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Pathological features of 11,337 patients with primary ductal
carcinoma in situ (DCIS) and subsequent events: results from
the UK Sloane Project
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BACKGROUND: The Sloane audit compares screen-detected ductal carcinoma in situ (DCIS) pathology with subsequent
management and outcomes.

METHODS: This was a national, prospective cohort study of DCIS diagnosed during 2003-2012.

RESULTS: Among 11,337 patients, 7204 (64%) had high-grade DCIS. Over time, the proportion of high-grade disease increased
(from 60 to 65%), low-grade DCIS decreased (from 10 to 6%) and mean size increased (from 21.4 to 24.1 mm). Mastectomy was
more common for high-grade (36%) than for low-grade DCIS (15%). Few (6%) patients treated with breast-conserving surgery (BCS)
had a surgical margin <1 mm. Of the 9191 women diagnosed in England (median follow-up 9.4 years), 7% developed DCIS or
invasive malignancy in the ipsilateral and 5% in the contralateral breast. The commonest ipsilateral event was invasive carcinoma
(n =413), median time 62 months, followed by DCIS (n = 225), at median 37 months. Radiotherapy (RT) was most protective
against recurrence for high-grade DCIS (3.2% for high-grade DCIS with RT compared to 6.9% without, compared with 2.3 and 3.0%,
respectively, for low/intermediate-grade DCIS). Ipsilateral DCIS events lessened after 5 years, while the risk of ipsilateral invasive
cancer remained consistent to beyond 10 years.

CONCLUSION: DCIS pathology informs patient management and highlights the need for prolonged follow-up of screen-
detected DCIS.
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BACKGROUND

Ductal carcinoma in situ (DCIS) is a heterogeneous disease that
has increasingly been diagnosed in the context of mammographic
screening. The natural history, optimal management and follow-
up for DCIS remain controversial." The United Kingdom National
Health Service Breast Screening Programme (NHS BSP) presently
invites women aged 50-70 years to attend for 2 view
mammography every 3 years. The Sloane Project, established in
memory of the breast pathologist Professor John Sloane, is a
prospective cohort study that examines the clinical, radiological
and pathological features, patterns of care and outcomes for
women with non-invasive neoplasia detected within the NHS BSP.
Eighty-two of 94 (87%) UK NHS Breast Screening Units have

submitted data yielding detailed information on one-third of all
DCIS diagnosed via the NHS BSP during the time period.?

The Sloane Project provides a unique opportunity to explore
unanswered questions regarding screen-detected DCIS. Despite
previous randomised clinical trials®* and large numbers of single-
centre studies on biomarkers,>® the optimal management and
follow-up of patients with DCIS remains controversial. The issue of
over-diagnosis/over-treatment of DCIS has been highlighted and
ongoing clinical trials across the world are attempting to evaluate
active surveillance strategies as an alternative to surgical excision
for low-risk DCIS.%7'? Large, well-characterised, prospective, multi-
centre series of DCIS represent an invaluable resource providing
real-world information. The consistency of reporting among
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histopathologists and the distribution of reported parameters,
such as DCIS grade and size, the presence of comedo necrosis and
microinvasion, are relevant for patient management and clinical
trial entry and trends in the reporting of these over time have
largely been unexplored. There is no robust data in the current
literature on the incidence and patterns of atypical lesions
associated with DCIS, the histological identification of which
may also alter patient management. We have therefore analysed,
in detail, the pathological features of a large prospective cohort of
well-characterised screen-detected DCIS patients and associated
atypical epithelial lesions within the Sloane Project, assessed
changes in pathological features over time (2003-2012) and the
development of subsequent ipsilateral, contralateral and distant
metastasis events.

METHODS
Contributing Screening Units completed radiology, pathology,
surgery and radiotherapy proformas prospectively.” This included
demographic, diagnostic, treatment and vital status data. A
pathology protocol, based on the UK Royal College of Patholo-
gists/BSP guidelines,' advises on the handling and reporting of
specimens to mandatory national standards and contains defini-
tions and guidance for the diagnosis of DCIS, microinvasion as
well as cytonuclear grading, comedo necrosis and the assessment
and reporting of excision margins. Oestrogen receptor, progester-
one receptor and HER2 expression are not routinely evaluated on
DCIS in the UK. Here we present an analysis of the pathological
features of DCIS and of subsequent events, if present, in 11,337
women diagnosed between 2003 and 2012 via breast screening.
Subsequent events, including ipsilateral and contralateral DCIS
and/or invasive disease and distant recurrence that developed
>6 months following the primary DCIS diagnosis, were collected
up to December 2016."3

To ensure robustness of information, including patient out-
come, data searching and cross-checking across different data-
bases was conducted to ascertain recurrences. This was performed
by matching patient’s date of birth and NHS number to data
collected from Breast Screening Units and other routinely
collected sources of information, including Hospitals Episode
Statistics, Cancer Waiting Times, the English Cancer Analysis
System, National Cancer Registration and Analysis System and the
English National Radiotherapy data sets.

Statistical analysis

Stata was used for statistical analyses. For continuous variables,
the percentage was calculated as a proportion of the total
number. Some variables, such as size and margin status, were re-
coded into categorical groups for further analysis. Where data
were not normally distributed, Spearman'’s rank correlation was
employed. Logistic regression was used to calculate the odds ratio
(OR) for the proportion of cases with high-grade DCIS and the
proportion with microinvasion, with year as a factor and 2003/04
as baseline. Survival was defined as the time between initial DCIS
diagnosis and diagnosis of recurrent breast cancer or metastases.
Patients with no recurrence were censored at date of death/date
last seen. All tests were two sided. A probability value of <0.05 was
considered significant.

RESULTS
A summary of the DCIS characteristics of the whole cohort
stratified by treatment type is presented in Table 1.

Size of DCIS

The majority of DCIS lesions submitted to the Sloane Project over
the period 2003-2012 were under 20 mm in extent (n= 6067,
54%) although 18% (1989) were >40 mm in size. There was a

statistically significant increase in histological DCIS size, from a
mean of 21.4mm in 2003-2004 to 24.1mm in 2011-2012
(Spearman rank correlation test, p < 0.001). This was largely due
to an increase in the proportion of lesions reported as measuring
30 mm or more on histology and particularly an increase in the
proportion of lesions measuring =40 mm. As might be expected,
increasing lesion size was associated with a greater likelihood of
patients undergoing mastectomy, with 80% of patients with DCIS
>40 mm treated by mastectomy, compared to 19% of those with
DCIS <40 mm in size.

