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Risk of Breast Cancer by Prior Screening Results Among Women 
Participating in BreastScreen Norway

Marie Lilleborge, PhD 1; Ragnhild S. Falk, PhD2; Hege Russnes, MD, PhD3; Torill Sauer, MD, PhD4,5;  

Giske Ursin, MD, PhD1,6,7; and Solveig Hofvind, PhD1,8

BACKGROUND: A premalignant lesion in the breast is associated with an increased risk of breast cancer. The aim of this article was 

to identify women with an increased risk of breast cancer based on prior screening results (PSRs). METHODS: This registry-based 

cohort study followed women who participated in the organized breast cancer screening program in Norway, BreastScreen Norway, 

in 1995-2016. Incidence rates and incidence rate ratios were used to estimate absolute and relative risks of breast cancer associated 

with PSRs. Histopathological characteristics of subsequent breast cancers were presented by PSRs. RESULTS: This study included 

762,643 women with up to 21 years of follow-up. In comparison with negatively screened women, increased incidence rate ratios of 

1.8, 2.0, 2.9, and 3.8 were observed after negative additional imaging, for benign biopsy, for hyperplasia with atypia, and for carci-

noma in situ, respectively. Subsequent breast cancers did not differ in tumor diameter or histological grade, whereas the proportion 

of lymph node–positive breast cancers decreased as the presumed malignancy potential of PSRs increased. CONCLUSIONS: The 

risk of subsequent breast cancer increased with the presumed malignancy potential of PSRs, whereas the tumor characteristics of 

subsequent cancers did not differ except for the lymph node status. Women with screen-detected benign lesions or hyperplasia 

with atypia might benefit from more frequent screening. Cancer 2019;125:3330-3337. © 2019 The Authors. Cancer published by 

Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access article under the terms of the Creat ive Commo 

ns Attri butio n-NonCo mmercial License, which permits use, distribution and reproduction in any medium, provided the original work 

is properly cited and is not used for commercial purposes. 
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INTRODUCTION
Mammographic screening is aimed at reducing the mortality from breast cancer by detecting tumors at an early stage. 
However, the increased breast cancer incidence, particularly after the implementation of screening programs, has raised 
questions about overdiagnosis and subsequent overtreatment.1,2 Overdiagnosis refers to the detection of slowly growing 
or dormant tumors that would not have presented clinically or symptomatically during a woman’s lifetime.3 There are 
currently no distinct criteria or sets of markers to differentiate between nonprogressive and progressive lesions. It is as-
sumed that some of the women diagnosed with ductal carcinoma in situ (DCIS) or breast cancer are overtreated, and 
this is considered a substantial harm of mammographic screening.

Studies have shown that women with a prior diagnosis of a premalignant breast lesion have an increased risk of 
breast cancer.4-8 Studies, including data from Norway, have recently confirmed these findings in women participating 
in organized screening.9-12 However, to our knowledge, no studies have analyzed long-term risk estimates of subsequent 
breast cancer among women who have been screened negative and among women with benign and premalignant lesions 
in the same population during the same period. In our study, the phrase screened negative should not be confused with 
the collective term normal screen because women with negative recalls resolved after additional imaging are analyzed 
separately. Furthermore, the histopathological characteristics of the subsequent breast cancers are compared by the same 
categories of prior screening results (PSRs). Our study will form the basis of several Norwegian multidisciplinary studies 
of premalignant lesions and their characteristics related to progression.
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Information about the results of screening and  recalls, 
including the histological types of all premalignant lesions, 
has been collected for all participants in BreastScreen 
Norway since the program started in 1995.13 In addition, 
the Cancer Registry Regulation ensures the reporting of 
all cancer cases to the Cancer Registry of Norway.14 This 
allows us to follow a screened woman for breast cancer 
regardless of her screening  adherence and eventual moves 
from one county to another. The aim of this study was 
to estimate the long-term risk of breast cancer by PSRs 
among women participating in BreastScreen Norway.

