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Abstract
Background: Breast cancer survivors are increasing followed for new breast cancers 
/ recurrences by mammography screening only. We aimed at assessing how often 
breast cancer survivors get a false positive or false negative result at mammography 
screening.
Methods: All mammography screenings performed between 2007 and 2017 in the 
Danish national mammography screening programme were included. Screenings in 
women with a breast cancer diagnosis prior to invitation were included in the “breast 
cancer survivors” group, while remaining screenings were included in the “no previ-
ous breast cancer” group. We compared the proportion of false positive screenings 
and the proportion of breast cancers detected at screening among breast cancer survi-
vors and women without previous breast cancer. The analyses were further stratified 
according to whether the women had a diagnostic breast imaging in the 21 months 
prior to the screening.
Results: At initial screenings, breast cancer survivors had a significant lower false 
positive risk than other women, while the risk was similar at subsequent screenings. 
Breast cancer survivors had a significant lower proportion of breast cancers detected 
at screening compared to other women. This was true both for women who had a 
diagnostic breast imaging in the 21 months prior to screening and those who did not.
Conclusion: This study shows that breast cancers survivors have a smaller amount 
of their new breast cancers detected at mammography screening, when compare 
to the amount of new breast cancers detected at mammography screening among 
women without previous breast cancer. The lower sensitivity does not seem to be due 
to different behavior among breast cancer survivors.
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1 |  INTRODUCTION

For breast cancer survivors, the annual hazard of a recurrence 
is about 10% during the first 5 years and remains at 2%-5% 
for the following 15 years. The hazard is not negligible for at 
least 24 years.1,2 Given the high risks of recurrences, a high-
quality follow-up programme for breast cancer survivors is 
essential to decrease breast cancer morbidity and mortality.

In a paper from 2013 ESO-MBC (European School of 
Oncology – Metastatic Breast Cancer) Task Force recom-
mended against intensive, routine radiologic or blood-based 
surveillance (with the exception of mammography) in breast 
cancer survivors. Although they also stated that “as systemic 
therapies for MBC continue to improve, this question might 
be re-visited”.3

It is known that mammography screening decreases breast 
cancer mortality in a standard population, by finding breast 
cancers at an earlier stage.4,5 It therefore seems likely that 
mammography screening will also detect new cases and re-
currences in breast cancer survivors at an earlier stage and 
thereby decrease breast cancer mortality.

Several reviews in which there was a high level of overlap-
ping studies, have found that there is better survival among re-
currences detected at mammography than among recurrences 
detected through other methods.6-8 In their 2016 review 
Muradali et al concluded that "organized screening programs 
should reassess their guidelines on surveillance mammog-
raphy and consider including breast cancer survivors".8 All 
reviews though state that further evidence is needed, since 
better survival is biased by length and lead time bias.

Difficulties in interpreting mammograms in breast cancer 
survivors might affect the quality of mammography screen-
ing and thereby decrease the benefit for breast cancer sur-
vivors,9-12 wherefore it is important to monitor how large a 
proportion of recurrences is and new breast cancers that are 
found at mammography screening. There are very little data 
on this among breast cancer survivors and none of these in-
cluded all breast cancer survivors.

It seems likely that the negative psychological impact 
from a false positive mammography13,14 is higher among pre-
vious breast cancer patients than among women without a 
previous breast cancer. Therefore, amongst previously breast 
cancer operated women it is even more necessary than in the 
general screening population to keep the percentage of false 
positive as low as possible but still keeping a high detection 
rate.

This study estimates how often breast cancer survivors at-
tending mammography screening receive a false positive re-
sults and how often their recurrences and new breast cancers 
are detected at mammography screening. To investigate the 
impact of previous diagnostic breast imagings, we also strat-
ified by whether the women recently had a diagnostic breast 
imaging or not.