Grade of DCIS

Of the 11,337 women with primary DCIS, 7204 (64%) had high
cytonuclear grade disease, 27% (3107) were of intermediate grade
and 9% were of low grade; 27 (0.2%) were of unknown grade. Of
note, an increase in the proportion of high-grade DCIS was noted
from 60% of the total in 2004 to 65% in 2012 (60, 61, 62, 64, 62, 67,
64, 67 and 65% in consecutive years), coupled with a decrease in
the proportion of low-grade DCIS, from 10 to 6% from 2003/04 to
2011/12. Logistic regression analysis comparing the years of
diagnosis from 2003/04 to 2011/12 demonstrated that these
trends were statistically significant (p =0.011 for the increase in
the proportion of high-grade DCIS and p = 0.001 for the decrease
in the proportion of low-grade DCIS). Breast-conserving surgery
(BCS) was the preferred mode of surgical treatment across all DCIS
grades, but mastectomy was more common in patients with high-
grade DCIS (36%) compared to those with low-grade DCIS (15%)
(Chi® 1709, df =1, p < 0.0001).

Architecture of DCIS

Solid DCIS was the predominant architectural pattern, seen in 61%
of cases; 72% of high-grade DCIS was of solid pattern compared
with 49% of intermediate-grade and 21% of low-grade disease.
The second commonest architecture was cribriform (51% of
cases), accounting for 44% of high-grade DCIS and 63 and 68% of
intermediate- and low-grade lesions, respectively. Micropapillary
architecture was seen in 16% of all cases, more commonly of low
or intermediate grade (27 and 18%, respectively) compared to
high-grade DCIS (14%). A papillary architecture was seen in 4% of
DCIS cases, less often of high (3%) than low- or intermediate-grade
disease (7 and 8%, respectively). Flat architecture of DCIS was seen
in 5% of all patients but, intriguingly, was reported in 4% each of
low- and intermediate-grade lesions. Current international guide-
lines classify non-high-grade flat epithelial proliferations as flat
epithelial atypia (FEA) rather than DCIS, although historically it was
categorised as the monomorphic variant of clinging carcinoma, a
term no longer recommended by the World Health Organisation
(WHO) Classification of Tumours Editorial Board."

The architectural pattern of DCIS was associated with the
surgical management: patients with flat and micropapillary DCIS
had the highest mastectomy rates (43 and 42%, respectively), with
both these patterns exhibiting larger histological size (31 and 30%
of flat and micropapillary DCIS, respectively measured =40 mm).

Comedo necrosis

Comedo necrosis was reported in 61% of cases overall, most
commonly in high-grade DCIS (78%). It was, however, seen in 39%
of intermediate-grade DCIS and 6% of low-grade lesions. The
percentage of DCIS reported as showing comedo necrosis varied
considerably between Units; even excluding centres that con-
tributed <20 DCIS cases, the reported incidence of comedo
necrosis ranged from 22 to 84%.

Margin clearance

Only 3% (233) of patients with BCS had radial margin clearance
described as 0 mm (i.e. involved), with another 3% having disease
<1mm from the margin. The most common margin width
reported was =10 mm (35%, 2814 patients) with 8% (614), 20%
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Table 1. DCIS characteristics of the whole cohort stratified by treatment groups.
BCS only BCS+RT BCS (RT Mx Total
unknown)
DCIS grade
Low 693 23.3% 114 2.5% 38 9.5% 151 4.5% 996 8.8%
Intermediate 1371 46.2% 979 21.4% 118 29.6% 633 18.8% 3101 27.4%
High 892 30.0% 3472 76.0% 239 60.1% 2591 76.7% 7194 63.6%
Unknown 13 0.4% 2 0.0% 3 0.8% 1 0.0% 19 0.2%
DCIS architecture
Solid 1356 45.7% 3098 67.8% 240 60.3% 2183 64.7% 6877 60.8%
Cribriform 1709 57.6% 2173 47.6% 182 45.7% 1721 51.0% 5785 51.1%
Micropapillary 474 16.0% 554 12.1% 52 13.1% 774 22.9% 1854 16.4%
Flat 133 4.5% 189 4.1% 20 5.0% 261 7.7% 603 5.3%
Papillary 164 5.5% 168 3.7% 22 5.5% 153 4.5% 507 4.5%
Apocrine 65 2.2% 89 1.9% 0.8% 93 2.8% 250 2.2%
Other 23 0.8% 32 0.7% 0.8% 34 1.0% 92 0.8%
Unknown 266 9.0% 393 8.6% 46 11.6% 267 7.9% 972 8.6%
Size of DCIS
<10 mm 1553 52.3% 1025 22.4% 103 25.9% 198 5.9% 2879 25.5%
10-20 mm 895 30.1% 1675 36.7% 150 37.7% 466 13.8% 3186 28.2%
20-30 mm 276 9.3% 1078 23.6% 80 20.1% 545 16.1% 1979 17.5%
30-4 mm 91 3.1% 443 9.7% 28 7.0% 509 15.1% 1071 9.5%
>40 mm 59 2.0% 311 6.8% 27 6.8% 1592 47.2% 1989 17.6%
No residual DCIS® 68 2.3% 19 0.4% 6 1.5% 7 0.2% 100 0.9%
Unknown 27 0.9% 16 0.4% 1.0% 59 1.7% 106 0.9%
Comedo necrosis
Present 1097 36.9% 3211 70.3% 215 54.0% 2369 70.2% 6892 60.9%
Absent 1552 52.3% 984 21.5% 105 26.4% 711 21.1% 3352 29.6%
Unknown 320 10.8% 372 8.1% 78 19.6% 296 8.8% 1066 9.4%
Associated epithelial atypia (ADH or lobular neoplasia)
Yes 500 16.8% 448 9.8% 40 10.1% 312 9.2% 1300 11.5%
No 2469 83.2% 4119 90.2% 358 89.9% 3064 90.8% 10,010 88.5%
Microinvasion
Present 82 2.8% 325 7.1% 19 4.8% 313 9.3% 739 6.5%
Absent 2823 95.1% 4178 91.5% 344 86.4% 3018 89.4% 10,363 91.6%
Unknown 64 2.2% 64 1.4% 35 8.8% 45 1.3% 208 1.8%
Margin width
<2mm 375 13% 644 14% 65 16% 0% 1084 10%
=2 mm 2410 81% 3719 81% 259 65% 0% 6388 56%
Unknown 184 6% 204 4% 74 19% 0% 462 4%
Total number 2969 100% 4567 100% 398 100% 3376 100% 11,310 100%
“No residual DCIS in the surgical excision. Lesion was removed by previous core/vacuum-assisted biopsy.

