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Chapter 1

General introduction






General introduction

Breast cancer incidence in Dutch women is among the highest in Europe and has
increased steadily over the years.1 This is partly explained by the introduction of breast
cancer screening, as well as by the increased exposure to risk factors and increased
awareness of breast cancer among women. In 2015, 17,000 women were newly
diagnosed with breast cancer in the Netherlands, and of every seven women one will
be diagnosed with breast cancer at some point in her life.

Breast cancer screening in the Netherlands

Screening programmes have been implemented in many countries to facilitate early
diagnosis of asymptomatic breast cancer in order to prevent breast cancer related
morbidity and mortality by early treatment of the disease. Breast cancer screening was
introduced in the Netherlands in 1989. Several studies have shown the positive effect
of breast cancer screening on breast cancer mortality rates in the Netherlands.”?
However, it is difficult to estimate how much of the observed decrease in breast cancer
mortality can be attributed to the introduction of breast cancer screening, knowing that
many improvements in breast cancer care have taken place in the past three decades.
Several studies have estimated that around 28-35% of the reduction in breast cancer
related mortality over the past decades can be attributed to breast cancer screening,
both in the Netherlands as well as in other countries.”” In a recent evaluation of the
Dutch breast cancer screening programme over the period 2004-2014 a reduction of
58% in breast cancer related mortality was seen in screening participants versus non-
participants.8

The Dutch breast cancer screening programme is a biennial screening programme.
At the time of introduction, it was offered to women aged 50-69 years. From 1998
onwards, women aged 70-75 have been included as well. Since the introduction of
digital mammography in 2009-2010 in the southern region of the Netherlands, a
standard two-view mammogram is obtained by certified screening technologists.9 The
mammogram is independently read by two qualified screening radiologists according to
European guidelines, and compared to earlier screening examinations when
possible.” ! Screening results are then sent to the general practitioner. In case of an
abnormal screening examination, the woman is referred to a hospital where further
diagnostic work-up will take place. The hospitals to which the women are referred are
not hosting the screening units, as is the situation in other countries such as the United
States and Canada.”

The Breast Imaging Reporting and Data System (BI-RADS) system is routinely used
in the Dutch screening programme.B'14 Its use in the breast cancer screening
programme has been assessed earlier, demonstrating that it can be used as a tool for
stratification of women according to the suspicion of malignancy per BI-RADS
category.ls'16 In the Dutch screening programme, women with a BI-RADS score of 0, 4
and 5 are referred to dedicated breast units at hospitals in the region. BI-RADS score 3
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is not used in the Dutch screening programme as the programme does not provide
short term follow-up. The BI-RADS 0 category represents a lesion that needs further
work-up due to insufficient information from the screening mammogram alone.
BI-RADS 4 represents an abnormality with a reasonable possibility of being malignant
without classic features of malignancy, and BI-RADS 5 represents an abnormality which
is highly suggestive of malignancy.

Effectiveness and quality of screening programmes

The effectiveness and quality of a screening programme is reflected by several
parameters, including recall rate, cancer detection rate at screening, programme
accuracy, false-positive rate and interval cancer rate.

A steep rise in recall rate has occurred in the past two decades. At the start of the
screening programme in the Netherlands, a recall rate of 1% (or 9.5 per 1000 screened
women) was seen (1998). At that time, international recall rates generally varied
between 4% and 10%, and the Dutch optimization study group concluded that lowering
the threshold for recall would improve breast cancer detection rate of the Dutch
screening programme.™"” Recall rates more than doubled after the application of a
lower recall threshold, in addition to the implementation of digital and two-view
mammography, from 9.5 per 1000 screened women in 1998 to 25 per 1000 screened
women in 20142

The increased recall rates resulted in an increase of the cancer detection rate, from
4.8 per 1000 screened women in 1998 to 6.7 per 1000 screened women in 201421
Organizational and technical advancements, such as the introduction of digital
mammography and improved reading strategies, have also helped to improve the
accuracy of screening.g'lg'19 Recently, promising reports have emerged on the
introduction of digital breast tomosynthesis to the screening programmes worldwide,
which may further improve screening accuracy in the near future if deemed feasible for
the screening setting.”*%® Due to the increase in cancer detection rate, the programme
sensitivity of the Dutch screening programme increased from 68.2% in 1998 to 74% in
2014. Despite the increase in recall rate, programme specificity was 98.6% in 2014,
which is high compared to screening programmes in other countries.®*?’

One of the downsides of screening programmes, however, is the occurrence of
false positive recalls, as these may cause anxiety among participants. The false-positive
recall rate in the Dutch breast cancer screening programme has increased over the past
decades from 9.0 per 1000 screened women in 2004 to 17.8 per 1000 screened women
in 2014. This was seen in other countries as well, although the occurrence of false-
positive recall is lower in biennial screening programmes compared to annual screening
programmes.s'zs'29 Due to the rise in false positive recalls, the positive predictive value
of screening has decreased over the past decade from 48.4% in 1998 to 31.0% in 2014,
despite increased numbers of screen-detected invasive and in situ carcinomas.®

10
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When breast cancer is found in women within two years after a negative screen
and prior to the next scheduled screening mammogram, this is called an interval
cancer. 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)".lo These cancers can either be cancers missed at screening,
or true interval cancers, i.e. cancers which are not visible at screening
mammography.g’30 Interval cancers can occur both unilaterally and bilaterally, and are
usually larger at detection and have a higher tumour grade as well as an increased
likelihood of being oestrogen-receptor negative when compared to screen-detected
cancers. They also show a higher frequency of lymph node involvement than screen-
detected cancers.*™ Interval cancers account for approximately 25% of cancers
detected in women participating in a biennial screening programme.“"”‘“35 Over the
past years, the interval cancer rate has been stable at around 2.2 per 1000 screened
women, despite an increase of the recall and detection rates. The overall and disease-
free survival of women with interval cancers is worse than that of women with screen-
detected cancer. As mentioned before, a low rate of interval cancers is a key quality
feature of a screening programme performance, which stresses the importance of
monitoring this rate and keeping it as low as possible.36'37

Bilateral recall and bilateral cancers

Data on bilateral breast cancer and bilateral recall in screening mammography
populations are scarse. The proportion of synchronous bilateral breast cancers among
all breast cancers is modest and ranges, for example, from 2.2% in the Dutch screening
population to 4.4% in a population derived from the National University of Ireland
Galway breast cancer database in Ireland.®*** Controversy exists regarding the
prognosis of women with bilateral breast cancer. Several studies have reported a worse
survival than for women diagnosed with unilateral breast cancer, but in other studies
no differences were found between women with bilateral breast cancer and unilateral
breast cancer.****" Despite these contrary findings, rapid detection of bilateral breast
cancer seems paramount to optimize the effectiveness of the treatment for these
women.

The increased detection of bilateral breast cancer is mostly attributed to the use of
magnetic resonance imaging (MRI) after a diagnosis of primary breast cancer as a pre-
operative assessment This may yield additional lesions in the contralateral breast that
require additional analyses. In a recent study, an additional cancer was found in the
contralateral breast in 3% of the women who underwent MRI for pre-operative tumour
assessment.*®394851

11
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Additional findings

The improved image quality and the new modalities being used in screening as well as
in the diagnostic work-up after recall, have led to an increase in information obtained
from these examinations.”***?°

Technological advancements in imaging quality at screening not only provide the
screening radiologist or clinical radiologist with more information on possible malignant
lesions, they also have the ability to depict incidental lesions in the ipsilateral or
contralateral breast, which may require multiple biopsies to exclude multifocal,
multicentric or contralateral breast cancer.****** Additional malignant lesions may
cause the surgeon to switch from breast conserving surgery to mastectomy, or may
necessitate the use of (neo-)adjuvant chemo- and/or radiotherapy."z‘as'so'sa'55

Delayed diagnosis

Early detection of breast cancer does not solely involve detection of suspicious
mammographic abnormalities at screening, but also requires a swift confirmation of
malignancy after recall. Several studies have shown that up to 5% of recalled women
experience a delay in the confirmation of their breast cancer. A delay in breast cancer
diagnosis may worsen tumour characteristics, with progression of tumour size and a
higher risk of metastatic lymph nodes.’*®"

Studies have mostly focused on shorter diagnostic delays in symptomatic patients
and very limited data are available on this subject in asymptomatic, screen-detected
breast cancers. Several causes for a delayed breast cancer diagnosis after recall have
been reported, including an improper classification of mammographic abnormalities at
subsequent clinical breast imaging, communication errors between physicians, and
sample errors at biopsy.”*®*®* With an increase in the information obtained from
improved imaging techniques, as mentioned before, one may assume that the
proportion of women who face a delay in their breast cancer diagnosis after recall at
screening mammography has decreased over time. At the same time, a reduction in
length of delay is expected due to increased diagnostic accuracy, also reducing the
need for radiological follow-up in cases of equivocal findings at mammography or
ultrasound. However, ambiguous findings at screening and recall may cause incorrect
BI-RADS classifications, with subsequent false negative percutaneous biopsy or surgical
excision. This could result in both short and long delays in breast cancer diagnosis.

Database

Since the implementation of the breast cancer screening programme in the region of
Eindhoven (in the southern part of the Netherlands) in 1995, an Excel-database on

12
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screening outcome has been carefully maintained. The data from this database were
used for the studies presented in this thesis.

The database is used for professional quality assurance as well as a wide variety of
scientific purposes. The database contains information on patient characteristics and
screening history. Recall data are recorded regarding the type of mammographic
abnormality at screening as well as on the detection of additional lesions in the
ipsilateral or contralateral breast. Type of biopsy performed, outcome of pathological
analysis and data on tumour stage are also recorded, as are data on surgery and
pathological analysis of the final surgical specimen. In case of an interval cancer, the
previous screening mammograms were retrospectively assessed by two experienced
screening radiologists in an independent fashion. Data is also recorded on breast
density, family history of breast cancer, as well as data on earlier breast surgery (i.e.
benign surgery or surgical biopsy).

Aims and outline of this thesis

The aims of this thesis were:

— to evaluate varying aspects of the breast cancer screening programme in the
southern region of the Netherlands. These studies may contribute to an overview
for screening and diagnostic radiologists and other personnel involved in the
screening mammography programme on the outcome of various types of recall as
well as additional findings found at recall.

— to improve our understanding of causes of delayed diagnosis of breast cancer after
screening mammography, and hopefully providing means to further reduce these
delayed diagnoses to improve the diagnostic accuracy and efficacy of this biennial
screening mammography programme in the southern region of the Netherlands.

Chapter 2 determines trends and outcome of bilateral recall and the incidence of
bilateral breast cancers, both at screening mammography and as interval cancers.
Chapter 3 evaluates additional findings detected after recall for an abnormal screening
mammography, both in the ipsilateral recalled breast as well as lesions in the
contralateral, non-recalled breast.

Chapter 4 analyses time trends, frequency and causes of short (4-24 months) and long
delays (>24 months) in breast cancer diagnoses after recall at screening mammography.
In chapter 6, the main results of the studies in this thesis are discussed, as well as their
significance in improving the current and future breast cancer screening programme in
the south of the Netherlands.
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Abstract

This study was performed to determine the frequency of recall for bilateral breast lesions at
screening mammography and compare its outcome with respect to unilateral recall.

We included 329132 screening mammograms (34889 initial screens and 294243 subsequent
screens) from a Dutch screening mammography programme between January 2013 and January
2018. During 2-year follow-up, we collected radiological data, pathology reports and surgical
reports of all recalled women. At bilateral recall, the lesion with the highest BI-RADS score was
used as the index lesion when comparing screening mammography characteristics at bilateral
versus unilateral recall.

A total of 9806 women were recalled at screening (recall rate, 3.0%). Bilateral recall comprised
2.8% (271/9806) of all recalls. Biopsy was more frequently performed after bilateral recall than
unilateral recall (54.6% (148/271) versus 44.1% (4201/9535), P<0.001), yielding a lower positive
predictive value (PPV) of biopsy after bilateral recall (42.6% versus 51.7%, P=0.029). The PPV of
recall was comparable for both groups (23.2% (63/271) versus 22.8% (2173/9535), P=0.85).
Invasive cancers after bilateral recall were larger than those diagnosed after unilateral recall
(P=0.02), but histological subtype, histologic grading, receptor status and proportions of lymph
node positive cancers were comparable.

Bilateral recall infrequently occurs at screening mammography. Biopsy is more frequently
performed following bilateral recall but the PPV of recall is similar for unilateral and bilateral
recall. Invasive cancers of both groups show comparable pathological features except of a larger
tumour size after bilateral recall.
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Introduction

Breast cancer is the most commonly diagnosed cancer and the leading cause of cancer
death among women, with an estimated 2.1 million new cases and 600000 deaths in
2018 worldwide.* The proportion of bilateral breast cancer among all breast cancers is
modest and ranges, for example, from 2.2% in a Dutch screening population to 4.4% in
a population derived from the National University of Ireland Galway (NUIG) breast
cancer database in Ireland." A worse survival has been reported for women with
bilateral breast cancer than for women diagnosed with unilateral breast cancer.”™*

The detection of bilateral breast cancer has improved as a result of the ongoing
developments in breast imaging over the past years.l'z’lz'14 The increased detection of
bilateral breast cancer is mostly attributed to the use of magnetic resonance imaging
(MRI) after a diagnosis of primary breast cancer.””™ Data on bilateral recall at screening
mammography are very sparse. We previously reported a screening mammography
sensitivity of only 19% for bilateral breast cancer detection in women screened
between 1998 and 2008." However, in recent years much research has been done to
improve the accuracy and detection of breast cancer at screening mammography,
including studies on reading strategies and implementation of breast
tomosynthesis.ls”18 These developments may increase the number of recalls for
bilateral lesions found at screening mammography and the subsequent detection of
significant bilateral breast disease.”>*®*® As screening mammography focuses on early
breast cancer detection, it may contribute to the improvement of survival of patients
with bilateral breast cancer. Data on bilateral breast cancer in a screened population is
sparsel'2 and information on overall bilateral recall is lacking. We therefore assessed
the frequency and characteristics of bilateral recall at screening mammography and
compared its diagnostic outcome to unilateral recall.

Methods

Study population

This is an observational study with retrospective data collection of women aged 50-75
years who attended a biennial breast cancer screening programme conducted in the
south of the Netherlands. Details of our screening programme have been described
previously.19 In summary, women are personally invited by letter to attend the
programme which has an attendance rate of about 80%. Women being treated for
breast cancer and those who still receive oncological follow-up after breast cancer
treatment do not attend the screening programme. A consecutive series of 329132 full-
field digital mammography screening mammograms (34889 initial screening
mammograms and 294243 subsequent screening mammograms) were included
between January 1, 2013 and January 1, 2018.
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Women participating in the screening programme are offered the option to ‘opt-
out’ of their data being used for quality assessment and scientific purposes. Ethical
approval by our local Institutional Review Board was not required for this observational
follow-up study, according to the Dutch Central Committee on Research involving
Human Subjects (CCMO).

Screening procedure and recall

The screening mammograms were obtained at four specialized screening units (three
mobile units and one fixed unit at Screening Programme South). All digital
mammograms were acquired with a Lord Selenia FFDM system (Hologiclnc, Danbury,
CT), with a 70 um pixel size and a 232x286 mm field of view. The examinations were
obtained by specialized screening mammography radiographers and all screening
mammograms were double read by a team of 12 certified screening radiologists. All
screening radiologists read more than 10000 screening mammograms yearly. The
screening radiologists first categorized abnormal mammographic findings into one of
the following categories: suspicious mass, suspicious calcifications, suspicious mass
combined with calcifications, asymmetry, architectural distortion, or other
abnormalities not otherwise categorized. Then, each screen was classified according to
the Breast Imaging Reporting and Data System (BI-RADS) lexicon and the radiologists
annotated each recalled mammographic abnormality on a drawing which was part of
the recall report.® Women with a BI-RADS 1 (normal mammogram) or 2 (benign
findings) were not recalled. Women with a BI-RADS 0 (incomplete, additional imaging
evaluation needed), 4 (suspicious findings) or 5 (highly suggestive of malignancy)
finding were referred to a dedicated breast unit of a hospital for further analysis. The
BI-RADS category 3 (probably benign finding, follow-up suggested) is not used in the
Dutch screening programme as this programme does not provide short-term follow-up.

Diagnostic work-up after recall

The diagnostic work-of most recalled women (97.6%, 9567/9806) was performed in 6
hospitals (4 large teaching hospitals and 2 regional hospitals) located in our screening
region. After physical examination by a surgical oncologist or dedicated breast nurse,
additional breast imaging was performed at a radiology department. The screening
mammogram was first reassessed by a radiologist, and the screening mammograms
were routinely available for comparison and stored in the Picture Archiving and
Communication System (PACS) of the hospital. Additional mammographic projections
were obtained at the discretion of the attending radiologist. Full-field digital
mammography was available in each of the 7 regional hospitals. Digital breast
tomosynthesis (DBT) was present in 2 hospitals from the beginning of the inclusion
period and became available in 3 other hospitals in 2015. Breast ultrasonography was
used for the additional characterization of mammographic abnormalities and palpable
breast lesions, for biopsy guidance and for target or second look purposes following

24



Frequency and diagnostic outcome of bilateral recall at screening mammography

breast MRI. In accordance with the Dutch guidelines, whole breast ultrasonography was
not recommended.”" Breast MRI was also available in each hospital and performed if
indicated, as defined by the guidelines of the European Society of Breast Imaging22 and
the Dutch guidelines.”! Fine needle aspiration biopsy (FNAB), percutaneous core needle
biopsy (CNB) and stereotactic biopsy were available in each hospital, whereas use of
MRI guided biopsy procedures was concentrated in the larger hospitals. All biopsied
recalls and women with equivocal findings after initial assessment were discussed by
multidisciplinary teams that consisted of surgical oncologists, radiologists, medical
oncologists, radiation oncologists, plastic surgeons, breast nurses and breast
radiographers.

During two-year follow-up, clinical data and data from diagnostic breast imaging,
biopsy specimen and surgical procedures were collected of all recalled women by one
of the screening radiologists (LD) and several radiology residents. Information on
previous breast surgery, mammographic breast density and family history of breast
cancer were retrieved from questionnaires filled in by women prior to screening
mammography, radiology reports and clinical data. Breast cancers were categorized
into ductal carcinoma in-situ (DCIS) and invasive cancers. The TNM classification was
used for malignant lesions.”

Definition of index lesions

In case of bilateral recall or recall for more than one ipsilateral breast lesion, the lesion
with the highest BI-RADS score was used as the index lesion when comparing screening
mammography characteristics at bilateral versus unilateral recall. In case of
histologically proven multifocal, multicentric or bilateral breast cancer, the largest
malignancy was considered the index lesion when comparing tumour characteristics.

Statistical analysis

All statistical analyses were performed using Statistical Package for Social Science 23.0
(SPSS Inc., IBM). The chi-square test was used to test for differences between women
with unilateral or bilateral recall at screening mammography. A P-value of less than
0.05 was considered to indicate a statistically significant difference. P-values were two-
sided. Whenever applicable (due to small sample sizes), the Fisher’s exact test was
used. The independent samples T-test was used for comparison of mean age between
unilateral and bilateral recall. In the case of median testing, the Median test was used.
Whenever applicable, Bonferroni correction was applied for multiple testing.

Data were missing in less than 0.05% of the patients and in most cases involved the
lack of estrogen or progesterone receptor status due to an insufficient tissue sample. In
a few cases, recalled women refrained from follow-up (n=20). These cases were also
excluded from analysis. In the analysis of the categorical data, we treated the missing
numbers (e.g., receptor status) as a separate category to allow a complete case
analysis.
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Results

Cohort characteristics

The recall rate in our cohort was 3.0% (9806/329132). Breast cancer was diagnosed in
2236 recalled women (including 19.9% (445/2236) cases of ductal carcinomas in-situ),
yielding an overall cancer detection rate of 6.8 per 1000 screening mammograms (8.1
per 1000 for initial screening mammograms (281/34899) and 6.6 per 1000 for
subsequent screening mammograms (1955/294243). The overall positive predictive
value (PPV) of recall was 22.8% (2236/9806) and was significantly lower for initial
screening examinations than for subsequent screening examinations (11.0% (281/2566)
versus 27.0% (1955/7240), P<0.001).

Baseline characteristics of recalled women

Bilateral recalls comprised 2.8% (271/9806) of all recalls and the proportion of bilateral
recalls was higher among women who were screened for the first time (4.1%
(105/2566) versus 2.3% (166/7240), P<0.001). Median age, a history of previous breast
surgery or a family history of breast cancer was comparable for bilateral and unilateral
recalls, whereas bilateral recalls were more frequently initial screens (P<0.001) and
displayed less dense breasts at screening mammography (P<0.001, Table 2.1.1). Table
2.1.2 shows the distribution of the mammographic abnormalities at screening
mammography for unilateral and bilateral recalls. Lesion characteristics were
comparable for both groups, except of a larger proportion of suspicious calcifications
among bilateral recalls (P<0.001) and fewer masses (P=0.016).

Table 2.1.1 Baseline characteristics of recalled women at screening mammography

Overall Bilateral recall Unilateral recall P-value*
N=9806 N=271 N=9535
Median age (range), years 58 (50-75) 58 (50-75) 58 (50-75) 0.93
Screening round, No (%) <0.001
Initial 2566 (26.1) 105 (38.7) 2461 (25.8)
Subsequent 7240 (73.9) 166 (61.3) 7074 (74.2)
Previous breast surgery, No (%) 0.99
Yes 686 (7.0) 19 (7.0) 667 (7.0)
No 9120 (93.0) 252 (93.0) 8868 (93.0)
Breast density, No (%) <0.001
ACR I+l (0%-50%) 6197 (63.2) 211 (77.9) 5986 (62.8)
ACR llI+1V (50%-100%) 3609 (36.8) 60 (22.1) 3549 (37.2)
Family history of breast cancer, No (%) 0.25
Yes 1189 (12.2) 39 (14.4) 1152 (12.1)
No 8617 (87.8) 232 (85.6) 8383 (87.9)

*Bilateral recall versus unilateral recall. ACR = American College of Radiology
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Table 2.1.2 Mammographic abnormality of the index lesion at screening mammography*

Mammographic abnormality, Bilateral recall Unilateral recall P-value®
No (%) N=271 N=9535

Mass 151 (55.7) 5996 (62.9) 0.016

Calcifications 67 (24.7) 1615 (16.9) <0.001
Mass with calcifications 14 (5.2) 348 (3.6) 0.19

Asymmetry 20 (7.4) 808 (8.5) 0.52

Architectural distortion 18 (6.6) 678 (7.1) 0.77

Other 1 (0.4) 90 (0.9) 0.33

*At bilateral recall, the lesion with the highest BI-RADS score was defined as the index lesion. *When
Bonferroni-correction due to multiple testing is applied the P-value should be lower than 0.02 for a statistically
significant result

Diagnostic work-up after recall

Women recalled for a unilateral mammographic abnormality more frequently
underwent clinical breast imaging only, whereas a larger proportion of women with a
bilateral recall received breast biopsy in addition to imaging (54.6% (148/271) versus
44.1% (4201/9535), P<0.001, Table 2.1.3).

The positive predictive value of biopsy for breast cancer was lower for bilateral
recalls (42.6% versus 51.7%, P=0.029).

Table 2.1.3 Type of additional assessment after recall and final outcome

Bilateral recall Unilateral recall P-value
N=271 N=9535
Type of assessment after recall, No (%) <0.001
None or unknown 0 25 (0.3)
Clinical breast imaging only 123 (45.4) 5309 (55.7)
Clinical breast imaging + biopsy 148 (54.6) 4201 (44.1)
Final outcome, No (%) 0.85
No breast cancer 208 (76.8) 7362 (77.2)
Breast cancer 63 (23.2) 2173 (22.8)
Positive predictive value of biopsy, % 42.6 51.7 0.029
Bilateral breast cancer, No (%) 20 (7.4) 34 (0.4) <0.001

Bilateral recall in prevalent cancers

The proportion of bilateral recalls was larger among women with prevalent breast cancer
(i.e., women who had attended the screening programme for the first time), namely 6.4%
(18/281) for first screens versus 2.3% (45/1955) for subsequent screens (P<0.001).

