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Chapter 3

Association of DCIS
Size and margin sta-
tus with risk of deve-
loping breast cancer
post-treatment: mul-
tinational, pooled co-
hort study



Abstract

Objective: To examine the association between size and margin status of ductal carcinoma
in situ (DCIS) and risk of developing ipsilateral invasive breast cancer and ipsilateral DCIS
after treatment, and stage and subtype of ipsilateral invasive breast cancer.

Design: Multinational, pooled cohort study.

Setting: Four large international cohorts.

Participants: Patientleveldataon47695womenwithadiagnosis of pure, primary DCIS be-
tween 1999 and 2017 in the Netherlands, UK, and US who underwent surgery, either breast
conserving or mastectomy, often followed by radiotherapy or endocrine treatment, or both.
Main outcome measures: The main outcomes were 10-year cumulative incidence of ipsi-
lateral invasive breast cancer and ipsilateral DCIS estimated in relation to DCIS size and
margin status, and adjusted hazard ratios and 95% confidence intervals, estimated using
multivariable Cox proportional hazards analyses with multiple imputed data

Results: The 10-year cumulative incidence of ipsilateral invasive breast cancer was 3.2%.
In women who underwent breast conserving surgery with or without radiotherapy, only
adjusted risks for ipsilateral DCIS were significantly increased for larger DCIS (20-49 mm)
compared with DCIS <20 mm (hazard ratio 1.38, 95% confidence interval 1.11 to 1.72).
Risks for both ipsilateral invasive breast cancer and ipsilateral DCIS were significantly high-
er with involved compared with clear margins (invasive breast cancer 1.40, 1.07 to 1.83;
DCIS 1.39, 1.04 to 1.87). Use of adjuvant endocrine treatment was not significantly asso-
ciated with a lower risk of ipsilateral invasive breast cancer compared to treatment with
breast conserving surgery only (0.86, 0.62 to 1.21). In women who received breast con-
serving treatment with or without radiotherapy, higher DCIS grade was not significantly
associated with ipsilateral invasive breast cancer, only with a higher risk of ipsilateral DCIS
(grade 1:1.42,1.08t01.87; grade3:2.17,1.66t02.83). Greater age at diagnosis was associat-
ed with lower risk (per year) of ipsilateral DCIS (0.98, 0.97 to 0.99) but not ipsilateral invasive
breast cancer(1.00,0.99t01.00). Women with large DCIS (=50 mm) more often developed
stage lll and IV ipsilateral invasive breast cancer compared to women with DCIS <20 mm.
No such association was found between involved margins and higher stage of ipsilateral
invasive breast cancer. Associations between larger DCIS and hormone receptor negative
and human epidermal growth factor receptor 2 positive ipsilateral invasive breast cancer
and involved margins and hormone receptor negative ipsilateral invasive breast cancer
were found.
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Conclusions: The association of DCIS size and margin status with ipsilateral invasive breast
cancer and ipsilateral DCIS was small. When these two factors were added to other known
risk factors in multivariable models, clinicopathological risk factors alone were found to be
limited in discriminating between low and high-risk DCIS.
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Introduction

With the introduction of population based breast cancer screening’ and the more recent
introduction of digital mammography, % 2 the incidence of ductal carcinoma in situ (DCIS)
has increased more than fivefold in western countries.*® Currently, DCIS accounts for 20-
25% of all newly detected breast cancers.” Although DCIS is a potential precursor of inva-
sive breast cancer, it is estimated that as much as 80% of DCIS lesions will never progress
to invasive disease.®'" As potentially progressive, high risk DCIS is difficult to distinguish
from potentially non-progressive, low risk DCIS, almost all women with DCIS are treated by
mastectomy or breast conserving surgery followed by radiotherapy or endocrine treat-
ment, or both."? Yet no clear reduction of breast cancer mortality has been attributed to DCIS
treatment. ™® Furthermore, the incidence of invasive breast cancer has not decreased, * sug-
gesting a considerable reservoir of DCIS lesions exists that would never have progressed
to invasive breast cancer. Consequently, concern is growing about the possible overtreat-
ment of DCIS.#814-16 The PRECISION (PREvent ductal Carcinoma In Situ Invasive Overtreat-
ment Now) Cancer Grand Challenge Consortium aims to distinguish high risk from low risk
DCIS to reduce the overtreatment of low risk DCIS. "7

Some clinicopathological features such as high grade lesions and young age are associated
with increased risk of subsequent ipsilateral DCIS and ipsilateral invasive breast cancer. '8
For other features, such as DCIS size and margin status, the association with risk of these
two cancer types is less clear, and several relatively small studies (up to 2995 women with
DCIS treated with breast conserving surgery only) have reported size to be associated with
a higher risk.202% In contrast, a UK study of 24 779 women treated with breast conserving
surgery and mastectomy for DCIS reported no significant association between increasing
DCIS size and ipsilateral invasive breast cancer.'® Similarly, the literature has not reached
consensus on the effect of margin status on risk of ipsilateral invasive breast cancer or
ipsilateral DCIS. The UK study reported involved margins as an important risk factor for ip-
silateral invasive breast cancer '® as did other studies. ?* 2> Several smaller studies, however,
did not find any associations between margin status and local recurrence,??2%27 or only did
so in relation to ipsilateral DCIS.?¢ Consequently, substantially larger studies with longer
term follow-up are needed to validate the association between DCIS size and involved mar-
gins with risk of subsequent ipsilateral DCIS or ipsilateral invasive breast cancer. A better
understanding of these and other related risk factors could provide insight as to which
women may be candidates for de-escalation of treatment, allowing for more personalised
management strategies and avoiding overtreatment of women with low-risk DCIS.

Using a large, multinational, pooled cohort we investigated whether DCIS size and margin
status are associated with risk of developing ipsilateral invasive breast cancer and ipsilat-

48



eral DCIS. A secondary aim was to investigate whether DCIS size and margin status are
associated with the subtype and stage of subsequent ipsilateral invasive breast cancer.

Methods

Study population
We analysed four cohorts of women with DCIS from the Netherlands, UK, and US as part

of the PRECISION DCIS Consortium. Table 1 and the supplementary methods describe
the cohorts. Data on participants’' characteristics, DCIS status, treatment, and follow-up
had been collected for each of the four cohorts. For this study, we recoded and harmo-
nised original data following a set codebook. Inclusion criteria were women older than 18
years with pure, primary, unilateral DCIS who had undergone surgery (with or without ad-
juvant treatment) between 1999 and 2017. We excluded women with DCIS accompanying
micro-invasive or invasive disease or Paget's disease, those who received chemotherapy
or targeted therapy, those with missing information on treatment or follow-up, and those
with follow-up shorter than six months or diagnosis with subsequent invasive breast can-
cer within six months after the primary DCIS diagnosis. As endocrine treatment is rarely
prescribed for DCIS in the Netherlands, we excluded 148 women in the Dutch cohort who
received endocrine treatment (supplementary figure S1).
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Table 1. Patient and cohort characteristics

Dutch cohort Sloane cohort MDACC cohort NCDB-Special Total cohort
study subset

n=18,986 n=7,961 n=2,083 n=18,665 n=47,695
Type of cohort Population based,  Population based,  Single hospital, Representative Multinational,

nationwide nationwide tertiary cancer registry, mostly population

coverage, NL coverage, UK centre, USA nationwide based

coverage?, USA

Age at diagnosis DCIS 58 (10.2) 60 (6.9) 55 (11.1) 60 (11.8) 59 (10.5)
(Mean, SD) (years)
Year of diagnosis (range) 1999-2015 2003-2012 1999-2017 2007-2015 1999-2017
Follow-up time 8.2(2.2) 5.3 (2.5) 7.2(2.8) 5.8 (2.4) 6.7 (2.7)
(Mean, SD) (years)
Last update follow-up 2020 2012 2020 2019 2012-2020
(vear)

n (%) n (%) n (%) n (%) n (%)
Grade
Grade 1 2,844 (15) 778 (10) 160 (8) 3,095 (17) 6,877 (14)
Grade 2 5,949 (31) 2,250 (28) 860 (41) 6,589 (35) 15,648 (33)
Grade 3 8,938 (47) 4,926 (62) 1,058 (51) 7,482 (40) 22,404 (47)
Unknown grade 1,255 (7) 7(0.1) 5(0) 1,499 (8) 2,766 (6)
DCIS size
<20mm 6,405 (34) 4,432 (56) 869 (42) 10,098 (54) 21,804 (46)
20-49mm 3,478 (18) 2,638 (33) 467 (22) 2,536 (14) 9,119 (19)
250mm 1,429 (8) 805 (10) 327 (16) 934 (5) 3,495 (7)
Unknown size 7,674 (40) 86 (1) 420 (20) 5,097 (27) 13,277 (28)
Treatment?
BCS only 2,139 (11) 2,037 (26) 215 (10) 2,923 (16) 7,314 (15)
BCS+RT 9,646 (51) 2,678 (34) 418 (20) 4,454 (24) 17,196 (36)
BCS+ET N.Ac 333 (4) 70 (3) 1,254 (7) 1,657 (3)
BCS+RT+ET N.Ac 533 (7) 437 (21) 5,401 (30) 6,471 (14)
MST 7,201 (38) 2,380 (30) 943 (45) 4,533 (24) 15,057 (32)
Margin Status?
Clear (22mm) 13,615 (72) 5,156 (65) 2,037 (98) 17,688 (95) 38,496 (81)
Involved (<2mm) 1,598 (8) 256 (3) 35(2) 563 (3) 2,452 (5)
Unknown 3,773 (20) 2,549 (32) 11(1) 414(2) 6,747 (14)
Survival status
Alive 17,497 (92) 7,701 (97) 1,979 (95) 17,533 (94) 44,710 (94)
Deceased 1,489 (8) 260 (3) 104 (5) 1,132 (6) 2,985 (6)

Abbreviations:

MDACC, MD Anderson Cancer center; NCDB, National Cancer Database; n, number; NL, the Netherlands; UK, Unit-

ed Kingdom; USA, United States of America; DCIS, ductal carcinoma in situ; n, number; BCS, breast conserving

surgery; MST, mastectomy; RT, radiotherapy; ET, endocrine treatment (any type)

2 Treatment-stratified random sample from NCDB special study, NCDB registers 70% of cancer patients in the USA.

b All treatment initiated within 6 months after primary diagnosis of DCIS.

¢Endocrine treatment is not standard treatment in the Netherlands, therefore patients with endocrine treatment

were excluded from the Dutch cohort.

4Margin status was defined at final surgery
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Definitions

Contralateral and ipsilateral invasive breast cancer and ipsilateral DCIS were defined as
an invasive breast cancer or DCIS diagnosed at least six months after the primary diagno-
sis of DCIS. Primary metastatic disease (n=32) without occurrence of contralateral breast
cancer, and solitary axillary lesions (n=4) without an in-breast recurrence, were classified
as ipsilateral invasive breast cancer. For 53 subsequent events, the laterality or invasive
status of the event was unknown. For these women, follow-up was censored at time of the
occurrence of the subsequent event. Use of endocrine treatment was defined as any such
treatment initiated within six months after the primary diagnosis and, if known, a minimum
duration of one year. Margin status was defined as the closest surgical margin width ac-
cording to current treatment guidelines?®; clear margins 22 mm and involved margins <2
mm margin width after final surgery (including re-resection). DCIS was divided into three
size categories:<20mm,20-49mm, and 250mm. For multifocal disease, DCIS size was cat-
egorised on the basis of the largest diameter reported.

