided that they differentiate 
between occurrences of invasive breast cancer and 
recurrences of DCIS, consider precise margin width 
rather than just broad categories, consider different 
treatment groups separately, and have sufficient power 
in terms of numbers of women and length of follow-up.

Our finding of higher breast cancer mortality in 
invasive disease occurring after larger DCIS tumour size 
has not previously been reported, and confirmation is 
needed in other studies before we can conclude that 
the association is causal. We present outcomes after 
DCIS detected by screening, but a previous smaller 
study focusing solely on the West Midlands region of 
England found that the risk of subsequent invasive 
breast cancer was higher when DCIS was diagnosed 
outside the NHSBSP.27 As the same finding would 
probably be the case nationwide, the risks of invasive 
breast cancer and death from breast cancer found in 
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our study are likely to be lower than those in DCIS not 
detected by screening.

Although our results suggest that treatment 
generally reduces the risk of invasive breast cancer for 
women with DCIS, we acknowledge that some groups 
of women with favourable characteristics may exist 
for whom treatment may not be necessary. The overall 
benefits and risks of treatment can be reliably evaluated 
only in the setting of randomised trials with long term 
follow-up. Several trials randomising such women to 
either standard or non-operative management of low 
risk DCIS are underway.28

Conclusion and policy implications
Surveillance of women after a diagnosis of DCIS focuses 
just on the first few years. In the UK, for example, 
most women are recalled for yearly surveillance 
mammograms for five years, after which further follow-
up is three yearly via the national screening programme 
up to age 70 years.22 We have, however, provided 
evidence of the long term nature of the risk of invasive 
disease after a diagnosis of DCIS, even for women with 
low or intermediate grade disease. Our results also 
show that women who have had a mastectomy have 
a lower long term risks of invasive disease than do 
those who had breast conserving surgery, even when 
accompanied by radiotherapy.
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