Characteristics of screen detected breast cancers and surgical treatment

The proportion of DCIS among all true positive recalls was comparable for bilaterally or
unilaterally recalled women (25.4% (16/63) versus 19.7% (429/2173), P=0.26) and the
distribution of the histological subtypes of invasive index cancers was comparable for
both groups, with the majority of the invasive ductal type (P=0.54, Table 2.1.4).
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Table 2.1.4 Tumour characteristics of the index breast cancers at bilateral and unilateral recall’

Type of cancer, No (%)
Ductal carcinoma in situ (DCIS)
Invasive

Histology of invasive cancers, No (%)
Ductal
Lobular
Ductolobular
Other

Tumour stage of invasive cancers, No (%)
T1 (<20 mm)
T2+ (>20 mm)
Unknown

Lymph node status of invasive cancers, No (%)
N+
N-
Unknown

Bloom & Richardson grade, No (%)
|
1
1
Unknown

Estrogen receptor status, No (%)
Positive
Negative
Unknown

Progesterone receptor status, No (%)
Positive
Negative
Unknown

Her2/Neu receptor status, No (%)
Positive
Negative
Unknown

Final surgical treatment, No (%)
Breast conserving surgery
Mastectomy
No surgery

“In case of histologically proven multifocal, multicentric or bilateral breast cancer, the largest malignancy was
considered the index lesion when comparing tumour characteristics. *Not statistically significant after

Bonferroni’s adjustment for multiple testing

Tumour size of invasive index cancers was larger after bilateral recall, with fewer
cancers sized 20 mm or less (63.8% (30/47) versus 80.4% (1402/2173), P=0.005). The
proportion of lymph node positive invasive cancers was higher for bilateral recalls, but
this difference was not statistically significant (34.0% versus 21.4%, P=0.06). The
tumours after bilateral recall tended to be of lower Bloom and Richardson grade than
tumours after unilateral recall, but this difference was not statistically significant after
statistical correction was performed. Tumour receptor status was comparable for both

groups.
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Bilateral recall

N=63

16 (25.4)
47 (74.6)

41 (87.2)
4(8.5)
1(2.1)
1(2.1)

30 (63.8)
17 (36.2)
0

16 (34.0)
31 (66.0)
0

13 (27.7)

28 (59.6)

6(12.8)
0

43 (91.5)
4(8.5)
0

33(70.2)
14 (29.8)
0

7 (14.9)
40 (85.1)
0

48 (76.2)
14 (22.2)
1(1.6)

Unilateral recall

N=2173

429 (19.7)
1744 (80.3)

1375 (78.8)
222 (12.7)
48 (2.8)
99 (5.7)

1402 (80.4)
338 (19.4)
4(0.2)

374 (21.4)
1308 (75.0)
62 (3.6)

743 (42.6)

770 (44.2)

218 (12.5)
13 (0.7)

1571 (90.1)
168 (9.6)
5(0.3)

1248 (71.6)
491 (28.2)
5(0.3)

154 (8.8)
1581 (90.7)
9(0.5)

1782 (82.0)
366 (16.8)
25 (1.2)

P-value

0.26

0.54

0.005

0.06

0.041*

0.040"
0.95

0.79

0.81

0.15

<0.001
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Bilateral breast cancer was diagnosed more frequently among bilateral recalls
(7.4% (20/271) versus 0.4% (34/9535), P<0.001). The 34 cancers, diagnosed in the non-
recalled breast after unilateral recall, were 4 ductal carcinoma in-situ (3 intermediate
grade, 1 high grade) and 30 invasive cancers. The majority of the invasive cancers were
of the ductal type (76.7%, 23 cancers), <20 mm (86.7%, 26 cancers), lymph node
negative (73.3%, 22 cancers) and Bloom and Richardson grade | (43.3%, 13 cancers) or ||
(46.7%, 14 cancers). The 20 non-index breast cancers in women diagnosed with
bilateral breast cancer after a bilateral recall comprised 6 ductal carcinoma in-situ (all
intermediate grade),10 invasive ductal cancers and 2 invasive lobular cancers. All but
one of the 12 invasive cancers were sized <20 mm. Figure 2.1.1 and 2.1.2 show
examples of bilateral recalls with subsequently confirmed bilateral breast cancer.

Figure 2.1.1 Two-view screening mammogram (A and B, medio-lateral oblique (MLO) view, and C and D,
cranio-caudal (CC) view) shows a BI-RADS 0 mass in the right breast (A and C, upper outer
quadrant), and a BI-RADS 5 spiculated mass in the left breast (B and D, upper outer
quadrant). Core needle biopsy (14 Gauge) revealed bilateral invasive ductal carcinoma.
Tumour in the right breast: T2N1, tumour in the left breast: T1cN1. Treatment consisted of
neo-adjuvant chemotherapy followed by bilateral breast conserving surgery and adjuvant
radiotherapy
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A majority of breast cancer patients underwent breast conserving surgery for their
index cancer (76.2% of cancers diagnosed after bilateral recall and 82.0% of cancers
diagnosed after unilateral recall), whereas significantly more cancers were treated by
mastectomy following bilateral recall (22.2% versus 16.8%, P<0.001).

Figure 2.1.2 Two-view screening mammogram (A and B, medio-lateral oblique (MLO) view, and C and D,
cranio-caudal (CC) view) shows a BI-RADS 4 architectural distortion in the right breast (A and
C, upper outer quadrant) and an ill-defined BI-RADS 4 mass in the left breast (B and D, upper
outer quadrant). Stereotactic core needle biopsy (9 Gauge) revealed high grade ductal
carcinoma in-situ (DCIS) in the right breast and core needle biopsy (14 Gauge) yielded invasive
ductal cancer in the left breast. The DCIS in the right breast had a maximum diameter of 50
mm. The invasive ductal carcinoma in the left breast was a T2NO tumour. The patient
underwent neoadjuvant chemotherapy followed by bilateral mastectomy and adjuvant anti-
hormonal therapy.

False positive bilateral recalls

The false positive recall rate (i.e., no diagnosis of breast cancer following recall) was
similar for bilateral and unilateral recalls (76.8% (208/271 versus 77.2% (7362/9535,
P=0.96). False positive recalls of non-index lesions after bilateral recall mostly
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comprised cysts, superposition of fibroglandular tissue or fibroadenomas. One case
presented as bilateral non-Hodgkin lymphoma, which was not considered a primary
breast cancer.

Discussion

This study describes the frequency and outcome of bilateral recall at screening
mammography. We found that 2.7% of recalled women had their recall for a bilateral,
suspicious mammographic screening abnormality. Bilateral recall was more frequently
present in initial than in subsequent screening mammograms and in less dense breasts,
and the distribution of mammographic abnormalities differed between unilateral and
bilateral recalls. The overall proportion of true positive recalls (i.e., confirmation of
breast cancer after recall) was similar for women after unilateral and bilateral recall.
Although women with a bilateral recall more often underwent biopsy compared to
women with a unilateral recall, a smaller proportion of these biopsies yielded cancer.
The tumours after bilateral recall tended to be larger than those in women after
unilateral recall, and we observed a larger mastectomy rate for breast cancers
diagnosed after bilateral recall than diagnosed after unilateral recall.

Very limited data is available on the diagnosis of bilateral breast cancer in screened
women. In our series, bilateral breast cancer was diagnosed in 0.4% of unilateral recalls
and in 7.2% of bilateral recalls. Overall, bilateral breast cancer was confirmed in 2.4%
(51/2104) of women with a screen detected cancer in our study, which is comparable
to the 2.2% we previously reported in women screened by screen-film mammography
between 1998-2008.

Although the transition from screen-film to digital screening mammography came
along with increased recall rates, the Dutch screening mammography programme is still
characterized by a low recall rate and we also observed a relatively low bilateral recall
rate among all recalled women.”*? Bilateral recall more frequently occurred in women
screened for the first time, which may be due to a higher degree of vigilance and
uncertainty among screening radiologists when a woman enters the screening
programme, with no previous screening mammograms available for comparison. This
assumption may also explain the higher frequency of bilateral recalls in women with a
true positive recall after their initial (prevalent) screen.”®?’

The higher biopsy rate after bilateral recall came along with a lower PPV of biopsy
and a comparable overall PPV of recall for bilaterally or unilaterally recalled women.
The radiologist may be more inclined to perform biopsy rather than imaging follow-up
of equivocal findings at clinical breast imaging after bilateral recall. A recent UK
reported a reduction of 33% in the number of benign biopsies after unilateral recall due
to better characterization of lesions.”® However, it is not yet clear whether this may also
be applicable in case of bilateral recall.
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Generalization of the UK findings to the Dutch screening setting may also be limited
due to the higher UK recall rate and differences in clinical workup. A majority of Dutch
hospitals have the availability of state of the art imaging modalities such as
tomosynthesis and breast MRI, which may influence the frequency and PPV of biopsy,
both at unilateral and bilateral recall.

We found a difference between unilateral and bilateral recall with respect to
mammographic abnormalities at screening mammography. To our knowledge, no
literature is available on this subject. Whilst in both bilateral and unilateral recall most
lesions were characterized as masses, index lesions at bilateral recall were relatively
more often characterized as suspicious calcifications compared to index lesions at
unilateral recall. This may be due to a higher alertness among screening radiologists for
calcifications than for other lesions, with a more intensified focus on calcifications in
the index lesion than on the subtle abnormalities of non-index lesion in the
contralateral breast which are, for example, asymmetries or architectural distortions.

It has been shown that especially invasive lobular cancers may be difficult to detect
at screening mammography as these cancers frequently present as focal asymmetries,
subtle architectural distortions or no mammographic abnormality at all."** We found
no significant differences in the histological types of invasive cancers when comparing
unilateral and bilateral index cancers. A recent meta-analysis by Yun et al. (2018)
suggests that the addition of new imaging modalities to digital screening
mammography, such as digital breast tomosynthesis (DBT), may improve the detection
of invasive lobular carcinomas.*® Contrast enhanced digital mammography (CEDM) also
increases the detection of invasive lobular carcinomas and may therefore have
additional benefits, but the use of this modality in a screening setting has not yet been
proven to be feasible.”

Controversy exists regarding the prognosis and survival of bilateral breast cancer,
with studies reporting an equivalent or poorer survival for bilateral breast cancer than
for unilateral breast cancer.>>° In case of bilateral breast cancer detected at screening
mammography, the contralateral non-index cancer more frequently shows invasive
lobular histology and less lymph node involvement, but other tumour characteristics
such as tumour size, mitotic activity and receptor status are comparable to the index
cancer (9). This study, performed in the era of screen-film mammography, also
reported no significant differences in tumour characteristics between the index cancers
of bilateral breast cancer and unilateral breast cancers. However, in our series of digital
screening mammograms, we found that invasive index cancers after bilateral recall
were larger than those diagnosed after unilateral recall and they showed a tendency
towards a higher rate of lymph node invasion. This is a remarkable finding as digital
screening mammography has a comparable or even higher sensitivity for breast cancer
detection than screen-film mammography, especially for smaller cancers and cancer
detection in more dense breasts.”**> We don’t have a biological explanation for the
larger cancer size in women with a bilateral recall, with a tendency of these cancers for
a worse B&R grading and more lymph node invasion. Invasive lobular cancers are
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known to have a larger mean tumour size at the time of detection than invasive ductal
cancers, but the breast cancers in our study showed a comparable histological
distribution after unilateral or bilateral recall. Cancers after bilateral recall more
frequently showed lymph node metastases and more B&R grade Il tumours, but these
differences were not statistically significant. Tumours in synchronous bilateral breast
cancer may be considered as two biologically separate tumours and we have previously
reported similar tumour characteristics for bilateral cancers and unilateral cancers.”®

We found that the final surgical treatment for breast cancer more frequently
consisted of mastectomy rather than breast conserving surgery after bilateral than
after unilateral recall. This observation can be explained by the larger tumour size of
the index cancers and the higher bilateral breast cancer rate after bilateral recall.
Women may be inclined to choose for bilateral mastectomy rather than breast
conserving surgery in case mastectomy is already indicated for the index lesion but not
necessarily for the non-index lesion. It remains, however, a question of debate whether
bilateral disease should be treated by bilateral mastectomy rather than by breast
conserving surgery. Guidelines for the treatment of bilateral breast cancer are not
readily available and more research is needed on the efficacy of breast conserving
treatment in these women, with an emphasis on the risk of cancer recurrence.

Our study has certain limitations. As mentioned previously, the recall rate in the
Dutch screening programme is lower than that of many other screening programmes,
which could limit generalization of our results to other programs.2'15’17’34’35
Furthermore, small sample sizes of certain subgroups (mainly tumour characteristics of
bilateral breast cancers) limit statistical analysis and warrant careful interpretation of
the results in these subgroups. Differences in imaging modalities were present among
hospitals that assessed the recalled women. In several hospitals, for example,
tomosynthesis was available during the major or the whole part of the inclusion period,
whereas this imaging modality became available at a later stage in other hospitals.
Differences in diagnostic services may influence both imaging outcome and biopsy
rates, for examples when one faces equivocal findings at digital mammography without
being able to perform tomosynthesis or breast MRI for problem solving.

In summary, recall for bilateral lesions occurs infrequently at screening
mammography. The PPV of recall is similar for unilateral and bilateral recall, although
biopsy is more frequently performed following bilateral recall. Invasive index cancers
are larger after bilateral recall.

Although the majority of bilateral recalls are false positive, screening radiologists
should pay vigorous attention to the contralateral breast after having detected a
screening mammographic abnormality in one breast, in order to facilitate a timely
diagnosis of bilateral breast cancer.
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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 la-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.™™

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.>® 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.’

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.s'9 In symptomatic patients, 0.7-2.3% of breast cancers are bilateral®*! and
2.2% of screen detected cancers are bilateral in a systematically screened population.®
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,® lower T-stage'> and a higher proportion of
hormone receptor expression.'® This is mainly due to the smaller secondary detected
81012 Despite these findings, many authors report a worse overall survival for
bilateral breast cancer compared to unilateral breast cancer.”"®

Several studies have reported on tumour features of unilateral screen-detected
cancers and interval cancers.””” However, data on bilateral breast cancer at screening
mammography are sparse and data on bilateral interval cancer are, to our knowledge,
almost lacking (Figure 2.2.1). In a previous study we focused on bilateral interval
cancers and described how they differ from unilateral interval cancers.'® 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.

tumour.

39



Chapter 2.2

Figure 2.2.1 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
analysis. Ethical approval by our local Institutional Review Board was not required for
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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.”?® 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).”"** 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 | or Il 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.”>® 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.”** 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.’” 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
307,944 FFDM screens). The recall rate was 26.5 per 1000 screened women
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(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 2.2.1). 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 2.2.2) 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
cancers, contralateral cancers were more frequently grade | (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.
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Table 2.2.1 Characteristics of index cancers of bilateral screen-detected cancers and bilateral
interval cancers

Index cancera Index cancer  P-value
Screen- detected Interval cancer
N=64 N=24

Breast density of latest screening mammogram, n (%) 0.53
0-50% (ACR A&B) 38 (59.4) 16 (66.7)

50-100% (ACR C&D) 26 (40.6) 8(33.3)

Type of cancer, n (%) 0.18
Ductal carcinoma in-situ 6(9.4) 0
Invasive cancer 58 (90.6)

Histological type of invasive cancers, n (%) 0.09
Ductal 39 (67.2) 15 (62.5)

Lobular 12 (20.7) 9(37.5)
Other 7(12.1) 0

Tumour stage of invasive cancers, n (%) 0.03
Tla-c 35 (60.3) 8(33.3)

T2-4 23 (39.7) 16 (66.7)

Lymph node status of invasive cancers, n (%) 0.13
N+ 23 (39.7) 13 (54.2)

No 35 (60.3) 11 (45.8)

B&R grade of invasive cancers, n (%) 0.49

| 19 (32.8) 11 (45.8)
] 33 (56.9) 10 (41.7)
1 5 (8.6) 2(8.3)

Unknown 1(1.7)

ER receptor status of invasive cancers, n (%) 0.69
Positive 53 (91.4) 21 (87.5)

Negative 5(8.6) 3(12.5)

PR receptor status of invasive cancers, n (%) 0.16
Positive 45 (77.6) 15 (62.5)

Negative 13 (22.4) 9(37.5)

Her2/Neu receptor status of invasive cancers, n (%) 0.54
Positive 9 (15.5) 5(20.8)

Negative 49 (84.5) 19 (79.2)

Final surgical treatment, n (%) 0.40
Breast conserving surgery 41 (64.1) 12 (50.0)
Mastectomy 21 (32.8) 11 (45.8)

No surgery 2(3.1) 1(4.2)

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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Comparison of contralateral cancers in women with bilateral screen-
detected 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 2.2.3).

Table 2.2.3  Characteristics of contralateral cancers of bilateral screen-detected and bilateral interval cancer

Contralateral Contralat P-value
cancera eral cancer
Screen-detected Interval cancer
N=64 N=24
Type of cancer, n (%) 0.3
Ductal carcinoma in-situ 16 (25.0) 3(12.5)
Invasive cancer 45 (70.3) 21 (87.5)
Unknown 3(4.7) 0
Histological type of invasive cancers, n (%) 0.048
Ductal 33(73.3) 18 (85.7)
Lobular 10 (22.2) 0
Other 2 (4.4) 2(9.5)
Unknown 1(4.8) 1(4.8)
Tumour stage of invasive cancers, n (%) 0.5
Tla-c 40 (88.9) 18 (85.7)
T2-4 5(11.1) 2(9,5)
Unknown 0 1(4,8)
Lymph node status of invasive cancers, n (%) 0.8
N+ 11 (24.4) 6 (28.6)
No 34 (75.6) 15 (71.4)
Nottingham grading of invasive cancers, n (%) 0.8
| 27 (60.0) 11 (52.4)
] 14 (31.1) 7 (33.3)
1l 1(2.2) 1(4,8)
Unknown 3(6.7) 2 (9.5)
Estrogen receptor status of invasive cancers, n (%) 1
Positive 41 (91.1) 21 (100)
Negative 2 (4.4) 0
Unknown 2 (4.4) 0
Progesterone receptor status of invasive cancers, n (%) 1
Positive 36 (80.0) 18 (85.7)
Negative 7 (15.6) 3(14.3)
Unknown 2 (4.4) 0
Her2/Neu receptor status of invasive cancers, n (%) 0.5
Positive 5(11.1) 1(4.8)
Negative 37 (82.2) 20 (95.2)
Unknown 3(6.7) 0
Final surgical treatment, n (%) 0.2
Breast conserving surgery 43 (67.2) 12 (50.0)
Mastectomy 17 (26.6) 11 (45.8)
No surgery 4(6.3) 1(4.2)

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 2.2.2) 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 2.2.2).

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."® 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%).2%*

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 tumours®®>" 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 the
same clinical significance. The sensitivity of screening mammography is better for the
detection of unilateral, invasive ductal cancers than for invasive lobular cancers,
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probably resulting in a larger proportion of invasive interval cancers of the lobular
subtype.6’15‘3°'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,® whereas MRI has a high sensitivity for the
detection of even small foci of invasive lobular cancer.”* 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.”

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¢ 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, and breast tomosynthesis and MR mammography are increasingly used at clinical
workup.
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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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Abstract

Purpose
To determine the frequency and outcome of additionally detected ipsilateral breast
abnormalities following recall at screening mammaography.

Methods and materials

We included a consecutive series of 130,338 screening mammograms obtained between January
1, 2014 and January 1, 2016. During 2-year follow-up, clinical data were collected of all recalls.
Women with a bilateral recall (115) and women recalled for multiple lesions in one breast (165)
were excluded from the analyses. Screening outcome parameters were determined for recalled
women with or without evaluation of additional ipsilateral breast abnormalities following recall.

Results

A total of 3995 women were recalled (recall rate, 3.1%). In 258 (6.4%) of these women, another
lesion was detected in the ipsilateral breast than the one for which she had been recalled. Biopsy
was more frequently performed of additionally detected ipsilateral lesions than of recalled
lesions (55.8% (144/258)) versus 39.7% (1375/3457), (p < 0.001)). The proportion of malignancy
in recalled lesions and additionally detected lesions was comparable (21.5% (743/3457) versus
19.0% (49/258), P=0.34). Of all 144 biopsies of additionally detected ipsilateral lesions, 9 revealed
a synchronous tumour in addition to a malignant recalled lesion, and 33 biopsies revealed
multicentric or multifocal tumours. In 5 women, the recalled lesion turned out to be benign,
whereas the additional lesion in a different quadrant was malignant at biopsy. A total of 97
biopsies showed benign findings.

Conclusion

A substantial proportion of women are analyzed for additional ipsilateral breast lesions following
recall. These lesions are more frequently biopsied than recalled lesions, but have a comparable
probability of being malignant. The majority of additionally detected cancerous lesions are part of
multifocal or multicentric malignancies.
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Introduction

Screening mammography programmes have successfully been implemented in western
countries over the past decades. Several studies have observed a reduction in breast
cancer mortality, following the introduction of breast cancer screening, which is
explained by detection of breast malignancy in an earlier stage and improved
treatment.”

Over the years, improvements in breast imaging have increased the accuracy and
detection rates at screening mammography. There is ongoing research to increase the
detection of malignant breast lesions and to reduce false positive recalls of screening
mammography programmes, for example by implementation of breast tomosynthesis.”
" In the diagnostic setting, additional imaging is usually performed to characterize a
recalled lesion and additional ipsilateral or contralateral breast abnormalities may be
detected. These additionally detected lesions are most frequently benign, but they also
comprise malignant satellite lesions associated with the primary cancer and
synchronous primary malignancies.lz'16 Few results have been published on the
detection of additional ipsilateral lesions by breast ultrasonography or
mammography.” It also remains unclear whether whole breast sonography, rather
than targeted ultrasonography, should be used in the diagnostic workup after recall.
Frequently, additional ipsilateral lesions are diagnosed by pre-operative magnetic
resonance imaging (MRI) in women with breast cancer.'®

To our knowledge, data on additionally detected breast lesions following recall of a
different mammographic abnormality are lacking. Therefore, the purpose of the
current study was to assess the frequency, characteristics and outcome of additionally
detected ipsilateral breast lesions after recall in women who attended a biennial
screening mammography programme in the South of the Netherlands.

Materials and methods

Study population

This is a prospective observational follow-up study of women aged 50-75 years who
attended a biennial breast cancer screening programme conducted in the south of the
Netherlands. Details of the design of our breast cancer screening programme have
been described previously.”’18 Women are personally invited by letter to attend the
screening programme and the attendance rate is more than 80%. Women being
treated for breast cancer or those attending clinical follow-up after treatment of breast
cancer do not attend the screening programme. Also, women with breast implants
masking most of the fibroglandular tissue at mammography are advised to refrain from
the programme. Otherwise, there are no exclusion criteria for screening. A consecutive
series of 130,338 full-field digital mammography screens (13,762 initial screens and
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116,576 subsequent screens) were included between January 1, 2014 and January 1,
2016. The screening mammograms were obtained at four specialized screening units
(three mobile units and one fixed unit at Screening Program South).

Prior to participation, women are routinely asked for their permission for using
their data for the evaluation of the screening programme and scientific purposes and all
recalled women gave this permission. To minimize diagnostic bias, we excluded women
who were recalled because of bilateral or multiple ipsilateral lesions, as additional
diagnostic imaging procedures are more likely to be performed in these women than in
women recalled for a unilateral lesion.

