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Abstract The incidence of ductal carcinoma in situ
(DCIS) of the breast has increased in recent decades, par-
ticularly, in counties offering mammography screening.
The aims of the present study are to examine factors that
may predict subsequent breast malignancy amongst patients
with DCIS, and to compare the incidence of the subsequent
malignancy and mortality with that of the general popula-
tion. This population-based study includes all primary cases
of pure DCIS diagnosed in Norway in the period 1993 to
2007 (N = 3167). The patients were followed to subsequent
malignancy (DCIS or invasive cancer) or death. Risk esti-
mates within 10 years of follow-up were calculated using
Kaplan—-Meier methods adjusting for competing risks, Cox
regression models and Standard Incidence and Mortality
Ratios. Patients with DCIS had a 11.2% risk of being
diagnosed with a subsequent breast malignancy within
10 years (9.4% for invasive cancer), implying that they
were five times as likely to be diagnosed with breast
malignancy as the general female population in Norway.
The risk was dependent on the treatment of the DCIS;
patients treated with mastectomy and breast-conserving
treatment had a 3.8 and 9.8% risk of ipsilateral inva-
sive cancer within 10 years, respectively. Breast cancer
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mortality was 2.5% within 10 years of follow-up, a fourfold
risk compared with the general population. Patients with
DCIS have an increased risk of both subsequent breast
malignancy and breast cancer death compared with women
in the general population. Our results support previous
knowledge of DCIS as a heterogeneous disease.
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Introduction

The incidence of ductal carcinoma in situ (DCIS) of the
breast has increased in recent decades, particular, in
countries that are offering mammography screening [1-3].
DCIS has shown to be a highly heterogeneous disease
[4-8], and the question of whether DCIS is an inevitable
step in the development of invasive breast cancer or merely
a marker of risk remains unanswered [9]. However, the
purpose of treating DCIS is to achieve local control of the
disease and to prevent subsequent occurrence of an inva-
sive breast cancer. The risk of ipsilateral invasive breast
cancer has been shown to be highly dependent on the given
treatment [10]. Amongst patients treated with mastectomy
1-2% were diagnosed with local invasive recurrence
within 10 years [10, 11] and amongst those treated with
breast-conserving therapy (BCT) the rates were 13 and
28% with and without radiation therapy (XRT), respec-
tively [12]. The risk of contralateral invasive breast cancer
has also been increased in patients with DCIS [13-15],
where the rate was 6-7% within 10 years of follow-up
[14, 15]. The optimal treatment for DCIS patients is still a
matter of debate, and the decision-making process has
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become complex and controversial [5, 16]. Other factors of
possible influence for the rates of subsequent malignancy
are histopathological tumour characteristics (grade, size,
presence of necrosis, multifocality, and surgical margins)
as well as patients’ age and method of detection [5, 17, 18].

To differentiate the woman’s susceptibility to breast
malignancies from what could be caused by her primary
diagnosis (and treatment) of DCIS is an interesting issue,
but there is lack of knowledge in this area. The State-of-
the-Science conference for DCIS in 2009 expressed the
need for further research on this topic of diagnosis and
management of DCIS [16].

As a DCIS has not spread to the surrounding tissue, it is
by definition not able to cause death. However, in larger
observational studies of patients with DCIS the 10-year
overall survival and breast cancer-specific survival were
reported to be 92 and 98-99%, respectively [10, 19]. The
results may be biased due to misclassification of the initial
disease as non-invasive cancer or reflect the progression of
DCIS to invasive disease. To minimize this type of mis-
classification error, it is of importance to study the mor-
tality amongst patients diagnosed with pure DCIS. Such
studies require large populations, long follow-up periods
and high quality data. In an effort to elucidate risk factors
for later disease amongst DCIS patients, various authors
have reported that certain characteristics of the patient or
the tumour may be associated with local recurrence, sur-
vival and/or mortality. Several of these studies have ana-
lysed specific subgroups of patients (e.g. with a defined
treatment) [11, 20, 21] or reported just one of the outcomes
(e.g. contralateral breast cancer) [14, 15, 21, 22]. Studies
reporting joint estimates are less frequent [10]. Using a
population-based approach with all outcomes in one study
helps to clarify the factors associated with outcomes and
their internal relationship.

