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General introduction and outline of the thesis

General introduction
Breast cancer epidemiology
Currently, breast cancer still is the single most frequent and deadly cancer among
women. According to the World Health Organisation (WHO) breast cancer impacted
about 2.1 million women worldwide in 2018 and in that year approximately
627,000 women died due to breast cancer, which is about 15% of all cancer related
deaths in women.1 In 2019 a total of 14,994 women were diagnosed with invasive
breast cancer in the Netherlands. Over three‐thousand Dutch women die from breast
cancer each year and one of every eight women will develop breast cancer at some
point in her life.2

Dutch screening programme
As in almost all countries with modern and developed health care systems, a nation‐
wide screening programme was introduced in the Netherlands; this was done region
by region between 1989 and 1995. Initially women aged 50‐70 years were invited, but
in 1998 the upper age‐limit was extended to 75 years of age. In the Southern region of
the Netherlands breast cancer screening has been fully functional since 1995. Women
are invited to visit a mammography screening unit once every two years. This
invitation is accompanied by information on screening and its advantages and
disadvantages. In this way, women can make a well informed decision on participating
in screening. In the Netherlands, screening takes place in 69 screening units, of which
59 are mobile and 10 fixed. In our studies, screens from three mobile and one fixed
unit are included. At each screen standard two views, MLO (mediolateral‐oblique) and
CC (craniocaudal), of both breasts are obtained. Mammograms are evaluated by two
certified screening radiologists who read the examinations independently of each
other. Until 2015 all discrepant readings were referred routinely. From 2015 onwards,
in case of a discrepant reading between the two radiologists, arbitration by a third
screen radiologist is decisive.3,4 Within two weeks after the screening procedures,
both the general practitioner and the screened women receive their screening results
per mail. The general practitioner receives the results several days earlier than the
screened woman. In this manner, general practitioners are given the opportunity to
call the screened person and explain the results beforehand, especially in case of a
referral. Results are given according to the BI‐RADS (Breast Imaging Reporting and
Data System)5, with only the categories BI‐RADS 0,1,2,4 and 5 used in the Dutch
screening programme. BI‐RADS 1 and 2 are interpreted as benign, no signs of
malignancy, while in BI‐RADS 4 and 5 a malignancy is suspected and the patient is
referred to the hospital for further clinical evaluation and diagnostics. BI‐RADS 0 is
used at screening for a low suspicious but indefinite lesion, and before 2017 these
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women were also referred to the breast unit of a hospital. After the results of the
MASS‐trial6, women with a BI‐RADS‐0 referral are referred to a radiological
department for further imaging, without first being referred to the surgical‐oncology
department (Table 1.1).
Table 1.1

BI‐RADS‐score in the Dutch screening programme.

BI‐RADS‐score Explanation
0
Mammogram provides
insufficient information for
definite judgement.
1
Normal mammogram
2
Benign findings
3
Not used at screening
4
Suspicious abnormality, but
not classical for malignancy
5
Highly suspicious for
malignancy.
6
Histologically proven
malignancy, not used at
screening

Risk of malignancy
‐
0%
0%
0% ‐ ≤ 2%
2% ‐ 95%
≥95%
100%

Referral
Yes, to the radiological
department for further
diagnostic imaging*
No
No
‐
Yes, to the hospital for clinical
evaluation and further imaging
Yes, to the hospital for clinical
evaluation and further imaging
‐

* Before 2017, BI‐RADS 0 referrals were all sent to the surgical department for clinical evaluation and
further imaging.

Women with a positive screening result are referred by their own general practitioner.
Women whose screening outcome is “normal” or “benign” are cautioned in the mail
with the screen results that screening does not give a 100% certainty that the
presence of breast cancer has been ruled out and they are strongly recommended to
visit their general practitioner when they develop breast symptoms. Quality assurance
is performed by the Dutch Expert Centre for Screening (Landelijk Referentiecentrum
voor bevolkingsonderzoek op Borstkanker, LRCB).

Database
The year 1995, when breast cancer screening in the Netherlands was fully
implemented, was also the starting point for an extensive data base created by one of
the screening radiologists (Lucien Duijm). This radiologist and several radiology
residents collect the data from the screening organization and they visit yearly the
regional hospitals to obtain the follow up results. They also collect data on interval
cancers. Interval cancers are cancers detected within two years after a negative
screen, i.e. no referral, and before the next scheduled biennial screen. The collection
of interval cancers has been described in detail by Klompenhouwer et al..3,7 In
summary, most of the interval cancers were traced by linkage to the screening records
of the regional cancer registry (Dutch Comprehensive Cancer Organization, IKNL). In
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addition we looked at (A) radiotherapy reports received from regional radiotherapy
institutes from women receiving radiotherapy for breast cancer and who participated
in breast cancer screening. (B) Pathology reports of women after a regional hospital
requested the screening mammograms of a woman who had not been referred by
previous screening. (C) Pathology reports of women who cancelled screening
mammography because breast cancer was diagnosed after a previous negative screen
mammography. (D) Reports of detected interval cancers to the screening centre by
medical specialists or general practitioners.
Thus, a unique database was created, which contains information on patient
characteristics (age, prior surgery, family history) and screening history (screening
date, prior rounds, screen‐film vs. digital screening, reading strategy at screening).
Data on the breast density of women referred at screening mammography and the
type of the mammographic abnormality, for which a woman is referred, is recorded
(e.g., calcification, mass, architectural distortion). Data on additional breast radiology
and biopsy procedures after referral and details on surgical treatment are collected as
well. Histologic characteristics of breast cancers (including ductal carcinoma in situ
(DCIS) versus invasive cancer, histological subtypes of invasive cancers, receptor
status, histologic grading) and data on tumour stage at presentation is registered
(tumour size, multifocality, multicentricity, bilateral tumours, axillary stage). In case of
an interval cancer, the previous screening mammograms were retrospectively
assessed by two experienced screening radiologists (Lucien Duijm, Frits Jansen) in an
independent fashion and were classified as missed (visible on prior screening
mammogram, referral indicated), minimal sign (barely visible at the latest screening
mammogram, with no indication for referral) or mammographically occult (not
visible). Women participating in the screening programme were offered the option to
opt out of the use of their data for quality assessment and scientific purposes. Three
recalled women refrained from giving permission and were excluded from analyses.

Interval cancers and quality assurance
The majority of breast cancers in women participating in a biennial screening
programme are detected through screening. However, about 25% of breast cancers
detected in this population are diagnosed between two consecutive screening rounds
following a negative screening examination.8–10 Those 25% are called interval cancers.
According to the European guidelines for quality assurance in breast cancer screening
and diagnosis11, interval cancers are defined as “primary breast cancers that are
diagnosed in women after a screening examination which has yielded a negative
result, defined as no recommendation for referral or negative further assessment
after referral, and before any subsequent screen is performed or within a time period
equal to the screening interval (2 years)”.11 In other words, interval cancers are the
malignancies that are not detected by screening, and therefore they are very
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interesting from a screening point of view. In an ideal screening situation all breast
cancers are detected at screening and there will be no interval cancers. Many efforts
are taken in breast cancer screening programmes to lower the interval cancer rate
(ICR) as much as possible. This rate is considered as one of the most important quality
indicators of screening, and interval cancers are therefore actively registered. The
sensitivity of a screening programme can be determined accurately, only with a
complete registry of interval cancers. In the Netherlands, a total of 2,222 women were
diagnosed with interval cancer in 2015 (2.2 per 1000 screened women) and there
were 7,081 screen‐detected breast cancers (6.9 per 1000 screened women).12 This
leads to a programme sensitivity of 76.1% and this percentage has been stable over
the last five years (range 75.0%‐76.6%). The Dutch screening programme has an
attendance rate of 76.6% of invited women, with a referral rate of 2.2 per
1000 screened women and a positive predictive value (PPV) of 29%.13
Optimizing breast cancer screening is finding a balance between detecting as many
tumours as possible while minimizing the number of false positive referrals and
(invasive) diagnostics. A false positive referral (no diagnosis of breast cancer after
referral) can give unnecessary psychological strain and may affect the willingness of a
woman to participate in future screening rounds.14 Therefore, besides the ICR, the
false positive referral rate is another indicator for screening quality (referral rate
minus screen‐detected cancers). Another important factor in breast cancer screening
is overdiagnosis. Screening is able to detect very small tumours and premalignant
lesions, but not all of these lesions will become symptomatic before the patient dies
from a not breast cancer related problem. Therefore, it is important to find the
potentially lethal breast cancers at an early stage, without too much overdiagnosis
and overtreatment of breast cancers that would otherwise never have become
symptomatic.

Characteristics of interval cancers
Interval cancers are generally larger than screen‐detected cancers and they more
frequently show lymph node involvement.15–23 Also, interval cancers show less
favourable pathological characteristics, including a higher tumour grade at detection,
larger rates of angio‐invasion and a higher proportion of oestrogen‐receptor negative
tumours and also a higher proportion of triple‐negative breast cancers.24,25 Therefore,
interval cancers have proven to have a worse disease‐free and overall survival
compared to screen‐detected cancers26, stressing the importance of reducing the
number of interval cancers as much as possible.
The goal of any cancer screening programme is to achieve the highest possible
sensitivity for the detection of a given type of cancer at an early stage. Interval
cancers are used as an indicator for the quality and the effectiveness of the
programme and used to determine the programme sensitivity (proportion of interval
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cancers compared to screen‐detected cancers). Therefore, review of interval cancers
should be part of the quality assurance of mammography screening.11

Digital mammography and interval cancer
In 2009 ‐2010, full‐film digital mammography (FFDM) gradually replaced screen‐film
mammography (SFM) in our screening region. This transition was not only performed
in the Netherlands but also in many other screening regions worldwide.27,28 Many
studies show a higher cancer detection rate (CDR), especially of low grade invasive
cancers and low and intermediate grade ductal carcinoma in situ (DCIS).29–32 A study
performed in our screen region showed an increase in detection of high grade DCIS
and low to intermediate grade invasive tumours.33 The early detection and thus early
removal of high grade DCIS, before it becomes high grade invasive breast cancer,
should hypothetically be visible by a reduction of high grade interval cancers after the
introduction of FFDM. If this is the case, FFDM should increase the programme
sensitivity of breast cancer screening due to an increase in CDR and a decrease of
(ICR).

Bilateral breast cancer in breast cancer screening
A subgroup of patients diagnosed with breast cancer has synchronous bilateral breast
cancer. Synchronous bilateral breast cancer is generally defined as breast cancer
diagnosed in the contralateral breast within 3 months after the initially diagnosed
breast cancer.34,35 About 0.7‐2.3% of symptomatic patients have synchronous bilateral
breast cancer35‐37 and synchronous bilateral breast cancer may be diagnosed in up to
2.2% of asymptomatic, screened women.34 Literature shows more favourable tumour
characteristics of bilateral breast cancer compared to unilateral breast cancer,
however this is mostly due to the smaller size of the secondary (non‐index)
tumour.34,36,38 When looking at overall survival, patients with synchronous bilateral
breast cancer show a worse prognosis compared to those with unilateral breast
cancer.39‐43 In these studies, the tumour with the most advanced stage at detection is
considered as the index tumour and the other tumour as the contralateral, non‐index
tumour. The worse prognosis of women with bilateral breast cancer stresses the
importance of detecting bilateral disease as soon as possible, preferably at screening.
In this way, the most optimal treatment strategy can be chosen by the
multidisciplinary team.

The scope of this thesis
As mentioned earlier, an extensive data registry has been created by one of the
screening radiologists in the screening region of the South of the Netherlands. This
collection provides a unique opportunity to study the changes that have occurred in
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breast cancer screening in the Netherlands. For example, in the period covered by the
data collection there was a transition from screen‐film mammography (SFM) to full
field digital mammography (FFDM). Data on all women who participated in breast
cancer screening and had no problem with the use of their data for research
purposes, was collected. In our studies we used data collected in the period from
January 1, 2000 up to January 1, 2015.
We used data on patient characteristics, tumour characteristics of interval and screen‐
detected cancers, type of surgical treatment and characteristics on mammographic
appearance of breast cancers. All variables used for the studies in this thesis are
presented in Table 1.2.
Table 1.2

Data recorded in this thesis.

Patient Characteristics
Screening mammogram
Overall screening outcome
Clinical work‐up
Histopathologic characteristics of screen‐
detected cancers and interval cancers
Tumour Stage
Details on neo‐adjuvant therapy and
surgery

Additional data recorded for interval
cancers

Age, prior surgery, family history of breast cancer, prior
hormonal replacement therapy
SFM or FFDM, screening round, breast density of referred
women, names of readers, type of finding at screening
mammogram (e.g. calcifications, mass)
Recall rate, CDR, PPV of recall, false positive recall rate, PPV of
biopsy
Clinical breast imaging findings, type of biopsy
DCIS or invasive cancer, histological subtype of invasive
cancers (e.g. ductal, lobular), angio‐invasion, hormone
receptor status (ER, PR), Her2‐Neu expression, and , grading of
DCIS and invasive cancers
Tumour size, TN(M) stage
Type of neo‐adjuvant treatment, type of surgery (breast
conserving surgery or mastectomy), volume of surgical
resection specimen and tumour involvement of resection
margins, histopathology of sentinel node procedures and
axillary dissections), type of localisation procedure (wire or I‐
125‐seed localisation)
Time between detection of interval cancer and most recent
screening mammogram, visibility of interval cancer at latest
screening mammogram (missed, minimal sign or occult),type
of finding at screening mammogram and clinical mammogram

SFM: screen‐film mammography, FFDM: full‐field mammography, CDR: cancer detection rate, PPV: positive
predictive value, DCIS: ductal carcinoma in‐situ.

This thesis gives a further insight in tumour characteristics, focusing on interval breast
cancer and bilateral breast cancer, as well as the effect of the implementation of
digital mammography on screening results and interval cancers.
Prior research performed with this database has already provided useful insights in
screening sensitivity, in the strengths and weaknesses of screening and aided in
optimizing screening strategies.3,44 In this thesis we mainly focus on interval cancers.
Previous studies, based on our database, have already described characteristics of
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interval cancers compared to screen‐detected cancers and the effect of the transition
from SFM to FFDM on interval cancers.45 Herein, we reported a significantly higher
CDR at FFDM than at SFM, but no significant reduction in the ICR nor changes in
interval tumour characteristics. In this thesis we now have the data available of the
second round of FFDM screening and we assessed the CDR at FFDM screening in
women with a prior FFDM screening examination. We also looked at interval tumour
characteristics and described if there were any effects on them by the introduction of
digital screening. For example, finding smaller tumours and more suspicious
calcifications at FFDM may have an effect on interval tumour size, stage or proportion
of specific histologic types. In this thesis we try to provide more clarity on this issue.
The large size of the database allows to analyse smaller subgroups within the
screening programme. For instance, previous studies described the detection of
bilateral breast cancers at screening mammography.34 The aforementioned study
showed a low sensitivity for the detection of bilateral breast cancers through
screening. Bilateral breast cancers were relatively often of the invasive lobular type
(24%). Invasive lobular breast cancer is difficult to detect by mammography, mainly
because they often have a diffuse growth pattern, compared to invasive ductal cancer
which more often forms solid masses. These solid masses are better distinguishable
from normal fibroglandular tissue at mammography, while the diffuse growth of
invasive lobular cancer is often easily missed, especially in women with dense
fibroglandular tissue.46,47 In this present thesis we analysed bilateral interval cancers
and compare them to unilateral interval cancers and bilateral screen‐detected
cancers. Since patients with bilateral breast cancer have a worse prognosis compared
to those with unilateral breast cancers43, we investigated whether bilateral interval
breast cancers have worse prognostic features than screen‐detected bilateral breast
cancers or unilateral interval breast cancers.
The aim of this thesis was to further improve our understanding of interval cancers in
relation to screening for breast malignancy in the Netherlands, as this could be the
key to finding a way to better detect and treat these cancers. Therefore, we looked at
the incidence, characteristics and treatment of interval cancers and compared these
to screen‐detected cancers. The subgroup of breast cancers for which mammographic
screening has also a relatively low sensitivity is bilateral breast cancers. To improve
our knowledge on this subgroup, we described tumour characteristics of bilateral
interval cancers and compared them to screen‐detected bilateral cancers and
unilateral interval cancers. We also investigated the impact of the introduction of
digital screening on the incidence and characteristics of the interval cancers.
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Outline of this thesis
The objective of this thesis is to explore several breast cancer groups that are not
detected by screening and to give more information on their differences with screen‐
detected breast cancers, with the aim to improve the effectiveness of Dutch breast
cancer screening programme.
Part I evaluates the first �Chapter 2� and second �Chapter 3� screening round after the
implementation of FFDM and describes how it influenced the programme sensitivity
and referral rates in our screening programme. It also describes the effects on tumour
characteristics of interval breast cancer. Chapter 4 describes the screening results of
women who were repeatedly referred for the same mammographic abnormality and
how this frequency and referral outcome changed during and after the transition from
SFM to FFDM in Dutch screening practice. Chapter 5 describes the differences in
surgical treatment of screen‐detected breast cancers and interval breast cancers and
whether this treatment is influenced by different screening regimens, i.e., blinded
versus non‐blinded double reading at screening mammography.
Part II describes tumour characteristics of bilateral interval cancers compared to
unilateral interval breast cancers �Chapter 6� and compared to bilateral
screen‐detected breast cancers �Chapter 7�.

In Part III we discuss the main results and future perspectives of the studies we
present in this thesis and we discuss how this information can be used to improve
breast cancer screening.
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Abstract
Background
To determine the proportion of “true” interval cancers and tumour characteristics of interval
breast cancers prior to, during and after the transition from screen‐film mammography
screening (SFM) to full‐field digital mammography screening (FFDM).
Methods
We included all women with interval cancers detected between January 2006 and January
2014. Breast imaging reports, biopsy results and breast surgery reports of all women recalled at
screening mammography and of all women with interval breast cancers were collected. Two
experienced screening radiologists reviewed the diagnostic mammograms, on which the
interval cancers were diagnosed, as well as the prior screening mammograms and determined
whether or not the interval cancer had been missed on the most recent screening
mammogram. If not missed, the cancer was considered an occult (“true”) interval cancer.
Results
A total of 442 interval cancers had been diagnosed, of which 144 at SFM with a prior SFM (SFM‐
SFM), 159 at FFDM with a prior SFM (FFDM‐SFM) and 139 at FFDM with a prior FFDM (FFDM‐
FFDM). The transition from SFM to FFDM screening resulted in the diagnosis of more occult
(“true”) interval cancers at FFDM‐SFM than at SFM‐SFM (65.4% (104/159) versus 49.3%
(71/144), P<0.01), but this increase was no longer statistically significant in women who had
been screened digitally for the second time (57.6% (80/139) at FFDM‐FFDM versus 49.3%
(71/144) at SFMSFM). Tumour characteristics were comparable for the three interval cancer
cohorts, except of a lower porportion (75.7 and 78.0% versus 67.2% af FFDM‐FFDM, P<0.05) of
invasive ductal cancers at FFDM with prior FFDM.
Conclusions
An increase in the proportion of occult interval cancers is observed during the transition from
SFM to FFDM screening mammography. However, this increase seems temporary and is no
longer detectable after the second round of digital screening. Tumour characteristics and type
of surgery are comparable for interval cancers detected prior to, during and after the transition
from SFM to FFDM screening mammography, except of a lower proportion of invasive ductal
cancers after the transition.
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Background
Full‐field digital mammography (FFDM) has replaced screen‐film mammography (SFM)
in most regional and nation‐wide breast cancer screening programs. Several studies
have shown that the transition from screen‐film screening to digital screening has
increased cancer detection rates and program sensitivity, but it may also result in
higher recall rates and more false‐positive recalls.1‐3 Despite a higher cancer detection
rate at FFDM, two screening studies reported a similar interval cancer rate at SFM and
FFDM.4,5 Interval cancers are primary breast cancers that are diagnosed in women
after a screening examination which has yielded a negative result, defined as no
recommendation for recall or negative further assessment after recall, and before any
subsequent screen is performed or within a time period equal to the screening
interval (2 years).6 Interval cancers are larger than screen detected cancers and have a
worse prognosis.7‐9
Details on screening outcome at screen‐film mammography screening and the 1st and
2nd round of digital screening have been published previously.3,10 The transition from
screen‐film to digital screening mammography may increase the proportion of ductal
carcinoma in‐situ (DCIS) and smaller invasive cancers at the first digital screening
round,3,4,11 but does not appear to result in a change of the tumour characteristics of
the interval cancers.4,5 However, the proportion of missed interval cancers among all
interval cancers, and of interval cancers showing minimal signs at the most recent
screening mammogram, were lower at digital than at screen‐film screening. It is not
known whether or not this effect remains present after the transition to FFDM (i.e., in
women who undergo a second digital screening examination). In the current study we
therefore determined interval cancer characteristics, tumour stage and surgical
procedure prior to, during and after the transition from SFM to FFDM screening
mammography.

Methods
Study population
The study was performed in a screening mammography region in the south of The
Netherlands (BOZ, Bevolkings Onderzoek Zuid). The screening mammograms were
obtained at four specialized units (one fixed unit and three mobile units). At these
units, the transition from SFM to FFDM screening mammography took place in 2009‐
2010. We included all women with a subsequent screening examination and screened
between January 2007 ‐ January 2014. Women participating in our screening program
are asked to give written permission for the use of their data for quality assurance and
scientific purposes. Four women screened at our units did not give this permission
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and they were excluded from analysis. The Central Committee on Research Involving
Human Subjects (CCMO) in The Hague, The Netherlands, waived ethical approval for
this study.

Screening procedure and recall
All Dutch women aged 50 to 75 years are offered biennial screening mammography.
Further details of the Dutch Nation‐wide Breast Cancer Screening Program have been
described previously.12,13 In brief, all screen mammograms were obtained by a team of
specialized screening mammography radiographers and all screens were double read
by certified screening radiologists. Each screening radiologist evaluates at least
3000 screening mammograms yearly and all radiologists participate in clinical breast
imaging.
During the evaluation of screening mammograms, the prior screening examination,
whether SFM or FFDM, was always available for comparison. To facilitate this
comparison, all screen‐film mammograms that were used for comparison with digital
screening mammography, were digitized using a film scanner and archiver designed
for mammography (DigitalNow; R2/Hologic).
Each screen was given a BI‐RADS score by the screening radiologists. Women with a
BI‐RADS 1 or 2 were not recalled and were invited for a subsequent biennial screen,
whereas women with a BI‐RAS score 0, 4 or 5 were recalled and evaluated at a breast
unit at one of the 15 regional or university hospitals in the South of the Netherlands.14
For each recall, the screening radiologist classified the abnormality visible at the
screening mammogram in one of the following categories: suspicious mass, suspicious
calcifications, suspicious mass with calcifications, architectural distortion, asymmetry
or other abnormality.

Diagnostic workup
After physical examination by the surgeon or dedicated breast nurse, additional
mammographic views were obtained if necessary. All radiological findings were, again,
classified according to the American College of Radiology BI‐RADS.14 Lesions classified
as BI‐RADS IV or V were routinely biopsied, whereas BI‐RADS 3 lesions were either
biopsied or followed‐up at the discretion of the surgeon and/or radiologist.
Dependent on the findings at physical examination and mammography, further
diagnostic evaluation could include tomosynthesis, (3D) breast ultrasonography,
magnetic resonance imaging, percutaneous fine needle aspiration cytology (FNAC),
core needle biopsy (CNB), stereotactic biopsy or open surgical biopsy.

26

Interval breast cancer characteristics before, during and after the transition from SFM to FFDM

Detection and review of interval cancers
During a follow‐up period of 2 years (until the next biennial screen), all data on
diagnostic imaging, clinical data, biopsy results, breast surgery reports and pathology
reports of recalled women were collected. All data were stored into a computerized
spreadsheet (Excel; Microsoft, Redmond, WA, USA). Interval cancers were defined as
breast cancers diagnosed in women after a screening examination yielded negative
results (no recommendation for recall) and before the subsequent biennial screen was
performed. As a validated connection between the Dutch National comprehensive
Cancer Centre and the Screening Information System was not available yet for our
inclusion period, we traced interval cancers through linkage of all radiotherapy
reports that were received from the regional radiotherapy institutes concerning
women who underwent radiotherapy for breast malignancy with women who had
participated in the screening program. Furthermore, we inquired about pathology
specimens at the various regional pathology laboratories, some months after any
hospital had requested the screening mammograms of a woman who had not been
referred for further analysis. Also, the pathology records were obtained if a woman
cancelled a call for subsequent screening because breast cancer had been diagnosed
after a previous negative screen. Finally, we received the occasional reports on
interval cancers provided by general practitioners or medical specialists to the
screening centre.
All screening mammograms prior to the detection of an interval cancer, as well as the
diagnostic mammogram obtained at the time of interval cancer detection, were
reviewed by two experienced screening radiologists. Breast density was categorized
according to the American College of Radiology (2003). The interval cancers were
classified as missed, minimal sign15 or occult on the most recent screening
mammogram, according to the European guidelines.16 Finally, when an abnormality
was retrospectively visible at the latest screen at the site where the interval cancer
had developed, this abnormality was categorized as a mass, micro calcifications, mass
with calcifications, asymmetry, architectural distortion, or other mammographic
abnormality. The two radiologists were blinded for each other’s review and consensus
was reached for discrepant readings.

Statistical analysis
The interval cancers (ICs) were divided into three cohorts, dependent on the
technique used for the previous screening mammograms: 1) ICs diagnosed following
two previous SFM screening rounds (SFM‐SFM cohort); 2) ICs diagnosed following a
most recent, subsequent FFDM screen, which was preceded by a SFM screen
(FFDM‐SFM cohort) and 3) ICs diagnosed after two subsequent FFDM screening
rounds (FFDM‐FFDM cohort). To compare differences in cancer characteristics
between these three groups we used Z test, chi‐square test Fisher’s exact test,
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whichever was appropriate. An independent samples T‐test was performed for the
comparison of means (e.g., tumour size). All tests were two‐sided and the significance
level was set at 5%. Statistical analyses were performed using Statistical Package for
Social Sciences 22 (SPSS Inc. Chicago, IL) or SAS 9.4 (SAS Institute Inc., Cary, NC).

Results
Overall screening results
A total of 326,783 subsequent screens were obtained between January 1, 2007 and
January 1, 2014, with 2024 screen detected cancers and 442 interval cancers (Table
2.1). The overall recall rate was 2.2% (7305/326783), resulting in a cancer detection
rate of 6.2 per 1000 screens (2024/326783) and a positive predictive value of 27.7%
(2024/7305). Of the interval cancers, 144 were diagnosed in the SFM‐SFM cohort, and
respectively 159 and 139 in the FFDM‐SFM and FFDM‐FFDM cohorts. The three
groups showed comparable proportions of invasive interval cancers versus interval
DCIS (94.4% (136/144) at SFMSFM, 94.3% (150/159) at FFDM‐SFM and 94.2%
(131/139) at FFDM‐FFDM) (Table 2.1).
Table 2.1

Baseline characteristics of interval cancers at subsequent, biennial screening mammography.

Interval cancers, n
Ductal carcinoma in situ, n (%)
Invasive cancer, n (%)
Visibility of interval cancer at latest screen
Missed, n (%)
Minimal sign, n (%)
Occult, n (%)
Interval between latest screen and interval cancer
≤1 year, n (%)
>1 year, n (%)

A
SFM with prior
SFM
144
8 (5.6)
136 (94.4)

B
FFDM with prior
SFM
159
9 (5.7)
150 (94.3)

C
FFDM with prior
FFDM
139
8 (5.8)
131 (94.2)

42 (29.2)
31 (21.5)*
71 (49.3) †

35 (22.0)
20 (12.6)
104 (65.4)

39 (28.1)
20 (57.6)
80 (57.6)

52 (36.1)
92 (63.9)

59 (37.1)
100 (62.9)

53 (38.1)
86 (61.8)

SFM screen‐film mammography, FFDM full‐field digital mammography. * significantly different from B
(P<0.05); † signicantly diﬀerent from B (P<0.01)

Prior visibility and mammographic characteristics of interval cancers
A significantly larger proportion of interval cancers at subsequent screening
mammography was considered occult (so‐called true interval cancers) at the first
digital screening round than at screen‐film screening (65.4% at FFDM‐SFM versus
49.3% at SFM‐SFM, P<0.01,Table 2.1). This proportion, however, decreased to 57.6%
at the 2nd digital screening round, which was no longer statistically significantly
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different when compared to the proportion observed at screen‐film screening. The
proportions of interval cancers, detected either in the first year or second year
following a negative screen (i.e., no recommendation for recall), were similar for the
three screening cohorts, with respectively 63.9% (SFM‐SFM), 62.9% (FFDM‐SFM) and
61.8% (FFDM‐FFDM) of interval cancers diagnosed more than one year after a
negative screen (Table 2.1). The distribution of mammographic abnormalities, in the
case of missed interval cancers and minimal sign interval cancers at the latest
screening mammogram, was comparable for the three cohorts. A mass was present in
65.7%‐69.2% and 50.0%‐61.3% of missed interval cancers and minimal sign interval
cancers, respectively (Table 2.2). Also, when looking separately at missed interval
cancers, minimal sign interval cancers and occult interval cancers, we observed no
significant differences in tumour size distribution, average tumour size or breast
density at the latest screening mammogram between the three screening cohorts.
Table 2.2

Mammographic features of interval breast cancers at the latest screen and tumour size
distribution.