(1559) and 25% (2015) of women undergoing breast conservation
having margin widths of 1-1.9, 2-4.9 and 5-9.9 mm, respectively
(Table 2). In 2%, no margin width was described but the disease
was classified as ‘clear’ and in 4% of cases the margin width was
unknown. Thus some 14% of women had margins less than the 2
mm currently considered desirable in the UK and US. Of note,
there was no significant difference in margin width in patients
with DCIS reported to the Sloane Project between 2003 and 2012;
there was no increase in those patients with <1 mm margin or
conversely >5 mm margin widths over this time period.

Microinvasion
Microinvasion was reported as present in 738 women (7%). This
was more frequently seen in association with high-grade DCIS

(8%) but was present in 4% of intermediate-grade and in 1% of
low-grade DCIS. The frequency of microinvasion reported
decreased from 9% in 2003/2004 to 5% in 2011/2012 and logistic
regression confirmed a significant reduction in the presence of
microinvasion by year (comparing 2003/04 to 2011/12; p < 0.001).
Nevertheless, for the overall period, there was very wide variation
in the percentage of microinvasion reported across the submitting
UK pathology departments (range 0-29%).

Associated atypia

Atypical ductal hyperplasia (ADH) was reported in association with
DCIS (with no additional atypia such as lobular neoplasia or FEA)
in 611 patients; this was less frequently seen in association
with high-grade DCIS (3%) than with intermediate-grade (7%) or
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low-grade disease (14%) (1 unknown) (Table 3). In a further 111
patients, both ADH and lobular in situ neoplasia were present
along with the DCIS, again more commonly in low-grade DCIS
(4%) than in intermediate- (1%) or high-grade disease (<1%)
(Table 3).

Of the women with lobular neoplasia as the only additional
atypical lesion (n =294), 4% was recorded in patients with high-
grade DCIS, 6% with intermediate and 6% in those with low-grade
DCIS (in 3 cases, grade was not known). Pleomorphic lobular
carcinoma in situ was uncommonly reported in the Sloane Project
in patients with DCIS (16 in total); 12 of these women (75%) had
high-grade DCIS (but this represented <1% of all high-grade DCIS
lesions).

Subsequent first events

Subsequent events are defined as the first development of in situ
or invasive breast carcinoma in the ipsilateral or contralateral
breast, or distant metastasis, >6 months following a diagnosis of
DCIS. At the time of writing, up-to-date information was available

for patients from England only (n =9191), and consequently, the
analysis has been limited to English patients and their first episode
of recurrent disease.

Of these 9191 women, 1098 (12%) re-presented with DCIS or
invasive malignancy in the ipsilateral (7%) or contralateral breast
(5%) and 46 (0.5%) patients developed distant recurrence, at a
median of 9.2 years (range 0.4-14.5) follow-up. Ipsilateral invasive
disease (n =413) was more common than ipsilateral DCIS (n=
225). A further 20 patients had an unspecified ipsilateral
recurrence (not known if DCIS or invasive). Contralateral events
were also more commonly invasive (n = 325) than in situ (n = 94).
Detailed information on three recurrences was not available
(Table 4).

Overall, 377/5753 (6.6%) patients with high-grade DCIS had an
ipsilateral recurrence compared with 210/2550 (8.2%) with
intermediate-grade DCIS and 73/868 (8.4%) with low-grade
disease. When only patients who underwent BCS are considered,
the proportions with any ipsilateral recurrence were more
comparable, amounting to 9.2, 9.7 and 9.8% of high-, inter-
mediate- and low-grade DCIS, respectively. Invasive ipsilateral
recurrence occurred overall after 3.7% of high-grade lesions, 5.7%
of intermediate and 5.6% of those with low-grade DCIS; for