2 |  MATERIAL AND METHODS

2.1 | Setting

In February 2015 the national board of health in Denmark 
published a new follow-up programme for breast can-
cer, stating that breast cancer survivors aged 50-79 years 
who had mastectomy should have biennial mammography 
screening as the only routine follow-up. Breast cancer sur-
vivors aged 50-79 years who had lumpectomy should have 
a diagnostic mammography including breast palpation and 
ultrasound examination 18 months after the operation and 
thereafter biennial mammography screening as the only 
follow-up unless less being the carrier of a risk increas-
ing gene mutation.15,16 Prior to 2015, the Danish guidelines 
from 2004, 2010 and 2012 recommended that breast cancer 
survivors had a clinical breast examination at least every 
6  months for 5  years and thereafter every 12  months for 
5 years.17-19 The 2012 guidelines recommended that low-
risk patients could stop being followed with clinical breast 
examinations after 3 years. The 2004 and 2010 guidelines 
recommended that breast cancer survivors had mammog-
raphy and eventual ultrasound every second year, although 
the 2004 guidelines recommended annual mammography 
to all breast cancer survivors who had lumpectomy. In the 
2012 guidelines breast cancer survivors who had mastec-
tomy were recommended to have biennial mammogra-
phy screening whereas breast cancer survivors who had 
lumpectomy were recommended a diagnostic mammogra-
phy 18  months after the operation, followed by biennial 
mammography, and eventually mammography screening.

Nationwide mammography screening started in 2007 in 
Denmark, with full coverage by 2010. All women aged 50-69 are 
invited every second year to mammography screening, unless 
the women who actively opted out. Screening and subsequent 
assessment and treatment are offered free of charge. The screen-
ing programme is managed by the five Danish regions accord-
ing to the national guidelines20 and the quality of the program is 
monitored in the Danish Quality Database for Mammography 
Screening.21 Double reading were used in all regions and no re-
gion used Computer Assisted Detection systems.22

MESSAGE
• Breast cancer survivors have a similar or slightly 

lower risk of a false positive mammography 
screening than other women.

• Breast cancer survivors have 30%-40% less of their 
recurrences and new breast cancers discovered at 
mammography screening than other women.
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2.2 | Study population

This study included all mammography screening examinations 
from the Danish national mammography screening programme, 
performed from the start of the national mammography screen-
ing programme in 2007 until 31/12-2014. Screening mammog-
raphies in women who had a breast cancer diagnosis at least a 
year before the invitation to this screening were included in the 
group “breast cancer survivors” whereas the remaining screen-
ings were included in the group of “no previous breast cancer”.

2.3 | Data

Data on previous breast cancers were retrieved from the Danish 
National Cancer Register. The register includes data on cancers 
from 1943 and has been shown to have a high degree of com-
pleteness.23 Information on invitations, participation, whether 
the screening was positive or negative, number of screen-de-
tected cases, and number of interval cancers were retrieved from 
the Danish Quality Database for Mammography Screening.24 
The Danish Quality Database for Mammography Screening re-
trieved the data on participation, whether the screening was pos-
itive or negative, number of screen-detected cases and number 
of interval cancers from the Danish National Patient Register, 
and the Danish National Pathology Register.25,26 The registers 
were linked using the Danish personal identification numbers 
(CPR numbers). Information about diagnostic breast imagings 
were retrieved from the Danish National Patient Register and 
included the following procedures: Diagnostic mammography, 
Diagnostic Mamma tomosynthesis, ultrasound investigation of 
mamma, MR scanning of mamma, Diagnostic MR scanning of 
mamma and Needle biopsy of breast.

2.4 | Definitions

A screen-detected case was defined as an invasive cancer or 
ductal carcinoma in situ that was diagnosed within 6 months 
of a positive screening. An interval cancer was defined as 
an invasive cancer that was diagnosed between a negative 
screening and the next screening/ 2  years (whatever came 
first) or diagnosed more than 6  months after a positive 
screening but before the next screening/ 2 years (whatever 
came first). A false positive test was defined as a positive 
screening that did not result in a screen-detected case.

2.5 | Analyses

We compared the proportion of false positive screenings 
among breast cancer survivors and women with no previous 
breast cancer.