Missed interval cancers at latest screen, n
Mammographic abnormality at latest screen, n (%)
Mass
Calcifications
Mass with calcifications
Asymmetry
Architectural distortion
Type of interval cancer, n (%)
Ductal carcinoma in‐situ
Invasive cancer
Size distribution of invasive interval cancers, n (%)
T1a‐b
T1c
T2+
Unknown
Mean size of invasive interval cancers, mm (range)
Breast density at latest screen, n (%)
ACR I & II
ACR III & IV
Minimal sign interval cancers at latest screen, n
Mammographic abnormality at latest screen, n (%)
Mass
Calcifications
Mass with calcifications
Asymmetry
Architectural distortion, n (%)
Type of interval cancer, n (%)
Ductal carcinoma in‐situ
Invasive cancer

A
B
C
SFM with prior FFDM with prior FFDM with prior
SFM
SFM
FFDM
42
35
39
28 (66.7)
2 (4.9)
5 (11.9)
2 (4.8)
5 (11.9)

23 (65.7)
5 (14.3)
4 (11.4)
0 (0)
3 (8.6)

27 (69.2)
5 (12.8)
4 (10.3)
0 (0.0)
3 (7.7)

1 (2.4)
41 (97.6)

1 (2.9)
34 (97.1)

1 (5.1)
37 (94.9)

2 (4.9)
15 (36.6)
24 (58.5)
0 (0.0)
29.3 (8‐80)

5 (14.7)
8 (23.5)
20 (58.8)
1 (2.9)
28.8 (2‐100)

4 (10.8)
9 (24.3)
24 (64.9)
0 (0.0)
25.5 (6‐120)

23 (54.8)
19 (45.2)
31

21 (60.0)
14 (40.0)
20

23 (59.0)
16 (41.0)
20

19 (61.3)
7 (22.6)
0 (0.0)
3 (9.7)
2 (6.5)

10 (50.0)
2 (10.0)
2 (10.0)
1 (5.0)
5 (25.0)

10 (50.0)
2 (10.0)
0 (0.0)
5 (25.0)
3 (15.0)

2 (6.5)
29 (93.5)

2 (10.0))
18 (90.0)

1 (5.0)
19 (95.0)
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Table 2.2

(continued)
A
B
C
SFM with prior FFDM with prior FFDM with prior
SFM
SFM
FFDM

Size distribution of invasive interval cancers, n (%)
T1a‐b
T1c
T2+
Mean size of invasive interval cancers, mm (range)
Breast density at latest screen, n (%)
ACR I & II
ACR III & IV
Occult interval cancers at latest screen
Type of interval cancer, n (%)
Ductal carcinoma in‐situ
Invasive cancer
Size distribution of invasive interval cancers, n (%)
T1a‐b
T1c
T2+
Unknown
Mean size of invasive interval cancers, mm (range)
Breast density at latest screen, n (%)
ACR I & II
ACR III & IV

2 (6.9)
13 (44.8)
14 (48.3)
24.5 (1‐60)

0 (0.0)
8 (44.4)
10 (55.6)
29.1 (11‐80)

1 (5.3)
7 (36.8)
11 (57.9)
28.4 (5‐60)

21 (67.7)
10 (32.2)
71

14 (70.0)
6 (30.0)
104

11 (55.0)
9 (45.0)
80

5 (7.0)
66 (93.0)

6 (5.8)
98 (94.2)

5 (6.3)
75 (93.8)

12 (18.2)
22 (33.3)
32 (48.5)
0 (0.0)
21.8 (2‐60)

15 (15.3)
34 (34.7)
48 (49.0)
1 (1.0)
25.3 (2‐90)

12 (16.0)
26 (34.7)
33 (44.0)
4 (5.3)
23.2 (3‐95)

38 (53.5)
33 (46.5)

65 (62.5)
39 (37.5)

44 (55.0)
36 (45.0)

SFM screen‐film mammography, FFDM full‐field digital mammography, ACR American College of Radiology

Tumour stage and tumour biology characteristics of interval cancers
The distribution of the histological grade of interval ductal carcinoma in‐situ was
comparable for the three screening cohorts (Table 2.3). Tumour characteristics of
interval cancers were comparable for the 3 subgroups, except of a larger proportion
of invasive ductal cancers at subsequent SFM screening mammography . For invasive
interval cancers, we neither found significant differences in tumour stage, Bloom and
Richardson (B&R) distribution or receptor status. Invasive ductal cancer was by far the
most common histological subtype (respectively 75.7% at SFM‐SFM, 78.0% at FFDM‐
SFM and 67.2% at FFDM‐FFDM), about half of the invasive cancers were >20 mm (T2+)
in each cohort and the proportion of lymph‐node positive cancers ranged from 41.2%
to 45.6%. A majority of invasive interval cancers were graded B&R I/II (respectively
74.3% at SFM‐SFM (101/136), 76.7% at FFDM‐SFM (115/150) and 77.1% at FFDM‐
FFDM (101/131)).
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Table 2.3

Tumour characteristics of interval breast cancers.

Ductal carcinoma in‐situ
Grade, n (%)
Low
Intermediate
High
Invasive cancer
Type, n (%)
Ductal
Lobular
Mixed ductal/lobular
Other
Stage, n (%)
T1a‐c
T2+
Unknown
Lymph node status, n (%)
N+
No
Unknown
Bloom & Richardson grade, n (%)
I
II
III
Unknown
Estrogen receptor, n (%)
Positive
Negative
Progesteron receptor, n (%)
Positive
Negative
Her2/Neu receptor, n (%)
Positive
Negative
Unknown
Triple receptor‐negative, n (%)

A
SFM with prior
SFM

B
FFDM with prior
SFM

C
FFDM with prior
FFDM

2 (25.0)
2 (25.0)
4 (50.0)

3 (33.3)
3 (33.3)
3 (33.3)

1 (12.5)
3 (37.5)
4 (50.0)

103 (75.7)*
23 (16.9)
7 (5.1)
3 (2.2)

117 (78.0)†
19 (12.7)
7 (4.7)
7 (4.7)

88 (67.2)
28 (21.4)
7 (5.3)
8 (6.1)

66 (48.5)
70 (51.5)
0 (0.0)

70 (46.7)
78 (52.0)
2 (1.3)

59 (45.0)
68 (51.9)
4 (3.1)

62 (45.6)
73 (53.7)
1 (0.7)

63 (42.0)
84 (56.0)
3 (2.0)

54 (41.2)
73 (55.7)
4 (3.1)

44 (32.4)
57 (41.9)
31 (22.8)
4 (2.9)

38 (25.3)
77 (51.3)
30 (20.0)
5 (3.3)

33 (25.2)
68 (51.9)
29 (22.1)
1 (0.8)

101 (74.3)
35 (25.7)

123 (82.0)
27 (18.0)

106 (80.9)
25 (19.1)

74 (54.4)
62 (45.6)

87 (58.0)
63 (42.0)

76 (58.0)
55 (42.0)

19 (14.0)
116 (85.3)
1 (0.7)
25 (18.5)

22 (14.7)
127 (84.7)
1 (0.7)
21 (14.0)

14 (10.7)
117 (89.3)
0 (0.0)
17 (13.0)

* significantly different from C (P<0.05); † significantly different from C (P<0.01).

Surgical treatment of interval cancers
We observed no significant differences in the surgical treatment (either breast
conserving surgery or mastectomy) of interval cancers in the three groups, with a
majority of women being treated with breast conserving surgery (68.8% (99/144) at
SFM‐SFM, 63.5% (101/159) at FFDM‐SFM and 65.5% (91/139) at FFDM‐FFDM).
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Discussion
In the current study we determined the characteristics of interval cancers before,
during and after transition from screen‐film mammography to full‐field digital
mammography. During the transition at the first digital screening round, we observed
a decreased proportion of missed interval cancers and interval cancers showing a
minimal sign at the latest screen. This decrease was slightly lower in the second round
of digital screening (57.6% versus 65.4%), but no longer statistically significantly
different. Tumour stage, tumour biology and surgical treatment were comparable for
the three interval cancer cohorts.
Data on interval cancers in the era of digital screening mammography are sparse,
especially those related to interval cancers diagnosed after repetitive rounds of digital
screening mammography. We previously reported a higher cancer detection rate
during the transition from screen‐film to full‐field digital screening mammography,5
and this finding persisted in the second round of digital screening.10 This increased
detection rate, however, came along with more false‐positive screen results and
therefore a decreased positive predictive value of recall. In the current study, we
found that a significantly higher proportion of interval cancers at the first round of
digital screening were occult on the latest subsequent screening mammogram than at
screen‐film screening. A smaller Norwegian study, however, reported similar
proportions of occult interval cancers at screenfilm screening and the first round of
digital screening.4 This contradictory finding may be partly explained by differences in
study population (the Norwegian study included women aged 50‐69 years and was
not limited to subsequent screens), reading strategy and screening outcome
parameters (including lower recall rates and a higher positive predictive value of recall
in our study). In our study, the decrease in proportion of occult interval cancers was
slightly lower after the second round of digital screening and no longer statistically
significant. We do not have a straightforward explanation for this observation as we
expected the presence of a learning curve during the transition which would result in
a persistent larger proportion of true interval cancers at repeated digital screening.
This insinuates a steeper learning curve than expected beforehand. The overall
superior technique of digital mammography at the first digital screening round may
have resulted in the detection of breast cancers that otherwise would have resulted in
interval cancers considered to be missed at review.
A previous study found some more asymmetries and less calcifications in missed
interval cancers diagnosed after the first digital screening round than after screen‐film
screening, but these differences were not statistically significant.4 Although digital
mammography may improve the detection of grouped calcifications and densities
with calcifications,1,17‐21 we also observed a similar distribution of mammographic
abnormalities for missed interval cancers and interval cancers showing minimal signs
at the latest screening examination.
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The proportion of DCIS among all interval cancers was comparable for the three
screened cohorts, which is in line with previous findings.11 Another study reported a
significantly smaller tumour size at digital than at screen‐film screening
mammography for invasive interval cancers presenting as a mass.4 However, we did
not observe any significant differences in mean tumour size, local tumour stage or
lymph node stage among the different screening groups. This difference can probably
be explained by the facts that we measured tumour size on the surgical specimen and
not on imaging and the lack of sample size.
To our knowledge, no previous studies have compared tumour biology characteristics
(e.g., histological subtype and receptor status) and surgical treatment of interval
cancers diagnosed before, during and after introduction of digital screening
mammography. Again, we found no significant differences between the screened
cohorts with respect to these outcome parameters. We observed a relatively high
proportion of lobular carcinoma in all interval cancer cohorts, ranging from
12.7%‐21.4%.
Detection of lobular carcinoma remains a point of concern in the era of digital
screening.22
Our study has certain limitations. The design of the Dutch breast screening program
may be different from those in other countries, which may limit extrapolation of our
findings to other screening programs. In The Netherlands, women are offered biennial
screening between 50 and 75 years of age, in accordance with many other European
countries. However, screening programs in the US often offer annual screening before
the age of 50, whereas the UK offers triennial screening. The Dutch program is
characterized by the lowest recall rate among European screening programs, and all
screening mammograms are routinely double read by two certified screening
radiologists. Finally, the limited follow‐up period, especially for interval cancers
detected after the second digital screening round, did not allow us to draw
conclusions on prognosis of survival between the three cohorts.

Conclusions
In summary, we found that the higher proportion of true interval cancers during the
introduction of digital screening declines after the second digital round and is no
longer statistically significant. Tumour stage and tumour biology characteristics were
comparable for interval cancers, whether detected after screen‐film screening or
detected after the first or second round of digital screening. This study shows that
digital screening will probably not lessen the detrimental effect of interval cancers in
screening mammography programs.
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Abstract
We determined the characteristics and prognosis of interval breast cancers (IC) at screen‐film
(SFM) and full‐field digital (FFDM) screening mammography. The study population consisted of
417,746 consecutive screening mammograms (302,699 SFM screens and 115,047 FFDM
screens), obtained between 2000 and 2011. During 2‐year follow‐up, we collected breast
imaging reports, surgical reports, and pathology results. A total of 800 ICs had been diagnosed
in the screened population, of which 288 detected in the first year (early ICs) and 512 in the
second year (late ICs) after a negative screen. 31.3% of early ICs and 19.1% of late ICs,
respectively, were visible in retrospect on the latest previous screens, but had been missed
during screening (P<0.001). Missed invasive ICs were larger (28.5 mm vs. 23.9 mm, P=0.003)
and showed a higher fraction of T3+cancers (16.9 vs. 8.5%, P=0.02) than true ICs (i.e., not visible
at the latest screen). A higher portion of missed than true ICs underwent mastectomy (44.7 vs.
30.8%, P=0.002). We found no differences in mammographic and tumour characteristics for
early ICs, detected either after SFM or FFDM. Late ICs following FFDM were more often true ICs
than missed ICs (69.0 vs. 57.6%, P=0.03) and more often receptor triple negative (P=0.02),
compared to late ICs at SFM. Interval cancer subgroups showed comparable overall survival.
Interval cancer subgroups show distinctive mammographic and tumour characteristics but a
comparable overall survival.
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Introduction
Many countries have introduced screening mammography programs in order to
detect breast cancer at an early stage and thus reduce breast cancer mortality.1
Although the majority of breast cancers in women participating in the screening
program are detected through screening, about 25 % of cancers are diagnosed
between two consecutive screening rounds following a negative screening
examination.2,3 These so‐called interval cancers (IC) are an important determinant of
the sensitivity of screening programs, and review of these cancers by screening
radiologists should be part of the quality assurance of mammography screening.4
Several studies have reported that ICs are significantly larger and more frequently
show lymph node involvement than screen‐detected tumours.5‐9 Moreover, ICs are
characterized by a higher tumour grade and a higher proportion of estrogen receptor‐
negative tumours and are therefore more likely than screen‐detected cancers to have
a lower survival rate.10,11
There is considerable debate whether IC subtypes show differences in prognostic
pathologic features and survival. Porter et al. reported that true ICs (i.e., cancers that
were not mammographically detectable at screening) with a 3‐year screening interval
were more likely to be histologic grade 3 lesions than ICs with minimal signs at the
previous films or missed ICs (i.e., cancers that showed, in retrospect, a suspicious
abnormality on the previous screening mammograms for which the woman should
have been referred).12 The authors found that the prognosis of true ICs and ICs arising
quickly after screening was similar to that of other ICs. Vitak et al. also observed no
prognostic difference between true ICs and overlooked or misinterpreted interval
breast cancers.9 A Norwegian study, on the other hand, concluded that missed ICs
have a less favorable prognosis compared with true ICs.13 Previous studies have
reported on the worse prognosis characteristics of true IC compared to missed IC.14
Currently, a majority of breast cancer screening programs uses full‐field digital
mammography (FFDM), whereas all studies mentioned above were performed in the
era of screen‐film mammography (SFM). Data on characteristics of ICs at FFDM
screening mammography are sparse. A Norwegian study found that the
mammographic features of missed ICs at FFDM screening were different from those
missed at SFM screening,15 whereas a Dutch study concluded that ICs are more likely
to be occult at prior FFDM than at prior SFM screening mammography.16
To our knowledge, there are no data available that focus on the characteristics of IC
subtypes, diagnosed either within the first year or second year after biennial FFDM
screening mammography and no studies in which the prognosis of the different IC
subgroups has been compared. We therefore examined the tumour characteristics,
type of surgical treatment, and prognosis of the IC subtypes at biennial FFDM
screening mammography and compared these findings with those of ICs diagnosed
following SFM screening mammography.
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Materials and methods
Study population
Between January 1, 2000 and December 31, 2011, we included all initial and
subsequent screens of women aged 50‐75 years who underwent biennial screening
mammography in a southern breast cancer screening region (BOZ region, Bevolkings
Onderzoek Zuid) of the Netherlands. Screening was performed at one of the three
specialized screening units. In 2009/2010, SFM was replaced by FFDM. Written
informed consent was obtained from the women who participated in the screening
program to use their screening data and follow‐up data for scientific purposes. Seven
women who refused usage of their data were excluded from the study. Ethical
approval by our local Institutional Review Board was not required for this study,
according to the Dutch Central Committee on Research involving Human Subjects
(CCMO).

Screening procedure
Details of our breast cancer screening program have been described previously.17,18
Specialized mammography technologists obtained all screening mammograms. Two
certified screening radiologists double read each screening mammogram, and the
screening group consisted of a total of 15 radiologists. Prior screening mammograms
were available for comparison at the time of a subsequent screening. A woman was
referred to a hospital for further analysis if her screening mammogram showed a BI‐
RADS 0, 4. or 5 lesion.19

Definition and detection of interval cancers
ICs were defined as breast cancers diagnosed in women after a screening examination
yielded a negative result (defined as no recommendation for recall) and before the
subsequent biennial screen was performed. Details of identification of interval breast
cancer have been described previously.20 In summary, the majority of interval cancers
were identified by linkage of the screening records to the regional cancer registry. In
addition, we used the following available information to trace interval cancers: (1) we
received the radiotherapy reports from the regional radiotherapy institutes
concerning women who underwent radiotherapy for breast malignancy and who had
participated in the screening program, (2) we inquired about pathology specimens at
the various regional pathology laboratories, some months after any hospital had
requested the screening mammograms of a woman who had not been referred for
further analysis, (3) pathology records were obtained if a woman cancelled a call for
subsequent screening because breast cancer had been diagnosed after a previous
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negative screen, and (4) the screening center received occasional reports on interval
cancers provided by general practitioners or medical specialists.
ICs were divided into cancers detected within 1 year following a negative SFM or
FFDM screen (early IC) and cancers detected 1‐2 years following a negative screen
(late IC). ICs were also divided into two subgroups, distinguished by radiologic findings
at the latest screen: true ICs (i.e., no sign of malignancy was visible at review of the
previous screening mammogram) and missed ICs (i.e., tumour was visible at the latest
screen in retrospect).

Follow‐up procedure and review of interval cancers
During a follow‐up period of 2 years, we collected screening mammography findings,
demographic data and clinical data, additional clinical breast imaging reports, biopsy
results, and breast surgery reports of all women diagnosed with IC.
Linkage of the BOZ database to the Regional Register of Death (Gemeentelijke
Basisadministratie Persoonsgegevens) enabled us to identify women who had died
after attending screening mammography.21 Last linkage was conducted on 31
December 2015. The median follow‐up for all women with IC was 6.6 (range 0.1‐15.5)
years, and 7.6 (range 2.4‐15.5) years for the patients still alive. The median duration of
follow‐up was 6.9 (range 0.1‐15.5) years for patients with early ICs and 6.5 (range
0.1‐14.8) years for patients with late ICs. In patients with missed ICs, median follow‐up
was 6.5 (range 0.4‐15.0) years, and 6.4 (range 0.1‐15.5) years for patients with true
ICs. In the latter subgroup, the median duration of follow‐up was 8.3 (range 0.1‐15.5)
years of patients with ICs detected after SFM and 4.0 (range 0.4‐6.4) years for patients
with ICs detected after FFDM.
Two screening radiologists (L.D and F.J) reviewed the screening mammograms and
clinical mammograms of all women diagnosed with interval breast cancer. They
categorized mammographic breast density according to the American College of
Radiology,19 and the ICs were classified as true, minimal signs or missed ICs at the
most recent screen according to the European guidelines.4,22

Statistical analysis
All data were entered into a computerized spreadsheet, and statistics were performed
using Statistical Package for Social Science 17.0 (SPSS Inc. Chicago, IL). A t test for
independent samples was used to test differences between continuous variables, and
the Chi square or Fisher exact test was used to test differences in the characteristics of
the IC subtypes.
The log‐rank test was used to evaluate significant differences between survival curves
in univariate analyses. Cox regression was used in the multivariate analysis to test the
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differences in survival between groups, taking possible confounders into
consideration. The significance level was set at P=0.05.

Results
Overall screening results
A total of 417,746 screening mammograms were obtained between January 1, 2000
and December 31, 2011 (302,699 SFM screens, of which 34,804 initial screens and
267,895 subsequent screens; and 115,047 FFDM screens, of which 12,735 initial
screens and 102,312 subsequent screens). Altogether, 7669 women were recalled for
further assessment (4140 at SFM and 3529 at FFDM) (Table 3.1). At follow‐up,
2362 women (1568 at SFM and 794 at FFDM) were diagnosed with breast cancer,
resulting in a recall rate of 18.4 per 1000 screened women and an overall cancer
detection rate of 5.7 per 1000 screened women. The positive predictive value (PPV) of
recall was 30.8%. In total, 3162 breast cancers were diagnosed, of which 800 (25.3%)
were interval cancers and 2362 screen‐detected cancers, with an interval cancer rate
of 1.9 per 1000 screens. The overall program sensitivity of the screening
mammography program was 74.7% (2362/3162).
Table 3.1

Overall screening results.

Mammograms
Initial screen
Subsequent screens
Recall
Initial screens
Subsequent screens
Screen‐detected cancers
Cancer detection rate
Initial screens, No
Subsequent screens, No
Positive predictive value
Interval cancers
Program sensitivity

Screen‐film mammography
No.
(%)
Rate*
302,699
34,804
11.5
267,895
88.5
4140
1.4
923
2.7
3217
1.2
1568
5.2
223
6.4
1345
5.0
37.9
609
2.0
72.0

Full‐field digital mammography
No
(%)
Rate*
115,047
12,735
11.1
102,312
88.9
3529
3.1
829
6.5
2700
2.6
794
6.9
100
7.9
694
6.8
22.5
191
1.7
80.6

P‐value
<0.001
<0.001

<0.001
<0.001
0.02
<0.001

* Per 1000 screened women

The recall rate and the overall cancer detection rate were 14 and 5.2 per
1000 screened women at SFM, compared to 31 and 6.9 per 1000 screened women at
FFDM (P<0.001)(Table 3.1). The PPV of recall was 37.9% at SFM versus 22.5% at FFDM
(P<0.001). Following SFM, 609 ICs were diagnosed compared to 191 ICs following
FFDM, resulting in an interval cancer rate of 2.0 per 1000 screens at SFM and 1.7 per
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1000 screens at FFDM (P=0.02). At SFM, 28.0% of all cancers were interval cancers
(609/1568), compared to 19.4% (191/794) at FFDM (P<0.001). Program sensitivity was
72.0% at SFM and 80.6% at FFDM (P=0.01). Compared to screen‐detected cancers,
interval cancers were more often invasive (95.5% vs. 80.6% (PC<0.001)), T2+ (52.0 vs.
21.5% (P<0.001)), lymph node positive (46.3 vs. 25.2% (P<0.001)), and more often of
the lobular type (16.1% vs. 11.1% (P=0.004)) (Table 3.2).
Table 3.2

Tumour characteristics of screen‐detected cancers and interval cancers.

DCIS versus invasive breast cancers, No. (%)
DCIS
Invasive
Invasive cancers, histology subtype, No(%)
Ductal
Lobular
Mixed ductal/lobular
Other
Unknown
Invasive cancers, tumour size, No.(%)
T1a–c
T2+
Unknown
Invasive cancers, lymph node status, No. (%)
Node negative
Node positive
Unknown

Screen‐detected cancers

Interval cancers

459 (19.4)
1903 (80.6)

36 (4.5)
764 (95.5)

1496 (78.6)
211 (11.1)
89 (4.7)
97 (5.1)
10 (0.5)

566 (74.1)
123 (16.1)
40 (5.2)
29 (3.8)
6 (0.8)

1482 (77.9)
409 (21.5)
12 (0.6)

357 (46.7)
397 (52.0)
10 (1.3)

1385 (72.8)
480 (25.2)
38 (2.0)

394 (51.6)
354 (46.3)
16 (2.1)

P‐value
<0.001
0.004

<0.001

<0.001

Characteristics of early and late interval breast cancers
Of all ICs, 36.0% (288/800) were diagnosed in the first year (early ICs) and 64.0%
(512/800) in the second year (late ICs) after the latest screen (Table 3.3). Age
distribution, use of hormone replacement therapy, and family history of breast cancer
were similar for both groups. Breast density at the latest screen was more often ACR
category 3‐4 for early ICs than for late ICs (45.8 vs. 36.3%, P=0.008). A larger
proportion of ICs were missed if detected in the first year following a negative screen
(31.3% (90/288) versus 19.1% (98/512), P<0.001). The majority of missed and minimal
sign ICs (i.e., the mammographic features were subtle with no indication for recall)
presented as a mass (70.7% of all early interval cancers compared to 58.3% of all late
ICs, P=0.002). ICs were more frequently triple negative if detected in the second year
after screening (13.3% vs. 8.4%, P=0.04) (Table 3.3). Overall survival was comparable
for early and late ICs (Figure 3.1).
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Table 3.3

Characteristics of early and late interval breast cancers diagnosed after SFM or FFDM
screening mammography.

Number of interval cancers
Mean age, years
Previous breast surgery, No. (%)
Yes
No
Hormone replacement therapy, No. (%)
Yes
No
c
Family history of breast cancer, No. (%)
Yes
No
Screening round, No. (%)
Initial screen
Subsequent screen
Mammographic breast density, No (%)
0–50%
>50%
Mammographic abnormality visible at latest screen, No. (%)
Yes (missed IC)
No (true IC)
Minimal sign
d
Lesion abnormality at latest screen, No. (%)
Suspicious mass
Suspicious microcalcifications
Suspicious mass with microcalcifications
Asymmetry
Architectural distortion
Other mammographic abnormality
DCIS versus invasive breast cancer, No. (%)
DCIS
Invasive breast cancer
Mean DCIS size, mm (range)
DCIS grade, No. (%)
Low grade
Intermediate grade
High grade
Invasive cancers, histology subtype, No (%)
Ductal
Lobular
Mixed ductal/lobular
Other
Unknown
Mean invasive cancer size, mm (range)
Invasive cancers, tumour size, No (%)
T1a–b
T1c
T2
T3+
Unknown
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Early IC
288
61.2

a

Late IC
512
61.8

b

49 (17.0)
239 (83.0)

80 (15.6)
432 (84.4)

28 (9.7)
260 (90.3)

52 (10.2)
460 (89.8)

41 (14.2)
247 (85.8)

94 (18.4)
418 (81.6)

40 (13.9)
248 (86.1)

63 (12.3)
449 (87.7)

156 (54.2)
132 (45.8)

326 (63.7)
186 (36.3)

90 (31.3)
124 (43.1)
74 (25.7)

98 (19.1)
308 (60.2)
106 (20.7)

116 (70.7)
11 (6.7)
11 (6.7)
10 (6.1)
13 (7.9)
3 (1.8)

119 (58.3)
41 (20.1)
16 (7.8)
9 (4.4)
19 (9.3)
0 (0.0)

13 (4.5)
275 (95.5)
21.1 (3–38)

23 (4.5)
489 (95.5)
28.7 (2–75)

3 (23.1)
2 (15.4)
8 (61.5)

7 (30.4)
7 (39.1)
9 (30.4)

209 (76.0)
42 (15.3)
16 (5.8)
7 (2.5)
1 (0.4)
25.2 (1–170)

357 (73.0)
81 (16.6)
24 (4.9)
22 (4.5)
5 (1.0)
25.0 (1–100)

33 (12.0)
100 (36.4)
105 (38.1)
35 (12.7)
2 (0.7)

54 (11.0)
170 (34.8)
209 (42.7)
48 (9.8)
8 (1.6)

P‐value
0.29
0.61
0.84

0.14
0.52
0.008
<0.001

0.002

0.99
0.36
0.45

0.54

0.91
0.48
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(continued)
Early IC

Invasive cancers, lymph node stage, No (%)
Node negative
Node positive
Unknown
e
Invasive cancers, advanced stage, No (%)
Yes
No
Unknown
Invasive cancers, Nottingham grade, No (%)
I
II
III
Unknown
Invasive cancers, estrogen receptor status, No. (%)
ER+
ER‐
Unknown
Invasive cancers, progesterone receptor status, No. (%)
PR+
PR‐
Unknown
Invasive cancers, Her2/Neu receptor status, No. (%)
Her2/Neu+
Her2/Neu‐
Unknown
Invasive cancers, triple negative, No. (%)
Preoperative MRI, No (%)
Yes
No
Neo‐adjuvant therapy, No. (%)
Yes
No
Type of breast surgery, No. (%)
Breast conserving surgery
Mastectomy
No breast surgery performed

a

Late IC

b

138 (50.2)
132 (48.0)
5 (1.8)

256 (52.4)
222 (45.4)
11 (2.2)

188 (68.4)
83 (30.2)
4 (1.5)

324 (66.3)
157 (32.1)
8 (1.6)

80 (29.1)
114 (41.5)
67 (24.4)
14 (5.1)

133 (27.2)
214 (43.8)
120 (24.5)
22 (4.5)

215 (78.2)
60 (21.8)
0 (0.0)

378 (77.3)
109 (22.3)
2 (0.4)

165 (60.0)
110 (40.0)
0 (0.0)

295 (60.3)
192 (39.3)
2 (0.4)

27 (9.8)
171 (62.2)
77 (28.0)
23 (8.4)

47 (9.6)
307 (62.8)
135 (27.6)
65 (13.3)

84 (29.2)
204 (70.8)

149 (29.1)
363 (70.9)

44 (15.3)
244 (84.7)

76(14.8)
436 (85.2)

180 (62.5)
102 (35.4)
6 (2.1)

334 (65.2)
167 (32.6)
11 (2.1)

P‐value
0.75

0.86

0.90

0.78

0.79

0.98

0.04
0.98
0.87
0.72

SFM screen‐film mammography, FFDM full‐field digital mammography, IC interval cancer, DCIS ductal
carcinoma in‐situ. a Early interval cancer = diagnosed within one year following a negative screen; b Late
interval cancer = diagnosed 1–2 year following a negative screen; c At least one first‐degree relative with
breast cancer or at least two second‐degree relatives with breast of which one diagnosed with cancer at of
before the age of 50 years; d In patients with minimal sign or missed interval cancer; e Invasive tumour size
20 mm (T2+) and/or lymph node positive invasive cancer.
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Figure 3.1

Overall survival analysis in patients with early ICs compared to late ICs.