MATERIALS AND METHODS
BreastScreen Norway is administered by the Cancer 
Registry of Norway and has been described in detail else-
where.13 In short, this population-based screening program 
started in 1995 and became nationwide by 2005. The pro-
gram serves approximately 650,000 women, who are offered 
2-view digital mammographic screening every 2 years. The 
program targets women born in birth cohorts correspond-
ing to the ages of 50 to 69 years at the start-up of the screen-
ing rounds. The participation rate for each screening round 
is approximately 75%, whereas 84% of invited women at-
tended at least once during the study period (1995-2016). 
The program includes independent double reading, which 
means that 2 radiologists independently read and assign a 
numerical score of 1 to 5 to the screening mammograms of 
the left and right breasts to indicate the level of suspicion 
for  malignancy. If one radiologist or both radiologists indi-
cate suspicion of a benign or malignant lesion, a consensus 
or  arbitration meeting is used to determine whether to call 
the woman back for further assessment (recall) because of 
the mammographic findings. Approximately 3% to 4% are 
recalled; the recall includes additional imaging (mammog-
raphy, ultrasound, and magnetic resonance imaging) with 
or without needle biopsy. Needle biopsy is performed in 
approximately 40% of recalled women, and approximately 
50% of the women who undergo  biopsy are diagnosed with 
DCIS or breast cancer.13 In this study, the term breast cancer 
refers to invasive breast cancer (International Classification 
of Diseases, Tenth Revision code C50).15

The results of screening and radiological procedures 
for assessments were reported electronically. Pathology 
reports describing the results of needle biopsies (cytolog-
ical or histological) were sent to the Cancer Registry of 
Norway electronically or on paper forms. We received 
information about benign outcomes, hyperplasia with 
atypia, and lobular carcinoma in situ as a result of screen-
ing, whereas information about DCIS and breast cancer 
was available regardless of the detection mode. If several 

forms were used for reporting the histological type of the 
same lesion within a period of 6 months (the diagnosis 
period), we used the report describing the most aberrant 
type of lesion. We received information about histo-
pathological tumor characteristics (tumor diameter, his-
tological grade, lymph node status, progesterone receptor 
status, and estrogen receptor status) and the treatment of 
breast cancer from the Cancer Registry.

BreastScreen Norway used Systematized Nomencl-
ature of Medicine codes to classify benign and prema-
lignant lesions, whereas malignant cases were reported 
according to the International Classification of Diseases, 
Tenth Revision.

The detection mode was defined as screen-detected 
(breast cancer diagnosed after a recall), interval breast 
cancer (breast cancer diagnosed within 24  months of 
a negative screen or within 6-24  months after a false- 
positive screening result), or detected outside the 
screening program (breast cancer diagnosed more than 
24 months after the most recent previous screen).

The regional ethics committee approved the study, 
which was based on indirectly identifiable data about 
women who had attended at least 1 screening examina-
tion in BreastScreen Norway during the study period 
(1995-2016).

Study Population
We received data for approximately 767,572 women with 
no prior diagnosis of DCIS or breast cancer before their 
first attendance in BreastScreen Norway and with at least 
6 months of follow-up after their first screening from the 
Cancer Registry of Norway. We excluded 4929 women 
on the basis of the results of their first screening (4153 
with breast cancer, 749 with inconclusive histology re-
sults, and 27 with another type of cancer located in the 
breast; see Supporting Table 1 for a list of corresponding 
Systematized Nomenclature of Medicine morphology 
codes), and this resulted in a study population of 762,643 
women and 3,170,081 screening examinations.

We classified the follow-up time of each woman in  
5 groups according to her PSR. Depending on her screen-
ing history, 1 woman could contribute with woman-years 
in several PSR groups during the study period (Table 1).

The order of the groups (Table 1), as indicated by 
their numbering, refers to the increasing presumed ma-
lignancy potential.

Statistical Analysis
We followed the women longitudinally from first at-
tendance in BreastScreen Norway until the diagnosis 
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of breast cancer independently of the detection mode. 
Women were censored at the end of follow-up, that is, at 
the end of 2016, at the age of 80 years, or at the diagnosis 
of another type of cancer located in the breast (for the 
morphology codes, see Supporting Table 1).

We used individual-level data on attendance in the 
program to assign each woman’s follow-up time to PSR 
groups (Fig. 1). We applied a 6-month diagnosis period, 
from which the most aberrant histology was used for anal-
ysis. The first 6 months after a positive screen resulting in a 
PSR group move was contributed only to the prior group as 
a result of the diagnosis period. Similarly, we excluded the 
initial 6 months after each woman’s first screen. Women 
could contribute follow-up time to only 1 PSR group, as 
indicated by the result of their first screen, from the first 
screen until breast cancer or the end of follow-up (women 
1-3 in Fig. 1) if no move occurred. Women whose first 
screen was negative and who later  experienced a positive 
screening result contributed follow-up time to the group of 
negatively screened women from the first (negative) screen 
to the first positive screen, and follow-up time after the 
positive screen was contributed to the corresponding PSR 
group (women 4-8 in Fig. 1). A woman with a history of 
more than 1 positive screen moved to a different PSR group 
if the result of the subsequent positive screen had a higher 
presumed malignancy potential than the prior one (women 
7-10 in Fig. 1). More specifically, woman 7 in Figure 1 

