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Objective: To assess cause-specific mortality in women treated for ductal

carcinoma in situ (DCIS).

Background: From screening and treatment perspective, it is relevant to

weigh the low breast cancer mortality after DCIS against mortality from other

causes and expected mortality in the general population.

Methods: We conducted a population-based cohort study comprising 9799

Dutch women treated for primary DCIS between 1989 and 2004 and

estimated standardized mortality ratios (SMRs).

Results: After a median follow up of 9.8 years, 1429 patients had died of whom

284 caused by breast cancer (2.9% of total cohort). DCIS patients <50 years

experienced higher mortality compared with women in the general population

(SMR 1.7; 95% confidence interval, CI: 1.4–2.0), whereas patients >50 had

significantly lower mortality (SMR 0.9; 95% CI: 0.8–0.9). Overall, the risk of

dying from general diseases and cancer other than breast cancer was lower than

in the general population, whereas breast cancer mortality was increased. The

SMR for breast cancer decreased from 7.5 (95% CI: 5.9–9.3) to 2.8 (95% CI:

2.4–3.2) for women aged <50 and >50 years, respectively. The cumulative

breast cancer mortality 10 years after DCIS was 2.3% for women<50 years and

1.4% for women >50 years treated for DCIS between 1999 and 2004.

Conclusions: DCIS patients>50 years had lower risk of dying from all causes

combined compared with the general female population, which may reflect

differences in health behavior. Women with DCIS had higher risk of dying from

breast cancer than the general population, but absolute 10-year risks were low.
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D uctal carcinoma in situ (DCIS) is a proliferation of neoplastic
cells confined to the ductolobular system—that is, without

invading the surrounding breast tissue. It is a heterogeneous disease
entity ranging from indolent, harmless DCIS to aggressive lesions
with high invasive potential.1 As such, some DCIS lesions may
progress into invasive breast cancer (IBC), and ultimately to fatal
metastatic disease, whereas many DCIS lesions will never become
invasive.2 The low risk of death from breast cancer among DCIS
patients3,4 may be because of effective treatment, the potentially
indolent and slow-growing nature of most DCIS, or both.

Most DCIS cases are picked up by breast cancer screening
mammograms.5 Women with screen-detected breast lesions are
generally in good health and do not experience any breast changes
or symptoms. It is not surprising that inaccurate risk perceptions and
anxiety in women diagnosed with DCIS are frequent.6,7 DCIS
patients are generally told that they do not have cancer and have
normal life expectancy, but may experience short- and long-term
morbidity from the invasive treatment, which is in many respects
similar to that for women with IBC. Therefore, the treatment
decision-making process in DCIS is complex and controversial.

To fine-tune current practice and reduce confusing percep-
tions, there is an ongoing need to provide accurate information to
DCIS patients and their health-care providers about the risks
involved. Several population-based studies have studied breast
cancer-specific mortality among DCIS patients,4,8–10 but only a
few assessed competing causes of death or comprehensively com-
pared these with that of the general population.3,11 Therefore, we
assessed the likelihood of breast cancer-related death in DCIS
patients and compared cause-specific mortality with rates expected
based on mortality in the general population.

METHODS

Data Collection and Patient Selection
The Netherlands Cancer Registry (NCR) identified all women

who were diagnosed with noninvasive breast cancer as first primary
neoplasm between 1 January 1989 and 31 December 2004 in the
Netherlands.12 The NCR provided date of birth, diagnosis and death,
topography, morphology, grade, stage, type of surgery, and whether
radiotherapy, chemotherapy, and/or hormonal therapy were admin-
istered, and data on subsequent neoplasms. Follow up on subsequent
malignancies and vital status was complete until at least 1 January
2010. Linkage with the nationwide network and registry of histology
and cytopathology in the Netherlands (PALGA) was used to validate
and complete missing data on surgery type and to exclude patients
with Paget disease, which the NCR had not registered as such.13

From an initial pool of 12,305 women we excluded those who were
diagnosed at time of death (n ¼ 4), whose DCIS was not histologi-
cally confirmed (n ¼ 21), whose morphology was not pure DCIS
(n ¼ 2,094), who were diagnosed with an IBC or second breast
carcinoma in situ within 4 months of DCIS diagnosis (n¼ 146), who

received chemotherapy or hormonal therapy as part of DCIS
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was considered statistically significant.
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treatment (not recommended in the Netherlands) (n¼ 109), and who
were not surgically treated or for whom surgery type remained
unknown (n ¼ 132).