Characteristics of missed and true interval breast cancers
At review, 23.5% (188/800) of ICs were considered to be missed in women screened
at SFM or FFDM (Table 3.4), whereas the majority of ICs (54.0%, 432/800) were true
ICs. The remaining 180 ICs (22.5%) were classified as minimal sign ICs. Women with
missed ICs were older at the time of interval cancer diagnosis than women with true
ICs (62.5 years vs. 60.9 years, P=0.01). Breast density of the latest screening
mammogram was comparable for the two groups. The mean invasive cancer size was
larger for missed than for true ICs (28.5 mm vs. 23.9 mm, P=0.003), with a higher
percentage of T3+ cancers (16.9 vs. 8.5%, P=0.02) (Table 3.4). A significantly higher
portion of missed than true ICs underwent mastectomy (44.7% vs. 30.8%, P=0.002).
Missed ICs showed a more favourable histologic grade than true ICs (P<0.001) and
were less frequently receptor triple negative (7.1 vs. 13.3%, P=0.03) (Table 3.4). The
overall survival was comparable for both groups (Figure 3.2).

Figure 3.2
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Overall survival analysis in patients with missed ICs compared to true ICs.
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Table 3.4

Characteristics of missed and true interval breast cancers diagnosed after SFM or FFDM
screening mammography.

Number of interval cancers
Mean age, years
Previous breast surgery, No. (%)
Yes
No
Hormone replacement therapy, No. (%)
Yes
No
a
Family history of breast cancer, No. (%)
Yes
No
Screening round, No. (%)
Initial screen
Subsequent screen
Mammographic breast density, No. (%)
0–50%
>50%
Lesion abnormality at latest screen, No. (%)
Suspicious mass
Suspicious microcalcifications
Suspicious mass with microcalcifications
Asymmetry
Architectural distortion
Other mammographic abnormality
DCIS versus invasive breast cancer, No. (%)
DCIS
Invasive breast cancer
Mean DCIS size, mm (range)
DCIS grade, No. (%)
Low grade
Intermediate grade
High grade
Invasive cancers, histology subtype, No. (%)
Ductal
Lobular
Mixed ductal/lobular
Other
Unknown
Mean invasive cancer size, mm (range)
Invasive cancers, tumour size, No. (%)
T1a–b
T1c
T2
T3+
Unknown
Invasive cancers, lymph node stage, No. (%)
Node negative
Node positive
Unknown

Missed IC
188
62.5

True IC
432
60.9

P‐value

29 (15.4)
159 (84.6)

73 (16.9)
359 (83.1)

19 (10.1)
169 (89.4)

44 (10.2)
388 (89.8)

33 (17.6)
155 (82.4)

73 (16.9)
359 (83.1)

18 (9.6)
170 (90.4)

58 (13.4)
374 (86.6)

112 (59.6)
76 (40.4)

253 (58.6)
179 (41.4)

127 (67.6)
18 (9.6)
17 (9.0)
21 (11.2)
3 (1.6)
2 (1.1)
5 (2.7)
183 (97.3)

19 (4.4)
413 (95.6)

0.30

29.7 (3–55)

24.5 (2–75)

0 (0.0)
3 (60.0)
2 (40.0)

7 (36.8)
3 (15.8)
9 (47.4)

0.73
0.08

134 (73.2)
28 (15.3)
15 (8.2)
4 (2.2)
2 (1.1)
28.5 (2–170)

304 (73.6)
66 (16.0)
20 (4.8)
21 (5.1)
2 (0.5)
23.9 (2–90)

14 (7.7)
63 (34.4)
72 (39.3)
31 (16.9)
3 (1.6)

56 (13.6)
144 (34.9)
172 (41.6)
35 (8.5)
6 (1.5)

89 (48.6)
90 (49.2)
4 (2.2)

219 (53.0)
186 (45.0)
8 (1.9)

0.01
0.65
0.98
0.84
0.18
0.81

0.19

0.003
0.02

0.59
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Table 3.4

(continued)
b

Invasive cancers, advanced stage, No. (%)
Yes
No
Unknown
Invasive cancers, Nottingham grade, No. (%)
I
II
III
Unknown
Invasive cancers, estrogen receptor status, No. (%)
ER+
ER‐
Unknown
Invasive cancers, progesterone receptor status, No. (%)
PR+
PR‐
Unknown
Invasive cancers, Her2/Neu receptor status, No. (%)
Her2/Neu+
Her2/Neu‐
Unknown
Invasive cancers, triple negative, No. (%)
Preoperative MRI, No. (%)
Yes
No
Neo‐adjuvant therapy, No. (%)
Yes
No
Type of breast surgery, No. (%)
Breast conserving surgery
Mastectomy
No breast surgery performed

Missed IC

True IC

130 (71.0)
49 (26.8)
4 (2.2)

268 (64.9)
139 (33.7)
6 (1.5)

62 (33.9)
91 (49.7)
26 (14.2)
4 (2.2)

105 (25.4)
170 (41.1)
115 (27.8)
23 (5.6)

153 (83.6)
29 (15.8)
1 (0.5)

316 (76.6)
96 (23.2)
1 (0.2)

118 (64.5)
64 (35.0)
1 (0.5)

249 (60.3)
163 (39.5)
1 (0.2)

19 (10.3)
111 (60.7)
53 (29.0)
13 (7.1)

39 (9.4)
273 (66.1)
101 (24.5)
55 (13.3)

55 (29.3)
133 (70.7)

129 (29.9)
303 (70.1)

27 (14.4)
161 (85.6)

70 (16.2)
362 (83.8)

99 (52.6)
84 (44.7)
5 (2.7)

290 (67.1)
133 (30.8)
9 (2.1)

P‐value
0.20

<0.001

0.07

0.34

0.42

0.03
0.88
0.56
0.002

SFM Screen‐film mammography, FFDM Full‐field digital mammography, IC interval cancer, DCIS ductal
a
carcinoma in‐situ. At least one first‐degree relative with breast cancer or at least two second‐degree
b
relatives with breast of which one diagnosed with cancer at of before the age of 50 years; Invasive tumour
size 20 mm (T2+) and/or lymph node positive invasive cancer.

Comparison of interval cancers detected either after screen‐film or
digital screening mammography
With respect to early ICs, respectively, 213 had been diagnosed following SFM and
75 following FFDM. A comparable proportion of early ICs after SFM and FFDM were
classified as missed, minimal sign, or true ICs (Table 3.5). We observed no statistically
significant differences in age, distribution of breast density at the prior screening
mammogram, tumour stage, lymph node status, receptor status, and treatment of
early ICs at respective SFM or FFDM. Compared to SFM, a significantly larger
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proportion of women with an interval breast cancer following FFDM received breast
MRI prior to surgery (56.0 vs. 19.7%, P<0.001) and neo‐adjuvant therapy (28.0 vs.
10.8%, P<0.001).
Of the late ICs, 396 had been diagnosed after SFM and 116 after FFDM. A larger
proportion of late ICs were considered to be true IC after FFDM than after SFM (69.0%
(80/116) versus 57.6% (228/396), P=0.03), whereas more ICs showed a minimal sign
abnormality at the latest screen after SFM than after FFDM (23.2% (92/396) versus
12.0% (14/116), P=0.01). Age distribution, breast density at the prior screening
mammogram, tumour stage, lymph node status, and treatment were comparable for
late ICs diagnosed after SFM or FFDM, but significantly more triple‐negative ICs
(P=0.02), additional breast MRI examinations (P<0.001), and neo‐adjuvant therapy
(P<0.001) were observed following FFDM (Table 3.5).
Survival curves in univariate analysis showed that patients with ICs diagnosed after
FFDM had a better overall survival than patients with ICs after SFM (Figure 3.3).
However, Cox regression analysis with correction for possible confounders (age,
breast density, tumour stage, and year of detection) showed no difference (HR=0.86
(0.3‐2.6), P=0.3).

Figure 3.3

Overall survival analysis in patients ICs diagnosed after SFM compared to ICs diagnosed after
FFDM.
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50
FFDM
116
62.7
22 (19.0)
80 (69.0)
14 (12.0)
7 (6.0)
109 (94.0)
80 (69.0)
36 (31.0)
9 (8.3)
40 (36.7)
51 (46.8)
8 (7.3)
1 (0.9)
62 (56.9)
46 (42.2)
1 (0.9)
25 (22.9)
56 (51.4)
25 (22.9)
3 (2.8)
22 (20.2)
56 (48.3)
60 (51.7)
36 (31.0)
80 (69.0)
72 (62.1)
41 (35.3)
3 (2.6)

76 (19.2)
228 (57.6)
92 (23.2)
16 (4.0)
380 (96.0)
246 (62.1)
150 (37.9)
45 (11.8)
130 (34.2)
158 (41.6)
40 (10.5)
7 (1.8)
194 (51.1)
176 (46.3)
10 (2.6)
108 (28.24)
158 (41.6)
95 (25.0)
19 (5.0)
43 (11.3)
93 (23.5)
303 (76.5)
40 (10.1)
356 (89.9)
262 (66.2)
126 (31.8)
8 (2.0)

b

La te IC
SFM
396
61.5

0.66

<0.001

0.02
<0.001

0.30

0.42

0.63

0.36

0.07
0.03

P‐value

SFM Screen‐film mammography, FFDM Full‐field digi tal mammography, IC interval cancer, DCIS Ductal carcinoma in‐situ. Ea rl y interval cancer = diagnosed wi thin one yea r following a
nega ti ve s creen; b Late interval cancer = diagnosed 1–2 year following a nega tive screen.

a

Cha ra cteristi cs of earl y and late interval breast cancers diagnosed after SFM or FFDM s creening mammography.
a
Ea rl y IC
SFM
FFDM
P‐value
Number of interval cancers
213
75
Mean age, years
61.5
60.6
0.40
Mammographic abnormality visible at latest screen, No. (%)
0.25
Yes (missed IC)
68 (31.9)
22 (29.3)
No (true IC)
86 (40.4)
38 (50.7)
Minimal sign
59 (27.7)
15 (20.0)
DCIS versus invasi ve breast cancer, No. (%)
0.33
DCIS
8 (3.8)
5 (6.7)
Invasive breast cancer
205 (96.2)
70 (93.3)
Mammographic breast density, No. (%)
0.87
0–50%
116 (54.5)
40 (53.3)
50–100%
97 (45.5)
35 (46.7)
Invasive cancers , tumour size, No. (%)
0.31
T1a–b
23 (11.2)
10 (14.3)
T1c
80 (39.0)
20 (28.6)
T2
78 (38.0)
27 (38.6)
T3+
23 (11.2)
12 (17.1)
Unknown
1 (0.5)
1 (1.4)
Invasive cancers , l ymph node s tage, No. (%)
0.68
Node negati ve
102 (49.8)
36 (51.4)
Node positi ve
100 (48.8)
32 (45.7)
Unknown
3 (1.5)
2 (2.9)
Invasive cancers , Nottingham grade, No. (%)
0.26
I
58 (28.3)
22 (31.4)
II
81 (39.5)
33 (47.1)
III
53 (25.9)
14 (20.0)
Unknown
13 (6.3)
1 (1.4)
Invasive cancers , triple negati ve, No. (%)
15 (7.3)
8 (11.4)
0.28
Preopera tive MRI, No. (%)
<0.001
Yes
42 (19.7)
42 (56.0)
No
171 (80.3)
33 (44.0)
Neo‐adjuvant therapy,No. (%)
<0.001
Yes
23(10.8)
21 (28.0)
No
190 (89.2)
54 (72.0)
Type of breast surgery, No. (%)
0.85
Breast conservi ng surgery
133 (62.4)
47 (62.7)
Mastectomy
76 (35.7)
26 (34.6)
No. breast surgery performed
4 (1.9)
2 (2.7)

Table 3.5
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Discussion
To our knowledge, the current population‐based study is the first and one of the
largest to describe characteristics and survival of ICs subgroups detected after SFM
and FFDM. We found that a larger proportion of early ICs than late ICs had been
missed at the latest screen. Invasive missed ICs were larger than true ICs and were
more frequently treated by mastectomy than by breast conserving surgery. Late ICs
were more frequently true ICs after FFDM than after SFM. Survival was comparable
for interval cancer subgroups.
Clear advantages of digital mammography are the immediate availability of the
screens and easy storage, retrieval and editing of digital images. Several studies,
including from the Netherlands, also showed that the transition from screen‐film to
digital mammography screening increased the detection rate of breast cancer. This
improved the detection rate which came at the cost of a higher recall rate and a lower
positive predictive value of recall.23‐26 These outcome parameters remained stable
after the transition from SFM to FFDM (i.e., second round of digital screening.27
Another Dutch study reported a gradual decrease in recall rate after the transition to
digital screening, with a significantly enhanced cancer detection rate when compared
to screen‐film mammography.28
The Dutch nation‐wide screening mammography program is characterized by a low
recall rate. Our 3.1% recall rate during the transition from SFM to FFDM falls within
the recall range observed in other European countries (2.4‐6.1%), but it is significantly
lower than the US recall rates (8.5‐11,5%).29‐32 A recall rate of 2‐4% is considered to be
optimal for the Dutch nation‐wide breast screening program, as slightly increased
cancer detection rates at recall rates exceeding 4% are not considered to justify the
disadvantages of the lower PPV anymore.33
Previous studies report no significant differences in interval cancer rates between
SFM and FFDM and report a similar screening program sensitivity.15,16,34,35 Hofvind et
al., however, recently observed a tendency towards a higher invasive interval cancer
rate at FFDM.36 In our study population, we found an increased cancer detection rate
after FFDM, with a decreased interval cancer rate and a concomitant improved
screening program sensitivity. On the contrary, Hoff et al. found that the
implementation of FFDM had not reduced the proportion of missed cancers at
screening mammography.15 However, they pooled missed ICs and minimal sign ICs
into one group. We would still observe a significant decrease in late, missed ICs after
FFDM if we would consider minimal sign ICs to be missed cancers as well
(168/396=42.4% after SFM vs. 36/116=31.0% after FFDM, P=0.03). Our finding may be
explained by the fact that FFDM is more accurate in detecting smaller tumours than
SFM, as demonstrated in several studies.23,27
More interval cancers (64 %) were detected in the second year than in the first year
after a negative screening mammography. This outcome raises the question whether
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shortening of the screening interval may have a beneficial effect on the interval
cancer rate. Our results do not support a shorter screening interval, as no differences
were observed between the survival rates of interval cancers detected in the first year
and those detected during the second year after a negative screen. Moreover, a US
study showed that there is little evidence that indicates that women who undergo
mammography screening every 2 years have an increased risk of late‐stage breast
cancer compared with women who undergo annual screening, except for women in
their forties.37 Finally, shortening of the screening interval will compromise the cost
effectiveness of the breast cancer screening program and will also increase the
radiation exposure. We found that a larger proportion of early ICs had been missed at
the latest screen, which is in line with findings reported by Collet et al..38 Even so, SFM
and FFDM performed equally with respect to the type of early ICs (missed or true),
whereas late ICs were more frequently missed cancers after SFM than after FFDM.
This may imply that FFDM is more reliable in detecting smaller tumours than SFM, but
not more reliable in detecting larger tumours that become clinically apparent within
the first year after a negative screening.
More interval cancers were missed in the group of early ICs than in the group of late
ICs. An increased mammographic breast density in the group of early ICs more easily
obscures breast lesions and may results in a decreased mammographic sensitivity for
breast cancer detection. On the other hand, breast density was comparable between
true and missed ICs. Extensive mammographic density is strongly associated with the
risk of breast cancer detected by screening or diagnosed between screening tests.39,40
Breast density in our population was comparable between early and late ICs after SFM
and FFDM. Others have reported that digital mammography is more accurate in
women under the age of 50, women with radiographically dense breast, and
premenopausal or perimenopausal women.34 Currently, a study is carried out in the
Netherlands to assess whether mammography or MRI is the most cost‐effective
screening method for large subgroups at high risk, based on a mammographic density
and age.41
Several studies report that missed ICs have less favourable or no different
histopathologic tumour characteristics than true ICs.9,13,42 In contrast, we found that a
higher proportion of histologic grade 3 tumours and more receptor triple‐negative
invasive cancers were present among true ICs, which is also what one would expect to
occur as a result of length bias sampling and more triple negative invasive cancers
among late ICs detected after FFDM.14 These findings suggest that true ICs are more
aggressive tumours than missed ICs. Nevertheless, overall survival rates were
comparable for interval cancer subgroups. Further, we found that ICs after FFDM had
an overall survival comparable to ICs after SFM, despite the higher portion of
triplenegative disease, findings in line with Domingo et al..14
Missed invasive ICs in our study population showed a significantly larger average
tumour size and a higher tumour stage (T3+) than true ICs, findings that have also
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been reported by a Norwegian study.13 A significantly higher portion of missed ICs
than true ICs underwent mastectomy, which is probably due to the larger tumour size
and higher tumour stage of missed ICs, and the mean age of women with missed ICs
was significantly higher than that of women with true ICs. Other studies have also
reported that increased age and an invasive tumour size exceeding 20 mm are
associated with an increased mastectomy risk.43,44 The higher use of MRI and
neoadjuvant therapy after FFDM is likely due to the more recent time period.
Our study has several strengths and limitations. It is one of the largest series reporting
on the different subgroups of ICs, before and during the transition from SFM to FFDM.
All screening radiologists in our study had more than 5‐year experience with digital
mammography in a clinical setting and evaluated at least 5000 screens yearly. They
received training on digital screening mammography at the National Expert and
Training Centre for Breast cancer screening prior to implementation of FFDM.
Nevertheless, they had very limited skill with digital screening mammography at the
start of the study. During the inclusion period, screen‐film mammography was
replaced by full field digital mammography between May 2009 and April 2010. The
introduction of the new imaging technique, FFDM, may be associated with the so‐
called ‘First round effect’. Information on screening outcome parameters after
repeated digital screening is obligatory to determine whether the results observed
during the implementation of digital screening persist in the future or that the recall
rates, interval cancer rates, and cancer detection rates drop back to the rates found in
the era of screen‐film screening. Furthermore, the definition of IC may vary among
studies, which may hamper the comparison of interval cancer rates and IC
characteristics across screening programs.2,45 FFDM was introduced in 2009, and the
most recent linkage to the Register of Death was conducted in December 2015. The
follow‐up period with regard to the survival of the different ICs subgroups was
relatively short, especially for ICs detected after FFDM (median follow‐up 4.0 years).
The survival data acquired in this study were derived from all‐cause mortality and was
not specific to breast cancer death.
Finally, the Dutch nation‐wide breast screening program differs in several aspects
from other European and the US programs, which may restrict extrapolation of our
results to a certain degree. The Dutch program offers biennial screening to women
aged 50‐75 years, which is also the case in many other European programs. However,
the majority of the US programs offers annual screening starting from 45 years of age
and the UK program comprises triennial screening. Also, all mammograms in the
Netherlands are routinely double read by two screening radiologists, which may not
be standard practice in other screening programs.46
In summary, interval cancer subgroups show distinctive mammographic and tumour
characteristics, with comparable overall survival.
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Abstract
Objective
The aim of this study was to retrospectively determine screening outcome in women recalled
twice for the same mammographic lesion before, during, and after transition from screen‐film
(SFM) to full‐field digital screening mammography (FFDM).
Methods
We included women with a repeated recall for the same mammographic abnormality (37 at
subsequent SFM‐screening, obtained between January 2000‐April 2010; respectively 54 and
65 women with a prior SFM‐screen or FFDM‐screen followed by subsequent FFDM‐screening,
obtained between May 2009‐July 2013).
Results
At SFM‐screening, repeated recalls for the same lesion comprised 1.2% of recalls (37/3217),
including 13 malignancies (positive predictive value (PPV), 35.1%). During the SFM to FFDM
transition (SFM‐screen followed by FFDM‐screen), FFDM recalls comprised more repeated
recalls for the same lesion (2.2%, P=0.002), with a lower PPV (14.8%, P=0.02). This proportion
increased to 2.8% after transition to FFDM(i.e., two successive FFDM‐screens), with
16 malignancies (PPV, 24.6%). Invasive cancers at repeated recall were smaller than interval
cancers (T1a‐c, 79.4 versus 46.8%, P=0.001), with less lymph node involvement (20.6 versus
46.5%, P=0.007).
Conclusions
More women are repeatedly recalled for the same mammographic abnormality during and
after the transition from SFM to FFDM‐screening, with comparable cancer risks before and after
the transition. These cancers show better prognostic characteristics than interval cancers.
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Introduction
Many Western countries have implemented nation‐wide or regional screening
mammography programs, with the aim of reducing breast cancer mortality through
earlier detection of breast malignancies.1,2 High‐quality full‐field digital screening
mammography (FFDM) has gradually replaced screen‐film mammography (SFM) in
most screening programs.3,4 Several studies have shown that the transition from SFM
to FFDM has increased the breast cancer detection rate, especially of low‐ and
intermediate‐grade ductal carcinoma in situ (DCIS) and lower‐grade invasive
cancers.5,6 These increased cancer detection rates are usually accompanied by higher
recall rates and lower positive predictive values (PPV) of screening mammography at
FFDM than at SFM.5,7,8
A Dutch study reported that the cancer risk in women recalled twice for the same
lesion at screening mammography is similar to that observed in women recalled once,
and that tumour characteristics are comparable for women with and without
diagnostic delay.9 On the other hand, cancers detected in between two screening
rounds, so‐called interval cancers, usually show less favourable pathological
characteristics and have a worse prognosis than screen‐detected cancers.10‐14
A recent study found that the first round of FFDM (SFM screen followed by a
subsequent FFDM screen) significantly increased the proportion of women recalled
twice for the same lesion, with a lower PPV of these lesions.15 In that study,
subsequent FFDM screens were compared with digitized SFM screens. After the
transition from screen‐film to digital screening mammography (FFDM screen followed
by a subsequent FFDMscreen), comparison of the most recent and the prior screen
will be facilitated, as both screens are digital. One may therefore assume that less
women experience a repeated recall for the same lesion after this transition.
However, data on this issue are lacking.
In the current study we aimed to determine screening outcomes in women with a
repeated recall for the same mammographic abnormality in three screening cohorts
(before, during, and after the transition from SFM to FFDM screening mammography)
and we compared the tumour characteristics in these women with those with interval
breast cancers.

Methods
Study population
The study was performed in a southern biennial screening mammography region of
the Netherlands (BOZ, Bevolkings Onderzoek Zuid). Screening mammograms were
obtained at four specialized screening units. The transition from SFM to FFDM
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screening mammography at these units took place in 2009‐2010. A consecutive series
of 267,895 subsequent SFM screens with a prior SFM screen (SFM‐SFM) were
obtained between January 2000 and April 2010. Furthermore, a total of 91,941
subsequent FFDM screens with a prior previous SFM screen (FFDM‐SFM) and 90,407
subsequent FFDM screens with a prior FFDM screen (FFDM‐FFDM) were obtained
between May 2009 and July 2013. Women participating in our screening program are
asked to give permission for the use of their data for quality assurance and scientific
purposes. Four women screened at our units did not give this permission and they
were excluded from analysis. The Central Committee on Research Involving Human
Subjects (CCMO) in The Hague, The Netherlands, waived ethical approval for this
study.

Screening procedure and recall
Details of the Dutch Nation‐wide Breast Cancer Screening Program, offering biennial
screening mammography for women aged 50‐75 years, have been described
previously.15,16 In brief, all mammograms are obtained by specialized screening
mammography radiographers and all screens are double‐read by a team of certified
screening radiologists. Each radiologist evaluates at least 3000 screening
mammograms yearly and all screening radiologists are also involved in clinical breast
imaging. Prior screening mammograms are available for comparison at the time of
subsequent screening. To facilitate comparison of subsequent FFDM screens with
prior SFM screens, the most recent screen‐film mammograms were digitized by fusion
equipments designed for mammography (DigitalNow;R2/Hologic).
Women with normal or benign mammographic findings, or with non‐specific minimal
signs,17 were not recalled. Women with suspicious or malignant findings were recalled
and evaluated at a breast unit. For each recall, the screening radiologists classified the
abnormal mammographic findings according to the following categories: suspicious
mass, suspicious micro calcifications, suspicious mass with micro calcifications,
architectural distortion, asymmetry, or other abnormality. In addition, each screen
was classified according to screening BI‐RADS in the case of FFDM screening
mammography.

Diagnostic workup
Recalled women were assessed at one of 15 regional or university hospitals. After
physical examination by a breast surgeon or specialized breast care nurse, additional
mammographic views were obtained if indicated. Further diagnostic evaluation could
include tomosynthesis, (3D) breast ultrasound, magnetic resonance imaging (MRI),
percutaneous fine needle aspiration cytology (FNAC), core needle biopsy (CNB),
stereotactic biopsy or open surgical biopsy, dependent on the findings at physical
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examination and mammography and the availability of breast imaging facilities at
each hospital. BI‐RADS 4 and BI‐RADS 5 lesions were routinely biopsied, while BI‐RADS
3 lesions were either biopsied or followed‐up. The radiologic findings at clinical breast
imaging were classified according to the American College of Radiology BI‐RADS.18

Follow‐up procedure
During a follow‐up period of two years (until the next biennial screen), we routinely
collected data on diagnostic imaging procedures, clinical data, biopsy results, and
breast surgery reports of all recalled women. All data were stored in a computerized
spreadsheet (Excel; Microsoft, Redmond, WA, USA). This database was used for the
identification of women who had been recalled twice between January 2000 and July
2013. One radiologist (LD) determined whether the second recall concerned the same
lesion as the one at prior recall.
Linkage of the BOZ database with the nation‐wide cancer registry (Netherlands
Comprehensive Cancer Organization, IKNL) enabled us to retrieve interval cancers
diagnosed in women screened between 2000 and 2012. Interval cancers were defined
as breast cancers diagnosed in women after a screening examination yielded negative
results (defined as no recommendation for referral) and before a subsequent biennial
screen was performed. For women screened from 2012, we followed previously
described procedures for the detection of interval cancers.19 For the purpose of the
current study we only included interval cancers diagnosed in women following a
negative subsequent screening mammography (i.e., interval cancers following an
initial screen were excluded). For patients receiving neo‐adjuvant therapy, we
determined tumour size as measured on diagnostic breast imaging (one cancer in
patients with a repeated recall and 101 interval cancers). For all other patients,
tumour size was determined at the definitive surgical specimen.

Statistical analysis
The screened population was subdivided into three groups, dependent on the
technique of the previous screen: (1) subsequent SFM screen with a prior SFM screen
(SFM‐SFM cohort), (2) subsequent FFDM screen with a prior SFM screen (FFDM‐SFM
cohort), or (3) subsequent FFDM screen with a prior FFDM screen (FFDM‐FFDM
cohort). Descriptive statistics were performed using Statistical Package for Social
Sciences 22 (SPSS Inc. Chicago, IL). A chi‐squared test was used to test differences in
patient or cancer characteristics between women recalled twice for the same lesion,
screendetected cancers, and interval cancers. When appropriate, a Fisher’s exact test
was applied. All tests were two‐sided, and the significance level was set at 5%.
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Results
Overall screening outcome
The overall recall rate was significantly lower at SFM/SFM than at FFDM/SFM and
FFDM/FFDM (1.2% (3217/267, 895) versus 2.7% (2494/91,941, P<0.001) and 1.2%
versus 2.6% (2360/90,407, P<0.001, Figure 4.1, Table 4.1). The cancer detection rate
(CDR) per 1000 screens was also significantly lower at SFM/SFM (5.0 (1347/267,895)
than at FFDM/SFM (7.0 (644/91,941, P<0.001) and FFDM/FFDM (6.6 (600/90, 407,
P<0.001). The CDR drop from 7.0 during the transition to 6.6 after the transition was
not statistically significant (P=0.34). The positive predictive value (PPV) of recall
decreased from 41.9% (1347/3217) at SFM/SFM to 25.8% (644/2494) at FFDM/SFM
(P<0.001) and 25.4% (600/2360) at FFDM/FFDM (P<0.001). The proportion of ductal
carcinoma in situ (DCIS) among screen‐detected cancers increased from
15.5%(209/1347) at SFM/SFMto 21.6% (139/644) at FFDM/SFM (P=0.001) and 21.3%
(128/600) at FFDM/FFDM (P=0.002). The DCIS rate per 1000 subsequent screens
increased from 0.8 at SFM/SFM to 1.5 at FFDM/SFM (P<0.001) and then slightly
decreased to 1.4 at FFDM/FFDM (P<0.001, compared to SFM/SFM).

Women with a repeated recall for the same lesion at screening
mammography
The distribution of recalled women among hospitals and their diagnostic outcome is
shown in Table 4.2. The distribution differed significantly between the three screening
cohorts (P<0.001), which was due to the reorganisation of the screening regions at the
time of transition from screen‐film to digital screening mammography in 2009/2010
and the expansion of our screening region in 2011.
At SFM/SFM, a repeated recall for the same mammographic lesion comprised 1.2%
(37/3217) of all recalls (Figure 4.1). During the transition from SFM to FFDM screening
mammography, this proportion increased to 2.2% (54/2494, P=0.002) and then
further increased to 2.8% (65/2360, P<0.001) after the transition to FFDM had been
completed (Table 4.3). The latter increase from 2.2 to 2.8% was not statistically
significant (P=0.19). The number of repeated recalls per 1000 subsequent screens
increased from 0.14 at screenfilm screening to respectively 0.59 (P<0.001) during and
0.72 (P<0.001) after the transition to digital screening. The PPV of recall among these
women decreased from 35.1% (13/37) at subsequent screen‐film mammography to
14.8% (8/54, P=0.02) during the transition to digital screening mammography and
then increased to 24.6% (16/65) after the transition (FFDM/SFM versus FFDM/FFDM,
P=0.19; SFM/SFM versus FFDM/FFDM, P=0.26). The distribution of the type of
mammographic abnormality at recall, as well as tumour size and lymph node status of
invasive cancers, were comparable for the three groups.