Ethical approval by our local Institutional Review Board was not required for this
observational follow-up study, according to the Dutch Central Committee on Research
involving Human Subjects (CCMO).

The flow chart of screened women and subsequent inclusion is depicted in
Figure 3.1.1.

Figure 3.1.1 Flowchart of screened women and subsequent study inclusion

Screening procedure and recall

All digital mammograms were obtained with a Lord Selenia FFDM system (Hologiclnc,
Danbury, CT), with a 70 mm pixel size and a 232 x 286 mm field of view. The
examinations were obtained by specialized screening mammography radiographers and
all screening mammograms were double read in a blinded fashion by a team of
12 certified screening radiologists. All but one of the screening radiologists read more
than 10000 screens yearly in the screening region we currently report on. The
remaining radiologist reads 3000 screens in this specific region and an additional
10000 screens in another Dutch screening region.
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The screening radiologists first categorize abnormal mammographic findings into
one of the following categories: suspicious mass, suspicious calcifications, suspicious
mass combined with calcifications, architectural distortion, asymmetry or other
abnormalities not otherwise categorized. Then, each screen is classified according to
the Breast Imaging Reporting and Data System (BIRADS) lexicon and the radiologists
annotate each recalled mammographic abnormality on a drawing which is part of the
recall report.19 Women with a BI-RADS 1 or 2 were not recalled. Women with a BI-RADS
0, 4 or 5 finding were referred to a dedicated breast unit of a hospital for further
analysis. The BI-RADS category 3 is not used as short term follow-up is not available in
the Dutch screening programme.

Diagnostic work-up after recall

Although a total of 20 hospitals were involved in the diagnostic work-up of recalled
women, the diagnostic work up in the majority of women (97.2%, 3883/3995) was
performed in 7 regional hospitals in the south of the Netherlands. After physical
examination by a surgical oncologist or dedicated breast nurse, additional breast
imaging was performed at the radiology department. The screening mammogram was
first reassessed by an experienced radiologist. The screening mammogram was
routinely available and stored in the Picture Archiving and Communication System
(PACS) of the hospital. Additional mammographic projections were obtained at the
discretion of the radiologist. Full-field digital mammography was available in each of
the 7 regional hospitals. Breast tomosynthesis was present in 2 hospitals from the
beginning of the inclusion period and became available in 3 other hospitals in 2015.
Breast ultrasonography was used for the additional characterization of mammographic
abnormalities and palpable breast lesions, for biopsy guidance and for target or second
look purposes following breast MRI. Whole breast ultrasonography was not
recommended, in accordance with the Dutch guidelines.20 Breast MRI was also
available in each of the 7 hospitals and performed if indicated, as defined by the
guidelines of the European Society of Breast Imaging21 and the Dutch guidelines.20 Fine-
needle aspiration biopsy (FNAB), percutaneous core needle biopsy (CNB) and
stereotactic biopsy were performed in each of the 7 hospitals, whereas MRI guided
biopsy procedures were concentrated in the larger hospitals. All recalls were discussed
by multidisciplinary teams that consisted of surgical oncologists, radiologists, medical
oncologists, radiation oncologists, plastic surgeons, breast nurses and breast
technologists.

During two-year follow-up, clinical data and data from diagnostic breast imaging,
biopsy specimen and surgical procedures were collected of all recalled women by one
of the screening radiologists (LD) and several radiology residents. The radiologist then
entered all data in a database which had been constructed for quality assurance of the
screening programme. Breast cancers were categorized into ductal carcinoma in-situ
(DCIS) and invasive cancers; lobular carcinoma in-situ was considered a non-malignant
lesion. The TNM (tumour, nodes and metastases) classification was used for malignant
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lesions.?* For all cancers treated by neoadjuvant therapy (either chemotherapy or anti-
hormonal therapy), tumour size was derived from breast imaging (usually MRI) prior to
the start of this therapy.

Detection and assessment of ipsilateral breast lesions

Any ipsilateral lesion for which a woman was nor recalled (i.e., not annotated by the
screening radiologists) and that was evaluated after recall by any means of additional
imaging and/or biopsy was considered to be an additionally evaluated lesion. One of
the screening radiologists (LD) recorded for each recall whether additional, non-
recalled ipsilateral lesions had been diagnosed following recall. The methods of
detection and subsequent assessment of ipsilateral breast lesions for which the woman
had not been recalled were derived from the clinical records and clinical radiology
reports. Similar to the workup up of screen-detected mammographic abnormalities,
biopsy data and surgical reports of ipsilateral breast lesions were obtained.

Statistical analysis

All relevant data of screened and recalled women are stored in a database which is
used for quality assurance of the screening programme and publication of studies. For
the current study, the study population was similar to the one we used to determine
the frequency and outcome of contralateral breast abnormalities following recall.'®
Descriptive statistics were performed using Statistical Package for Social Science 23.0
(SPSS Inc., IBM, Chicago, IL). The chi-square test was used to test for differences
between women without and with additional ipsilateral breast lesions detected
following recall. A P-value of less than 0.05 was considered to indicate a statistically
significant difference. P-values were two sided.

There was no loss to follow-up. In a small number of cases, data was missing (e.g.,
estrogen or progesterone receptor status missing due to an insufficient tissue sample).
Because of the limited number of missing values, no statistical correction was
performed. The Chi-square test with post hoc Bonferroni-correction was used to
compare detection performance of the imaging modalities.

Results

Overall screening results

Out of 130,338 consecutively screened women, 3995 (3.1%) were recalled for further
assessment. Breast cancer was diagnosed in 905 recalled women (including 163 (18.0%)
ductal carcinomas in-situ), resulting in an overall cancer detection rate of 6.9 per 1000
screens. The cancer detection rate was 8.6 per 1000 (118/13,762) for initial screens and
6.8 per 1000 (787/116,576) for subsequent screens. The overall positive predictive
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value (PPV) of recall was 22.7% (905/3995; 11.4% (118/1037) for initial screens and
26.6% (787/2958) for subsequent screens).Women who were recalled for a bilateral
lesion (n=115) and women with multiple recalled lesions in one breast (n=165) were
excluded from analysis (see also the flowchart, Figure 3.1.1). Patient characteristics
were comparable for the remaining 3715 recalled women analyzed in this study, with a
trend towards denser breasts in women with evaluation of an additional ipsilateral
lesion. Patient characteristics are presented in Table 3.1.1.

Table 3.1.1 Baseline characteristics of women without or with assessment of additional, non-recalled
ipsilateral breast lesions

Overall No additional Additional P-value*
ipsilateral lesions ipsilateral lesions

N=3,715 N=3,457 N=258
Median age, years 58 58 57 0.89
Screening round, No (%)
Initial 944 (25.4) 887 (25.4) 57 (22.0) 0.22
Subsequent 2771 (74.6) 2570 (74.6) 201 (78.0)
Breast density, No (%)
ACR I+11 (0%-50%) 2820 (76,2) 2637 (76,2) 183 (71.0) 0.06
ACR 1+1V (50%-100%) 895 (23,8) 820 (23,8) 75 (29.0)
Previous breast surgery, No (%)
Yes 312 (8,4) 291 (8,4) 21 (8.1) 0.86
No 3403 (91.6) 3166 (91.6) 237 (91.9)
Hormone replacement therapy, No (%)
Yes 159 (4.3) 150 (4.3) 9(3,5) 0.50
No 3556 (95.7) 3307 (95.7) 249 (96.5)
Family history of breast cancer, No (%)
Yes 494 (13,5) 465 (13,5) 29 (11.2) 0.30
No 3221 (86.5) 2992 (86.5) 229 (88.8)

ACR = American College of Radiology.
*= women without assessment of additional ipsilateral lesions versus women with assessment of additional
ipsilateral lesions

Detection of additional ipsilateral lesions

A total of 258 women, 6.4% of all recalls, were analyzed for an additional ipsilateral
abnormality in the recalled breast.

In 182 women (70.5%), the additional ipsilateral abnormality was first detected by
review of the screening mammogram or additional mammographic views, with or
without breast tomosynthesis. In 49 women (19.0%), the lesions were found at
ultrasound, whereas the remaining 27 lesions (10.5%) were discovered at breast MRI.
Breast MRI had been performed in 61 out of 258 women (23.6%) with an additionally
detected, ipsilateral breast abnormality. In 21 of these women (34.4%), MRI was used
for problem solving of an abnormality found at mammography or ultrasonography. In
the remaining 40 women (65.6%), MRI was performed in a pre-operative setting to
exclude or confirm (unilateral or bilateral) multicentricity or multifocality of breast
cancer or to determine tumour size. Figure 3.1.2 shows at which type of imaging
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modality the additional ipsilateral breast lesions were initially detected. The four
imaging modalities showed no statistically significant differences in the number of
lesions detected per imaging modality.

Figure 3.1.2 Detection of additional breast lesions in the recalled breast per imaging modality

Method of radiological detection of additional breast
lesions in the recalled breast
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Workup of additionally detected lesions in the recalled breast

The diagnostic workup is summarized in Table 3.1.2. Biopsy was performed in 55.8%
(144/258) of additionally detected ipsilateral lesions and in 39.7% (1375/3457) of
recalled lesions (P<0.001, Table 3.1.3). The majority of biopsies consisted of
percutaneous CNB (99/144, 68.8%) and the positive predictive value of biopsy was
significantly lower for additionally detected lesions than for recalled lesions (34.2%
(49/144) versus 54% (743/1375), (P<0.001).

Positive predictive value of biopsy for additionally detected lesions changed when
separate analysis was performed in women with a proven malignant index lesion
(42/71, 59.2%) versus women with a proven benign index lesion (5/73, 6.85%,
P<0.001).

Table 3.1.2 Outcome of recalled lesions versus additionally detected lesions in the recalled breast

Recalled lesions Additionally detected lesions P-value
N=3,457 N=258
Outcome, No (%) 0.34
False positive (no cancer) 2714 (78.5) 209 (81)
True positive (cancer) 743 (21.5) 49 (19)
Type of assessment after recall, No (%) <0.001
Clinical breast imaging 2071 (59.9) 114 (44.2)
Clinical breast imaging + biopsy 1375 (39.7) 144 (55.8)
Positive predictive value of biopsy, % 54.0 34.0 <0.001
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Table 3.1.3  Biopsy procedures and outcome of additionally detected lesions in the recalled breast

Final outcome

Benign (209) Malignant (49)

Type of biopsy, No (%)
No biopsy 112 (53.6) 2 (4.1)
Ultrasound guided biopsy

FNAB 13 (6.2) 2(4.1)

CNB 60 (28.7) 39 (79.6)
SCNB 17 (8.1) 5(10.2)
Percutaneous biopsy + excisional biopsy 1(0.5) 0
Excisional biopsy 4(1.9) 1(2.0)
MRI biopsies N (%) 2 (1.0) 0

FNAB = fine needle aspiration biopsy; CNB = core needle biopsy; SCNB = stereotactic core needle biopsy

Additionally detected lesions in the recalled breast

Of the 258 additionally detected ipsilateral lesions, 209 proved to be benign at biopsy
or radiological follow. These lesions included cysts (81) and fibroadenomas (24), and to
a lesser extent intramammary lymph nodes (15) or areas of fibrosis (10) and fibrocystic
changes (4).

In 49 of the 258 women (19.0%) with an additional lesion detected in the recalled
breast, the lesion proved to be malignant. The characteristics of these malignancies are
presented in Table 3.1.4 and compared to those of recalled women without analysis of
additional lesions. The proportions of DCIS and invasive cancers were comparable for
both groups, but additionally detected, ipsilateral malignancies more frequently
showed a lobular histology (28.5% versus 11.8%, P=0.001). Compared to screen-
detected cancers, the screen detected cancers with an additionally detected malignant
lesion were more often stage T2 or higher (P<0.001). In all but one of the
17 additionally detected cancers with lymph node involvement, the cancer was either
part of a multifocal (10) or multicentric (6) malignancy. Lymph node involvement was
more frequently present in the screen-detected cancers with an additionally detected
cancer (40.1% versus 20.9%, P=0.004). Mastectomy was more often performed in
women diagnosed with an additional malignant ipsilateral lesion than in women with a
unifocal, recalled malignancy (55.1% versus 14.8%, P<0.001).

Multifocal and multicentric malignancies

Ipsilateral multifocal or multicentric breast cancer was present in 52 women who were
recalled for the evaluation of a single abnormality at screening mammography. In 35 of
the 49 (71%) additionally detected malignancies, the histological features of these
lesions were comparable to those of the index lesions and they were considered to be
part of multifocal (24/35, 69%) or multicentric disease (11/35, 31%). Multifocality or
multicentricity of breast cancer was histologically proven prior to surgery in 33 out of
35 lesions. The remaining 2 lesions were considered malignant on imaging alone and
their malignant nature was confirmed at the surgical specimen.
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The remaining 14 malignant lesions were either synchronous tumours (n=9) or
unifocal cancers in women whose recalled lesion turned out to be benign (n=5). The
synchronous cancers comprised six patients with DCIS, one invasive tubular cancer, one
invasive ductolobular carcinoma and one invasive ductal carcinoma. These lesions
showed a different histology than the ipsilateral, recalled malignancy. The histology of
the five cancers diagnosed in women with a benign, recalled lesion in the ipsilateral
breast was as follows: three invasive ductal carcinomas, one invasive lobular carcinoma

and one DCIS.

Table 3.1.4 Tumour characteristics of unilateral, screen-detected cancers versus additional cancers
diagnosed in the ipsilateral recalled breast

Type of cancer, No (%)
Ductal carcinoma in situ (DCIS)
Invasive

Histology of invasive cancers, No (%)
Ductal
Lobular
Ductolobular
Other

Tumour stage of invasive cancers, No (%)

T1
T2+

Lymph node status of invasive cancers, No (%)

N+
N-
Unknown

Bloom & Richardson grade, No (%)
|
1
1
Unknown

Estrogen receptor status, No (%)
Positive
Negative
Unknown

Progesterone receptor status, No (%)
Positive
Negative
Unknown

Her2/Neu receptor status, No (%)
Positive
Negative
Unknown

Final surgical treatment, No (%)
Breast conserving surgery
Mastectomy
No surgery
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Screen-detected

cancers
n=743

139 (18.7)
604 (81.3)

470 (77.8)
71 (11.8)
20 (3.3)
43 (7.1)

486 (80.5)
118 (19.5)

126 (20.9)
472 (78.1)
6 (1.0)

283 (46.9)

252 (41.7)

68 (11.3)
1(0.1)

546 (90.3)
55 (9.2)
3(0.5)

427 (70.7)
175 (29.0)
2(0.3)

61 (10.1)
539 (89.2)
4(0.7)

625 (84.1)
110 (14.8)
8(1.1)

Additionally detected
ipsilateral cancers

n=49

7(14.3)
42 (85.7)

28 (66.7)
12 (28.5)
1(2.4)
1(2.4)

22 (52.4)
20 (47.6)

17 (40.1)
25 (59.9)
0

12 (28.5)

25 (59.5)

5(12.0)
0

36 (85.8)
6(14.2)
0

32(76.2)
10 (23.8)
0

4(9.5)
38 (90.5)
0

22 (44.9)
27 (55.1)
0

P-value

0.44

0.001

<0.001

0.004

0.01

0.39

0.59

0.89

<0.001
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Discussion

To our knowledge, this is the first study which focuses on the analysis of additionally
detected breast lesions following recall of a different mammographic abnormality. We
found that additional ipsilateral lesions were detected in 6.4% of recalled women. Type
of assessment (clinical imaging versus clinical imaging + biopsy) was comparable for
recalled lesions and additionally detected lesions, whereas the positive predictive of
biopsy was higher for recalled lesions. However, separate analysis showed that in the
case of a malignant index lesion, the positive predictive value of biopsy for the
additional lesion was higher compared to cases of benign index lesions (P<0.001),
which suggest that a low threshold for additional biopsy in proven malignant index
lesions is warranted.

About 20% of the additionally detected lesions proved to be malignant and a
majority of these malignancies were part of multifocal or multicentric disease. A
majority of the additionally detected, malignant lesions were invasive ductal
carcinomas. A recent metanalysis focusing on the detection of ipsilateral multifocal or
multicentric cancer in women already diagnosed with breast cancer found comparable
percentages of invasive cancers.”

In our series of 49 malignancies, additionally diagnosed in the recalled breast, 24
were histologically identical to the index lesion and located in the same breast
quadrant (multifocal disease), whereas 11 malignancies with histological features
identical to the index lesion were located in a different quadrant (multicentric disease).
According to previous studies and a recent meta-analysis, multifocality may have a
significant impact on 5 year survival rates, whereas the impact on disease free survival
is subject to debate, with a previous meta-analysis showing a trend towards a poorer
DFS (HR 1.96; P=0.07).*%°

The majority of additionally detected lesions in recalled breasts showed a benign
outcome and they were mostly cysts and fibroadenomas. Recent studies show a
comparable rate of additionally found benign lesions in recalled women, although a
larger proportion of fibroadenomas were found at contrast enhanced
mammography.ls'y’28 In a majority of women, analysis by imaging alone was sufficient
to confirm the benign nature of additionally detected lesions. Surgical excision of
benign breast lesions should be kept to a minimum. Excisional biopsy may cause
changes in the breast tissue, impairing a proper assessment of future screening
mammograms. The latter may result in an increased false positive recall rate and a
lower sensitivity of screening mammography.29

Almost half of the additional ipsilateral lesions were detected on digital
mammography combined with breast tomosynthesis. With the increased use of
tomosynthesis in a diagnostic setting, it can be expected that more additional lesions
will be detected after recall. Tomosynthesis has not yet been implemented in the Dutch
mammography screening programme. Several studies have shown that breast
tomosynthesis in a screening setting, in addition to full field digital mammography,
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increases the cancer detection and may decrease false positive recall rates.®’” On the
other hand, an Italian screening study reported a higher false-positive recall rate when
adding tomosynthesis to digital mammography.” and a recent Swedish screening study
also found a higher false positive recall rate for one view tomosynthesis compared to
digital mammography.® Higher recall rates and higher false positive rates may likely
decrease again when radiologists gain more experience with tomosynthesis in a
screening setting.‘l'7 Certain types of breast cancer, especially invasive lobular
carcinoma, can be difficult to detect as they may present as subtle architectural
distortions which are more likely to be missed at screening mammography. At
screening, tomosynthesis may be helpful to detect these distortions. In the diagnostic
setting, it can be of value to find additional multicentric or multifocal lesions and guide
ultrasound imaging when the index lesion presents with an architectural distortion.
Vigilance is required and one should not be mislead by the satisfaction of having found
one breast abnormality as additional malignant lesions may be present elsewhere in
the breast.**"**%°

In our study, a majority of the additionally detected malignant lesions (64%) were
found in the same quadrant as the index lesion and a considerable number of these
malignant lesions (30%) were detected first at ultrasound. Breast ultrasonography of
the quadrant harbouring the cancer is routinely performed, in adherence to the
guidelines of the European Society of Breast Imaging21 and the Dutch guidelineszo,
whereas whole breast ultrasonography is not recommended as it may introduce many
more increased false positive findings than the detection of additional cancers. Another
substantial number of additional ipsilateral malignancies were found at breast MRI.
According to the Dutch guidelines, indications for breast MRI include the evaluation of
multicentric, multifocal or contralateral disease in case of invasive lobular cancer, and
determination of tumour size in dense breasts. In select cases, MRI can be employed
for problem solving of indeterminate lesions at mammography and/or
ultrasonography.” European guidelines and Dutch guidelines recommend pre-
operative MRI imaging for most cases of invasive lobular carcinomas and they do not
recommend a routine use of breast MRI for invasive ductal carcinoma or ductal
carcinoma in situ. The higher proportion of invasive lobular cancer among additionally
detected ipsilateral cancers may probably be explained by the more intensified use of
MRI in invasive lobular cancer than invasive ductal cancer.

Synchronous malignancy was found in nine women with assessment of an
additional ipsilateral lesion. The majority of these lesions were DCIS, ranging from low-
grade to high grade DCIS. Diagnosis and treatment of DCIS has been studied
extensively, also with respect to the issue of overdiagnosis and overtreatment of early
breast cancer. Consensus has yet to be reached on this topic. Research on the
treatment of synchronous DCIS is sparse, but it will probably have a significant impact
on the proposed treatment regimen. The treatment not only concerns surgical
planning, but it also comprises decisions on radiation therapy. The woman's preference
for mastectomy or breast conserving surgery should also be taken in account as this
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decision may as well be influenced by the presence of synchronous malignant
lesions.*** In this study, women with an additional malignancy diagnosed in the breast
already harbouring a recalled breast cancer were much more likely to undergo
mastectomy than women with only a malignant recalled lesion (55.1% versus 14.8%,
P<0.001). In these cases multifocality and multicentricity may warrant extensive
surgery, without the possibility of breast conserving surgery.

An ipsilateral breast cancer was diagnosed in five women whose recalled
mammographic abnormality proved benign. The lesions were either located in the
same quadrant as the recalled lesion and detected at ultrasound (2/5), or located in a
different quadrant and detected by mammography with (2/5) or without
tomosynthesis (1/5). We do not know whether the lesions, located in different
quadrants, were visible at screening mammography, but previous research suggests
that additional cancers may be missed at screening as a result of satisfaction of search.

Our study has certain limitations. Our results may not be representative for other
regional or nation-wide screening mammography programmes. Programmes may show
variations in reading strategies (single reading versus double reading), screening
interval (1-3 years), radiological equipment, and differences in recall rates. Also, a non-
uniform use of imaging modalities after recall may have influenced study outcome. and
the moderate sample size of ipsilateral cancers may limit the external validation of the
results.

Breast imaging techniques are continuously updated and new techniques are
emerging and being implemented, which may increase the number of abnormalities
detected at screening and the number of additional lesions in recalled women.
Although one should aim for an increased cancer detection, this must not be
accompanied by a significant increase in false positive findings that may introduce
unnecessary diagnostic investigations, unnecessary treatment, and avoidable
psychological impact.

In summary, additionally detected ipsilateral breast lesions are usually benign. The
majority of malignant lesions are part of a multifocal or multicentric screen detected
malignancy. Synchronous tumours comprise a minority of the additionally detected
malignant lesions. Additional radiological imaging and biopsy is frequently required to
determine the nature of lesions additionally detected in recalled breasts.
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Abstract

Purpose
To determine the frequency and characteristics of contralateral, non-recalled breast
abnormalities following recall at screening mammaography.

Methods

We included a series of 130,338 screening mammograms performed between 1 January 2014
and 1 January 2016. During the 1-year follow-up, clinical data were collected for all recalls.
Screening outcome was determined for recalled women with or without evaluation of
contralateral breast abnormalities.

Results

Of 3,995 recalls (recall rate 3.1%), 129 women (3.2%) underwent assessment of a contralateral,
non-recalled breast abnormality. Most lesions were detected at clinical mammography and/or
breast tomosynthesis (101 women, 78.3%). The biopsy rate was similar for recalled lesions and
contralateral, non-recalled lesions, but the positive predictive value of biopsy was higher for
recalled lesions (P=0.01). A comparable proportion of the recalled lesions and contralateral, non-
recalled lesions were malignant (P=0.1). The proportion of ductal carcinoma in situ was similar for
both groups, as well as invasive cancer characteristics and type of surgical treatment.

Conclusions

About 3% of recalled women underwent evaluation of contralateral, non-recalled breast lesions.
Evaluation of the contralateral breast after recall is important as we found that 15.5% of
contralateral, non-recalled lesions were malignant. Contralateral cancers and screen-detected
cancers show similar characteristics, stage and surgical treatment.
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Introduction

Many countries have introduced breast cancer screening programmes with the aim to
detect breast cancers at an early stage, before these grow large enough to become
symptomatic, and thus to decrease morbidity and improve breast cancer survival.
Breast cancer mortality has decreased in the past 20 years in The Netherlands and this
improved survival is due to a combination of breast cancer screening and improved
treatment.””