To obtain information on cause of death the cohort was linked
with the nationwide cause of death registry at Statistics Netherlands.
For analyses, age was categorized or subdivided into 2 groups of
<50 and �50 years based on eligibility for the Dutch population-
based breast cancer screening program.14 Between 1989 and 1997,
women >69 years, and between 1998 and 2004, women >75 years
were not eligible for screening, but these women were added to the
�50 years group in our analyses.

Initial DCIS treatment was defined as the treatment strategy
for the primary DCIS within 3 months of diagnosis and was sub-
divided into 3 categories: BCS alone, breast-conserving surgery
(BCS) plus radiotherapy, and mastectomy. We categorized year
of diagnosis into 2 periods, reflecting the gradual implementation
of the screening program: 1989 to 1998 (implementation phase)
and 1999 to 2004 (implementation completed), and the treatment
guideline shift from mastectomy toward BCS plus radiotherapy for
screen-detected smaller DCIS. Grade was classified according to the
method by Holland et al.15 Information on grade was available for
24% of the women diagnosed between 1989 and 1998 and for 83% of
the women diagnosed between 1999 and 2004.

All data were coded and anonymous to the researchers. The
study was approved by the review boards of the NCR, PALGA, and
Statistics Netherlands.

Statistical Analysis
To estimate cause-specific excess mortality, we compared

observed deaths in the study population with expected number of
deaths in the Dutch female population, taking into account the
person-years of observation in the study cohort. Expected numbers
were calculated based on the corresponding sex-, age-, and calendar
period-specific mortality rates in the general Dutch female popu-
lation provided by Statistics Netherlands. We estimated standar-
dized mortality ratios (SMRs) as ratios of observed and expected
numbers of death. Absolute excess mortality (AEM) was calculated
as the observed number of deaths minus the number expected,
divided by the number of person-years at risk, and multiplied by
10,000.16 We stratified results for major causes of death by age
group, treatment type, period of diagnosis, occurrence of subsequent
IBC, and follow-up interval. In addition, we estimated SMRs for
breast cancer by grade for women diagnosed between 1999 and
2004. Tests for homogeneity and trends of SMRs were performed
within collapsed person-time Poisson regression models. We eval-
uated the likelihood of a model with a continuous variable or a
variable representing the classes of a categorical variable as discrete
value, respectively, against the likelihood of a model without that
variable.

We estimated the absolute risk of breast cancer mortality using
death caused by other causes as a competing event. To quantify the
effects of DCIS treatment, age at DCIS diagnosis, period of DCIS
diagnosis and DCIS grade on breast cancer mortality, within cohort
comparisons were performed using competing risk regression
models with death caused by causes other than breast cancer treated
as competing risk.17 We performed univariable and multivariable
analyses to calculate unadjusted and adjusted subdistribution hazard
ratios (SHR) and 95% confidence intervals (95% CI). In addition, we
performed regression analysis by diagnostic period. To evaluate the
impact of a subsequent ipsilateral or contralateral IBC on breast
cancer mortality we added these as time-dependent variables in a
second multivariable-adjusted model. Women who developed IBC
contributed person-time to the ‘‘no subsequent IBC’’ group until IBC

diagnosis, and subsequently to the ‘‘subsequent IBC’’ group.

� 2017 The Author(s). Published by Wolters Kluwer Health, Inc.
Time at risk started at DCIS diagnosis in all analyses and
ended at date of death, emigration, or 1 January 2010, whichever
occurred first, unless stated differently. Stata/Se 14.0 (StataCorp LP,
College Station, TX) was used for statistical analysis, and a P< 0.05
RESULTS

Our cohort comprised 9799 women treated for primary uni-
lateral pure DCIS between 1989 and 2004 in the Netherlands.
Median age at diagnosis was 57.4 years (interquartile range ¼
50.6–66.1 years). Half of the women underwent mastectomy. Of
the women treated by BCS, 50% received radiotherapy, mostly
between 1999 and 2004 (Table 1). Median follow up time was
9.8 years (interquartile range ¼ 6.9–13.5 years). During follow
up, 926 women were diagnosed with IBC and 1429 died. In total,
368 women died of cardiovascular diseases, 284 women of breast
cancer, and 333 women of malignant disease other than breast cancer
(respectively 26%, 20%, and 23% of all deaths) (Table 2).