62

267895

264678
No recall

8
Malignant

for same lesion

46
Benign

89447
No recall

2295

584
Malignant

1711
Benign

different lesion

repeated recall for

Single recall or

65

16
Malignant

for same lesion

Repeated recall

49
Benign

†

88047
No recall

Outcome at subsequent biennial screening mammography, January 1, 2000 – June 30, 2013.
± Subsequent SFM screen with prior SFM screen; * Subsequent FFDM screen with prior SFM screen; † Subsequent FFDM screen with prior FFDM
screen. SFM = screen‐film mammography; FFDM = full‐field digital mammography.

1804
Benign

54
Repeated recall

90407
Subsequent FFDM/FFDM

Figure 4.1

636
Malignant

different lesion

repeated recall for

2440
Single recall or

91941
Subsequent FFDM/SFM*

1845
Benign

24
Benign

±

1335
Malignant

13
Malignant

for same lesion

repeated recall for

different lesion

37

Repeated recall

3180

Single recall or

Subsequent SFM/SFM

450243
subsequent screens

Screening outcome in women repeatedly recalled for the same mammographic abnormality

63

Chapter 4
Table 4.1

Screening outcome at subsequent screen‐film and full‐field digital mammography.

Subsequent screens, n
Recalls , n (%)
Screen detected cancers, n
Cancer detection rate per 1000
screens
Positive predictive value of recall,
%
False‐positive recalls per 1000
screens
±
Type of screen detected cancer ,
*
n (%; rate )
Ductal carcinoma in situ
Invasive cancer

A
SFM with prior
SFM
267,895
3217
(1.2)
1347
5.0

B
FFDM with
prior SFM
91,941
2494
(2.7)
644
7.0

C
FFDM with
prior FFDM
90,407
2360 (2.6)

41.9
7.0

209
(15.6; 0.8)
1135
(84.5; 4.2)

P‐value
A vs. B

B vs. C A vs. C

<0.001

0.18

<0.001

600
6.6

<0.001

0.34

<0.001

25.8

25.4

<0.001

0.75

<0.001

20.1

19.5

<0.001

0.32

<0.001

0.001

0.91

0.002

139
(21.6; 1.5)
505
(78.4; 5.5)

128
(21.3; 1.4)
472
(78.7; 5.2)

SFM = screen‐film mammography; FFDM = full‐field digital mammography. ± Three patients with
*
incomplete follow up at SFM/SFM; per 1000 subsequent screens.

Reasons for repeated recall and type of assessment at initial, false‐
negative recall
For each of the three screening cohorts, the presence of an increased mass was the
most frequent reason for a repeated recall, followed by increased calcifications
(Figure 4.2, Table 4.4). Assessment at initial, false‐negative recall most frequently
consisted of additional imaging only, especially in SFM/SFM and FFDM/FFDM‐
screened women.

Comparison of tumour characteristics of repeated recalls with those of
interval cancers
We found no significant differences in the proportion of DCIS between both groups,
but the number of women with DCIS were small (P=0.40, Table 4.5). The distribution
of histological subtypes of invasive cancers was comparable for both cohorts, with the
majority of cancers being of the ductal type. Invasive cancers diagnosed after a
repeated recall were significantly smaller than interval cancers (T1a‐c, 79.4 versus
46.8%, P<0.001), with a significantly larger proportion of lymph node‐negative
invasive cancers in the first group (79.4 versus 51.6%, P=0.007). The histological
tumour grade was more favourable for women with breast cancer after a repeated
recall, with an almost twice as large proportion of Nottingham grade I cancers (52.9
versus 28.0%, P=0.02). Receptor status and type of surgical treatment (either breast
conserving surgery or mastectomy) were comparable for interval cancers and breast
cancers diagnosed after a repeated recall.
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Distribution of recalled women among hospitals and diagnostic outcome.

Subsequent SFM with prior SFM
Subsequent FFDM with prior SFM
Subsequent FFDM with prior FFDM
(n=267,895)
(n=91,941)
(n=90,407)
Assessed
Breast cancer
Assessed
Breast cancer Breast cancer
Assessed
Breast cancer Breast cancer
Breast cancer
recalls, No (%)
after repeated recalls, No (%)
(n=644)
after repeated recalls, No (%)
(n=600)
after repeated
(n=1347)
recall±, No (%*)
recall, No (%)
recall, No (%)
Hospital 1
423 (13.1)
181
3 (1.7)
223 (8.9)
70
0 (0)
253 (10.7)
62
0 (0)
Hospital 2
163 (5.1)
61
1 (1.6)
702 (28.1)
173
1 (0.6)
447 (18.9)
107
4 (3.7)
Hospital 3
877 (27.3)
364
3 (0.8)
621 (24.9)
165
3 (1.8)
721 (30.6)
190
6 (3.2)
Hospital 4
1559 (48.5)
665
5 (0.8)
699 (28.0)
181
4 (2.2)
631 (26.7)
169
4 (2.4)
Hospital 5
107 (3.3)
42
1 (2.4)
159 (6.4)
39
0 (0)
207 (8.8)
50
2 (4.0)
Hospital 6
70 (2.2)
26
0 (0)
32 (1.3)
6
0 (0)
34 (1.4)
3
0 (0)
Hospital 7
0 (0.0)
0
0 (0)
34 (1.4)
6
0 (0)
50 (2.1)
13
0 (0)
Remaining hospitals
18 (0.6)
8
0 (0)
24 (1.0)
4
0 (0)
17 (0.7)
6
0 (0)
SFM = Screen‐film mammography; FFDM = Full‐field digital mammography. ± Diagnosis of breast cancer after repeated recall for the same abnormality at screening
mammography; * Percentage of all screen detected breast cancers.

Table 4.2
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Table 4.3

Screening outcome of women recalled twice for the same lesion at subsequent screening
mammography.

A
B
SFM with FFDM with
prior
prior
SFM
SFM
Subsequent screens, n
267,895
91,941
Recalls , n (%)
3217 (1.2) 2494 (2.7)
Recalled twice for the same lesion, n
37
54
Proportion of total recalls,%
1.2
2.2
0.14
0.59
Per 1000 screens, ‰
8
Cancer among repeated recalls, n
13
Positive predictive value of repeated recall, %
35.1
14.8
Cancers among repeated recalls as
1.0
1.2
percentage of all screen‐detected cancers
Reason of repeated recall, n (%)
Suspicious mass
19 (51.4) 28 (51.9)
Suspicious micro calcifications
16 (43.2) 15 (27.8)
Suspicious mass with micro calcifications
2 (5.4)
8 (14.8)
Architectural distortion
0 (0)
3 (5.6)
Type of screen‐detected cancer, n (%)
Ductal carcinoma in situ
1 (7.7)
1 (12.5)
Invasive cancer
12 (92.3)
7 (87.5)
Tumour size of invasive cancers, n (%)
T1a‐c
10 (83.3)
5 (71.4)
T2+
2 (16.7)
2 (28.6)
Lymph‐node status of invasive cancers, n (%)
Positive
3 (25.0)
0 (0)
Negative
9 (75.0)
7 (100)

C
P‐value
FFDM with A vs.B B vs. C
prior
FFDM
90,407
2360 (2.6) <0.001 0.18
65
2.8
0.002
0.19
0.72
<0.001 0.27
16
24.6
0.02
0.19
0.07
2.7
0.57
34 (52.3)
16 (24.6)
8 (12.3)
7 (10.8)
1 (6.3)
15 (93.7)
12 (80.0)
3 (20.0)
4 (26.7)
11 (73.3)

SFM = screen‐film mammography; FFDM = full‐field digital mammography.
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0.26
0.004
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Figure 4.2

Patient example, repeated recall after previous false‐ negative recall. Two‐view mammogram
(A, medio‐lateral oblique (MLO) view and B, cranio‐caudal (CC) view) at first recall in 2009
shows a round mass with obscured margins, located dorsally in the left breast (arrows).
Ultrasonography showed a 4.5‐ mm mass, interpreted as a simple cyst, and the lesion was
classified as BI‐RADS II. Two years later the woman was recalled again because of an increased
size of the mass (C, D) and ultrasonography now showed a complex cyst of 14 mm. Pathology
revealed an invasive ductal carcinoma and intraductal papillary carcinoma without axillary
metastasis

Table 4.4

Reasons for repeated recall for the same abnormality at screening mammography and type of
assessment at initial, false‐negative recall.
SFM/SFM
37

Reason for repeated recall
Increased mass
19 (51.4)
Increased mass with calcifications
3 (8.1)
New mass at previous calcifications 1 (2.7)
Increased calcifications
13 (35.1)
Unchanged calcifications
1 (2.7)
0
Development of asymmetry into mass
0
Unchanged/increased architectural
distortion
Assessment at initial, false‐negative recall
±
Additional imaging only
BI‐RADS 1
BI‐RADS 2
*
BI‐RADS 3
Imaging + FNAC
Imaging + CB
Imaging + SCNB

Malignant
10
1
0
2
0
0
0
9
0
4
5
1
3
0

FFDM/SFM
54

Malignant

27 (50.0)
5 (9.3)
2 (3.7)
16 (29.6)
0
1 (1.9)
3 (5.6)

6
1
0
0
0
1
3
1
0
2
2
2
1

FFDM/FFDM
65
35 (53.8)
6 (9.2)
3 (4.6)
15 (23.1)
0
0
6 (9.2)

Malignant
12
3
0
1
0
0
0
15
1
10
4
0
0
1
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Table 4.5

Comparison of tumour characteristics and type of surgery among women with a repeated
recall for the same mammographic lesion and interval cancers.

Cancers, n
Tumour type, n (%)
DCIS
Invasive
Unknown
Type of invasive cancer, n (%)
Ductal
Lobular
Mixed ductal/lobular
Other
Unknown
Tumour size of invasive cancers, n (%)
T1a‐c
T2+
Unknown
Lymph‐node status of invasive cancers, n (%)
N+
N0
Unknown
Grade, n (%)
Nottingham I
Nottingham II
Nottingham III
Unknown
Estrogen receptor, n (%)
Positive
Negative
Unknown
Progesterone receptor, n (%)
Positive
Negative
Unknown
±
Her2/Neu receptor Positive
Positive
Negative
Unknown
*
Triple receptor – negative, n (%)
Type of surgical treatment
Breast conserving surgery
Mastectomy
No surgery performed
Unknown

Cancers in women with
a repeated recall
37

Interval cancers

3 (8.1)
34 (91.9)
0 (0)

36 (4.5)
760 (94.9)
5 (0.6)

25
5
1
3
0

567
123
40
29
6

(73.5)
(14.7)
(2.9)
(8.8)
(0)

801

(74.1)
(16.1)
(5.2)
(3.8)
(0.8)

27 (79.4)
7 (20.6)
0 (0)

358 (46.8)
397 (51.9)
10 (1.3)

7 (20.6)
27 (79.4)
0 (0)

356 (46.5)
395 (51.6)
14 (1.8)

18
12
4
0

214
328
187
36

(52.9)
(35.3)
(11.7)
(0)

(28.0)
(42.9)
(24.4)
(4.7)

29 (85.3)
5 (14.7)
0 (0)

594 (77.6)
169 (22.1)
2 (0.3)

22 (64.7)
12 (35.3)
0 (0)

461 (60.3)
302 (39.5)
2 (0.3)

1
28
5
4

(2.9)
(82.4)
(14.7)
(11.8)

74
479
212
88

(9.7)
(62.6)
(27.7)
(12.2)

28
8
1
0

(75.7)
(21.6)
(2.7)
(0)

519
265
15
2

(64.8)
(33.1)
(1.9)
(0.2)

P‐value

0.40

0.60

0.001

0.007

0.02

0.45

0.74

0.07

1.0
0.34

DCIS = ductal carcinoma in situ. ± Her2/Neu receptor determination was routinely performed from 2004.
* 46 interval cancers without Her2/Neu determination excluded from analysis
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Discussion
More women experienced a repeated recall for the same mammographic lesion
during the transition from SFM to FFDM screening and this phenomenon persisted
after the transition. This increased chance of a repeated recall came along with a non‐
significantly decreased PPV of recall. Cancers diagnosed after a repeated recall
showed a more favourable tumour stage and grading than interval cancers.
To our knowledge, this is the first study that compares the proportions of women
recalled twice for the same mammographic abnormality before, during, and after the
transition from screen‐film to digital screening mammography. During the transition, we
observed a significant increase in overall recall rate, which came along with a
significantly larger proportion of women recalled twice for the same lesion and a higher
repeated recall rate per 1000 subsequent screens. Beforehand, one may expect to find a
drop in the proportion of women recalled twice after the transition, reflecting a
situation where digital screening mammograms are compared with prior digital screens
instead of prior digitized screenfilm screens. The persistent increase in repeated recall
rate is not desirable, as these women show a lower re‐attendance rate for subsequent
screening mammography than women with a single false‐positive recall or women
without a recall.15,20 In line with the decreased overall PPV of recall during and after the
transition, we also observed a significantly lower PPV among women with a repeated
recall for the same lesion during the transition. However, the PPV after the transition
was comparable to the one found at screen‐film mammography.
We have previously reported that the cancer risks for lesions recalled twice or only once
at screening mammography are comparable and the presence of a mass at first recall
and the omission of lesion biopsy at first recall are associated with increased cancer risk
at repeated recall for the same lesion.9 Although breast cancers diagnosed in women
after a repeated recall comprise only a small proportion of all cancers detected at
screening mammography, the delay in cancer diagnosis can have a detrimental effect on
the prognosis of survival. Almost 20% (7/37) of cancers in women recalled twice were
invasive cancers exceeding 20mm in size, with lymph‐node metastasis being present in
seven out of 37 women. A systematic review study reported that a delay in cancer
diagnosis of 3‐6 months was already associated with lower survival,21 and unsatisfactory
assessments of recalled women in a screened population may increase breast cancer
mortality within this special tumour population by 14‐18%.22
Several studies have shown that interval cancers show less favourable prognostic
characteristics and a worse prognosis than screen‐detected cancers.11,13,14 There are
conflicting reports of whether or not interval cancers at digital screening
mammography show different tumour characteristics than interval cancers diagnosed
following screen‐film screening mammography. A Norwegian study found that the
mammographic features of missed interval cancers of digital screening were
comparable to those missed at screen‐film mammography screening,23 but a Dutch
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study concluded that interval breast cancers are more frequently true negatives (i.e.,
not visible) at a prior digital screening mammogram.24 A US study recently reported
that interval cancers diagnosed after a digital examination are less likely to have
unfavourable tumour features than those diagnosed after screen‐film
mammography.25 In our study population, the tumour stage and grade were better for
cancers diagnosed after a repeated recall than for interval cancers, reflecting a less
aggressive growth pattern and a more favourable survival outcome for the first group
of malignancies. Although the tumour size of cancers after a repeated recall were
smaller than those of interval cancers, a comparable proportion of women in both
groups underwent either breast conserving therapy or mastectomy. This remarkable
finding may be partially explained by the tendency of increased proportions of women
with screen‐detected cancers in the Dutch screening program being treated by
mastectomy.19 Also, the intensified use of neoadjuvant chemotherapy increases the
rate of breast conserving surgery for larger interval cancers.26‐28
Our study has certain limitations. Extrapolation of our results to other screening
programs may be limited, as the study designs of these programs show considerable
variations.1 For example, the Dutch screening program is characterized by a lower
referral rate than most European and US screening programs. Moreover, screening
outcome parameters will be influenced by the screening interval used at screening
programs. Many European programs, including the Dutch one, offer biennial
screening for women aged 50‐75 years. In contrast, women are screened every
3 years in the UK and US programs usually offer annual screening from the age of
40‐45 years. Finally, mammographic screening in the Dutch program is performed in a
standardized fashion by certified screening radiographers and screening radiologists,
who frequently receive feedback on their individual performance. However,
evaluation of a mammographic abnormality following recall may be done in any
hospital. Dutch breast units show variations in the quality of diagnostic imaging and
clinical assessment, which may influence the accuracy of recall outcome. We have
previously shown that a substantial percentage of recalled women experience a delay
in breast cancer diagnosis exceeding more than 6 months, with significant
performance variations between hospitals. 11 In the current study, the distribution of
recalled women among the various hospitals differed for the three screening cohorts,
which may have influenced the results. The number of women with a diagnostic delay
of at least two years (until the next screening examination) was small and did not
allow an analysis of interhospital differences.
In summary, we found an increased recall rate during the transition from screen‐film
to digital screening mammography, both for women recalled only once or recalled
twice for the same lesion, and these increased recall rates persisted after the
transition. The PPV of recall for women with a repeated recall for the same lesion was
comparable before and after the transition to digital screening. These cancers show
more favourable tumour characteristics than interval cancers.
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Abstract
Background
This study aimed to compare the type and extent of surgery in patients with screen‐detected
and interval cancers after blinded or non‐blinded double reading of screening mammograms.
Methods
The study investigated a consecutive series of screens double read in either in a blinded
(n=44,491) or non‐blinded (n= 42,996) fashion between 2009 and 2011. During a 2 year follow‐
up period, the radiology reports, surgical correspondence, and pathology reports of all screen‐
detected and interval cancers were collected.
Results
Screen‐detected breast cancer was diagnosed for 325 women at blinded 284 women at non‐
blinded double reading. The majority of women were treated by breast‐conserving surgery
(BCS) at both reading strategies (78.2% vs. 81.7%, P=0.51). Larger total resection volumes were
observed at BCS for ductal carcinoma in situ (DCIS) treatment for patients after blinded double
reading (P=0.005). The proportions of positive resection margins after BCS were comparable for
patients with DCIS (P=0.81) or invasive screen‐detected cancers (P=0.38) for the two reading
strategies. A total of 158 interval cancers were diagnosed. The proportions of patients treated
with BCS were comparable for the two reading strategies (P=0.42). The total resection volume
(P=0.13) and the proportion of positive resection margins after BCS (P=0.32) for invasive
interval cancer were comparable for the two cohorts. The BCS rate was higher for women after
non‐blinded double reading (P=0.04).
Conclusions
Blinded and non‐blinded double reading yielded comparable surgical treatments for women
with screen‐detected or interval breast cancer except for larger total resection volumes at BCS
for screen‐detected DCIS and a higher BCS rate for interval cancers at non‐blinded double
reading.
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Introduction
While screening mammography has been shown to detect breast cancers at a more
favourable surgical stage, it is unclear whether the type of surgical treatment (breast‐
conserving surgery (BCS) versus mastectomy) is influenced by the type of reading
strategy at screening mammography. The widespread introduction of mammographic
screening, improved imaging techniques and increased breast cancer awareness, all
contribute to the increased detection of breast cancer at an early stage. The
established reduction in breast cancer mortality is attributed to the combination of
earlier breast cancer detection through mammography screening and significant
improvements in breast cancer treatment.1‐6 Patients with breast cancer diagnosed
through screening tend to have early disease with smaller primary cancers,7 which
makes them particularly suited for BCS.8,9
European guidelines consider double reading by radiologists to be the gold standard
for the assessment of screening mammograms because this screening strategy
substantially increases the cancer detection rate compared to single reading.10,11 Most
programmes, including the Dutch nation‐wide breast cancer screening programme,
use non‐blinded double reading (NBDR) rather than blinded double reading (BDR) for
the assessment of screening mammograms. Non‐blinded (or independent), double
reading implies that the second reader is aware of the first reader’s opinion, whereas
with BDR, second reader is not aware of the first reader’s assessment outcome.
We recently compared these two reading strategies and found that BDR increased the
sensitivity of breast cancer detection, at the expense of an increased referral rate and
a decreased positive predictive value of referral.12 In addition, BDR resulted in higher
percutaneous biopsy rates and higher benign biopsy rates with a comparable positive
predictive value of biopsy.13 Given the facts that BDR yields a higher programme
sensitivity (due to a combination of a higher cancer detection rate and fewer interval
cancers) than NBDR and that interval cancers are generally larger and more frequently
show lymph node involvement than screen‐detected cancers, differences in surgical
treatment between these two screening cohorts might be expected. However, the
influence of the type of reading strategy (BDR or NBDR) on the surgical outcome for
women with screen‐detected and interval breast cancer is unknown.
This study aimed to ascertain whether the type and extent of surgery differs for
women with screen‐detected or interval breast cancer diagnosed after BDR or NBDR
in a population‐based screening mammography programme in the south of the
Netherlands.
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Methods
Study population
This study investigated a consecutive series of 87,487 full‐field digital screening
mammograms obtained between 1 July 2009 and 1 July 2011.12 The screens were
performed at four specialized screening units in a southern biennial mammography‐
screening region of the Netherlands.

Screening procedure and referral
The details of the nation‐wide breast cancer screening programme have been
described previously.14 A team of 12 certified screening radiologists double‐read the
mammographic examinations. Prior screening mammograms were always available
for comparison at the time of a subsequent screening round. To facilitate the
comparison of subsequent full‐field digital mammography screens with prior screen‐
film mammography screens, the most recent screen‐film mammograms were digitized
by using equipment designed for mammography (DigitalNow; R2/Hologic).
Radiologist double‐read the screening mammograms in either a blinded (second
reader was not informed about the first reader’s decision) or non‐blinded (second
reader was informed about the first reader’s decision) fashion. This reading strategy
was alternated on a monthly basis. Screening mammograms with discrepant readings
between the two screening radiologists, at blinded and non‐blinded double reading,
were always referred for further analysis.
Each screening mammography was classified according to the Breast Imaging
Reporting and Data System (BI‐RADS).15 Women with a screening BI‐RADS 0, 4 or 5
were referred to a dedicated breast hospital. At screening, mammographic
abnormalities were classified according to the following categories: suspicious mass,
suspicious calcifications, suspicious mass in combination with calcifications,
architectural distortion, asymmetry, or other abnormality. The lesion size, however,
was not determined or reported by the screening radiologists.

Detection of interval cancers
Interval cancers were defined as breast cancers diagnosed in women after a screening
examination yielded a negative result (defined as no recommendation for referral)
and before the subsequent biennial screening mammography was performed. Details
of identification of interval breast cancer have been described previously.12
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Follow‐up procedure and surgical treatment of screen‐detected and
interval cancers
A total of 15 hospitals were involved in the assessment of screen‐positive women.
After physical examination by the surgeon, a radiologist in one of the referral centres
reviewed the mammographic views taken at the breast cancer‐screening programme.
Additional mammograms were obtained if necessary. The type of further diagnostic
evaluation depends on the workup protocol of the various hospitals. Surgical
approaches were based on the estimated disease size or extent obtained from
collected imaging studies.
During a follow‐up period of 2 years, we collected screening mammography findings,
demographic and clinical data, additional clinical breast imaging reports, biopsy
results and breast surgery reports for all women with a diagnosis of breast cancer. Ink
on tumour was considered an indication for re‐excision.16 The total resection volume
(TRV) represented the volume of the surgical specimen and was defined as an
ellipsoid. The TRV was calculated using the three dimensions of the surgical specimen
in cm, as measured by the pathologist.
The mathematical formula applied to calculate the TRV was (4/3) π a・b・c, where a,
b, and c representing half of each of the three dimensions of the surgical specimen.17
Re‐operation was defined as a second operation performed after initial BCS.

Statistical analysis
All data were entered into a computerized spreadsheet (Excel; Microsoft, Redmond,
WA, USA) and statistics were calculated using the Statistical Package for Social Science
17.0 (SPSS Inc. Chicago, IL). A P value of less than 0.05 was considered to indicate
statistical significance.

Results
Baseline characteristics
The baseline characteristics (age distribution, previous breast surgery, proportion of
initial and subsequent screens, and use of hormonal replacement therapy) were
comparable for the women screened by BDR or NBDR, whereas BDR yielded a
significantly higher programme sensitivity than NBDR.12,13 Tumour phenotypes
differed between interval cancers and screen‐detected cancers. Interval cancers were
more often estrogen‐receptor‐negative (P=0.01), progesterone‐receptor‐negative
(P=0.005) and triple‐receptor‐negative (P=0.003).
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Surgical treatment of screen‐detected cancers
Breast cancer was diagnosed for 325 women at BDR and for 284 women at NBDR
(Table 5.1). The majority of breast cancers identified at BDR and NBDR were treated
by BCS (78.2% (254/325) vs. 81.7%, (232/284), P=0.51). At BDR and NBDR, both the
mean screening interval and the median screening interval were 2.1 years.

Screen‐detected ductal carcinoma in situ (DCIS)
The proportions of DCIS among women with screen‐detected cancer were 23.3%
(76/325) and 25.7% (73/284) at BDR and NBDR (P=0.51). A comparable proportion of
women at BDR and NBDR were treated by either BCS (69.7% vs. 80.8%, P=0.12) or
mastectomy (22.4% vs. 19.2%, P=0.63) (Table 5.1). At BDR, for significantly more
women, no therapy was performed (n=3) or their treatment was unknown (n=3) (7.9%
vs. 0.0%, P=0.03), with comparable surgery rates. Total resection volume after BCS was
larger at BDR than at NBDR, with a median specimen volume of 47.8 cm3 vs. 37.3 cm3
(P=0.005). The mean tumour size was comparable for the two groups (12.6 mm at BDR
vs. 11.5 mm at NBDR, P=0.59). The proportion of positive resection margins after BCS
was 12.7% after BDR and 14.3% after NBDR (P=0.81). Among the women treated with
BCS, reoperation was performed for 7.3% (4/55) after BDR and 11.1% (7/63) after
NBDR (P=0.47). The proportions of women with a second lumpectomy or a secondary
mastectomy were comparable for the two cohorts (P=0.83).

Screen‐detected invasive cancers
The two cohorts showed similar proportions and rates (per 1000 screened women) of
invasive tumour stages (Table 5.1). The cohorts also were comparable with respect to
the proportion and rate of women treated by BCS (proportion: 80.7% vs. 82.0%,
P=0.24; rate: 4.5 vs. 4.0 per 1000 screened women, P=0.26). No significant differences
were found between the two groups in terms of total resection volume (P=0.42) or
positive resection margins after BCS (P=0.38). Among the women with invasive
cancers, reoperation after BCS was performed for 6.3% (13/205) of the blindedly read
cohort and 6.3% (11/175) in the non‐blindedly read cohort (P=0.98).

Surgical treatment of interval cancers
Within 2 years after follow‐up evaluation, 66 interval cancers had emerged in the BDR
cohort and 92 in the NBDR cohort.

Interval DCIS
With both reading strategies, DCIS comprised a small portion of interval cancers,
namely 9.1% (6/66) at BDR and 4.3% (4/92) at NBDR (P=0.32, Table 5.2).
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284
73
24 (32.9)
23 (31.5)
26 (35.6)
63 (86.3)
10 (13.7)
0 (0.0)
37.3
(3.8‐189.3)
54 (85.7)
9 (14.3)
3 (4.8)
4 (6.3)
2 (3.2)
59 (80.8)
14 (19.2)
0 (0.0)

24 (31.6)
27 (35.5)
25 (32.9)
55 (72.3)
15 (19.7)
6 (7.9)
47.8
(14.7‐222.4)
48 (87.3)
7 (12.7)
2 (3.6)
2 (3.6)
3 (5.5)
53 (69.7)
17 (22.4)
6 (7.9)

NBDR n (%)

325
76

BDR n (%)

Proportion

0.04

0.83

0.81

0.005

0.02

0.87

P‐value

1.2
0.4
0.1

0.0
0.0
0.1

1.4
0.3
0.0

0.1
0.1
0.0

1.3
0.2

0.45
0.66
0.03

0.68
0.45
1.00

0.44
0.57

0.36
0.36
0.03
1.5
0.2
0.0
1.2
0.3
0.1

1.1
0.2

0.91
0.66
0.79
0.6
0.5
0.6
0.5
0.6
0.6

Rate
(per 1000 screened women)
BDR
NBDR
P‐value
44 491
42 996
325
284
76
73

Surgical treatment of screen‐detected cancers at blinded and non‐blinded double reading of screening mammograms.

Mammograms (n)
Screen‐detec ted cancers (n)
DCIS (n)
DCIS
Low grade
Intermediate grade
High grade
Type of initial surgical treatment
BCS
Mastectomy
No therapy/ unknown
TRV of BCS specimen
3
Median (cm )
Range
Resection margins of surgical specimen after BCS
*
Negative
**
Positive
Treatment after positive resection margins after BCS
Second BCS
Secondary mastectomy
No further surgery
Type of final surgical treatment
BCS
Mastectomy
No therapy/ unknown

Table 5.1
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NBDR n (%)
211
171 (81.0)
40 (19.0)
175 (82.9)
32 (15.2)
4 (1.9)
53.4
(9.6‐230.4)
154 (88.0)
21 (12.0)
9 (5.1)
2 (1.1)
10 (5.7)
173 (82.0)
34 (16.1)
4 (1.9)

BDR n (%)
249
202 (81.1)
47 (18.9)
205 (82.3)
43 (17.3)
1 (0.4)
57.8
(15.9‐441.9)
174 (84.9)
31 (15.1)
9 (4.4)
4 (2.0)
18 (8.8)
201 (80.7)
47 (18.9)
1 (0.4)

Proportion

0.24

0.61

0.38

0.42

0.28

0.98

P‐value

4.5
1.1
0.0

0.2
0.1
0.4

3.9
0.7

4.6
1.0
0.0

4.5
1.1

4.0
0.8
0.1

0.2
0.0
0.2

3.6
0.5

4.1
0.7
0.1

4.0
0.9

0.26
0.20
0.21

0.94
0.69
0.16

0.43
0.21

0.23
0.26
0.21

0.20
0.55

Rate
(per 1000 screened women)
BDR
NBDR
P‐value
249
211

BDR = blind double reading, NBDR = non‐blinded double reading, DCIS = ductaal carcinoma in situ, TRV = total resection volume, BCS = breast‐conserving surgery.
*
**
The margins are tumour‐free if, in an adequately processed sample, tumour does not r each into any of the surgical margins; Ink on tumour was considered an
indication for re‐excision.

