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Abstract
Introduction: The incidence of ductal carcinoma in situ 
(DCIS) has increased after implementation of mammograph-
ic screening. The lesion represents management challenges 
due to its undetermined growth pattern. We aimed to ex-
plore treatment of women aged 48–71 years diagnosed with 
DCIS between 1995 and 2018, by detection mode and histo-
pathological characteristics. Material and Methods: Data on 
surgical treatment and radiation therapy (RT) of 4,995 wom-
en diagnosed with DCIS were retrieved from the Cancer Reg-
istry of Norway. We described the percentage and frequency 
of breast-conserving treatment (BCT) for participants in 
BreastScreen Norway (screen-detected) and nonpartici-
pants. We estimated the relative risk (RR) of BCT, using log-
binomial regression models. Results: Use of BCT increased 
from about 40% in 1995 to 85% in 2018. Use of BCT was more 
common among older than younger women and more com-
monly used for screen-detected versus tumors detected out-
side the screening program. Nine out of ten women with tu-

mors ≤10 mm were treated with BCT and two out of ten with 
tumors >50 mm. RT was given to 89.3% of the women with 
tumors ≤10 mm, 34.1% of those with tumors classified as van 
Nuys’ grade 1 and <10 mm and 96.0% of the tumors >50 mm. 
Use of BCT was less common for tumors >50 mm compared 
to <10 mm (RR adjusted for age, detection mode, van Nuys’ 
grade, and localization: 0.26, 95% CI: 0.19–0.36). Conclusion: 
BCT was increasingly used among women diagnosed with 
DCIS in Norway during the period from 1995 to 2018, par-
ticularly for screen-detected, small lesions with low van 
Nuys’ grade. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Ductal carcinoma in situ (DCIS) is a noninvasive pre-
cursor lesion of malignant epithelial cells within the ter-
minal ducts of the breast [1]. DCIS displays a broad spec-
trum of tumor biology and the proportion of untreated 
DCIS that will progress to invasive breast cancer is un-
known [2, 3]. However, there is a 25–30% upgrade rate 
from histologically verified DCIS on core biopsy to inva-
sive ductal carcinoma at surgical excision [4]. Surgical 
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treatment of DCIS is therefore widely recommended [5–
7]. The incidence of DCIS has increased during the last 
decades due to implementation of mammographic 
screening [8, 9] which warrants a critical evaluation of the 
management [10–12]. While waiting for reliable and val-
idated markers for progression, treatment is based on tu-
mor diameter, van Nuys’ grade, comedo necrosis, local-
ization, and the women’s age [13]. Different options for 
surgical treatment exist, such as breast-conserving treat-
ment (BCT) alone, BCT including radiation therapy 
(RT), or mastectomy and sentinel node biopsy with or 
without primary reconstruction. Surgical methods are 
continuously evolving to reduce the risk of invasive re-
currence, improve the cosmetic results, and reduce side 
and late effects of the treatment [7, 14]. Silverstein et al. 
[15] found 10-year disease-free survival to be 98% for 
women who underwent mastectomy and 81% for those 
who had BCT. RT is shown to reduce the risk of recur-
rence of invasive tumors by approximately the half [16]. 
Despite having lower overall mortality, studies have 
shown a higher risk of dying from breast cancer among 
women diagnosed with DCIS compared with women in 
the general population with a cumulative breast cancer 
mortality 10 years after treatment for DCIS to be 2.3% for 
women <50 years of age and 1.4% for those 50 and older 
[17, 18].

There is an ongoing debate regarding detection and 
treatment of DCIS, which is argued to overdetection and 
overtreatment [19, 20]. Overdetection is defined as diag-
nosing and treatment of tumors that would not cause 
harm during a woman’s lifetime if left untreated [21, 22]. 
DCIS might thus represent overdetected cases with over-
treatment as a potential problem. Mastectomies in pa-
tients eligible for BCT or BCT with RT in those with low-
risk DCIS are some examples. However, more knowledge 
is needed to offer the women optimal long-term treat-
ment.