Cause-specific Mortality: Comparison With the
General Population

DCIS patients had a significantly lower risk of dying than
women in the general population (SMR 0.92; 95% CI: 0.87–0.97)
(Table 2). Specifically, they experienced significantly lower
mortality from diseases of the circulatory (SMR 0.77; 95% CI:
0.69–0.85), respiratory (SMR 0.73; 95% CI: 0.60–0.89), and diges-
tive system (SMR 0.74; 95% CI: 0.55–0.98); mental and behavioral
disorders (SMR 0.7; 95% CI: 0.52–0.90); and endocrine, nutritional,
and metabolic diseases (SMR 0.69; 95% CI: 0.49–0.94). With regard
to cancer mortality, DCIS patients had higher risk of breast cancer
mortality (SMR 3.33; 95% CI: 2.95–3.74), but lower risk of death
from all other cancer combined (SMR 0.82; 95% CI: 0.73–0.91) and
from lung (SMR 0.74; 95% CI: 0.58–0.94) and urogenital cancers
(SMR 0.62; 95% CI: 0.45–0.83) individually (Fig. 1). For most other
categories the observed number of deaths was lower than the
expected number; however, these differences were not statistically
significant (See Table, Supplemental Digital Content 1, http://links.
lww.com/SLA/B208, which demonstrates an extended list of causes
of death).

Standardized mortality ratios for all causes and breast cancer
differed by age at diagnosis, diagnostic period, and follow-up interval
(Table 3; Supplemental Digital Content 2, http://links.lww.com/
SLA/B208, which demonstrates SMRs by subsequent IBC and
follow-up interval). Compared with the general female population,
women with DCIS <50 years had increased risk of dying from all
causes combined (SMR 1.70; 95% CI: 1.42–2.03), whereas DCIS
patients >50 years had lower risk (SMR 0.88; 95% CI: 0.83–0.93).
With regard to breast cancer mortality women <50 years had higher
risk of dying compared with the general population than women>50
years (SMR 7.46; 95% CI: 5.89–9.32 and SMR 2.76; 95% CI: 2.39–
3.16, respectively; Phomogeneity< 0.001). When studying smaller age
groups, we observed that the SMR for breast cancer decreased with
increasing age (SMR 23.20; 95% CI: 15.65–33.11 to SMR 1.91;
95% CI: 1.11–3.06 for women aged <40 years and >75 years,
respectively; Ptrend < 0.001).

Compared with the general population women diagnosed
between 1999 and 2004 were less likely to die from any cause
(SMR 0.82; 95% CI: 0.74–0.90), whereas women diagnosed earlier
had a similar risk (SMR 0.96; 95% CI: 0.91–1.03). The SMR for
breast cancer was lower for women diagnosed with DCIS between
1999 and 2004 (SMR 2.09; 95% CI: 1.60–2.68) than for those
diagnosed between 1989 and 1998 (SMR 3.97; 95% CI: 3.47–4.53;

Phomogeneity < 0.001). Compared with the general population DCIS
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TABLE 1. Characteristics of the Study Population by Treatment

DCIS treatment BCS alone BCS þ RT Mastectomy Total

Number of DCIS patients (%) 2558 2574 4667 9799
Age at DCIS diagnosis, median (IQR), y 58.7 (51.1–66.9) 57.2 (51.2–65.1) 56.9 (49.8–66.2) 57.4 (50.6–66.1)
Age at DCIS diagnosis, y
<40 106 (4.1) 92 (3.6) 359 (7.7) 557 (5.7)
40–49 376 (14.7) 371 (14.4) 857 (18.4) 1604 (16.4)
50–59 908 (35.5) 1067 (41.5) 1508 (32.3) 3483 (35.5)
60–69 750 (29.3) 730 (28.4) 1190 (25.5) 2670 (27.3)
70–75 250 (9.8) 266 (10.3) 457 (9.8) 973 (9.9)
>75 168 (6.6) 48 (1.9) 296 (6.3) 512 (5.2)

Period of DCIS diagnosis
1989–1998 1605 (62.7) 736 (28.6) 2499 (53.6) 4840 (49.4)
1999–2004 953 (37.3) 1838 (71.4) 2168 (46.5) 4959 (50.6)

DCIS grade
1 412 (16.1) 243 (9.4) 262 (5.6) 917 (9.4)
2 339 (13.3) 660 (25.6) 684 (14.7) 1683 (17.2)
3 336 (14.1) 881 (34.2) 1442 (30.9) 2659 (27.1)
Unknown� 1471 (57.5) 790 (30.7) 2279 (48.8) 4540 (46.3)

Follow-up time, median (IQR), y 11.1 (8.4–14.4) 8.1 (6.2–11.0) 10.2 (7.0–14.0) 9.8 (6.9–13.5)
Follow-up time, y

0–4 180 (7.0) 96 (3.7) 282 (6.0) 558 (5.7)
5–9 810 (31.7) 1670 (64.9) 1988 (42.6) 4468 (45.6)
10–14 1044 (40.8) 588 (22.8) 1493 (32.0) 3125 (31.9)
�15 524 (20.5) 220 (8.6) 904 (19.4) 1648 (16.8)