L L . patients undergoing breast conservation, the invasive recurrence
Table 2. Minimum margin size recorded for patients who underwent . .
breast.conserving surgery (BCS) frequencies were 4.9%, 6.7% and 6.7%, respectively.
g surgery : There was a significant relationship between the grade of
Margin size (mm) BCS Percent primary DCIS and that of the subsequent DCIS (p < 0.001, Table 5),
whereas there was no statistically significant association between
0 233 3% the grades of DCIS and subsequent invasive disease (p=0.08,
<1 237 3% Table 5). Where data were available, subsequent invasive
o carcinoma was predominantly of grade 2 in the ipsilateral (46%)
1-1.9 614 8% o . -
920 1559 209 and the contralateral breast (52%), irrespective of the original DCIS
- ° grade. Following a diagnosis of high-grade DCIS, 37% of ipsilateral
5-9.9 2015 25% or 27% of contralateral invasive carcinomas were grade 3. Low-
=10 2814 35% grade DCIS was followed by ipsilateral or contralateral invasive
Clear 122 20 grade 3 carcinoma in 12 and 29% of cases, respectively.
. 16 . . 17 .
Unknown 340 4% . In view of the present UK (a.nd mtern.atlon{al ) guldance
Total 7934 100% identifying that a 2-mm width of uninvolved tissue is desirable for
ota ° DCIS excision, we analysed ipsilateral recurrences (DCIS and
invasive) against margin status (<2 mm or =2 mm) following BCS.
Table 3. Associated lesions by DCIS grade.
Associated lesion DCIS grade
High Percent Intermediate Percent Low Percent Unknown All patients
None 6628 92% 2647 85% 752 75% 21 78% 10,048 89%
ADH alone 238 3% 228 7% 144 14% 1 4% 611 5%
LISN alone 294 4% 190 6% 64 6% 3 11% 551 5%
ADH and LISN 32 0% 40 1% 38 4% 1 4% 11 1%
PLCIS 12 0% 2 0% 1 0% 1 4% 16 0%
Total 7204 100% 3107 100% 999 100% 27 100% 11,337 100%
ADH atypical ductal hyperplasia, LISN lobular in situ neoplasia, PLCIS pleomorphic lobular carcinoma in situ.
Table 4. Patterns of breast and distant recurrences following high-, intermediate- and low-grade DCIS.
Primary lesion Ipsilateral Contralateral Unknown side Distant Total Unknown status
n Percent n Percent n Percent n Percent
High-grade DCIS 377 6.6 249 43 3 0.05 35 0.4 5753 147
Intermediate-grade DCIS 210 8.2 142 5.6 0 0 8 0.27 2550 63
Low-grade DCIS 73 84 39 5.6 1 0.1 3 0.23 868 21
Unknown grade DCIS 3 0% 1 0 0 0 0 0 20 1
Total 663 100% 431 100% 4 100% 46 100% 9191 232
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Table 5. Ipsilateral DCIS recurrence and subsequent invasive carcinoma by primary DCIS disease.
Primary lesion Low Intermediate High Unknown Total p value
Recurrent DCIS grade
High-grade DCIS 1 1% 16 11% 109 73% 24 16% 150 <0.001
Intermediate-grade DCIS 2 3% 20 34% 22 37% 15 25% 59
Low-grade DCIS 3 19% 3 19% 2 13% 8 50% 16
Total 6 3% 39 17% 133 59% 47 21% 225
Subsequent invasive grade
High-grade DCIS 17 8% 83 39% 79 37% 36 17% 215 0.08
Intermediate-grade DCIS 16 1% 78 53% 35 24% 18 12% 147
Low-grade DCIS 6 12% 28 57% 6 12% 9 18% 49
DCIS unknown grade 0 0% 1 50% 1 50% 0 0% 2
Total 39 9% 190 46% 121 29% 63 15% 413
Cumulative risk of ipsilateral DCIS (BCS only) Cumulative risk of ipsilateral invasive carcinoma (BCS only)
0.10 0.10 A
0.08 1 0.08
5 0.06 - 5 0.06 -
o 0.04 a 0.04 -
0.02 0.02
0.00 - 0.00
0 5 10 15 0 5 10 15
X Analysis time Analysis time
Number of risk Number of risk
7921 7131 2639 0 7921 7131 2639 0

Fig. 1 Risk of development of subsequent ipsilateral DCIS (left) and invasive carcinoma (right) in women receiving breast-conserving
surgery (BCS) by year. The steady increase in risk of invasive disease continues after 10 years of follow-up.

There was a StatiStica”y Signiﬁcant lower rate Of recurrence fOI’ Kaplan meier failure estimate: ipsilateral invasive carcinooma by RT grade (BCS only)
lesions with =2 mm clear margin (p =0.003). Further analysis 0.20
showed that the protective effect of the wider margin width was
predominantly on ipsilateral invasive recurrence, both for
patients who received or did not receive radiotherapy (p=
0.03 and 0.04, respectively) and not on subsequent DCIS
recurrence. On analysing margin status and grade of DCIS with
ipsilateral recurrence, margin width had a significant impact on
recurrence for high-grade DCIS but not of intermediate/low-
grade disease. Patients with high-grade DCIS with <2mm Pravasts s

margin had a 6% recurrence rate (for both in situ and invasive 000 — ; ‘ ‘

0.15 +

0.10 +

Proportion

0.05 +

carcinoma), whereas those with lesions with =2 mm margin had 0 ° e s
DCIS and invasi tes of 4 and 5% tivel Number at sk Frebstme

1S and invasive recurrence rates of 4 an b, respectively. No AT umber at isk 1826 o068 0

This difference was statistically significant (p = 0.02). No RT high 890 745 313 0

. . RT low/intermediate 1091 1013 410 0

The architecture of the DCIS, the presence of comedo necrosis RT high 3470 3190 1133 0

and the presence of additional atypia or of microinvasion were
not significantly associated with ipsilateral or contralateral
recurrence.

No RT intermediate/low No RT high
RT low/intermediate RT high

Fig. 2 The effect of radiotherapy (RT) on ipsilateral subsequent

The rate of distant metastasis as first recurrence, without
evidence of primary invasive disease, was low (28 patients); of
these, 12 (43%) occurred in the first 5 years. The median time to
presentation with distant metastasis was 47.5 months.

Time to subsequent events

Kaplan-Meier survival analysis showed distinct patterns for risk of
ipsilateral events. While the risk of ipsilateral DCIS tailed off after
5 years, the risk of subsequent invasion showed a consistent year
on year increase over 10 years (Fig. 1).

invasive carcinoma in patients treated with breast-conserving
surgery (BCS). Radiotherapy markedly reduced the risk of subsequent
ipsilateral invasive carcinoma in patients with primary high-grade DCIS
and, to a lesser extent, in the low/intermediate-grade category.

Effect of adjuvant radiotherapy

A protective effect of radiotherapy on recurrence was seen, both
for in situ and invasive ipsilateral carcinoma. Excluding patients
without information on radiotherapy status, recurrence rate for
high-grade DCIS treated with adjuvant radiotherapy was 3.2%
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compared to 6.9% without radiotherapy. The recurrent DCIS rates
after low/intermediate-grade DCIS diagnosis with and without
radiotherapy were 2.3 and 3.0%, respectively. Radiotherapy
reduced subsequent invasive carcinoma rates from 8.9 to 3.7%
for high-grade DCIS and from 15 to 7.7% for low/intermediate-
grade DCIS. Patients with high-grade DCIS who did not receive
radiotherapy had the highest rate of subsequent ipsilateral
invasion, whereas those with high-grade DCIS lesions who
received adjuvant radiotherapy had the lowest rate (Fig. 2).
However, when there was such an invasive disease, it was at a
median 56 months following radiotherapy for high-grade DCIS.
This protective effect of radiotherapy persisted after exclusion of
patients who received endocrine therapy (Fig. 1c).

DISCUSSION

This analysis provides an overview of a large, prospective cohort of
well-characterised DCIS diagnosed in women of screening age
within the NHS BSP and is anticipated to be representative of
screen-detected DCIS in general. At its inception, the UK NHS BSP
was available to all women aged 50-64 years but the upper age
limit was increased to age 70 years during 2003-2005. The data
include real-life pathology parameters supplied by the UK Breast
Screening Units that contributed to the Sloane Project and thus
provide a unique opportunity to analyse trends and changes in
DCIS reporting and the clinical management implications over the
course of a decade.