Invasive cancers (n)
Tumour size (mm)
T1a‐c (1‐20)
T2 (> 20)
Type of initial surgical treatment
BCS
Mastectomy
No therapy/ unknown
TRV of BCS specimen
3
Median (cm )
Range
Resection margins of surgical specimen after BCS
*
Negative
**
Positive
Treatment after positive resection margins after BCS
Second BCS
Secondary mastectomy
No further surgery
Type of final surgical treatment
BCS
Mastectomy
No therapy/ unknown

Table 5.1
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92
4
2 (50.0)
0 (0.0)
2 (50.0)
4 (100.0)
0 (0.0)
0 (0.0)
38.8
(6.7‐132.0)
3 (75.0)
1 (25.0)
0 (0.0)
0 (0.0)
1 (25.0)
4 (100.0)
0 (0.0)
0 (0.0)

1 (16.7)
3 (50.0)
2 (33.3)
3 (50.0)
3 (50.0)
0 (0.0)
22.4
(18.9‐26.0)
2 (66.7)
1 (33.3)
0 (0.0)
1 (33.3)
0 (0.0)
2 (33.3)
4 (66.6)
0 (0.0)

NBDR n (%)

66
6

BDR n (%)

Proportion

0.08

1.00

1.00

0.49

0.2

0.4

P‐value

Surgical treatment of interval cancers at blinded or non‐blinded double reading of screening mammograms.

Mammograms (n)
Interval cancer (n)
DCIS (n)
DCIS
Low grade
Intermediate grade
High grade
Type of initial surgical treatment
BCS
Mastectomy
Unknown
TRV of BCS specimen
3
Median (cm )
Range
Resection margins of surgical specimen after BCS
1
Negative
2
Positive
Treatment after positive resection margins after BCS
Second BCS
Secondary mastectomy
No further surgery
Type of final surgical treatment
BCS
Mastectomy
Unknown

Table 5.2

0.0
0.1
0.0

0.0
0.0
0.0

0.0
0.0

0.1
0.1
0.0

0.0
0.1
0.0

0.1
0.0
0.0

0.0
0.0
0.0

0.1
0.0

0.1
0.0
0.0

0.0
0.0
0.0

0.45
0.13
‐

‐
1.00
0.49

0.68
1.00

0.72
0.25
‐

0.62
0.25
1.00

Rate
(per 1000 screened women)
BDR
NBDR
P‐value
44 491
42 996
66
92
6
4
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NBDR n (%)
88
44 (50.0)
44 (50.0)
55 (62.5)
31 (35.2)
2 (2.3)
45.5
(10.1‐276.5)
41 (74.5)
14 (25.5)
4 (7.3)
1 (1.8)
9 (16.4)
54 (61.4)
32 (36.4)
2 (2.3)

BDR n (%)
60
24 (40.0)
36 (60.0)
36 (60.0)
20 (33.3)
4 (6.7)
71.6
(26.8‐201.9)
30 (83.3)
6 (16.7)
4 (11.1)
0 (0.0)
2 (5.6)
36 (60.0)
20 (33.3)
4 ( 6.7)

Proportion

0.44

0.40

0.32

0.13

0.46

0.23

P‐value

0.8
0.4
0.1

0.1
0.0
0.0

0.7
0.1

0.8
0.4
0.1

0.5
0.8

1.3
0.7
0.0

0.1
0.0
0.2

1.0
0.3

1.3
0.7
0.0

1.0
1.0

0.04
0.07
0.69

1.00
0.49
0.03

0.15
0.06

0.03
0.10
0.69

0.01
0.30

Rate
(per 1000 screened women)
BDR
NBDR
P‐value
60
88

BDR = blinded double reading, NBDR = non‐blinded double reading, DCIS = ductal carcinoma in situ, TRV = total resection volume, BCS = breast‐conserving surgery.
*
**
The margins are tumour‐free if, in an adequately processed sample, tumour does not r each into any of the surgical margins; Ink on tumour was considered an
indication for re‐excision.

Invasive cancer (n)
Tumour size (mm)
T1a‐c (1‐20)
T2+ (> 20)
Type of initial surgical treatment
BCS
Mastectomy
Unknown
TRV of BCS specimen
3
Median (cm )
Range
Resection margins of surgical specimen after BCS, n (%)
*
Negative
**
Positive
Treatment after positive resection margins after BCS, n (%)
Second BCS
Secondary mastectomy
No further surgery
Type of final surgical treatment
BCS
Mastectomy
Unknown

Table 5.2
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Invasive interval cancers
The rate of smaller invasive interval cancers (T1a‐c) was significantly higher in the
non‐blindedly read cohort (1.0 vs. 0.5 per 1000 screened women, P=0.01, Table 5.2),
whereas the proportional tumour size distribution was comparable for both groups.
The BCS rates were higher for women with interval cancer after NBDR (1.3 vs. 0.8 per
1000 screened women, P=0.04). Reoperation after BCS was performed in 11.1% (4/36)
of the women after BDR and 9.1% (5/55) of the women after NBDR (P=0.74). The
proportions of women receiving a second lumpectomy or secondary mastectomy
were again comparable for the two reading strategies.

Discussion
To our knowledge, the current population‐based study is the first to describe surgical
treatment performances after BDR or NBDR of screening mammograms. We found
that the type and extent of surgery were comparable for screen‐detected cancers at
BDR and NBDR, except of larger total resection volumes at BCS for DCIS treatment. For
interval cancers (66 diagnosed in the BDR cohort and 92 in the NBDR cohort), BCS
rates were higher for women after NBDR, but otherwise we found no differences in
surgical outcome between the two cohorts.
Women with DCIS are more likely to undergo BCS if their disease is detected at
screening.18 In our study, BCS was performed in 69.7% at BDR and 80.8% at NBDR in
women with screen‐detected DCIS. The high proportion of patients undergoing BCS is
consistent with the findings of a recent study, in which 12 countries contributed data
from a total of 15 screening programmes.19 In the latter study, 67‐90% of DCIS was
treated by BCS, and this percentage was relatively constant across programmes and
periods. On the other hand, Dutch studies reported that respectively 67% of DCIS in the
south of the Netherlands and 55% of DCIS in the east of the Netherlands was treated by
BCS.18,20 Both studies were performed before the introduction of full‐field digital
mammography. The introduction of digital mammography has led to the increased
detection of DCIS and smaller tumours in patients attending the breast cancer screening
programme and this may explain the high percentage of patients treated by BCS.21,22
The percentage of breast volume excised is an important determinant of cosmetic and
patient satisfaction after BCS.23 We found a significantly larger total resection volume
for DCIS cases detected at BDR compared to NBDR, for which we have no proper
explanation because the tumour size of screen‐detected DCIS was comparable for the
two reading strategies. Reports show that resection volumes at BCS and preferences
for BCS versus mastectomy may vary among hospitals.18 Unfortunately, the numbers
of DCIS patients treated in each hospital were too small for inter‐hospital variations in
the surgical treatment of DCIS to be investigated.
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The two reading strategies yielded a comparable surgical treatment performance for
invasive screen‐detected cancers, with BCS performed for 80.7% of patients at BDR
and 82.0% of patients at NBDR. Several studies have shown that the surgical
treatment of invasive cancer has changed over time. Although Ernst et al. 24 found
that 64% of women with screen‐detected cancers were treated with BCS in 1990 and
1998, a more recent Danish study has reported that from the 1990s, the use of BCS
had increased from about 25%‐ 69% in 2010.25 Our results are in line with this latter
study showing that most patients with invasive screen‐detected cancers currently are
treated by BCS, as well as with another Dutch study, which reported that 90% of the
women were treated with BCS in 2010.26
Klompenhouwer et al.12 recently showed that BDR resulted in a significantly higher
programme sensitivity than NBDR, with a higher cancer detection rate and fewer
interval cancers at BDR. At NBDR, significantly more interval cancers were stage T1a‐c
than stage T2+ per 1000 screens (P=0.01). The increased BCS rate (per 1000 screened
women) for interval cancers, observed after NBDR, is a logical consequence of the
lower programme sensitivity at this reading strategy.
After BCS for the treatment of screen‐detected cancers, BDR and NBDR resulted in
comparable resection margin status. After BDR or NBDR, respectively 15.1% and
12.0% of women with invasive screen‐detected cancer had tumour positive resection
margins, compared to 16.7% and 25.5% of women with invasive interval cancer. These
percentages are in line, even lower, compared with those reported in other studies,
which range from 12 to 48%.27‐29 The low percentages we observed may be explained
by recent improvements in mammography equipment (digital mammography and
breast tomosynthesis versus screen‐film mammography) and improved surgical
treatment through increased subspecialty among surgical oncologists,21,22,30 as well as
the fact that our study population was limited to screened women, who generally
have smaller cancers than nonscreened women.31
A U.S. study reported that dedicated breast surgeons demonstrate a significantly
better surgical outcome with respect to the tumour margin status of resection
specimen and reoperation rates, as well as the increased use of BCS and sentinel node
procedure.30 The combined implementation of breast units, screening programmes,
and sentinel node biopsy have resulted in a significantly improved breast cancer
treatment, with increased BCS rates and a reduced disease recurrence and
mortality.32 Nederend et al.26 recently reported that the proportion of BCS with
tumour positive resection margins in screened women with invasive cancer decreased
from 19.6% in 1997‐1998 to 7.6% in 2009‐2010.
Of the women with screen‐detected invasive cancers, respectively 4.4% and 5.1%
needed a second lumpectomy at BDR or NBDR. Secondary mastectomies following
initial BCS were performed in respectively 2.0% and 1.1% of the two cohorts. These
percentages are lower than those reported by Liebregts et al.,33 who found that,
overall, 10% of women underwent a re‐excision and 15% a secondary mastectomy
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after BCS. Over time, they also observed a decrease in re‐excision rate after initial
BCS, from 14% to 8%, and a decrease in the percentage of secondary mastectomy
from 23% to 8%. These improvements were probably due to the introduction of
diagnostic percutaneous core needle biopsy as an alternative to diagnostic surgical
biopsy, which frequently was followed by a second operation. Low re‐excision rates
are important because a second lumpectomy results in worse cosmetic outcome and
delays adjuvant treatment.34,35
Our study has certain limitations. The study population consisted of women who
attended the screening programme during the transition from screen‐film to digital
screening mammography. Therefore, the majority of subsequent screens were
compared with previously obtained screen‐film mammograms. Data on screening
outcome several years after the transition to digital screening mammography are
sparse. We recently reported that full‐field digital mammography leads to increased
referral rates and cancer detection rates during and after the transition, with
significantly increased BCS rates at repeated digital screening mammography.21
Our study does not provide information on the cost effectiveness of BDR versus NBDR.
This analysis will be necessary to determine whether BDR combined with referral of
discrepant readings on the authority of a third screening radiologist without
consensus reading should become the preferred reading strategy at double reading of
screening mammograms.12
Extrapolation of our results to other screening programmes may be limited by the fact
that the design of the Dutch breast cancer screening programme and workup
strategies may differ from screening programme designs in other countries. The Dutch
nation‐wide screening programme offers biennial screening to women aged
50‐75 year, which is also the case in many other European countries. However, the
majority of U.S. programmes offer annual screening starting below the age of
50 years, whereas the UK offers triennial screening.36 Moreover, the Dutch referral
rate of 2‐3% is lower than the 2‐6% referral rates observed in other European
countries and the referral rate of 8% or more in the United States.37‐40 Double reading
is performed in the Dutch screening programme, whereas other reading strategies
(including single reading, single reading with computed‐aided detection or the use of
digital breast tomosynthesis) may be applied in other screening programmes.41,42
Finally, the incidence of open surgical biopsy for diagnostic purposes is much higher in
the United States than in the UK or the Netherlands, explaining the lower re‐excision
rates in the latter two countries.43,44
In summary, we conclude that the type and extent of surgery were comparable for
screen‐detected cancers at BDR and NBDR, except for larger total resection volumes
at BCS for DCIS treatment. For interval cancers, the BCS rates were higher for women
after NBDR, but otherwise, we found no differences in surgical outcome between the
two cohorts.
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Abstract
Background
Detected by screening mammography, bilateral breast cancer has a different pathological
profile compared to unilateral breast cancer. We investigated the incidence of bilateral interval
breast cancers and compared their characteristics with those of unilateral interval breast
cancers.
Methods
We included all 468,720 screening mammograms of women who underwent biennial screening
mammography in the South of the Netherlands between January 2005 and January 2015. We
collected breast imaging reports, biopsy results and surgical reports of all referred women and
of all women who presented with interval breast cancer. The tumour with the highest tumour
stage (index cancer) was used for comparison with unilateral interval cancers.
Results
A total of 753 interval cancers were detected, of which 24 (3.2%) were bilateral. Among the
invasive interval cancers, bilateral cancers more frequently showed a lobular histology than
unilateral cancers (37.5% (9/24) vs. 16.1% (111/691), P=0.01). There is a trend towards a larger
proportion of bilateral than unilateral interval cancers graded 1 (45.8% (11/24) vs. 27.8%
(192/691), P=0.08). There were no other statistically significant differences in tumour
characteristics. Also, the proportion of interval cancers showing significant mammographic
abnormalities at the latest screen was comparable for unilateral and bilateral interval cancers
(23.0% vs. 25.0%, P=0.9).
Conclusions
Bilateral interval cancers comprise a small proportion of all interval cancers. Except of a higher
proportion of invasive lobular cancers and a more favourable histological grade of invasive
cancers, tumour characteristics are comparable for bilateral and unilateral interval breast
cancers.
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Introduction
Breast cancer is one of the most common malignancies diagnosed in women today
and many western countries have implemented regional or nation‐wide breast cancer
screening programmes with the aim to detect breast cancer at an early stage.
Screening mammography, in combination with improved therapy, has resulted in
decreased mortality rates from breast cancer.1‐4
In screened women, about 75% of cancers are detected by screening mammography.5
Several studies have shown that around 20‐25% of breast cancers are diagnosed after
a negative screen (i.e., no referral) and before the next scheduled screen, the so‐
called interval cancers.6,7 Interval cancers are relatively large and poorly differentiated
and have a worse disease free and overall survival compared to screen detected
cancers.8
Breast cancer is infrequently diagnosed bilaterally. Only 0.7‐2.3% of all breast cancers
diagnosed in symptomatic women comprise bilateral cancer9‐11 and 2.2% of cancers
diagnosed in a systematically screened population are bilateral.12 In screen detected
cancer, bilateral breast cancer has a different pathological profile compared to
unilateral breast cancer, including a larger proportion of invasive lobular cancers and
less lymph node involvement.12,13
There are very few data available on bilateral breast cancer detected at screening
mammography and, to our knowledge, literature on bilateral interval cancers is
entirely lacking. In the current study we determined the incidence of bilateral interval
breast cancer in a biennial screening mammography programme and we compared
the pathological characteristics of bilateral and unilateral interval breast cancers.

Methods
Screened population
We included all women aged 50‐75 years who underwent initial or subsequent
screening in a southern breast cancer screening region of the Netherlands between
January 1, 2005 and January 1, 2015. Screening was performed at one of four
screening units (one fixed unit and three mobile units). In this screening region,
screen‐film mammography (SFM) was replaced by full‐field digital mammography
(FFDM) in the years 2009‐2010. Written informed consent was asked from all women
who participated in the screening programme, to use their screening data and follow‐
up data for scientific purposes. Four women refused usage of their data and were
excluded from analysis. Ethical approval by our local Institutional Review Board was
not required for this study, according to the Dutch Central Committee on Research
involving Human Subjects (CCMO) in The Hague.
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Screening procedure
In the Netherlands, all woman aged 50‐75 years are offered biennial screening
mammography. Details of the Dutch nationwide breast cancer screening programme
have been published elsewhere.14,15 In summary, all screening mammograms were
obtained by a team of specialized mammography radiographers, and all screening
mammograms were double‐read by two certified screening radiologists. During the
study period, the screening group consisted of 15 radiologists and each radiologist
evaluated at least 3000 mammograms yearly and participated in clinical breast
imaging.
At subsequent screening, prior screening mammograms were always available for
comparison. To facilitate this comparison, screen‐film mammograms were digitized
using a film scanner and archiver designed for mammography (DigitalNow;
R2/Hologic).
BI‐RADS (Breast Imaging reporting and Data System) was introduced in the Dutch
screening setting in 2009.16,17 Before 2009, the screening radiologists only had to
decide whether or not to refer a woman, without the need to give a BI‐RADS score.
From 2009, women with a BI‐RADS 1 or 2 were not referred and were invited for a
subsequent biennial screen, whereas women with a BIRADS score 0, 4 or 5 were
referred and evaluated at a breast unit at one of 15 regional or university hospitals in
the South of the Netherlands.16,17 BI‐RADS 3 is not used in the Dutch screening setting.

Diagnostic work‐up
At a breast unit of a hospital, women were examined by a surgeon or dedicated breast
nurse and additional breast imaging was performed at the department of Radiology.
Further diagnostic evaluation could include tomosynthesis, contrast‐enhanced
spectral mammography (CESM), (3D) breast ultrasonography, magnetic resonance
imaging, percutaneous fine needle aspiration cytology (FNAC), core needle biopsy
(CNB), stereotactic biopsy or open surgical biopsy. All radiological findings were
classified according to BI‐RADS. Lesions classified as BI‐RADS IV or V were routinely
biopsied and BI‐RADS III lesions were either biopsied or followed up, as discussed in
the multidisciplinary breast team.

Follow‐up procedure and review of interval breast cancers
During a follow‐up period of about 2 years (until the next biennial screening
mammography examination), we collected screening mammography findings, clinical
data, clinical breast imaging reports, biopsy results, and breast surgery reports of all
referred women and of women diagnosed with interval breast cancer. Details on the
methods of detecting interval cancers have been published previously.18‐20 Most
interval cancers were identified by linkage of the screening records to the Netherlands
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Cancer Registry (NCR), Netherlands Comprehensive Cancer Organization (IKNL) and
regional pathology laboratories.
In bilateral interval breast cancers, the cancer with the more advanced stage (or, in
cases where both tumours had the same stage, the larger tumour at pathology) was
defined as the index tumour.10 We only included synchronously diagnosed bilateral
interval cancers, i.e. the contralateral cancer had been histologically confirmed within
three months following the diagnosis of the index cancer. For all cancers treated by
neo‐adjuvant therapy (either chemotherapy or endocrine therapy), clinical tumour
size was derived from breast imaging (usually MRI) prior to the start of this therapy.
A team of three experienced screening radiologists reviewed the screening
mammograms and clinical mammograms of all women diagnosed with interval breast
cancer. For each interval cancer, two radiologists categorized breast density according
to the American College of Radiology.16,17 The interval cancers were classified as either
showing a significant mammographic abnormality, a minimal sign or no abnormality
on the most recent screening mammogram, according to the European guidelines.21,22
At review, the radiologists were informed about a bilateral presence of an interval
cancer. The radiologists were blinded to each other's opinion, and discrepant
assessments were followed by consensus reading.

Statistical analysis
All data were entered into a computerized spreadsheet (Excel; Microsoft, Redmond,
WA, USA), and statistics were performed using Statistical Package for Social Science
17.0 (SPSS Inc. Chicago, IL). An independent samples t‐test was used to test
differences in age. The Chi‐square or Fisher exact test was used when testing
differences in tumour characteristics, which were all categorical variables. In addition,
a multivariate logistic regression was used to compare patients and tumour
characteristics between patients with unilateral versus bilateral interval cancer.

Results
Overall screening results
A total of 468,720 screening mammograms (50,811 initial screens and 417,909
subsequent screens) were obtained between January 1, 2005 and January 1, 2015,
comprising 160,776 SFM screens and 307,944 FFDM screens. The referral rate was
26.5 per 1000 screened women (12,398/468,720), with an overall cancer detection
rate of 6.3 per 1000 screened women (2947/468,720) and a positive predictive value
(PPV) of referral of 23.8% (2947/12,398).
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Interval cancer rate
A total of 753 women were diagnosed with interval breast cancer, representing 20.4%
of all women who participated in our screening programme and who were diagnosed
with breast cancer. The interval cancer rate was 1.6 per 1000 screens and the overall
programme sensitivity was 79.6%. Out of 753 interval cancers, 729 (96.8%) cancers
were unilateral and 24 (3.2%) bilateral.

Characteristics of bilateral and unilateral interval cancers
All index cancers in women diagnosed with bilateral interval cancer were invasive,
whereas unilateral interval cancers comprised 38 cases of DCIS (5.2%) and
691 invasive cancers (94.8%) (P=0.6, Table 6.1). We found a higher proportion of
classical invasive lobular cancer in bilateral interval index tumours than in unilateral
interval cancers (37.5% (9/24) vs. 16.1% (111/691), P=0.01). Tumour stage and risk of
nodal involvement were comparable for bilateral and unilateral interval cancers
(P=0.2 and P=0.8, respectively).
Among the invasive cancers with a known histological grade, bilateral interval cancers
tended to be more often graded I than unilateral interval cancers (45.8% (11/24) vs.
27.8% (192/691), P=0.08), with a trend of a lower proportion of grade III bilateral
interval cancers (8.3% (2/24) vs. 24.0% (166/691), P=0.08). When comparing unilateral
with bilateral invasive ductal cancers, we observed a trend towards more grade I
cancers in bilateral interval cancers compared to unilateral interval cancers (46.7%
(7/15) vs. 24.1% (124/514), P=0.1). The receptor expressions were comparable for
both groups. We observed a trend towards a higher mastectomy rate in bilateral
interval cancers than in unilateral interval cancers (45.8% (11/24) vs. 29.6% (216/729),
P=0.1). In all cases of bilateral interval cancers both cancers had the same surgical
treatment, i.e., all mastectomies in bilateral cancer were bilateral.
Patients with bilateral interval cancer were younger at diagnosis than patients with
unilateral interval breast cancer, (mean age of 57.5 years versus 60.5 years, P=0.04).
In a multivariate logistic regression analysis adjusting for age at diagnosis, time to
diagnosis post‐screen, breast density, previous breast surgery, previous hormone
replacement therapy and family history of breast cancer, age appeared to be the only
parameter that was statistically significantly associated with the risk of bilateral
interval cancer, with younger patients showing a higher risk.
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Table 6.1

Characteristics of unilateral and bilateral interval carcinoma.

Type of interval cancer
Ductal carcinoma in‐situ
Invasive cancer
Histological type of invasive cancers, n (%)
Ductal
Lobular
Other
Tumour stage of invasive cancers, n (%)
T1a‐c
T2+
Unknown
Lymph node status of invasive cancers, n (%)
N+
No
Unknown
Nottingham grade of invasive cancers, n (%)
I
II
III
Unknown
a
Final surgical treatment, n (%)
Breast conserving surgery
Mastectomy
No surgery
Unknown

Unilateral
interval
carcinoma
(n=729)

Bilateral interval
carcinoma, index
cancer
(n=24)

38 (5.2)
691 (94.8)

0 (0)
24 (100)

514 (74.8)
111 (16.1)
66 (9.6)

15 (62.5)
9 (37.5)
0 (0)

325 (47.0)
359 (52.0)
7 (1.0)

8 (33.3)
16 (66.7)
0 (0)

381 (55.1)
295 (42.7)
15 (2.2)

13 (54.2)
11 (45.8)
0 (0)

192 (27.8)
313 (45.3)
166 (24.0)
20 (2.9)

11 (45.8)
10 (41.7)
2 (8.3)
1 (4.2)

498 (68.3)
216 (29.6)
14 (1.9)
1 (0.1)

12 (50.0)
11 (45.8)
1 (4.2)
0 (0)

P‐value

0.6
0.01

0.2

0.8

0.08

0.1

Characteristics of index cancers versus contralateral cancers in women
with bilateral interval cancer
With respect to bilateral interval cancers, there was a significantly higher percentage
of invasive lobular index cancers compared to the contralateral cancers (37.5% (9/24)
vs. 0% (0/21), P=0.001, Table 6.2). No cases of bilateral invasive lobular cancers were
found. In lobular invasive cancer in 74.2% (89/120) an MRI was performed, versus
39.7% (210/529) in ductal invasive cancer, P<0.001. There were 3 cases of DCIS in
contralateral interval cancers, compared to none in index cancers. In bilateral breast
cancer, in all cases of invasive lobular breast cancer, all index tumours were also the
chronologically first detected tumour. In invasive ductal breast cancer, 80% (12/15) of
index tumours were also the first detected tumour. Among the contralateral cancers,
there was a trend towards higher hormone receptor expression (P=0.2, 0.1 and 0.2 for
estrogen, progesterone and Her2/Neu receptor expression respectively). There was
no difference in surgical treatment between index cancers and contralateral cancers.
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Table 6.2

Characteristics of the index cancers and contralateral cancers of bilateral screen‐detected
cancers and bilateral interval cancers at biennial screening mammography.
Interval cancers
Index cancer
Contralateral cancer
(n=24)
(n=24)

Type of cancer, n (%)
Ductal carcinoma in‐situ
Invasive cancer
Unknown
Histology of invasive cancers, n (%)
Ductal
Lobular
Other
Unknown
T‐stage of invasive cancers, n (%)
T1a‐c
T2+
Unknown
Lymph node status of invasive cancers, n (%)
N+
No
Nottingham grade of invasive cancers, n (%)
I
II
III
Unknown
ER receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
PR receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
Her2/Neu receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
Final surgical treatment, n (%)
Breast conserving surgery
Mastectomy
No surgery

0 (0)
24 (100)
0 (0)

3 (12.5)
21 (87.5)
0 (0)

15 (62.5)
9 (37.5)
0 (0)
0 (0)

18 (85.7)
0 (0)
2 (9.50)
1 (4.8)

8 (33.3)
16 (66.7)
0 (0)

18 (85.7)
2 (9.5)
1 (4.8)

13 (54.2)
11 (45.8)

6 (28.6)
15 (71.4)

11 (45.8)
10 (41.7)
2 (8.3)
1 (4.2)

11 (52.4)
7 (33.3)
1 (48.8)
2 (9.5)

21 (87.5)
3 (12.5)
0 (0)

21 (100)
0 (0)
0 (0)

15 (62.5)
9 (37.5)
0 (0)

18 (85.7)
3 (14.3)
0 (0)

5 (20.8)
19 (79.2)
0 (0)

1 (4.8)
20 (95.2)
0 (0)

12 (50.0)
11 (45.8)
1 (4.2)

12 (50.0)
11 (45.8)
1 (4.2)

P‐value
0.2

0.001

>0.001

0.1
0.8

0.2

0.1

0.2

0.1

±In bilateral breast cancers, the cancer with the more advanced stage (or, in cases where both tumours had
the same stage, the larger tumour at pathology) was dened as the index tumour. ER = estrogen; PR =
progesterone.

Prior visibility of interval cancers
There was no difference in breast density on the most recent screening mammogram
for bilateral interval cancers and unilateral interval cancers (P=0.4).
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The proportion of occult index bilateral interval cancers at review of the most recent
screening mammogram, the so called true interval cancers, was similar to that
observed in women with a unilateral interval breast malignancy (54.2% versus 58.6%,
P=0.9).