All breast cancers diagnosed in breast cancer survivors, 
ie, both recurrences and new breast cancers were included 
in the analyses. Breast cancer survivors have a larger risk of 
getting a breast cancer than women who have never had a 
breast cancer diagnosis before. Due to this, the detection rate 
(number of breast cancers detected at mammography screen-
ing per screened woman) as well as the interval cancer rate 
(number of interval cancers per screened woman) might be 
higher among breast cancer survivors than among the general 
population, even though mammography screening is as effi-
cient for breast cancer survivors as for the general population. 
A comparison of these numbers will therefore not necessarily 
tell whether breast cancer screening is as beneficial to breast 
cancer survivors as to the general population. The proportion 
of screen-detected cancers and interval cancers that are de-
tected at screening give an estimate of the sensitivity ie, the 
odds of having the breast cancer detected at screening given 
that you have breast cancer. A low sensitivity tells that many 
breast cancers are not found at screening, ie, the screening is 
not that efficient or a large amount of the cancers are very 
fast growing. Sensitivity is not affected by the total number of 
cancers in the population, wherefore we used this measure to 
compare whether mammography screening is as efficient in 
breast cancer survivors as in women without previous breast 
cancer diagnoses.

Women who are going for regular follow-up outside the 
screening programme will have a clinical breast examina-
tion and/or a diagnostic mammography 0-2 years after the 
screening. Breast cancers detected at this clinical breast 
examination or mammography will according to our defi-
nitions be classified as interval cancers, wherefore the sen-
sitivity will be lower. We do not know if a woman is going 
for regular follow-up or not, but we known if a women 
has had diagnostic mammography, diagnostic mamma 
tomosynthesis, ultrasound investigation of mamma, MR-
scanning of mamma, diagnostic MR-scanning of mamma 
or needle biopsy of breast. As women going for regular 
follow-up will very likely undergo at least one of these 
procedures during a period of 2 years, we used these pro-
cedures as a proxy for “regular follow-up”. To avoid con-
tamination with diagnostic breast imaging procedures at 
the previous mammography screening app 2 years ago, we 
only looked at breast imaging procedures during a period 
of 21  months prior to the mammography screening. We 
therefore included women who had at least one of these 
procedures 0-21 months prior to the screening in a “with 
diagnostic breast imaging” group, whereas women without 
any of these procedures 0-21 months prior to the screen-
ing were included in a “without diagnostic breast imaging” 
group. We stratified our analyses according to whether 
women had a diagnostic breast imaging in 21 months prior 
to the mammography screening, to investigate whether this 
influences the sensitivity.
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3 |  RESULTS

We included 1 730 962 screenings of women with no previ-
ous breast cancer diagnoses and 31 078 screening of breast 
cancer survivors (Table 1). As expected due to an increased 
breast cancer risk among survivors, the breast cancer de-
tection rate was higher among breast cancer survivors than 
among women with no previous breast cancer diagnoses. 
Breast cancer survivors were in general older and had a 
slightly higher proportion of their interval cancers detected 
in the first year after screening.

3.1 | False positive risk

At initial screenings, women without previous breast can-
cer diagnoses had a false positive risk of 2.7%, whereas 
breast cancer survivors had a significant lower risk of 2.0% 
(Table 2). The false positive risk was quite similar for all 
groups of “years since last breast cancer diagnosis”. At 
subsequent screening, both women without previous breast 
cancer diagnoses and breast cancer survivors had a false 
positive risk of 1.6%. Again the false positive risk was 
quite similar for all groups of “years since last breast can-
cer diagnosis”.

3.2 | Sensitivity

Women without previous breast cancer diagnoses attending 
their initial screenings had 6040 cancers detected at mam-
mography screening and 1434 interval cancers, giving a 
sensitivity of 80.8% (Table 3). Breast cancer survivors at-
tending their initial screening had 182 cancers detected at 
mammography screening and 171 interval cancers, giving a 
sensitivity of 51.6%. The sensitivity was significantly lower 

among breast cancer survivors than among women without 
previous breast cancer diagnoses (RR: 0.64 [0.58-0.71]). 
The sensitivity was significantly lower as long as 1 year had 
passed since the breast cancer diagnosis. Among women at-
tending their subsequent screening the sensitivity was also 
significantly lower for breast cancer survivors compared 
to women without previous breast cancer diagnoses (RR: 
0.62 [0.54-0.68]). Again the sensitivity was significantly 
lower as long as 1 year had passed since the breast cancer 
diagnosis.