The aims of this study are to analyse the risk of second
events amongst patients with pure DCIS, and to examine
factors that may predict subsequent DCIS and invasive
breast cancer. Further, to compare the incidence of sub-
sequent malignancy and mortality to that of women in the
general population.

Materials and methods
Patients

All women diagnosed with a primary pure DCIS in
Norway in the period from 1993 to 2007 were considered
as patients in this study. Data were obtained from the
incidence database of the Cancer Registry of Norway,
which includes all clinical and pathological reports of
invasive cancer (and certain pre-invasive conditions) since
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1951 [23]. Patients with mixed tumours (DCIS and
invasive components), micro-invasion, Paget’s disease, or
previous or concurrent (within 4 months) history of breast
cancer were excluded. Of the 3167 patients with primary
pure DCIS, four cases had no follow-up information. In
the remaining 3163 patients, there were 17 bilateral syn-
chronous cases, which resulted in 3180 cases. Further-
more, in the follow-up analysis of subsequent malignancy,
117 patients were excluded because they had fewer than
4 months of follow-up, yielding 3046 patients at risk. All
3163 patients were at risk when death was used as the
endpoint.

Characteristics

Baseline data on age and date of diagnosis, laterality,
surgical and radiation treatment were obtained from the
incidence database at the Cancer Registry of Norway.
Screening information was extracted from the screening
database of the Norwegian Breast Cancer Screening Pro-
gramme (NBCSP). Information from the two databases
was linked together using the unique 11-digit personal
identification number assigned to all inhabitants in Nor-
way. In addition, detailed information about histological
tumour size and grading was abstracted through review of
the pathological reports, and thus made available for this
study. The pathological size of the lesion was reported as
the largest diameter, and grade was reported according to a
non-uniform classification system before 2000 and to van
Nuys classification from 2000 onwards. The joint reporting
of tumour size and grade was only 5% in 1993-1995, but
increased to 80% in 2005-2007. Treatment was given as
the most advanced treatment reported to the registry.
Additional information about XRT was abstracted from the
radiation units at the hospitals which reports to the Cancer
Registry. Missing data were probably due to less knowl-
edge and attention of DCIS, especially in the early years. A
case was considered as screen detected if the diagnosis had
been made on the basis of the screening examination in the
NBCSP. Further description of the data has been provided
previously [3]. Table 1 shows the baseline characteristics
of the patients and the primary cases included in the study.

Second events

Both subsequent malignancy and death in patients diag-
nosed with DCIS were regarded as second events. A sub-
sequent malignancy was defined as a DCIS or an invasive
breast cancer diagnosed in the contralateral breast or an
invasive cancer (either local recurrence or a new primary)
in the ipsilateral breast. The registration system does not
permit identification of more than one DCIS lesion in each
breast, thus only the first DCIS is included. A flowchart of
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Table 1 Baseline characteristics of the patients and the primary cases
of pure DCIS diagnosed in Norway, 1993-2007

No. Freq. (%)
Patients with DCIS (N = 3163)
Age at diagnosis (years)
0-34 32 1.0
35-49 633 20.0
50-69 2091 66.1
70-84 365 11.5
>85 42 1.3
Period of diagnosis
1993-1995 289 9.1
1996-1998 606 19.2
1999-2001 610 19.3
2002-2004 803 254
2005-2007 855 27.0
Detection method®
Screen detected 1465 46.3
Non-screen detected 1698 53.7
Laterality
Left 1660 52.5
Right 1482 46.9
Bilateral 17 0.5
N/A 4 0.1
Length of follow-up
>10 years 456 14.4
<7.5-10 years 452 14.3
<5-7.5 years 564 17.8
<2.5-5 years 754 23.8
4 months-2.5 years 820 25.9
<4 months” 117 3.7
Cases of DCIS (N = 3180)
Tumour size (mm)
1-9 571 18.0
10-19 666 20.9
20-49 753 23.7
>50 115 3.6
N/A 1075 33.8
Grade®
Low 572 18.0
Intermediate 553 17.4
High 1284 40.4
N/A 771 242
Treatment
Mastectomy 1469 46.2
BCT with XRT 906 28.5
BCT without XRT 171 5.4
BCT unknown XRT 573 18.0
No or unknown surgery 61 1.9