We took advantage of data from the Cancer Registry 
of Norway and explored the treatment of DCIS diagnosed 
in women targeted by BreastScreen Norway, stratified by 
detection mode. The treatment options were analyzed ac-
cording to tumor diameter, van Nuys’ grade, location of 
the tumor in the breast, age at diagnosis, and post-surgery 
use of RT.

Materials and Methods

This study was approved by the Data Protection Officer at the 
Oslo University Hospital (19/15705). We received de-identified 
data from the Cancer Registry of Norway, which administers 
BreastScreen Norway. The program invites women aged 50–69 
years to two-view mammography biennially. However, due to in-
vitation of cohorts and 2 years follow-up after the last screening 
exam, the age range of women screened in the program is 48–71 
years, which is the age-group in our study. The recall rate was 3.8%, 

while the rate of screen-detected (SD) cancer (DCIS and invasive) 
was 0.6%, and the interval cancer rate 0.18% in the period from 
1996 to 2016. A total of 17.2% of the screen-detected and 5.9% of 
the interval cancers were DCIS [23].

Data about detection mode, diagnosis, treatment, and follow-up 
are stored in a centralized, national database at the Cancer Registry 
of Norway. All individuals in Norway are assigned a unique person-
al identification number at time of birth or immigration. This num-
ber was used to link data across databases at the registry and provide 
complete information for the individual woman. By law, all cancer 
cases are reported to the Cancer Registry of Norway, ensuring com-
plete data capture of cancer diagnoses [24]. DCIS was systematically 
coded at the registry from 1996 onwards and retrospectively re-
viewed for cases diagnosed 1993–1995 [25]. Screen-reading, even-
tual further assessment, treatment, and follow-up took place at 17 
breast centers, located mainly at regional or university hospitals. 
Since 1997, the Cancer Registry of Norway has retrieved prospec-
tively registered data on RT on each cancer patient from all Norwe-
gian radiotherapy centers. The unique 11-digit personal identifica-
tion number enables linkage to the correct cancer cases.

Data and Variables
We received data about 5,263 women aged 48–71 years without 

a prior diagnosis of malignancy of the breast, diagnosed with their 
first DCIS, without any invasive component during the period 
from 1995 to 2018. We excluded data from 268 women without 
information about surgical treatment, leaving 4,995 women diag-
nosed with DCIS as the study sample (Fig. 1).

A subsample of women diagnosed between 2010 and 2018 was 
established to illustrate the most recent management. Informa-
tion about the surgical treatment given in the pathology reports 
was analyzed and divided into BCT and mastectomy. BCT in-
cluded surgical biopsies that removed all DCIS. If BCT was per-
formed before mastectomy, mastectomy was used as the surgical 
treatment. Furthermore, we analyzed data on RT given after sur-
gery. The women were divided into four age-groups: <55 years, 
55–59 years, 60–64 years, >64 years. Detection mode was defined 
as SD, interval-detected (ID), and cancers detected outside the 
screening program (OS). In this setting, SD tumors were consid-
ered asymptomatic and ID and OS as symptomatic. A SD DCIS 
was diagnosed after a positive screening examination. An interval 
DCIS was diagnosed after a negative screening or more than 6 
months after a false-positive screening and within 2 years after 
screening. DCIS was diagnosed among women never invited, 
women invited who did not attend, or those diagnosed with breast 
cancer more than 2 years after their last screening examination. 
Tumor diameter was measured on the pathology specimen and 
reported as a continuous variable. We grouped the tumors into 
the categories ≤10 mm, 11–20 mm, 21–30 mm, 31–40 mm, 41–50 
mm, and >50 mm. Van Nuys’ system was used for histopatho-
logical grading [23], and the localization of the lesion was report-
ed as lower lateral, lower medial, upper lateral, upper medial and 
central quadrant.