Among women with a diagnostic breast imaging in 
the last 21  months attending their initial screening, the 
sensitivity was 56.4% for women with no previous breast 
cancer and 33.3% for breast cancer survivors (Table  4). 
The sensitivity among breast cancer survivors was sig-
nificantly lower than the sensitivity among women with-
out a previous breast cancer (RR: 0.59 [0.43-0.82]. When 
looking at subsequent screenings, the sensitivity was also 
significantly lower among breast cancer survivors than 
among women without a previous breast cancer (RR: 0.31 
[0.19-0.48].

Women who did not have a diagnostic breast imaging 
in the last 21  months had higher sensitivity both among 
women without a previous breast cancer as well as among 
breast cancer survivors (Table 4). As among women who 
had a diagnostic breast imaging in the last 21 months, the 
sensitivity was significantly lower for breast cancer survi-
vors compared to women without previous breast cancer 
diagnoses.

4 |  DISCUSSION

This study showed that even though the detection rate is 
higher, breast cancer survivors had 30%-40% less of their 
new breast cancers detected by mammography screening 

T A B L E  1  Age, detection rate and number of interval cancers in first and second year for breast cancer survivors and women without previous 
breast cancer diagnoses 

No previous breast cancer diagnoses Breast cancer survivors

÷
examination1 
0-21 mo

+ examination1  
0-21 mo All

÷
examination1  
0-21 mo

+ examination1  
0-21 mo All

Age (average) 59.5 58.1 59.5 62.9 61.7 62.7

Detection rate 0.70% 
(n = 1 705 402)

1.10% 
(n = 25 560)

0.71% 
(n = 1 730 962)

1.30% 
(n = 27 408)

1.12% 
(n = 3670)

1.28% 
(n = 31 078)

Interval cancer [0-12[ 
mo after screening

1201 (34.1%) 66 (37.1%) 1267 (34.3%) 129 (39.9%) 45 (40.9%) 174 (40.1%)

Interval cancer [12-
24[mo after screening

2317 (65.9%) 112 (62.9%) 2429 (65.7%) 195 (60.2%) 65 (59.1%) 260 (59.9%)

1Diagnostic breast imaging. 
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compared to women without previous breast cancer diagno-
ses. Whereas out of 81% breast cancers found at initial mam-
mography screening of women without a previous breast 
cancer only 52% of breast cancers were found at initial mam-
mography screening of breast cancer survivors. At subse-
quent screening 73% of new breast cancers were detected at 
mammography screening of women without previous breast 
cancer diagnoses and 45% of breast cancers were detected at 
mammography screening of breast cancer survivors. A sig-
nificant difference was found both for women who had a di-
agnostic breast imaging 0-21 months prior to mammography 
screening as well as for women without such a diagnostic 
breast imaging.

4.1 | Strengths and weaknesses

The major strength of this study is the large number of 
breast cancer survivors and screenings, as well as the fact 
that all information was obtained taken from high-quality 
registers.

Interval cancers are defined as invasive cancers that were 
diagnosed from 0 to 24 months after a negative screening or 
diagnosed 6-24  months after a positive screening. Screen-
detected cases were defined as invasive cancers and ductal 
carcinoma in situ that was diagnosed within 6 months of a 
positive screening. If the assessment after a positive screen-
ing takes close to or more than 6 months, this definition could 

T A B L E  2  Proportions of screenings with a false positive result and relative risk (RR) of a false positive test for breast cancer survivors 
compared to women with no previous breast cancer according to years since last breast cancer diagnosis with 95% confidence intervals (CI)

Initial mammography screening Subsequent mammography screening

False positive  
proportion RR (95% CI)

False positive  
proportion RR (95% CI)

No previous breast cancer 2.7% (19231/719238) 1.00 1.6% (16671/1011784) 1.00

Years since last breast cancer diagnosis

0-1 y 2.1% (3/144) 0,78 (0.25-2.39) 1.3% (2/153) 0.79 (0.20-3.14)

1-2 y 2.5% (16/628) 0,95 (0.59-1.55) 1.9% (20/1051) 1.15 (0.82-1.95)

2-4 y 1.7% (19/1095) 0,65 (0.42-1.01) 1.7% (42/2497) 1.02 (0.76-1.38)