contributed follow-up time to the negative-after-additional- 
imaging PSR group from her second screen until the end 
of follow-up and, in addition, to the atypia PSR group  
(a higher level) from the ninth screen until the end of fol-
low-up. Because of a likely change in risk associated with 
the treatment of the subsequent in situ lesion, woman 9 
in Figure 1 contributed follow-up time to the atypia PSR 
group from the 1st screen until the in situ diagnosis at the 
10th screen and to the in situ PSR group from the 10th 
screen until the end of follow-up. The same principle ap-
plies to woman 8 and woman 10 at the in situ diagnosis. As 
for our data, only 0.1% of the women contributed overlap-
ping follow-up time to more than 1 PSR group (Supporting 
Table 2 and Fig. 1 [women 7 and 8]).

Note that the contribution of follow-up time to PSR 
groups corresponds simply to risks calculated in coherent, 
independent analyses of each positive-screen PSR group. 
For a woman with a PSR group move, censoring her 
contribution of follow-up to her first group at the group 
move would mean censoring at an event correlated with 
the outcome. Therefore, we have not censored a woman’s 
contribution of follow-up to PSR groups 2 and 3 at sub-
sequent group moves except for moves to PSR group 5 
due to treatment of the in situ lesion. Because statistical 
comparisons of women who screened negative with each 
of the other PSR groups required independent follow-up 
contributions to the groups compared, a woman contrib-
uted follow-up time to the group that screened negative 
only while she had no history of positive screening results. 
This made the group an identical reference group for each 
of the other PSR groups. Furthermore, this censoring for 
a minor proportion of women who screened negative did 
not affect the estimated risk of breast cancer for the group.

Descriptive statistics are presented as frequencies 
and proportions and as means and standard deviations.

The absolute risks of breast cancer were presented 
as incidence rates (IRs) per 1000 woman-years with 95% 
confidence intervals (CIs) stratified by PSR groups. The 
age-standardized IR was calculated according to the age 
distribution of women who screened negative in 5-year 
intervals. The relative risk of breast cancer was presented 
as the incidence rate ratio (IRR) by PSR groups and was 
estimated with Poisson regressions, with women who 
screened negative used as the reference for each group. 
The IRRs were adjusted for age as a categorical variable 
of 5-year intervals.

We used a nonparametric test for trend across or-
dered groups (an extension of the Wilcoxon rank-sum 
test) to test for trends in histopathological tumor charac-
teristics of the subsequent breast cancers by PSR group. 

TABLE 1. A Screened Woman Contributes 
Woman-Years to 1 or More Prior Screening Result 
Groups According to Her Screening History

Contribution of Woman-Years per 
Screened Woman

1. Screened negative Followed from the first negative screen until the 
first positive screen and/or the diagnosis of car-
cinoma in situ (LCIS or DCIS) or breast cancer

2. Negative after  
additional imaging

Followed from the first screen resulting in a 
recall for further assessment, which was  
concluded to be normal after additional  
imaging only, until the diagnosis of carcinoma  
in situ or breast cancer

3. Benign Followed from the first screen resulting in nee-
dle biopsy with a benign resulta  until the diag-
nosis of carcinoma in situ or breast cancer

4. Atypia Followed from the first screen resulting in nee-
dle biopsy with hyperplasia with atypiaa  until 
the diagnosis of carcinoma in situ or breast 
cancer or the end of follow-up

5. In situ Followed from the first screen resulting in a  
diagnosis of carcinoma in situa  until the  
diagnosis of breast cancer

Abbreviations: DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ.
The numbering of the groups follows the direction of increasing presumed 
malignancy potential.
aFor a complete list of Systematized Nomenclature of Medicine morphol-
ogy codes, see Supporting Table 1.
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Among the women with subsequent breast cancer, the 
same nonparametric test for trend was applied to the  
detection mode of the subsequent breast cancer (screen- 
detected vs not screen-detected), the age at diagnosis 
of a prior premalignant lesion or first positive screen, 
the age at diagnosis of subsequent breast cancer, and the 
 follow-up time within the PSR group before the detec-
tion of the subsequent breast cancer by PSR group.

Several sensitivity analyses were performed. 
Analyses of absolute and relative risks as well as the com-
parison of histopathological characteristics of subsequent 
breast cancer were repeated in a setting where women 

contributed follow-up time only to the current PSR 
group (ie, censoring of the contribution of follow-up time 
to the prior PSR group at the PSR group change). Now, 
each outcome was associated with a unique PSR group; 
however, this introduced censoring at an event correlated 
with an increased risk of the outcome.