Breast cancers detected at screening are often small and non-symptomatic.
Improved radiological breast imaging techniques, including the replacement of screen-
film mammography by full-field digital mammography (FFDM) and the recent
introduction of breast tomosynthesis (three-dimensional mammography), have
resulted in a more accurate detection and characterisation of breast lesions at
screening mammography.”® Breast tomosynthesis has not yet been implemented in our
nation-wide screening mammography programme. Women are usually recalled for a
unilateral lesion at screening mammography, but a small percentage of cases (1-2%) is
recalled for suspicious bilateral lesions.®

After recall, additional breast imaging is performed for the evaluation of the
suspected lesion detected at screening mammography. In a diagnostic setting, the
addition of breast tomosynthesis to digital mammography results in a higher sensitivity
and specificity of breast cancer diagnosis than digital mammography alone.”” For
example, Gilbert et al? reported a higher sensitivity for the detection of invasive
cancers sized 11-20 mm when adding tomosynthesis to digital mammography in a
diagnostic setting (93% versus 86%, P<0.001). Specificity also increased, from 58% with
digital mammography to 69%with digital mammography plus breast tomosynthesis.
Lang et al.”® found an increased lesion visualisation with breast tomosynthesis
compared to digital mammography, especially for spiculated masses.

Additional breast cancers may be detected in the breast for which the woman has
been recalled, or in the contralateral breast. Preoperative breast magnetic resonance
imaging (MRI) in breast cancer patients has also been shown to detect additional
malignancies in one or both breasts in a significant number of patients, and the MRI
findings frequently result in more extensive surgery compared to the initially proposed
treatment, such as additional contralateral mastectomy.***

To our knowledge, no previous studies have reported on additionally detected
contralateral breast lesions in women recalled for a unilateral abnormality at screening
mammography. We, therefore, assessed the frequency and characteristics of these
contralateral lesions in women who attended a biennial screening mammogram
programme in the South of the Netherlands.
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Materials and methods

Study design end study population

This is a prospective observational follow-up study of women aged 50-75 who attended
a biennial breast cancer screening programme conducted in the south of The
Netherlands. A consecutive series of 130,338 full-field digital mammography screens
(13,762 initial screens and 116,576 subsequent screens) between 1 January 2014 and
1January 2016 were included. The screening mammograms were obtained at four
specialised screening units in a biennial screening mammography programme
conducted in the south of The Netherlands.

Women are personally invited by letter to attend the screening programme. These
letters are sent to the address of every woman aged between 50 and 75 years old
registered in the municipal registration. Women being treated for breast cancer or
those attending clinical follow-up after treatment of breast cancer do not attend the
screening programme. Otherwise, there are no exclusion criteria for screening
eligibility.

Women participating in our screening mammography programme were asked for
permission to use their data for scientific purposes and for the evaluation of the
screening programme. All women gave permission to use their screening and diagnostic
data.

Possible exclusion criteria included no permission to use screen data, technical
failure of screening equipment and insufficient image quality as assessed by an
experienced screening radiologist. None of the women screened for study inclusion
met these criteria.

A total of 3,995 women were recalled for further analysis. The hospitals involved in
these recalls were visited and data as described below were obtained. Possible
exclusion criteria after recall included insufficient follow-up or loss to followup,
incomplete records, no permission to access data. None of the women recalled for
analysis met these criteria and no recalls were excluded from analysis.

Ethical approval by our local Institutional Review Board was not required for this
prospective observational follow-up study, according to the Dutch Central Committee
on Research involving Human Subjects (CCMO).

Screening procedure and recall

Details of our breast cancer screening programme have been described previously.14 In
brief, the mammography screening programme in The Netherlands is a nationwide
programme that provides free biennial screening mammography for women aged 50-
75 years. Women are personally invited for screening and the attendance rate is more
than 80%. Before each screening examination, the woman completes a short
guestionnaire with questions about previous recalls and any previous breast surgery or
breast malignancy.
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All digital mammograms were obtained with a Lord Selenia FFDM system (Hologic,
Danbury, CT, USA), with a 70-um pixel size and a 232 x 286-mm field of view. The
examinations were obtained by specialised screening mammography radiographers and
all screening mammograms were double-read in a blinded fashion by a team of
12 certified screening radiologists. Each radiologist evaluated at least 3,000
mammograms yearly.

The screening radiologists classified abnormal mammographic findings into one of
the following categories: suspicious mass, suspicious calcifications, suspicious mass in
combination with calcifications, architectural distortion, asymmetry or other. Each
screen was then classified according to the BIRADS lexicon.”> Women with a BI-RADS 1
or 2 were not recalled and women with a BI-RADS 0, 4 or 5 were referred to a
dedicated breast unit of a hospital for further analysis of their mammographic finding.
The BI-RADS category 3 is not applied as short-term follow-up is not available in the
Dutch screening programme.

Diagnostic work-up after recall

Although a total of 20 hospitals were involved in the diagnostic work-up of recalled
women, the diagnostic work-up in the majority of women (97.2%, 3,883/3,995) was
performed in seven regional hospitals. All recalled women underwent physical
examination by a surgical oncologist or dedicated breast nurse and received additional
evaluation at the radiology department. A radiologist first reassessed the screening
mammogram of both breasts, which was routinely available and stored in the Picture
Archiving and Communication System (PACS) of the hospital. Additional imaging was
obtained at the discretion of the radiologist after this review. Full-field digital
mammography was available in each of the seven regional hospitals. Breast
tomosynthesis was present in two hospitals from the beginning of the inclusion period
and became available in three others in 2015. Breast ultrasonography was used for the
further characterisation of mammographic abnormalities and palpable breast lesions,
for biopsy guidance and for target or second look purposes following breast MRI.
Whole-breast ultrasonography was not encouraged, in accordance with the Dutch
guidelines.”® Breast MRI was also available in each of the seven hospitals and
performed if indicated, as defined by the guidelines of the European Society of Breast
Imaging17 and the Dutch guidelines. Fine-needle aspiration biopsy (FNAB), core-needle
biopsy (CNB) and stereotactic biopsy were performed in each of the seven hospitals,
whereas MRI guided biopsy procedures were concentrated in the larger hospitals. All
recalls were discussed by multidisciplinary teams that consisted of surgical oncologists,
radiologists, medical oncologists, radiation oncologists, plastic surgeons, breast nurses
and breast radiographers.

During 1-year follow-up, clinical data and data from diagnostic breast imaging,
biopsy specimen and surgical procedures were collected of all recalled women.
Information on breast density, hormonal replacement therapy and family history of
breast cancer were also extracted from the screening records and clinical data. Breast
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cancers were categorised into ductal carcinoma in situ (DCIS) and invasive cancers;
lobular carcinoma in situ was considered a non-malignant lesion. The TNM (tumour,
nodes and metastases) classification was used for malignant lesions.*® For all cancers
treated by neoadjuvant therapy (either chemotherapy or anti-hormonal therapy),
tumour size was derived from breast imaging (usually MRI) prior to the start of this
therapy.

Detection and assessment of contralateral breast lesions

The methods of detection and subsequent assessment of contralateral breast lesions
were derived from the clinical records and clinical radiology reports. Similar to the
work-up of screen-detected mammographic abnormalities, biopsy data and surgical
reports of contralateral breast lesions were obtained.

Two screening radiologists reviewed the latest screening mammogram of each
woman with a cancer diagnosed in the contralateral breast. They classified the cancer
as missed, minimal sign or occult at the previous screen according to the European
guidelines.'**

Statistical analysis, missing data and bias

Descriptive statistics were performed using Statistical Package for Social Science 23.0
(SPSS I1BM, Chicago, IL, USA). The chi-squared test was used to test for differences
between women without and with additional contralateral breast lesions detected
following recall. A P value of less than 0.05 was considered to indicate a statistically
significant difference. The P values were two sided.

There was no loss to follow-up. In a small number of cases, data were missing (e.g.
oestrogen or progesterone receptor status missing due to an insufficient tissue
sample). Statistical correction was not performed for the very small numbers of missing
data, and data missing was considered to be at random.

Bias was not expected in recall of women who attended screening. In the
diagnostic setting, several types of bias may occur, especially observer bias and
detection bias, but statistical correction for this type of bias is not feasible in this study.
Selection bias was considered highly unlikely as all women analysed in the diagnostic
setting were included for statistical analysis.

Results

Overall screening results

The mean age of the 130,338 consecutively screened women was 59.6 years (95% Cl,
59.4-59.8 years) and 8.2% reported to have had previous breast surgery. A total of
3,995 (3.1%) were recalled for further assessment. Breast cancer was diagnosed in 905
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recalled women [including 163 (18.0%) ductal carcinoma in situ], resulting in an overall
cancer detection rate of 6.9 per 1,000 screens [initial screens, 8.6 (118/13,762);
subsequent screens, 6.8 (787/116,576)] and an overall positive predictive value (PPV) of
recall of 22.7% [initial screens, 11.4% (118/1,037); subsequent screens, 26.6%
(787/2,958)]. A patient flow chart is provided in Figure 3.2.1.

Figure 3.2.1 Flow chart of study population

Detection of contralateral lesions

A total of 129 women, 3.2% of all recalls, underwent assessment of a contralateral
breast abnormality that was detected after recall. Baseline characteristics of recalled
women, with or without analysis of a contralateral non-recalled lesion, are shown in
Table 3.2.1. These characteristics were similar for both groups except for a higher
breast density (lll + IV) in women assessed for a contralateral breast lesion when
compared to a recalled breast lesion (38.8% and 23.8% respectively, P<0.001). The
contralateral abnormality was detected at clinical mammography and/or breast
tomosynthesis in 101 women and at breast MRl in 23 women. In the remaining five
women, the contralateral breast was evaluated due to the presence of a suspicious
finding at clinical breast examination by the surgical oncologist or breast nurse
(palpable breast lesion, four cases; Paget disease of the nipple, one case).

The mammographic characteristics of the contralateral lesions detected at clinical
mammography (with/without tomosynthesis) were as follows: suspicious mass, 90;
suspicious calcifications, 8; suspicious mass with calcifications, 1; architectural
distortion, 2. The indications for breast MRI in the 23 women with a contralateral lesion
detected at MRI had been as follows: problem solving of the recalled lesion, 9 women;
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determination of tumour size and/or multifocality/multicentricity of a screen detected
malignancy, 10 women; invasive lobular cancer, 4 women. Breast MRI showed a
suspicious mass or non-mass enhancement in 19 women and 4 women, respectively.

Table 3.2.1 Baseline characteristics of recalled women

No contralateral Contralateral Lesions ~ P-value
lesions N=129
N=3,866
Mean age, years (95% Cl) 59.1 (58.8 — 59.4) 58.4 (57.1-59.8) 0.35
Screening round, No (%) 0.13
Initial 996 (25.8) 41 (31.8)
Subsequent 2870 (74.2) 88 (68.2)
Breast density, No (%) <0.001
1+11 (<50%) 2946 (76.2) 79 (61.2)
11+1V (>50%) 920 (23.8) 50 (38.8)
Previous breast surgery, No (%) 0.69
Yes 322 (8.3) 12 (9.3)
No 3544 (91.7) 117 (90.7)
Hormone replacement therapy, No (%) 0.11
Yes 159 (4.1) 9(7.0)
No 3707 (95.9) 120 (93.0)
Family history of breast cancer, No (%) 0.61
Yes 509 (13.2) 19 (14.7)
No 3357 (86.8) 110 (85.3)

Work-up of lesions detected in the contralateral breast

The majority of women with an abnormality detected in the contralateral breast
underwent only breast imaging for the further evaluation of these lesions (Table 3.2.2).
A total of 74 women (57.4%) received breast ultrasonography and the remaining 55
women (42.6%) underwent one or several percutaneous and/or excisional biopsy
procedures to establish a final pathological diagnosis.

Table 3.2.2 Workup of lesions detected in the contralateral breast during recall

Breast ultrasonography, No (%) 74 (57.4)

Breast ultrasonography plus biopsy, No (%)
FNAC 1(0.8)
CNB 36 (27.9)
SCNB 10(7.8)
FNAC+CNB 1(0.8)
CNB+SCNB 2 (1.6)
Percutaneous biopsy + excisional biopsy 4(3.1)
Excisional biopsy 1(0.8)

FNAC = fine needle aspiration cytology; CNB = core needle biopsy; SCNB = stereotactic core needle biopsy
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Outcome of lesions detected in the contralateral breast

Of the 129 lesions detected in the contralateral breast, 20 (15.5%) proved to be
malignant (Table 3.2.3). The majority of the malignancies presented themselves as a
suspicious mass at clinical mammography (eight cases, 47.1%) or breast MRI (seven
cases, 41.2%). Of the nine contralateral breast cancers detected at mammography, two
were visible only at breast tomosynthesis and not at the full-field digital mammogram.
Of the seven cancers visible at the latest screening mammogram in retrospect,
respectively four were considered to be missed and three showed a minimal sign. As
mentioned previously, the remaining three contralateral cancers presented as palpable
breast lesions, not primarily detected at breast imaging. In 16 of the 20 women with a
breast cancer diagnosed in the contralateral breast, the mammographic abnormality at
screening turned out to be malignant as well, resulting in 16 bilateral cancer cases. In
the four remaining cases, the contralateral lesion turned out to be malignant, and the
mammographic abnormality at screening turned out to be benign. One of these cases is
presented in Figure 3.2.2. The majority of benign lesions detected in the contralateral
breast comprised cysts (52.3%, 57/109) and fibroadenomas (13.8%, 15/109).

Table 3.2.3 Characteristics and outcome of lesions in the contralateral breast, detected at clinical breast
imaging following recall

Final outcome

Detection method and radiological abnormality, No (%) Benign Malignant
Mammography*
Suspicious mass 81 (65.2) 6(35.3)
Suspicious calcifications 8 (6.5) 1 (5.9)
Suspicious mass with calcifications 1 (0.8) 0
Architectural distortion 2 (1.6) 0
Tomosynthesis-only
Suspicious mass 9 (7.3) 2(11.8)
Breast MRI
Suspicious mass 19 (15.3) 7 (41.2)
Focal non-mass enhancement 4 (3.2) 1 (5.9)

* With or without breast tomosynthesis

Comparison of unilateral, screen-detected abnormalities with those
detected in the contralateral, non-recalled breast

Of the recalled lesions and contralateral, non-recalled lesions, respectively 22.6% and
15.5% proved to be malignant (P=0.06; Table 3.2.4). The type of assessment after recall
(clinical breast imaging versus biopsy in addition to clinical breast imaging) was similar
for both groups. The positive predictive value of biopsy, however, was higher for
recalled lesions (53.1% vs 36.4%, P=0.01). The tumour characteristics and final surgical
treatment of unilateral, screen-detected cancers were similar with those of cancers
diagnosed in the contralateral, non-recalled breast (Table 3.2.5).
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Figure 3.2.2 A 64-year-old woman was recalled for a BI-RADS 4 mass in the left breast. Percutaneous core
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biopsy showed invasive ductal carcinoma and MRI was performed to determine the extent of
the disease. MRI demonstrated a BIRADS 4 mass in the right breast, which was occult at
subsequent target ultrasound. MRI guided vacuum assisted biopsy revealed invasive lobular
carcinoma. Breast conserving surgery yielded and invasive ductal carcinoma of 8 mm in the
left breast (sentinel node negative, B&R I, ER+, PR+, Her2-) and an invasive lobular carcinoma
of 6 mm in the right breast (sentinel node negative, B&R |, ER+, PR-, Her2-)
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Table 3.2.4 Overall screening outcome of recalled lesions versus lesions analyzed in the contralateral,
non-recalled breast

Recalled Lesions assessed in the P-value
lesions® contralateral, non-recalled breast
N=3,995 N=129
Screening outcome, No (%) 0.06
False positive 3094 (77.4) 109 (84.5)
True positive 901 (22.6) 20 (15.5)
Type of assessment after recall, No (%) 0.98
Clinical breast imaging 2297 (57.5) 74 (57.4)
Clinical breast imaging + biopsy 1698 (42.5) 55 (42.6)
Positive predictive value of biopsy, % 53.1 36.4 0.01

* Dominant mammographic abnormality in case of multiple recalled lesions.

Table 3.2.5 Tumour characteristics of unilateral, screen-detected cancers versus cancers diagnosed in the
contralateral, non-recalled breast

Unilateral SDCs Contralateral cancers P-value
(n=901) (n=20)
Type of cancer, No (%) 0.4
DCIS 162 (18.0) 2 (10.0)
Invasive 739 (82.0) 18 (90.0)
Histology of invasive cancers, No (%) 0.2
Ductal 581 (78.6) 12 (66.7)
Lobular 91 (12.3) 5(27.8)
Ductolobular 23 (3.1) 0
Other 44 (6.0) 1 (5.6)
Tumour stage of invasive cancers, No (%) 0.97
T1 569 (77.0) 14 (77.8)
T2+ 169 (22.9) 4(22.2)
Unknown 1 (0.1) 0
Lymph node status of invasive cancers, No (%) 0.7
N+ 164 (22.2) 5(27.8)
N- 561 (76.0) 13 (72.2)
Unknown 14 (1.9) 0
Bloom & Richardson grade, No (%) 0.8
I 329 (44.5) 8 (44.4)
I 318 (43.0) 9 (50.0)
1 87 (11.8) 1 (5.6)
Unknown 5 (0.7) 0
Estrogen receptor status, No (%) 0.4
Positive 667 (90.3) 18 (100)
Negative 69 (9.3) 0
Unknown 3 (0.4) 0
Progesteron receptor status, No (%) 0.5
Positive 520 (70.4) 15 (83.3)
Negative 216 (29.2) 3(16.7)
Unknown 3 (0.4) 0
Her2/Neu receptor status, No (%) 0.8
Positive 72 (9.7) 1 (5.6)
Negative 663 (89.7) 17 (94.4)
Unknown 4 (0.5) 0
Final surgical treatment, No (%) 0.9
Breast conserving surgery 726 (80.6) 17 (85.0)
Mastectomy 163 (18.1) 3(15.0)
No surgery 11 (1.2) 0
Unknown 1 (0.1) 0

DCIS = Ductal carcinoma in-situ
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Discussion

In the current study, we found that one out of 30 recalled women underwent analysis
of a contralateral, non-recalled breast lesion and about one out of seven of these latter
lesions proved to be malignant. The positive predictive value of biopsy of contralateral
abnormalities, detected following recall, was lower than that of screen-detected
lesions. Contralateral cancers and screen-detected cancers showed similar histological
tumour characteristics, tumour stage and surgical treatment.

In retrospect, four out of 20 contralateral malignancies in our series were
considered to be missed at the latest screening examination. Setz-Pels et al.® found that
the sensitivity of screening mammography for the detection of bilateral breast cancer is
less than 20%. The authors concluded that both screening radiologists and clinical
radiologists should pay vigorous attention to the contralateral breast in order to detect
bilateral malignancies without diagnostic delay. However, they do not provide
information on the overall presence and work-up of contralateral, non-recalled breast
abnormalities. We found that 3.2% of recalled women underwent assessment of a
contralateral, non-recalled breast abnormality. The majority of these lesions were
detected at clinical mammography and/or breast tomosynthesis. Tomosynthesis is
increasingly used, both at screening mammography and in a diagnostic setting. The
addition of tomosynthesis to digital screening mammography may increase the cancer
detection rate. A recent US study reported a decreased recall rate 3 years after the
introduction of breast tomosynthesis (from 10.4 to 9.0%, P<0.001), as well as an
increased positive predictive value of recall (from 4.4 to 6.7%, P=0.02) and a decreased
interval cancer rate. A UK study found an increased specificity when adding
tomosynthesis to digital screening mammography (70% versus 57%, P<0.001) and an
increased sensitivity for cancer detection in dense breasts (93% versus 86%, P=0.03).>**

Tomosynthesis is not yet implemented in the Dutch screening mammography
setting. An increasing number of hospitals have this modality at their disposal. In our
series, two of the contralateral breast cancers were visible only at breast tomosynthesis
and not at the full-field digital mammogram. It is likely that the intensified use of
tomosynthesis in the work-up of recalled women will increase the number of lesions
detected in contralateral, non-recalled breasts.”® A substantial number of contralateral
lesions in our study were detected at breast MRI. Again, it can be expected that a
further increase in the use of MRI, as well as the introduction of new and promising
imaging modalities such as contrast-enhanced spectral mammographyzz‘zs, will increase
the number of breast lesions detected in the contralateral breast of recalled women.

Additional percutaneous biopsy was performed in 43% of these lesions, with a
lower positive predictive value of biopsy (36.4%) than the one observed for recalled
lesions (53.1%, P<0.01). Excision biopsy, all with benign final pathology, was performed
in five women. In some rare cases, excision biopsy may be necessary to establish a final
diagnosis. Also, some women may desire excision of a benign lesion. Nevertheless, one
should aim to minimise excision biopsy for diagnostic purposes as it has been shown
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that the sensitivity of screening mammography is lower in women after benign breast
surgery.”

We found no statistically significant differences in the proportions of malignancies
among recalled lesions and contralateral, non-recalled malignant lesions (22.6% versus
15.5%). This study could be statistically underpowered to detect a clinically relevant
difference due to small patient numbers. The observed trend of a lower cancer risk for
contralateral lesions may be due to the fact that screening radiologists have no other
tool than the screening mammogram and they have to keep recall percentages within
acceptable limits. On the other hand, clinical radiologists are likely to have a lower
threshold to exclude malignancy in mammographic lesions for which a woman has not
been recalled.

Diagnosis of bilateral breast cancer was established in 16 of 20 women with a
contralateralmalignant lesions in the non-recalled breast, and four unilateral cancers
were diagnosed in a breast for which a woman had not been recalled. A synchronous
diagnosis of bilateral breast cancer may have an impact on the choice of final surgical
therapy as these women are more inclined to opt for mastectomy over breast-
conserving surgery.”” The survival of patients with bilateral disease is likely to be worse
than that of patients with unilateral disease.”®”’

Studies have demonstrated an improved cancer detection when MRI or whole-
breast ultrasound is added to mammography.lz‘zs'29 The increased sensitivity, however,
is accompanied by an increase in false-positive findings. Moreover, enhanced use of
MRI is correlated with an increase in mastectomy procedures.’*** Therefore, the
guidelines of the European Society of Breast Imaging and the Dutch guidelines do not
promote the standard use of MRI or whole-breast ultrasound in recalled women or in
women with pathologically proven breast cancer.’®" Breast ultrasonography should be
used mainly as an evaluation tool of lesions detected at mammography or MRI (target
ultrasonography or second look) and for the assessment of palpable breast lesions that
are occult at mammography. Indications for breast MRI are screening of high risk
women, screening of women with dense breasts, detection of additional ipsilateral and
contralateral malignancies in invasive lobular cancer, determination of tumour size in
dense breasts and in select cases for problem solving of lesions detected at
mammography and/or breast ultrasonography.

Recalled women with or without assessment of a non-recalled, contralateral
abnormality showed similar baseline characteristics except of a higher mammographic
breast parenchyma density in the first group (P<0.001). This may be explained by the
fact that additional imaging modalities used in the clinical setting, as mentioned above,
have a higher sensitivity for lesion detection compared to mammography, especially in
dense breasts.'%!?9203334

It seems remarkable that three out of 20 detected contralateral malignancies were
diagnosed by physical examination only. Contrary to a common perception that
imaging obviates the need for physical examination, it remains a mainstay of diagnosis
and an integral part of breast awareness and (self-)screening.*
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Tumour characteristics of cancers diagnosed in the contralateral, non-recalled
breast were similar to those of unilateral, screen-detected cancers. A majority of
cancers in both groups were of the invasive ductal type, stage T1, lymph node negative
and grade | or Il. A Dutch study found that contralateral breast cancers detected by
screening comprised more lobular cancers and showed less nodal involvement than
index cancers or unilateral cancers.’