DCIS ductal carcinoma in situ; BCT breast-conserving treatment; XR7 radiation
therapy; N/A not available

# Screen/non-screen detected within the Norwegian Breast Cancer Screening
Programme

® Date of death (n = 14), date of emigration (n = 1) or end of follow-up
(n = 102) occurred within 4 months after date of diagnosis of DCIS

¢ Grade was reported non-uniformly until 2000 when van Nuys classification
system became the given guideline

subsequent malignancies within 10 years of follow-up is
shown in Fig. 1.

Information about status (date of emigration or death)
and cause of death was extracted from the incidence
database of the Cancer Registry of Norway, which is reg-
ularly linked to the Cause of Death Registry at Statistics
Norway. We considered a death as related to breast cancer
when breast cancer was the underlying cause of death.

Statistics

Two sets of follow-up analysis were performed, one where
subsequent malignancy was of interest, and another that
focused on death. In the former analysis, the patients were
followed from 4 months after the date of primary diagnosis
of DCIS until the date of subsequent malignancy. Follow-
up times started 4 months after the date of diagnosis due to
the inclusion criteria and classification of the cases of
DCIS, thus 117 patients were excluded from the analysis
because they had follow-up time of less than 4 months. The
patients were censored at the date of emigration or at the
end of follow-up (31 December, 2007). Death was con-
sidered as a competing event. In addition, in the analysis of
contralateral DCIS, the occurrence of a contralateral
invasive cancer was regarded as a competing event. In the
latter analysis, which focused on death, patients were fol-
lowed from the date of primary diagnosis of DCIS until the
first of the following dates: death, emigration or end of
follow-up. When studying breast cancer-specific survival,
death from other causes than breast cancer was considered
as a competing event. Due to competing events, we used
the cumulative incidence to estimate the probabilities of
the main events to avoid bias in the analyses [24].

The risk estimates were given according to final surgical
treatment for the primary DCIS (mastectomy, BCT with
XRT, BCT without XRT, and BCT unknown XRT) and for
different outcome subgroups (all malignancies, ipsilateral
invasive cancer, contralateral invasive cancer, and contra-
lateral DCIS). All results were presented at 10 years of
follow-up. Age-standardized results are shown for mortal-
ity using the indirect method with the following age-dis-
tribution: 0-34, 35-49, 50-69 and 70+ years.

Graphically, the cumulative incidence of subsequent
malignancy was derived using the competing risk approach
and presented as an adjusted Kaplan—Meier plot; the condi-
tional failure rate was presented as a plot of the smoothed
hazard function. Separate figures were shown for subsequent
ipsilateral and contralateral invasive cancer during 10 years
of follow-up including 95% confidence intervals (CIs).

Cox proportional hazards models were fitted to evaluate
the prognostic significance of each of the following factors
in relation to the risk of subsequent malignancy: age at
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diagnosis (<49, 50-69 and >70), period of diagnosis
(1993-2000 and 2001-2007), detection method (screen and
non-screen detected), tumour size in millimetre (<20, >20
and unknown), grade (non-high, high and unknown), and
treatment (mastectomy, BCT with XRT, BCT without
XRT, BCT unknown XRT and no or unknown surgery).
The assumption of proportional hazards was verified
graphically, and checked using tests of proportional haz-
ards assumption both for all covariates individually and
globally. The Cox proportional hazard models were
appropriate for analysing prognostic factors in the presence
of competing risks [25]. Frailty models were used to
address the issue of unobserved heterogeneity. Unduly
influences on the effect estimates were not found and thus
the frailty analyses were not presented.