We repeated analyses of absolute and relative 
risks with a diagnosis period of 1  year (increased from 
6 months) to explore the sensitivity to tumors potentially 
missed at screening.

To explore the sensitivity of the regression method, 
the relative risk of breast cancer for each PSR group was 

Figure 1. Inclusion in prior screening result groups is shown for 10 examples of screened women. Neg. after add’l imaging 
indicates negative after additional imaging.
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re-estimated via Cox regression with hazard ratios ad-
justed for age as a continuous variable (with the linearity 
assumption verified). To evaluate the possibility of bias 
due to heterogeneity in the reference group with respect 
to the age at first screening, we repeatedly applied Cox re-
gression to compare women entering each positive-screen 
PSR group and in each age interval (50-54, 55-59, 60-64, 
or 65-69 years) with all women who screened negative up 
to and including the same age interval (regardless of the 
age at first screening).

We considered a 2-sided P value less than .05 to 
be statistically significant. Data preparations and anal-
yses were performed with Stata (version 15; StataCorp, 
College Station, Texas).

RESULTS
We followed 762,643 women who underwent 3,170,081 
screening examinations from 1995 through 2016; 
3,084,910 (97%) were negative, and 85,171 (3%) were 
positive and included a recall. In total, 19,837 benign 
cases, 1568 atypia cases, and 3659 in situ lesions were di-
agnosed, and 21,015 women were diagnosed with breast 
cancer independently of the detection mode (Table 2 and 
Supporting Table 3).

A total of 17,816 women were diagnosed with 
breast cancer among 724,547 women with only neg-
ative prior screens (IR, 2.4/1000 woman-years; 95% 
CI, 2.4-2.5/1000 woman-years; Table 3). The abso-
lute risk of breast cancer increased by PSR group: the 
age-standardized IR was 4.4/1000 woman-years (95% 
CI, 4.3-4.5/1000 woman-years) after a prior screening 
examination that was concluded to be negative after 
additional imaging, 4.7/1000 woman-years (95% CI, 
4.5-5.0/1000 woman-years) after a recall with benign 
biopsy, 6.9/1000 woman-years (95% CI, 5.9-7.9/1000 
woman-years) after atypia, and 9.5/1000 woman-years 
(95% CI, 8.7-10.4/1000 woman-years) after in situ. In 
comparison with women who screened negative the  
relative risks of breast cancer (estimated as age-adjusted 
IRRs) were 1.8 (95% CI, 1.8-1.9) after negative addi-
tional imaging, 2.0 (95% CI, 1.9-2.1) after benign bi-
opsy, 2.9 (95% CI, 2.5-3.3) after atypia, and 3.8 (95% 
CI, 3.5-4.2) after in situ.

We next examined characteristics of subsequent 
breast cancers by PSR group (Table 4). Although tumors 
were remarkably similar in diameter and histological 
grade across PSR groups, we noted a trend in the lymph 
node status. Breast cancers in negatively screened women 
were more likely to be lymph node–positive, and there 

was a trend of the proportion of lymph node–positive 
cancers decreasing as the presumed malignancy poten-
tial of the prior PSR group increased. The distributions 
of the estrogen and progesterone receptor status did not 
differ statistically across PSR groups.

The detection mode of subsequent breast cancers 
showed an association with PSR groups. A decreasing 
proportion of screen-detected breast cancers was ob-
served with an increasing presumed malignancy poten-
tial of PSRs (Table 5). Among women with subsequent 
breast cancer, the age at the detection of a prior pre-
malignant lesion or the first positive screen (the start 
of follow-up in the PSR group among women with 
outcomes) and the age at the detection of subsequent 
breast cancer were positively associated with the pre-
sumed malignancy potential of the PSR group. The 
time from the detection of a premalignant lesion or the 
first negative screen (the start of follow-up) to breast 
cancer was inversely associated with the presumed ma-
lignancy potential of the PSR group. However, because 
a woman could move only to a higher level PSR group, 

TABLE 2. Age at First Screening and Number  
of Screening Examinations per Woman Within  
the Study Population

Women

No. %

Age at first screening per woman
<55 y 488,457 64.0
55-59 y 118,997 15.6
60-64 y 84,513 11.1
>64 y 70,676 9.3

No. of screening examinations per 
woman
1 131,063 17.2
2 116,430 15.2
3 98,321 12.9
4 90,854 11.9
5 86,144 11.3
6 84,711 11.1
7 76,163 10.0
8 45,623 6.0
9 22,740 3.0
≥10 10,594 1.4

Contribution of follow-up time for 
each prior screening result groupa 
Screened negative 724,547 94.9
Negative after additional imaging 55,621 7.3
Benign 19,837 2.6
Atypia 1568 0.2
In situ 3659 0.5

Outcome
Subsequent breast cancer 21,015 2.8

There were 762,643 women and 3,107,081 screening examinations in 
BreastScreen Norway in 1995-2016 (for more details, see Supporting Table 
3). The contribution of follow-up time to the prior screening result groups is 
summarized by the number of women followed within each group.
aSome women may have been included in several groups.
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each woman with a group move would by definition 
participate at an older age in the higher level group in 
comparison with the lower level group (and at the same 
age with subsequent breast cancer in both groups). 
That is, she would, by design, contribute to a trend of 
increasing age at inclusion in a PSR group.