4-6 y 1.4% (23/1654) 0,52 (0.35-0.78) 1.5% (27/1797) 0.91 (0.63-1.33)

6-10 y 2.1% (73/3479) 0,78 (0.63-0,99) 1.3% (29/2150) 0.82 (0.57-1.18)

>10 y 2.1% (159/7398) 0,80 (0.69-0.94) 1.7% (152/8972) 1.03 (0.88-1.20)

All previous 2.0% (293/14398) 0.76 (0.68-0.85) 1.6% (272/16620) 0.99 (0.88-1.12)

>4 y 2.0% (255/12531) 0.76 (0.67-0.86) 1.6% (208/12919) 0.98 (0.85-1.12)

T A B L E  3  Screen-detected cancers out of all cancers (SD/(IC + SD)) and relative risk (RR) of getting a breast cancer detected at 
mammography screening for breast cancer survivors compared to women with no previous breast cancer according to years since last breast cancer 
diagnosis with 95% confidence intervals (CI)

Initial mammography screening Subsequent mammography screening

Proportion of screen-
detected cancers  
SD/(IC + SD)) RR (95% CI)

Proportion of screen-
detected cancers  
SD/(IC + SD)) RR (95% CI)

No previous breast cancer 80.8% (6040/7474) 1.00 73.2% (6172/8436) 1.00

Years since last breast cancer diagnosis

0-1 y 50.0% (7/14) 0.62 (0.37-1.04) 57.9% (11/19) 0.79 (0.54-1.16)

1-2 y 8.3% (1/12) 0.10 (0.02-0.67) 23.1% (6/26) 0.32 (0.16-0.64)

2-4 y 35.7% (10/28) 0.44 (0.27-0.73) 30.8% (16/52) 0.42 (0.28-0.63)

4-6 y 36.0% (9/25) 0.45 (0.26-0.75) 43.6% (17/39) 0.60 (0.42-0.85)

6-10 y 50.7% (36/71) 0.63 (0.50-0.79) 38.7% (24/62) 0.53 (0.39-0.72)

>10 y 58.6% (119/203) 0.73 (0.65-0.81) 50.9% (142/279) 0.70 (0.62-0.78)

All previous 51.6% (182/353) 0.64 (0.58-0.71) 45.3% (216/477) 0.62 (0.54-0.68)

>4 y 54.8% (164/299) 0.68 (0.61-0.75) 48.2% (183/380) 0.66 (0.59-0.73)
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have led to screen-detected cases being diagnosed as interval 
cancers. Similarly interval cancers occurring quickly after 
a false positive test can lead to interval cancers being diag-
nosed as screen-detected cancers. To quantify this problem, 
we compared data from 2008 to 2011 in one of the Danish 
regions (The Capital Region) with data from DKMS (data 
used in this study). The data from the Capital Region in-
cluded information on screen-detected cases as well as in-
terval cancers provided by the radiologists. This comparison 
revealed that among 1619 interval cancers three interval can-
cers might have been falsely defined as screen-detected in 
DKMS. Among 2143 screen-detected cancers one was prob-
ably falsely defined as interval cancer in DKMS. These very 
low numbers of misclassification may not have affected our 
results.

All women were followed for interval cancer 24 months 
after the screening unless they died or emigrated in this 
period. Given that breast cancer survivors have a higher 
risk of dying than women without a previous breast cancer 

diagnosis the follow-up time for breast cancer survivors is 
slightly lower than that of the follow-up time for women 
without a previous breast cancer diagnosis. The difference 
in sensitivity between the two groups is therefore slightly 
underestimated.

Our group of breast cancer survivors is older than the 
group of women with no previous breast cancer diagnoses. 
As younger women are more likely to have dense breasts 
and mammography works best in fatty breasts, the found dif-
ference in sensitivity between these two groups is probably 
underestimated.