Stage of subsequent event was defined as 0 (DCIS) to IV according to the eighth edition of
the anatomic TNM staging criteria.®® For most subsequent ipsilateral invasive breast can-
cers, the number and location of positive lymph nodes was not available. As stages lla-b
and llla therefore could not be accurately distinguished, TO-2 N+ was defined as stage Il.
We categorised ipsilateral invasive breast cancers into four subtypes based on hormone
receptor status (positive if oestrogen receptor positive or progesterone receptor positive;
negative otherwise) and human epidermal growth factor receptor 2 (HER2) status: hor-
mone receptor positive and HER2 negative, hormone receptor positive and HER2 posi-
tive, hormone receptor-negative and HER2-positive,and hormone receptor-negative and
HER2-negative.

Statistical analyses
We harmonized and pooled the patient level data of the four cohorts. Time at risk of devel-

oping ipsilateral DCIS or ipsilateral invasive breast cancer started six months after the date
of the primary DCIS diagnosis and ended at date of diagnosis of the subsequent event
(ipsilateral DCIS or ipsilateral invasive breast cancer), death, diagnosis of a competing risk
(death by any cause, diagnosis of contralateral invasive breast cancer and of ipsilateral
DCIS when studying ipsilateral invasive breast cancer, or of ipsilateral invasive breast can-
cer when studying ipsilateral DCIS), or end of follow-up. Follow-up duration was right cen-
sored at 10 years.

We used multiple imputation by chained equations to account for missing values for DCIS
size (28%), margin status (14%), and grade (6%).3" 32 The imputation model employed an
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ordered logistic regression for DCIS size and grade and a nominal logistic regression for
margin status. 3 The multiple imputation model included the variables age at diagnosis, year
of diagnosis, cohort, and treatment type. The imputation process was repeated 40 times. We
combined results using Rubin's rule. ** Imputed results are shown as the primaryanalyses ®'
(also see the supplementary material for analyses of the dataset including categories of
missing information).

Cumulative incidences of ipsilateral invasive breast cancer and ipsilateral DCIS were esti-
mated considering the competing risks and grouped by tumour size, margin status after
final surgery, and treatment.

We used multivariable Cox proportional hazards models per treatment group in all pooled
data and by cohort to estimate the association between DCIS size or margin status and the
risk of subsequent ipsilateral invasive breast cancer or ipsilateral DCIS. Schoenfeld residu-
als and graphical methods were used to test the proportional hazards assumptions. Effect
modification of the association between DCIS size or margin status and risk of ipsilateral
invasive breast cancer or ipsilateral DCIS by other established risk factors of ipsilateral
invasive breast cancer, such as age at diagnosis and DCIS grade, was examined. Data are
reported as hazard ratios and 95% confidence intervals.

Selection of variables to be evaluated for potential confounding was based on existing lit-
erature (i.e., age at diagnosis, DCIS grade, treatment type, and year of diagnosis). These
potentially relevant covariates were first evaluated individually then added to the model
using forward selection. A covariate was considered a confounder when the difference be-
tween hazard ratios from the model with the covariate and the model without the covariate
exceeded 10%. By this criterion, the only confounder identified was treatment type in the
association between DCIS size and ipsilateral invasive breast cancer or ipsilateral DCIS. To
ensure the results were comparable to those in the literature, however, variables included
in the multivariable Cox regression analyses were DCIS size, margin status, age at diag-
nosis, DCIS grade, and treatment type. Furthermore, analyses were stratified by cohort.
To assess whether the Dutch cohort, in which endocrine treatment was not prescribed,
or hormone receptor negative DCIS influenced hazard ratios of ipsilateral invasive breast
cancer and ipsilateral DCIS by treatment type, we performed two subgroup analyses: a co-
hort restricted to the UK and US based cohorts, and a cohort restricted to the UK and US
based cohorts in women with oestrogen receptor positive DCIS.

For the full model, we calculated Harrell's C index to assess the potential clinical usefulness
of all clinical variables, despite the model being over-fitted and the study not specifically
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designed to develop a prediction model.

We estimated cumulative relative incidences to compare the incidence of stage and sub-
type of ipsilateral invasive breast cancer after DCIS compared with age and calendar year
specific expected stages and subtypes of primary invasive breast cancer in the Dutch fe-
male population. Joint Cox proportional hazards models adjusted for treatment were used
to estimate the association between DCIS size or margin status and risk of subtype spe-
cific or stage specific ipsilateral invasive breast cancer.® These analyses were carried out
only in women with available information on stage or subtype of the ipsilateral invasive
breast cancer.

All tests of statistical significance were two sided. A P value of <0.05 was considered sta-
tistically significant. All analyses were performed using STATA/SE15.0 (Stata Corp, College
Station, TX) or open-source software R version 4.04.

Patient and public involvement

The PRECISION patient advocates were involved in setting the research questions, inter-
preting the data, and writing up the results. All PRECISION patient advocates received the
final draft of the manuscript and will be actively involved in the dissemination of the results
to relevant patient communities.

Results

In total, 47 695 women were included in the analyses (supplementary figure S1). Table 1
presents the characteristics of the participants and lesions. Age at diagnosis ranged from
20 to 97 years (mean 59 years). Mean follow-up duration was 6.7 years. Fifteen per cent of
participants received breast conserving surgery only, 36% breast conserving surgery with
radiotherapy, 3% breast conserving surgery with endocrine treatment, and 14% breast
conserving surgery with radiotherapy and endocrine treatment, and 32% underwent mas-
tectomy. DCIS size was <20 mm in 46% of women, 20-49 mm in 19%, 250 mm in 7%, and
missing in 28%. Margin status was clear (=2 mm) in 81% of women, involved (<2 mm) in 5%,
and missing in 14%. The 10-year cumulative incidence of ipsilateral invasive breast cancer
and ipsilateral DCIS was 3.2% and 1.8%, respectively. The characteristics of participants
with missing data were largely the same as those without missing data (supplementary ta-
ble S1), although those with missing data more frequently received a diagnosis at a young-
er age and those with missing data on margin status more often had a mastectomy.

DCIS size
The 10-year cumulative incidence of ipsilateral invasive breast cancer according to DCIS
size was 3.5% for <20 mm, 3% for 20-49 mm, and 2.7% for 250 mm. The corresponding
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values for ipsilateral DCIS were 1.9%, 2.0%, and 0.9% (fig 1). Cumulative incidences dif-
fered by treatment group (see supplementary figure 2 for cumulative incidences by DCIS
size category) and were highest in women receiving breast conserving surgery only, slight-
ly reduced in women receiving breast conserving surgery with radiotherapy, and lowest in
women undergoing mastectomy (supplementary figure S2).

Figure 1: Ten-year cumulative incidence of subsequent ipsilateral invasive breast cancer
and ipsilateral DCIS
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Competing risks were death by any cause, contralateral breast cancer, and, depending on analyses, ipsilateral
DCIS or ipsilateral invasive breast cancer. Cumulative incidences in relation to DCIS size were calculated in the full,
pooled cohort (h=47 695). Cumulative incidences on margin status were calculated in the full, pooled cohort, after
exclusion of women who underwent mastectomy (n=37 721).

DCIS=ipsilateral ductal carcinoma in situ
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In multivariable Cox regression analyses adjusted for age, DCIS grade and margin status,
and treatment, the risk of ipsilateral invasive breast cancer was not significantly increased
in women receiving breast conserving surgery with or without radiotherapy for larger DCIS
compared with DCIS <20 mm: the hazard ratio for 20-49 mm was 1.13 (95% confidence
interval 0.94 to 1.37) and for 250 mm was 0.91 (0.54 to 1.54) (table 2). In women who re-
ceived breast conserving surgery and radiotherapy, DCIS 20-49 mm was associated with
an increased risk for ipsilateral invasive breast cancer compared with <20 mm, although
this was not statistically significant (1.24, 0.99 to 1.56). In women who received breast con-
serving surgery with or without radiotherapy, the risk of ipsilateral DCIS was higher in those
with DCIS 20-49 mm (1.38, 1.11 to 1.72) compared with <20 mm (table 2). In women who
underwent mastectomy, the risks for ipsilateral invasive breast cancer and ipsilateral DCIS
were increased with larger DCIS size, although this was not statistically significant (table 3).
Supplementary tables S2 and S3 show the results of analyses within each cohort. Risks for
ipsilateral invasive breast cancer and ipsilateral DCIS by size category were largely similar
in sensitivity analyses on the non-imputed data, including missing information as a sepa-
rate category (supplementary tables S4-S11).
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Table 2: Risk of subsequent ipsilateral DCIS or breast cancer in women who received
breast conserving surgery, multivariable Cox proportional hazards analyses using multiple
imputed data?

Risk of iDCIS, BCS only Risk of iDCIS, BCS+RT Risk of iDCIS BCS+/RT Risk of iIBC, BCS only Risk of iIBC, BCS+RT Risk of iIBC, BCS+/-RT
n=8,971 n=23,667 n=32,638 n=8,971 n=23,667 n=32,638
n(iDCIS)=251 n(iDCIS)=375 n(iDCIS)=626 n(ilBC)=334 n(ilBC)=467 n(ilBC)=801
HR (95%C1) p- HR (95%CI) p- HR (95% Cl) p- HR (95%CI) p- HR (95%CI) p- HR (95% CI) p-
value value value value value value
DCIs size
<20mm 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 1.45(0.98-2.15)  0.06 1.36(1.07-1.75)  0.01 1.38(1.11-1.72)  0.004 0.98 (0.66-1.46)  0.92 1.24(0.99-1.56)  0.07 1.13(0.94-1.37) 0.21
250mm 1.14(0.48-2.73) 0.76 1.30(0.71-2.37) 039 1.23(0.75-2.02) 0.42 0.50(0.11-2.17)  0.35 1.15(0.67-1.98) 0.62 0.91(0.54-1.54) 0.72
Margin Status
Clear 22mm | 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved 1.40(0.88-2.23) 0.16 1.33(0.90-1.97) 0.15 1.39(1.04-1.87) 0.03 1.35(0.87-2.09) 0.18 1.41(1.01-1.98)  0.05 1.40(1.07-1.83)  0.02
Covariates
Age at diagnosisb | 1.00(0.99-1.01) 0.63  0.97(0.96-0.98) <0.001 0.98(0.97-0.99) <0.001 1.01(1.00-1.02) 003  099(0.98-1.00) 0004  1.00(0.99-1.00) 0.39
DCIS grade
Grade 1 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 1.53(1.05-2.22) 0.03 1.33(0.87-2.04) 0.19 1.42(1.08-1.87) 0.01 1.05(0.79-1.40) 073  0.82(0.61-1.10) 018  093(0.76-1.13) 0.5
Grade 3 2.58(1.81-3.67) <0.001 1.91(1.27-2.87) 0.002 2.17(1.66-2.83) <0.001 1.25(0.93-1.67) 0.14 0.87(0.65-1.15)  0.32 1.01(0.83-1.24) 0.92
Treatment
BCS only 1 (ref) N.A. 1 (ref) 1 (ref) N.A. 1 (ref)
BCS+RT NA. 1 (ref) 0.37(0.30-0.44) <0.001 N.A. 1 (ref) 0.45(0.38-0.54)  <0.001
BCS+ET 0.67(0.40-1.11)  0.12 N.A. 0.50(0.30-0.82)  0.006 1.08(0.76-1.54)  0.67 N.A. 0.86(0.62-1.21)  0.38
BCS+RT+ET N.A. 0.69 (0.49-0.98) 0.04 0.36(0.26-0.50)  <0.001  N.A. 0.79(0.59-1.05) 0.10 0.49 (0.37-0.64)  <0.001

Abbreviations:

iDCIS, subsequent ipsilateral DCIS; BCS, breast conserving surgery; RT, radiotherapy; iIBC, subsequent ipsilateral
invasive breast cancer; n, number; HR, hazard ratio; Cl, confidence interval; mm, millimetre; RT, radiotherapy; ET,
endocrine treatment; DCIS, ductal carcinoma in situ; ET, endocrine treatment.