Several sensitivity analyses supported our main re-
sults. The results showed no sensitivity to the possible 
heterogeneity in the reference group with respect to the 
age at first screening (Supporting Table 4) or a longer 
diagnosis period to exclude potential tumors missed at 
screening (Supporting Table 5).

DISCUSSION
We observed an increased long-term risk of breast cancer 
among women with a prior recall interpreted as negative 
and among women recalled and diagnosed with a pre-
malignant lesion in comparison with those who screened 
negative. The risk was 2-fold after negative additional 
imaging or a benign biopsy, 3-fold after the detection of 
atypia, and 4-fold after the detection of in situ in com-
parison with after a negative screening result.

Breast cancer is a complex disease, and its prognosis 
is determined by several predictors (eg, histopathologi-
cal tumor characteristics).16 It could potentially be overly 
simplistic to focus on the risk of breast cancer by PSR 

TABLE 3. Crude and Age-Standardized IRs and IRRs of Breast Cancer With 95% CIs According to Prior 
Screening Result Groups Among Participants in BreastScreen Norway, 1995-2016

Women, No. Woman-Years

Follow-Up 
Time, Median 

(IQR), y
Breast  

Cancer, No.

IR per 1000 
Woman-Years 

(95% CI)

Age-
Standardized IR 

per 1000 Woman-
Years (95% CI)a IRR (95% CI)b 

Screened negative 724,547 7,378,483 11.2 (5.6-14.2) 17,816 2.4 (2.4-2.5) 2.4 (2.4-2.5) Reference
Negative after 

 additional imaging
55,621 462,390 8.2 (4.2-12.1) 2071 4.5 (4.3-4.7) 4.4 (4.3-4.5) 1.8 (1.8-1.9)

Benign 19,837 173,891 8.7 (4.2-12.7) 834 4.8 (4.5-5.1) 4.7 (4.5-5.0) 2.0 (1.9-2.1)
Atypia 1568 12,722 7.7 (4.2-11.8) 89 7.0 (5.7-8.6) 6.9 (5.9-7.9) 2.9 (2.5-3.3)
In situ 3659 26,811 6.7 (3.2-10.8) 253 9.4 (8.3-10.7) 9.5 (8.7-10.4) 3.8 (3.5-4.2)

Abbreviations: CI, confidence interval; IQR, interquartile range (25th-75th percentile range); IR, incidence rate; IRR, incidence rate ratio.
aThe IRs were age-standardized to the age distribution of the women screening negative in 5-year intervals.
bThe age-adjusted IRRs were calculated by Poisson regression with age as a categorical variable in 5-year intervals with respect to the prior screening result 
group that screened negative.

TABLE 4. Histopathological Tumor Characteristics of Subsequent Breast Cancers by Prior Screening 
Result Groups

Screened 
Negative

Negative After 
Additional 
Imaging Benign Atypia In Situ

Pa No. % No. % No. % No. % No. %

Tumor diameter Mean (SD), mm 15,443 17.4 (11.8) 1860 17.6 (12.1) 729 17.6 (12.0) 86 17.1 (12.9) 164 15.9 (12.1) .16
≤20 mm 11,490 70.1 1322 69.0 531 70.6 61 70.9 148 74.0 .56
>20 mm 4912 29.9 594 31.0 221 29.4 25 29.1 52 26.0
Unknown 1414 155 82 3 53

Histological grade 1 4247 25.0 515 25.9 203 25.3 23 26.7 52 24.3 .29
2 8265 48.6 952 47.9 387 48.3 48 55.8 110 51.4
3 4500 26.5 519 26.1 211 26.3 15 17.4 52 24.3
Unknown 804 85 33 3 39

Lymph node status Positive 4943 29.1 546 27.5 204 25.8 24 28.6 47 20.9 .001
Negative 12,054 70.9 1438 72.5 588 74.2 60 71.4 178 79.1
Unknown 819 87 42 5 28

