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ABSTRACT

Purpose Assessment of age group-dependent detection

rates of invasive breast cancers among participants in mam-

mography screening including the interval, classified into

immunohistochemical subtypes indicating the intrinsic tumor

aggressiveness.

Materials und Methods The target population comprises

women aged 50 – 69 years. All invasive breast cancers diag-

nosed in one screening (sc) unit during the implementation

phase 1/2006 – 12/2010 or identified by the cancer registry

during the biennial interval (iv) were categorized based on

hormonal-receptor status (HR) and Her2-expression (Her2)

into the following subtypes: a) HR+ Her2-, b) HR+ Her2 +, c)

HR– Her2 + or d) HR– Her2– (triple-negative); Her2 + and tri-

ple-negative types were defined as aggressive. The calculated

detection rates (DR, ‰) were based on 53 375 sc-examina-

tions and for the interval on 52 887 sc-negative examinations.

Results The DRs of all subtypes were higher in screening

versus the interval: (a) 4.95‰ (n = 264) vs. 1.00‰ (n = 53);

b) 0.92‰ (n = 49) vs. 0.25‰ (n = 13); c) 0.36‰ (n = 19) vs.

0.06‰ (n = 3); d) 0.39‰ (n = 21) vs. 0.19‰ (n = 10). 77.4‰

(89/115) of all aggressive breast cancers including the follow-

ing 2-year interval were diagnosed by screening. The sum of

the DR of aggressive cancers was 1.67‰ in screening and

0.49‰ in the interval; the corresponding DRs for women

aged 60 – 69 years [sc: 2.24‰ (51/22 814), iv: 0.58‰ (13/

22 536)] were higher than among women aged 50 – 59 years

[sc: 1.24‰ (38/30 561), iv: 0.43‰ (13/30 351)].

Conclusion Screening has the potential for earlier diagnosis

of aggressive tumor types as its detection rate is about

three-fold higher compared to the interval. Within the target

group, participants aged 60 – 69 years are at risk based on

absolute numbers. They show a nearly two-fold higher detec-

tion rate of Her2-positive or triple-negative tumors compared

to the age group 50 – 59 years.

Key Points
▪ Her2-positive and triple-negative detection rates are high-

er in screening than in the interval.

▪ 77% of aggressive subtypes are diagnosed by screening,

23% during the 2-year interval.

▪ The detection rate is highest among women aged

60 – 69 years in screening.
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ZUSAMMENFASSUNG

Zielsetzung Ermittlung der altersgruppenabhängigen De-

tektionsraten invasiver Mammakarzinome im Mammografie-

Screening einschließlich des Intervalls, differenziert nach

immunhistochemischer Subtypisierung als Parameter der

intrinsischen Tumoraggressivität.

Material und Methode Die Zielgruppe sind 50 – 69-jährige

Frauen. Alle in einer Screening-Einheit während der Imple-

mentierungsphase 1/2006 – 12/2010 in Screening (Sc)-Unter-

suchungen und im folgenden 2-jährigen Intervall (Iv) diagnos-

tizierten invasiven Mammakarzinome wurden anhand des

Hormonrezeptorstatus (HR) und der Her2-Expression (Her2)

folgenden Subtypengruppen zugeordnet: a) HR+ Her2-, b)

HR+ Her2 +, c) HR– Her2 + oder d) HR– Her2– (triple-negativ);

Her2 + und triple-negativ wurden als aggressiv definiert. Die

ermittelten Detektionsraten (DR, ‰) basierten auf 53 375 Sc-

Untersuchungen und für das Intervall auf 52 887 Sc-negativen

Untersuchungen.

Ergebnisse Die DR aller Subtypengruppen waren im Scree-

ning höher als im Intervall: (a) 4,95‰ (n = 264) vs. 1,00‰

(n = 53); b) 0,92‰ (n = 49) vs. 0,25‰ (n = 13); c) 0,36‰

(n = 19) vs. 0,06‰ (n = 3); d) 0,39‰ (n = 21) vs. 0,19‰

(n = 10). 77,4 % (89/115) aller aggressiven Mammakarzinome

einschließlich des folgenden 2-Jahresintervalls wurden im

Screening diagnostiziert. Die Summe der DR aggressiver Kar-

zinome betrug im Screening 1,67‰ und im Intervall 0,49‰;

dabei lagen die DR bei den 60 – 69-Jährigen [Sc: 2,24‰

(51/22 814), Iv: 0,58‰ (13/22 536)] höher als bei den 50 –

59-Jährigen [Sc: 1,24‰ (38/30 561), Iv: 0,43‰ (13/30 351)].