Subsequent invasive breast cancer
No 2146 (83.9) 2355 (91.5) 4372 (93.7) 8873 (90.6)
Yes 412 (16.1) 219 (8.5) 295 (6.3)y 926 (9.5)

Ipsilateral only 274 (10.7) 99 (3.9) 62 (1.3) 435 (4.4)
Contralateral only 104 (4.1) 113 (4.4) 226 (4.8) 443 (4.5)
Ipsilateral and contralateral 34 (1.3) 7 (0.3) 6 (0.1) 47 (0.5)

Subsequent invasive cancerz

No 1944 (76.0) 2190 (85.1) 4048 (86.7) 8182 (83.5)
Yes 614 (24.0) 384 (14.9) 619 (13.3) 1617 (16.5)

Only invasive breast cancer 373 (14.0) 208 (8.0) 281 (6.0) 862 (8.0)
Any other subsequent invasive cancer and no IBC 202 (7.9) 165 (6.4) 324 (6.9) 691 (7.1)
Any other subsequent invasive cancer and IBC 39 (1.5) 11 (0.4) 14 (0.3) 64 (0.7)

Vital status at end of follow up
Alive 1995 (78.0) 2308 (89.7) 3835 (82.2) 8138 (83.1)
Dead 491 (19.2) 229 (8.9) 709 (15.2) 1429 (14.6)
Emigrated 72 (2.8) 37 (1.4) 123 (2.6) 232 (2.4)

BCS indicates breast conserving surgery; DCIS, ductal carcinoma in situ; IBC, invasive breast cancer; IQR, interquartile range; RT, radiotherapy.
�1989–1998: 76% unknown versus 1999 and 2004: 17% unknown.
y1 patient with unknown laterality of subsequent invasive breast cancer.
zMost common (n � 40) subsequent invasive cancers other than invasive breast cancer: malignant neoplasm of colon (C18, n ¼ 125); malignant neoplasm of bronchus and lung
(C34, n ¼ 104), leukemia and related conditions (C42, n ¼ 54); other malignant neoplasms of skin (other than melanoma) (C44, n ¼ 117); malignant neoplasm of corpus uteri
(C54, n ¼ 58).

TABLE 2. Major Causes of Death and Standardized Mortality Ratios in Population-based Cohort of DCIS Patients

Cause ICD-10 O E % SMR (95% CI) AEM

All causes A00-Y89 1429 1557.2 100 0.92 (0.87–0.97) �12.6
Malignant neoplasm of breast C50 284 85.4 20 3.33 (2.95–3.74) 19.6
Malignant neoplasm other than breast C00-97 (excl. C50) 333 406.6 23 0.82 (0.73–0.91) �7.62

Malignant neoplasm of digestive tract and peritoneum C15-26, 48 137 143.6 10 0.95 (0.80–1.13) �0.7
Malignant neoplasm of lung, bronchus, and trachea C33-34 72 96.9 5 0.74 (0.58–0.94) �2.5

Diseases of circulatory system I00–99 368 477.1 26 0.77 (0.69–0.85) �10.8
Myocardial infarction I21–22 85 98.3 6 0.87 (0.69–1.07) �1.3
Other heart disease I30–33, 39–52 88 133.6 6 0.66 (0.53–0.81) �4.5
Cerebrovascular disease I60–69 107 129.4 7 0.83 (0.68–1.00) �2.2

Diseases of respiratory system J00-99 103 140.7 7 0.73 (0.60–0.89) �3.7

AEM indicates absolute excess mortality per 10,000 patients per year; CI, confidence interval; E, expected number of deaths; O, observed number of deaths; SMR, standardized
mortality ratio.
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FIGURE 1. Observed and expected number of deaths from
various disease categories in population-based cohort of 9799
DCIS patients (P < 0.05).

TABLE 3. Standardized Mortality Ratios of Major Causes of Death

All Causes

O SMR (95% CI) AEM

Number of deaths 1429 0.92 (0.87–0.97) �12.6
Age at diagnosis, y
<40 39 4.70 (3.34–6.42) 48.5
40–49 83 1.31 (1.04–1.63) 10.6
50–59 258 1.05 (0.93–1.19) 3.4
60–69 469 0.89 (0.81–0.97) �21.3
70–75 284 0.91 (0.81–1.03) �33.8
>75 296 0.74 (0.66–0.83) �279.2

Period of diagnosis
1989–1998 1028 0.96 (0.91–1.03) �5.9
1999–2004 401 0.82 (0.74–0.90) �24.2