2Variables DCIS grade, DCIS size and margin status were imputed with multivariate imputation by chained equa-
tions (MICE). The imputation model was a nominal logistic regression for margin status and an ordered logistic
regression for DCIS size and DCIS grade. The model included the following variables: Age at diagnosis, year of
diagnosis, cohort and treatment type. The imputation process was repeated 40 times. Rubin's rule was used to
combine the results.

Multivariable Cox proportional hazard analyses, stratified by Cohort

b Continuous, HR per year
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Table 3: Risk of subsequent ipsilateral DCIS or breast cancer in all patients, and women

receiving mastectomy, multivariable Cox proportional hazards analyses, using multiple im-

puted dataa

All patients iDCIS

Mastectomy iDCIS

All patients iIBC

Mastectomy ilBC

n=47,695 n=15,057 n=47,695 n=15,057

n(iDCIS)=658 n(iDCIS)=32 n(ilBC)=981 n(ilBC)=180

HR (95%Cl) p-value  HR (95%Cl) p-value  HR (95%Cl) p-value  HR (95%Cl) p-value
DCIS size

<20mm 1 (ref) 1 (ref) 1 (ref) 1 (ref)

20-49mm 1.37(1.11-1.70)  0.004 1.28 (0.47-3.45) 0.63 1.09 (0.91-1.30) 0.34 1.05(0.67-1.62) 0.81

250mm 1.10(0.69-1.76)  0.69 0.79 (0.24-2.63) 0.70 1.18(0.88-1.59) 0.28 1.45(0.95-2.20)  0.09
Margin Status

Clear 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Involved 1.30(0.97-1.74)  0.08 N.A 1.13(0.88-1.47) 0.34 0.51(0.23-1.14) 0.10
Age® 0.98 (0.97-0.99) <0.001  0.97(0.94-1.01) 0.10 0.99 (0.99-1.00)  0.02 0.98 (0.96-0.99)  0.002
DCIS grade

Grade 1 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Grade 2 1.42(1.09-1.86) 0.01 1.37(0.30-6.38)  0.69 0.96 (0.79-1.17)  0.70 1.49(0.76-2.94) 0.25

Grade 3 2.14(1.65-2.79) <0.001  1.74(0.40-7.53) 0.46 1.04(0.86-1.26)  0.68 1.52(0.79-2.93) 0.21
Treatment

BCS only 1 (ref) N.A. 1 (ref) N.A.

BCS+RT 0.37(0.31-0.45) <0.001 N.A. 0.46 (0.39-0.55)  <0.001 N.A.

BCS+ET 0.47 (0.29-0.78)  0.003 N.A. 0.80(0.57-1.11) 0.18 N.A.

BCS+RT+ET | 0.34(0.25-0.47) <0.001  N.A. 0.43 (0.34-0.56) <0.001  N.A.

MST 0.04 (0.02-0.05) <0.001 N.A 0.23(0.18-0.28) <0.001 N.A

Abbreviations:

iDCIS, subsequent ipsilateral ductal carcinoma in situ; iIBC, subsequent ipsilateral invasive breast cancer; n, num-

ber; HR, hazard ratio; Cl, confidence interval; mm, millimetre; BCS, breast conserving surgery; RT, radiotherapy ;ET,

endocrine treatment; MST, mastectomy.

aVariables DCIS grade, DCIS size and margin status were imputed with multivariate imputation by chained equa-

tions (MICE). The imputation model was a nominal logistic regression for margin status and an ordered logistic

regression for DCIS size and DCIS grade. The model included the following variables: Age at diagnosis, year of

diagnosis, cohort and treatment type. The imputation process was repeated 40 times. Rubin's rule was used to

combine the results.

Multivariable Cox proportional hazard analyses, stratified by Cohort

b Increase per year
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Margin status

The 10 year cumulative incidence of ipsilateral invasive breast cancer was higher in par-
ticipants with DCIS with involved margins (5.8%) compared with DCIS with clear margins
(3.9%). The corresponding values for ipsilateral DCIS were 4.5% and 2.5% (fig 1).

In multivariable Cox regression analyses, adjusted risks for ipsilateral invasive breast can-
cer and ipsilateral DCIS were significantly higher for DCIS with involved margins compared
with DCIS with clear margins in women who received breast conserving surgery with or
without radiotherapy (ipsilateral invasive breast cancer 1.40, 1.07 to 1.83, and ipsilateral
DCIS 1.39, 1.04 to 1.87) (table 2). In analyses that included women who underwent mas-
tectomy, the risks for ipsilateral invasive breast cancer and ipsilateral DCIS did notincrease
significantly in women with involved margins (table 3). Supplementary tables S2 and S3
show the results of the analyses within each cohort. Risks for ipsilateral invasive breast
cancer and ipsilateral DCIS by margin status were largely similar in sensitivity analyses on
the non-imputed data, including missing information as a separate category (supplemen-
tary tables S4-S11).

Other risk factors

In stratified multivariable Cox regression analyses with multiple imputation data, higher
grade of DCIS was not significantly associated with ipsilateral invasive breast cancer in
any treatment group but was associated with a higher risk of ipsilateral DCIS in women who
received breast conserving surgery with or without radiotherapy (grade 2: 1.42, 1.08 to
1.87; grade 3: 2.17, 1.66 to 2.83) (table2). Use of endocrine treatment in addition to breast
conserving surgery was not significantly associated with a lower risk of ipsilateral invasive
breast cancer compared to treatment with breast conserving surgery only (0.86, 0.62 to
1.21). Use of endocrine treatment in addition to breast conserving surgery, however, was
associated with a lower risk of ipsilateral DCIS compared with breast conserving surgery
only (0.50, 0.30 to 0.82) (table 2). In subgroup analyses excluding the Dutch cohort, the
hazard ratio was 1.07 (0.76 to 1.53) for ipsilateral invasive breast cancer in women who
received breast conserving surgery with endocrine treatment compared with women who
received breast conserving surgery only (supplementary table S12). Subgroup analyses
excluding both Dutch women and women with oestrogen receptor negative DCIS showed
a risk for ipsilateral invasive breast cancer of 1.03 (0.69 to 1.52)

(supplementarytableS13). Harrell's C-index of the multiple imputed, multivariable Cox re-
gression models including all participants were 0.64 for ipsilateral invasive breast cancer
and 0.74 for ipsilateral DCIS.

Stage of ipsilateral invasive breast cancer

Cumulative relative incidences, estimating observed stage of ipsilateral invasive breast
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cancer in the joint PRECISION cohort versus expected stages of invasive breast cancer
in the Dutch population ranged between 0.99 and 1.01 for all stages (supplementary table
S14), showing no difference in the stage of subsequent ipsilateral invasive breast cancer in
women treated for DCIS compared with primary breast cancer in the Dutch female popu-
lation. In multivariable joint Cox regression analyses, risks for stage Ill and IV ipsilateral in-
vasive breast cancer were increased in women with DCIS 250 mm compared with <20 mm,
(stagelll: 3.93, 1.80 to0 8.57; stage IV: 3.56, 1.84 to 6.91) (table 4). In contrast, no association
was found between margin status and stage of ipsilateral invasive breast cancer.

Subtype of ipsilateral invasive breast cancer

Cumulative relative incidences for subtype of ipsilateral invasive breast cancer in the joint
PRECISION cohort compared with subtypes of invasive breast cancer in the Dutch popu-
lation ranged between 0.99 and 1.01 for all tumour subtypes (supplementary table S14),
showing no difference in the subtype of subsequent ipsilateral invasive breast cancer in
women treated for DCIS compared with primary breast cancer in the Dutch female popula-
tion. In multivariable joint Cox regression analyses, the risk of hormone receptor negative
and HER2 positive ipsilateral invasive breast cancer associated with DCIS >50 mm was
significantly increased (2.64, 1.33 to 5.21) compared with <20mm (table 4). Similarly, the
risks were increased for hormone receptor negative and HER2 positive ipsilateral invasive
breast cancer (2.21, 1.06 to 4.62) and for hormone receptor negative and HER2 negative
ipsilateral invasive breast cancer (1.91, 1.11 to 3.26) after DCIS with involved margins com-
pared to DCIS with clear margins.
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Table 4: Risk of stage and type of subsequent event, multivariable joint Cox proportional

hazards analysesa, using multiple imputed data®

Stage Stage 0 iDCIS Stage 1 ilBC Stage 2 ilBC Stage 3 ilBC Stage 4 ilBC
HR (95% p- HR (95% p- HR (95% p- HR (95% p- HR (95% p-
Cl) valu Cl) valu Cl) valu Cl) valu () valu
e e e e e
Margin n=626 n=385 n=165 n=29 n=38
status® 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Clear 1.64 <0.0 1.32 0.16 1.67 0.04 1.18 084 131 0.63
(>2mm) (1.23- 01  (0.90- (1.04- (0.24- (0.44-
Involved 2.18) 1.94) 2.71) 5.72) 3.85)
(£2mm)
DCIS sized n=658 n=439 n=208 n=50 n=68
<20mm 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
20-49mm 1.43 <0.0 1.00 098 1.56 0.00 1.24 059 1.64 0.09
>50mm (1.58- 01 (0.78- 096 (1.14- 6 (0.57- <0.0 (0.92- <0.0
1.76) 0.52 1.30) 2.13) 048 2.73) 01 2.92) 01
0.86 1.01 1.24 3.93 3.56
(0.55- (0.65- (0.68- (1.80- (1.84-
1.35) 1.58) 2.24) 8.57) 6.91)
Subtype HR+ HER2+ HR+ HER2- HR- HER2+ HR- HER2-
HR (95% p- HR (95% p- HR (95% p- HR (95% p-
Cl) valu Cl) valu Q) valu Q) valu
e e e e
Margin n=43 n=325 n=59 n=113
status® 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Clear 0.96 094 1.10 0.65 221 004 191 0.02
(>2mm) (0.31- (0.73- (1.06- (1.11-
Involved 2.95) 1.65) 4.62) 3.26)
(s2mm)
DCIS Size 4 n=55 N=393 n=88 n=133
<20mm 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
20-50mm 134 0.33 0.98 0.89 1.62 0.07 0.85 0.49
>50mm (0.74- 0.83 (0.76- 0.39 (0.96- 0.00 (0.54- 0.91
2.42) 1.26) 2.73) 5 1.35)
0.87 0.82 2.64 0.96
(0.25- (0.52- (1.33- (0.47-
3.08) 1.29) 5.21) 1.95)