Progesterone 
receptor status

Positive 10,585 66.8 1308 68.4 523 69.5 57 68.7 116 64.1 .24
Negative 5272 33.2 604 31.6 229 30.5 26 31.3 65 35.9
Unknown 1959 159 82 6 72

Estrogen receptor 
status

Positive 13,675 85.5 1680 87.3 656 86.2 70 84.3 157 86.3 .22
Negative 2313 14.5 244 12.7 105 13.8 13 15.7 25 13.7
Unknown 1828 147 73 6 71

The results are presented as frequencies and proportions if not otherwise specified.
aA nonparametric test for trend across ordered groups (an extension of the Wilcoxon rank-sum test) was used. For each P value calculation, observations with 
unknown values were excluded.
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group without consideration of prognostic and predictive 
tumor characteristics of the subsequent breast cancers by 
prior PSR groups.

A lower proportion of breast cancers after in situ 
were lymph node–positive in comparison with breast 
cancers after the other PSR groups. This might be related 
not only to the treatment received for the in situ lesion but 
also to the close follow-up of these women after treatment 
and thus the increased possibilities of early detection of 
cancer. Except for the lymph node status, the character-
istics of the subsequent breast cancers did not differ sta-
tistically significant by prior PSR group. We identified a 
higher proportion of subsequent breast cancers detected 
outside the program among women with in situ in com-
parison with the other PSR groups. This was possibly 
due to the women’s older age at inclusion and the control 
regimen for those diagnosed with DCIS. We observed 
a statistically significant increase by PSR group both in 
the age at diagnosis of the prior premalignant lesion and 
in the age at diagnosis of the subsequent breast cancer. 
However, the mean age at the subsequent breast cancer 
was practically 64 years for all PSR groups, whereas the 
mean age at the diagnosis of prior premalignant lesions 
ranged from approximately 57  years for the negative- 
after-additional-imaging and benign-biopsy groups to  
approximately 59 years for the in situ group. This might 
be related to the design of the study, where a woman could 
move from a lower level PSR group to a higher level PSR 
one and contribute follow-up time to more than 1 group.

An increased risk of breast cancer for women with a 
prior premalignant lesion could indicate a biological pre-
disposition for being more likely to develop the disease. An 
increased risk of developing breast cancer could be due to 
the progression of a premalignant lesion into a malignant 
lesion or to an overall increased biological susceptibility 
for developing a malignant breast lesion, regardless of the 
location in the breast or breasts.11 However, there might 

also be missed cases both radiologically12,17 and histopatho-
logically.18 Positioning issues and mammographic density 
could introduce masking effects. Furthermore, if the mam-
mograms show a suspicious lesion actually containing ma-
lignant histology, the diagnostic biopsy (sample) might be 
free from malignant cells while the histology of the sample 
confirms the mammographic finding.

As part of the follow-up procedure after an in situ 
diagnosis, Norwegian women undergo mammogra-
phy annually and see their surgeon 1, 2, 5, and 10 years 
after treatment of the disease is finished.19 This ensures 
the detection of a relapse or new breast cancer at an early 
stage. It has been suggested that women with a history of 
 benign biopsies and also women recalled without a biopsy 
could benefit from more frequent mammography or more  
intensive screening.11,20 Identification of a suspicious pre-
malignant lesion allows monitoring to look for changes in-
dicating active progression. However, intensified screening 
could introduce negative consequences to the women as 
well as financial costs for the health care system. Although 
some women with a prior diagnosis of a premalignant lesion 
could experience short-term or lasting stress related to in-
tensified screening, other women could experience greater 
confidence and reassurance, especially with comprehen-
sive education about the purpose of heightened surveil-
lance. Our data indicated an  increased risk of developing 
breast cancer for women with a prior premalignant lesion, 
whereas our results do not indicate a particularly higher risk 
for worse tumor characteristics at the time of diagnosis for 
these women. A proposal for stratified screening frequency 
should be evaluated in analyses including other perspec-
tives to address the balance between benefits and harms 
of more frequent screening and the use of other modalities 
for these women. The future success of stratified screening 
depends on, among other things, cost- effectiveness, per-
ceptions of policy changes, implications for attendance, 
available resources, and implementation.21,22

TABLE 5. Age, Detection Mode, and Time to Breast Cancer Among Women With Subsequent Breast 
Cancer by Prior Screening Result Groups

Screened Negative
Negative After 

Additional Imaging Benign Atypia In Situ Pa 

Age at prior premalignant lesion or first 
 negative screen, mean (SD), y

55.9 (5.4) 57.6 (5.5) 57.3 (5.4) 58.2 (5.3) 58.9 (5.9) <.001

Age at subsequent breast cancer, mean (SD), y 63.4 (7.0) 63.7 (6.2) 63.8 (6.2) 64.0 (6.5) 64.3 (6.6) <.001
Detection mode of breast cancer, No. (%)