The small but steady increase in DCIS size (from 21.4 to 24.1
mm) over the period was predominantly due to an increase in the
diagnosis of lesions measuring =30 mm. This has implications for
surgical management, as the majority of those patients with larger
DCIS underwent mastectomy. Subsequent to this series, onco-
plastic surgical procedures are increasingly being introduced for
large volume lesions, and conversely, fewer patients may now
therefore require mastectomy. The increase in DCIS size identified
between 2003 and 2012 may reflect improvements in imaging
modalities over this time (including the introduction of digital
mammography), together with more extensive sampling of
surgical excision specimens by pathologists, as advised in the
current UK guidelines.'® Pre-operative assessment guidance now
includes the recommendation for sampling more than one focus
of a mammographically large area of calcification (>30 mm) to
assess the extent of disease, which may also contribute to more
accurate assessment of DCIS size.'®

Over the period presented, there has been an increase in the
proportion of high-grade DCIS (from 59 to 63%) and a decrease in
the diagnosis of low-grade DCIS (from 10 to 6%). While national
guidance on grading has continually been updated,’ the
consistency of grading of DCIS within the UK External Quality
Assurance Scheme remains only in the moderate range with a
kappa value of 0.55 for high-grade DCIS."® Studies from other
countries have shown low consistency in grading but have also
highlighted different distribution of DCIS grades to those seen in
this UK series. For example, in the nationwide Dutch Pathology
Registry, 4952 DCIS reports from 36 laboratories were analysed:
12.5% were reported as low grade (range 6.1-24.4%), 39.5% as
intermediate grade (18.2-57.6%), and 48.0% as high-grade DCIS
(30.2-72.7%).2° The reasons for the variation in grade of DCIS
between countries and screening programmes remain unclear,
and several international studies of grading reproducibility are
underway to determine whether this predominantly reflects
differences in pathological assessment.”’ An alternative two-tier
grading system (high vs non-high grade) has been proposed;*
however, one recent international study of 149 DCIS cases
assessed by 39 breast pathologists using such a dichotomous
grading system still showed only moderate agreement (kappa =
0.422).2 As several worldwide trials are presently being under-
taken of active surveillance vs surgical intervention for low-risk

DCIS,'? including the LORIS,® LORD' and the COMET trials'", the
reproducible grading of DCIS is increasingly important for clinical
management and methods for improving reproducibility require
further exploration.

In this real-world national prospective data set, only 3% (233) of
patients with BCS had margin clearance described as 0 mm
(‘involved’), with a further 3% having disease <1 mm from the
margin. The UK recommendations of minimum margin clearance
have evolved over the years. Both the latest UK NICE'® and US
guidelines'” presently recommend 2 mm clearance for relevant
(circumferential) margins of pure DCIS. This cut-off was being
achieved in at least 80% of the Sloane cohort.

While classical lobular neoplasia and ADH were both most
frequently seen in association with high-grade DCIS (53% of the
total cases with lobular neoplasia as the only other atypical lesion
and 39% of the total cases with ADH alone), this is a reflection of
high-grade DCIS being the most frequently reported grade. As
part of the low nuclear grade neoplasia family,%* it is not surprising
that additional atypias were proportionately more frequently
associated with intermediate- or low-grade DCIS (12% of total of
lobular neoplasia and 21% of ADH) compared with high-grade
DCIS (4% of lobular neoplasia and 3% of ADH). In a further 111
patients, both ADH and lobular in situ neoplasia were present
along with the DCIS, again more commonly seen with low-grade
DCIS (4% of low-grade DCIS cases) than in intermediate- (1%) or
high-grade disease (<1%).

The reporting of ADH in association with low-grade DCIS is
controversial. ADH is a microfocal, low-grade atypical lesion with
complete involvement of less than two membrane-bound spaces
or <2mm in extent'® but is recognised to show similar genetic
and biomarker profiles to low-grade DCIS. Although cytologically
at least part of the spaces will have the features of low-grade DCIS,
this is insufficient in extent for diagnosis of established DCIS.
However, if such partial duct involvement is seen adjacent to a
larger, more established lesion, many would regard the entire
process as low-grade DCIS and not report the two lesions
separately. It is not, however, clear whether in the 611 cases,
where both DCIS and ADH were recorded in the present database,
the processes were in continuity or separate, synchronous lesions.
The co-existence of differing grades of DCIS in an individual
patient has been described, and some even believe that ‘poorly
differentiated’ DCIS may evolve from ‘well-differentiated’ DCIS by
randomly acquiring genetic defects,® although this is not widely
accepted. Other series have shown greater consistency of grade
(85%) in individual patients than uniformity of architecture.?® In
the Sloane Project, as per UK guidelines, the highest reported
histological grade was recorded but the co-existence of classical
lobular neoplasia and ADH with high-grade DCIS is noteworthy
and merits further investigation of genomic changes present in
these cases.

Microinvasion, defined by the UK NHS BSP surgical reporting
guidelines as one or more invasive foci measuring <1 mm, is a rare
lesion that is recognised to be most commonly seen in the context
of high-grade DCIS."* In the present data, it was also identified in
association with intermediate- or low-grade DCIS in 4% of cases;
the recent WHO breast guidelines also highlight this infrequent
existence in non-high-grade lesions.'® The frequency of micro-
invasion in the present series decreased significantly from 2003/
2004 to 2011/2012, which may reflect adherence to more
stringent criteria for diagnosing microinvasion and the updated
NHS BSP pathology guidelines published in 2005.%” However,
within the Sloane cohort there was a wide variation in the rate of
reporting of microinvasive carcinoma between centres (0-29%).
This may reflect bias in submission of cases to Sloane from
individual centres, but the incidence of microinvasion in the
literature also varies from as low as 0.68%2% to as high as 8.3%.%°
The high frequency in some Units submitting data to Sloane also
highlights questions about the reproducibility of this diagnosis.
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Fig. 3 Ipsilateral invasive recurrence by receipt of radiotherapy
(RT) and grade of DCIS in women who underwent breast-
conserving surgery. Without RT or endocrine therapy (ET), invasive
carcinoma rates are higher in the high grade than in those with low/
intermediate-grade DCIS up to 10 years.