Abbreviations:

iDCIS, ipsilateral ductal carcinoma in situ; iIBC, ipsilateral invasive breast cancer; HR, hazard ratio; Cl, Confidence

interval; n, number; mm, millimetre; HR+/-, hormone receptor positive/negative; HER2+/-, Human Epidermal

growth factor Receptor positive/negative.

aJoint Cox regression analyses, in women for which stage/type of iIBC was available. Adjusted for treatment type,

not stratified by Cohort.
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bVariables DCIS grade, DCIS size and margin status were imputed with multivariate imputation by chained equa-
tions (MICE). The imputation model was a nominal logistic regression for margin status and an ordered logistic
regression for DCIS size and DCIS grade. The model included the following variables: Age at diagnosis, year of
diagnosis, cohort and treatment type. The imputation process was repeated 40 times. Rubin's rule was used to
combine the results

< Patients receiving mastectomy were excluded from analyses

dPatients from all treatment groups were included in analyses

Discussion

In this large, multinational, pooled analysis we studied the association between DCIS size
and margin status with risk of developing ipsilateral invasive breast cancer and ipsilateral
DCIS and identified involved margins as a risk factor for both in women receiving breast
conserving surgery with or without radiotherapy for DCIS. Larger DCIS was associated with
higher risk of ipsilateral DCIS. Similarly, a slightly increased risk of ipsilateral invasive breast
cancer was found in women with larger DCIS, although this finding was not statistically sig-
nificant. The potential clinical value of these clinical variables was shown to be moderate
at best (Harrell's C indices 0.64 for ipsilateral invasive breast cancer and 0.74 for ipsilateral
DCIS). However, women with a large DCIS (250 mm) were more likely to develop stage llI
and |V ipsilateral invasive breast cancer compared to women with the smallest DCIS (<20
mm). No such association was found between involved margin status and higher stage of
ipsilateral invasive breast cancer. Additional analyses on DCIS size or margin status and
subtype of ipsilateral invasive breast cancer showed an association between larger DCIS
and hormone receptor negative and HER2 positive ipsilateral invasive breast cancer and
involved margin status, and hormone receptor negative ipsilateral invasive breast cancer.

Strengths and limitations of this study

Our study used large previously assembled cohorts to assess risk factors for the develop-
ment of subsequent ipsilateral invasive breast cancer and ipsilateral DCIS after a primary
diagnosis of DCIS. The use of multinational, patient level, registry data implies that results
are widely applicable. We reported on associations between DCIS margin status and stage
and subtype of subsequent ipsilateral invasive breast cancer, whereas to date, only one
case series comprising 32 patients with ipsilateral invasive breast cancer or ipsilateral

61



DCIS after treatment for DCIS has reported on stage of ipsilateral invasive breast cancer,
in which only stage | and Il ipsilateral invasive breast cancers were observed.®® Even in the
current large cohort, the numbers of events in these subcategories were small; interpreta-
tion of these results should therefore be undertaken with care.

This study also has some limitations. Firstly, the Netherlands Cancer Registry only recently
registered data on margin status and DCIS size in the Dutch cohort. For earlier years, how-
ever, these data were manually extracted from 12 000 pathology reports provided by the
Dutch Nationwide Pathology Databank: Palga, ®” by two trained researchers (RSJMS and
CC) independently, in a standardised manner specifically for this study. Any disagreements
were resolved through consensus or by consulting a pathologist (JW). Secondly, as this
study mainly used registry data that differed across cohorts, we could only use broad cat-
egories of DCIS size and margin status. We found heterogeneity in the categorisation of
DCIS size in existing literature, making comparison between studies difficult. To introduce
an objective categorisation, we determined size categories in line with the TNM criteria for
invasive breast cancer.3° Thirdly, several values were missing in the data, with as much as
28% missing information on DCIS size. It was not possible to retrospectively collect this
information. The characteristics of patients with missing data, compared to patients with-
out missing data, showed that these patients were more often from the Dutch cohort and
received a diagnosis in earlier years (supplementary table S1). Much of the missing infor-
mation on margin status in the UK (Sloane) cohort was in those treated with mastectomy, as
it was not required to report margin status in women who had undergone mastectomy. In-
cluding those with missing data in an unknown category (although an imperfect approach
compared with multiple imputation) did not alter the outcomes of this study using multiple
imputation (supplementary tables S3-S10), suggesting that the missing data did not have
an important influence on the study outcomes. Fourthly, baseline hazards might differ be-
tween the cohorts and countries. The results were not, however, altered when applying
stratification by cohort (applied in the Cox regression models), again suggesting this did
not influence the outcomes of this study. Results were largely similar among cohorts (sup-
plementary tables S2 and S3), although the hazard ratio for margin status was not available
for the US (MD Anderson Cancer Center) cohort owing to a lack of power, with only 47 oc-
currences of ipsilateral invasive breast cancer and 34 of ipsilateral DCIS. Furthermore, as
these were registry data, some variables that potentially could be relevant were not avail-
able, such as detailed information on nodal status of the ipsilateral invasive breast cancer,
comorbidities, menopausal status, hormone replacement therapy, and screening status. 38
In future, such data will become available through new prospective DCIS registry cohorts or
ongoing DCIS trials: Comparison of Operative versus Monitoring and Endocrine Therapy, *°
Low Risk DCIS Trial (LORIS “° and LORD)*! trials. Lastly, although this cohort was large, the
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10 year incidence of ipsilateral invasive breast cancer (n=981) and ipsilateral DCIS (n=658)
were relatively low. Although this finding emphasises the benign nature of DCIS, it did lead
to small number events in subgroup analyses, especially in patients who underwent mas-
tectomy for DCIS. Therefore, these results should be interpreted with caution.

Comparison with other studies
Our results on DCIS size are consistent with a multi-institutional nested case-control study

including 939 patients with DCIS that found an association between larger DCIS and an
increased risk of ipsilateral DCIS but not ipsilateral invasive breast cancer. 2 However, a
15 year update of the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-17
(breast conserving surgery with or without radiotherapy) and B-24 (breast conserving sur-
gery with or without endocrine treatment) randomised controlled trials among 2622 wom-
en with DCIS reported no such association.?® These trials also studied the effect of margin
status and concluded there was an association between involved margins and higher risk
of ipsilateral invasive breast cancer and ipsilateral DCIS. Similarly, a retrospective study of
2996 women with DCIS and treated with breast conserving surgery with or without radi-
otherapy or endocrine treatment reported a trend (P for trend=0.087) in the association
between increasing margin width and lower risk of recurrence (defined as any ipsilateral
or metastatic breast event), although only in women who did not receive radiotherapy. 42
In the current study, the increased risks of ipsilateral invasive breast cancer and ipsilater-
al DCIS in patients with involved margins who underwent breast conserving surgery was
independent of adjuvant treatment, which was also observed in the Swedish Ductal Car-
cinoma in Situ (SweDCIS) randomised controlled trial cohort, comprising 1046 patients. 43
Comparison between studies is difficult, however, owing to heterogeneity in the categori-
sation of DCIS size and in the definition of clear versus involved margins.

The results of our study highlight the low-risk nature of DCIS. Overall, 10-year cumulative
incidence for ipsilateral invasive breast cancer was 3.2%. For reference, the 10-year risk of
breast cancer in women aged 60 in the US general population is 3.5%. 4+ 4°> Additionally, it
has been reported that about 20% of all ipsilateral invasive breast cancers diagnosed after
treatment for DCIS are not related to the primary DCIS, 4647 implying that these breast can-
cer diagnoses are not a recurrent lesion but rather a second primary lesion. This would also
explain why clinicopathological factors of DCIS are less useful in predicting subsequent
ipsilateral invasive breast cancer but more useful in predicting ipsilateral DCIS.

In our analyses, the use of endocrine treatment in addition to breast conserving surgery
with or without radiotherapy was not significantly associated with a lower risk of ipsilateral
invasive breast cancer compared to treatment with breast conserving surgery only. The
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benefits of endocrine treatment were also not observed in subgroup analyses that includ-
ed only women with oestrogen receptor positive DCIS (supplementary table S13). Previous
randomised trials of DCIS showed varying results on the potential benefit of endocrine
treatment. A significantly lower risk of ipsilateral invasive breast cancer in patients who
received breast conserving surgery with radiotherapy and endocrine treatment or placebo
was reported in the NSABP B-24 trial. 25 %8 In the UK, Australia, and New Zealand DCIS ran-
domised controlled trial, however, only a lower risk of ipsilateral DCIS, and not of ipsilateral
invasive breast cancer, was reported in patients who received endocrine treatment com-
pared with those who did not“°*—this was also seen in our study.

Conclusions

This pooled, multinational study provided an opportunity to review current clinical practice
using real world data and enabled comprehensive, exploratory analyses of stage and type
of ipsilateral invasive breast cancer after treatment for DCIS. The higher risk of stage llI
and IV breast cancer in women with a large DCIS (=50 mm) found in our analyses, provides
new insights into the characteristics of potentially harmful DCIS that may be expanded on
and validated in future studies. Notably, even in this large cohort, numbers of events were
limited, highlighting the low risk of subsequent breast cancer events after treatment for
DCIS. Additionally, although the risks of ipsilateral invasive breast cancer and ipsilateral
DCIS associated with DCIS size and margin status were increased, they were low. When
these two factors were added to other perceived risk factors, the prognostic value of the
combined factors was modest at best, highlighting the need for a shift in focus towards
novel prognostic markers.
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Supplementary files

Supplementary methods

Cohort details

The first cohort is a nationwide population-based cohort from the Netherlands Cancer Registry (NCR) with clin-
icopathological data on primary diagnosis of DCIS, treatment and outcome that are routinely collected by trained
registration officers. Additionally, linkage of NCR with the Dutch Municipal Personal Records Database provided
survival data and linkage with the nationwide network and registry of histo- and cytopathology in the Netherlands
PALGA: Dutch Pathology Registry provided all related pathology reports1-3.

The second cohort is the Sloane cohort, a population-based, prospective screening cohort from the United King-
dom of women diagnosed with non-invasive neoplasms through the National Health Service (NHS) Breast Cancer
Screening Programme in the UK, for which radiological, clinicopathological features, patterns of care, and out-
come data were collected4,5,5. In addition, further outcome and mortality data were collected through linkage to
datasets held by the National Disease Registration Service, NHS Englandé.