Schlussfolgerung Screening hat das Potenzial einer Diagno-

sevorverlagerung aggressiver Tumorsubtypen bei einer etwa

3-fach höheren Detektionsrate als im Intervall. In der Ziel-

gruppe bilden 60 – 69-Jährige bezüglich der absoluten Diag-

nosehäufigkeit eine Risikogruppe mit einer nahezu doppelten

Detektionsrate Her2-positiver oder triple-negativer Tumoren

im Vergleich zu 50 – 59-Jährigen.

Introduction
Interval cancers are breast cancers diagnosed in the interval, i. e.,
the time between two screening examinations. It is known that in-
terval cancers include more aggressive phenotypes with a higher
histological grade, higher TNM stage, and higher percentage of
hormone-receptor-negative, Her2-positive and triple-negative
cancers than cancers detected during screening [1]. Estrogen
and progesterone receptors, collectively referred to as hormone
receptors (HRs), and the human epidermal growth factor receptor
(human epidermal growth factor receptor 2; Her2) are biomarkers
that express breast tumors [2, 3]. Based on the St. Gallen consen-
sus recommendations [4], the determination of these immuno-
histochemical markers for invasive breast cancers is established
in clinical practice based on their predictive information and can
be used to analyze the intrinsic aggressiveness [5].

Since among participants in mammography screening over
75% of all breast cancers occurring in a 2-year period are detected
in screening and consequently a significantly lower percentage of
cancers are diagnosed in the interval [6], distribution analyses of
subtypes are based on uneven group sizes for screening and the
interval. The mammography screening programmakes it possible
to evaluate breast cancer diagnoses in relation to performed
examinations with differentiation of the interval based on the
systematic documentation of all screening examinations together
with a cancer registry comparison.

The goal of the present scientific study is to determine the age
group-related detection rates of invasive breast cancers among
participants in the mammography screening program including
the interval, differentiated according to immunohistochemical
subtyping as a parameter of intrinsic tumor aggressiveness.

Materials and Methods

Screening process

The German mammography screening program is based on the
European guidelines [7, 8]. The target group for structured early
breast cancer detection includes women between the ages of 50
and 69 years who receive a written invitation to participate in
screening every two years. After screening mammography is per-
formed at a certified unit, the examination undergoes an indepen-
dent second reading. In the event of an abnormal finding, the case
is discussed at a consensus conference including both interpreting
physicians and the physician responsible for the program in order
to determine whether the patient should be referred for further
workup. All screening processes and results are documented in
specialized software which can be used to transfer data to the
state cancer registry [9].

Data collection

Data regarding all women who participated in a mammography
screening program at a screening unit between January 2006
and December 2010 were included. This period of the implemen-
tation phase includes initial and subsequent examinations. The
screening examinations were digital (MicroDose Mammography
MDM, L30, Philips Healthcare, The Netherlands; Mammomat
3000 Nova, Siemens Healthcare, Germany, DirectView CR 975
EHR, General Electric, US, with DirectView CR 975, Carestream
Health, Germany). A digital full-field mammography system (Sele-
nia; Hologic, US) and a high-resolution ultrasound unit (Acuson
S2000; Siemens Healthcare, Germany) were used for further diag-
nostic workup [9, 10].

All relevant screening data were documented using the
screening software (MaSc; KV-IT, Dortmund, Germany). Interval
cancers occurring in a 2-year period after participation in screen-
ing by December 2012 were determined based on the digital
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reporting of screening participation without detection of breast
cancer (negative screening examination) in the state cancer
registry. A documentation delay of other report sources of an ad-
ditional two years was taken into consideration. The pseudony-
mized data were reported to the screening unit [6].

In the defined period, 53 375 screening examinations were
performed (62.2 % initial examinations, 37.1 % regular subsequent
examinations, 0.7 % irregular subsequent examinations defined as
repeat screening participation more than 30 months after the last
screening examination). Two screening examinations were not
able to be fully completed and further diagnostic workup was not
able to be performed in 49 cases. As a result, the screening pro-
cess was not fully completed in 0.1 % of the included examina-
tions. Interval cancer did not occur in any of these cases.

The invasive breast cancers diagnosed in screening (n = 359)
and in the interval (n = 84) were assigned based on the clinical
data regarding hormone receptor status (HR: estrogen receptor
and/or progesterone receptor) and Her2 expression (Her2) to the
following subtype groups: a) HR+ Her2-, b) HR+ Her2 +, c) HR–
Her2 + or d) HR– Her2– (triple-negative). The Her2-positive and
triple-negative carcinomas formed the group of aggressive carci-
nomas. Due to incomplete data, 6 cancers diagnosed in screening
(1.7 %) and 5 in the interval (6.0 %) could not be classified.