The definition of microinvasion as necessarily in the non-
specialised stroma was included in previous UK guidelines®” but
has been excluded from more recent updated version.'* Various
definitions have been used (for a review, see Bianchi and
Vezzosi*’) and the latest WHO book does not include this
criterion.'?

Another histopathological feature that lacks consistency in its
definition and reporting is comedo necrosis; criteria used range
from any central necrosis to expansive necrosis. The definition of
comedo necrosis has been the subject of recent debate,
particularly the minimum amount of central necrosis required to
qualify as ‘comedo necrosis’. One recent survey of 35 experienced
breast pathologists from the USA showed that no single cut-off
was agreed by more than a third of participants;*' the minimum
threshold of cross sectional necrosis required ranged from 10%
(by 4 pathologists) to 70% (by 1 pathologist). Currently, there is no
clinical evidence for recommending one threshold over any other
and the descriptive term ‘central necrosis’ with comment
regarding number, or proportion, of ducts involved may be more
appropriate in describing this histological feature, as recently
recommended by the International Collaboration on Cancer
Reporting DCIS data set.3?

Follow-up data of the patients from England is the largest
component of this prospective cohort. The screening programme
is the same throughout the United Kingdom, and clinical
management guidelines are essentially similar. Therefore, we
believe the data are generalisable to the UK population, as well as
potentially further afield. In the cohort with extended follow-up
(9191 patients), it is intriguing that a higher rate of subsequent
in situ and invasive carcinoma is noted following a primary
diagnosis of either low- or intermediate-grade DCIS compared
with high-grade disease. This is contrary to data from series of
untreated DCIS, where a higher and more rapid rate of
progression to invasive disease is seen for high-grade DCIS left
in situ, i.e. not excised.>®> However, when analysis is limited to the
majority of patients who have undergone BCS (7934, 86% of
patients) the ipsilateral recurrence rates are 9.2, 9.7 and 9.8%,
respectively, for high, intermediate- and low-grade DCIS (with
invasive recurrence frequencies of 4.9, 6.7 and 6.7%, respectively).
More patients with high-grade DCIS undergo mastectomy or
when receiving BCS are in receipt of radiotherapy,> which is
known to reduce ipsilateral recurrence.®® Indeed, an increased
sensitivity of high-grade DCIS to radiotherapy may be deduced
from the present data (Figs. 2 and 3), which would contribute to

Pathological features of 11,337 patients with primary ductal carcinoma in...
AM. Shaaban et al.

the lower recurrence rate seen with high-grade DCIS after BCS.
The differences may also be influenced by the ability to determine
DCIS size and especially completeness of excision more accurately
in high-grade DCIS, due to a greater proportion of ducts
associated with microcalcification when compared to low-grade
DCIS in which a greater proportion of the area is non-calcific.>
Theoretically, for this reason, a greater proportion of low-grade
DCIS may therefore be incompletely excised, albeit unrecognised
on radiological (specimen X-ray) and pathological examination.

In this cohort, the grade of contralateral DCIS or invasive
carcinoma did not necessarily mirror the grade of the primary
DCIS, consistent with contralateral breast cancer representing
independent, new disease, rather than recurrence. Recent
molecular analysis of paired small cohorts of DCIS and invasive
carcinomas within the Sloane cohort supports this hypothesis.3’
While grade of subsequent DCIS was associated with grade of
primary DCIS, the grade of subsequent ipsilateral invasive cancer
showed a non-significant association with the original DCIS grade
(Table 5). Data on the pleomorphism component of the invasive
histological grade is not collected in the Sloane database, but it is
likely that the DCIS cytonuclear grade and pleomorphism score
may show a greater correlation than overall histological invasive
grade.

A novel finding is this study is the tapering of risk of subsequent
ipsilateral DCIS over time, while the risk of invasive carcinoma in
the same breast continued. We believe that this finding is
important and relevant for the need to undertake long-term
follow-up strategies with DCIS and for informed patient decisions
on management. A recent epidemiological study has also
identified that invasive carcinoma continues to develop up to 20
years following the diagnosis and treatment of DCIS.>® More of the
subsequent events in our series occurred as invasive carcinoma.
This current data therefore differs from earlier reports (e.g.
EBCTCG, EORTC) that recorded that approximately half of the
ipsilateral breast recurrences after a diagnosis of pure DCIS were
as invasive disease and half as DCIS, with a 50% reduction in either
form of recurrence following radiotherapy.®® This was based on
trials such as NSABP-B17 and EORTC 10853 that included patients
treated between 1985 and 1999. Since then, considerable
advances have been made in refining the radiological and
histological diagnosis, tissue sampling, classification of DCIS and
margin assessment. There has also, however, been progress in
surgical treatment and in revisiting the significance of margin
status, as well as selection of patients for radiotherapy. We believe
that the present data are reflective of current practice, both
histopathological and clinical, and that this change in the nature
of recurrence is likely to be multifactorial.

The main strengths of this study include the prospective
collection of a wide range of pathological features of large
numbers of screen-detected DCIS over time. The link to multiple
national information systems, as well as the provision of
recurrence data from the individual NHS BSP centres, uniquely
allows correlation of the histological features of primary DCIS with
those of subsequent events. However, one caveat in interpreting
these recurrence data is the length of follow-up in these analyses,
given that, even with approaching 10 years of follow-up, further
events are certain to occur in this patient population over
subsequent decades.

In conclusion, we provide a comprehensive overview of the
pathology features of screen-detected DCIS, including information
on recurrence of disease that should inform strategies for DCIS
management, patient counselling and follow-up. The protective
effect of radiotherapy is confirmed on all DCIS grades but is
particularly important in high-grade disease. Issues related to the
reproducibility of some pathological features including comedo
necrosis and microinvasion should be noted; further work to
define the most clinically relevant cut-offs for some features and
subsequent updates to international guidelines are required.
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While grade of DCIS has previously been of limited clinical
application, the ongoing trials of surveillance of low-risk DCIS have
highlighted the importance of reproducibility of this key
pathological feature.

ACKNOWLEDGEMENTS

This work uses data provided by patients and collected by the UK NHS BSP as part of
their care and support. We thank all patients and all breast units who have
participated in the Sloane Project audit.

AUTHOR CONTRIBUTIONS

B.H. K.C, S.C: data collection and statistical analysis. A.M.S.: data interpretation,
reviewed the literature, produced first draft of manuscript. SEP., AMT.: data
interpretation, writing the manuscript, oversaw the Project. E.P.,, AMH,, JST, M.GW.,
E.S.: data interpretation, input and appraisal of manuscript. All authors approved the
final version of the manuscript.