Our study has certain strengths and limitations. To our knowledge, we are the first
to describe the frequency and characteristics of contralateral breast lesions following
recall. The study population is large and recalled women were evaluated in multiple
hospitals. Our results, however, may not be representative for other regional or
nationwide screening mammography programmes as these programmes may show
variations in screening interval (1-3 years), reading strategy (single reading versus
double reading), percentage of recalled women and availability of higher-end
radiological equipment (e.g. tomosynthesis, stereotactic core-needle biopsy, 3-TMRI) at
departments of radiology. Furthermore, as mentioned previously, the number of
lesions detected in the contralateral breast may increase in the future as new
techniques are increasingly implemented in the setting of clinical breast imaging.
Ultimately, a majority of the women with contralateral breast lesions only underwent
clinical breast imaging, without additional biopsy. BI-RADS 1 and BI-RADS 2 findings did
not receive any radiological follow-up, whereas BI-RADS 3 lesions were either biopsied
or received their first radiological follow-up at 6 months. As the follow-up period of all
recalled women was 1 year, we cannot rule out that a contralateral lesion with benign
follow-up may eventually turn out to be malignant.

In summary, reassessment of the complete screening mammogram, including the
contralateral breast after recall, is important as contralateral cancers may be detected.
We do not advocate a routine evaluation of the contralateral breast with additional
imaging procedures following this reassessment, as this strategy will like not be cost-
effective. A timely diagnosis of the contralateral breast may be of influence on the
choice of surgical therapy of a screen-detected cancer and survival.
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Abstract

Objectives
To determine the extent and characteristics of delay in breast cancer diagnosis in women recalled
at screening mammography.

Methods

We included a consecutive series of 817,656 screens of women who received biennial screening
mammography in a Dutch breast cancer screening region between 1997 and 2016. During at
least three-year follow-up, radiological reports and biopsy reports were collected of all recalled
women. The inclusion period was divided into four cohorts of four years each. We determined
the number of screen-detected cancers and their characteristics, and assessed the proportion of
recalled women who experienced a diagnostic delay of at least 4 months in breast cancer
confirmation.

Results

The proportion of recalled women who experienced diagnostic delay decreased from 7.5% in
1997-2001 (47/623) to 3.0% in 2012-2016 (67/2223, P<0.001). The proportion of women with a
delay of at least two years increased from 27.7% (13/47) in 1997-2001 to 75.7% (53/70) in 2012-
2016 (P<0.001).

Cancers with a diagnostic delay > 2 years were more frequently invasive (P=0.009) than cancers
with a diagnostic delay of 4-24 months. The most frequent cause of diagnostic delays was
incorrect radiological classifications by clinical radiologists (55.2% overall) after recall.

Conclusions

The proportion of recalled women with a delayed breast cancer diagnosis has more than halved
during two decades of screening mammography. Delays in breast cancer diagnosis are
characterized by longer delay intervals, although the proportion of these delays among all
screen-detected cancers has not increased. Preventing longer delays in breast cancer
confirmation may help improve breast cancer survival.

92



Trends in delayed breast cancer diagnosis after recall at screening mammography

Introduction

In many countries breast cancer is one of the most commonly diagnosed malignancies
in women. Screening mammography programmes have been established with the aim
to reduce breast cancer morbidity and mortality through early detection and treatment
of the disease. In combination with improved therapy, this early detection has resulted
in a significant reduction of breast cancer mortality over the past decades.”” After recall
for a suspicious abnormality at screening mammography, a timely confirmation of a
breast malignancy is of utmost importance in order to prevent a treatment delay. A
diagnostic delay after recall may cause the tumour to be diagnosed in a more advanced
stage, which could have a negative impact on breast cancer survival.*

Several studies have shown that up to 5% of recalled women experience a delay in
the confirmation of their breast cancer.>® Most of these studies have been performed
in the era of screen-film mammography (SFM). Currently, full-field digital
mammography (FFDM) has replaced screen-film mammography in both the screening
setting and in the setting of clinical mammography in most countries. Also, the
management of breast disease has changed considerably over the years, with the
introduction of new diagnostic modalities (digital breast tomosynthesis, 3D
ultrasonography, spectral mammography, advanced magnetic resonance techniques),
replacement of fine needle aspiration cytology by core biopsy, implementation of
multidisciplinary meetings, and a further specialization of health care professionals in
breast diseases.’ For these reasons, one may assume that the proportion of women
who face a delay in their breast cancer diagnosis after recall at screening
mammography has decreased over time. At the same time, a reduction in length of
delay is expected due to increased diagnostic accuracy preventing false positive recall
and repeated recall, while also reducing the need for radiological follow-up in cases of
equivocal findings at mammography or ultrasound. We therefore determined trends in
the frequency of delayed breast cancer confirmation and lengths of delays in women
recalled at screening mammography. We also assessed the causes of these delays and
investigated tumour characteristics of these breast cancers with short and longer delay
intervals in an observational follow-up study spanning two decades of screening
mammography conducted in the south of the Netherlands.

Materials and methods

Study population and screening procedure

We included a consecutive series of 817,656 screens (SFM: 49,318 initial screens and
32,8637 subsequent screens; FFDM: 48,223 initial screens and 39,1478 subsequent
screens) of women aged 50-75 years who received biennial screening mammography in
a southern region of the Netherlands between January 1, 1997 and December 31, 2016
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(Table 1). Women participating in the screening programme can indicate that they do
not give permission to use their data for quality assessment and scientific purposes.
Three recalled women did not give this permission and they were excluded from
analysis. Ethical approval was waived by the Dutch Central Committee on Research
involving Human Subjects (CCMO).

All screening mammograms were obtained by certified radiographers at one of four
dedicated screening units (one fixed unit and three mobile units). Screen-film
mammography was replaced by full-field digital mammography in 2009/2010. The
examinations were routinely and independently double read by a team of 17 certified
screening radiologists. The radiologists classified the mammographic abnormality in
case of recall (suspicious mass, suspicious calcifications, suspicious mass in combination
with calcifications, asymmetry, architectural distortion or other suspicious
abnormality). Recalled women were referred by their general practitioner to a hospital
breast unit for further analysis of the mammographic abnormality. In case of a false
positive recall (i.e., no breast cancer at workup) women were encouraged to return to
the screening programme.

Workup of recalled women and follow-up

A total of 36 hospitals were involved in the workup of recalled women, of which the
majority (99.4%, 18476/18592) was analyzed in eight hospitals centrally located in our
screening region. Recalled women first underwent physical examination by a surgical
oncologist or dedicated breast nurse at the surgical department. The type of diagnostic
workup was at the discretion of the clinical radiologist and could include additional
mammographic views, breast tomosynthesis, breast ultrasonography (including 3D
ultrasonography) and/or magnetic resonance imaging of the breasts. Clinical breast
imaging was followed by percutaneous breast biopsy if indicated, and included fine
needle aspiration biopsy (FNAB), ultrasound guided core needle biopsy (CNB, 14-18
Gauge) and/or vacuum assisted core needle biopsy (9-11 Gauge, either stereotactic
guided or MRI guided). The use of surgical biopsy for diagnostic purposes sharply
declined over the years and is currently reserved for those cases where malignancy has
not been ruled out by percutaneous biopsy.” Recalled women were discussed at
multidisciplinary meetings that were gradually implemented in the hospitals.

During a minimum of three-year follow-up (until January 1, 2020), one of the
screening radiologists (LD) and several radiology residents collected clinical data and
data from diagnostic breast imaging, biopsy procedures and surgical interventions of all
recalled women. The radiologist entered these data in a database which had been
constructed for quality assurance of the regional screening programme. Breast cancers
were categorized into ductal carcinoma in-situ (DCIS) and invasive cancers. Lobular
carcinoma in-situ was considered a non-malignant lesion. The TNM classification
(6™ and 7™ edition) was used for malignant lesions.*’ For women with a bilateral
malignancy, the cancer with the highest TNM was retained and multiple foci of cancer
in one breast were counted as one cancer.
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Delayed breast cancer diagnosis

In the current study, we defined an interval of at least four months between the recall
at screening mammography and the confirmation of breast cancer as a diagnostic
delay. The 20-year inclusion period was divided into four cohorts of five years each:
1997-2001, 2002-2006, 2007-2011 and 2012-2016. For each cohort, we determined the
number of and characteristics of detected cancers at recall, and assessed the
proportion of recalled women who experienced a diagnostic delay of at least 4 months
in breast cancer confirmation. The database for quality assurance was used to
determine the interval between recall and time of diagnosis of breast cancer to
determine whether an interval of at least four months between recall and diagnosis
had occurred. The database for quality assurance was also used to identify women who
had been recalled twice for the same mammographic abnormality between January
1997 and January 2017. A team of three radiologists (WS, FJ, LD) then determined
whether the second recall concerned the same mammographic abnormality for which a
woman had been recalled previously. Each case was independently assessed by two
radiologists and discrepant observations between them were solved by consensus.

To determine whether an incorrect radiological assessment after recall had
resulted in a diagnostic delay, the radiologists also independently and retrospectively
reviewed the screening mammograms and diagnostic breast imaging and intervention
reports of all women with a diagnostic delay. Each reviewer classified the lesions using
the Breast Imaging Reporting and Data System (BI-RADS).'>"

Finally, the radiologists reviewed the clinical data (including biopsy reports,
discharge records, outcome of multi-disciplinary team meetings) to identify other
causes than a false negative radiological assessment for a delayed breast cancer
diagnosis, including false-negative biopsy results or patient related delays.

Outcome parameters were calculated for women with a delay of respectively
4-24 months or a delay of at least 24 months between recall and breast cancer
diagnosis.

Statistical analysis

Descriptive statistics were performed using Statistical Package for Social Science 23.0
(SPSS Inc., IBM, Chicago, IL). The chi-square test was used to test for differences
between women with a diagnostic delay of 4-24 months and women with a diagnostic
delay of at least 24 months with respect to tumour characteristics i.e. histology, stage,
nodal status, receptor status, and type of final surgical treatment. The proportions of
women with diagnostic delays (4-24 months versus >24 months) in the four time
periods (1997-2001, 2002-2006, 2007-2011, and 2012-2016) were tested using the chi-
square test. Each delay was categorized according to causes of delayed diagnosis over
the time periods as mentioned above, and differences in proportions were tested using
the chi-square test.
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Her2/Neu-receptor status was routinely determined from 2008 onward and thus
not available for the earlier inclusion periods. Missing data were excluded in the Chi-
square test analyses when comparing tumour characteristics for the two delay cohorts.

A P-value of less than 0.05 was considered to indicate a statistically significant
difference. P-values were two-sided.

Results

Overall screening outcome

A total of 18,592 women were recalled at screening mammography (recall rate: 2.3%
(18592/817656)), of whom4932 proved to have breast cancer at workup (6.0 cancers
detected per 1000 screens (4760/817656), positive predictive value of recall: 25.6%
(4760/18592)). The 4932 screen detected cancers comprised 947 DCIS (19.2%) and
3985 invasive cancers (80.8%).

Women with a delayed diagnosis of breast cancer

A delay in breast cancer diagnosis of at least four months was present in 4.8% of
recalled women with breast cancer at workup (239/4932). This percentage gradually
decreased from 7.5% in 1997-2001 (47/623) to 3.1% in 2012-2016 (70/2223, P<0.001,
Table 4.1.1).

Table 4.1.1 Proportions of women with a diagnostic delay in breast cancer diagnosis after recall at
screening mammography

Year of screening Total
1997-2001 2002-2006 2007-2011 2012-2016
Screens, N 128081 155398 209523 324654 817616
Recalls, N 1324 2123 4972 10173 18592
Screen detected cancers, N 623 798 1288 2223 4932
Cancers with a diagnostic delay, N (%) 47 (7.5) 53 (6.6) 69 (5.4) 70 (3.1) 239
Delay 4-24 months 34(72.3) 34(64.2) 21(30.4) 17(24.3) 106 (44.4)
Delay >24 months 13(27.7) 19(35.8) 48(69.6) 53(75.7) 133 (55.6)

Among all delays, the proportion of women with a delay of at least 24 months
increased from 27.7% (13/47) in 1997-2001 to 75.7% (53/70) in 2012-2016 (P<0.001).
Figure 4.1.1 shows the number of delayed cancer diagnosis per 1000 screen-detected
cancers. A decline in the rate of cancers with a 4-24 months diagnostic delay is seen
over the years, whereas the rate of cancers confirmed at least 24 months after recall
remained stable (except for the cohort screened 2007-2011).
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Figure 4.4.1 Time trend in number of delays per 1000 screen detected cancers

In 93.2% (124/133) of the women with a delay of at least 24 months, the breast
cancer was finally confirmed after a second recall for the same lesion for which she had
been recalled previously. This second recall took place at the subsequent screen, two
years after the initial recall, in 59.7% of the women (74/124) and at a later subsequent
screening round in 40.3% (50/124). Six women, who preferred opportunistic screening
rather than returning to the screening programme, proved to have breast cancer at one
of the subsequent opportunistic screening mammograms. Two women with a palpable
breast lump consulted a surgical oncologist more than two years after their false
positive recall, with breast cancer confirmed at the site of the previous abnormality at
screening mammography. One diagnostic delay was due to a patient’s refusal to
undergo biopsy. Cancers with a diagnostic delay of at least 2 years were more
frequently invasive (P=0.009), but showed a similar Bloom & Richardson grading
(P=0.16) compared to cancers with a diagnostic delay of 4-24 months (Table 4.1.2).
Tumour size and lymph node status were comparable for both groups, as well as the
type of surgical treatment (breast conserving surgery versus mastectomy).

Causes of diagnostic delays

In all 4 cohorts an incorrect radiological classification given by the clinical radiologists
after recall was the most frequently encountered cause of a diagnostic delay (Table
4.1.3). These women received a BI-RADS 1 (no abnormalities) or BI-RADS 2 (benign)
classification at workup, without additional biopsy. The reviewing study radiologists
(LD, WS, FJ), however, considered the lesions suspicious or malignant in retrospect,
with the necessity of subsequent biopsy. Examples of erroneous BI-RADS classifications
are shown in Figure 4.1.2 and Figure 4.1.3.
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Table 4.1.2 Tumour characteristics and surgical therapy of breast cancers with a diagnostic delay of
4-24 months versus a diagnostic delay of at least 2 years

Delay in breast Delay in breast P
cancer diagnosis cancer diagnosis
4-24 months (N=106) >2 years (N=133)
Type of cancer, N (%) 0.007
DCIS 26 (24.5) 15 (11.5)
Invasive 80 (75.5) 118 (88.5)
Histology of invasive cancers, N (%) 0.92
Ductal 58 (72.5) 88 (74.6)
Lobular 11 (13.8) 14 (11.8)
Ductolobular 1(1.3) 1(0.8)
Other 8(10.0) 15 (12.8)
Unknown 2(2.5) 0
Tumour stage of invasive cancers, N (%) 0.40
Tla+b 33 (41.3) 39 (33.1)
Tic 33 (41.3) 56 (47.5)
T2+ 12 (15.0) 23 (19.4)
Unknown 2 (2.5) 0
Lymph node status of invasive cancers, N (%) 0.08
N+ 20 (25.0) 18 (15.3)
N- 57 (71.3) 97 (82.2)
Unknown 3(3.8) 3(2.5)
Bloom & Richardson grade, N (%) 0.16
I 31 (38.8) 45 (38.1)
I 22 (27.6) 56 (47.5)
1[I 12 (15.0) 15 (12.8)
Unknown 15 (18.8) 2 (1.6)
Estrogen receptor status, No (%) 0.90
Positive 66 (82.5) 105 (88.9)
Negative 8(10.0) 12 (10.3)
Unknown 6(7.5) 1(0.8)
Progesterone receptor status, No (%) 0.08
Positive 58 (72.5) 77 (65.3)
Negative 16 (20.0) 39 (33.1)
Unknown 6(7.5) 2 (1.6)
Her2/Neu receptor status, No (%) 0.020*
Positive 9(11.3) 9(7.6)
Negative 31 (38.8) 98 (83.1)
Unknown 40 (50.0) 11 (9.3)
Final surgical treatment, No (%) 0.13
Breast conserving surgery 74 (69.8) 106 (79.7)
Mastectomy 27 (25.5) 25 (18.6)
No surgery 5(4.7) 2(1.5)

DCIS = Ductal carcinoma in-situ. *In earlier cohorts (until 2008), Her2/Neu receptor status was not routinely
reported, yielding a large number of missing data. Missing numbers were not incorporated in the Chi-square
test.
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Figure 4.1.2 Patient example of a 12-month delay due to erroneous BI-RADS classification by the clinical
radiologist. Two-view screening mammograms (A and C, cranio-caudal (CC) view, and B and D,
medio-lateral oblique (MLO) view) of the right breast at recall in 2013. Images A and B show a
lesion in the retroareolar region of the breast (white arrows), classified as BI-RADS 4 by the
screening radiologists. Digital breast tomosynthesis and ultrasound were performed, and the
lesion was classified as BI-RADS 2 (benign lesion). No biopsy was performed. Twelve months
later the patient reported to the surgical department with a growing lump in the right breast.
Images C and D in 2014 show increased density of the retroareolar lesion in the right breast
(white arrows), with possible satellite lesions (white arrowheads). Targeted ultrasound showed
an irregular, hypoechogenic lesion with satellite lesions, which was classified as BI-RADS 5.
Ultrasound guided true-cut biopsy was performed which revealed an invasive ductal carcinoma
with axillary metastases (TNM: T3N2MO0). The patient was treated with neo-adjuvant
chemotherapy, mastectomy, radiotherapy, and hormonal therapy.

Among all delays, the proportion of women with an erroneous radiological
classification increased from 42.6% in 1997/2001 (20/47) to 72.9% in 2012-2016 (51/70,
P=0.001) and this increase was most prominent in women with diagnostic delays of at
least 24 months (Figure 4.1.4). False negative percutaneous biopsy was another major
cause of a diagnostic delay and comprised 15.7% (2012-2016) to 30.2% (2002-2006) of all
delays in the screened cohorts. The proportion of women who experienced a delayed
breast cancer confirmation as a result of radiological surveillance of a probably benign
lesion at radiology significantly decreased over the years, from 21.3% (10/47) in 1997-
2001 to 5.7% (4/70) in 2012-2016 (P=0.01).

99



Chapter 4.1

Figure 4.1.3 Patient example of a 24-month delay due to erroneous BI-RADS classification by the clinical

100

radiologist. Two-view screening mammograms (A and C, cranio-caudal (CC) view, and B and D,
medio-lateral oblique (MLO) view) of the right breast at recall in 2015 show a lesion in the
upper lateral quadrant of the right breast. Images A and B show the lesion in 2015 (white
arrows), classified as BI-RADS 4 by the screening radiologists. Digital breast tomosynthesis and
ultrasound were performed, and the lesion was classified as BI-RADS 2 (benign lesion). No
biopsy was performed. At repeated recall in 2017 for the same lesion (again characterized as BI-
RADS 4 by the screening radiologists), increased density of the lesion was seen, with an increase
in size (images C and D). Targeted ultrasound showed a spiculated, irregular and hypoechogenic
lesion, which was classified as BI-RADS 5. Ultrasound guided true-cut biopsy was performed
which revealed an invasive ductal carcinoma. There were no axillary metastases (TNM: T1bNO).
The patient was treated with breast conserving surgery and adjuvant radiotherapy.
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Figure 4.1.4 Trends in causes of delayed breast cancer diagnosis per 1000 screen detected cancers
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Table 4.1.3 Causes of diagnostic delay in breast cancer diagnosis following recall at screening

mammography
Cause of diagnostic delay, N (%) Year of screening Total
1997-2001 2002-2006 2007-2011 2012-2016
Incorrect radiological classification 20 (42.6) 21 (39.6) 40 (58.0) 51(72.9) 132(55.2)
False negative percutaneous biopsy 10 (21.3) 16 (30.2) 15(21.7) 11(15.7) 52(21.8)

Probably benign lesion at radiology (BI-RADS 3) 10 (21.3) 12 (22.6) 12 (17.4) 4(5.7) 38 (15.9)
followed by radiological surveillance

False negative surgical (excision) biopsy 4 (8.5) 1(1.9) 0(0) 2(2.9) 7 (2.9)

Other:

Surgical oncologist does not follow radiologist’s 1(2.1) 1(1.9) 1(1.4) 0(0) 3(1.3)
advice of (repeated) lesion biopsy

Surgical oncologist does not follow pathologist's 1 (2.1) 1(1.9) 0(0) 0(0) 2 (0.8)
advice of lesion excision

Surveillance of a radiologically suspicious lesion 0(0) 0(0) 1(1.4) 1(1.4) 2(0.8)
which is inaccessible to percutaneous biopsy

Patient refuses biopsy 1(2.1) 1(1.9) 0(0) 1(1.4) 3(1.3)

Total 47 53 69 70 239

Discussion

In the current study we found that the proportion of recalled women with a delay of at
least four months in their confirmation of breast cancer more than halved during two
decades of screening mammography. This reduction was mainly due to the sharp
decline in the number of women with a delay of 4-24 months in their breast cancer
diagnosis. At the same time, the number of women who experienced a delay of at least
24 months in their breast cancer diagnosis, per 1000 screen-detected cancers, has
remained stable over the years. Tumours that were diagnosed after a delay of at least
24 months were more often invasive and less frequently Her2/Neu positive compared
to breast cancers that were confirmed after a delay of 4-24 months, but other tumour
histology characteristics, tumour size and nodal status were comparable for both
groups. Frequent causes of delay included incorrect radiological classification at recall
and false negative percutaneous biopsy.

Several studies have shown that longer diagnostic and therapeutic intervals may
have a detrimental effect on breast cancer survival.">™ Therefore, a timely diagnosis of
breast cancer not only requires the recognition of suspicious mammographic findings at
screening, but it also necessitates a prompt confirmation of the malignancy after recall.
Over the years, we observed a significantly reduced probability of a delayed breast
cancer confirmation after recall. The last decade has seen substantial changes in the
diagnostic management of (a)symptomatic breast disease, with the introduction of
multi-disciplinary meetings and new imaging modalities (e.g., digital breast
tomosynthesis), an intensified use of advanced imaging modalities (breast MRI), a
further replacement of fine needle biopsy by (vacuum assisted) large core biopsy, and
an increased sub-specialization of physicians in breast care.*™>* These developments
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have likely resulted in the decline of women facing a delayed breast cancer
confirmation. However, this improvement was mainly present for diagnostic delays of
less than 24 months but not for longer delays. All Dutch screening radiologists are
trained and certified by the Dutch Expert Centre for Screening (LRCB). This centre
increasingly emphasizes a timely confirmation of the benign or malignant nature of a
recalled mammographic abnormality.”'18 The LRCB therefore discourages abnormalities
to be classified as probably benign at workup, if possible, as these lesions require
follow-up for 6-24 months. Although this policy shortens the period of uncertainty
among recalled women and helps to reduce short delays after recall, it may at the same
time result in longer diagnostic delays, i.e. when radiological re-evaluation of a
probably benign breast lesion at follow-up would have resulted in additional biopsy
rather than a second recall for the same mammographic abnormality at a later
screening round. The shift from shorter to longer diagnostic delays is related to the
finding that the most frequent cause of a diagnostic delay in this study was an incorrect
radiological classification at workup, with a proportional increase of these delays over
the years. At the same time, the probability to experience a delayed breast cancer
confirmation as a result of radiological surveillance of a probably benign lesion
decreased. Diagnostic improvements at screening mammography result in an increased
lesion detection, reflected by increased recall rates and cancer detection as shown
previously.lg'22 Subtle lesions may have a larger potential to receive an incorrect
workup after recall and may also lead to equivocal findings necessitating additional
follow-up. It is subject of debate whether a delayed diagnosis of small lesions
significantly influences prognosis and further studies are needed to address this
topic.“’16

The breast cancers in the two groups of diagnostic delays showed comparable
tumour characteristics except of fewer DCIS and more Her2/Neu negative invasive
cancers among women with a longer delay. DCIS is usually detected through the
presence of calcifications at mammography. The availability of stereotactic core needle
biopsy as an alternative to surgical biopsy has gradually resulted in a routine biopsy of
BI-RADS 3 calcifications rather than follow-up, which may explain the low proportion of
DCIS among women experiencing a long delay in their breast cancer confirmation.