Standardized incidence rates (SIRs) were computed to
measure the relative risk of being diagnosed with sub-
sequent malignancy compared with the incidence of pri-
mary DCIS in the general female population. With regard
to subsequent unilateral disease, the observed number of
cases was compared with half the incidence in the general
population, whilst when the outcome in focus was all
subsequent malignancies, the total incidence was used.
Correspondingly, standardized mortality rates (SMRs)
were calculated to assess the relative risk of death: overall
and breast cancer-specific. Death statistics for the Norwe-
gian population were extracted from Statistics Norway.
Reference rates were computed for 3-year calendar periods
(1993-1995, 1996-1998, 1999-2001, 2002-2004 and
2005-2007) and 5-year age groups (0-4, 5-9,..., =>90).
Expected numbers were computed by applying the period-
and age-specific rates to the observed women—years in the
cohort. SIRs and SMRs were computed by taking the ratio
of the observed to expected incidence and mortality,
respectively. For these estimates, the 95% CI was com-
puted assuming Poisson distribution of the observed
number of cases.

All statistical analyses were performed using Stata
(version 11, Stata Corporation, College Station, TX, USA).

Results

Of the 3046 patients with 4 months or more of follow-up,
192 were diagnosed with subsequent breast malignancy
within 10 years of follow-up: 96 ipsilateral invasive can-
cer, 30 contralateral DCIS, 65 contralateral invasive can-
cers and 1 bilateral invasive cancer as the first of the
subsequent events (Fig. 1). Two patients had a third event.
The median time from diagnosis of DCIS to cessation
(minimum of date of death, emigration or end of study)
was 5.2 years (max 15.0 years). Cumulative incidence of
subsequent malignancy at five and 10 years of follow-up
was 5.6% (95% CI 4.7-6.6%) and 11.2% (95% CI
9.6-13.0%), respectively. Classified by outcome, the
10-year cumulative incidence of ipsilateral invasive cancer
was 5.5%, contralateral invasive cancer 3.9% and contra-
lateral DCIS 1.8% (Table 2). As expected, the cumulative
incidence estimates were a little lower (about 5%) than the
regular Kaplan—Meier estimates not adjusted for competing
risks.

During the 10-year follow-up period, the cumulative
incidence was somewhat higher for ipsilateral than for
contralateral invasive cancer (Fig. 2a and b), and further-
more, the shape of the hazards by time since diagnosis was
different for the two lateralities: the hazard for ipsilateral
invasive cancer peaked at 3 and 8 years, which was not
seen for contralateral invasive cancer (Fig. 2c and d).

The risk estimates of subsequent malignancy vary by
treatment of the DCIS (Table 2). For patients treated with
mastectomy, the 10-year cumulative incidence of sub-
sequent malignancy was 9.9%, and for patients treated with
BCT the rate was 14.8%. Furthermore, the multivariate
Cox regression analysis showed higher risk of subsequent

Table 2 Cumulative incidence (%) of subsequent malignancy within 10 years of follow-up after primary pure DCIS

Treatment All malignancies Ipsilateral invasive Contralateral invasive Contralateral DCIS
n Cumlnc (95% CI) n Cumlnc (95% CI) n Cumlnc (95% CI) n Cumlnc (95% CI)

All DCIS patients 192 11.2 (9.6-13.0) 96 5.5 (44-6.8) 66 3.9 (3.0-5.0) 30 1.8 (1.2-2.6)

Mastectomy 90 9.9 (8.0-12.2) 32 3.8 (2.6-5.3) 43 4.5 (3.2-6.0) 16 1.9 (1.1-3.1)
BCT 100 14.8 (11.3-18.8) 62 9.8 (7.0-13.1) 23 3.1 (1.6-5.4) 14 N/A
BCT with XRT 31 12.1 (6.9-18.8) 15 7.0 (3.0-13.3) 10 3.9(1.6-7.8) 6 N/A
BCT without XRT 11 13.2 (5.7-23.9) 7 N/A 2 4.5(0.6-15.0) 2 NA
BCT unknown XRT 58 14.8 (11.3-18.8) 40 9.8 (7.0-13.1) 11 3.1 (1.6-5.4) 6 NA
No or N/A surgery 2 NA 2 NA 0 NA 0 NA

DCIS ductal carcinoma in situ; Cumlnc cumulative incidence; CI confidence interval; BCT breast-conserving treatment; XRT radiation therapy;