Most women who go for regular follow-up outside 
the screening programme will have a clinical breast ex-
amination and/or a diagnostic mammography 0-2  years 
after the screening. Breast cancers detected at this clin-
ical breast examination or mammography will accord-
ing to our definitions be classified as interval cancers, 
wherefore the sensitivity will be lower. We do not 
know whether a woman is going for regular follow-up 

T A B L E  4  Screen-detected cancers out of all (SD/(IC + SD)) among women with/without a diagnostic breast imaging in the last 21 months 
and relative risk (RR) of getting a breast cancer detected at mammography screening for breast cancer survivors compared to women with no 
previous breast cancer according to years since last breast cancer diagnosis with 95% confidence intervals (CI) 

Initial mammography screening Subsequent mammography screening

Proportion of screen-
detected cancers  
SD/(IC + SD)) RR (95% CI)

Proportion of screen-
detected cancers  
SD/(IC + SD)) RR (95% CI)

Diagnostic breast imaging in the last 21 months

No previous breast cancer 56.4% (124/220) 1.00 65.4% (157/240) 1.00

Years since last breast cancer diagnosis

0-1 y 36.4% (4/11) 0.65 (0.29-1.42) 30.0% (3/10) 0.46 (0.18-1.19)

1-2 y 0.0% (0/9) - 18.2% (4/22) 0.28 (0.11-0.68)

2-4 y 15.4% (2/13) 0.27 (0.08-0.98) 18.2% (2/11) 0.28 (0.08-0.98)

4-6 y 28.6% (2/7) 0.51 (0.16-1.64) 25.0% (1/4) 0.38 (0.07-2.10)

6-10 y 64.3% (9/14) 1.14 (0.76-1.71) 12.5 (1/8) 0.19 (0.03-1.20)

>10 y 37.0% (10/27) 0.66 (0.40-1.09) 21.4% (3/14) 0.33 (0.12-0.90)

All previous 33.3% (27/81) 0.59 (0.43-0.82) 20.3% (14/69) 0.31 (0.19-0.48)

>4 y 43.8% (21/48) 0.78 (0.55-1.09) 19.2% (5/26) 0.29 (0.19-0.50)

No diagnostic breast imaging in the last 21 months

No previous breast cancer 81.6% (5916/7254) 1.00 73.4% (6015/8196) 1.00

Years since last breast cancer diagnosis

0-1 y 100.0% (3/3) - 88.9% (8/9) 1.21 (0.96-1.53)

1-2 y 33.3% (1/3) 0.41 (0.08-2.03) 50.0% (2/4) 0.68 (0.26-1.82)

2-4 y 53.3% (8/15) 0.65 (0.41-1.05) 34.1% (14/41) 0.47 (0.30-1.71)

4-6 y 38.9% (7/18) 0.48 (0.27-0.85) 45.7% (16/35) 0.62 (0.43-0.90)

6-10 y 47.4% (27/57) 0.58 (0.44-0.76) 42.6% (23/54) 0.58 (0.43-0.79)

>10 y 61.9% (109/176) 0.76 (0.68-0.85) 52.5% (139/265) 0.71 (0.64-0.80)

All previous 57.0% (155/272) 0.70 (0.63-0.78) 49.5% (202/408) 0.67 (0.61-0.74)

>4 y 57.0% (143/251) 0.70 (0.63-0.78) 50.3% (178/354) 0.69 (0.62-0.76)
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outside the screening programme. We do though know 
whether or not a woman had a diagnostic breast imag-
ing 0-21 months prior to the screening, which would be 
the case for most women going for regular follow-up. 
As we found a significant lower sensitivity both for 
women with and without a diagnostic breast imaging 
0-21 months prior to the screening, it seems unlikely that 
the lower sensitivity among breast cancer survivors can 
be explained by their participation in regular follow-up. 
The fact that we also found a significant lower sensitivity 
among women who had their latest breast cancer more 
than 10 years ago further strengthens this, since women 
have never previously been recommended follow-up for 
more than 10 years.