To improve the communication between screening radiologists and clinicians, the
BI-RADS classification for mammographic abnormalities was implemented in the Dutch
screening mammography programme in 2009, along with the replacement of screen-
film by digital screening mammography.'®*?* The BI-RADS classification system increases
inter-observer agreement between breast radiologists and helps to guide the diagnostic
pathways at recall. A further reduction in the number of women with a delayed breast
cancer confirmation may be obtained by restricting the workup to dedicated breast
radiologists in accredited hospitals. The Dutch screening programme differs from those
in several other European countries and the USA as screening and recall are not
integrated. Hospitals handling recalled women are separated from the screening units
and quality control of the workup is not mandatory.lg’24 The Dutch screening
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programme, however, is subject to quality assurance, consistent with
recommendations of the European Society of Breast Imaging (EUSOBI) and
International Agency for Research on Cancer (IARC).M'27 The introduction of quality
assurance and assessment sessions may prove beneficial for hospitals handling recall,
reducing the number of recalled women facing a delayed cancer diagnosis.

Our study has several strengths and limitations. To our knowledge, this is the first
study focusing on time trends in delayed breast cancer confirmation after recall for a
screen detected mammographic abnormality. A large series of consecutive screening
mammograms with almost complete follow-up was analyzed during two decades of
screening mammography. On the other hand, the relatively short follow-up period of at
least three years may not have enabled us to identify all cases with a longer delay in the
most recently screened cohort.

Also, screening mammography programmes are continuously subject to changes
and the design of these programmes differs among countries. Assessment after recall
may be performed in hospitals that are not linked to the screening programme, like in
the Netherlands, or may be embedded in the screening procedure itself. Finally, missing
data of the Her2/Neu-receptor status in patients with a 4-24 months of delay
hampered statistical analysis.

We conclude that the proportion of recalled women with a delay in their
confirmation of breast cancer has significantly decreased during two decades of
screening mammography, but these delays are now characterized by longer delay
intervals. Quality assurance should not only cover the screening mammography
programmes, but it should also focus on the hospitals handling the workup of recalled
women, in order to prevent a worse breast cancer survival due to a delayed breast
cancer confirmation.
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Abstract

Background

Delay in detection of breast cancer may worsen tumour characteristics, with progression of
tumour size and a higher risk of metastatic lymph nodes. The purpose of this study was to
investigate delayed breast cancer diagnosis after repeated recall for the same mammographic
abnormality at screening.

Methods

This was a retrospective study performed in two cohorts of women enrolled in a mammography
screening programme in the Netherlands. All women aged 50-75 who underwent biennial
screening mammography either between January 1, 1997 and December 31, 2006 (cohort 1) or
between January 1, 2007 and December 31, 2016 (cohort 2) were included.

Results

The cohorts showed no difference in proportions of women with delayed breast cancer diagnosis
of at least 2 years (2.2% versus 2.8%, P=0.29). Most delays were caused by incorrect BI-RADS
classifications after recall (74.2%). An increase in mean tumour size was seen when comparing
sizes at initial false-negative recall and at diagnosis of breast cancer (P<0.001).

Conclusions

The proportion of women with a long delay in breast cancer confirmation following repeated
recall at screening mammography has not decreased during 20 years of screening. These delays
lead to larger tumour size at detection and may negatively influence prognosis.
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Background

The Dutch nationwide biennial screening mammography programme has been shown
to be effective in the early detection of breast cancer and reduction in breast cancer
mortality."” Early detection of breast cancer does not solely involve detection of
suspicious mammographic abnormalities at screening, as a swift confirmation of
malignant lesions after recall is mandatory as well for the success of the screening
programme.

Delay in the detection of breast cancer remains an important topic in health care,
both for its frequency of occurrence and its possible negative effects on survival.*® A
delay in breast cancer diagnosis may worsen tumour characteristics, with a progression
of tumour size and a higher risk of metastatic lymph nodes. Previous studies have
mostly focused on shorter diagnostic delays in symptomatic patients and very limited
data are available on this subject in asymptomatic, screen-detected breast cancers.>>®®
Ciatto et al.’ found that 1.4% of women experienced a delay of at least 2 years in their
breast cancer confirmation after repeated recall for a screen-detected abnormality.
Several causes for a delayed breast cancer diagnosis after recall at screening have been
reported, including an improper classification of mammographic abnormalities at
subsequent clinical breast imaging, communication errors between physicians, and
sample errors at biopsy.>*’

The last decade is characterised by substantial changes in the diagnostic
management of (a)symptomatic breast disease, including the introduction of
multidisciplinary meetings and new imaging modalities (e.g., digital breast
tomosynthesis), an intensified use of advanced imaging modalities (breast MRI), a
further replacement of fine-needle biopsy by (vacuum-assisted) large core biopsy, and
an increased sub-specialisation of physicians in breast care.® However, the impact of
these improvements on the proportion of women who experience a long delay in
breast cancer diagnosis after recall at screening mammography is unknown. In the
current study, we focused on women who experienced a delay of at least 2 years in
their confirmation of breast cancer following a repeated recall for the same
mammographic abnormality at biennial screening mammography in the period from
1997 to 2016. We investigated this delay over time, comparing two screening cohorts
of 10 years each, and specified the radiological and tumour characteristics of the
cancers with a diagnostic delay. Finally, we determined the causes of diagnostic delay
and assessed whether the hospitals that handled recall varied in the number of women
who experienced a delay in their breast cancer confirmation.
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Methods

Study population and screening procedure

This is a retrospective observational study, based on a prospective database of women
aged 50-75 years attending the biennial breast cancer screening programme conducted
in the south of the Netherlands. Characteristics of this programme have been reported
previously.”®™ In brief, women are personally invited by letter to attend the
programme, with about 80% of the women accepting the invitation. Women who are
being treated for breast cancer and those who still receive clinical oncologic follow-up
after breast cancer treatment usually do not attend the screening programme.

A consecutive series of 283,479 screen-film mammography screens (39,098 initial
screens and 244,381 subsequent screens) were included between January 1, 1997 and
December 31, 2006 and this series is labelled cohort 1. A second consecutive series of
534,177 screen-film and full-field digital mammography (FFDM) screens (58,443 initial
screens and 475,734 subsequent screens) were included between January 1, 2007 and
December 31, 2016 and this series is labelled cohort 2.

Screen-film mammograms were obtained with commercially available units
(Performa, Oldelft, Tuusula, Finland) and dedicated mammography screens were
utilised (Mamoray MR-R; Agfa, Mortsel, Belgium). Dedicated film was used (Mamoray
HDR; Agfa, Mortsel, Belgium) to process mammography screens and processing was
done by extended-cycle dedicated processing. During 2009/2010, screen-film
mammography in the southern screening region of the Netherlands was gradually
replaced by FFDM. All digital mammograms were obtained with a Lord Selenia FFDM
system (Hologic Inc, Danbury, CT), with a 70 um pixel size and a 232 x 286mm field of
view.

The examinations were obtained by specialised screening mammography
radiographers. Since the start of FFDM screening in 2009/2010, two-view
mammography (medio-lateral-oblique (MLO) and cranio-caudal (CC) view) of each
breast was performed in first as well as subsequent screens. In the era of screen-film
screening, all women who attended the programme for the first time received two-
view mammography, whereas subsequent screens comprised a routine MLO view of
each breast and additional CC views if indicated. All screening mammograms were then
independently double read by certified breast cancer screening radiologists. Since the
start of our screening programme in 1995, all previous screens were always available
for comparison at the time of assessment of a new screening examination. Screening
radiologists categorised abnormal mammographic findings into one of the following
categories: suspicious mass, suspicious calcifications, suspicious mass combined with
calcifications, asymmetry, architectural distortion, or other abnormalities not otherwise
categorised. In the FFDM screening period only, each recall was also classified
according to the Breast Imaging Reporting and Data System (BIRADS) lexicon and the
radiologists annotated each recalled mammographic abnormality on a drawing which
was part of the recall report.”*™* Women with a BI-RADS 1 (normal findings) or
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2 (benign findings) were not recalled. Women with a BI-RADS 0, 4 or 5 finding were
referred to a dedicated breast unit of a hospital for further analysis. BI-RADS category 3
(probably benign findings) is not used in the Dutch screening programme, as short-term
follow-up is not available in the screening setting.

Diagnostic workup after recall

The diagnostic workup in the vast majority of recalled women (98%) was performed in
six regional hospitals in the south of the Netherlands, whereas the remainder
underwent additional examinations at various other hospitals. After physical
examination by a surgical oncologist or dedicated breast nurse, additional breast
imaging (when needed) was performed at the radiology department. The screening
mammogram was first reassessed by a radiologist and the screening mammograms
were routinely available. Additional mammographic projections were obtained at the
discretion of the radiologist. Breast ultrasonography was used for the additional
characterisation of mammographic abnormalities and palpable breast lesions, as
guidance for biopsy and for target or second look purposes following breast MRI. Breast
MRI gradually became available in the hospitals from 1998 while whole breast
ultrasound was performed in only one of the six hospitals. Digital breast tomosynthesis
was introduced in 2011 and available in all but one of the hospitals in the later years of
inclusion. Fine-needle aspiration biopsy (FNAB) and percutaneous core needle biopsy
(CNB) were available in each hospital from the beginning of our study and FNAB was
gradually replaced by CNB in the 1990s. Vacuum-assisted stereotactic core needle
biopsy (SCNB) was introduced in 2000 and was available in each hospital from 2004.
Multidisciplinary meetings for the discussion of recalled women were gradually
implemented in the hospitals.

During a minimum of 2-year follow-up, clinical data and data from diagnostic breast
imaging, biopsy specimen and surgical procedures were collected of all recalled women
by one of the screening radiologists (L.E.M.D.) and several radiology residents. The
radiologist then entered these data in a database that had been constructed for quality
assurance of the screening programme in the south of the Netherlands. Breast cancers
were categorised into ductal carcinoma in situ (DCIS) and invasive cancers. Lobular
carcinoma in situ was considered a non-malignant lesion. The TNM classification (6th
and 7th edition) was used for malignant lesions.”™® For all cancers treated by
neoadjuvant therapy (either chemotherapy or endocrine therapy), the initial tumour
size was derived from breast imaging (usually MRI) prior to the start of this therapy.

Delay

In this study, we focused on women diagnosed with breast cancer after a second recall
for a mammographic abnormality, which had been considered benign at workup after
the first (initial) recall. Therefore, the delay in breast cancer diagnosis in these women
was at least 2 years. We limited our study to these delays because this allowed us to
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review the initial and the subsequent screening mammograms to measure tumour size
and calculate progression. As we had only access to the radiology reports and the
screening mammograms and not to the mammographic images obtained after recall,
we could not determine tumour sizes at the clinical mammograms of women with a
diagnostic delay of less than 2 years following recall.

The database for quality assurance was used to identify women who had been
recalled twice between January 1997 and January 2017 and two radiologists (L.E.M.D.,
W.S.-P.) then determined independently whether or not the second recall concerned
the same lesion for which a woman had been recalled previously. Discrepant
observations between the two radiologists were solved by consensus. For all cases in
which both recalls concerned the same mammographic abnormality and the second
recall resulted in confirmation of invasive breast cancer, the two radiologists measured
the diameter of the suspicious abnormality both at the initial, false-negative recall, and
at the second, true-positive recall. These measurements were also done in an
independent fashion, followed by consensus reading. Both reviewers knew they
reassessed cases characterised by a delay in breast cancer diagnosis. We restricted the
reassessment of tumour sizes on the screening mammograms to cohort 2 as, contrary
to cohort 1, almost all screening examinations of cohort 2 consisted of two-view
mammography which better enabled the radiologists to determine lesion size. Like the
screening radiologists, the two radiologists had the availability of all previous screening
rounds at the time they reviewed women with a possible delay in cancer diagnosis. To
explore the causes of the diagnostic delays, the radiologists reviewed the clinical data
(including radiological findings and biopsy reports, discharge records, outcome of
multidisciplinary team meetings) and assessed whether a delay was due to an
erroneous BI-RADS classification assignment at workup, a false-negative biopsy result, a
patient related delay, or other causes.

Ethical approval and informed consent

Ethical approval by our local Institutional Review Board was not required for this
observational follow-up study, according to the Dutch Central Committee on Research
involving Human Subjects (CCMO). Prior to their participation in the programme,
women were asked for permission to use their data for the evaluation of the screening
programme and scientific purposes.

Statistical analysis

Descriptive statistics were performed using Statistical Package for Social Science 23.0
(SPSS Inc., IBM, Chicago, IL). The chi-square test was used to test for differences
between cohorts with respect to categorical data and for differences between hospitals
with respect to delayed breast cancer diagnoses in cohort 2. A P value <0.05 was
considered to indicate a statistically significant difference. P values were two-sided.
Whenever applicable (due to small sample sizes), the Fisher’s exact test was used.
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The dependent samples T test was used to compare the mean tumour size of
invasive cancers in cohort 2 at the false-negative assessment after initial recall with the
mean tumour size at subsequent (second) recall when breast cancer was finally
confirmed. To test for differences in median delay between the two cohorts, the
Mann-Whitney U test was used. Similarity in distributions of both cohorts with respect
to delays was tested and comparable distributions were found. Data in cohort 2 were
missing in <0.5% of the patients, which in most cases involved the lack of oestrogen or
progesterone receptor status due to an insufficient tissue sample. In the analysis of the
categorical data, we treated the missing numbers as a separate category to allow a
complete case analysis.

Results

Cohort characteristics

The recall rate was significantly higher in cohort 2 (2.8% (15,145/534,177) versus 1.2%
(3447/283,479), P<0.001, Table 4.2.1). Compared to the first cohort, this higher recall rate in
cohort 2 came along with a higher cancer detection rate (6.6 versus 5.0 per 1000 screens,
P<0.001) and a lower positive predictive value (PPV) of recall (23.2% versus 41.2%).

Table 4.2.1 Overall screening outcome of women screened between 1997-2006 versus 2007-2016

Screening years 1997-2006 2007-2016 P-value
Screens, No 283 479 534 177
First screens, No (%) 39098 (13.8) 58 443 (10.9)
Subsequent screens, No (%) 244 381 (86.2) 475 734 (89.1)
Recall, No (%) 3447 (1.2) 15 145 (2.8) <0.001
Screen detected cancers, No 1421 3511 <0.001
Cancer detection rate* 5.0 6.6 <0.001
PPV of recall, % 41.2 23.2 <0.001
Delayed breast cancer 32(2.2) 98 (2.8) 0.29
diagnosis, No (%)
Delay in months (range) 45.0 (24 -97) 33.8(21-97) 0.001

* Per 1 000 screens. PPV = positive predictive value. » Proportion as the number of diagnostic delays among
all screen detected breast cancers

Frequency of delayed breast cancer confirmation and tumour
characteristics of invasive cancers with a diagnostic delay

Focusing on a delay in breast cancer diagnosis of at least 2 years after the first recall,
2.2% (32/1421 women) who were diagnosed with breast cancer in cohort 1
experienced this delay, compared to 2.8% (98/3,511) in cohort 2 (P=0.29). The median
delay in cohort 1 was 26.0 months (range 24-97 months), whereas the median delay in
cohort 2 was 25.0 months (range 24-97 months). The difference in median delay of the
two cohorts was not statistically significant (P=0.12). In cohort 1, 12 out of the
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32 women (37.5%) with a diagnostic delay had their breast cancer confirmed at the
next biennial screen, 2 years after their first, false negative recall. In the remaining
20 women, breast cancer was finally confirmed after a second recall that took place at
least 4 years after the first recall. In cohort 2, 66.3% of women (65/98) with a diagnostic
delay had their breast cancer confirmed at the next biennial screen (37.5% versus
66.3%, P=0.003).

Sufficient data in cohort 2 were available to compare the tumour characteristics of
breast cancers with or without a diagnostic delay. A smaller proportion of DCIS was
found among breast cancers with a delayed diagnosis (9.2% (9/98) versus 20.8%
(710/3414), P=0.005, Table 4.2.2). Tumour histology of invasive cancers also differed
between the two groups, with a lower proportion for invasive ductal cancers and more
invasive cancers of “other” type (e.g., tubular cancers, mucinous cancers) among the
cases with a diagnostic delay (P=0.006).

Tumour size of invasive cancers was comparable for both groups, with a majority of
cancers sized between 10 and 20 mm (45.5% of invasive cancers with a delayed
diagnosis versus 44.2% of properly diagnosed invasive cancers, P=0.33). Invasive
cancers also showed a similar histological grade distribution in both groups, with a
majority of them classified Bloom & Richardson grade | or Il (87.6% (78/89) versus
87.2% (2358/2703), P=0.19). The majority of invasive breast cancers were lymph node
negative in both groups, although there was a slightly larger number of lymph-node-
negative cancers in case of a delayed diagnosis (84.3% (75/89) versus 74.9%
(2023/2703), P=0.14). We observed no significant differences in oestrogen-receptor,
progesterone receptor and Her2/Neu receptor status, as well as triple-negative
receptor status, between the two groups. Finally, the type of surgical therapy (breast
conserving surgery or mastectomy) was also similar for both groups (P=0.74).

Causes of delay in breast cancer confirmation

In cohort 1, a false-negative biopsy (13 cases, 40.6%) was the most frequent cause of a
diagnostic delay after the first recall, followed by an erroneous BI-RADS classification
given by the clinical radiologists after the first recall (10 cases, 31.3%). The latter
women received a BI-RADS 1 (no abnormalities) or BI-RADS 2 (benign) classification
without additional biopsy. Another seven lesions (21.9%) were classified as BI-RADS 3 at
initial assessment and follow-up consisted of imaging only. These seven lesions proved
to be malignant after the second recall of these lesions at a subsequent screening
round. In one case the surgeon did not follow the radiologists’ advice for additional
biopsy and one woman refused biopsy of a suspicious mass. In cohort 2, a majority of
the diagnostic delays (73 cases, 74.5%) was attributed to an erroneous BI-RADS
classification after the first recall. A false negative biopsy after the first recall was
observed in 18 cancers (18.4%) with a delayed diagnosis. In 17 of these women (17/18,
94.4%), the false-negative biopsy was due to a sample error as repeated biopsy at
subsequent recall 2 years later yielded proof of malignancy. In one case, the patient
refused a repeated biopsy of a lesion that had grown at follow-up. Another six lesions
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(6.1%) were classified as BI-RADS 3 at initial assessment and one patient (1.0%)
underwent excision of a lesion other than the recalled one and the latter lesion proved
malignant after the second recall. An example of delayed breast cancer diagnosis due
to previous false negative recall is shown in Figure 4.2.1.

Table 4.2.2 Tumour characteristics of breast cancers with or without a diagnostic delay following recall in

Cohort 2
Delay in breast No delay in breast P-value
cancer diagnosis cancer diagnosis
(n=98) * (n=3 413)
Type of cancer, No (%) 0.005
DCIS 9 (9.2) 710 (20.8)
Invasive 89 (90.8) 2703 (79.2)
Histology of invasive cancers, No (%)
Ductal 64 (71.9) 2137 (79.0) 0.006
Lobular 11 (12.4) 322 (11.9)
Ductolobular 1 (1.1) 101 (3.7)
Other 13 (14.6) 143 (5.3)
Tumour stage of invasive cancers, No (%)
Tla+b 32 (35.9) 945 (35.0) 0.32
Tic 40 (44.9) 1196 (44.2)
T2+ 17 (19.2) 558 (20.6)
Unknown 0 4 (0.1)
Lymph node status of invasive cancers, No (%)
N+ 13 (14.6) 614 (22.7) 0.14
N- 75 (84.3) 2023 (74.9)
Unknown 1 (1.1) 66 (2.4)
Bloom & Richardson grade, No (%)
| 38 (42.7) 1213 (44.9) 0.19
Il 39 (43.8) 1145 (42.4)
I 11 (12.4) 308 (11.4)
Unknown 1 (1.1) 37 (1.4)
Estrogen receptor status, No (%)
Positive 82(92.1) 2429 (89.9) 0.80
Negative 7(7.9) 259 (9.6)
Unknown 0 15 (0.6)
Progesterone receptor status, No (%)
Positive 57 (64.0) 1943 (71.9) 0.16
Negative 32 (36.0) 737 (27.3)
Unknown 0 23 (0.9)
Her2/Neu receptor status, No (%) 0.81
Positive 6 (6.7) 262 (9.7)
Negative 83 (93.3) 2415 (89.3)
Unknown 0 26 (1.0)
Triple negative receptor status, No (%)
Yes 5 (5.6) 173 (6.4) 0.99
No 84 (94.4) 2515 (93.0)
Unknown 0 15 (0.6)
Final surgical treatment, No (%)
Breast conserving surgery 78 (79.5) 2 756 (80.8) 0.74
Mastectomy 18 (18.4) 616 (18.0)
No surgery 2 (21) 41 (1.2)

DCIS = Ductal carcinoma in-situ. *Diagnostic delay was defined as confirmation of breast cancer >24 months
following initial recall
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Figure 4.2.1 Patient example, repeated recall after previous false negative recall. Two-view screening
mammograms (a and c, mediolateral oblique (MLO) view, and b and d, cranio-caudal (CC)
view) of the left breast in 2014 (a and b) and in 2016 (c and d). In 2014, it shows a lesion in the
medial upper quadrant of the breast (arrows), initially classified as BI-RADS 0 (additional
analysis needed) by the screening radiologist. At recall (2014), additional digital breast
tomosynthesis (DBT) and ultrasound were performed, and the lesion was classified as BI-
RADS 2 (benign lesion). No biopsy was performed. Two years later (2016), the patient was
recalled for the same lesion now classified as BI-RADS 5 (due to spiculae). Ultrasound-guided
true-cut biopsy was performed, which revealed an invasive lobular carcinoma without axillary
metastases. The patient was treated with breast conserving surgery and adjuvant
radiotherapy.

Tumour size at screening mammography of cancers with a diagnostic
delay

The tumour size in patients with a delayed diagnosis of invasive breast cancer was
measured, both at the screening mammogram that initiated the first, false-negative
recall and at the screening mammogram that resulted in a repeated recall for the same
lesion and the confirmation of breast cancer. The average tumour size was 10.2 mm
(range, 3—-53 mm) at the first recall, compared to 17.3 mm (range, 4—88 mm) at the
second recall (P<0.001, Table 4.2.3).
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A majority of invasive cancers, namely 71.9% (64/89), was sized <10mm at the first
recall, compared to only 25% (22/89) of the cancers at the second recall (P<0.001).

Table 4.2.3 Invasive cancers with a diagnostic delay following recall in Cohort 2: tumour size measured at
screening mammography

Measured at the screening Measured at a subsequent  P-value
mammogram with a false screening mammogram with
negative assessment after breast cancer confirmation
1*recall after 2™ recall
(n=89) (n=89)
Mean tumour size, mm (range) 10.2 (3-53) 17.3 (4-88) <0.001
Absolute tumour size, mm
<5mm 14 (15.9) 1(1.1) <0.001
6-10 mm 49 (55.7) 21 (23.9)
11-20 mm 20 (22.7) 42 (47.7)
>20 mm 5(5.7) 24 (27.3)

Variations among hospitals in delayed breast cancer confirmation after
recall in cohort 2

The majority of the assessments after recall was performed in six regional hospitals
located in our screening region. The proportion of women who experienced a more
than 2-year diagnostic delay in their breast cancer confirmation varied from 0 to 4.8%
among the hospitals (P=0.027, Table 4.2.4). Hospitals II, Ill, IV and V are teaching
hospitals that employ radiology residents, fellows and senior radiologists. The
departments of radiology of hospitals | and VI are staffed by senior radiologists only.