DCIS treatment
BCS þ RT 229 0.86 (0.75–0.98) �16.6
BCS alone 491 1.00 (0.91–1.09) �0.8
Mastectomy 709 0.89 (0.83–0.96) �17.7

Other Cancer

O SMR (95% CI) AEM

Number of deaths 333
Age at diagnosis, y
<40 5 1.70 (0.55–3.96) 3.24
40–49 23 0.85 (0.54–1.28) �2.2
50–59 94 0.90 (0.73–1.10) �2.9
60–69 137 0.85 (0.72–1.01) �8.3
70–75 52 0.78 (0.58–1.02) �18.3
>75 22 0.49 (0.30–0.73) �62.7

Period of diagnosis
1989–1998 230 0.87 (0.76–0.99) �5.3
1999–2004 103 0.72 (0.59–0.88) �10.6

DCIS treatment
BCS þ RT 72 0.85 (0.66–1.07) �5.6
BCS alone 113 0.91 (0.75–1.10) �3.7
Mastectomy 148 0.75 (0.63–0.88) �10.1

AEM indicates absolute excess mortality per 10,000 patients per year; BCS, breast conse
SMR, standardized mortality ratio.
P-values (for homogeneity and trends of SMRs) based on within collapsed person-time
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patients had lower risk of dying from all causes combined only in the
first 5 years after diagnosis, whereas the relative risk of dying from
breast cancer increased with later follow-up interval. The SMRs for
breast cancer by DCIS grade for women diagnosed between 1999 and
2004 were 0.95 (95% CI: 0.26–2.43) for DCIS grade 1, 1.91 (95%
CI: 1.07–3.16) for DCIS grade 2, and 2.94 (95% CI: 2.04–4.11) for
DCIS grade 3.

Of all women who died from breast cancer, 122 (43%) had
been diagnosed with subsequent IBC after DCIS (See Table, Supple-
mental Digital Content 3, http://links.lww.com/SLA/B208, which
demonstrates the characteristics of DCIS patients who died from
breast cancer). Patients who developed IBC had a 26.6-fold (95% CI:
22.08–31.74) increased risk of dying from breast cancer compared
with the general population (Supplemental Digital Content 2, http://
links.lww.com/SLA/B208). For women with subsequent ipsilateral
IBC the SMR was 31.64 (95% CI: 24.84–39.72), whereas for women
with contralateral IBC the SMR was 17.10 (95% CI: 11.98–23.68).
Distribution of age, DCIS grade, and diagnostic period was similar
between women who did versus did not have a registered IBC, and
died from breast cancer. Distribution of DCIS treatment was different
among patients who died from breast cancer: women without
subsequent IBC had more often undergone mastectomy, whereas
women who experienced IBC had more often received adjuvant
radiotherapy. In a subgroup analysis in which women who had died

from breast cancer without experiencing IBC were censored, the

by Age, Diagnostic Period and treatment

Breast Cancer

P O SMR (95% CI) AEM P

284 3.33 (2.95–3.74) 19.6
<0.001 <0.001

30 23.20 (15.65–33.11) 45.4
47 5.21 (3.83–6.92) 20.5
87 3.30 (2.64–4.07) 16.6
76 2.63 (2.07–3.29) 16.7
27 2.48 (1.63–3.60) 20.3
17 1.91 (1.11–3.06) 21.8

0.004 <0.001
223 3.97 (3.47–4.53) 26.1
61 2.09 (1.60–2.68) 8.5

0.085 0.206
54 3.01 (2.26–3.92) 15.6
99 3.86 (3.14–4.70) 25.5
131 3.13 (2.62–3.72) 18.0

Circulatory Diseases

P O SMR (95% CI) AEM P

368
0.011 0.036

0 0.00 (0.00–2.88) �2.03
0 0.00 (0.00–0.37) �5.31
32 0.68 (0.47–0.96) �4.1
115 0.73 (0.61–0.88) �14.8
99 0.92 (0.75–1.12) �10.8
122 0.79 (0.66–0.94) �87.7

0.111 0.782
263 0.78 (0.69–0.88) �11.7
105 0.75 (0.62–0.91) �9.2

0.265 0.551
51 0.70 (0.52–0.92) �9.4
128 0.82 (0.69–0.99) �9.2
189 0.76 (0.65–0.87) �12.3

rving surgery; CI, confidence interval; O, observed number of deaths; RT, radiotherapy;

Poisson regression models.
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FIGURE 2. Fifteen-year absolute risks of breast cancer mortality
by treatment (P< 0.05). With death caused by other causes as a