Screen-detected 9543 (53.6) 1109 (53.5) 425 (51.0) 39 (43.8) 27 (10.7) <.001
Not screen-detected 8273 (46.4) 962 (46.5) 409 (49.0) 50 (56.2) 226 (89.3)

Time to breast cancer, mean (SD), yb 7.0 (4.4) 5.7 (4.1) 6.1 (4.3) 5.4 (3.8) 5.1 (3.5) <.001

aA nonparametric test for trend across ordered groups (an extension of the Wilcoxon rank-sum test) was used. For each P value calculation, observations with 
unknown values were excluded.
bNumber of years from the detection of the premalignant lesion or the first negative screen until the diagnosis of breast cancer.
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In this study, we did not consider in which breast or 
in which quadrant of the breast the lesions were detected 
because the aim of our study was to estimate the risk of 
a woman experiencing a subsequent diagnosis of breast 
cancer according to her previous screening results, re-
gardless of location. For a woman attending breast cancer 
screening, both breasts are examined at each screening. 
Thus, the optimal screening regimen depends on each 
woman’s overall risk of breast cancer. A previous study 
has suggested an increased risk of breast cancer indicated 
by prior benign breast disease in other locations of the 
same breast and in the other breast.23

The strengths of this study included the long fol-
low-up within the cohort (1995-2016) and a large sample 
size (21,015 breast cancers were diagnosed within the fol-
low-up of 762,643 women). Furthermore, all cancer cases 
are reported by law to the Cancer Registry of Norway,14 
and this ensures a complete capture of cancer cases. Several 
sensitivity analyses supported our main results and demon-
strated the consistency of the results across models.

In conclusion, we observed an increased long-term 
risk of breast cancer among women with a prior prema-
lignant lesion diagnosed as a result of their participation 
in BreastScreen Norway. The observed risk increased 
with the presumed malignancy potential of the lesion or 
lesions. Further knowledge about this risk and the ben-
efits and harms related to stratified screening is needed.

FUNDING SUPPORT
This work was funded by the Norwegian Cancer Society (grant 5746604). 
The funding source did not contribute to the design or conduct of the 
study or to the writing or submission of this article. The ideas and opin-
ions expressed herein are those of the authors, and endorsement by the 
Cancer Registry of Norway and the Norwegian Cancer Society is not 
intended nor should be inferred.

CONFLICT OF INTEREST DISCLOSURES
The authors made no disclosures.

AUTHOR CONTRIBUTIONS
Marie Lilleborge: Conceptualization, data curation, formal analysis, 
visualization, writing–original draft, and writing–review and editing. 
Ragnhild S. Falk: Conceptualization and writing–review and 
 editing. Hege Russnes: Conceptualization and writing–review and  
editing. Torill Sauer: Conceptualization and writing–review and editing. 
Giske Ursin: Conceptualization and writing–review and editing. Solveig 
Hofvind: Conceptualization and writing–review and editing.

REFERENCES
 1. Puliti D, Duffy SW, Miccinesi G, et al. Overdiagnosis in mam-

mographic screening for breast cancer in Europe: a literature review. 
J Med Screen. 2012;19:42-56.

 2. Lousdal ML, Moller MH, Kristiansen IS, Kalager M, Wisloff T, 
Stovring H. The Screening Illustrator: separating the effects of lead-time 

and overdiagnosis in mammography screening. Eur J Public Health. 
2018;28:1138-1142.

 3. Marmot MG, Altman DG, Cameron DA, et al. The benefits and 
harms of breast cancer screening: an independent review. Lancet. 
2012;380:1778-1786.

 4. Falk RS, Hofvind S, Skaane P, Haldorsen T. Second events following 
ductal carcinoma in situ of the breast: a register-based cohort study. 
Breast Cancer Res Treat. 2011;129:929-938.

 5. von Euler-Chelpin M, Risor LM, Thorsted BL, Vejborg I. Risk of 
breast cancer after false-positive test results in screening mammogra-
phy. J Natl Cancer Inst. 2012;104:682-689.

 6. von Euler-Chelpin M, Kuchiki M, Vejborg I. Increased risk of breast 
cancer in women with false-positive test: the role of misclassification. 
Cancer Epidemiol. 2014;38:619-622.

 7. Castells X, Roman M, Romero A, et al. Breast cancer detection 
risk in screening mammography after a false-positive result. Cancer 
Epidemiol. 2013;37:85-90.