Table 4.2.4 Delayed breast cancer confirmation after recall at screening mammography: variations
among hospitals*

Hospital Delayed breast cancer confirmation, No (%) Total, No
Yes No

| 0(0) 371 (100) 371

I 26 (2.8) 891 (97.2) 917

Il 25 (3.0) 809 (97.0) 834
\ 29 (3.2) 878 (96.8) 907

Y 12 (3.9) 294 (96.1) 306

Vi 5 (4.8) 100 (95.2) 105
VI 1(1.4) 70 (98.6) 71
Total 98 (2.8) 3413 (97.2) 3,511

* Diagnostic delay was defined as confirmation of breast cancer >24 months following initial. recall.
* Remaining hospitals
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Discussion

This study describes the frequency of a delay in breast cancer diagnosis after repeated
recall at screening mammography, as well as the tumour characteristics of these
cancers, the causes of diagnostic delay and the frequency of this delay among hospitals.
Cohort 2 was characterised by a higher recall rate and cancer detection rate than
cohort 1. Cohort 1 consisted of screen-film screens only, whereas the majority of
women in cohort 2 was screened by digital mammography. In the Dutch screening
programme, the transition from screen-film to digital screening significantly increased
the recall rate and cancer detection rate, at the expense of a lower PPV of recall and
biopsy.”'18 During two decades of screening mammography, we did not find a decrease
in the proportion of recalled women who experienced a delay in breast cancer
confirmation of at least 2 years. Most delays were caused by incorrect BI-RADS
classifications at clinical assessment after recall. The tumour characteristics of breast
cancers with a diagnostic delay were comparable to cancers without this delay, with
the exception of the proportions of DCIS and tumour histology. The delayed
confirmation of breast cancer significantly increased the mean tumour size and
hospitals, where assessment of recalled lesions took place, showed significant
variations in the proportion of women who experienced a diagnostic delay in the
confirmation of their breast cancer.

We were surprised to find a comparable proportion in the two cohorts of women
who faced a long delay in their breast cancer diagnosis, despite improvements in
diagnostic imaging, biopsy procedures and patient management over the years. We
previously found that most of the improvements in diagnostics and patient
management after recall (e.g., breast MRI, SCNB, multidisciplinary meetings) were
widely implemented after 2005 (cohort 2).° We expected that the proportion of
diagnostic delays among recalled women would be lower in the second decade because
of these technical developments and continuously improving standards of care.
Unfortunately, this was not the case. We did not use the transition from screen-film to
digital screening mammography or the availability of two-view mammography at
screening to define the cohorts as we feel that the reasons for delays in breast cancer
confirmation after recall are primarily hospital related and not related to the screening
procedure itself. Unfortunately, the limited number of delays did not allow us to
perform a sophisticated time trend analysis using cohorts of, for example, 2 years each.

A few studies have previously reported on delayed breast cancer confirmation after
recall at screening mammography, with 4.1-6.5% of women experiencing a diagnostic
delay.?"s’9 These three studies, however, used different definitions for diagnostic delay.
A majority of women had a diagnostic delay of 3-12 months, with only 4, 9 and
10 women respectively with a delay of at least 2 years. We found median delays of 26
and 25 months in the two study cohorts. Our lower proportion of 2.2-2.8% of diagnostic
delays on average can be explained by the fact that we merely focused on delays of at
least 2 years (until the next screening round) as these delays will probably have a more
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significant impact on survival and thus being more clinically relevant than shorter
delays. Inclusion of shorter delay intervals would obviously increase and probably more
than double our number of women with a delay in their breast cancer confirmation, but
these delays were outside of the scope of the current study.

Most delays in cohort 2, which mainly comprised digital screening mammograms,
were due to an incorrect interpretation of radiological findings after the first false-
negative recall.

The exact impact of a delay in breast cancer confirmation on patient survival is a
controversial topic, with studies yielding heterogeneous outcomes. Little is known on
the natural history of breast cancer and researchers have raised the possibility of
spontaneous breast cancer regression.””*° This type of cancer may result in an infinite
diagnostic delay as it may lead to recall and be overlooked, only to have vanished at a
later screening and therefore go undetected. On the other hand, these cancers may be
difficult to diagnose and may be the ones that are subject to delayed diagnosis. Over-
diagnosis and subsequent over-treatment of cancers detected at screening
mammography is another issue to be taken into account when dealing with diagnostic
delays. Over-diagnosed breast cancers are cancers that would never have become
clinical when not detected at screening and would never lead to death. While an
infinite delay for these cancers is desirable, they may actually be difficult to diagnose
and thus be included as cancers with a delay in diagnosis—and from a healthcare
system view, we might well think that such delay should be avoided. Finally, we did not
include interval cancers that were missed at the latest screen in this study as having a
delayed diagnosis, since they do not participate in the next screening round. All in all, it
is difficult to assess whether estimates from this study are likely to under- or over-
estimate the actual occurrence of delay in diagnosis.n'23

Most studies focus on delayed diagnosis of symptomatic breast cancer and breast
cancer in younger women, which differs from the asymptomatic breast cancers found
at screening mammography in women aged over 50.**%*** We found a decrease in
mean delay from 45 months to 33.8 months between the two cohorts and the majority
of delays in cohort 2 were diagnosed at the next biennial screen, 2 years after the first,
false-negative recall. However, it is likely that the delay of 33.8 months is somewhat
flattered as cohort 2 had a shorter overall follow-up period.

The differences in tumour histology between cancers with or without a diagnostic
delay in our study may have a multi-factorial explanation. Only a few diagnostic delay
cases comprised DCIS. Improvement in biopsy techniques have made biopsy of
calcifications faster, easier, and provides considerable amounts of tissue for
pathological analysis.25 Moreover, the high interobserver variation for the classification
of microcalcifications at mammography may also encourage radiologists to rather
biopsy than follow-up these lesions.”®*’

We observed a shift in the distribution of mean tumour size among cancers with a
long diagnostic delay. This phenomenon emphasises the need of a swift confirmation of
breast cancer in order to prevent a further progression of the disease, as is stressed in
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other studies as well.”**° Over the past two decades, screening mammography and

clinical breast imaging have been subject to many changes, with the aim to improve the
accuracy and efficiency of breast radiology. Despite the availability and proven benefit
of state-of-the-art imaging, specialised outpatient clinics for breast care, specialised
breast nurses and multidisciplinary team meetings and the continuous improvement of
biopsy techniques, a delayed confirmation of breast cancer following recall at screening
mammography continues to be a point of concern in the Netherlands and probably in
other countries as well. An Italian biennial screen-film breast screening programme,
conducted from 1992 to 2001, also reported a diagnostic delay in breast cancer
diagnosis of more than 2 years in 2.1% of confirmed breast cancers, comparable to the
2.2% we observed in the era of screen-film screening.

Similar to screening mammography, screening programmes for other diseases have
also shown benefit in terms of a reduction in cancer-related morbidity and
mortality.al'35 In contrast to the screening mammography programme, the Dutch
nationwide screening programmes for cervical cancer and large bowel cancer have
embedded a quality assurance protocol with respect to structured assessment after
recall. Quality assurance is partially based on accreditation, e.g., only accredited
endoscopists are allowed to perform diagnostic colonoscopy after a positive screening
result. Also, cervical smears are assessed in only a handful of accredited laboratories.
Screening radiologists who are involved in the Dutch breast cancer screening
programme have to obtain an accreditation by a national training programme prior to
their employment as screening radiologists; they have to attend breast radiology
courses at regular intervals and screening radiologists receive feedback on their
performance continuously. These kinds of quality assurance measures are not
mandatory at all for radiologists who perform the radiological assessment after recall.
We found a worrisome variation in the proportions of delayed breast cancer cases
among the hospitals handling the recalls in our screening region. Differences among
hospitals may not be explained by the type of hospital (teaching versus nonteaching
hospital) or case load, but probably by the experience of the clinical breast radiologists,
as the lowest proportion of breast cancer delays was observed in a smaller non-
teaching hospital. Moreover, there are similar diagnostic pathways due to national
guidelines and no notable differences in diagnostic imaging capabilities. To our
knowledge, no (recent) data are available on differences in diagnostic delay of breast
cancer diagnosis in teaching versus non-teaching hospitals. Earlier studies on difference
in breast cancer survival between teaching and nonteaching hospitals showed no
statistically significant differences, although these results have to be interpreted with
care as data on delayed diagnosis is not reported in these studies.***

To reduce the variations in diagnostic errors and delay an accreditation, similar to
the one that is applied to screening radiologists, may be beneficial for radiology
departments assessing recalled women and it could help to improve diagnostic
accuracy, reduce diagnostic errors and prevent unnecessary delays. Perhaps,
centralisation of breast care may also further improve the current standard of breast
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cancer diagnosis and treatment. Studies have shown that centralisation of complex and
high-risk treatment in accredited hospitals may have a beneficial effect on the
treatment outcome and survival."”** The use of breast assessment centres has also
been studied and might be the first step towards centralisation of breast cancer care in
the Netherlands.** However, due to high patient volumes and concerns for the impact
on demographics, centralisation of care in a limited number of hospitals in the whole
country does not seem feasible. Nevertheless, cooperation between hospitals on a
regional scale could prove beneficial, with implementation of adequate quality
assurance, accreditation of radiologists handling referrals, and regular audits to
continuously improve breast care in these hospitals.”****°

There are several strengths and limitations to this study. To our knowledge, this is
the first study focusing on long delays in breast cancer confirmation after recall for a
screen-detected mammographic abnormality. A large series of consecutive screening
mammograms were included during two decades of screening mammography, with an
almost complete follow-up of recalled women. On the other hand, certain outcome
measures should be interpreted with care due to the relatively small sample size of
patients with a delayed breast cancer diagnosis. Also, screening mammography
programmes are constantly subject to changes and the design of the programmes and
the assessment of recalled women differ between countries. These parameters
influence diagnostic accuracy (both positively and negatively) and may limit
extrapolation of our findings to other screening programmes.

We cannot rule out the rare occasion that a lesion with a delayed confirmation of
malignancy was in fact precancerous rather than cancerous at the time of the initial
assessment. However, the majority of delayed cases showed suspicious mammographic
characteristics that should have been biopsied at initial workup. Moreover, in women
with benign biopsy outcome at the initial workup, sampling errors will likely have
caused the diagnostic delays as only benign pathological findings and no high-risk
lesions, that are associated with an increased breast cancer risk in the future (e.g., flat
epithelial atypia, atypical ductal hyperplasia or lobular carcinoma in situ), were
reported at this workup.

In summary, we found that the proportion of women who experience a long delay
in their breast cancer confirmation following recall at screening mammography did not
decrease during 20 years of screening, despite improvements in diagnostic modalities,
biopsy procedures and multidisciplinary approaches. These delays worsen the tumour
size and may negatively influence prognosis of survival. Over-estimation of the negative
impact on survival of a delayed breast cancer diagnosis may be due to over-diagnosed
breast cancers and further study is needed on this subject. Further study is also
necessary to determine whether accreditation of hospitals and/or centralisation of
breast care may lower the number of diagnostic delays, especially in hospitals with
larger proportions of women facing a diagnostic delay. We suggest that quality
assurance not only covers the screening mammography programmes, but also the
hospitals handling the workup of recalled women.
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Summary

Breast cancer continues to be a major concern in health care worldwide, mainly due to
its frequent occurrence; overall, one in every seven women is confronted with a
diagnosis of breast cancer in her lifetime. Several improvements in breast cancer care
in the past decades have led to a significant reduction in breast cancer mortality, and
this mortality continues to decline with further improvements in breast cancer care.

The implementation of breast cancer screening programmes has resulted in a
significant reduction in breast mortality worldwide. Nowadays, screening programmes
have been implemented in almost all countries with modern health care systems. The
Dutch breast cancer screening programme was introduced between 1989 and 1995.
Women aged 50 to 75 years old are invited to participate in this biennial screening
programme, and the attendance rate has been very high (=80%) since the start.

Improvements in screening such as enhanced reading strategies and advancements
in imaging modalities (i.e., conversion from screen-film to digital mammography) have
led to an increase in programme efficiency. However, continuous improvements in the
various aspects of the screening programme as outlined in the aims of this thesis are
paramount to improve overall programme efficiency.

In chapter 1, a general introduction to this thesis is given.

The main aims of this thesis were:

— to evaluate varying aspects of the breast cancer screening programme in the
southern region of the Netherlands. These studies may contribute to an overview
for screening and diagnostic radiologists and other personnel involved in the
screening mammography programme on the outcome of various types of recall as
well as additional findings found at recall.

— to improve our understanding of causes of delayed diagnosis of breast cancer after
screening mammography, and hopefully providing means to further reduce these
delayed diagnoses to improve the diagnostic accuracy and efficacy of this biennial
screening mammography programme in the southern region of the Netherlands.

In chapter 2, we looked at bilateral recall and bilateral interval cancers. As a
standard screening procedure, a two view mammogram is obtained of both breasts.
These are then assessed by two screening radiologists and both breasts are classified
according to the BI-RADS classification system. Usually, women are recalled for one
breast, but sometimes women experience a bilateral recall. In our study, we found that
2.7% (N=271) of all recalled women had a bilateral recall, which mostly occurred in the
first screening round. This is probably caused by increased vigilance of the screening
radiologist and a lack of earlier mammographic studies available for comparison. In
most cases, the contralateral lesion turned out to be benign and, fortunately, bilateral
breast cancer occurs infrequently. Only 7.4% of women with a bilateral recall were
diagnosed with bilateral breast cancer (N=20), compared to 0.4% in women with a
unilateral recall (N=34) and 0.5% of all recalls (N=54). Despite its rare occurrence,
studies suggest a worse survival for women with bilateral breast cancer compared to
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those with unilateral disease. Vigilance is therefore required when studying both
breasts for abnormalities.

When a cancer is missed or radiologically occult, women may present with an
interval cancer. These cancers account for 25% of the breast malignancies diagnosed in
the screened population. Interval cancers are generally larger, more aggressive, and
have a worse prognosis than screen-detected cancers. Like screen-detected cancers,
interval cancers may also simultaneously occur in both breasts. However, such events
are rare; in a cohort of 468,720 women screened between January 2005 to January
2015, 753 developed an interval cancer and 24 of these were bilateral. Bilateral interval
cancers were larger compared to bilateral screen-detected cancers, a finding which is
also seen in unilateral breast cancer (unilateral interval cancers versus unilateral
screen-detected cancers). Also, bilateral interval cancers showed a higher proportion of
lobular histology and a more favourable histological grade.

In chapter 3, we studied additionally detected lesions at clinical breast imaging
after recall for a specific screen-detected abnormality. These additional lesions are
common and can be found in the breast harbouring the recalled lesion (1 out of
recalled 16 women) as well as in the contralateral breast (1 out of 30 women). These
additionally detected lesions are generally benign (4 out of 5 lesions in the recalled
breast, 6 out of 7 in the non-recalled breast) and predominantly consist of cysts and
fibroadenomas, but in some cases they may prove to be malignant. This cancer can
either be a part of a multicentric or multifocal breast malignancy, it may be a cancer
diagnosed in the contralateral, non-recalled breast in a woman with bilateral breast
cancer or the recalled lesion may be benign whilst the additionally detected lesion is
malignant. The lesions are usually found at additional imaging as part of the diagnostic
work-up, such as ultrasound, digital breast tomosynthesis and, in selected cases, by
breast MRI. Both screening radiologists and clinical radiologists should pay attention to
both breasts as multiple malignant lesions may be present which can influence
treatment strategy and prognosis.

In chapter 4, we studied the frequency and causes of delayed breast cancer
diagnosis after recall at screening mammography. A delayed diagnosis of cancer, not
just breast cancer, continues to pose a problem for physicians involved in breast cancer
care. It may carry a psychological burden it can have a negative effect on the prognosis
and it may be a reason for malpractice claims. Limited data are available on the impact
of delayed cancer diagnosis on breast cancer survival, which can be largely attributed to
the heterogeneity between studies with respect to tumour types, definition of delay
and screening programme characteristics, as well as difficulties in study design to study
the subject. The largely unknown natural history of breast cancer also plays a role in
accurately quantifying the impact of delayed breast cancer diagnosis. Some studies
have suggested spontaneous regression of breast cancers and these tumours would
benefit from an infinite diagnostic delay. The same may be true for low to intermediate
grade tumours, which may never progress to clinically significant disease, especially in
women with a limited life-expectancy due to co-morbidity.
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We hypothesized that, due to many improvements in breast cancer care, including
the introduction of the BI-RADS classification in both screening and diagnostic setting,
multi-disciplinary meetings, advances in imaging modalities and biopsy techniques, the
occurrence of a delay in breast cancer diagnosis would have been significantly reduced
over the years. We observed a reduction in diagnostic delays after recall of 4-24
months (7.5% in 1997-2001 to 3.1% in 2012-2016, P<0.001), but the proportion of
women with a delay of more than 24 months was similar (2.2% from 1997-2006 versus
2.8% in 2006-2016, P=0.29). The most frequent causes of delay were incorrect BI-RADS
classification and false-negative biopsies. Although the impact of a diagnostic delay is
not fully understood, it is important to reduce its occurrence. We found that the
frequency of delays differs between non-teaching and teaching hospitals in our region
(ranging from 0.0% in non-teaching hospitals to 4.8% in teaching hospitals, P=0.027).
Because of similar diagnostic pathways and imaging capabilities in all hospitals, we
think this difference is more likely related to experience of clinical radiologists handling
recall instead of type of hospital (teaching versus non-teaching) or case load. We
suggest that mandatory quality assurance of hospitals handling recall may prove
beneficial.
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General discussion

Detecting breast cancer at an early stage involves several challenges. One of the main
challenges of a successful screening programme is to keep the number of false-positive
referrals within acceptable limits. The number of false positive referrals is an important
indicator of the performance of a breast screening programme. The introduction of
improved screening techniques has resulted in the detection of increasingly smaller
lesions, which may be difficult to characterize and which may cause an increase in the
number of false-positive referrals. Such an increase has been shown in earlier studies
conducted after the transition from screen-film to digital mammography in the
Netherlands."™ False-positive referrals should be avoided as much as possible, as these
can cause substantial psychological distress, decreased screening re-attendance,
unnecessary biopsies, and possibly overtreatment in women participating in breast
screening programmes.”®

Newer imaging modalities used at screening mammography and in hospitals
handling recalled women such as the introduction of breast MRI, digital breast
tomosynthesis and digital mammography, have resulted in an increase of the image
quality. This allows a better depiction of lesions in both breasts and may increase the
probability of recall for a lesion in the contralateral breast as well. Unfortunately, little
is known about the frequency and outcome of bilateral recall in women participating in
a breast cancer screening programme. The same is true for the impact of additionally
detected lesions at recall such as ipsilateral or contralateral findings. In this thesis, we
aimed to evaluate the frequency of bilateral recall and analysis of additional lesions
after recall.

As mentioned previously, the importance of a timely diagnosis of breast cancer has
been demonstrated in earlier studies, and a delayed breast cancer diagnosis may lead
to a decreased survival rate. Despite improvements in breast cancer detection, delayed
diagnoses in screened women still occur.” In this thesis we tried to identify the causes
for these delays and we discuss options that could lead to a reduction in the
proportions of delayed breast cancer diagnosis in women attending a screening
programme.

Bilateral recall and bilateral cancers

Bilateral recall at screening mammography is not a frequent event.”®"® We found that

2.7% of recalled women were recalled for a suspicious lesion in both breasts, a
percentage comparable to the proportion of bilateral recalls reported earlier."*** Most
bilateral recalls occurred in the first round of screening, a finding that can be explained
by an increased vigilance of the screening radiologists and a larger degree of
uncertainty due to the absence of earlier mammograms for comparison. We found a
higher percentage of bilateral recalls in women with a true positive recall at initial
screening compared to subsequent screening rounds, which may be related to the
increased vigilance of the screening radiologist as well.
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The uncertainty among screening radiologists when bilateral lesions are found in
women attending the screening programme for the first time, also appears to have its
impact on the clinical radiologists, who are involved in the diagnostic work-up in the
hospital. This seems to be reflected by a larger proportion of women who are biopsied
after bilateral recall than after unilateral recall. However, to our knowledge no studies
have been performed yet that investigate the influence of the screening radiologists’
opinion on the opinion of the clinical radiologist. The clinical radiologists may also be
more inclined to perform a biopsy in the case of equivocal findings, resulting in a lower
positive predictive value (PPV) of biopsy and potential psychological and physical harm
for the patients. Studies have found that the psychological effect of recall is transient,
but it can be present for more than a year after recall and it may have adverse
psychological consequences at the time of subsequent screening in women who have
undergone biopsy at a previous recall.”®®" Better characterization of lesions might
improve the PPV, as has been reported in a study from the United Kingdom, in which a
reduction of 33% in the number of benign biopsies was observed following the
additional use of digital breast tomosynthesis (DBT) after full field digital
mammography (FFDM) screening. A reduction of biopsies for bilateral lesions by the
use of DBT has yet to be proven, preferably in a study with a similar design, but we
expect that such a study will also show a decrease in unnecessary biopsies in lesions in
the contralateral breast.”> The UK-study mentioned above shows the importance of
using additional diagnostic modalities by the clinical radiologists to prevent
unnecessary biopsies.

We showed that mammographic abnormalities at recall differ between bilateral
and unilateral recall. Index lesions at bilateral recall were more often characterized as
suspicious calcifications compared to index lesions at unilateral recall, which were more
often characterized as masses. Alertness among screening radiologists may be higher
for calcifications than for other, more subtle lesions. However, detecting these more
subtle abnormalities is equally important. Studies have reported that especially invasive
lobular carcinomas can be difficult to detect at screening mammography, as they
frequently present as small architectural distortions, focal asymmetries or may not
present with mammographic abnormalities at all. The detection of these lesions
requires increased vigilance by the screening radiologists. It also necessitates a second
look by the clinical radiologist in case of referral to determine if additional imaging at
recall is warranted after carefully assessing the remaining breast tissue outside the
abnormality for which the woman was recalled."®*>**

The difficulty of detecting specific abnormalities on screening mammograms is
reflected by the increased proportion of invasive lobular carcinomas found among
interval cancers.”>** Interval cancers are cancers that are found between two screening
rounds. In our biennial screening programme, 25% of breast cancers detected in
women participating in this programme were interval cancers. This percentage is
comparable to the figures observed in other population-based screening programmes
applying biennial mammography.“s’26 Bilateral interval breast cancer was seen in 3.2%
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of all women with interval cancers, with a slightly higher proportion of invasive lobular
carcinoma in interval index cancers compared to screen-detected index cancers,
although this difference was not statistically significant (P=0.09). Index lesions in
interval cancer were defined as the largest lesion at pathology in the case of bilateral
interval cancer.”

We found that women with a bilateral recall had a larger index tumour than those
with a unilateral recall, and there was a tendency for their index tumours to have a
worse B&R grade and a higher risk of lymph node invasion, although the observed
differences were not statistically significant. We do not have a clear explanation for
these findings. The cancers in our study showed comparable histological distributions
after unilateral and bilateral recall. Tumours in synchronous bilateral breast cancers
(tumours diagnosed within 3 months of each other) may be considered as two
biologically separate malignancies, but this does also not provide an explanation for the
increased size of tumours after bilateral recall. >/

Our data showed that mastectomy was more frequently performed after bilateral
recall than after unilateral recall. This can partially be explained by the larger tumour
size, and by the larger proportion of histologically confirmed bilateral breast cancers
after bilateral recall compared to unilateral recall (7.4% versus 0.4%, P<0.001). The
difference may also be explained by a preference of the women to undergo bilateral
mastectomy when they are recalled for both breasts, even when one of the lesions is
proven to be benign. In more recent years, studies in the USA have shown an increase
in the rate of contralateral prophylactic mastectomy.”®** This trend was not seen in
Europe, although only a limited number of studies are available on this subject.***
According to some studies, the primary reason for choosing contralateral prophylactic
mastectomy is reported to be fear of developing contralateral breast cancer after a
woman has already suffered from breast cancer in one breast,*>** One study reported
that most women interviewed demanded?/required that their risk of contralateral
breast cancer should be more than halved after prophylactic mastectomy to justify the
procedure.*® Therefore, results from our study need to be interpreted with care as we
did not take patients’ preferences into account when comparing mastectomy and
breast conserving surgery.