All women treated with BCT in the subsample (diagnosed 
2010–2018) were described for each category of the independent 
variables (age, detection mode, DCIS diameter, van Nuys’ grade, 
and localization), in addition to the proportions of women who 
received hypofractionated RT (40.2 Gy in total, 2.67 Gy for 5 days 
a week for 3 weeks). Further, we analyzed the association between 
RT and DCIS diameter (≤10 mm, 11–20 mm, and >20 mm) and 
van Nuys’ grade. We then used log-binomial regression models to 
estimate the relative risk (RR) of BCT. We hypothesized that the 
surgical decision process involved the consideration of the interac-
tion between the clinical size of the DCIS and its location in addi-
tion to van Nuys’ grade, i.e., that a small DCIS would have a differ-
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ent RR of BCT depending on its location within the breast. How-
ever, when using the tumor diameter given by the pathologist 
post-surgery, none of these two interaction terms proved a mean-
ingful predictor of surgical technique in the regression model and 
additionally increased the information criteria, indicating a less 
parsimonious model. Our final model thus included crude and 
adjusted RRs according to age, location, diameter, and van Nuys’ 
grade. The interaction between the variables was illustrated graph-
ically. All data management and analysis were performed using 
Stata MP 16.1 (College Station, TX, USA).

Results

We included 4,995 women who received surgical treat-
ment for DCIS (shown in Fig. 1). Of those, 3,581 (71.7%) 
were SD, 321 (6.4%) ID, and 1,093 (21.9%) were detected 
outside the screening program. Mean ages were 59.6 years 
for SD DCIS, 60.5 years for ID, and 57.6 years for those 
detected outside the screening program. Further charac-
teristics of the 2,404 women and the tumor diagnosed 
during the period 2010–2018 are summarized in Table 1. 
The proportion of BCT increased during the study period 
for all detection modes from 37.8% (17/45) in 1996 to 
84.5% (202/239) in 2018 for SD and from 31.1% (14/45) 
to 74.5% (38/51) for those detected due to symptoms, out-
side the screening program (Fig. 2).

In recent years, 2010–2018, 72.5% (1,742/2,404) of all 
women diagnosed with DCIS were treated with BCT, vary-
ing by detection mode; 75.3% (1,391/1,848) for SD, 65.2% 
(118/181) for ID, and 62.1% (233/375) for those outside the 
screening program (Table 1). Women aged <55 years had 
the lowest proportion of BCT of 64.7% (410/634), while 

women >64 years had the highest (76.2%, 509/668). Wom-
en with tumor diameter ≤10 mm were more often treated 
with BCT (88.9%, 511/575) compared to those with tumor 
diameter >50 mm (19.9%, 37/186). Use of BCT decreased 
by van Nuys’ grading of the tumor and by the combination 
of tumor diameter and grading (Table 1).

More than half of the DCIS were in the upper lateral 
quadrant (55%, 1,054/1,916). DCIS located in the upper 
medial quadrant of the breast had the highest percentage 
of BCT (81.6%, 231/283), while the lowest percentage was 
found for lesions located in the lower medial quadrant 
(67.6%, 144/213) (Table 1). Women with DCIS 30 mm or 
smaller were more often treated with BCT compared to 
women with tumors larger than 40 mm, regardless of lo-
calization (Fig. 3).

RRadj for BCT decreased by increasing tumor diameter 
(RRadj: 0.97 [95% CI: 0.92–1.03, p = 0.31] for DCIS 11–20 
mm and RRadj: 0.26 [95% CI: 0.19–0.36, p < 0.001] for tu-
mors >50 mm), using <10 mm as the reference. DCIS of 
higher van Nuys’ grade were less likely to be treated with 
BCT than van Nuys’ grade 1 (RRadj: 0.84 [95% CI: 0.77–
0.91, p < 0.001] for van Nuys’ grade 2 and RRadj: 0.83 [95% 
CI: 0.77–0.89, p < 0.001] for van Nuys’ grade 3). The log-
binomial regression models showed a statistically signifi-
cant association of age on the risk of BCT for women with 
DCIS. The association remained stable after adjusting for 
detection mode, location, tumor diameter, and van Nuys’ 
grade (RRadj: 1.14, 95% CI: 1.06–1.23, p = 0.001) for wom-
en aged 60–64 years when using those aged <55 years as 
reference (Table 2).