Elshof et al Annals of Surgery � Volume 267, Number 5, May 2018
SMR for breast cancer was 1.43 (95% CI: 1.19–1.71). When we
stratified the subgroup analysis by diagnostic period, DCIS patients
diagnosed between 1989 and 1998 had increased risk of breast cancer

competing event.
mortality compared with the general population (SMR 1.80; 95% CI:

TABLE 4. Competing Risk Regression Analysis for Breast Cancer M

Period of diagnosis

1989–2004 Adjusted SHR (95% CI) Model 1
P

Adjusted SHR (95% CI) Model 2
P

1989–1998 Adjusted SHR (95% CI) Model 1
P

Adjusted SHR (95% CI) Model 2
P

1999–2004 Adjusted SHR (95% CI) Model 1
P

Adjusted SHR (95% CI) Model 2
P

BCS indicates breast conserving surgery; CI, confidence interval; DCIS, ductal carcinom
death due to other causes as a competing event).
Model 1: adjusted for age at DCIS diagnosis, period of DCIS diagnosis and DCIS grad
Model 2: adjusted for age at DCIS diagnosis, period of DCIS diagnosis, DCIS grade and
breast cancer as time-dependent variables.

956 | www.annalsofsurgery.com
1.46–2.18), whereas women diagnosed between 1999 and 2004 had
similar risk (SMR 0.72; 95% CI: 0.44–1.10; Phomogeneity < 0.001).

Absolute Breast Cancer Mortality: Subgroups
Comparisons

Absolute breast cancer mortality was 1.0% at 5 years after
DCIS diagnosis, 2.5% at 10 years, and 4.0% at 15 years (See Table,
Supplemental Digital Content 4, http://links.lww.com/SLA/B208,
which demonstrates absolute breast cancer mortality). Women
<50 years at DCIS diagnosis had an absolute risk of dying from
breast cancer of 4.6% at 15 years, whereas the risk for women >50
years was 3.8% at 15 years. Stratified by treatment the absolute risk
estimates at 15 years were 4.7% for BCS alone, 3.8% for BCS plus
radiotherapy, and 3.6% for mastectomy (Fig. 2). Women diagnosed
with DCIS between 1999 and 2004 had lower absolute risk than those
diagnosed between 1989 and 1998 (10-year risk 1.5% vs. 3.1%,
respectively; P < 0.001). The 10-year absolute risks for women
treated between 1999 and 2004 stratified by age were: 2.3% and 1.4%
for women <50 and >50 years, respectively.

Using multivariable-adjusted competing risk regression
analysis, women <40 years at DCIS diagnosis were at higher risk
for death from breast cancer (hazard ratio, HR 1.99; 95% CI: 1.32–
3.01) compared with DCIS patients aged 50 to 59 years, who in turn
had the lowest risk of dying from breast cancer (See Table, Supple-
mental Digital Content 5, http://links.lww.com/SLA/B208, which
demonstrates the multivariate regression analysis). Women diag-
nosed between 1999 and 2004 experienced lower breast cancer
mortality than women diagnosed between 1989 and 1998 (HR
0.54; 95% CI: 0.39–0.74). Women who developed ipsilateral or
contralateral IBC had higher risk of dying from breast cancer than
women who did not (HR 14.65; 95% CI: 10.50–20.44 and HR 6.26;
95% CI: 4.40–8.89, respectively, model 2).

Between 1989 and 1998, DCIS treatment by mastectomy was
associated with lower breast cancer mortality (HR 0.69; 95% CI:
0.52–0.92), but between 1999 and 2004 women treated by mastec-
tomy appeared to have similar risk compared with women treated by
BCS alone (HR 1.06; 95% CI: 0.52–2.17) (Table 4) (Supplemental
Digital Content 6, http://links.lww.com/SLA/B208, which demon-
strates the multivariate regression analysis stratified by diagnostic
period). However, there was no evidence for significant effect

modification by period of diagnosis (Pinteraction ¼ 0.098). When

ortality in Women Treated for DCIS

Treatment

BCS alone BCS þ RT Mastectomy

ref 0.87 (0.62–1.22) 0.75 (0.57–0.97)
0.417 0.027

ref 1.34 (0.93–1.92) 1.45 (1.06–1.98)
0.115 0.021

ref 0.87 (0.58–1.30) 0.69 (0.52–0.92)
0.489 0.011

ref 1.26 (0.83–1.92) 1.30 (0.93–1.82)
0.282 0.128

ref 1.04 (0.50–2.18) 1.06 (0.52–2.17)
0.911 0.864

ref 2.12 (0.89–5.04) 2.58 (1.07–6.19)
0.088 0.034

a in situ; NA, not applicable; RT, radiotherapy; SHR, subdistribution hazard ratio (with