The third cohort is a single-centre cohort from the tertiary MD Anderson Cancer Center (MDACC).

The fourth cohort, the National Cancer Database Special Study (NCDB-SS) on DCIS, consists of a treatment-strat-
ified random sample of DCIS patients from 1,330 Commission on Cancer-accredited facilities across the United
States (US)7. In addition to routinely collected data fields as recorded in the NCDB, the NCDB-SS abstracted in-

depth baseline and longitudinal treatment, cancer outcomes and survival data for up to 10 years after diagnosis.
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Supplementary tables and figures

Figure S1 Flowchart

Exclusion criteria

e Prior history of breast cancer

* Diagnosis before 1999

* Treatment type unknown

* No surgery for DCIS

* No pure, unilateral DCIS

* (Micro)invasion present

* Received chemo- or targeted therapy for DCIS

* Failure to follow-up or invasive breast cancer
within 6 months after diagnosis

Inclusion criteria

e Pure, primary, unilateral DCIS

* Any age over 18years

* Any grade DCIS

» Surgery received for DCIS with or without
adjuvant radiotherapy or endocrine treatment

*  Minimum follow-up duration of six months

U

Dutch Cohort Sloane Cohort MDACC cohort HERE 23:;23' SEey
n=28,509 n=7,961 n=2,083 n=18,665

U

Pooled Cohort
n=47,695

Abbreviations:

DCIS, Ductal carcinoma in situ; MDACC, MD Anderson Cancer Center; NCDB, National Cancer Database.
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Figure S2 Ten-year cumulative incidence of subsequent ipsilateral invasive breast cancer

and subsequent ipsilateral DCIS by size category, per treatment type.

size category, per treatment type.
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Abbreviations:

iIBC, subsequent ipsilateral invasive breast cancer; iDCIS, subsequent ipsilateral ductal carcinoma in situ; BCS,
breast conserving surgery; RT, radiotherapy; MST, mastectomy; mm, millimetre

Cumulative incidences with competing risk analyses, with cut off at ten years. Competing risks: death by any
cause, contralateral breast cancer and, depending on the analyses, ipsilateral DCIS or ipsilateral invasive breast
cancer.

Number of patients per treatment group: BCS only, n=8,971; BCS+RT, n=23,667; MST, n=15,057
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Figure S3 Ten-year cumulative incidence of subsequent ipsilateral invasive breast cancer
and subsequent ipsilateral DCIS by margin status, per treatment type
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Abbreviations:

iIBC, subsequent ipsilateral invasive breast cancer; iDCIS, subsequent ipsilateral ductal carcinoma in situ; BCS,
breast conserving surgery; RT, radiotherapy; mm, millimetre.

Cumulative incidences with competing risk analyses, with cut off at ten years. Competing risks: death by any
cause, contralateral breast cancer and, depending on the analyses, ipsilateral DCIS or ipsilateral invasive breast
cancer.

Number of patients per treatment group: BCS only, n=8,971; BCS+RT, n=23,667; MST, n=15,057
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Figure S4 Ten-year cumulative incidence of subsequent ipsilateral invasive breast cancer

and subsequent ipsilateral DCIS by size category and margin status in not-imputed data,
including unknown category.
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Abbreviations:

iIBC, subsequent ipsilateral invasive breast cancer; iDCIS, subsequent ipsilateral ductal carcinoma in situ; mm,

millimetre.

Cumulative incidences with competing risk analyses, with cut off at ten years. Competing risks: death by any

cause, contralateral breast cancer and, depending on the analyses, ipsilateral DCIS or ipsilateral invasive breast

cancer. Cumulative incidences by size category were calculated in the full, pooled cohort n=47,853. Cumulative

incidences by margin status only in women receiving breast conserving surgery with or without adjuvant treat-

ment n=32,638.
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Table S1 Patient characteristics of patients with missing data on DCIS size, margin status

or DCIS grade

Patients with

Patients with

Patients with

Patients with

Patients without

missing data on  missing data missing data any missing data  missing data

DCIS size on margin on DCIS grade n=17,678 n=30,017

n=13,277 status n=2,766

n=6,747

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age at diagnosis 59 (10.9) 59 (9,9) 60 (11.6) 59 (10.5) 59 (10.5)
Year of diagnosis 2008 (4.6) 2005 (3.8) 2008 (5.0) 2008 (4.4) 2010 (3.7)
Follow-up time 7.8 (2.6) 7.7 (2.9) 7.4 (2.7) 7.4(2.7) 6.3 (2.6)

n (%) n (%) n (%) n (%) n (%)
Cohort
Dutch cohort 7,674 (58) 3,773 (56) 1,255 (45) 8,615 (49) 10,371 (35)
Sloane Cohort 86 (1) 2,549 (38) 7(0) 2,568 (15) 5,393 (18)
MDACC Cohort 420 (3) 11 (0) 5(0) 431(2) 1,652 (6)
NCDB special study® | 5,097 (38) 414 (6) 1,499 (54) 6,064 (34) 12,601 (42)
Treatment type®*
BCS only 2,278 (17) 776 (12) 647 (23) 2,692 (15) 4,622 (15)
BCS+RT 4,628 (35) 1,484 (22) 801 (29) 5,326 (30) 11,870 (40)
BCS+ET 442 (3) 46 (1) 101 (4) 521 (3) 1,136 (4)
BCS+RT+ET 1,495 (11) 115 (2) 409 (15) 1,784 (10) 4,687 (16)
MST 4,434 (33) 4,326 (64) 808 (29) 7355 (42) 7,702 (26)
Survival status
Alive 12,212 (92) 6,259 (93) 2,493 (90) 16,373 (93) 28,337 (94)
Deceased 1,065 (8) 488 (7) 273 (10) 1,305 (7) 1,680 (6)

Abbreviations:

DCIS, ductal carcinoma in situ; n, number; SD, standard deviation; MDACC, MD Anderson Cancer center; NCDB,

National Cancer Database; BCS, breast conserving surgery; RT, radiotherapy; ET, endocrine treatment; MST, mas-

tectomy;

aTreatment-stratified random sample from NCDB special study, NCDB registers 70% of cancer patients in the

USA.

bAll treatment initiated within 6 months after primary diagnosis of DCIS.

cEndocrine treatment is not standard treatment in the Netherlands, therefore patients with endocrine treatment

were excluded from the Dutch cohort
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Table S2 Risk of subsequent ipsilateral invasive breast cancer in all patients per cohort;
Cox regression analyses using multiple imputed data?

Dutch cohort Sloane MDACC® NCDB special study®
n=18,986 n=7.961 n=2.083 n=18,665
n(ilBC)=488 n(ilBC)=226 n(ilBC)=47 n(ilBC)=220
HR (95%Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value
DCIS size
<20mm 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 1.25 (0.96-1.62) 0.10 0.92 (0.65-1.29)  0.61 0.78 (0.33-1.86) 0.58 1.15 (0.79-1.67) 0.48
250mm 1.35 (0.87-2.09) 0.18 1.08 (0.56-2.06)  0.83 1.62 (0.65-4.04) 0.30 0.98 (0.51-1.88) 0.95
Margin Status
Clear (22mm) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved
(<2mm) 1.25 (0.93-1.68) 0.14 1.03 (0.53-2.01) 0.93 N.A N.A. 0.70 (0.29-1.69) 0.42
Age 0.98 (0.93-0.99) <0.001 1.01(0.99-1.02)  0.63 0.96 (0.94-0.99) 0.007 1.01 (1.00-1.02) 0.06
DCIS grade
Grade 1 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 1.04 (0.79-1.37) 0.79 1.04 (0.68-1.61) 0.85 1.44 (0.42-4.88) 0.56 0.92 (0.63-1.32) 0.64
Grade 3 1.15 (0.88-1.50) 0.31 1.28 (0.83-1.97) 0.26 1.36 (0.40-4.68) 0.62 0.86 (0.59-1.25) 0.42
Treatment
BCS only 1 (ref) 1 (ref) 1 (ref) 1 (ref)
BCS+RT 0.33 (0.27-0.41) <0.001 0.45 (0.32-0.63) <0.001 1.18 (0.46-3.04) 0.73 1.11 (0.71-1.73) 0.65
BCS+ET? N.A. 0.70 (0.40-1.20) 0.19 0.40 (0.05-3.32) 0.39 1.88(1.11-3.18) 0.019
BCS+RT+ET? N.A. 0.27 (0.14-0.53) <0.001 0.62 (0.22-1.73) 0.36 1.07 (0.69-1.66) 0.76
MST 0.13 (0.09-0.17) <0.001 0.23 (0.15-0.38) <0.001 0.28 (0.10-0.82) 0.02 0.92 (0.57-1.49) 0.74

Abbreviations:

MDACC, MD Anderson Cancer center; NCDB, National Cancer Database; iIBC, subsequent ipsilateral invasive
breast cancer; n, number; HR, hazard ratio; mm, millimetre; BCS, breast conserving surgery; RT, radiotherapy; RT,
radiotherapy; ET, endocrine treatment; DCIS, ductal carcinoma in situ; ET, endocrine treatment.

@ Variables DCIS grade, DCIS size and margin status were imputed with multivariate imputation by chained equa-
tions (MICE). The imputation model was a nominal logistic regression for margin status and an ordered logistic
regression for DCIS size and DCIS grade. The model included the following variables: Age at diagnosis, year

b For the MDACC cohort, margin status was omitted from this table, as this cohort, on its own, does not include
sufficient events for these analyses.

diagnosis, cohort and treatment type. The imputation process was repeated 40 times. Rubin's rule was used to
combine the results.

¢ Treatment-stratified random sample from NCDB special study, NCDB registers 70% of cancer patients in the
USA.

4 As endocrine treatment is not part of standard treatment in the Netherlands,, in the Dutch cohort, women who

received endocrine treatment (n=148) were excluded from analyses

78



Table S3 Risk of subsequent ipsilateral DCIS in all patients per cohort; Cox regression

analyses using multiple imputed data?