Information about RT was available for 1,058 of the 
1,135 (93.2%) women who underwent BCT during the 

Fig. 1. Study sample.
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period from 2010 to 2018 (Table  1). A total of 89.3% 
(285/319) with DCIS ≤10 mm had RT, while it was 96.0% 
(24/25) of those with tumors >50 mm. While 69.1% 
(94/136) with DCIS van Nuys’ grade 1 had RT, 97.8% 
(799/817) of those with van Nuys’ grade 3 underwent 
such therapy. When combining diameter and van Nuys’ 
grade, we found women with tumors <10 mm and grade 
1 to be treated with RT in 34.1% (15/44), while it was 
98.1% (53/54) of the women with the same diameter but 
grade 2 and 98.6% (214/217) for grade 3 (Table 3).

Discussion/Conclusion

In this register-based cohort study of about 5,000 
women aged 48–71 years diagnosed with DCIS, the pro-
portion of BCT increased from about 40% in 1995 to 85% 
in 2018. BCT was more commonly used among women 

with SD tumors, those with small tumor diameter, low 
van Nuys’ grade, and among those aged 55 years or older. 
We identified use of RT in 34% of the women with DCIS 
<10 mm and van Nuys’ grade 1.

BCT is associated with good cosmetic outcomes, 
shorter hospital stays, and better quality of life over time 
compared to mastectomy [26]. This is important to com-
municate to the women. However, communication of ev-
idence-based information may be influenced by the 
health care personnel providing the information. A study 
from the US showed that women informed by a radiation 
oncologist or a breast surgeon more often choose BCT 
than those informed by a general surgeon [27]. Breast and 
endocrine surgery became a surgical subspecialty in Nor-
way 2008. This, together with the implementation of 
BreastScreen Norway during the period from 1996 to 
2005, the number of hospitals involved in breast diagnos-
tics, and treatment, was reduced from 64 to about 20 [28, 

Table 1. Number of women diagnosed with DCIS and treated with breast cancer surgery, percentage BCT, and 
percentage of women registered with RT in Norway, 2010–2018

Information on 
surgery 
available, n

BCT Information 
on RT 
available, n*

Treatment with RT

n % n %

DCIS cases 2,404 1,742 72.5 1,135 1,058 93.2
Detection mode

SD 1,848 1,391 75.3 953 887 93.1
ID 181 118 65.2 65 62 95.4
Outside screening 375 233 62.1 117 109 93.2

Age
<55 years 634 410 64.7 252 230 91.3
55–59 years 513 376 73.3 251 236 94.0
60–64 years 589 447 75.9 302 287 95.0
>64 years 668 509 76.2 330 305 92.4

DCIS diameter
≤10 mm 575 511 88.9 319 285 89.3
11–20 mm 628 522 83.1 411 399 97.1
21–30 mm 371 256 69.0 197 191 97.0
31–40 mm 203 115 56.7 89 87 97.8
41–50 mm 122 35 28.7 22 20 90.9
>50 mm 186 37 19.9 25 24 96.0

Information not available 319 266 72 52
van Nuys’ grade

1 361 324 89.8 136 94 69.1
2 257 203 79.0 146 142 97.3
3 1,614 1,057 65.5 817 799 97.8

Information not available 172 158 36 23
Localization of the tumor

Lower lateral quadrant 236 173 73.3 122 116 95.1
Lower medial quadrant 213 144 67.6 100 95 95.0
Upper lateral quadrant 1,054 782 74.2 528 492 93.2
Upper medial quadrant 283 231 81.6 145 136 93.8
Central 130 103 79.2 68 63 92.6

Information not available 488 309 172 156

* Information about RT was not available for 607/1,742 women treated with BCT.
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Fig. 2. Timeline of the proportion of BCT 
versus mastectomy for women diagnosed 
with DCIS in Norway 1995–2018.