Discussion
To our knowledge, this is the first study exploring the incidence and characteristics of
bilateral interval cancers in participants of a biennial screening mammography
programme. Bilateral interval cancers comprised 3.2% of all interval cancers. Invasive
bilateral interval cancers were more frequently of the lobular subtype and had a more
favourable histological grade than unilateral interval cancers. To provide an effective
treatment of both interval cancers, it is crucial that the contralateral tumour is
diagnosed at the same time so that the multidisciplinary team can make a fully
informed treatment decision with the patient for both cancers.
Data on the incidence of bilateral interval breast cancers at screening mammography
are lacking in the literature. In a series of 1806 screen‐detected cancers at biennial
screening, Setz‐Pels et al. found that 2.2% of screen‐detected cancers were bilateral.12
We observed a significantly larger proportion of invasive lobular cancers among
bilateral than among unilateral interval cancers. Bilateral screen‐detected breast
cancers also comprise more lobular cancers and show a lower risk of nodal
involvement than unilateral cancers.12 MRI has been proven useful in patients with
invasive lobular cancer in order to determine multifocal and/or multicentric disease
and to assess the contralateral breast. It is well known that invasive lobular cancer
may be diagnostic challenge at mammography or ultrasound.23 The diagnostic work‐
up for invasive lobular cancer more often included MR mammography, compared to
invasive ductal cancer, P<0.001. This finding is as expected, since MR is advised in the
European guidelines for invasive lobular cancer [European guidelines,24,25 as in 7% a
contralateral malignity is found, and in 28% of cases an treatment change as made
based on MR.24,25
There was a trend towards fewer grade III tumours in bilateral interval cancer. This
finding may be partially explained by the larger proportion of the invasive lobular
subtype among bilateral interval cancers. Invasive lobular cancers are characterized by
a more favourable histological grade (I and II) compared to invasive ductal cancers.26
However, when comparing histological subtypes separately, this trend persisted for
invasive ductal cancer (46.7% vs. 24.1%, P=0.1). Other studies report variable
proportions of grade I tumours among interval cancers, ranging from 9‐33%, which is
significantly lower than the proportion observed among screen‐detected cancers in
our screened population27 and reported by others.8 Moreover, interval cancers are
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significantly larger and more frequently show lymph node involvement and a negative
estrogen receptor status.28,29 Therefore, interval cancers have a lower disease free
and overall survival rate than screen detected cancers.30 Except of the more
favourable grading of bilateral interval cancers, we found no differences in tumour
stage or in the risk of nodal involvement, when comparing the index tumour of
bilateral interval breast cancers with unilateral interval cancer cases.
In our study we observed a trend towards a more frequent use of mastectomy in
patients with bilateral interval cancer than in those with unilateral interval cancer.
This could partly be explained by the role of MRI as recent studies showed a higher
mastectomy rate in patients with invasive lobular cancer when MRI was included in
the clinical work‐up.31,32 The majority of the index cancers of bilateral interval cancer
cases were true interval cancers and 25% of the index cancers retrospectively showed
a significant mammographic abnormality at the latest screening mammogram. Several
other European screening studies report comparable proportions of these two
interval cancer subtypes for unilateral interval cancers, respectively 40‐65% and
20‐33%.6,7,33
Our study has certain strengths and limitations. Although we included a large series of
nearly 470,000 screening mammograms, the low incidence of bilateral interval
cancers resulted in a relatively small number of these cancers which harbours the risk
of over interpretation of our findings. Due to these small numbers significant
differences between bilateral and unilateral interval cancers regarding
mammographic characteristics and tumour pathology may have remained
undetected. Furthermore, comparison of our results with those of other screening
studies may be limited as authors use different definitions of interval cancers.34
Finally, a bias in this study could be the use of MR mammography, there was a trend
towards more pre‐operative MR mammography in bilateral interval cancer, because
when contralateral cancer is suspected, MR will often be performed. When pre‐
operative MR is performed, four times more often a contralateral breast cancer is
detected.31 We also analyzed the use of MR between invasive ductal cancer and
lobular invasive cancer, no differences were found. In summary, this study is the first
to report on bilateral interval cancers at screening mammography. Although
synchronous bilateral interval cancer comprised only 3.2% of all interval cancers,
careful examination of the contralateral breast in a woman with a diagnosis of interval
breast cancer is mandatory for early diagnosis and to facilitate an optimal treatment
strategy. Bilateral interval cancers are more likely to show invasive lobular histology,
reflecting that this subtype of breast cancer remains a diagnostic challenge at
screening mammography.
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Abstract
Background
Unilateral interval breast cancers show less favourable prognostic features than unilateral
screendetected cancers, but data on tumour characteristics of bilateral interval cancers in a
systematically screened population are sparse. Therefore, we compared tumour characteristics
of bilateral interval cancers with those of bilateral screen‐detected cancers.
Methods
We included all 468,720 screening mammograms of women who underwent biennial screening
mammography in the South of the Netherlands between January 2005 and January 2015. We
collected breast imaging reports, biopsy results and surgical reports of all recalled women and
of all women who presented with interval breast cancer. In women with synchronous bilateral
breast cancer, the tumour with the highest tumour stage was defined as the index cancer. For
comparison of data between both groups Fisher exact test and Chisquare test were used.
Results
Synchronous bilateral cancer was diagnosed in 2.2% of screen‐detected cancers (64/2947) and
in 3.2% of interval cancers (24/753) (P=0.1). Index tumours of bilateral screen‐detected cancers
and interval cancers showed similar characteristics, except for a larger proportion of T‐stage 2
or worse (T2+) cancers among interval cancers (16/24 (66.7%) versus 23/58 (39.7%) (P=0.03).
Index cancers, compared to contralateral cancers, were less frequently stage T1 in both
bilateral screen‐detected cancers and bilateral interval cancers (35/64 (60.3%) versus 40/64
(88.9%) (P=0.001) and 8/24 (33.3%) versus 18/24 (85.7%) (P<0.001), respectively). In bilateral
screen‐detected cancers, contralateral cancers were more often stage 1a‐c (P<0.001) compared
to index cancers. In bilateral index cancers, index cancers were more often of the lobular
subtype (P<0.001).
Conclusions
Index cancers of bilateral screen‐detected cancers and bilateral interval cancers show
significant differences in tumour size, whereas nodal status, receptor status and final surgical
treatment are comparable. In bilateral screen‐detected cancer, index cancers had a significantly
higher tumour stage. In bilateral screen‐detected cancer, index cancers were more often the
ductal invasive subtype compared to contralateral cancers.
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Introduction
Breast cancer is one of the most common malignancies diagnosed in women
nowadays. Many western countries have implemented regional or nationwide breast
cancer screening programmes to detect breast cancer at a less advanced stage.
Screening mammography, in combination with more effective treatments, results in
decreased mortality of breast cancer.1‐4
Despite the screening programmes, 20‐25% of breast cancers in a systematically
screened population are detected during the interval between two screening rounds,
the so‐called interval cancers.5,6 One of the challenges of breast cancer screening is to
reduce the proportion of interval cancers, as they have proven to be relatively large,
poorly differentiated tumours, with a worse disease‐free and overall survival
compared to screen‐detected cancers.7
A subgroup of patients with breast cancer has synchronous bilateral cancer, with the
contralateral cancer diagnosed within 3 months of the initially diagnosed breast
malignancy.8,9 In symptomatic patients, 0.7‐2.3% of breast cancers are bilateral9‐11 and
2.2% of screen detected cancers are bilateral in a systematically screened population.8
Several studies in predominantly symptomatic patients, found that bilateral cancers
show more favourable tumour characteristics than unilateral cancers, with a higher
proportion of invasive lobular cancer,8 lower T‐stage12 and a higher proportion of
hormone receptor expression.10 This is mainly due to the smaller secondary detected
tumour.8,10,12 Despite these findings, many authors report a worse overall survival for
bilateral breast cancer compared to unilateral breast cancer.13‐16
Several studies have reported on tumour features of unilateral screen‐detected
cancers and interval cancers.7,17 However, data on bilateral breast cancer at screening
mammography are sparse and data on bilateral interval cancer are, to our knowledge,
almost lacking (Figure 7.1). In a previous study we focused on bilateral interval cancers
and described how they differ from unilateral interval cancers.18 The quality and effect
of screening mammography programmes are determined not only by the
characteristics of screen‐detected cancers (unilateral or bilateral) but also by those of
unilateral and bilateral interval cancers. In the current study, we therefore
investigated to what extent tumour characteristics of bilateral interval cancers differ
from those of bilateral screen‐detected cancers and we further explored differences
between index tumours and contralateral tumours in bilateral screen‐detected
cancers and bilateral interval cancers.
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Figure 7.1

Almost 2 years after a negative first screen mammography, a woman was referred by her
physician to a regional hospital for the evaluation of a palpable mass in the upper outer
quadrant of the right breast. mammography (A) showed no suspicious findings. Ultrasound
(B) showed a solid mass (calipers) biopsy revealed invasive lobular carcinoma. As the primary
lesion was occult on mammography and biopsy yielded a lobular histology, breast MRI was
performed. The MRI subtraction image shows a spiculated mass in the contralateral (left)
breast (white arrow) and a small lesion located medially in the right breast (black arrow) (C).
Biopsy yielded an invasive ductal carcinoma in the left breast and a fibroadenoma in the right
breast.

Methods
Study population
We included all screening examinations obtained in a breast cancer screening region
in the south of the Netherlands, between January 1, 2005 and January 1, 2015. A total
of 468,720 screening mammograms were obtained, both initial and subsequent
screens. Both screen‐film mammography (SFM) and full‐field digital mammography
(FFDM) were included in the study, since the transition from SFM to FFDM was made
in 2009/2010. All women participating in the screening programme were asked to give
written informed consent to use their screening data and follow‐up data for scientific
purposes. In total, four women refused usage of their data and were excluded from
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analysis. Ethical approval by our local Institutional Review Board was not required for
this study, according to the Dutch Central Committee on Research involving Human
Subjects (CCMO) in The Hague.

Screening procedure
Details of the Dutch nationwide breast cancer screening programme, offering biennial
screening mammography for women aged 50‐75 years, have been published
elsewhere.19,20 In summary, all screening mammograms were obtained by a team of
specialized mammography radiographers in one of four screening units (one fixed and
three mobile units), and all screening mammograms were double read by two
certified screening radiologists, with more than 20 years of experience with screening
mammography and clinical breast imaging. During the study period, the screening
group consisted of 15 radiologists and each radiologist evaluated at least
3000 mammograms yearly and all radiologists participated in clinical breast imaging.
At the start of 2005, the mean length of experience of the 8 interpreting radiologists
with screening mammography was 103 months (range, 63‐119 months). Four more
radiologists started interpreting screening mammograms between 2005‐2010 and
another 3 radiologists started interpreting screening mammograms between
2011‐2013 Prior screening mammograms were always available for comparison at the
time of subsequent screening. To facilitate this comparison, most recent screen‐film
mammograms were digitized using a film scanner and archiver designed for
mammography (DigitalNow; R2/Hologic, Bedford, MA).

Diagnostic work‐up
All recalled women received physical examination by the surgeon or the dedicated
breast nurse at the breast unit of a hospital, and additional breast imaging was
performed in the radiology department. Dependent on the findings at physical
examination and mammography and dependent on local diagnostic work‐up
protocols, further diagnostic evaluation could include additional mammographic
views, breast tomosynthesis, contrast‐enhanced spectral mammography (CESM), (3D)
breast ultrasound, magnetic resonance imaging (MRI), percutaneous fine needle
aspiration cytology (FNAC), core needle biopsy (CNB), stereotactic biopsy, magnetic
resonance guided biopsy or open surgical biopsy. All radiological findings were
classified according to the fourth edition of the Breast Imaging Reporting and Data
System lexicon, (BI‐RADS).21,22 Lesions classified as BI‐RADS IV or V were routinely
biopsied and BI‐RADS III lesions were either biopsied or followed up, as discussed in
the multidisciplinary breast team. Patients with radiological findings classified as BI‐
RADS I or II were again referred to the breast cancer screening programme.
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Follow‐up procedure
For the detection of interval cancers and bilateral breast cancers, all women in our
breast screening programme were followed during a period of about 2 years (until the
next biennial screening mammography examination). Details on the methods of
detecting interval cancers have been published previously.23‐25 Most interval cancers
were identified by linkage of the screening records to the Netherlands Cancer Registry
(NCR), Netherlands Comprehensive Cancer Organization (IKNL) and regional pathology
laboratories and radiotherapy centres. In all women recalled or diagnosed with
interval cancer, we collected all available clinical and radiological data, including:
screening mammography findings, clinical data, clinical breast imaging reports, biopsy
results, and breast surgery reports.
In patients with interval cancer, all screening mammograms prior to the detection and
the diagnostic mammogram which was obtained at the time of detection, were
reviewed by three experienced screening radiologists. Breast density was categorized
according to the BI‐RADS lexicon.21,22 In bilateral breast cancers, the cancer with the
more advanced stage (or, in cases where both tumours had the same stage, the
largest tumour at pathology), was defined as the index tumour.9 We only included
synchronous bilateral breast cancers, defined as histological confirmation of the
contralateral tumour within three months after histological confirmation of the prior
breast cancer. Clinical T‐stage was defined prior to neoadjuvant therapy (either
chemotherapy or endocrine therapy). In cases undergoing neoadjuvant therapy, local
staging was usually investigated using MRI. Lobular carcinoma in situ was not
considered to be a breast malignancy.

Statistical analysis
All data were entered into a computerized spreadsheet (Excel; Microsoft, Redmond,
WA, USA), and statistics were performed using Statistical Package for Social Science
22.0 (SPSS Inc. Chicago, IL). The Chi‐square or Fisher exact test was used to test
differences in tumour characteristics between bilateral interval cancers and bilateral
screen detected cancers and between index and contralateral tumours of both
bilateral interval cancers and bilateral screen‐detected cancers.

Results
Overall screening results
The overall screening results have already been published elsewhere [van Bommel, et
al. 2018]. In summary, during a 10 year period between January 1, 2005 and January
1, 2015, 468,720 screening mammograms were obtained (160,776 SFM screens and
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307,944 FFDM screens). The recall rate was 26.5 per 1000 screened women
(12,398/468,720), with an overall cancer detection rate of 6.3 per 1000 screened
women (2947/468,720, PPV 23.8%). 753 women were diagnosed with interval cancer,
representing 20.4% of all women diagnosed with breast cancer in the screened
population, resulting in a programme sensitivity of 79.6%.

Bilateral cancer rate at screening mammography
A total of sixty‐four out of 2947 screen‐detected cancers were bilateral and bilateral
breast cancer was diagnosed in 24 out of 729 women with interval breast cancer
(2.2% versus 3.2%), (P=0.08).

Comparison of the index cancers of bilateral screen‐detected cancers
and bilateral interval cancers
The distribution of breast density at the latest screening mammogram was
comparable for bilateral screen‐detected cancers and interval cancers (P=0.53, Table
7.1). There were six ductal carcinoma in‐situ cases (DCIS) in the screen‐detected group
(9.4%, 6/64) and none among women with interval cancer. Index cancers of invasive,
bilateral interval cancers were larger than those of bilateral screen‐detected cancers,
with a larger proportion of T2‐4 cancers among interval index cancers (66.7% (16/24)
versus 39.7% (23/58), (P=0.03). There was no difference in nodal involvement
between both groups, 39.7% (23/58) for screen‐detected cancers versus 54.2%
(13/24) for interval cancers (P=0.23). We also found no significant differences in
tumour histology distribution (e.g., invasive ductal or invasive lobular carcinoma),
histological grade, oestrogen / progesterone / HER2 receptor expressions or final
surgical treatment.

Characteristics of index cancers versus contralateral cancers in women
with bilateral screen‐detected cancer
Contralateral cancers comprised a higher percentage of ductal carcinoma in situ (DCIS)
than index cancers (25.0% (16/64) versus 9.4% (6/64), (P=0.006, Table 7.2) in recalled
women diagnosed with bilateral breast cancer. The majority of cancers in both groups
were of the ductal type. There was a higher proportion of contralateral invasive
lobular subtype cancer in women with an invasive index tumour of the lobular type
than in women with an invasive ductal index tumour (41.7% (5/12) versus 7.7% (3/39),
(P=0.01). Index cancers had a less favourable tumour size, with 39.7% (23/58) of
invasive cancers showing T2‐4 (>20 mm) versus 11.1% (5/45) of the contralateral
breast cancers (P=0.001). Differences in nodal involvement between index cancers
and contralateral cancers were not statistically significant (39.7% (23/58) versus 24.4%
(11/45), P=0.14). With respect to histological grading of invasive screen‐detected
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cancers, contralateral cancers were more frequently grade I (60.0% (27/45) versus
32.8% (19/58), (P=0.006)). Receptor status and type of final surgical treatment were
comparable for both groups.
Table 7.1

Characteristics of index cancers of bilateral screen‐detected cancers and bilateral
interval cancers.
a

Breast density of latest screening mammogram, n (%)
0–50% (ACR A&B)
50–100% (ACR C&D)
Type of cancer, n (%)
Ductal carcinoma in‐situ
Invasive cancer
Histological type of invasive cancers, n (%)
Ductal
Lobular
Other
Tumour stage of invasive cancers, n (%)
T1a‐c
T2‐4
Lymph node status of invasive cancers, n (%)
N+
No
B&R grade of invasive cancers, n (%)
I
II
III
Unknown
ER receptor status of invasive cancers, n (%)
Positive
Negative
PR receptor status of invasive cancers, n (%)
Positive
Negative
Her2/Neu receptor status of invasive cancers, n (%)
Positive
Negative
Final surgical treatment, n (%)
Breast conserving surgery
Mastectomy
No surgery

Index cancer P‐value
Index cancer
Screen‐ detected Interval cancer
n=64
n=24
0.53
38 (59.4)
16 (66.7)
26 (40.6)
8 (33.3)
0.18
6 (9.4)
0
58 (90.6)
0.09
39 (67.2)
15 (62.5)
12 (20.7)
9 (37.5)
7 (12.1)
0
0.03
35 (60.3)
8 (33.3)
23 (39.7)
16 (66.7)
0.13
23 (39.7)
13 (54.2)
35 (60.3)
11 (45.8)
0.49
19 (32.8)
11 (45.8)
33 (56.9)
10 (41.7)
5 (8.6)
2 (8.3)
1 (1.7)
0.69
53 (91.4)
21 (87.5)
5 (8.6)
3 (12.5)
0.16
45 (77.6)
15 (62.5)
13 (22.4)
9 (37.5)
0.54
9 (15.5)
5 (20.8)
49 (84.5)
19 (79.2)
0.40
41 (64.1)
12 (50.0)
21 (32.8)
11 (45.8)
2 (3.1)
1 (4.2)
a

ACR=American College of Radiology; B&R=Bloom & Richardson; ER=estrogen; PR=progesterone. In
bilateral breast cancers, the cancer with the more advanced stage (or, in cases where both tumours had the
same stage, the larger tumour at pathology) was defined as the index tumour.
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16 (25.0)
45 (70.3)
3 (4.7)
33 (73.3)
10 (22.2)
2 (4.4)
0
40 (88.9)
5 (11.1)
0
11 (24.4)
34 (75.6)
27 (60.0)
14 (31.1)
1 (2.2)
3 (6.7)
41 (91.1)
2 (4.4)
2 (4.4)
36 (80.0)
7 (15.6)
2 (4.4)

39 (67.2)
12 (20.7)
7 (12.l)
0
35 (60.3)
23 (39.7)
0
23 (39.7)
35 (60.3)
19 (32.8)
33 (56.9)
5 (8.6)
1 (1.7)
53 (91.4)
5 (8.6)
0
45 (77.6)
13 (22.4)
0

Contralateral cancer
N=64

6 (9.4)
58 (90.6)
0

Index Cancera
N=64

0.3

0.2

0.006

0.1

0.001

0.4

0.006

P‐value

15 (62.5)
9 (37.5)
0

21 (87.5)
3 (12.5)
0

11 (45.8)
10 (41.7)
2 (8.3)
1 (4.2)

13 (54.2)
11 (45.8)

8 (33.3)
16 (66.7)
0

15 (62.5)
9 (37.5)
0
0

0
24 (100)
0

Index cancer
N=24

18 (85.7)
3 (14.3)
0

21 (100)
0
0

11 (52.4)
7 (33.3)
1 (4.8)
2 (9.5)

6 (28.6)
15 (71.4)

18 (85.7)
2 (9.5)
1 (4.8)

18 (85.7)
0
2 (9.5)
1 (4.8)

3 (12.5)
21 (87.5)
0

Contralateral
N=24

0.1

0.2

0.8

0.1

<0.001

0.001

0.2

P‐value

Characteristics of the index cancers and contralateral cancers of bilateral screen‐detected cancers and bilateral interval cancers at biennial screening
mammography.

Type of cancer, n (%)
Ductal carcinoma in situ
Invasive cancer
Unknown
Histology of invasive cancers, n (%)
Ductal
Lobular
Other
Unknown
T‐stage of invasive cancers, n (%)
T1a‐c
T2‐4
Unknown
Lymph node status of invasive cancers, n (%)
N+
N‐
B&R grade of invasive cancers, n (%)
I
II
III
Unknown
ER receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
PR receptor status of invasive cancers, n (%)
Positive
Negative
Unknown

Table 7.2
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5 (11.1)
37 (82.2)
3 (6.7)
43 (67.2)
17 (26.6)
4 (6.3)

41 (64.1)
21 (32.8)
2 (3.1)

Contralateral cancer
N=64

9 (15.5)
49 (84.5)
0

Index Cancera
N=64

0.6

0.1

P‐value

12 (50.0)
11 (45.8)
1 (4.2)

5 (20.8)
19 (79.2)
0

Index cancer
N=24

12 (50.0)
11 (45.8)
1 (4.2)

1 (4.8)
20 (95.2)
0

Contralateral
N=24

1

0.2

P‐value

B&R=Bloom & Richardson; ER=estrogen; PR=progesterone. a In bilateral breast cancers, the cancer with the more advanced stage (or, in cases where both tumours
had the same stage, the larger tumour at pathology) was defined as the index tumour.

Her2/Neu receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
Final surgical treatment, n (%)
Breast conserving surgery
Mastectomy
No surgery

Table 7.2
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Comparison of contralateral cancers in women with bilateral
screendetected cancers and bilateral interval cancers
Contralateral cancers in women, either diagnosed with bilateral breast cancer after
recall or diagnosed with bilateral interval cancer, showed comparable tumour
characteristics, except of a higher percentage of invasive ductal cancers (85.7%
(18/21) versus 73.3% (33/45)) and no invasive lobular cancers (0% versus 22.2%
(10/45)) among contralateral interval cancers (P=0.048, Table 7.3).
Table 7.3

Characteristics of contralateral cancers of bilateral screen‐detected and bilateral interval cancer.

Type of cancer, n (%)
Ductal carcinoma in‐situ
Invasive cancer
unknown
Histological type of invasive cancers, n (%)
Ductal
Lobular
Other
Unknown
Tumour stage of invasive cancers, n (%)
T1a‐c
T2‐4
Unknown
Lymph node status of invasive cancers, n (%)
N+
No
Nottingham grading of invasive cancers, n (%)
I
II
III
Unknown
Estrogen receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
Progesterone receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
Her2/Neu receptor status of invasive cancers, n (%)
Positive
Negative
Unknown
Final surgical treatment, n (%)
Breast conserving surgery
Mastectomy
No surgery

Contralateral Contralateral P‐value
a
cancer
cancer
Screen‐
Interval
detected
cancer
N=64
N=24
0.3
16 (25.0)
3 (12.5)
45 (70.3)
21 (87.5)
0
3 (4.7)
0.048
18 (85.7)
33 (73.3)
0
10 (22.2)
2 (9.5)
2 (4.4)
1 (4.8)
1 (4.8)
0.5
18 (85.7)
40 (88.9)
2 (9,5)
5 (11.1)
1 (4,8)
0
0.8
6 (28.6)
11 (24.4)
15 (71.4)
34 (75.6)
0.8
11 (52.4)
27 (60.0)
14 (31.1)
7 (33.3)
1 (4,8)
1 (2.2)
2 (9.5)
3 (6.7)
1
41 (91.1)
21 (100)
2 (4.4)
0
2 (4.4)
0
1
36 (80.0)
18 (85.7)
7 (15.6)
3 (14.3)
2 (4.4)
0
0.5
1 (4.8)
5 (11.1)
37 (82.2)
20 (95.2)
3 (6.7)
0
0.2
43 (67.2)
12 (50.0)
17 (26.6)
11 (45.8)
4 (6.3)
1 (4.2)

a

Tumour at pathology) was defined as the index tumour. In bilateral interval breast cancers, the cancer with
the more advanced stage (or, in cases where both tumours had the same stage, the larger.
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Characteristics of index cancers versus contralateral cancers in women
diagnosed with bilateral interval cancer
The comparison between index cancers and contralateral cancers in bilateral interval
cancer has already been published elsewhere [van Bommel et al. 2018]. In summary,
compared to contralateral cancers, invasive index cancers were more frequently of
the lobular subtype (37.5% (9/24) versus 0% (0/21), (P=0.001), Table 7.2) and showed
a less favourable tumour size (T1a‐c, 33.3% (8/24) versus 85.7% (18/21), (P<0.001)).
We observed no significant differences in receptor status and final surgical treatment
between index cancers and contralateral cancers (Table 7.2).