Dutch cohort Soane MDACC® NCDB special study®
n=18,986 n=7.961 n=2.083 n=18,665
n(iDCIS)=354 n(iDCIS)=159 n(iDCIS)=34 n(iDCIS)=111
HR (95%Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value
DCIS size
<20mm 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 1.22 (0.88-1.68) 0.24 1.56 (1.10-2.23) 0.01 2.44 (1.16-5.13) 0.02 1.52 (0.91-2.52) 0.11
250mm 0.83 (0.37-1.85) 0.65 2.55 (1.08-6.04) 0.03 1.86 (0.48-7.16) 0.37 1.41 (0.60-3.32) 0.43
Margin Status
Clear (22mm) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved
(<2mm) 1.39 (0.98-1.68) 0.06 1.23(0.65-2.34)  0.53 N.A. N.A. 0.79 (0.25-2.50) 0.69
Age 0.98 (0.97-0.99) <0.001 1.00(0.98-1.02) 0.91 0.94 (0.90-0.97)  <0.001 0.99 (0.97-1.01) 0.17
DCIS grade
Grade 1 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 1.70 (1.17-2.45) 0.005 1.73 (0.86-3.49) 0.13 1.21 (0.34-4.22) 0.76 0.96 (0.55-1.67) 0.89
Grade 3 2.64 (1.85-3.75) <0.001 3.86 (1.98-7.55) <0.001 0.84 (0.23-3.07) 0.79 1.03 (0.60-1.78) 0.92
Treatment
BCS only 1 (ref) 1 (ref) 1 (ref) 1 (ref)
BCS+RT 0.26 (0.21-0.33) <0.001 0.37 (0.26-0.54) <0.001 0.55 (0.24-1.27) 0.16 1.09 (0.62-1.92) 0.77
BCS+ETY N.A. N.A. 0.66 (0.34-1.28) 0.22 0.24 (0.03-1.91) 0.18 0.73 (0.29-1.84) 0.51
BCS+RT+ET? N.A. N.A. 0.24 (0.12-0.49)  <0.001 0.20 (0.07-0.57)  0.002 0.92 (0.53-1.60) 0.76
MST 0.02 (0.01-0.04) <0.001 0.01 (0.00-0.04) <0.001 0.03 (0.01-1.14) <0.001 0.32 (1.15-0.67) 0.003
Abbreviations:

MDACC, MD Anderson Cancer center; NCDB, National Cancer Database; ilBC, subsequent ipsilateral invasive
breast cancer; n, number; HR, hazard ratio; mm, millimetre; BCS, breast conserving surgery; RT, radiotherapy; RT,
radiotherapy; ET, endocrine treatment; DCIS, ductal carcinoma in situ; ET, endocrine treatment.

@ Variables DCIS grade, DCIS size and margin status were imputed with multivariate imputation by chained equa-
tions (MICE). The imputation model was a nominal logistic regression for margin status and an ordered logistic
regression for DCIS size and DCIS grade. The model included the following variables: Age at diagnosis, year

> For the MDACC cohort, margin status was omitted from this table, as this cohort, on its own, does not include
sufficient events for these analyses.

diagnosis, cohort and treatment type. The imputation process was repeated 40 times. Rubin’s rule was used to
combine the results.

¢ Treatment-stratified random sample from NCDB special study, NCDB registers 70% of cancer patients in the
USA.

9 As endocrine treatment is not part of standard treatment in the Netherlands,, in the Dutch cohort, women who

received endocrine treatment (n=148) were excluded from analyses
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Table S4 Risk of subsequent ipsilateral invasive breast cancer in patients treated with
breast conserving surgery without radiotherapy; Cox regression analyses with and without
stratification and without multiple imputation

BCS only n=8,971

o Univariate; o Multivariable;
Univariate z Multivariable i
Stratified by cohort Stratified by cohort
n events HR (95%Cl) p-value HR (95%Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value

DCIS size
<20mm 176 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 28 0.95 (0.64-1.41)  0.80 1.03 (0.69-1.54) 0.87 0.90 (0.60-1.35) 0.61 0.97 (0.65-1.46)  0.89
>50mm 1 0.13 (0.02-0.94) 0.04 0.21(0.03-1.51)  0.12 0.13 (0.02-0.89) 0.04 0.20 (0.03-1.45) 0.11
Unknown 129 1.10(0.88-1.39) 0.40 1.33(.00-1.76)  0.05 0.90 (0.70-1.16)  0.41 1.19 (0.89-1.61) 0.25
Margin Status
Clear 241 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved 22 1.52 (0.98-2.35) 0.06 1.42 (0.92-2.21) 0.12 1.54 (0.99-2.39) 0.06 1.44 (0.92-2.25) 0.11
Unknown 71 2.08 (1.59-2.72) <0.001  1.65(1.23-2.22) 0.001 2.10(1.56-2.83) <0.001 1.51(1.10-2.06) 0.01
Age 1.00 (0.99-1.01) 0.52 1.01(1.00-1.02) 0.02 1.00 (0.99-1.01) 0.45 1.01(1.00-1.02) 0.03
DCIS grade
Grade 1 97 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 108 0.99 (0.75-1.30)  0.93 1.08 (0.81-1.43) 0.60 1.04 (0.79-1.37) 0.80 1.06 (0.80-1.40) 0.69
Grade 3 97 1.20 (0.90-1.59) 0.21 1.29 (0.97-1.72) 0.08 1.24(0.93-1.64) 0.14 1.27 (0.95-1.70)  0.10
Unknown 32 1.05 (0.70-1.57) 0.81 1.20 (0.80-1.80) 0.38 0.95 (0.63-1.42) 0.78 1.07 (0.71-1.61) 0.75
Treatment
BCS only 293 1 (ref) 1 (ref) 1 (ref) 1 (ref)
BCS+ET 41 0.67 (0.48-0.93) 0.02 1.07 (0.75-1.52) 0.72 0.74 (0.53-1.03) 0.07 1.08 (0.76-1.54) 0.66

Abbreviations:
BCS, breast conserving surgery; n, number; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre; RT,
radiotherapy; ET, endocrine treatment

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S5 Risk of subsequent ipsilateral DCIS; Cox regression analyses in patients treated
with breast conserving surgery without radiotherapy; without multiple imputation

BCS only n=8,971

Univariate niana Multivariable prltyariable,
Stratified by cohort Stratified by cohort
n events HR (95%Cl) p-value  HR (95%Cl) p-value  HR (95% Cl) p-value  HR (95% ClI) p-value

DCIS size

<20mm 106 1 (ref) 1 (ref) 1 (ref) 1 (ref)

20-49mm 36 2.07 (1.41-3.02) <0.001 2.25(1.54-3.30) <0.001 1.78(1.21-2.62) 0.003 1.94 (1.32-2.86) 0.001
250mm 5 1.13 (0.46-2.77) 0.79 2.01(0.82-4.99) 0.13 0.92 (0.37-2.27) 0.86 1.59 (0.64-3.97) 0.32
Unknown 107 2.07 (1.41-3.02) <0.001 1.92(1.37-2.69) <0.001 1.27(0.94-1.72) 0.12 1.61(1.11-2.32) 0.11
Margin Status

Clear 168 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Involved 19 1.97 (1.23-3.17)  0.005 1.78 (1.11-2.88) 0.02 1.59 (0.99-2.57) 0.06 1.41(0.86-2.30) 0.17
Unknown 64 3.15(2.35-4.20) <0.001 2.07 (1.50-2.85) <0.001 2.68(1.93-3.73) <0.001 1.71(1.20-2.42) 0.003
Age 0.99 (0.98-1.00) 0.04 1.00 (0.99-1.01) 0.83 0.99 (0.98-1.00) 0.08 1.00 (0.98-1.01) 0.56
DCIS grade

Grade 1 46 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Grade 2 74 1.37(0.95-1.98) 0.10 1.68 (1.15-2.44) 0.01 1.53 (1.05-2.21) 0.03 1.66 (1.14-2.43)  0.008
Grade 3 101 2.57(1.81-3.64) <0.001 3.17 (2.22-4.53) <0.001 2.61(1.83-3.71) <0.001  2.95(2.06-4.22) <0.001
Unknown 30 2.20(1.39-3.49) <0.001 2.46(1.55-3.92) <0.001 1.83(1.15-2.91) 0.01 2.18 (1.36-3.48) 0.001
Treatment

BCS+RT 234 1 (ref) 1 (ref) 1 (ref) 1 (ref)

BCS+RT+ET 17 0.33(0.20-0.54) <0.001  0.65(0.39-1.09) 0.11 0.39 (0.24-0.64) <0.001 0.67 (0.40-1.12) 0.13
Abbreviations:

BCS, breast conserving surgery; n, number; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre; RT,
radiotherapy; ET, endocrine treatment

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S6 Risk of subsequent ipsilateral invasive breast cancer in patients treated with

breast conserving surgery and radiotherapy and/or endocrine treatment; Cox regression

analyses with and without stratification and without multiple imputation

BCS+RT n=23,667

DCIS size
<20mm
20-49mm
250mm
Unknown
Margin Status
Clear

Involved
Unknown

Age

DCIS grade
Grade 1
Grade 2
Grade 3
Unknown
Treatment
BCS+RT
BCS+RT+ET

n events

64
145
232
26

382
85

Abbreviations:

Univariate

HR (95%Cl)

1 (ref)

1.50 (1.18-1.90)
1.27 (0.71-2.27)
1.08 (0.87-1.34)

1 (ref)
1.56 (1.10-2.19)
1.14 (0.85-1.54)

0.99 (0.98-1.00)

1 (ref)

0.86 (0.64-1.16)
1.02 (0.77-1.34)
0.92 (0.58-1.45)

1 (ref)
0.71 (0.56-0.90)

p-value

0.001
0.42
0.49

0.01
0.39
0.005
0.33

0.91
0.72

0.004

Univariate;

Stratified by cohort

HR (95%Cl)

1 (ref)

1.34 (1.06-1.71)
1.27 (0.71-2.28)
1.14 (0.91-1.42)

1 (ref)
1.51 (1.07-2.14)
1.10 (0.80-1.49)

0.99 (0.98-1.00)

1 (ref)

0.83 (0.62-1.11)
0.90 (0.68-1.19)
0.98 (0.62-1.55)

1 (ref)
0.80 (0.60-1.07)

p-value

0.02
0.41
0.26

0.02

0.56

0.005

0.21

0.46
0.94

0.13

Multivariable

HR (95% CI)

1 (ref)

1.44 (1.14-1.83)
1.25 (0.70-2.24)
1.02 (0.81-1.28)

1 (ref)
1.46 (1.04-2.06)
1.12 (0.81-1.56)

0.99 (0.98-1.00)

1 (ref)

0.85 (0.63-1.14)
0.95 (0.72-1.26)
0.91 (0.58-1.44)

1 (ref)
0.73 (0.57-0.92)

p-value

0.003
0.45
0.86

0.03
0.48
0.003
0.27

0.72
0.69

0.009

Multivariable;

Stratified by cohort

HR (95% CI)

1 (ref)

1.33 (1.05-1.70)
1.25 (0.70-2.24)
1.11 (0.88-1.41)

1 (ref)
1.49 (1.05-2.10)
1.07 (0.77-1.49)

0.99 (0.98-1.00)

1 (ref)

0.82 (0.61-1.10)
0.87 (0.63-1.15)
0.96 (0.61-1.52)