Fig. 3. Breast conserving treatment by size and localization of ductal carcinoma in situ (DCIS).
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29]. This might be of influence for the increased use of 
BCT during the study period.

Current publications have suggested a major risk of 
deformity after standard BCT when more than 20% of the 
breast volume is excised and as little as 5% when the loca-
tion of the malignancy is in the lower medial quadrant 
[30, 31]. Our findings support breast cancer surgery in 
line with these statements as we found lower rates of BCT 
with increased tumor diameter and when tumor was in 
the lower medial quadrant of the breast. However, in-
creased use of oncoplastic breast surgery techniques by 
the breast and plastic surgeons allow immediate remodel-
ing of large resection defects even in lower quadrants with 
wide margins [32]. The increased use of BCT among 
women with tumors located in the lower quadrants as 
well as when the tumor diameter exceeded 50 mm in our 
subpopulation aligns with the introduction of oncoplastic 
surgery in Norway recent years.

Until 2005, the Norwegian national guidelines did not 
recommend BCT for DCIS larger than 40 mm. Further, 
the resection margin was reduced from 5 to 2 mm in 2008 
[6, 7, 33]. Closer margins might result in a reduction of 
excised breast volume. These changes in guidelines have 
opened for an increased use of BCT. Currently, mastec-

tomy is only indicated for women with extensive or mul-
ticentric DCIS, a high family genetic risk, or when the 
breast volume related to the lesion diameter compromis-
es the achievement of clear margins with a favorable cos-
metic outcome.

There was a temporary decline in BCT for DCIS dur-
ing the period from 2005 to 2009. This decline has also 
been reported in other studies, for DCIS and for invasive 
breast cancer [29, 34, 35]. The trend could be attributed 
to the interpretation of the Early Breast Cancer Trialists’ 
Group review published in 2005 which suggested an in-
creased incidence of local recurrences and a higher breast 
cancer mortality in women treated with BCT [36]. Later 
studies disproved these findings [34], after which the 
rates of BCT has increased steadily [29]. In our study, 
84.5% of women diagnosed with DCIS had BCT in 2018, 
which is close to the European Society of Breast Cancer 
Specialists (EUSOMA) target of 90% for noninvasive 
breast cancer smaller than 20 mm [14]. However, a fur-
ther increase in use of BCT might be possible.

We found BCT to be most used among women aged 
>55 years, increasing by age. This is in line with a prior 
study on surgical treatment of breast cancer in Norway 
2003–2018 [32]. Studies have shown an association be-

Table 2. RR of BCT among DCIS patients in Norway with reported lesion characteristics (n = 1,677) 2010–2018

RR for BCT

crude RR 95% CI p value adjusted RR 95% CI p value

Age at diagnosis
<55 years 1.00 – – 1.00 – –
55–59 years 1.13 1.03–1.24 0.01 1.14 1.06–1.23 0.001
60–64 years 1.18 1.08–1.29 <0.001 1.16 1.07–1.25 <0.001
>64 years 1.15 1.05–1.26 0.002 1.07 1.00–1.15 0.06

Detection mode
SD 1.00 – – 1.00 – –
ID 0.92 0.77–1.10 0.34 1.14 1.00–1.31 0.05
Outside screening 0.81 0.67–0.98 0.03 0.89 0.74–1.05 0.17

DCIS diameter
≤10 mm 1.00 – – 1.00 – –
11–20 mm 0.94 0.90–0.98 0.009 0.97 0.92–1.03 0.31
21–30 mm 0.78 0.72–0.85 <0.001 0.82 0.75–0.88 <0.001
31–40 mm 0.66 0.58–0.75 <0.001 0.67 0.59–0.77 <0.001
41–50 mm 0.34 0.25–0.46 <0.001 0.36 0.26–0.48 <0.001
>50 mm 0.25 0.18–0.34 <0.001 0.26 0.19–0.36 <0.001