e.
subsequent invasive breast cancer; with subsequent ipsilateral and contralateral invasive
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comparing BCS plus radiotherapy with BCS alone breast cancer
mortality did not differ by period of diagnosis (HR 0.87; 95% CI:
0.58–1.30 for 1989–1998 and HR 1.06; 95%:CI 0.50–2.18 for
1999–2004; Pinteraction ¼ 0.316). For women diagnosed with DCIS
between 1999 and 2004 the risk of dying from breast cancer
increased with higher grade (HR 1.99; 95% CI: 0.66–6.06 for grade
2 vs. grade 1 and HR 2.81; 95% CI: 0.99–7.94 for grade 3 vs. grade 1;

Ptrend ¼ 0.042).
DISCUSSION

In this large, nationwide study with 10 years of follow up, we
evaluated cause-specific mortality in DCIS patients compared with
the general population and we examined factors associated with
mortality from specific causes. We observed that DCIS patients
experienced lower mortality from diseases of the circulatory, respir-
atory and digestive system, mental and behavioral disorders, endo-
crine, nutritional and metabolic diseases, and cancer other than breast
cancer. DCIS patients >50 years at diagnosis, which represent the
majority of the DCIS population, had lower all-cause mortality than
the general female population, whereas the relative risk of dying due
to breast cancer was 2.8 times increased.

Women <50 years at diagnosis had a 1.7 times increased risk
of dying compared with women in the general population, which
could be because of their increased breast cancer mortality. Only 6
percent of the DCIS study population was <40 years at DCIS
diagnosis, but these women had a 23-times greater risk of dying
from breast cancer than expected. Importantly, this highly increased
relative risk results from a very low expected number of breast cancer
deaths in the general population<40 years. Also the results from our
within-cohort analysis show that age <40 years was associated with
increased breast cancer mortality. An explanation for this finding
might be that younger women possibly more often have a larger
extent of symptomatic DCIS resulting in a higher risk of unrecog-
nized invasive disease. Our results are in line with a study by Narod
et al4 and emphasize the importance of differential counselling of
younger and older women diagnosed with DCIS. However, these
young women and their DCIS may not optimally represent young
patients and their noninvasive disease today (because of more
opportunistic screening and awareness). Therefore, we want to stress
that our results do not provide evidence that these women should be
treated more intensively, for instance using hormonal treatment.

Intuitively, it is very unlikely that the better life expectancy
among DCIS patients >50 years is related to the DCIS in itself. A
more plausible explanation may be differences in lifestyle charac-
teristics as DCIS patients seem to represent a generally healthy
subgroup of the general population.3,11 In our study, women with
DCIS had lower risk of dying caused by cardiovascular and respir-
atory disease and lung cancer, conditions that are largely caused by
lifestyle factors. Notably, DCIS patients treated by radiotherapy were
also at decreased risk for cardiovascular death compared with the
general population, which has also been reported in a previous study
in this cohort.18

DCIS is mostly detected by screening, and it has been
suggested that women who adhere to mammographic screening
may be more health-conscious, more often belong to higher socio-
economic classes and have lower comorbidity, resulting in a healthy
screenee effect.3,18–20 This is in line with our finding that women
diagnosed with DCIS between 1999 and 2004 (attendance of popu-
lation-based screening 80%14) and women >50 years (eligible for
screening) experienced lower mortality, whereas women diagnosed
between 1989 and 1998 (implementation phase) had equal risk to
their general population counterparts. However, a previous study that

tried to account for this bias by adjusting the models for previous
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mammography use, comorbidity, and health care utilization seem to
contradict a healthy screenee effect.21 They reported that women
>66 years diagnosed with DCIS had similar comorbidity and visited
primary care with similar frequency as their controls, and also
concluded that a DCIS diagnosis in older women was associated
with better survival. Nonetheless, in their discussion they state that
‘‘If there is a mortality risk for DCIS [. . .], the risk is likely low and
not strong enough to counterbalance a healthy user effect.’’ Another
hypothesis is that DCIS patients may seek more medical attention
and might adopt a healthier lifestyle after their diagnosis, allowing
for prevention or earlier diagnosis and treatment of other diseases.

Similarly to previous studies,3,4 we observed that the 10-year
absolute risk of breast cancer mortality in DCIS patients was low and
declined for DCIS patients diagnosed in more recent years. This
decline in absolute mortality may be because of a decrease in
unrecognized IBC at DCIS diagnosis, as radiological and pathologi-
cal assessment, and treatment selection have improved. Further, in
more recent years, with breast screening fully implemented, more
indolent DCIS could have been detected, resulting in over diagnosis.