Fortunately, bilateral recall occurs infrequently at screening (2.8% of all recalls). In
7.4% of bilateral recalls, breast cancer is found in both breasts. Increased vigilance
remains required for both screening and clinical radiologists to detect both the index
cancer and the contralateral breast cancer to prevent the occurrence of contralateral
interval cancers.** Although data is sparse, bilateral interval cancers in women
enrolled in a biennial screening programme occur infrequently (3.2%).%* In the future,
further improvements in imaging modalities used at screening, such as digital breast
tomosynthesis, may increase the bilateral recall rate, which may help to reduce the risk
of bilateral interval cancers, although this could come at the expense of an increased
false-positive recall rate.”>** However, it is likely that the higher recall rates and higher
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false positive rates will decrease again when more experience is obtained with the use
of DBT in screening mammography.***>*

Additional findings

In our studies, we found that in roughly one out of 16 recalled women an additional
non-recalled lesion in the ipsilateral breast was found by the clinical radiologist which
warranted further analysis. Furthermore, in one out of 30 recalled women a
contralateral suspicious, non-recalled lesion was found. No other studies are available
on additional ipsilateral and contralateral findings after recall at screening
mammography. The majority of lesions in the ipsilateral and contralateral breast were
benign, with the majority being cysts and fibro-adenomas. This largely corresponds
with results from earlier studies on additional findings in contrast-enhanced
mammography, ultrasound and MRI, although these studies were not performed in
recalled women.*” ™ One out of five additionally detected ipsilateral lesions proved to
be malignant. The majority of the lesions were part of multifocal or multicentric
disease, and most of the lesions were invasive ductal carcinomas. Multi-focal and multi-
centric carcinomas may have a significant impact on 5-year survival rates, and their
detection may lead to significant changes in therapy.SO In our study on contralateral
additional findings, we found that one out of seven contralateral non-recalled lesions
were malignant. In the majority of cases, women proved to have synchronous bilateral
breast cancer. As mentioned before, synchronous bilateral breast cancer may have a
negative impact on survival.

In our region, the screening mammograms of recalled women are viewed again by
the clinical radiologist, and a new mammogram is routinely performed (with or without
DBT and with or without contrast enhancement). Subsequently, in accordance with
Dutch and European guidelines, breast ultrasonography is routinely performed of the
qguadrant where a suspicious mammographic lesion is found. In our study, 26% of
additional ipsilateral malignancies in our study were initially found using ultrasound.>*?

Just like ultrasound, the use of breast MRI may also increase the chance of finding
additional lesions, and in our studies around 26% of ipsilateral and 41% of contralateral
non-recalled malignancies were found with breast MRI. According to Dutch guidelines,
indications for breast MRI include the evaluation of multicentric, multifocal or
contralateral disease in case of invasive lobular carcinoma, as well as the determination
of tumour size in dense breasts.” In selected cases, its use is recommended as a
problem solving-tool for indeterminate lesions at mammography and/or
ultrasonography. Routine use of breast MRI is not recommended in the Dutch and
European guidelines.”™

Although most of the additionally detected lesions in both the recalled and non-
recalled breast are benign (i.e., cysts and fibroadenomas), both the screening
radiologist and clinical radiologist should pay attention to both breasts as additional
malignant lesions may be present which could be part of a multifocal or multicentric
malignancy or may present as synchronous contralateral breast cancer in addition to
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malignant index lesions. These additional lesions may require a shift in the surgical
planning from breast conserving surgery to mastectomy, or the addition of
radiotherapy or (neo-)adjuvant chemotherapy to the treatment regimen. Suboptimal
treatment of these lesions may have a significant impact on disease-free and overall
survival.

Delayed diagnosis

Delayed diagnosis of cancer, not just breast cancer, continues to pose a problem for
physicians involved in cancer care. Not only do these delays carry a psychological
burden for the patients, they may also have a negative impact on their prognosis and
are often a reason for malpractice claims.”**** Little is known on the prognostic
implications of a delay in the diagnosis of breast cancer in screened women. However,
due to the recent emergence of the novel 2019 Corona-virus (COVID-19), authors of a
recent UK-based study calculated that the delay in cancer diagnosis due to limited
access to cancer screening may eventually cause a substantial increase in cancer
related deaths of 7.9% to 9.6% up to year 5 after diagnosis.s‘r"56 Another study from the
UK concluded that the delay in surgery in cancer patients in general may have a
significant negative impact on life-years gained, with a possible reduction of 2.19 life-
years gained per patient for a delay up to 6 months. Although no subgroup analysis was
performed for breast cancer patients, it is expected that the delay in breast cancer
diagnosis due to the COVID-19 epidemic will have an impact on breast cancer survival,
although studies are needed to assess whether this is a significant impact. Earlier
studies before the COVID-19 pandemic have also looked at delayed diagnosis of breast
cancer and its prognostic implications, but there is a large heterogeneity in tumour
types, definitions of delay and screening programme characteristics among studies,
which make an adequate analysis difficult. At the same time, a study design to
adequately determine the effect of delayed diagnosis in breast cancer is very difficult
and is limited to observational studies due to ethical concerns.

In a recent study in our population, covering a screening period of 11 years, a
survival analysis was performed comparing interval cancers that were considered
missed at prior screening versus tumours considered occult on prior screening. No
differences were found in the overall survival between the groups. These results were
not compared with survival after diagnosis of screen-detected cancers, but do show
that despite missing the tumour at screening, survival would still be comparable to true
interval carcinomas.”’ Recently, a study by Irvin et al. looked at disease specific
mortality among patients with screen-detected and interval breast cancer and reported
a higher disease specific mortality for patients with interval cancers detected within
one year of a negative mammogram at screening. However, the authors note that this
difference may not be entirely accounted for by the delay in diagnosis but is more likely
to have been caused by a biologically more aggressive behaviour of the interval
cancers, compared to the screen-detected cancers. They also reported that breast
cancers found one until 2.5 years after a negative screening mammogram were more
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likely to be early stage tumours compared to tumours found within one year after
screening, which was also attributed to their more aggressive behaviour. A limitation of
the study is that differentiation between true interval carcinomas and missed
carcinomas could not be made on data available. Also, the results from this US-based
study need to be interpreted and extrapolated to our population with care because of
the differences between the screening programmes in the Netherlands and the United
States with respect to screening intervals. Further studies in our population with longer
follow-up are needed to provide more convincing results on possible survival
differences between screen-detected cancers, true interval carcinomas and interval
carcinomas considered missed at prior screening.”®

The impact of a diagnostic delay is difficult to quantify in detail because of the
largely unknown natural history of asymptomatic breast cancer. Some authors have
even suggested the possibility of spontaneous breast cancer regression.sg'62 These
cancers would never have a significant impact on patient survival and therefore would
theoretically benefit from an infinite delay in diagnosis. Also, part of the lesions with a
low to intermediate malignant potential could benefit from infinite diagnostic delay, as
there is a chance that these lesions might never develop into a clinically relevant breast
cancer. This is especially the case in elderly women and others with limited life
expectancy due to comorbid conditions. Measuring overdiagnosis and overtreatment is
difficult, and estimates of the amount of overdiagnosis are generally based on the
modelling of observational data. A recent study concluded that a reasonable estimate
of the overdiagnosis rate at screening mammography appears to be between one and
10%.%> Until we are able to discriminate with a high degree of confidence between
lesions that will require treatment and those lesions that will not, this percentage of
overdiagnosis is likely to persist. One of the important topics of debate is the treatment
and diagnosis of ductal carcinoma in situ (DCIS). Tumour characteristics are being
investigated that play a role in predicting behaviour of DCIS, and several studies have
been started in an attempt to assess management of low and intermediate grade DCIS,
i.e., the Low-Risk DCIS (LORD) study from the Netherlands and the European
Organisation for Research and Treatment of Cancer (EORTC), and the Low-Risk DCIS
(LORIS) study from the United Kingdom.**® Lack of accurate estimates of overdiagnosis
and overtreatment impede an adequate analysis of the influence of delayed breast
cancer diagnosis on the survival of patients.

In this thesis, we hypothesized that, due to improvements in the past decades such
as multi-disciplinary meetings, advancement in imaging modalities and biopsy
techniques, and specialization of health care professionals in breast diseases, the risk
and length of delay in breast cancer diagnosis after screening mammography would be
significantly reduced. We observed a reduction in the overall percentage of recalled
women with a diagnostic delay of at least 4 months (7.5% in 1997-2001 to 3.1% in
2012-2016, P<0.001). However, after more than two decades of screening
mammography, a similar proportion of women is still faced with a diagnostic delay of
breast cancer of at least 24 months compared to 20 years ago (2.2% from 1997-2006
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versus 2.8% in 2006-2016, P=O.29).9'15'16 Unfortunately, we and others do not have
detailed information on histology and other tumour characteristics from the oldest
cohort. This impedes analysis of changes in tumour histology in delayed breast cancer
diagnosis. Therefore, the influence on tumour histology on the occurrence of delay
cannot be adequately determined. Future studies into this influence could shed light on
the shift from shorter to longer delays in breast cancer diagnosis among screened
women.

The BI-RADS system was introduced in the Dutch screening setting in 2009, along
with the replacement of screen-film by digital screening mammography.s’l'es’67 Its use
has increased inter-observer agreement between breast radiologists and has the ability
to help guide diagnostic pathways. The organization of the screening mammography
programme in the Netherlands differs from other countries as screening and workup
after recall are not integrated. Instead, there are separate pathways. Screening
mammography for most women is taking place in mobile units, whereas the diagnostic
work-up is performed in the hospitals in the screening region, to which the women are
referred by their general practitioner.

The Dutch screening programme is subject to quality assurance, in accordance with
EUSOBI and IARC guidelines.”™® In contrast to the screening units and screening
radiologists, the hospitals handling recalls are not subject to quality control, and the
departments handling the recalls are not always staffed by dedicated breast
radiologists. We found a difference in the proportion of long (>24 months) diagnostic
delays in teaching hospitals versus smaller hospitals (P=0.027), with the proportion of
delay varying from 0% in one of the non-teaching hospitals to 4.8% (highest proportion)
in one of the teaching hospitals. Diagnostic pathways in the hospitals in our region are
similar due to national guidelines, and there are no notable differences in diagnostic
imaging facilities between hospitals. Therefore, we believe that it is more likely that the
differences in proportions of delay are rather caused by differences in experience of
radiologists (performance of dedicated breast radiologists versus non-dedicated
radiologists) handling recall than by the type of hospital (non-teaching versus teaching)
or case load.

We think that mandatory quality assurance programmes in hospitals handling recall
may prove beneficial. Positive effects of such programmes have been proven in other
screening programmes in the Netherlands, such as the cervical cancer and large bowel
cancer screening programmes, which have embedded quality assurance with respect to
structured assessment after recall. In cervical cancer screening for example, there is
both internal and external quality assurance for laboratories, primary care facilities, and
other departments involved in the screening process. Also, there are special
programmes for continuing education, not only for laboratories and personnel handling
diagnostic material, but also for pathologists interpreting diagnostic specimens, medical
microbiologists, and other disciplines involved in screening.”” In the Dutch screening
programme for colorectal cancer, endoscopists are only allowed to perform the
screening related endoscopies after they are accredited by following a special
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programme, and continuous monitoring of performance and continuing education are
mandatory to keep the accreditation.”® In the Dutch breast cancer screening
programme, as mentioned previously, a mandatory accreditation is necessary for
screening radiologists to be able to participate in the screening programme. However,
there are no forms of accreditation for clinical radiologists performing the diagnostic
work-up in the women referred to their hospital. We believe that an accreditation for
clinical radiologists, similar to accreditations for screening radiologists, screening
endoscopists in the bowel cancer screening and professionals involved in cervical
cancer screening is required and that this will substantially benefit the quality of the
Dutch screening mammography programme™®’®”?, including a further reduction in
diagnostic delays.

Centralization of care could further improve breast care in the Netherlands, and
this issue has both opponents and advocates. The centralization of complex treatments
has been shown to improve treatment outcome and survival for several types of
cancer. Convincing results have been published regarding the centralization of care for
gastric and pancreatic cancer in the Netherlands and for breast cancer in Canada.'””>”®
However, due to differences in demographics and patient volumes the positive effects
of centralization of care, as seen in countries such as Canada and the United States,
may not applicable to a country such as the Netherlands, where breast cancer is
already a high-volume disease in most hospitals. Further centralization of breast cancer
care in a select number of hospitals might seem feasible, but utmost care must be
taken to guarantee continuity of care and to prevent delay in the diagnosis and
treatment. In the Netherlands, several regional networks were created to improve
collaboration between hospitals in different regions and these initiatives have been
successful. One good example is the Oncologisch Netwerk Zuidoost-Nederland
(OncoZON). Such regional networks could also serve as a platform for the swift
implementation of quality assurance programmes as suggested above, and for
performing regular audits in hospitals involved in breast cancer care in different regions
in the Netherlands.

As mentioned before, limited knowledge is available on the impact of delayed
diagnosis on the survival of asymptomatic breast cancer. This is mainly caused by
heterogeneity of studies performed and data that can only be obtained from
observational studies. However, despites decades of improvements, delayed diagnosis
persists, and better understanding of its causes and impact on prognosis might result in
additional improvements of the Dutch screening programme. The recent COVID-19
pandemic has introduced an (although unwanted) opportunity to study the effects of a
delay in breast cancer diagnosis due to limited access to screening programmes and
breast cancer care programmes during a period of five months. This might shed some
light and could help us to better understand the impact of a diagnostic delay on the
prognosis of breast cancer patients. To further reduce delays and to optimize the
screening programme, we think that the quality assurance programme that is currently
used for screening radiologists should also be applied to the clinical radiologists
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responsible for the diagnostic work-up in recalled women, similar to the screening
programmes for colorectal and cervical cancer. Centralization of selected cases of
breast cancer care, such as those with triple-negative disease, and a more active role
for the available regional networks might contribute to the continuing improvement of
the quality and effectiveness of the Dutch breast cancer screening programme.
Although a lot of progress has been made in the past decades, there is still a lot of work
to be done.

Future perspectives

Continuous monitoring and improvements in the Dutch breast cancer screening
programme are important to optimize programme efficacy. Despite many
advancements in breast cancer screening and breast cancer care in the past decades, a
delayed diagnosis of breast cancer after recall as well as the presence of interval
cancers and false positive recalls continue to occur and continue to hamper programme
efficiency.

Improvements are possible on several aspects of the screening programme as well
as in the clinical setting for women who have been recalled. Improving image quality at
screening may allow for a better depiction of lesions, especially the smaller lesions
which would otherwise be considered as equivocal. This may help the screening
radiologist in assigning an adequate BI-RADS classification, which in turn would improve
the diagnostic work-up in the clinical setting. Several studies have been performed to
evaluate the use of newer imaging modalities such as DBT and breast MRI in a
screening setting, with promising results.”>**””’® They have shown increased cancer
detection rates, with equal or lower referral rates. Future studies should focus on the
feasibility of implementing these imaging modalities in daily practice, as screening
requires a fast and efficient imaging modality with a low radiation dose. The influence
on the false positive referral rate and interval cancer rate should be investigated in
comparison to current screening standards to see if a significant change is to be
expected when introducing these imaging modalities in screening programmes across
the country. Also, the cost effectiveness of these modalities in screening are subject of
debate and it needs to be determined if implementing new imaging modalities such as
DBT and MRI in a screening setting are feasible and cost-effective.” Improvements in
screening such as DBT might also decrease the amount of additional lesions found at
recall, which could help in the up-front differentiation of multicentric/multifocal or
bilateral breast cancer, and may reduce the psychological burden when an additional
lesion is found at recall which was not detected at screening.

Quality assurance is currently mandatory for radiologists involved in the screening
mammography programme in the Netherlands. The radiologists need to obtain and
maintain their accreditation to participate in the screening programme. This is done by
continuing education, participating in workshops, and undergoing regular quality
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checks. Recently, a software system has been implemented in our screening region
(ScreenlIT), which allows the screening radiologist to obtain a quick and accurate
feedback on his or her performance. A recent study has shown that feedback on
screening results improves the performance.®® Thus, continuous feedback could help
improve screening efficiency on an individual level, and ultimately on programme level.
Currently, a software system is also being built which allows for feedback on diagnostic
specifics including pathology outcome, results of multidisciplinary meetings, reports of
other radiological examinations performed in the recall setting, and data on final
treatment. This is expected to further improve performance of screening radiologists
involved in the screening mammography programme in our region.

Currently, quality assurance is not mandatory in the clinical setting. The
organization of the screening programme and recall rate in the Netherlands differ from
other countries, probably because the screening setting is not integrated in the clinical
setting. Each hospital in the Netherlands is allowed to perform the diagnostic work-up
of recalled women. There are several teaching and several non-teaching hospitals in
our screening region. Currently, the clinical radiologists in these hospitals who perform
the diagnostic work-up are not subject to quality assurance programmes, contradictory
to the screening radiologists. As mentioned before, we believe that providing quality
assurance such as audits, feedback systems and regular education could improve the
performance of the clinical radiologists involved in the diagnostic work-up of recall
women, and that this will decrease the number of erroneous BI-RADS classifications,
one of the most common causes of a delayed breast cancer diagnosis found in our
region. Also, false-negative biopsy results may partially be caused by erroneous BI-
RADS classifications. This may also improve with a better performance of the radiologist
handling recall. Regional cancer network groups have been implemented to further
improve both breast cancer care and cancer care as a whole in the southern region of
the Netherlands. These regional network groups could help to facilitate quality
assurance programmes, in coordination with the Dutch Ministry of Health, Welfare and
Sport and the National Institute for Public Health and Welfare (RIVM), to help improve
efficiency and accuracy of the radiological work-up after recall.
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The number of Dutch women confronted with a diagnosis of breast cancer each year is
among the highest in Europe. To prevent death from breast cancer, a nationwide
biennial screening programme has been implemented in the Netherlands between
1989 and 1996. The effectiveness of this programme is demonstrated by the substantial
reduction of the breast cancer mortality rates over the past decades. Despite the
success of the programme, there is still room for improvement.

The research described in this thesis was performed to look at several aspects of

the screening programme, which might provide opportunities for improvement. These
aspects include the detection of multiple lesions and delayed diagnosis in screened
women. The studies that were done are probably of value for both screening and
diagnostic radiologists, as well as for other personnel involved in breast cancer
screening.
The studies in the first part of this thesis focused on the outcome of various types of
recall (referral) to the hospital after breast cancer screening was performed, such as
recall for both breasts at the same time. We found that synchronous bilateral breast
cancer, which is breast cancer occurring in both breasts at the same time, did not occur
frequently in referred women. However, it is important to evaluate both breasts in
order to avoid missing a tumour in one of the breasts. Studies that have been
performed over the years suggest a worse outcome for women with bilateral breast
cancer, which is why it is important to reduce the delay in diagnosing bilateral breast
malignancies and to start therapy as soon as possible.

The second part of this thesis focused on additional findings after recall. In the
hospital, several diagnostic tests (e.g.,, mammography, ultrasonography and breast
MRI) are performed to analyse whether women truly have breast cancer. During these
tests, the radiologist may encounter additional lesions in the same breast for which a
woman has been recalled, or in some cases in the contralateral, non-recalled breast as
well. We analysed these additional lesions, as they can have an impact on the choice of
treatment. We found that these lesions were mainly benign, but a small proportion
proved to be malignant. Although it is important to correctly analyse the lesion
detected at screening, it remains equally important to carefully examine the other
areas of both breasts to see if any tumours were missed (or invisible) at screening.
Additional lesions found after recall may influence treatment strategy and survival, and
a timely diagnosis of these lesions is important.

The third part of this thesis focused on delay in breast cancer diagnosis after recall.
Despite improvements in the past decades, delayed diagnosis of breast cancer
continues to pose a problem in screened women. It also carries a psychological burden,
it can have a negative effect on survival and it may result in malpractice claims. We
expected a more rapid decline of the number of women with a delayed diagnosis over
the past two decades, but this was only true for recalled women who faced a diagnostic
delay of less than 24 months. The proportion of longer delays (more than 24 months
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after recall) was stable over the years. Interestingly, we found a difference between
teaching and non-teaching hospitals in the proportion of women experiencing a delay.
Because guidelines and diagnostic facilities are similar for all hospitals in our region, we
think that it is more likely that this difference is caused by experience of the
radiologists. We feel that the number of diagnostic delays can be reduced by improving
the quality of the assessments performed in recalled women by the hospitals.
Currently, quality assurance is only mandatory for the screening programme. Screening
radiologists have to obtain an accreditation by a national training programme, they
have to attend breast radiology courses regularly and receive continuous feedback on
their performance. In other Dutch screening programmes such as cervical cancer
screening and large bowel cancer screening, quality assurance is mandatory in the
hospitals and laboratories handling recalled patients. In our opinion, the introduction of
quality assurance in the hospitals handling recall after breast screening will help to
reduce delays in breast cancer diagnosis.

As mentioned before, we aimed to create an overview for health care providers
involved in breast cancer screening. We believe that the results of our research are
useful for both screening and diagnostic radiologists involved in breast cancer screening
and recall. By presenting our research at international and national meetings, we hoped
to inform radiologists about the specifics concerning bilateral recall, bilateral breast
cancers, bilateral interval cancers and additional lesions found at recall. We also aimed
to make them aware of the importance of carefully assessing both breasts, which could
help prevent the so called “satisfaction of search”. Satisfaction of search can occur
when, for example, one focusses on one lesion and therefore misses a second tumour
in the same or the other breast.

At the same time, making radiologists aware of the frequency of delayed cancer
diagnosis and its causes is expected to lead to increased vigilance in the recall setting as
well. Hopefully, this research will stimulate radiology departments to assess and
improve their breast cancer care for screened women, for example by introducing
quality assurance and regular feedback. This could lead to a reduction in delayed breast
cancer diagnoses, ultimately improving the breast cancer screening programme as a
whole.

As shown in the past decades, increasing effectiveness of the breast cancer

screening programme has had a significant impact on mortality related to breast
cancer.
Programme effectiveness can be increased even more by reducing the number of false
positive findings. False positive recalls are women who are referred to the hospital for
a lesion at breast cancer screening but do not have breast cancer. The rate of false
positive recalls is an important quality indicator in screening programmes overall, not
only in breast cancer screening. Although not studied in this thesis, we think a decrease
in the number of false positive findings could also help to reduce psychological burden
for women attending the programme, something which will ultimately benefit all those
involved in screening.
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Another important indicator is programme sensitivity, which shows the ability of
the screening programme to detect breast cancer. Improving programme sensitivity is
beneficial for programme effectiveness. A higher programme sensitivity will also help to
reduce the occurrence of interval cancer, another important indicator of screening
programme quality.

When the burden of breast cancer can be reduced even more in the near future
due to a higher programme effectiveness, this would not only benefit women on the
individual level, but potentially on population level as well. It could lead to a further
decrease in loss of life, and at the same time (through early detection) could help to
decrease healthcare costs. Hopefully, boosting programme effectiveness will also lead
to even higher screening programme attendance, due to an increased trust among
eligible women in the effectiveness of the programme.

The screening programme has shown its effectiveness over the past decades.
However, we do think that continuous evaluation and optimization of the quality
indicators mentioned above will improve the programme even more in the future.
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