N/A not available
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ipsilateral invasive cancer in patients with unknown
tumour size compared with tumours <20 mm (HR 1.9,
95% CI 1.1-3.3), higher risk in patients treated with BCT
(all subgroups of XRT status) compared with mastectomy,
and a tended lower risk in patients with screen detected
compared with non-screen detected DCIS (HR 0.7, 95% CI
0.4-1.1) (Table 3). In particular, for the group of patients
with a small (<20 mm) non-high-grade DCIS treated with
BCT with no or unknown XRT status, the risk of sub-
sequent malignancy was 11.0 (95% CI 5.5-18.6) within
10 years of follow-up. This was almost three times higher
than for an analogous group of patients treated with mas-
tectomy, which had a 10-year risk of 4.1 (95% CI
1.1-10.5). Amongst the patients treated with mastectomy
who were subsequently diagnosed with an ipsilateral
invasive cancer (n = 32), 15 had recurrence (either DCIS
or invasive cancer) in the surgical scar, 12 had metastasis
to the lymph nodes and 5 had both events.

The number of subsequent malignancies observed in this
study cohort was higher than expected based on the inci-
dence in a corresponding age- and period-matched female
population in Norway (Table 4). For invasive cancer, the
standardized incidence ratio (SIR) was 4.3 (95% CI
3.7-5.0); ipsilateral SIR 4.6 (3.7-5.6) and contralateral SIR
3.1 (2.5-4.0) and contralateral DCIS 13.3 (9.3-19.0). For

Ipsilateral invasive cancer

.0754

.05

.025

Cumulative incidence 3>

C o154

.01

Hazard

.005

0 2 4 6 8 10
Years since diagnosis

Fig. 2 Cumulative incidence function of a ipsilateral invasive breast
cancer and b contralateral invasive breast cancer, and smoothed
hazard function of ¢ ipsilateral invasive breast cancer and
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all types of malignancies, the relative risk was higher in the
first period (<2.5 years) after diagnosis, but remained
elevated in all time periods.

Amongst the 3163 patients, 210 deaths were recorded
within 10 years after diagnosis during the period
1993-2007. The 10-year overall mortality (death from any
cause) was 13.4% (Table 5). Forty-two DCIS patients died
of breast cancer, whereas nine of these patients did not
have any invasive cancer registered at the Cancer Registry.
The 10-year probability of dying from breast cancer was
2.5%.

Compared with the general female population, there was
no significant excess mortality amongst DCIS patients
(SMR 1.04 (95% CI 0.9-1.2)), but the SMR of breast
cancer was 4.3 (95% CI 3.2-5.8) (Table 6). The SMR was
the highest in the first period (<2.5 years) after diagnosis,
but was significantly elevated in all time periods during
follow-up.

Discussion
This population-based study showed that patients with a
primary diagnosis of pure DCIS had an 11.2% risk of being

diagnosed with subsequent breast malignancy within

Contralateral invasive cancer

.0754
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.025

D o154
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0 2 4 6 8 10
Years since diagnosis

d contralateral invasive breast cancer. All presented with 95%
confidence intervals during 10 years of follow-up after date of
diagnosis of ductal carcinoma in situ
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Table 3 Cox regression of subsequent malignancy by potential risk factors during 10 years of follow-up after primary pure DCIS
Univariate Multivariate
All malignancies All malignancies Ipsilateral Contralateral Contralateral
(n=192) (n=192) invasive (n = 96) invasive (n = 66) DCIS (n = 30)

No. of

No. of Cumlnc

patients events (%)

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

Age at diagnosis (years)

<49 654 53 13.0 1.0 1.0 1.0 1.0 1.0

50-69 2008 112 9.8 0.8 (0.6-1.2) 1.0 (0.7-1.4) 0.9 (0.5-1.5) 1.2 (0.6-2.3) 0.7 (0.3-1.6)

>70 384 27 13.4 1.0 (0.6-1.6) 1.0 (0.6-1.6) 1.0 (0.5-1.8) 1.4 (0.6-3.1) 0.4 (0.1-1.9)
Period of diagnosis