1 (ref)
0.79 (0.59-1.05)

p-value

0.02
0.46
0.38

0.03
0.68
0.004
0.19

0.33
0.85

0.11

BCS, breast conserving surgery; RT, radiotherapy; n, number; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm,

millimetre; ET, endocrine treatment

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S7 Risk of subsequent ipsilateral DCIS in patients treated with breast conserving

surgery and radiotherapy and/or endocrine treatment; Cox regression analyses; without

multiple imputation

BCS+RT n=23,667

Univariate g
Stratified by cohort

n events HR (95%Cl) p-value  HR (95%Cl) p-value
DCIS size
<20mm 165 1 (ref) 1 (ref)
20-49Smm 99, 1.87 (1.46-2.40) <0.001  1.59 (1.24-2.05) <0.001
250mm 11 1.48 (0.81-2.73) 0.21 1.52 (0.83-2.81) 0.18
Unknown 100 1.07 (0.83-1.37) 0.60 1.09 (0.84-1.41) 0.53
Margin Status
Clear 300 1 (ref) 1 (ref)
Involved 28 1.60 (1.08-2.35) 0.02 1.46 (0.99-2.16) 0.06
Unknown 47 1.60(1.18-2.18) 0.003 1.40(1.02-1.93) 0.04
Age 0.97 (0.96-0.99) <0.001 0.97 (0.96-0.98) <0.001
DCIS grade
Grade 1 27 1 (ref) 1 (ref)
Grade 2 102 1.42(0.93-2.18) 0.10 1.35(0.89-2.06) 0.17
Grade 3 230 2.35(1.57-3.49) <0.001 2.03(1.36-3.04) 0.001
Unknown 16 1.38 (0.74-2.56) 0.31 1.51(0.81-2.80) 0.19
Treatment
BCS+RT 322 1 (ref) 1 (ref)
BCS+RT+ET 53 0.49 (0.37-0.65) <0.001 0.68 (0.49-0.97) 0.03
Abbreviations:

Multivariable

HR (95% Cl)

1 (ref)

1.65 (1.28-2.12)
1.41 (0.77-2.61)
0.91 (0.69-1.19)

1 (ref)
1.41 (0.96-2.08)
1.69 (1.20-3.38)

0.97 (0.96-0.98)

1 (ref)

1.39 (0.91-2.12)
2.12 (1.42-3.16)
1.33(0.72-2.48)

1 (ref)
0.53 (0.39-0.71)

p-value

<0.001
0.27
0.49

0.08
0.003
<0.001
0.13

<0.001
0.37

<0.001

Multivariable;

Stratified by cohort

HR (95% Cl)

1 (ref)

1.50(1.17-1.94)
1.44 (0.78-2.66)
0.97 (0.74-1.29)

1 (ref)
1.38(0.93-2.03)
1.53 (1.08-2.16)

0.97 (0.96-0.98)

1 (ref)

1.34 (0.88-2.05)
1.95 (1.30-2.92)
1.42 (0.76-2.65)

1 (ref)
0.69 (0.49-0.98)

p-value

0.002
0.24
0.85

0.11
0.02
<0.001
0.18

0.001
0.27

0.04

BCS, breast conserving surgery; RT, radiotherapy; n, number; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm,

millimetre; ET, endocrine treatment

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S8 Risk of subsequent ipsilateral breast cancer in women receiving mastectomy;
Cox regression analyses; without multiple imputation

Mastectomy n=15,057

- Univariate; - Multivariable;
SREIE Stratified by cohort RS Stratified by cohort
n events HR (95%Cl) p-value  HR (95%Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
DCIS size
<20mm 40 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 45 1.12(0.73-1.71) 0.61 1.10 (0.71-1.70)  0.68 1.11(0.72-1.71) 0.63 1.08 (0.69-1.67) 0.75
250mm 45 1.66 (1.09-2.55) 0.02 1.66 (1.08-2.57) 0.02 1.57 (1.02-2.41) 0.04 1.54 (0.99-2.39) 0.05
Unknown 50 0.91 (0.60-1.39) 0.68 1.01(0.66-1.56) 0.96 0.89 (0.58-1.38) 0.61 1.08 (0.68-1.70) 0.75
Margin Status
Clear 121 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved 4 0.30(0.11-0.81) 0.02 0.30 (0.11-0.81) 0.02 0.29 (0.11-0.79) 0.02 0.29 (0.11-0.79) 0.02
Unknown 55 1.01(0.73-1.38) 0.97 0.71(0.45-1.12) 0.14 1.11 (0.79-1.54) 0.56 0.76 (0.46-1.26) 0.28
Age 0.98 (0.97-0.99) 0.002 0.98 (0.96-0.99) 0.001 0.98 (0.97-0.99) 0.003 0.98 (0.96-0.99) 0.002
DCIS grade
Grade 1 10 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 52 1.61(0.82-3.17) 0.17 1.60 (0.81-3.15) 0.17 1.53(0.77-3.01) 0.22 1.55(0.79-3.05) 0.21
Grade 3 110 1.72 (0.90-3.28) 0.10 1.66 (0.87-3.17) 0.13 1.58 (0.82-3.03) 0.17 1.58 (0.82-3.02) 0.17
Unknown 8 1.20 (0.48-3.05) 0.70 1.28 (0.50-3.24) 0.61 1.30(0.51-3.29) 0.59 1.39 (0.55-3.53) 0.49

Abbreviations:
n, number; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre.

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S9 Risk of subsequent ipsilateral DCIS in women receiving mastectomy;
Cox regression analyses; without multiple imputation

Mastectomy n=15,057

Univariate CLIVENEES Multivariable pAREhanables
Stratified by cohort Stratified by cohort
n events HR (95%Cl) p-value  HR (95%Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
DCIS size
<20mm 8 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 10 1.26 (0.50-3.19) 0.63 1.56 (0.60-4.03) 0.37 1.41(0.55-3.59) 0.47 1.47 (0.56-3.82) 0.43
250mm 4 0.75 (0.22-2.47) 0.63 0.89 (0.26-3.03) 0.86 0.74 (0.22-2.46) 0.62 0.78 (0.23-2.65) 0.69
Unknown 10 1.00 (0.39-2.54) 0.99 1.09 (0.42-2.86) 0.86 1.36 (0.53-3.48) 0.53 1.41(0.54-3.73) 0.49
Margin Status
Clear 28 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved 0 N.A. N.A. N.A. N.A.
Unknown 4 0.32(0.11-0.92) 0.04 0.34 (0.08-1.39) 0.13 0.32 (0.11-0.93) 0.04 0.33 (0.08-1.42) 0.14
Age 0.97 (0.94-1.00) 0.07 0.98 (0.95-1.01) 0.11 0.98 (0.94-1.01) 0.1 0.97 (0.94-1.01) 0.11
DCIS grade
Grade 1 2 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 9 1.38 (0.30-6.38) 0.68 1.39 (0.30-6.43) 0.68 1.38 (0.30-6.40) 0.68 1.38(0.30-6.42) 0.68
Grade 3 21 1.62 (0.38-6.91) 0.51 1.76 (0.41-7.55) 0.45 1.73 (0.40-7.44) 0.46 1.74 (0.40-7.51) 0.46
Unknown 0 N.A. N.A. N.A. N.A.
Abbreviations:

n, number; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre.

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S10 Risk of subsequent ipsilateral invasive breast cancer including all women;
Cox regression analyses; without multiple imputation

All patients n=47,659

o Univariate; o Multivariable;
Dniver o Stratified by cohort LRIk Stratified by cohort

n events HR (95%Cl) p-value  HR (95%Cl) p-value  HR (95% Cl) p-value  HR (95% Cl) p-value
DCIS size
<20mm 429 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1.21 (1.01-

20-49mm 174 0.97 (0.81-1.15)  0.69 0.87 (0.73-1.04) 0.12 1.46) 0.04 1.17 (0.97-1.40) 0.10
250mm 58 0.81(0.62-1.07) 0.14 0.77 (0.58-1.01) 0.06 1.29 (0.97-1.72) 0.08 1.33(1.00-1.79)  0.05
Unknown 320 0.97 (0.83-1.12) 0.63 1.10 (0.94-1.29) 0.23 0.95 (0.82-1.12) 0.55 1.12 (0.95-1.33) 0.18
Margin Status
Clear 744 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved 62 1.10 (0.85-1.42) 0.48 1.04 (0.80-1.36) 0.75 1.16 (0.89-1.50) 0.27 1.31(0.87-1.47) 0.36
Unknown 175 1.12 (0.94-1.32) 0.20 0.88 (0.74-1.04) 0.13 1.42(1.18-1.70) <0.001 1.16(0.96-1.40) 0.13
Age 1.00 (0.99-1.00) 0.34 1.00 (0.99-1.00) 0.27 0.99 (0.99-1.00) 0.005 0.99 (0.99-1.00) 0.01
DCIS grade
Grade 1 171 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 305 0.80 (0.66-0.96) 0.02 0.78 (0.65-0.94)  0.009 1.00 (0.82-1.21) 0.98 0.98 (0.81-1.18) 0.80
Grade 3 439 0.80 (0.67-0.96) 0.01 0.72 (0.61-0.87) <0.001 1.11(0.92-1.34) 0.26 1.06 (0.88-1.28)  0.55
Unknown 66 0.87 (0.65-1.15) 0.33 0.97 (0.73-1.29) 0.85 0.98 (0.74-1.30) 0.88 1.08 (0.81-1.45) 0.58
Treatment
BCS only 293 1 (ref) 1 (ref) 1 (ref) 1 (ref)
BCS+RT 382 0.47 (0.40-0.55) <0.001  0.47 (0.40-0.55) <0.001 0.45(0.38-0.53) <0.001 0.47 (0.40-0.55) <0.001
BCS+ET 41 0.67 (0.48-0.93) 0.02 0.79 (0.57-1.10) 0.17 0.70 (0.50-0.97) 0.03 0.81(058-1.13)  0.20
BCS+RT+ET 85 0.33(0.26-0.42) <0.001 0.45(0.35-0.58) <0.001 0.33 (0.26-0.42) <0.001 0.44 (0.34-0.57) <0.001
MST 180 0.25(0.21-0.30) <0.001  0.25(0.21-0.30) <0.001 0.20(0.17-0.25) <0.001  0.22 (0.18-0.27) <0.001

Abbreviations:
n, number; HR, Hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre; BCS, breast conserving surgery; RT,
radiotherapy; ET, endocrine treatment; MST, mastectomy

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S11 Risk of subsequent ipsilateral DCIS including all women; Cox regression analy-
ses; without multiple imputation

All patients n=47,659

Univariate il Multivariable bultranile
Stratified by cohort Stratified by cohort

n events HR (95%Cl) p-value  HR (95%Cl) p-value HR (95% Cl) p-value  HR (95% Cl) p-value
DCIS size
<20mm 276 1 (ref) 1 (ref) 1 (ref) 1 (ref)
20-49mm 145 1.26 (1.03-1.54) 0.03 1.07 (0.88-1.31) 0.51 1.68 (1.37-2.06) <0.001 1.60 (1.30-1.97) <0.001
>50mm 20 0.44 (0.28-0.70) <0.001  0.39(0.25-0.61) <0.001 1.10(0.69-1.74) 0.70 1.23(0.77-1.96)  0.39
Unknown 217 1.12 (0.93-1.33) 0.23 0.19 (0.98-1.44) 0.08 1.09 (0.90-1.33) 0.39 1.21(0.98-1.49) 0.08
Margin Status
Clear 496 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Involved 47 1.34(0.99-1.81) 0.06 1.16 (0.86-1.57) 0.33 1.37(1.01-1.85) 0.04 1.29 (0.95-1.74) 0.10
Unknown 115 1.20 (0.98-1.47) 0.09 0.85(0.70-1.05) 0.13 1.84 (1.47-2.32) <0.001 1.48(1.17-1.88) 0.001