Discussion
To our knowledge, this is the first study comparing tumour characteristics of bilateral
interval breast cancer with bilateral screen‐detected breast cancer, in a biennial
screened population. We found a comparable incidence of bilateral screen‐detected
cancer (2.2%) and bilateral interval cancer (3.2%) in our biennial screening
mammography programme.
Index tumours of bilateral interval cancers were larger than those of bilateral screen‐
detected cancers. No differences in nodal stage, histological grade, receptor status or
final surgical treatment were observed. In our previous study we showed that index
cancers of bilateral interval cancers were more often of the invasive lobular subtype,
had a less favourable tumour size (T‐stage) and we suggested a trend towards higher
hormone receptor expression in contralateral cancers.18 In this study we showed that
in bilateral screen‐detected cancers, contralateral cancers were more frequently DCIS,
and invasive contralateral cancers were smaller and better differentiated than index
cancers.
Bilateral cancers are infrequently encountered in screening mammography
programmes and their incidences are in the same range of the bilateral cancer
incidence in a symptomatic population (0.7‐3.2%).26,27
Compared to the index tumours of bilateral screen‐detected cancers, index tumours
of bilateral interval cancers more frequently showed a locally advanced tumour stage
(tumour stage T2 and higher). Unilateral interval cancers are known to be larger and
usually have a more advanced nodal stage and less favourable tumour characteristics
than screen‐detected tumours28‐31 and our findings have shown that this statement is
also applicable to bilateral interval cancers.
In bilateral screen‐detected cancers, about 10% of the index cancers and 25% of
contralateral cancers were DCIS. In bilateral interval breast cancers, we observed only
3 cases of ductal carcinoma in‐situ (none of them as index cancer) among the total of
48 interval cancers This shows that in systematically screening, not all findings have
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the same clinical significance. The sensitivity of screening mammography is better for
the detection of unilateral, invasive ductal cancers than for invasive lobular cancers,
probably resulting in a larger proportion of invasive interval cancers of the lobular
subtype.6,15,30,32 We also observed a relatively large proportion of 37.5% of invasive
lobular cancers among the index cancers of bilateral interval cancers. In our series,
index cancers of bilateral interval cancers tended to be more frequently of the
invasive lobular type than did the index cancers of bilateral screen‐detected cancers,
but this difference did not reach statistical significance. These findings are probably
due to the relatively small sample size of bilateral cancers in our study.
We found a higher proportion of contralateral invasive lobular cancer in women with
an invasive index tumour of the lobular type than in women with an invasive ductal
index tumour. Invasive lobular cancer is known to be a diagnostic challenge at
mammography and ultrasonography,33 whereas MRI has a high sensitivity for the
detection of even small foci of invasive lobular cancer.34 Therefore, when dealing with
an invasive lobular cancer (either screen‐detected or presenting as interval breast
cancer), pre‐operative MRI should be considered in order to determine the extent of
the tumour and to assess the contralateral breast.35
Our study has certain strengths and limitations. The large cohort of 468,720 screening
mammograms and extensive follow‐up enabled us to investigate bilateral breast
cancers at screening mammography. The data provided us insight into many
parameters, including mammographic features, tumour characteristics and surgical
treatment. The follow‐up period of two years, however, rendered it impossible to
report on long term morbidity or mortality. The literature shows that, despite more
favourable tumour characteristics (i.e., a higher proportion of invasive lobular cancers,
smaller tumours and a higher proportion of positive receptor status), women with
bilateral breast cancer have a worse prognosis than those with unilateral breast
cancer.13‐16,36 Obviously, both tumours have a risk of distant spread and thereby may
compromise long term outcomes. Of note, we did not analyse the use of systemic
therapy and whether the detection of bilateral cancer has changed the decision‐
making process in the use of systemic therapy.
The quality and effectiveness of screening mammography programmes is determined
by the stage distribution and tumour characteristics of unilateral and bilateral screen‐
detected cancers and interval cancers. Although we found a low prevalence of
bilateral breast malignancies in our screened population, their early detection may
influence the therapeutical approach (breast conserving surgery versus mastectomy)
and prognosis. Therefore, screening radiologists and clinical breast radiologists should
vigorously examine both breasts to rule out or to confirm simultaneous bilateral
disease.
Our study comprises a screening period of 10 years (2005‐2014). In this period, much
has changed in breast cancer screening and in clinical practice. For example, full‐field
digital screening mammography replaced screen‐film mammography in 2009‐2010,
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and breast tomosynthesis and MR mammography are increasingly used at clinical
workup.
Therefore, more and smaller contralateral tumours might be found in the more
recently screened patients than at an earlier time. Finally, although very limited data
are available on bilateral screen‐detected cancers and even less on bilateral interval
cancers, we realize that we are reporting on a small subset of bilateral cancers. Due to
the relatively small series of 64 bilateral screen‐detected cancers and 24 bilateral
interval cancers, differences between both groups may not have reached statistical
significance and due to small numbers a multivariate analysis was not feasible.
In summary, bilateral screen‐detected cancers and bilateral interval cancers are
infrequently diagnosed. Index cancers and contralateral cancers of bilateral screen‐
detected cancers and bilateral interval cancers show statistically significant
differences in DCIS proportions, tumour histology and tumour size.
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Summary
Breast cancer remains a major concern in health care worldwide, with about 2.1
million women affected worldwide every year and about one in every eight women
being confronted with the diagnosis in her lifetime.
To reduce the risk of dying from breast cancer, screening programmes have been
implemented in almost all countries with a modern health care system. In the
Netherlands a nation‐wide programme was implemented between 1989 and 1995. In
this programme, all women between 50 and 75 years of age are invited to
mammographic screening biennially. This screening programme, together with
improved therapeutic options, has contributed significantly to the reduction of the
breast cancer mortality over the past 30 years.
Most breast cancers in the screened population are found by screening. However,
about 25% of breast cancers is found in the interval between two screening rounds.
These so called interval cancers are generally larger, more aggressive and have a
worse prognosis than screen‐detected cancers. The interval cancer rate (ICR) is
therefore an important determinant of the sensitivity and quality of the screening
programme and its potential to reduce breast cancer mortality.
Since the introduction of the screening programme it underwent multiple
adjustments in an attempt to improve the cancer detection rate (CDR) and reduce the
ICR. One of the more recent adjustments was the transition from screen‐film
mammography (SFM) to full‐field digital mammography (FFDM). An earlier study
showed that this transition has improved CDR during the first screening round with
FFDM.
In Chapter 1, a general introduction is provided and the outline of this thesis is given.
The main aims of this thesis were:
a) to determine the CDR in the second round of digital screening to study the
prolonged effect of FFDM, including impact of repeated recalls and comparing
screen‐detected tumour characteristics with those of interval cancers;
b) to determine the incidence and characteristics of bilateral interval breast cancers.
In the study reported in Chapter 2, we analysed the characteristics of interval cancers
diagnosed during the transition from screen‐film (SFM) to digital (FFDM) screening.
We defined three subgroups of interval cancers, cancers detected prior to the
transition (SFM screen with a prior SFM screen), interval cancers detected during the
transition (FFDM screen with a prior SFM screen) and interval cancers detected after
the transition (FFDM screen with a prior FFDM screen). The analysis included data
from women attending screening between 2006 and 2014. In this period a total of
442 interval cancers were detected in a southern breast cancer screen region of the
Netherlands (BevolkingsOnderzoek Zuid). The screening mammograms performed
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prior to a diagnosis of interval cancer were reviewed by two experienced screening
radiologists to determine whether or not the interval cancer had been missed on the
most recent screening (occult versus missed). Between the first and second round of
digital screening there was an increased proportion of occult interval cancers,
however this increase did not persist after the second round of digital screening.
During the implementation of digital screening no changes in tumour characteristics
and type of surgical procedure of interval cancers were observed, apart from a lower
proportion of invasive ductal cancers compared to other cancer types. This implies
that the transition to FFDM in screening programmes does not lessen the detrimental
effects of interval cancers.
In Chapter 3 we analysed the characteristics and prognosis of interval cancers during
the transition from SFM to FFDM. The study population consisted of 417,746
consecutive screening mammograms (302,699 SFM screens and 115,047 FFDM
screens), obtained between 2000 and 2011. During a 2‐year follow‐up period, we
collected data from imaging, surgical reports and pathology reports. We found a
higher CDR of FFDM compared to SFM (6.9 versus 5.2 per 1000 screened women,
P<0.001) with a higher recall rate at FFDM (31 versus 14 per 1000 screened women,
P<0.001). This resulted in a positive predictive value (PPV) of 22.5% at FFDM
compared to 37.9% at SFM (P<0.001). We compared interval cancers based on year of
diagnosis, type of interval cancer (occult on prior screen mammography or “missed”)
and between first year after prior screening mammography and the second year of
screen interval. Over a period of 11 years, a total of 800 interval cancers had been
diagnosed in the screened population, of which 288 were detected in the first year
and 512 in the second year after a negative screen. In retrospect, approximately 30%
of first‐year interval cancers and 20% of second‐year interval cancers were visible on
the previous screen. We found no differences in mammographic and tumour
characteristics for early ICs, detected either after SFM or FFDM. Survival curves
showed that patients with ICs diagnosed after FFDM had a better overall survival than
patients with ICs after SFM. However, Cox regression analysis with correction for age,
breast density, tumour stage, and year of detection showed no significant differences
for survival (HR=0.86 (0.3–2.6), P=0.3). In conclusion, this study shows that interval
cancer subgroups show distinctive mammographic and tumour characteristics but a
comparable overall survival.
In Chapter 4 we analysed incidence, PPV and breast cancer characteristics in women
who were repeatedly recalled for the same mammographic abnormality before,
during, and after transition from SFM to FFDM. Data of women screened between the
year 2000 and 2013 were analysed. We found an increase in recall rate of women
recalled more than once for the same lesion, from 1.2% in the period of SFM
screening to 2.2% during and 2.8% in the period after transition to digital screening.
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There was a decline in PPV during the transition (35.1% versus 14.8%, P=0.02). Despite
the delay in their diagnosis, breast cancers found after repeated recall of the same
lesion had more favourable prognostic characteristics (smaller size, less nodal
involvement) than interval cancers. From these findings it can be concluded that also
after the implementation of digital screening it is still important to keep reviewing
abnormalities that have been recalled before.
In Chapter 5 we took a side‐step and investigated the effects of blinded (BDR) and
non‐blinded double reading strategy (NBDR) on surgical treatment of screen‐detected
and interval cancers. The study investigated a consecutive series of screens double‐
read in either a BDR (n=44,491) or NBDR (n=42,996) fashion between 2009 and 2011.
Breast cancer was detected by screening in 325 women at BDR and 284 women at
NBDR, with the majority treated by breast‐conserving surgery (BCS) at both reading
strategies (78.2 vs. 81.7%; P=0.51). Larger total resection volumes were observed at
BCS for ductal carcinoma in situ (DCIS) treatment for patients after BDR (P=0.005). A
total of 158 interval cancers were diagnosed, with again comparable resection
volumes and positive resection margins for the two reading strategies (P=0.42 and
P=0.38). The BCS rate was higher for women after NBDR (P=0.04). In conclusion, we
found no difference in surgical treatment of screen‐detected and interval cancers
between both screen strategies (DBR versus NBDR), besides a larger resection volume
at BCS for screen‐detected DCIS after BDR and a higher rate of BCS in women with
interval cancer after NBDR.
A small proportion of interval breast cancers is bilateral. In Chapter 6 and Chapter 7
we described the incidence and tumour characteristics of bilateral interval breast
cancers compared to unilateral interval breast cancers. We included 468,720
screening mammograms of women who underwent biennial screening mammography
in the South of the Netherlands between January 2005 and January 2015. The tumour
with the highest tumour stage was considered as index cancer and used for
comparison with unilateral interval cancers and screen‐detected breast cancers. In our
study, we observed a total of 753 interval cancers, of which 24 (3.2%) were bilateral.
Among the invasive interval cancers, bilateral cancers more frequently showed a
lobular histology than unilateral cancers (37.5% versus 16.1%, P=0.01) and more often
tended to have grade I differentiation (45.8% versus 27.8%, P=0.08).Bilateral interval
cancers were larger (more often stage T2 or higher) compared to bilateral screen‐
detected cancers, (16/24 (66.7%) versus 23/58 (39.7%), P=0.03). This finding was not
unexpected, since unilateral interval cancers are also larger compared to unilateral
screen‐detected breast cancers. We concluded that bilateral interval cancers
comprised a small proportion of all interval cancers, with a higher proportion of
lobular histology and a more favourable histological grade.
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General discussion
Breast cancer screening programmes have proven to increase early detection of
breast cancer and reduce mortality by this early detection.1–4 In the Dutch screening
programme, women between 50 and 75 years of age are invited every two years for
screening mammography.
Breast cancer is still one of the malignancies with the highest mortality numbers
worldwide.5 Each year, over 2 million new women are affected by breast cancer and
about 627,000 women die from this disease, which is 15% of all cancer related
deaths.5 Over the last decades, mortality rates have declined in the more developed
countries, mainly due to improved breast cancer treatment and the implementation
of breast screening programmes. It has been estimated that breast cancer screening
itself accounts for about one‐third (28%‐35%) of the total breast cancer mortality
reduction.6‐8 Although it is generally accepted that screening mammography has
decreased breast cancer mortality, it remains an issue of debate whether the benefits
of breast cancer screening outweigh the harms. Early detection of a breast tumour
through screening allows earlier, and thus more effective and less aggressive
treatment, as compared to the situation without screening, where treatment is
started once the breast cancer has become symptomatic. However, in women with
screen‐detected breast cancer this earlier treatment comes at the cost of the referral
of many women who turn out not to have breast cancer (false‐positive referrals), as
well as the detection of very small invasive breast cancers and premalignant lesions
that, in the absence of screening, would never have become clinically relevant. The
false‐positive referrals, in some cases leading to “unnecessary” biopsies and surgery
(overtreatment), may lead to temporary, but still substantial, psychological distress9
and a decreased attendance to future screening rounds.10
To achieve the highest benefit of breast cancer screening a high cancer detection rate
should be combined with a low false positive referral rate. In other words, one should
try to optimize the sensitivity and specificity of a screening programme. An important
indicator whether this optimum is reached is the interval cancer rate (ICR). Interval
cancers are cancers that are found between two screening rounds. When a screening
programme lacks effectiveness in detecting breast cancer at an early stage, this will
translate into a high ICR. On the other hand, increasing the cancer detection rate
(CDR), without a decline in ICR, is an indication that the programme is detecting
relatively more clinically less relevant tumours, and therefore a sign of over‐diagnosis.
Based on the studies presented in this thesis we provide further insights in the risk,
detection, characteristics and prognosis of interval cancers. These insights may help to
improve the effectiveness of breast cancer screening programmes and can be used for
optimizing screening and determining which screening strategy is best for which
target population.
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Interval cancer
Among women who participate in a systematically organized breast cancer screening
programme, consisting of biennial screening mammography, the large majority of the
breast cancers are found by the programme. However, in every screening programme
interval cancers will occur. We found that 25% of the breast cancers diagnosed in
women participating in our biennial screening mammography programme were
interval cancers.11 This percentage is in line with the figures reported by other biennial
population‐based screening programmes.12–14 Table 9.1 presents interval detection
rates (IDR) at different screening programmes worldwide.
On average, interval cancers are larger and more frequently show lymph node
involvement than screen‐detected cancers.15‐23 Interval cancers are also known to
have less favourable pathological characteristics, including a higher tumour grade and
an increased likelihood of being oestrogen‐receptor negative.24,25 As a consequence,
interval cancers have a worse disease‐free and overall survival compared to screen‐
detected cancers.25‐27 To improve the effectiveness of a screening programme the ICR
should be reduced as much as is reasonably achievable. The introduction of digital
mammography was considered to be a promising step to reduce the risk of interval
cancers.

Transition from screen‐film to full field digital mammography
The introduction of full‐field digital mammography (FFDM) has been one of the major
changes in screening programmes worldwide. In our screening region in the south of
the Netherlands the transition from screen‐film mammography (SFM) to FFDM took
place in the years 2009 and 2010. At that point, FFDM had been proven to be more
sensitive for the detection of breast cancer in specific subgroups of women, especially
younger women with dense breast tissue.28,29 However, in other subgroups there was
no evidence so far of a significantly higher sensitivity, as compared to SFM.28–30
Besides its potentially higher sensitivity, digital screening has several other advantages
over screen‐film mammography; the images are more easily accessible and stored,
and FFDM has more editing options (windowing, enlarging), compared to the static
conventional screen‐film image.
In this thesis, we found a CDR of 7.0 per 1000 screened women after the first round of
FFDM screening, compared to a CDR of 5.0 per 1000 screened women at SFM
screening (P<0.001). This increased CDR, however, came along with a higher referral
rate of 2.7% in screened women who were invited for the first screening round with
FFDM, compared to 1.2%, (P<0.001) before the introduction of FFDM31. Other studies
also showed an improved CDR after the introduction of FFDM. In accordance with our
study, this was also at the cost of a higher referral rate and a higher rate of false‐
positive referrals, resulting in a lower positive predictive value (PPV) of referral.32‐36
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Screening outcomes of the studies evaluating SFM and FFDM.
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PPV of referral, %
FFDM
Women screened
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Table 9.1
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In this thesis, we also report the results of the second round of FFDM screening,
showing that after this second round, the CDR remained relatively stable, namely 6.6
per 1000 screened women, compared to 7.0 in the first round. This CDR was still
significantly higher than the CDR prior to the introduction of digital mammography
(P<0.001 compared to SFM with prior SFM). Unfortunately, the increased referral rate
persisted after the second round of FFDM screening as well, resulting in a persistently
lower PPV of referral. We found a PPV of 25.4% after the introduction of FFDM
compared to a PPV of 41.9% prior to the transition. Another Dutch study, by Bluekens
et al., also showed an enhanced CDR but a gradual decline in referral rate, which
stabilised at a rate which was higher than before the introduction of FFDM. Contrary
to our results they observed an increased PPV after the first round of FFDM
screening.34 This finding may be partially explained by the use of computer‐aided
detection (CAD) in their study, which was introduced during the transition from SFM
to FFDM. Just like FFDM, CAD is known to increase referral rates and has a steep
learning curve with especially high referral rates shortly after the introduction of the
programme.37 This is confirmed by the referral rates in the study of Bleukens et al.34,
which showed a higher initial rise and a larger decrease after the first round of
screening, due to the learning curve of the CAD‐system.
One would assume that our increased CDR after the transition to FFDM would result
in a decreased ICR as more tumours were detected at screening. Indeed, we observed
a statistically significant decrease in ICR and a higher programme sensitivity after the
first screening round with FFDM11, with a decrease in ICR of 2.0 at SFM screening to
1.7 after the introduction of FFDM (P=0.02). Unfortunately, our follow‐up period after
the second round of FFDM screening was still too short to draw conclusions whether
there was a persistent effect on ICR. The CDR increase was more substantial than the
ICR decline, prompting the issue of over‐diagnosis. It is likely that certain additionally
detected cancers at FFDM would not have become symptomatic in the two years after
screening mammography. Otherwise, one would expect to see a comparable decline
in ICR. Over‐diagnosis can be defined as the detection of malignancies that, when left
undiagnosed and untreated, would never have become clinically relevant in a person’s
lifetime. Previous studies from our screened population report an increase in the
detection of low to intermediate grade DCIS after the implementation of FFDM, as
well as an increased pickup of smaller invasive breast cancers with more favourable
prognostic characteristics.13 Other studies from the Netherlands also found an
increased CDR rate for DCIS and invasive cancer, but they reported no differences in
histologic characteristics of screen‐detected malignancies after the introduction of
FFDM compared to SFM.38,39 Our results show a significant decrease of ICR after the
introduction of FFDM with an increase in CDR, showing that the transition to FFDM
did not only increase the detection of small “insignificant” lesions, but also resulted in
the detection of more cancers that probably would have become symptomatic within
the next interval.

134

General discussion and future perspectives

We found a relative increase of true interval cancers and decrease of missed interval
cancers during the transition from SFM to FFDM screening. True interval cancers are
cancers which, in retrospect, are radiologically occult at the latest screening
mammogram. This decrease in missed interval cancers may be due to the detection of
cancers at FFDM that erroneously would have been left unnoticed at SFM and later
emerge as interval cancers. The relative increase in occult interval breast cancers at
FFDM screening is less pronounced after the second round of FFDM screening and no
longer significant compared to SFM screening. It could be the case that a new balance
is reached after a steep learning curve.40 In general, literature shows no differences in
ICR between mammographic screening performed with SFM (1.7‐2.6 per
1000 screened women) compared to FFDM (2.0‐2.7 per 1000 screens)32,41.
Noteworthy, we detected more interval cancers (64%) in the second year of the first
screening interval after the introduction of FFDM and this finding can be used as an
argument to perform yearly screening rather than biennial screening. On the other
hand, we found no differences in survival rate between interval cancers diagnosed
either in the first or second year after the latest screening mammogram.11 This
observation is consistent with the findings in a study by White et al., that showed no
beneficial effect of yearly screening, compared to biennial screening, on tumour
stage, except in women between 40 and 50 years of age.42 However, women younger
than 50 years of age are not included in the nationwide breast cancer screening
programme of the Netherlands. Notwithstanding this latter remark, these findings
suggest that an individualized approach of breast cancer screening may be a
possibility to increase the effectiveness of screening mammography programmes.
As presented in this thesis, we looked at differences in characteristics of interval
cancers during the transition from SFM to FFDM and after up to three rounds of FFDM
screening. Several studies have shown that FFDM detects more low grade tumours
and DCIS compared to SFM.13,33,35,43 We hypothesized that a lower proportion of low
grade invasive cancers or DCIS would be detected as interval cancers at FFDM than at
SFM, presuming no up‐staging and no de‐differentiation between screening rounds.
However, we found no differences in tumour grade, stage or hormone receptor
expression since the introduction of FFDM, and also a stable proportion of DCIS
detected at SFM or FFDM screening mammography (5.6% in SFM‐SFM, 5.7% in SFM‐
FFDM and 5.8% in FFDM‐FFDM). Noteworthy, we found a lower proportion of invasive
ductal cancers among the interval cancers in the second and further round of FFDM‐
screening. (75.7% in SFM‐SFM (A), 78.0% in SFM‐FFDM (B) and 67.2% in FFDM‐FFDM
(C), P<0.05 for A vs. C and P<0.01 for B vs. C). This finding indicates that the transition
to FFDM has improved the detection of invasive ductal cancer, whereas invasive
lobular cancers remain difficult to detect by FFDM breast cancer screening.
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Type and extent of surgery at blinded versus non‐blinded double reading
When comparing surgical treatment after blinded double reading (BDR) and non‐
blinded double reading (NBDR), we found no differences in type and extent of surgery of
invasive screen‐detected cancer between both screen strategies. We found larger
resection volumes of women treated with breast conserving surgery (BCS) for DCIS after
BDR. Although we have no explanation for this finding, it is of interest as the percentage
of breast volume excised is an important determinant of cosmetic and patient
satisfaction after BCS.44 For the surgical treatment of interval cancers, we found a higher
BCS rate after NBDR (1.3 per 1000 screened women, compared to 0.8 at BDR). We
found significantly more T2+ interval cancers at BDR, because of the higher programme
sensitivity which is achieved with BDR screening.45 The significantly smaller tumour size
of screen‐detected tumours at BDR is the obvious reason why the BCS rate is lower
among interval cancers at BDR. Besides larger total resection volumes at BCS for DCIS
treatment, we found that the type and extent of surgery were comparable for screen‐
detected cancers at BDR and NBDR. Interval cancers had higher BCS rates at BDR, which
is as expected given the lower tumour stage of interval cancers at BDR.

Bilateral interval cancer
Earlier studies report that breast cancer is diagnosed bilaterally in 0.7%‐2.3% of
symptomatic women46–49 and in 2.2% of a systematically screened population.46 To
our knowledge, data on bilateral interval cancers were not available at the start of our
studies. Of all interval cancers detected in our population, 3.2% were bilateral. We
found that index cancers of bilateral interval cancers were more often of the lobular
subtype (37.5% in index cancers of bilateral interval versus 16.1% in unilateral interval
cancers (P=0.001)).50 We also observed a trend towards more low grade tumours in
index cancers of bilateral interval cancer compared to unilateral interval cancers. It
has been shown that invasive lobular cancers have a more favourable tumour grade
(i.e., grade I and II) at the time of detection than invasive ductal cancers.51 However,
when excluding the invasive lobular cancers, there was still a trend towards more low
grade tumours among the bilateral cancers (46.7% vs. 24.1%, P=0.1).
Our finding that more invasive lobular cancers are found in bilateral interval cancer is
consistent with literature on screen‐detected bilateral breast cancers.46 The higher
proportion of invasive lobular cancer in bilateral interval cancers may be due to the
fact that these tumours are more difficult to detect by screening mammography than
invasive ductal cancers.52 A potential bias in our finding that invasive lobular cancers
are more prevalent among bilateral interval cancers may be differences in MRI use
based on the histological subtype of a breast malignancy, as MRI is advised in
European and national guidelines in the work‐up of invasive lobular cancer.53 This
imaging strategy may probably bias our findings as the chance of detecting a
contralateral malignancy is higher when MRI is performed. In all eight cases of
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bilateral interval cancers which involved invasive lobular cancer, the invasive lobular
cancer was the first detected cancer or both cancers were detected at the same time.
In at least two cases the second cancer was found at MRI. According to the literature a
contralateral cancer is found in up to 7% of women when breast MRI is performed in a
patient with biopsy proven, unilateral, invasive lobular cancer.53

Repeated recalls for the same mammographic lesion
Besides an increased overall recall rate, our findings in this thesis also show that
during the transition from SFM to FFDM screening more women were referred for the
same mammographic lesion that was the reason for referral at an earlier round. This
observation persisted after several screening rounds with FFDM, when prior digital
mammograms were already available for comparison. There was a tendency towards
a lower PPV of referral after FFDM for lesions that were repeatedly recalled.
We had expected to see a decrease in the rate of repeated referrals for the same
mammographic abnormality after subsequent screening with FFDM as the screening
mammogram would be better comparable to a prior screen with the same technique
than with a different (screen‐film) technique. Moreover, a learning effect among the
screening radiologists was presumed to reduce the numbers of repeated referrals for
the same lesion. In contrast, we noted a further increase in number of repeated
referrals after the second round of FFDM screening. This finding may be due to the
earlier detection of smaller lesions by FFDM.32 There was also an initial decrease in
the PPV of repeated referrals, but this decrease was no longer statistically significant
at later rounds (P=0.27). Setz et al. showed that lesions repeatedly referred had a
comparable risk of turning out to be malignant with those of primary referrals.46 The
repeated referrals even showed a higher risk of cancer diagnosis when the first
referral showed a mass and no biopsy was performed. These malignancies, diagnosed
after a repeated referral, showed a less favourable prognostic profile compared to
cancers properly diagnosed after initial referral54, hypothetically due to a delay in the
confirmation of the malignancy. Literature in symptomatic patients shows that a
diagnostic delay of 3 to 6 months is already associated with a lower overall survival55
and that this may result in a relative increase of breast cancer related mortality of
14‐18% in women with breast cancer detected after repeated referral.56 However, the
first mentioned study deals with breast cancers that have become symptomatic, and
therefore already have a worse prognosis than screen‐detected cancers. As
mentioned earlier, interval cancers are known to have a less favourable profile
compared to screen‐detected cancers. When comparing interval cancers to cancers
diagnosed after repeated recall, we found that tumour stage and histological grade
were more favourable for the latter group. This is another indication that (true)
interval cancers are not just missed at screening, but have an entirely different
prognostic profile than screen‐detected tumours.
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Future perspectives
Literature shows that early diagnosis of breast cancer by screening reduces breast
cancer mortality on a population level57 and that screen‐detected tumours are also
more suitable to be treated with breast‐conserving surgery (BCS).58,59 Interval cancers
are breast cancers not detected by screening, but diagnosed during the two‐year
screening interval. Patients with interval cancers have a worse prognosis than women
with screen‐detected cancers, as interval cancers have a more advanced tumour stage
at diagnosis and a less favourable profile when looking at tumour grade and
expression of hormone receptors.24–26 Given the aforementioned detrimental effect of
interval cancers on the effectiveness of a screening programme, an important goal of
mammographic screening should be to detect as many as possible of these aggressive
tumours with a poor prognosis before they become symptomatic. Therefore, the
proportion of interval cancers compared to screen‐detected cancers is an important
quality indicator of breast cancer screening programmes worldwide.
Artificial intelligence (AI) is a new technique, which is developing world‐wide in many
areas, including health care. AI is a computer algorithm that is able to perform tasks
normally requiring human intelligence, in this case reading and interpreting a
mammogram. AI is already being applied as a supporting tool in breast cancer
screening by means of a computer aided detection (CAD) system, which highlights
potential sites of breast cancer on a mammogram. Recently, a review was published
reporting on five studies comparing the performance of AI algorithms to radiologists
in large sets of mammograms enriched with mammograms with proven breast cancer.
It showed a sensitivity of AI of lesion detection that approximates the sensitivity
obtained by the radiologists.60 However, in another study in which an AI algorithm
was applied to the screening situation, the accuracy measures of AI dropped and
appeared to be even worse than the sensitivity and specificity of a single radiologist.61
One of the reasons for this apparent discrepancy is that AI algorithms are trained with
cancer enriched subsets and therefore are not equipped to deal with a population
with a significantly lower incidence of breast cancer, such as women invited for breast
cancer screening. CAD has been demonstrated to have no additional value over
double‐reading with arbitrage, as is nowadays common practice in the Netherlands.62
As CAD marks 1.5‐5.1 lesions per full exam, its use comes with a substantial higher
referral rate.62 Another approach to the use of AI is to let the algorithm select the
mammograms which are normal, and only have the remaining mammograms read by
a screen radiologist, in an attempt to lower the costs and workload of screening. A
Dutch study showed that 17% of the mammograms are labelled as normal by AI (thus
reducing the workload of the radiologists by 17%). When those mammograms,
labelled as normal, are dismissed and not reviewed by a human radiologist this will
result in 1% of the total number of cancers being missed. And when 47% of the
cancers are labelled as normal and the workload is lowered with 47%, 7 % of the
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cancers will be missed.63 This indicates that AI could become a valuable addition to
mammographic screening, as part of a CAD system supporting one human radiologist,
or as a pre‐selection tool. However, with the current techniques, the screen
radiologist will remain responsible for the interpretation and final verdict.
An early diagnosis of breast cancer reduces mortality due to an early detection of
breast cancer57, but screening also comes at the cost of false positive referrals and
over‐diagnosis.10,64 Therefore, one of the challenges of future screening programmes
will be to differentiate between women who will benefit from more intensive
screening regimens and those for whom screening is less beneficial and might be
applied less frequently. As more and more knowledge on risk factors of developing
breast cancer and interval breast cancer is coming available, it becomes possible to
tailor screening methods to the breast cancer risk of each individual woman. These
risk‐based screening strategies could have a better harm‐benefit ratio than uniform
screening strategies.65 The efficacy, cost‐efficiency and women’s perspective on risk‐
based screening are being investigated in the PRISMA‐study.66,67 In this study, women
who participate in breast cancer screening are asked to fill in questionnaires on risk
factors and their view on risk‐based screening. In addition, also other data about their
risk profile are collected, e.g. breast density, mammograms and blood samples for
genetic profile. These data are used to investigate the feasibility of personalized
screening strategies, the women’s perspective on this type of screening and its cost‐
effectiveness compared to standard biennial screening.
Another important example of risk‐based screening is the recent publication of the
DENSE‐trial.68 In this trial it was investigated if women with extremely dense
fibroglandular breast tissue (ACR grade 4 breast density) could benefit from
implementation of MRI in screening. Women with extremely dense breasts have a
higher risk of developing breast cancer, compared to women with a lower density of
fibroglandular tissue. And breast cancers developing in dense breasts have a relatively
high risk to be missed by mammography screening, since the dense fibroglandular
tissue masks the tumour.69,70 In the DENSE study women screened in the Dutch
programme were randomly assigned to screening with supplemental MRI or
mammography only. The study showed a significant decrease in the interval cancer
rate of 2.5 per 1,000 screens in an intention‐to‐screen analysis, which is probably an
underestimation of the real difference as 16 out of 20 interval cancers in the MRI
group were found in women who chose to decline the offer of MRI‐screening.
However, this decrease in the interval cancer rate goes at a cost of a high recall rate of
94.9 per 1000 screens. Literature shows a recall rate of 16‐25 per 1000 screens in a
first round of mammographic screening and a recall rate of 9‐11 per 1000 in
subsequent screens in women with dense (ACR 3‐4) breast tissue.71 Therefore, the
higher cancer detection rate of 16.5 per 1000 screened women comes at a cost of a
high rate of false positive rate of 79.8/1000 screened women (83% of all recalls).
Further research is needed to show if the extra cancers detected by MRI screening
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show aggressive tumour characteristics and if finding them early will reduce mortality
and morbidity compared to mammographic screening alone, and also whether MRI
screening changes the characteristics of interval cancers. Further rounds of MRI
screening are needed to show if the increased CDR will decline due to of the detection
of many small, slow growing cancers in the first round, or if the CDR will remain
elevated. These issues should become clear before MRI can become standard in
mammographic screening in women with dense breasts.
Another relatively new method of breast cancer imaging is contrast‐enhanced spectral
mammography (CESM). CESM has been shown to be superior to conventional
mammography in the detection of breast cancer in clinical work‐up, with less false‐
positive results.72–74 One study showed that sensitivity increased from 96.9% to
100.0% and specificity from 42.0% to 87.7% in women recalled from the Dutch breast
cancer screening.74 A study in the USA showed non‐inferiority of CESM compared to
standard MRI in patients with known primary breast cancer and only a slightly lower
sensitivity in the detection of additional lesions.75 This indicates that CESM is feasible
as a clinical problem solving tool in women referred by the screening programme.
Also, its increased cancer detection abilities could make CESM useful as a screening
method in women with increased breast cancer risk, for example in women with
dense breast. However, given the logistics in CESM, with the need of intravenous
access and use of contrast agent with the associated risk of anaphylaxis, CESM
probably is less suitable for population screening. No studies covering the use of CESM
in population screening have been published yet.
Besides MRI and CESM, there are other imaging techniques that have been developed
and tested for screening. Digital breast tomosynthesis (DBT) is already being used in
many hospitals. A meta‐analysis on DBT versus digital mammography shows a pooled
incremental detection rate of 2.4 per 1000 screens of DBT and a pooled increase in
recall rate of 0.5%.76 In the Italian region of Trento, FFDM screening has been replaced
by DBT, after which a higher cancer detection rate (8.7 per 1000, compared to 5.5 per
1000 in FFDM) and a lower recall rate (2.6% versus 3.2%) were reported.77 However,
no reduction in the interval cancer rate was observed. Other studies also noted no
positive effect of DBT on interval cancer rate.78,79 As there were very few interval
cancers in these studies, one should be cautious in interpreting their results. Further
research with significant numbers of interval cancers are thus needed. If these larger
studies show no effect of DBT on the interval cancer rate the implementation of DBT
will be questionable, considering the slight increase in radiation dose, the increased
reading time and expensive logistics to transform the programmes. Moreover, the
observed increases in cancer detection rates may just reflect an increase in over‐
diagnosis and overtreatment.
Feedback on screen results improves screen quality indicators and screening
performance of screening radiologists in mammography screening programmes.80
Therefore almost all organizations of national mammographic screening programmes
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have included some form of audit feedback for their screening radiologists.81 In our
screen region, a new software programme for mammographic screening (ScreenIT)
has been installed. This software programme allows all radiologists to register screen‐
detected and interval cancers and their personal referral rates, cancer detection rates
and false positive referrals. Once a feedback system is implemented, ScreenIT will
provide the opportunity for a quick and accurate feedback on screening performance
at an individual level, and therefore a chance to improve screening programme
results.
In conclusion, future research should include tailoring the different imaging tools, and
screening strategies to the individual woman, taking into account her risk profile.
Preferably, these methods are used in a complementary fashion to maximize the
breast cancer detection rate and reduce the interval cancer rate, and at the same time
reduce the risk of over‐diagnosis.
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Introduction
Breast cancer is still one of the leading causes of cancer related death among women
worldwide. In 2018 breast cancer was diagnosed in about 2.1 million women,
according to the World Health Organisation (WHO), and approximately
627,000 women died due to breast cancer in that year. Detecting breast cancer at an
earlier stage will allow a more effective treatment and will thus result in a decrease in
mortality and morbidity. The latter is the main goal of breast cancer screening. In the
Netherlands, breast cancer screening has contributed substantially to the reduction of
the breast cancer mortality in the last three decades. Since its introduction in 1989
multiple adjustments have been made in the Dutch screening programme to improve
its effectiveness. From a double read single mammography, breast cancer screening
has switched to a two‐view mammography with blinded double‐reading. One of the
latest changes is the introduction of full‐field digital mammography (FFDM), which has
replaced screen‐film mammography (SFM).
There are several quality indicators available for the evaluation of breast cancer
screening. The most prominent ones are the cancer detection rate (CDR), positive
predictive value (PPV) of referral and the interval cancer rate (ICR). Together these
three indicators provide information about the balance between detecting as many
malignancies as possible while minimizing the number of false positive referrals.
Interval cancers are cancers that are not detected by screening in the window
between two subsequent screens. Reducing the number of interval cancers is very
important, as these cancers have a much poorer prognosis than screen‐detected
cancers.