DCIS localization
Lower lateral quadrant 1.00 – – 1.00 – –
Lower medial quadrant 0.92 0.80–1.04 0.18 0.94 0.85–1.04 0.25
Upper lateral quadrant 0.99 0.90–1.09 0.85 1.10 0.95–1.08 0.74
Upper medial quadrant 1.12 1.01–1.24 0.04 0.97 0.89–1.06 0.47
Central 1.07 0.95–1.22 0.27 0.98 0.89–1.08 0.73

Van Nuys’ grade
1 1.00 – – 1.00 – –
2 0.86 0.79–0.93 <0.001 0.84 0.77–0.91 <0.001
3 0.74 0.70–0.77 <0.001 0.83 0.77–0.89 <0.001
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tween younger age at diagnosis and an increased risk for 
adverse outcomes [37, 38].

Some have hypothesized that mastectomy is chosen by 
patients for more expedient treatment to avoid RT [39]. 
The introduction of hypofractionated radiotherapy in 
Norway in 2010, with a reduction from 5 to 3 weeks of RT 
might be less stressful, especially among those living far 
away from the radiation facility, and thus contributed to 
the increased use of BCT. Even shorter RT is now recom-
mended [40]. However, this procedure is not yet imple-
mented in Norway [7].

Factors associated with RT in our study were lesions’ 
diameter and van Nuys’ grade; large lesion diameter and 
high grade associated with higher risk of recurrence, sug-
gesting that health care providers involved in the man-
agement of DCIS have selected women for RT based on 
factors associated with higher risk of recurrence [16, 41, 
42]. However, the difficulty remains in identifying the 
subgroup of women in whom the absolute benefit of 
treatment of DCIS may be small. When combining DCIS 
diameter and van Nuys’ grade, we found lesions <10 mm 
and grade 1, which is assumed to be low-risk lesions, to 
be treated with RT in as much as 34.1% of the patients. 
This is not in line with national or international guide-
lines [5–7] and might represent overtreatment. Prospec-
tive trials among women with low-risk DCIS treated with 
BCT have demonstrated lower rates of local recurrence 
compared with previous results from randomized con-
trolled trials [43].

The diagnosis and management of DCIS is highly 
complex. All DCIS may not become invasive or will recur. 
Further knowledge about biology and growth is needed 
to separate which DCIS will progress or not to further re-
fine patient selection for treatment. Studies have demon-
strated that the molecular profile of DCIS lesions is high-
ly predictive of recurrence [44–46]. Future treatment 

might be grounded on evidence from these studies as well 
as ongoing studies comparing surgery versus watchful 
waiting/observation in women with low-risk DCIS: the 
surgery versus active monitoring for low-risk DCIS (LO-
RIS) trial [47], the low-risk DCIS (LORD) trial [48], and 
the Comparison of Operative to Monitoring and Endo-
crine Therapy (COMET) [49].

Our study was based on registry data with a high level 
of accuracy and completeness, which represent a strength. 
However, the study also has limitations. We had no infor-
mation about multifocality or multicentricity, gene muta-
tion status, or breast volume that may affect treatment 
decision-making. As most of all DCIS cases were diag-
nosed within the screening program, the study popula-
tion was restricted to women aged 48–71 years. Further, 
survival analyses were not included in this study. Death 
due to DCIS is very uncommon, and survival analyses of 
women with this disease require a substantial number of 
women diagnosed and treated for the disease and fol-
lowed for several years to get valid results. In addition, 
several other factors will be of importance to include in 
such analyses; recurrence and new cancer in the ipsi- and 
contralateral breast, comorbidity, etc. These topics are ex-
tensive and will be presented in a separate paper. Finally, 
despite the uncertainty about the origin and nomencla-
ture of DCIS, we chose to use the term DCIS in this man-
uscript [50].

In conclusion, the surgical management of DCIS has 
changed during the last two decades in Norway, with an 
increased use of BCT. Implementation of breast onco-
plastic with precision surgery together with the change in 
the treatment recommendations are probably the main 
reasons. Further knowledge about DCIS and risk of re-
currence is needed to further personalize the treatment of 
the disease and reduce overtreatment.
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