0.99 (0.98-

Age 0.99 (0.98-1.00) 0.007 11.00) 0.009 0.98 (0.97-0.99) <0.001 0.98 (0.98-0.99) <0.001
DCIS grade
Grade 1 75 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Grade 2 185 1.10 (0.84-1.44) 0.49 1.07 (0.82-1.40) 0.63 1.50 (1.15-1.97) 0.003 1.54 (1.17-2.02) 0.002
Grade 3 352 1.46 (1.14-1.87) 0.003 1.30(1.01-1.67) 0.04 2.35(1.81-3.05) <0.001 2.37(1.82-3.09) <0.001
Unknown 46 1.44 (1.00-2.08) 0.05 1.63 (1.13-2.35)  0.01 1.64 (1.13-2.37) 0009  1.88(1.30-2.73) 0.001
Treatment
BCS only 234 1 (ref) 1 (ref) 1 (ref) 1 (ref)
BCS+RT 322 0.52 (0.44-0.61) <0.001 0.48 (0.40-0.57) <0.001 0.42 (0.35-0.50) <0.001  0.38(0.32-0.46) <0.001
BCS+ET 17 0.33 (0.20-0.54) <0.001  0.47 (0.29-0.78) 0.003 0.36 (0.22-0.59) <0.001  0.49 (0.30-0.81) 0.005
BCS+RT+ET 53 0.25(0.19-0.34) <0.001  0.42(0.30-0.58) <0.001 0.23(0.17-0.31) <0.001 0.35(0.25-0.48) <0.001
MST 32 0.06 (0.04-0.08) <0.001  0.05(0.04-0.08) <0.001 0.04 (0.02-0.05) <0.001 0.03(0.02-0.05) <0.001
Abbreviations:

n, number; HR, Hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre; BCS, breast conserving surgery; RT,
radiotherapy; ET, endocrine treatment; MST, mastectomy

Univariate and multivariable cox regression analyses without imputed data; not stratified and stratified by cohort.
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Table S12 Risk of subsequent ipsilateral invasive breast cancer; subgroup analysis, exclud-

ing Dutch patients, multivariable Cox regression analysis

BCS only BCS+RT BCS+/-RT

n=6,832 n=14,021 n=20,853

n(ilBC)=182 n(ilBC)=221 n(ilBC)=403

HR (95%Cl) p-value HR (95% Cl) p-value HR (95% ClI) p-value
DCIS size
<20mm 1 (ref) 1 (ref) 1 (ref)
20-49mm 0.93 (0.57-1.50) 0.76 1.20 (0.87-1.67) 0.27 1.04 (0.79-1.36) 0.79
>50mm N.A. 1.19 (0.59-2.41) 0.63 0.80(0.40-1.58) 0.52
Margin Status
Clear 1 (ref) 1 (ref) 1 (ref)
Involved 0.54 (0.20-1.46) 0.23 1.27 (0.67-2.41) 0.46 0.90 (0.52-1.53) 0.69
Age 1.01 (0.99-1.02) 0.38 0.99 (0.98-1.01) 031 1.00 (0.99-1.01) 0.79
DCIS grade
Grade 1 1 (ref) 1 (ref) 1 (ref)
Grade 2 0.96 (0.66-1.42) 0.85 0.81 (0.53-1.26) 0.35 0.93 (0.70-1.24) 0.61
Grade 3 1.30(0.88-1.92) 0.18 0.71 (0.46-1.09) 0.12 0.94 (0.70-1.26) 0.68
Treatment
BCS only 1 (ref) N.A. 1 (ref)
BCS+RT N.A. 1 (ref) 0.66 (0.52-0.85)  0.001
BCS+ET 1.07 (0.76-1.53) 0.68 0.78 (0.59-1.04) 0.09 1.00(0.71-1.42) 0.99
BCS+RT+ET N.A. N.A. 0.59 (0.44-0.79) <0.001

Abbreviations:

BCS, breast conserving surgery; RT, radiotherapy; n, number; iIBC, subsequent ipsilateral invasive breast cancer;

HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre; ET, endocrine treatment

Univariate and multivariable Cox regression analyses using multiple imputed data; stratified by cohort.

Sensitivity analyses excluding the Dutch cohort in order to further study effect of endocrine treatment.
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Table S13 Risk of subsequent ipsilateral invasive breast cancer, subgroup analysis;

excluding Dutch patients and ER- DCIS, multivariable Cox regression analysis

BCS only BCS+RT BCS+/-RT

n=4,636 n=10,197 n=14,833

n(ilBC)=111 n(ilBC)=135 n(iIBC)=246

HR (95%Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
DCIS size
<20mm 1 (ref) 1 (ref) 1 (ref)
20-49mm 1.05 (0.59-1.90) 0.86 1.24 (0.79-1.93) 0.35 1.08 (0.76-1.53) 0.67
250mm N.A. 1.45 (0.64-3.31) 0.38 0.92 (0.42-2.06) 0.85
Margin Status
Clear 1 (ref) 1 (ref) 1 (ref)
Involved 0.23(0.03-1.67)  0.15 0.70 (0.22-2.20) 0.54 0.46 (0.17-1.24)  0.13
Age 1.00 (0.98-1.02) 0.97 1.00 (0.98-1.01) 0.64 1.00 (0.98-1.01) 0.57
DCIS grade
Grade 1 1 (ref) 1 (ref) 1 (ref)
Grade 2 0.95 (0.58-1.56) 0.83 0.67 (0.42-1.08) 0.1 0.83 (0.59-1.16) 0.27
Grade 3 1.47 (0.88-2.44) 0.14 0.53 (0.38-1.02) 0.06 0.89 (0.62-1.27) 0.52
Treatment
BCS only 1 (ref) N.A. 1 (ref)
BCS+RT N.A. 1 (ref) 0.63 (0.45-0.89) 0.009
BCS+ET 1.03 (0.69-1.52) 0.90 N.A. 1.02 (0.69-1.51) 0.93
BCS+RT+ET N.A. 0.73 (0.51-1.02) 0.07 0.51 (0.36-0.73) <0.001

Abbreviations:

ER, oestrogen receptor; BCS, breast conserving surgery; RT, radiotherapy; n, number; iIBC, subsequent ipsilateral

invasive breast cancer; HR, hazard ratio; DCIS, Ductal carcinoma in situ; mm, millimetre; ET, endocrine treatment

Univariate and multivariable Cox regression analyses using multiply imputed data; stratified by cohort.

Sensitivity analyses excluding the Dutch cohort and including only women with ER-positive DCIS in order to fur-

ther study effect of endocrine treatment.
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Table S14 Observed incidence of stage and subtype of IBC compared with the Dutch
general population, Cumulative relative incidence.

Full cohort? Dutch cohort®
CRI (95%Cl) 10-year OCI (%) CRI (95%Cl) 10-year OCI*
IBC Stage
Stage 1 1.01(1.00-1.01)  1.53 1.00 (1.00-1.01) 172
Stage 2 1.01 (1.00-1.01) 0.71 1.01 (1.00-1.01) 0.65
Stage 3 1.00 (1.00-1.00) 0.16 1.00 (1.00-1.00) 0.25
Stage 4 1.00 (1.00-1.00)  0.21 1.00 (1.00-1.00)  0.22
Unknown Stage 0.99 (0.99-1.00)  0.79 1.00 (1.00-1.00)  0.52
IBC Subtype
HR+ HER2+ 1.00(1.00-1.00)  0.46 1.00(1.00-1.00)  0.41
HR+ HER2- 1.02 (1.02-1.02) 0.21 1.02 (1.02-1.02) 0.33
HR- HER2+ 1.00 (1.00-1.00)  1.30 1.00 (1.00-1.00)  1.27
HR- HER2- 1.00 (1.00-1.00) 0.20 1.00 (1.00-1.00) 0.20
Unknown Subtype 0.99 (0.99-1.00)  0.82 1.00(0.99-1.00)  0.69

Abbreviations:

IBC, Invasive Breast Cancer; CRI, Cumulative relative incidence; Cl, Confidence interval; HR+/-, Hormone Recep-
tor; HER2+/-, Human Epidermal growth factor Receptor 2.

¢ Cumulative relative incidence: Observed incidence in the Joint PRECISION cohort divided by the expected inci-
dence in the Dutch general population

b Standardized incidence ratio's: Observed incidence in the Dutch cohort divided by the expected incidence in the
Dutch general population

¢ 10-year observed cumulative incidences in both the full cohort and the Dutch cohort, in percentages
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Table S15 Risk of stage and type of subsequent event; multivariable joint Cox regression

analysesa
Stage Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
iDCIS ilBC ilBC ilBC ilBC
HR(95% p- HR(95% p- HR(95% p- HR(95% p- HR(95% p-
Cl) valu Cl) valu Cl) valu Cl) valu Cl) val
e e e e ue
Margin
status® 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Clear 1.63 0.00 1.29 0.20 1.87 0.01 0.69 071 124 0.7
(22mm) (1.22- 4§ (088- (1.16- (0.09- (0.38- 2
Involved 2.20) 1.90) 3.04) 5.12) 4.05)
(<2mm)
DCIS size*
<20mm 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
20-49mm 1.65 <0.0 1.00 099 1.97 <0.0 1.11 0.83 149 0.2
>50mm (1.35- 01 (0.76- 092 (1.41- 01 (0.44- <0.0 (0.81- 0
2.02) 0.47 1.31) 2.77) 023 283) 01 274) <0.
0.84 0.98 1.47 5.51 4.10 001
(0.52- (0.60- (0.79- (2.34- (2.07-
1.35) 1.59) 2.79) 12.97) 8.14)
Subtype HR+ HR+ HR- HR-
HER2+ HER2- HER2+ HER2-
HR(95% p- HR(95% p- HR(95% p- HR(95% p-
Cl) valu Cl) valu Cl) valu Cl) valu
e e e e
Margin
status® 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Clear 0.84 0.81 0.99 0.97 3.35 0.00 2.15 0.02
(>2mm) (0.21- (0.60- (1.58- 2 (1.15-
Involved 3.37) 1.64) 7.14) 4.01)
(£2mm)
DCIS Size!
<20mm 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
20-50mm 1.30 049 1.07 0.65 2.00 0.02 0.87 0.62
>50mm (0.64- 0.68 (0.80- 0.65 (1.10- <0.0 (0.51- 0.92
2.64) 1.44) 3.64) 01  1.50)
0.74 0.89 3.84 0.96
(0.17- (0.53- (1.89- (0.41-
3.14) 1.48) 7.79) 2.24)

Abbreviations:

iDCIS, ipsilateral ductal carcinoma in situ; iIBC, ipsilateral invasive breast cancer; HR, hazard ratio; Cl, Confidence
interval; mm, millimetre; HR+/-; hormone receptor positive/negative; HER2+/-; Human Epidermal growth factor
Receptor positive/negative.

aJoint Cox regression analyses; adjusted for treatment type; not stratified by cohort. Complete case analyses

¢ Patients receiving mastectomy were excluded from analyses

d Patients from all treatment groups were included in analyses
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