ADDITIONAL INFORMATION

Ethics approval and consent to participate Ethics Committee approval was not
required for this study, originally conducted under the NHS Cancer Screening
Programme’s application to the Patient Information Advisory Group (PIAG). More
recently, the study has been permitted to process personally identifiable data
without consent under Regulation 5 of Statutory Instrument 2002 No. 1438: The
Health Service (Control of Patient Information) Regulations 2002 (15/CAG/0207) in
line with the following clause: ‘quality assuring screening services to ensure they are
effective and safe, and that any incidents are investigated and managed
appropriately’. This statutory exemption to common law permits Public Health
England to process personally identifiable data for activities it is ‘responsible and
accountable to the Secretary of State for Health for’, as part of its core remit for
population screening.

Consent to publish All authors gave consent for publication.

Data availability Data are held by Public Health England. Access to the Sloane
Project data from external parties is governed by consultation with the Sloane Project
Steering Group and application to Public Health England’s breast screening research
advisory committee (RAC) and Public Health England’s office for data release (ODR).
Data will subsequently only be released by Public Health England to researchers
under approval and in an anonymised or depersonalised format, with a data sharing
contract in place.

Competing interests The authors declare no competing interests.

Funding information This work was supported by Public Heath England and, in part,
by Cancer Research UK and by KWF Kankerbestrijding (ref. C38317/A24043) who
provided funding support for K.C,, E.S.,, AM.T. and S.E.P.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES

1. Independent UK Panel on Breast Cancer Screening. The benefits and harms of
breast cancer screening: an independent review. Lancet 380, 1778-1786 (2012).

2. Thomas, J., Hanby, A, Pinder, S. E,, Ball, G, Lawrence, G., Maxwell, A. et al. Adverse
surgical outcomes in screen-detected ductal carcinoma in situ of the breast. Eur.
J. Cancer 50, 1880-1890 (2014).

3. Pinder, S. E., Duggan, C, Ellis, I. O., Cuzick, J., Forbes, J. F., Bishop, H. et al. A new
pathological system for grading DCIS with improved prediction of local recur-
rence: results from the UKCCCR/ANZ DCIS trial. Br. J. Cancer 103, 94-100 (2010).

4. Cuzick, J., Sestak, I, Pinder, S. E., Ellis, I. O., Forsyth, S., Bundred, N. J. et al. Effect of
tamoxifen and radiotherapy in women with locally excised ductal carcinoma
in situ: long-term results from the UK/ANZ DCIS trial. Lancet Oncol. 12, 21-29
(2011).

5. Rakovitch, E., Nofech-Mozes, S., Hanna, W., Narod, S., Thiruchelvam, D., Saskin, R.
et al. HER2/neu and Ki-67 expression predict non-invasive recurrence following

20.

21.

22.

23.

24.

25.

26.

27.

breast-conserving therapy for ductal carcinoma in situ. Br. J. Cancer 106,
1160-1165 (2012).

. Davis, J. E., Nemesure, B, Mehmood, S., Nayi, V., Burke, S., Brzostek, S. R. et al. Her2

and Ki67 biomarkers predict recurrence of ductal carcinoma in situ. Appl.
Immunohistochem. Mol. Morphol. 24, 20-25 (2016).

. Hannafon, B. N. & Ding, W. Q. Functional role of miRNAs in the progression of

breast ductal carcinoma in situ. Am. J. Pathol. 189, 966-974 (2019).

. Nofech-Mozes, S., Hanna, W. & Rakovitch, E. Molecular evaluation of breast ductal

carcinoma in situ with oncotype DX DCIS. Am. J. Pathol. 189, 975-980 (2019).

. Francis, A, Thomas, J., Fallowfield, L., Wallis, M., Bartlett, J. M., Brookes, C. et al.

Addressing overtreatment of screen detected DCIS; the LORIS trial. Eur. J. Cancer
51, 2296-2303 (2015).

. Elshof, L. E., Tryfonidis, K., Slaets, L., van Leeuwen-Stok, A. E., Skinner, V. P., Dif, N.

et al. Feasibility of a prospective, randomised, open-label, international multi-
centre, phase lll, non-inferiority trial to assess the safety of active surveillance for
low risk ductal carcinoma in situ - the LORD study. Eur. J. Cancer 51, 1497-1510
(2015).

. Hwang, E. S, Hyslop, T., Lynch, T,, Frank, E., Pinto, D., Basila, D. et al. The COMET

(Comparison of Operative versus Monitoring and Endocrine Therapy) trial: a
phase Ill randomised controlled clinical trial for low-risk ductal carcinoma in situ
(DCIS). BMJ Open 9, €026797 (2019).

. Toss, M., Miligy, |, Thompson, A. M., Khout, H., Green, A. R, Ellis, I. O. et al. Current

trials to reduce surgical intervention in ductal carcinoma in situ of the breast:
critical review. Breast 35, 151-156 (2017).

. Thompson, A. M., Clements, K., Cheung, S., Pinder, S. E., Lawrence, G., Sawyer, E.

et al. Management and 5-year outcomes in 9938 women with screen-detected
ductal carcinoma in situ: the UK Sloane Project. Eur. J. Cancer 101, 210-219
(2018).

. Pathology reporting of breast disease in surgical excision specimens incorpor-

ating the dataset for histological reporting of breast cancer. NHS Breast
Screening Programme and the Royal College of Pathologists, Publication G148
(2016).

. WHO Classification of Tumours Editorial Board. WHO Classification of Tumours:

Breast Tumours - 5th Edition (IARC, 2019).

. National Institute for Health and Care Excellence. Early and Locally Advanced

Breast Cancer: Diagnosis and Management (NICE guideline [NG101] (NICE, 2018).

. Morrow, M., Van Zee, K. J,, Solin, L. J., Houssami, N., Chavez-MacGregor, M., Harris,

J. R. et al. Society of Surgical Oncology-American Society for Radiation Oncology-
American Society of Clinical Oncology Consensus Guideline on margins for
breast-conserving surgery with whole-breast irradiation in ductal carcinoma
in situ. J. Clin. Oncol. 34, 4040-4046 (2016).