1993-2000 1272 128 11.3 1.0 1.0 1.0 1.0 1.0

2001-2007 1774 64 N/A 0.9 (0.7-1.3) 1.1 (0.7-1.6) 0.8 (0.5-1.5) 1.2 (0.6-2.4) 1.9 (0.7-5.1)
Detection method”

Non-screen detected 1650 131 12.5 1.0 1.0 1.0 1.0 1.0

Screen detected 1396 61 8.4 0.7 (0.5-1.0) 0.8 (0.5-1.2) 0.7 (0.4-1.1) 0.8 (0.4-1.5) 1.1 (0.5-2.9)
Tumour size (mm)

<20 1185 54 94 1.0 1.0 1.0 1.0 1.0

>20 833 42 11.5 1.1 (0.8-1.7) 1.4 (0.9-2.1) 1.6 (0.9-3.1) 1.1 (0.6-2.2) 1.0 (0.3-3.1)

N/A 1028 96 12.9 1.5 (1.1-2.1) 1.6 (1.1-2.3) 1.9 (1.1-3.3) 0.9 (0.4-1.6) 2.5 (1.0-6.3)
Grade

Non-high 1093 64 11.3 1.0 1.0 1.0 1.0 1.0

High 1198 48 9.4 0.8 (0.6-1.2) 1.0 (0.7-1.4) 0.9 (0.5-1.6) 1.5 (0.8-2.9) 0.4 (0.2-1.1)

N/A 755 80 12.0 1.1 (0.8-1.5) 0.9 (0.6-1.4) 1.0 (0.6-1.7) 1.2 (0.6-2.5) 0.4 (0.2-1.2)
Treatment

Mastectomy 1422 90 9.9 1.0 1.0 1.0 1.0 1.0

BCT with XRT 870 31 12.1 1.0 (0.7-1.5) 1.2 (0.8-1.9) 2.1 (1.14.1) 0.6 (0.3-1.4) 1.1 (0.4-3.1)

BCT without XRT 162 11 13.2 1.4 (0.7-2.6) 1.6 (0.8-3.1) 3.3 (1.4-7.8) 0.6 (0.1-2.5) 1.0 (0.2-4.7)

BCT unknown XRT 549 58 14.8 1.8 (1.3-2.5) 1.9 (1.4-2.7) 3.7 (2.3-6.1) 0.7 (0.4-1.5) 0.9 (0.3-2.3)

No or N/A surgery 43 2 N/A 1.8 (0.4-7.2) 1.7 (0.4-6.8) 5.0 (1.2-21.5) N/A N/A

DCIS ductal carcinoma in situ; Cuminc cumulative incidence; HR hazard ratio; CI confidence interval; BCT breast-conserving treatment; XRT
radiation therapy; N/A not available

* Non-screen/screen detected within the Norwegian Breast Cancer Screening Programme

Table 4 Standardized incidence ratio of subsequent malignancy during 10 years of follow-up after primary pure DCIS

Subsequent malignancy Follow-up (years)

Total <25 >2.5-5 >5-7.5 >7.5-10
o E SIR (95% CI) SIR (95% CI) SIR (95% CI) SIR (95% CI) SIR (95% CI)
All malignancies 192 40.3 4.8 (4.1-5.5) 9.7 (1.7-12.2) 3.9 (3.0-5.0) 3.0 (2.1-4.3) 4.0 (2.8-5.7)
Ipsilateral invasive 96 21.0 4.6 (3.7-5.6) 9.4 (6.8-13.0) 4.3 (3.0-6.0) 2.0 (1.1-3.7) 4.0 (2.4-6.5)
Contralateral invasive 66 21.1 3.1 (2.5-4.0) 6.5 (4.4-9.7) 2.1 (1.3-3.4) 2.9 (1.8-4.8) 2.2 (1.2-4.3)
Contralateral DCIS 30 2.3 13.3 (9.3-19.0) 29.2 (16.6-51.3) 9.5 (4.8-19.0) 8.6 (3.6-20.7) 11.7 (4.9-28.2)

O observed; E expected; SIR standardized incidence ratio; CI confidence interval; DCIS ductal carcinoma in situ