4.2 | Previous studies

Lee et al looked at risk of interval cancers up to 5 years after 
primary breast cancer in a cohort of breast cancer survivors 
diagnosed with DCIS or stage 0-II unilateral breast can-
cer in the Breast Cancer Surveillance Consortium (US).27 
Based on their reported numbers of screen-detected cases 
and interval cancers their sensitivity was 73.7% among 
breast cancer survivors aged 50-69  years. In another 
study of breast cancer survivors diagnosed with DCIS or 
stage 0-II breast cancer in the Breast Cancer Surveillance 
Consortium, Houssami et al looked at screen-detected and 
interval cancers up to more than 10 years after the previous 
breast cancer diagnosis for women of any age.28 They also 
only looked at interval cancers occurring up to 12 months 
after the mammography screening, and found that the pro-
portion of screen-detected cancers out of all cancers (SD/
(IC + SD) was 65.4% for breast cancer survivors and 76.5 
for women without previous breast cancer diagnoses. Both 
studies estimated sensitivity among breast cancer survi-
vors to be quite higher than our estimated sensitivity, as 
these studies only included interval cancers occurring up 
to 12  months after mammography screening. If we only 
included interval cancers occurring up to 12 months after 
mammography screening our estimated sensitivity for 
breast cancer survivors would be 72.2% for initial screen-
ings and 67.9% for subsequent screenings.

In a study from the Netherlands Lu et al looked at 5495 
patients of any age with primary ipsilateral breast cancer di-
agnosed in four hospitals in the North Netherland.29 They 
estimated sensitivity to be 59.6% among all patients. This is 
a bit higher than our sensitivity as they only included inter-
val cancers occurring before the next scheduled follow-up 
appointment.

The study by Houssami et al was the only study that 
reported data from which it was possible to calculate 
the false positive risk.28 The false positive risk in the 

Houssami et al study was 1.7% among breast cancer sur-
vivors (with a previous DCIS or stage I + II cancer) and 
1.0% among women without a previous breast cancer. 
This is different from our findings, showing that breast 
cancer survivors had a smaller or similar false positive 
risk compared to women without a previous breast can-
cer. The discrepancy might be due to Houssami et al only 
including women who previously had a DCIS or Stage 
I and II cancer or the fact that the data in the study by 
Houssami et al come from older screenings done between 
1996 and 2007, where eg, digital mammography was not 
that common.

As also stated in the article by Houssami et al there can be 
several reasons for the lower sensitivity among breast cancer 
survivors compared to women without previous breast can-
cer diagnoses.28 Breast cancer survivors might have a larger 
risk of getting breast cancers that are less likely to be de-
tected with mammography screening. Secondly, breast can-
cer survivors might be more aware and seek help promptly 
when experiencing breast symptoms and thirdly some in-
terval cancers may be due to adjunct follow-up occurring in 
between mammography screenings. Our study showed that 
breast cancer survivors have 30%-40% less of their breast 
cancers detected at screening mammography compared to 
women without previous breast cancer diagnoses. This was 
similar both for women who had a diagnostic breast imag-
ing 0-21  months prior to mammography screening as well 
as among those who did not have such an examination. It 
therefore does not seem likely that the difference between 
breast cancer survivors and women without previous breast 
cancer diagnoses can be explained by whether or not they 
had adjunct follow-up in between mammography screenings. 
It neither seems likely that more breast awareness can explain 
the difference.

In a recent study from South Korea of 188 breast cancer 
survivors aged 21-79 years with a recurrence and a surveil-
lance mammography within 1 year before the recurrence, 
Yeom et al reported that among the cancers that were not 
detected by mammography, 43% were due to cancer being 
obscured by dense breast tissue and 16% were due to the 
cancer being obscured by postoperative scar.30 Although 
our population of breast cancer survivors is older than the 
Yeom et al study population, it still seems likely that some 
of the lower sensitivity in our group of breast cancer sur-
vivors can also be explained by cancers being obscured by 
postoperative or irradiation scars. As we do not have data 
on breast density, we do not know how much of the lower 
sensitivity among breast cancer survivors can be explained 
by higher breast density among breast cancer survivors. If 
higher breast density among breast cancer survivors ex-
plains part of the lower sensitivity among breast cancer 
survivors then tomosynthesis or ultrasound could be valu-
able examinations.31
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5 |  CONCLUSION

This study showed that breast cancer survivors have 30%-
40% less of their breast cancers discovered by mammogra-
phy screening compared to women without previous breast 
cancer diagnoses. The lower sensitivity does not seem to be 
due to different behavior among breast cancer survivors, 
but some of it can probably be explained by cancers being 
obscured by postoperative or irradiation scars. To achieve 
a reasonable sensitivity among breast cancer survivors a 
lower screening interval or other examinations should be 
investigated.
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