Relevance of this thesis
In this thesis, one of our aims was to evaluate the effects of the transition from SFM
screening to FFDM screening, with the main focus on interval cancers. One of the
studies in this thesis showed an increased cancer detection rate (CDR) during
implementation of FFDM screening, accompanied by a higher referral rate. This
resulted in a decreased interval cancer rate (ICR) and a higher programme sensitivity.
This study also covered the second round of FFDM screening and showed that the
CDR remained higher during the second round when compared to SFM screening. The
referral rate, however, also remained higher, resulting in a lower PPV of referral.
Therefore it is important to know if this decrease in ICR contain the more aggressive
interval cancers, and not only the low grade malignancies. Therefore in this thesis we
analysed the characteristics of interval cancers diagnosed during the transition from
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SFM to FFDM. After the first round of digital screening an increased proportion of
interval cancers was not visible on the latest screening mammogram. However, this
phenomenon did not persist after the second round of FFDM screening. Besides a
slightly lower proportion of invasive ductal cancers among interval cancers, no
differences were seen in tumour characteristics and the extent of the surgical
treatment (i.e., breast‐conserving surgery or mastectomy) during the implementation
of digital screening. If FFDM screening would have filtered out more smaller and
insignificant tumours and thus mainly would have caused overtreatment, one would
have expected that the introduction of FFDM resulted in relatively more interval
cancers with a poor prognostic profile. As this was not the case, the increase in CDR is
expected to have a relevant positive effect on overall breast cancer mortality and
morbidity.
In our opinion, these findings justify the introduction of FFDM screening, especially
when taking into account the improved logistics (e.g. easier access to images, storage
capacity) and increased editing options (e.g. windowing and enlarging), compared to
SFM screening. It is obvious that it is important to keep the referral rate as low as is
reasonably achievable. However, even after the introduction of FFDM screening, the
referral rate in the Netherlands is still relatively low compared to those observed in
other countries (Table 9.1). Therefore, the advantage of an increased CDR and a
decline in ICR outweighs the increase in referral rate and the lower PPV.
Most of the breast cancers in a systematically screened population are detected by
screening. However, about 20% of breast cancers are diagnosed in between two
subsequent screening rounds. As these interval cancers have a poorer prognostic
profile than screen‐detected cancers, it is of paramount importance to further
improve the quality of the screening in order to decrease the interval cancer rate. This
thesis describes tumour characteristics of interval cancers prior, during and after the
transition from SFM to FFDM screening. We found that digital screening did not
decrease the proportion of “missed” interval cancers, which are the cancers that (in
retrospect) were visible on the last screening mammogram and thus should have been
referred. Therefore, we conclude that there is still room for improvement of breast
cancer screening. Future possibilities to obtain this improvement may include
personalisation of screening and the implementation of Artificial Intelligence as a
complementary tool for screen radiologists. Another possible improvement of breast
screening could be digital breast tomosynthesis (DBT), however if DBT can reduce the
interval cancer rate is still a point of discussion.
This thesis also focused on women who were referred more than once for the same
mammographic lesion. We found a significant increase in these repeated referrals
from 1.2% prior to the transition from SFM to FFDM to 2.2% during the transition and

150

Valorisation

2.8% after the transition. This increase came along with a decline of the PPV of
referral of repeatedly referred lesions, from 35.1% before to 14.8% after the
transition from SFM to FFDM. Despite an obvious delay in the diagnosis of breast
cancer after delayed referrals, these cancers showed more favourable prognostic
features than interval cancers. We feel that these findings are of particular interest for
screening radiologists, especially to increase the awareness of the probability of
breast cancer being present in repeatedly referred mammographic abnormalities. As
indicated, these abnormalities should not be automatically dismissed because “it was
already there”, but they should be referred once more for re‐evaluation when they
remain suspicious or show growth, architectural changes, increased density or
increased suspicious calcifications.
We also looked at blinded (BDR) versus non‐blinded double reading (NBDR) of
screening mammograms and its effect on surgical treatment. Clinical evidence shows
that BDR increases the sensitivity of breast cancer detection and it is therefore
superior to NBDR. We investigated whether the two reading strategies yielded
differences in surgical procedures. We found no significant differences in surgical
treatment of screen‐detected breast cancers after BDR or NBDR. We found, however,
a higher rate of breast conserving surgery (BCS) in women with interval cancer after
NBDR compared to BDR. This is probably due to the higher detection rate at BDR
screening. BDR shows no significant changes in chosen surgical therapy and other
studies show an increase in biopsy procedures and referrals and slightly more complex
logistics of blinded double reading. These issues should be taken in consideration by
screening organisations and screen radiologists when deciding which reading strategy
to follow.
Bilateral interval cancers are a small subgroup of all breast cancers at screening
mammography and, to our knowledge, no prior studies on bilateral interval cancers
have been performed. For the most effective and efficient treatment of breast cancer
it is important to determine the extent of the disease. Therefore, it is necessary to
know whether or not a contralateral malignancy is present at the time of treatment
decision. This study therefore aimed to give insight in the incidence and
characteristics of bilateral interval cancers. We found that 3.2% of all interval cancers
were bilateral. Among invasive interval cancers, bilateral interval cancers were more
often of lobular histology and more often had a low grade (grade I) differentiation
than unilateral interval cancers. They also were larger (more often stage 2 or higher)
than bilateral screen‐detected cancers. As stated before, this study may also increase
the awareness of bilateral (interval) breast cancer being present in screened women
and it also underlines the importance of including MRI in pre‐operative work‐up of
selected cases, especially when dealing with invasive lobular tumours. The use of MRI
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for the work‐up of invasive lobular breast malignancy has already been incorporated
in European guidelines.
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Borstkanker is wereldwijd een belangrijk gezondheidsprobleem. Ieder jaar worden
ongeveer 2,1 miljoen vrouwen geconfronteerd met de ziekte. In Nederland krijgt één
op de acht vrouwen gedurende haar leven de diagnose borstkanker te horen.
Om het risico op overlijden aan borstkanker te verlagen zijn in vrijwel alle landen met
een modern gezondheidszorgsysteem screeningsprogramma’s geïmplementeerd. In
Nederland is tussen 1989 en 1995 een screeningsprogramma geleidelijk over het hele
land uitgerold. In dit screeningsprogramma worden alle vrouwen tussen de 50 en
75 jaar om het jaar uitgenodigd voor het vervaardigen van een mammogram. In de
afgelopen 30 jaar heeft de screening, samen met de verbeterde therapeutische
opties, bijgedragen aan de afname van de sterfte ten gevolge van borstkanker met
meer dan 30%.
Van alle gevallen van borstkanker die optreden in de groep vrouwen die deelnemen
aan het screeningsprogramma worden de meeste ook gevonden door het
programma. Desondanks wordt 20% van de tumoren in de gescreende groep
gevonden in het interval tussen twee screeningsmomenten. Deze tumoren worden
intervalcarcinomen genoemd. Intervalcarcinomen zijn over het algemeen groter,
groeien sneller en hebben een slechtere prognose dan tumoren gevonden door de
borstkankerscreening. De intervalcarcinoomratio (ICR), de verhouding van het aantal
intervalcarcinomen ten opzichte van het aantal carcinomen gedetecteerd tijdens de
screening, is daarom een belangrijke factor voor het bepalen van de sensitiviteit en
kwaliteit van het screeningsprogramma en daarmee ook een belangrijke graadmeter
voor de potentie van het screeningsprogramma om de sterfte door borstkanker terug
te dringen.
Sinds de introductie van het screeningsprogramma zijn er verschillende technische
aanpassingen gedaan in een poging het kankerdetectiecijfer (CDR) te verbeteren en
de ICR te laten afnemen. Eén van de recentere veranderingen is de overgang van
analoge naar digitale mammografie. In een eerdere studie werd in de eerste ronde
van screening met digitale mammografie een toename van de CDR gezien.
Hoofdstuk 1 omvat een algemene introductie en een beschrijving van de
doelstellingen van dit proefschrift.
De hoofddoelen van dit proefschrift waren:
a) Het bepalen van CDR in de tweede screeningsronde met digitale mammografie en
de latere effecten van de invoering van digitale screening, waaronder de invloed
van herhaaldelijke verwijzingen voor eenzelfde afwijking en het vergelijken van
tumorkarakteristieken van intervalcarcinomen en carcinomen ontdekt tijdens de
screening.
b) De incidentie en karakteristieken van bilaterale, dat wil zeggen beiderzijds
optredende, intervalcarcinomen.
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In Hoofdstuk 2 analyseerden we de kenmerken van intervalcarcinomen
gediagnosticeerd gedurende de overgang van analoge naar digitale screening.
Hiervoor verdeelden we de intervalcarcinomen in drie groepen: tumoren gevonden
voorafgaand aan de invoering van digitale screening (het laatste screenings‐
mammogram was analoog en werd voorafgegaan door een eerder analoog
mammogram), tumoren gevonden tijdens de overgangsfase (de laatste screening was
digitaal en werd voorafgegaan door een analoog mammogram) en tumoren gevonden
na de invoering van digitale screening (het laatste screeningsmammogram was
digitaal en werd voorafgegaan door een digitaal mammogram). In onze analyse
werden gegevens gebruikt van deelnemers aan het bevolkingsonderzoek in de regio
BevolkingsOnderzoek Zuid in de periode tussen 2006 en 2014. In deze periode werden
442 intervalcarcinomen gevonden in de onderzochte populatie. De screenings‐
mammogrammen vervaardigd voorafgaand aan de diagnose van het
intervalcarcinoom werden opnieuw beoordeeld door twee ervaren screenings‐
radiologen om te bepalen of het intervalcarcinoom zichtbaar was op het eerdere
screeningsmammogram. Indien het niet zichtbaar was, werd het intervalcarcinoom
geclassificeerd als ‘occult’ en als het wel zichtbaar was als ‘gemist’ of ‘minimale
afwijking’ waarvan we dit laatste type afwijkingen ook retrospectief niet zouden
verwijzen gezien de zeer lage maligniteitskans van dit type afwijkingen. Tussen de
eerste en tweede ronde van digitale screening werd er een toename in de proportie
van occulte intervalcarcinomen gezien. Deze toename was echter niet meer aanwezig
na de tweede digitale screeningsronde. Er werden geen veranderingen in
tumorkenmerken en chirurgische behandeling van intervalkanker geconstateerd
tijdens de invoering van digitale screening, behoudens een kleiner aandeel
carcinomen van het invasief ductale type. Deze bevindingen impliceren dat de initiële
daling van de kans op intervalcarcinomen na de invoering van digitale screening later
niet persisteert.
In Hoofdstuk 3 werden de kenmerken en prognose van intervalkanker tijdens de
overgang van analoge naar digitale screening geanalyseerd. De studie populatie
bestond uit 417.746 opeenvolgend verkregen screeningsmammogrammen (302.699
analoog en 115.047 digitaal). Deze werden vervaardigd tussen het jaar 2000 en 2011.
Met een follow‐up periode van 2 jaar werden data verzameld uit verslagen van
beeldvorming, chirurgie en pathologie. We vonden een hoger kankerdetectiecijfer na
digitale screening in vergelijking met analoge screening (6,9 versus 5,2 per 1000
gescreende vrouwen, P<0,001), met een hoger verwijscijfer na digitale screening
(31 versus 14 per 1000 gescreende vrouwen, P<0,001 ). Hierdoor was de positief
voorspellende waarde (PPV) van verwijzing bij digitale screening 22,5%, vergeleken
met 37,9% na analoge screening (P<0,001). In een periode van 11 jaar werden 800
intervalcarcinomen gediagnosticeerd in de screeningspopulatie, waarvan 288 werden
ontdekt in het eerste jaar na het laatste screeningsmammogram en 512 in het tweede

158

Samenvatting

jaar na een negatief beoordeeld screeningsmammogram. 25% van de interval‐
carcinomen bleken retrospectief gemist, hiervan was ongeveer 30% van de
intervalcarcinomen gevonden in het eerste jaar na screening zichtbaar op het
screeningsmammogram, en ongeveer 20% van de intervalcarcinomen ontdekt in het
tweede jaar na screening. We vonden geen verschillen in mammografische
kenmerken en tumorkenmerken tussen intervalcarcinomen na digitale mammografie
of na analoge mammografie. Overlevingsgrafieken toonden een langere
overlevingsduur voor patiënten gediagnosticeerd met een intervalcarcinoom na
digitale screening dan patiënten gediagnosticeerd met een intervalcarcinoom na
analoge screening. Echter, na correctie voor leeftijd, densiteit van het
borstklierweefsel, tumorstadium en jaar van detectie in een Cox regressieanalyse,
werden geen statistisch significante verschillen meer geconstateerd in overleving
(HR=0,86 (0,3‐2,6), P=0,3). Concluderend laat deze studie zien dat er verschillen zijn in
mammografische kenmerken en tumorkenmerken binnen subgroepen van interval‐
carcinomen, maar lijkt de overleving op korte termijn vergelijkbaar.
In Hoofdstuk 4 analyseerden we hoe vaak borstkanker gediagnosticeerd werd bij
vrouwen die herhaaldelijk verwezen waren voor dezelfde mammografische afwijking.
Dit deden we tijdens de invoering van de digitale screening. We keken naar de
voorspellende waarde van een positieve screeningsuitslag bij deze vrouwen en
specifieke karakteristieken van de tumoren die werden gevonden. Hierbij
analyseerden wij de gegevens van vrouwen die gescreend waren tussen het jaar 2000
en 2013. We vonden een toename van het percentage vrouwen dat meermaals werd
verwezen voor dezelfde afwijking; dit was 1,2% in de periode van analoge screening,
2,2% tijdens de transitiefase, waarin analoge screening geleidelijk werd vervangen
door digitale screening, en 2,8% in de periode na invoering van digitale screening. Er
was een afname in de positief voorspellende waarde van een screeningsuitslag van
35,1% naar 14,8% gedurende de transitie van analoge naar digitale screening (P=0.02).
Ondanks de vertraging in de diagnose hadden de tumoren, die werden ontdekt bij
vrouwen die meermaals werden verwezen, prognostisch gunstigere kenmerken dan
intervalcarcinomen; ze waren kleiner en de lymfeklieren waren minder vaak
aangetast. Uit deze bevindingen kan worden geconcludeerd dat het ook na de
invoering van digitale screening belangrijk is om eerder verwezen afwijkingen te
blijven beoordelen en deze vrouwen zo nodig opnieuw te verwijzen.
In Hoofdstuk 5 onderzochten we de effecten van verschillende leesstrategieën van de
screeningsmammogrammen, geblindeerde en niet‐geblindeerde beoordeling door
twee screeningsradiologen, op de chirurgische behandeling van tijdens de screening
gedetecteerde mammacarcinomen en intervalcarcinomen. In deze studie
onderzochten we een opeenvolgende serie van screeningmammogrammen die tussen
2009 en 2011 door twee screeningsradiologen waren beoordeeld. Hiervan waren er
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44.491 blind beoordeeld en 42.996 niet‐blind. Borstkanker werd na blinde
beoordeling gedetecteerd bij 325 vrouwen en na niet‐blinde beoordeling bij
284 vrouwen. In beide groepen onderging de meerderheid een borstsparende
operatie (78,2% versus 81,7%; P=0,51). Bij ductaal carcinoom in situ gevonden na
blinde tweede beoordeling werd na borstsparende operatie een groter
resectievolume gevonden dan na niet‐blinde tweede beoordeling door de
screeningsradioloog (P=0.005). In totaal werden 158 intervalcarcinomen vastgesteld,
met vergelijkbaar resectievolumes en een vergelijkbare kans op positieve
resectievlakken voor de twee leesstrategieën (P=0,42 en P=0,38). Het percentage
borstsparend behandelde vrouwen was hoger na niet‐blinde beoordeling dan na
blinde tweede beoordeling (P=0,04). Deze bevindingen tonen dat de twee vergeleken
leesstrategieën (blind versus niet‐blind) niet van invloed zijn op de chirurgische
behandeling van de bij screening gedetecteerde mammacarcinomen en interval‐
carcinomen. Uitzonderingen betroffen een groter resectievolume van de
borstsparende ingreep bij tijdens screening gedetecteerd DCIS na blinde beoordeling
en een hoger percentage borstsparende chirurgie bij vrouwen met intervalkanker na
niet‐blinde beoordeling.
Een klein deel van alle intervalcarcinomen is bilateraal. In Hoofdstuk 6 en Hoofdstuk 7
beschreven we de incidentie en tumorkenmerken van bilaterale intervalcarcinomen
vergeleken met unilaterale intervalcarcinomen. We includeerden 468.720
screeningsmammogrammen van vrouwen die tweejaarlijkse screening ondergingen
tussen januari 2005 en januari 2015. Bij bilaterale borstkanker werd de individuele
tumor met het hoogste stadium bij diagnose de indextumor genoemd. Deze
indextumoren werden gebruikt voor vergelijking met unilaterale intervalcarcinomen
en tumoren gedetecteerd tijdens de screening. In onze studie werden in totaal 753
intervalcarcinomen gedetecteerd, waarvan er 24 bilateraal (3,2%) waren. Bilaterale
intervalcarcinomen waren vaker van het invasief lobulair subtype dan unilaterale
intervalcarcinomen (37,5% versus 16,1%, P=0,01) en waren vaker goed
gedifferentieerd (45,8% versus 27,8%, P=0,08). Bilaterale intervalcarcinomen waren
groter (vaker stadium T2 of hoger bij detectie) vergeleken met bilaterale tumoren
gedetecteerd tijdens de screening (16/24 (66,7%) versus 23/58 (39,7% ), P=0,03). Deze
bevinding was te verwachten aangezien unilaterale intervalcarcinomen gemiddeld
groter zijn dan unilaterale carcinomen ontdekt bij screening. We concludeerden dat
bilaterale intervalcarcinomen een klein, maar niet onbelangrijk deel van alle
intervalcarcinomen vormt en dat zij vaker van het lobulair histologische type zijn, met
een gunstigere histologische gradering dan unilaterale intervalcarcinomen.
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Ten slotte het dankwoord. Het laatste, maar zeker niet het minst belangrijke
onderdeel van het proefschrift! De afgelopen 6 jaar waarin dit proefschrift is
gerealiseerd waren niet bepaald rustig te noemen. Dit lag niet alleen aan al het werk
wat daarbij kwam kijken, in dezelfde 6 jaar is namelijk een opleiding tot radioloog
afgerond en grotendeels een fellowship tot mammaradioloog, er is een huis gebouwd
en zijn er 3 kinderen geboren! Vanzelfsprekend was dit proefschrift niet tot stand
gekomen zonder alle hieronder vernoemde personen!
Het schrijven van een proefschrift is geen eenmanssport. Zoals bij iedere teamsport
ben je zo sterk als de zwakste schakel. Daarom prijs ik mij gelukkig met het stevige
promotieteam, begeleiding en support vanuit de gehele afdeling radiologie en
natuurlijk de onmisbare flexibiliteit en onvoorwaardelijk steun vanuit het thuisfront.
Prof. Tjan‐Heijnen, promotor, beste Vivianne, hartelijk bedankt voor alle hulp en
energie die je in dit proefschrift hebt gestopt. In het bijzonder in de afrondende fase
heb je veel werk verzet, door goed het overzicht te bewaren en het gehele proces te
bewaken. Verder heeft je invalshoek vanuit de internistische kant van de oncologie
een substantiële bijdrage geleverd aan het eindresultaat van mijn proefschrift.
Dr. Duijm, beste Lucien, in 2015 werden wij aan elkaar voorgesteld door Wikke. Ik heb
hier eerlijk gezegd weinig van meegekregen, want je stak in een sneltreinvaart van
wal. Ondanks dat ik er weinig van begreep, ben ik door je enthousiasme wel
daadwerkelijk begonnen aan dit project. Je bent de bezielende leider van een
uitgebreid promotiegroep waarvan ik nu (als ik me niet vergis) de zevende ben die
promoveert en ik ben zeker nog niet de laatste. Verder wil ik je hierbij nog mijn
excuses aanbieden voor de constante vertraging van mijn Märklin‐wagonnetjes, wat
onder andere geleid heeft tot onze kofferbakdeal tijdens de Sandwichcursus. Je hebt
er nog steeds tegoed, maar dat wordt rechtgezet!
Dr. Voogd, beste Adri, bij alle artikelen vanaf het begin was je betrokken en bij de
afronding van het proefschrift meer op de voorgrond. Je bent altijd heel geduldig en
begripvol geweest en hiermee van onschatbare waarde voor dit proefschrift en
promotieteam. Het kostte af en toe wat moeite om daadwerkelijk af te kunnen
spreken (Was het nou Maastricht, Eindhoven of Utrecht?), maar als we elkaar dan
gevonden hadden was het altijd zeer constructief. Heel erg bedankt voor het vele
werk dat je hebt verzet.
Geachte leden van de promotiecommissie, Prof. Dr. Beets‐Tan, Prof. Dr. van Hulst,
Prof. Dr. Pijnappel, Prof. Dr. Smidt en natuurlijk Dr. Donkers – van Rossum: allen heel
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erg bedankt dat u uw tijd en expertise heeft willen aanwenden om dit proefschrift op
zijn wetenschappelijke waarde te beoordelen.
Na Vivian, Wikke, Joost, Lisa, Roy en Jacky ben ik de zevende die promoveert bij
Lucien. Allen bedankt voor al het voorwerk wat jullie hebben verricht! Hierbij wil ik in
het bijzonder Roy Weber, Wikke Setz‐Pels, Joost Nederend en Joost Lameijer
bedanken voor al het werk en energie die jullie ook in dit proefschrift hebben
gestoken. Zowel inhoudelijk als door een inkijkje in jullie werkwijze ben ik zeer vooruit
geholpen.
Natuurlijk eindigt het traject hier niet, heel veel succes met de afronding van jullie
proefschrift, Angela, Bram en Joost!
Frits, jij bent degene die mij initieel benaderd heeft met de vraag of ik interesse had in
een promotietraject, dus eigenlijk kunnen we wel zeggen dat jij de aanstichter van dit
alles bent. Frits bedankt voor alle lessen die je me op zowel (mamma) radiologisch
vlak, als persoonlijke ontwikkeling hebt gegeven de afgelopen 7 jaar. Ik ben er trots op
dat ik me jouw (laatste?) fellow mag noemen.
Dank aan alle (nog niet eerder genoemde) medeauteurs, Marianne Hooijen, Paul
Lohle, Marieke Louwman, Menno Plaisier, Matthieu Rutten, Luc Strobbe en Dick
Venderink. Bedanken voor alle tijd en aandacht die jullie aan één of meerdere
publicaties hebben besteed.
Beste collega’s in het Catharina Ziekenhuis. Bedankt voor de mooie tijd die ik de
afgelopen tijd bij jullie heb gehad en nog steeds heb. Ik ben blij met de werksfeer
waarin ik mijn opleiding heb mogen doorlopen met een soepele samenwerking tussen
alle onderdelen van de afdeling. Radiologen, assistenten, laboranten, medewerkers
van de administratie, systeembeheer en de schoonmaak, jullie maken allemaal de
afdeling tot wat hij is! Bedankt allemaal.
Speciale dank voor Rianne en Astrid voor de aandacht die jullie besteden aan het
onderwijs en het feit dat jullie altijd voor me hebben klaargestaan zowel tijdens de
differentiatiefase van mijn opleiding als daarbuiten!
Floor, mijn mede‐fellow, bedankt voor de gezellige sparringpartner die je bent voor
alle zaken rondom het werk en daarbuiten! Ik hoop dat je snel een mooie aanstelling
vindt, want die verdien je!
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Familie en vrienden, veel te weinig tijd met jullie kunnen besteden de laatste jaren. Ik
hoop dat dit gaat verbeteren de aankomende jaren! Lucas, het word tijd dat we weer
eens een wedstrijdje bij PSV gaan meepikken!
Mijn paranimfen Joost Lameijer en Christian Beulens.
Beste Joost, mijn opvolger in de onderzoekstrein van Lucien. Ik waardeer je eerlijke
houding en hoe je iedereen accepteert zoals die is. Je hebt een buitengewoon
positieve werkmentaliteit en bent super perfectionistisch, ben niet te streng voor
jezelf, met jouw karakter en instelling kun je alles aan!
Beste Chris, jij hebt mijn coassistenten tijd tot een feest gemaakt. Door jouw
charisma, je goedlachsheid en je open houding kom je volgens mij overal mee weg. Nu
zelf ook een zoon met jouw Vero, geweldig. Toen ik werd beëdigd tot arts vroeg je aan
mij of ik het niet eng vond dat ik nu verantwoordelijk was wanneer er iemand op
straat om zou vallen. En dan sta je nu zelf in de frontlinie! Had jij je voorgesteld dat we
zouden zijn waar we nu zijn 8 jaar geleden?
Ik ben trots dat ik jullie beiden aan mijn zijde heb bij de verdediging van mijn
proefschrift.
Verder wil ik mijn schoonouders, Ellen en Adri, en natuurlijk ook Kirsten bedanken.
Jullie staan altijd voor ons klaar in ons hectische leven. Of we nou even acuut een
oppas nodig hebben of dat er een stroomstoring is, jullie lossen het voor ons op.
Zonder jullie zouden we niet alles kunnen doen, wat we nu doen.
Mijn ouders en broers, Pap en Mam ook jullie staan onvoorwaardelijk voor ons klaar
en ook voor jullie geldt dat we niet zo ver gekomen zouden zijn. Verder wil ik jullie
bedanken dat jullie alle voorwaarden hebben geschept om te worden zoals ik ben
geworden, ik had het niet anders gewild. Jos, bedankt voor alles, je bent een lieve,
goedaardige jongen die het allerbeste verdiend, ik hoop dat je je snel thuis voelt in je
nieuwe huis. Christ, ook jij bedankt, je hebt al een mooi gezin dat binnenkort nog een
beetje groter wordt, heel veel geluk samen met Lieke.
Mijn mannen, Cas, jij was ongeveer 1 jaar oud toen ik met dit project ben begonnen,
je bent in die tijd gegroeid tot een lieve en enthousiaste jongen die overal een eigen
mening over heeft, je doet het super! Tijn, stoer, maar toch heel zorgzaam voor je
kleine broertje, je bent al heel dapper je eerste meters op de basisschool aan het
maken! Job, vertederend, je bent een grote knuffel, na een knuffel van jou kun je er
weer heel lang tegen! En natuurlijk Sam, vrolijk en goedlachs, je bent er nog maar net,
maar je bent al niet meer weg te denken. Ik ben trots op jullie allemaal.
En als laatste, mijn Iris, waar zou ik zijn zonder jou. Je vult mijn rustige, soms weinig
initiatiefrijke karakter aan met de nodige verrassingen en spontaniteit. Je geeft me de
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schop onder de kont wanneer ik hem nodig heb, maar geeft ook de afleiding wanneer
die nodig is. Het is bijzonder knap hoe jij in ons drukke bestaan alle ballen hoog weet
te houden, hierbij ook nog je eigen specialisatie te doen en toch mij de ruimte kunt
gunnen om dit proefschrift te schrijven. Ik waardeer je enorm, ook al laat ik dat soms
te weinig merken. Dit proefschrift zou er nooit geweest zijn zonder jou, en dan heb ik
het niet alleen over de kaft die je voor je rekening hebt genomen. Ik hou van je.
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Curriculum Vitae
Rob van Bommel werd geboren op 4 augustus 1987 te Aarle‐Rixtel. In 2005 behaalde
hij zijn VWO‐diploma aan het dr. Knippenbergcollege, te Helmond. Direct aansluitend
startte hij met de opleiding Geneeskunde aan de Radboud universiteit, te Nijmegen.
Tijdens zijn opleiding deed hij een keuzecoschap op de afdeling Radiologie van het
UMC st. Radboud. Tevens deed hij wetenschappelijk onderzoek op de afdeling
Reumatologie (onder begeleiding van Dr. L. van Hulst en Prof. dr. P. van Riel) naar de
waarde die patiënten hechten aan eigenschappen van reumamedicatie.
Na het behalen van het artsexamen in 2013 is hij begonnen als ANIOS op de afdeling
Intensive Care van het Elkerliek Ziekenhuis, te Helmond. In 2014 begon hij met de
opleiding Radiologie in het Catharina Ziekenhuis, te Eindhoven (opleiders Dr. H.C.M.
van den Bosch en Dr. A.V. Tielbeek) en Maastricht UMC+ (opleiders Prof. dr. M.W. De
Haan en Dr. A.A. Jacobi‐Postma). Tijdens de opleiding startte hij in 2015 met het
onderzoekstraject dat heeft geleid tot dit proefschrift. Na het afronden van zijn
opleiding Radiologie is hij sinds mei 2019, eveneens in het Catharina Ziekenhuis, te
Eindhoven, werkzaam als fellow mammaradiologie (opleider F.H. Jansen).
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