Treatment effects on breast cancer mortality found in our
study should be interpreted with caution, as confounding by indica-
tion may play a significant role. Between 1989 and 1998, women
treated by mastectomy had lower breast cancer-specific mortality
than women treated by BCS alone, whereas between 1999 and 2004,
no difference was found. The results were stratified because we
assumed that the DCIS cases diagnosed between 1999 and 2004
better reflect current DCIS cases (more screen-detected) than our
study population diagnosed between 1989 and 1998. However, there
was no statistically significant effect modification by period of
diagnosis. Our findings could be explained by improved surgical
treatment planning in the latter period, in which the incidence of
DCIS increased rapidly and results from randomized controlled trials
focusing on BCS were published.22–25 Moreover in a meta-analysis
of the randomized controlled trials studying the effect of radio-
therapy after BCS between 1985 and 1999, no difference between
among groups was detected.26 Furthermore, a large observational
study, including both BCS and mastectomy between 1998 and 2011,
did not report association between treatment and breast cancer
mortality.4 Importantly, the women in our study population were
not treated with tamoxifen as part of DCIS treatment, because the
clinical guidelines in the Netherlands do not recommend endocrine
therapy for women with DCIS.

Remarkable, women who developed ipsilateral IBC appeared
to have higher risk of dying from breast cancer than women who were
diagnosed with contralateral IBC, a finding which is supported by a
study from Narod et al.4 The difference in outcome after subsequent
ipsilateral versus contralateral invasive disease might be explained
by potentially more aggressiveness of subsequent ipsilateral IBC
after treatment than of new primary tumor in the untreated contrala-
teral breast.

In our study, 162 DCIS patients without subsequent IBC died
from breast cancer. From all 8873 women with DCIS who did not
develop IBC, this is only a small fraction (1.8%). When a woman
with a history of DCIS dies from breast cancer, either the invasive
component was unrecognized at the time of DCIS diagnosis, DCIS
was left behind after treatment and progressed to IBC, or a new
primary IBC developed. Therefore, among women with pure DCIS in
our study, we hypothesize that true breast cancer deaths are the result
of unrecognized, undetected, or unregistered IBC. Another possib-
ility is that these women in fact did not die from breast cancer, but
were registered on their death certificate as such. Also in 2 previous
studies breast cancer deaths among women who did not have any IBC
registered according to population-based cancer registry data were

4,8
observed (9/2884¼ 0.3% and 517/108,196¼ 0.5%, respectively).

www.annalsofsurgery.com | 957



Elshof et al Annals of Surgery � Volume 267, Number 5, May 2018
Our study has several limitations. The interpretation of
mortality statistics is usually complicated by uncertainties about
the degree of misclassification of causes of death. However, Harteloh
et al27 showed that for major causes of death, such as cancers, or
acute myocardial infarction, reliability of cause of death statistics in
the Netherlands was higher than 90%.

Moreover, we could not rely on pathology and clinical record
review with respect to the diagnoses of primary DCIS and subsequent
IBC because of the extensive and anonymous dataset. For example,
some primary DCIS may have been unrecognized IBC during tumor
sampling. Further, the Netherlands Cancer Registry might have
missed some subsequent IBC, although their coverage is at least
96%.12,28,29 In addition, we had no information on estrogen receptor
status, comedonecrosis and lesion size, all factors that predicted
breast cancer mortality in a study from Narod et al.4 However, we
were able to evaluate DCIS grade in women diagnosed between 1999
and 2004, and also found that the risk of dying from breast cancer
increased with higher grade. Similar to the finding of Narod et al,4 we
previously observed that high grade DCIS was, however, not associ-
ated with an increased risk of subsequent ipsilateral invasive breast
cancer compared with low grade DCIS.30

Strengths of our study include its large size and population-
based character. We were able to combine information on DCIS and
subsequent IBC from the NCR with cause of death data from
Statistics Netherlands. Furthermore, information from PALGA could
be used to validate and complete treatment data. As a result, we had
the unique opportunity to study a nationwide DCIS cohort with
accurate and complete treatment information and follow-up.

In conclusion, DCIS patients >50 years had lower risk of
dying compared with women in the general population, which may
reflect differences in health behavior. Women diagnosed with
primary DCIS had higher risk of dying from breast cancer than
women in the general population, but absolute risks were low:
cumulative breast cancer mortality 10 years after DCIS was 2.3%
for women <50 years and 1.4% for women >50 years treated for
DCIS between 1999 and 2004. The relative and absolute risk
estimates provided in this study are important input for health care
providers when counselling women diagnosed with DCIS.
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