10 years, which was five times higher than for women in
the general population. The 10-year risk of dying from
breast cancer amongst patients with DCIS was four times
higher than the risk for women in the general popula-
tion. These results were comparable with other studies

[14, 15, 19, 26-28]. Interpreting and comparing results
from studies may be difficult, as definitions and inclusion
criteria for primary DCIS and subsequent event(s), as well
as study design and conduct may have been imprecise or
not uniformly defined.
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Table 5 Standardized mortality (%) within 10 years of follow-up after primary pure DCIS

Treatment All causes Breast cancer
No. of deaths Mortality® (95% CI) No. of deaths Mortality® (95% CI)
All DCIS patients 210 13.4 (11.7-15.5) 42 2.5 (1.8-3.4)
Mastectomy 108 14.0 (11.6-17.0) 21 2.8 (1.7-4.3)
BCT 88 14.1 (11.2-17.7) 16 3.5 (1.8-6.2)
BCT with XRT 20 10.5 (6.0-17.8) 4 2.6 (0.6-7.2)
BCT without XRT 12 9.0 (5.1-15.6) 1 N/A
BCT unknown XRT 56 14.8 (11.4-19.0) 11 3.5 (1.8-6.2)
No or N/A surgery 14 29.2 (18.1-44.1) 5 N/A

DCIS ductal carcinoma in situ, CI confidence interval, BCT breast-conserving treatment, XRT radiation therapy, N/A not available
* Age-standardized rates by the indirect method with age-distribution (0-34, 3549, 50-69 and 70+) years; "Death from other causes was

considered as a competing event

Table 6 Standardized mortality ratio during 10 years of follow-up after primary pure DCIS

Cause of death Follow-up (years)

Total <25 255 >5-75 >7.5-10

0 E SMR (95% CI) SMR (95% CI) SMR (95% CI) SMR (95% CI) SMR (95% CI)
Total 210 202.2 1.0 (0.9-1.2) 1.7 (1.4-2.2) 0.8 (0.6-1.0) 0.9 (0.7-1.2) 1.1 (0.8-1.4)
Breast cancer 42 9.8 43 (3.2-5.8) 7.6 (4.7-12.4) 3.0 (1.6-5.5) 2.9 (1.4-6.1) 4.7 (2.5-9.1)

DCIS ductal carcinoma in situ; O observed; E expected; SMR standardized mortality ratio; CI confidence interval

The DCIS patients in our study had an increased risk of
subsequent malignancies compared with the general pop-
ulation that were slightly higher than reported in other
studies [13, 14, 22]. Most noteworthy was the rate for
contralateral DCIS (SIR 13.3), which has previously been
reported to be 4-7 times that of the general population
[13, 14, 22]. The explanation for this might be the com-
pleteness of registry-based data and a more recent study
period. In addition, intensive surveillance of the contra-
lateral breast after diagnosis of DCIS (i.e. selective sur-
veillance bias) may increase the detection of contralateral
DCIS. The most pronounced increase in the first part of the
follow-up period supports this, but since all the risk esti-
mates for contralateral malignancies were elevated during
the whole follow-up period, this may also indicate an
increased susceptibility to the disease.

The risk of ipsilateral invasive cancer (both new primary
and local recurrence) may be attributed to the patients’
individual susceptibility to invasive cancer and the
increased risk due to diagnosis and treatment of DCIS.
Assuming that the risk of contralateral invasive cancer
reflects the susceptibility and that the risk of ipsilateral
invasive cancer reflects the total risk, then the risk differ-
ence would reflect the patients’ excess risk due to the
diagnosis and treatment of DCIS. As the hazard for ipsi-
lateral invasive cancer was generally higher than for con-
tralateral disease (Fig. 2¢ and d), this may express the risk
during the 10-year follow-up period. Using our data, this

@ Springer

excess was approximately 60% based on the 10-year risks
(5.5 — 3.9 = 1.6). However, this calculation may under-
estimate the risk as patients treated with mastectomy
contribute to enhanced person-time with reduced risk of
ipsilateral invasive cancer. Moreover, the pathological
discrimination between DCIS and atypical ductal hyper-
plasia on one side, and between DCIS and invasive cancer
on the other side, may further complicate the interpretation
of the results [5, 7, 29].