 8. Dyrstad SW, Yan Y, Fowler AM, Colditz GA. Breast cancer risk 
 associated with benign breast disease: systematic review and meta- 
analysis. Breast Cancer Res Treat. 2015;149:569-575.

 9. Henderson LM, Hubbard RA, Sprague BL, Zhu W, Kerlikowske K. 
Increased risk of developing breast cancer after a false-positive screening 
mammogram. Cancer Epidemiol Biomarkers Prev. 2015;24:1882-1889.

 10. Roman M, Hofvind S, von Euler-Chelpin M, Castells X. Long-term 
risk of screen-detected and interval breast cancer after false-positive 
results at mammography screening: joint analysis of three national 
cohorts. Br J Cancer. 2019;120:269-275.

 11. Roman M, Castells X, Hofvind S, Euler-Chelpin M. Risk of breast 
cancer after false-positive results in mammographic screening. Cancer 
Med. 2016;5:1298-1306.

 12. Hofvind S, Sagstad S, Sebuodegard S, Chen Y, Roman M, Lee CI. 
Interval breast cancer rates and histopathologic tumor characteristics 
after false-positive findings at mammography in a population-based 
screening program. Radiology. 2018;287:58-67.

 13. Hofvind S, Tsuruda K, Mangerud G, et al. The Norwegian Breast 
Cancer Screening Program, 1996-2016: Celebrating 20 Years of 
Organised Mammographic Screening. https ://www.kreft regis teret.
no/globa lasse ts/cancer-in-norwa y/2016/mammo_cin20 16_speci 
al_issue_web.pdf. Accessed March 5, 2019.

 14. Lovdata Norway. Regulation on the Collection and Processing 
of Data About Health in the Cancer Registry of Norway [in 
Norwegian]. https ://lovda ta.no/dokum ent/SF/forsk rift/2001-12-21-
1477. Accessed March 5, 2019.

 15. Lakhani SR, Ellis IO, Schnitt SJ, Tan PH, van de Vijver MJ, eds. 
WHO Classification of Tumours of the Breast. 4th ed. Lyon, France: 
International Agency for Research on Cancer; 2012.

 16. Dong G, Wang D, Liang X, et al. Factors related to survival rates for 
breast cancer patients. Int J Clin Exp Med. 2014;7:3719-3724.

 17. Hoff SR, Abrahamsen AL, Samset JH, et al. Breast cancer: missed 
interval and screening-detected cancer at full-field digital mammog-
raphy and screen-film mammography—results from a retrospective 
review. Radiology. 2012;264:378-386.

 18. Tosteson ANA, Yang Q, Nelson HD, et al. Second opinion strategies 
in breast pathology: a decision analysis addressing over-treatment, 
under-treatment, and care costs. Breast Cancer Res Treat. 2018;167: 
195-203.

 19. Norwegian Breast Cancer Group. Follow-Up After Treatment of 
Breast Cancer [in Norwegian]. http://www.helse bibli oteket.no/retni 
ngsli njer/bryst kreft/ oppf%C3%B8lgi ng-og-etter kontr oll/kontr ollhy 
ppighet. Accessed March 5, 2019.

 20. Castells X, Tora-Rocamora I, Posso M, et al; BELE Study Group. 
Risk of breast cancer in women with false-positive results according 
to mammographic features. Radiology. 2016;280:379-386.

 21. Rainey L, van der Waal D, Jervaeus A, et al. Are we ready for the 
challenge of implementing risk-based breast cancer screening and pri-
mary prevention? Breast. 2018;39:24-32.

 22. Rainey L, van der Waal D, Wengstrom Y, Jervaeus A, Broeders MJM. 
Women’s perceptions of the adoption of personalised risk-based 
breast cancer screening and primary prevention: a systematic review. 
Acta Oncol. 2018;57:1275-1283.

 23. Hartmann LC, Sellers TA, Frost MH, et al. Benign breast disease and 
the risk of breast cancer. N Engl J Med. 2005;353:229-237.

https://www.kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_cin2016_special_issue_web.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_cin2016_special_issue_web.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_cin2016_special_issue_web.pdf
https://lovdata.no/dokument/SF/forskrift/2001-12-21-1477
https://lovdata.no/dokument/SF/forskrift/2001-12-21-1477
http://www.helsebiblioteket.no/retningslinjer/brystkreft/oppf%C3%B8lging-og-etterkontroll/kontrollhyppighet
http://www.helsebiblioteket.no/retningslinjer/brystkreft/oppf%C3%B8lging-og-etterkontroll/kontrollhyppighet
http://www.helsebiblioteket.no/retningslinjer/brystkreft/oppf%C3%B8lging-og-etterkontroll/kontrollhyppighet