. Pinder, S. E.,, Shaaban, A., Deb, R, Desai, A, Gandhi, A, Lee, A. H. S. et al. NHS

Breast Screening Multidisciplinary Working Group guidelines for the diagnosis
and management of breast lesions of uncertain malignant potential on core
biopsy (B3 lesions). Clin. Radiol. 73, 682-692 (2018).

. Rakha, E. A, Bennett, R. L, Coleman, D., Pinder, S. E. & Ellis, I. O. Pathology

UKNCCfB. Review of the national external quality assessment (EQA) scheme for
breast pathology in the UK. J. Clin. Pathol. 70, 51-57 (2017).

van Dooijeweert, C,, van Diest, P. J., Willems, S. M., Kuijpers, C,, Overbeek, L. I. H. &
Deckers, I. A. G. Significant inter- and intra-laboratory variation in grading of
ductal carcinoma in situ of the breast: a nationwide study of 4901 patients in the
Netherlands. Breast Cancer Res. Treat. 174, 479-488 (2019).

van Seijen, M., Lips, E. H., Thompson, A. M., Nik-Zainal, S., Futreal, A, Hwang, E. S.
et al. Ductal carcinoma in situ: to treat or not to treat, that is the question. Br. J.
Cancer 121, 285-292 (2019).

Van Bockstal, M., Baldewijns, M., Colpaert, C., Dano, H., Floris, G., Galant, C. et al.
Dichotomous histopathological assessment of ductal carcinoma in situ of the
breast results in substantial interobserver concordance. Histopathology 73,
923-932 (2018).

Dano, H., Altinay, S., Arnould, L., Bletard, N., Colpaert, C,, Dedeurwaerdere, F. et al.
Interobserver variability in upfront dichotomous histopathological assessment of
ductal carcinoma in situ of the breast: the DCISion study. Mod. Pathol. 33,
354-366 (2019).

Rakha, E. A. The low nuclear grade breast neoplasia family. Diagnostic Histopathol.
12, 124-132 (2012).

Allred, D. C,, Wy, Y., Mao, S., Nagtegaal, I. D, Lee, S., Perou, C. M. et al. Ductal
carcinoma in situ and the emergence of diversity during breast cancer evolution.
Clin. Cancer Res. 14, 370-378 (2008).

Quinn, C. M. & Ostrowski, J. L. Cytological and architectural heterogeneity in
ductal carcinoma in situ of the breast. J. Clin. Pathol. 50, 596-599 (1997).

NHS Cancer Screening Programmes and the Royal College of Pathologists.
Pathology Reporting of Breast Disease: A Joint Document Incorporating the Third
Edition of the NHS Breast Screening Programme's Guidelines for Pathology Reporting
in Breast Cancer Screening and the Second Edition of the Royal College of



28.

29.

30.

31.

32.

33.

34.

35.

Pathologists' Minimum Dataset for Breast Cancer Histopathology (NHS Cancer
Screening Programmes, 2005).

Hoda, S. A, Chiu, A, Prasad, M. L., Giri, D. & Hoda, R. S. Are microinvasion and
micrometastasis in breast cancer mountains or molehills? Am. J. Surg. 180,
305-308 (2000).

Zhang, W, Gao, E. L, Zhou, Y. L, Zhai, Q, Zou, Z. Y., Guo, G. L. et al. Different
distribution of breast ductal carcinoma in situ, ductal carcinoma in situ with
microinvasion, and invasion breast cancer. World J. Surg. Oncol. 10, 262 (2012).
Bianchi, S. & Vezzosi, V. Microinvasive carcinoma of the breast. Pathol. Oncol. Res.
14, 105-111 (2008).

Harrison, B. T, Hwang, E. S., Partridge, A. H., Thompson, A. M. & Schnitt, S. J.
Variability in diagnostic threshold for comedo necrosis among breast patholo-
gists: implications for patient eligibility for active surveillance trials of ductal
carcinoma in situ. Mod. Pathol. 32, 1257-1262 (2019).

ICCR. Upcoming dataset, breast: ductal carcinoma in situ. http://www.iccr-cancer.
org/datasets/upcoming-datasets (2020). Accessed 7 Apr 2020.

Maxwell, A. J., Clements, K, Hilton, B., Dodwell, D. J,, Evans, A, Kearins, O. et al.
Risk factors for the development of invasive cancer in unresected ductal carci-
noma in situ. Eur. J. Surg. Oncol. 44, 429-435 (2018).

Goodwin, A, Parker, S., Ghersi, D. & Wilcken, N. Post-operative radiotherapy for
ductal carcinoma in situ of the breast-a systematic review of the randomised
trials. Breast 18, 143-149 (2009).

Early Breast Cancer Trialists’ Collaborative, G., Correa, C,, McGale, P., Taylor, C,
Wang, Y., Clarke, M. et al. Overview of the randomized trials of radiotherapy in
ductal carcinoma in situ of the breast. J. Nat/ Cancer Inst. Monogr. 2010, 162-177
(2010).

Pathological features of 11,337 patients with primary ductal carcinoma in...
AM. Shaaban et al.

36. Holland, R, Hendriks, J. H., Vebeek, A. L., Mravunac, M., Schuurmans & Stekhoven,
J. H. Extent, distribution, and mammaographic/histological correlations of breast
ductal carcinoma in situ. Lancet 335, 519-522 (1990).

37. Shah, V., Megalios, A., Shami, R, Sridharan, M., Salinas de Souza, C., Kumar, T. et al.
Genomic analysis of paired DCIS and subsequent recurrence to assess clonal
relatedness in screen detected DCIS. Cancer Res. 80, P4-07-04 (2020).

38. Mannu, G. S, Wang, Z,, Broggio, J., Charman, J., Cheung, S., Kearins, O. et al.
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. BMJ 369, m1570 (2020).

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2020


http://www.iccr-cancer.org/datasets/upcoming-datasets
http://www.iccr-cancer.org/datasets/upcoming-datasets
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Pathological features of 11,337 patients with primary ductal carcinoma in�situ (DCIS) and subsequent events: results from the UK Sloane Project
	Background
	Methods
	Statistical analysis

	Results
	Size of DCIS
	Grade of DCIS
	Architecture of DCIS
	Comedo necrosis
	Margin clearance
	Microinvasion
	Associated atypia
	Subsequent first events
	Time to subsequent events
	Effect of adjuvant radiotherapy

	Discussion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