The 10-year risk estimates for subsequent malignancy
were significantly lower in patients treated with mas-
tectomy than in patients treated with BCT. Our esti-
mates were in line with those reported by Bijker et al.
[20], who presented 10-year invasive recurrence rates
for BCT with XRT and without XRT of 8 and 13%,
respectively . On the other hand, the risk of ipsilateral
invasive cancer in patients treated with mastectomy was
higher (3.8% within 10 years) than previously reported
(1-2%) [10, 11]. Amongst the patients treated with
mastectomy who were diagnosed with ipsilateral inva-
sive cancer, about 60% had local recurrence in the
surgical scar and about 50% metastasis to the lymph
nodes. Excluding the cases with metastases to the
lymph nodes as subsequent invasive cancer, our results
would have been comparable with other studies. How-
ever, the increased risk could reflect foci of invasive
cancer missed in the diagnosis or affected breast tissue
remaining after mastectomy.
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Patients in the group of not reported tumour size had a
significant increased risk (HR 1.9) of ipsilateral invasive
cancer compared with patients with small tumours
(<20 mm). The explanation might be that unknown tumour
size includes some large tumours with multifocal or mul-
ticentric disease which do not have any size reported. A
previous study has shown that widely extended DCIS was
often combined with the presence of occult invasion and
multicentricity [30]. However, another study reported an
increased risk of local (DCIS) recurrence in multifocal
disease, but did not find any association with the devel-
opment of invasive recurrence [31]. The ‘sick lobe theory’
by Tot explained the multifocal disease by the spread
within the lobular system [32].

The lower risk of being diagnosed with a subsequent
ipsilateral invasive cancer in screen detected compared
with non-screen detected DCIS is probably because the
majority of the non-screen detected is based on clinical
symptoms. This finding is supported by a study showing
that patients with palpably-detected DCIS had higher risk
of subsequent malignancy than patients with mammo-
graphically detected DCIS [21]. However, since both
studies have adjusted for tumour size, these findings might
indicate different prognostic characteristics in screen
detected versus non-screen detected DCIS.

The overall mortality in patients diagnosed with DCIS
was 13.4% within 10 years of follow-up. This was not
significantly higher than the mortality in the general female
population. However, the probability of dying of breast
cancer was 2.5%, yielding a fourfold risk compared with
the female population. This was in line with a previous
study presenting a 10-year breast cancer-specific mortality
rate of 2.3% and an SMR of breast cancer between two and
three times higher than in the general population [19], and
somewhat lower than a study reporting results after diag-
nosis of DCIS or LCIS in combination [26]. The increased
risk of dying from breast cancer may illustrate the harmful
nature of the DCIS. And the potential for progression to
invasive breast cancer can be exemplified by the 4% risk of
subsequent malignancy in small non-high grade lesions
treated with mastectomy.

The major strengths of our study were the population-
based design, the large number of patients and the
completeness of the registration and follow-up. However,
registry-based material contains limited details on the
patient’s risk factors, tumour characteristics and treatment
procedures. For some records, the linkage of the Cancer
Registry and the Cause of Death Register has been insuf-
ficient, as illustrated by the nine DCIS patients who were
recorded to die of breast cancer with only a DCIS regis-
tered in the Registry. This was somewhat unexpected, since
the completeness of invasive breast cancer registration has
been shown to be 99.95% [23]. However, the general

problem of declaring which women who died of breast
cancer versus with breast cancer is an issue which remains
a topic for discussion [33].

In summary, this study supports previous studies
showing that patients with DCIS are at increased risk of
subsequent malignancy either in the ipsilateral or the
contralateral breast, and that patients with DCIS have an
increased risk of breast cancer-specific death (even if the
DCIS patient was treated) compared with that of the gen-
eral population. This study also shows the heterogeneity of
DCIS and demonstrates the need for unambiguous defini-
tions of diagnosis and outcomes of the disease. However,
progression of DCIS is by now not well understood, and
continued investigation is needed to minimize under and
overtreatment of patients with DCIS.
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