Calculations

The proportions of immunohistochemical subtypes of invasive
cancers among all invasive cancers diagnosed in screening, in the
interval, and in the 2-year period (screening plus interval) were re-
corded.

The detection rates per 1000 examinations were related to all
screening examinations in screening and to all screening-negative
examinations in the interval. Screening-negative examinations did
not result in diagnosis of an invasive breast cancer or in diagnosis
of a ductal carcinoma in situ (DCIS) within the screening program.

According to the above definition, the DRs were calculated for
screening and the interval with classification according to subtype
including differentiation of the age groups 50 to 59 years and 60
to 69 years.

Among the invasive cancers, the percentage of UICC stage I
(pT1 pN0 cM0; histological tumor diameter up to 2 cm, not
metastasized) [11] aggressive cancers detected in screening or in
the interval were identified as an early tumor stage, while the
other invasive diseases with a primary tumor greater than 2 cm
and/or metastasis were designated as advanced stages (stage
II+). Diseases having undergone neoadjuvant therapy were ex-
cluded from this subanalysis due to the inability to determine the
histological tumor size at the time of diagnosis.

All analyses were performed using SAS software version 9.4.

Results
359 of the 53 375 examinations performed as part of the screen-
ing program were diagnosed as invasive breast cancers, cor-
responding to a screening detection rate of 6.73‰.

There was a total of 52 887 negative screening examinations
after subtraction of the 359 examinations resulting in diagnosis

of an invasive breast cancer and the 129 examinations resulting
in diagnosis of DCIS. Among the 52 887 negative screening exam-
inations, 84 invasive breast cancers occurred in the two-year inter-
val, yielding a corresponding detection rate of 1.59‰. 81.0 %
(359/443) of all invasive breast cancers and 77.4 % (89/115) of all
aggressive breast cancers including the subsequent 2-year inter-
val were diagnosed in screening.

The percentage frequency distribution of the defined sub-
groups of all invasive breast cancers is shown in ▶ Fig. 1. Aggres-
sive Her2-positive and triple-negative cancers comprised 89 of
359 (24.8 %) invasive cancers from screening, 26 of 84 (31.0 %) in-
vasive cancers from the interval and 115 of the total 443 (26.0 %)
invasive cancers from screening and the subsequent interval
(2-year period).

▶ Fig. 2 shows higher detection rates for all subgroups of inva-
sive breast cancers a-d, as defined in the Materials and Methods
section, in screening than in the interval: a) 4.95‰ (264/53 375)
vs. 1.00‰ (53/52 887); b) 0.92‰ (49/53 375) vs. 0.25‰ (13/
52 887); c) 0.36‰ (19/53 375) vs. 0.06‰ (3/52 887); d) 0.39‰
(21/53 375) vs. 0.19‰ (10/52 887).

The sum of the detection rates for the aggressive Her2-positive
and triple-negative groups was 1.67‰ (89/53 375) in screening
and 0.49‰ (26/52 887) in the interval. The detection rates in
screening compared to the interval for hormone receptor-positive
and Her2-positive cancers, hormone receptor-negative and Her2-
positive cancers, and triple-negative cancers were 3.7, 6, and 2.1
times higher, respectively (▶ Table 1).

Among the aggressive subtypes, 1 of 89 (1.1 %) breast cancers
detected in screening and 1 of 26 (3.8 %) cancers detected in the
interval were treated with neoadjuvant therapy. Additional analy-
sis of the postoperative clinical stage of the breast cancers not
treated with neoadjuvant therapy showed an early tumor stage
(stage I) in 55.7 % (49/88) of the invasive Her2-positive and tri-
ple-negative cancers detected in screening. The corresponding
percentage was lower in the interval [28.0 % (7/25)]. Among the
aggressive subtypes, advanced tumor stages (stage II+) were
seen in 44.3 % (39/88) of cases detected in screening and 72.0 %
(18/25) of cases detected in the interval.

The percentage of triple-negative cancers among the aggres-
sive invasive stage I breast cancers was 30.6 % (15/49) in screening
and 28.6 % (2/7) in the interval.

Age differentiation showed a higher detection rate of all inva-
sive breast cancers among 60 – 69 year-olds both in screening and
in the interval and a higher detection rate of aggressive Her2-po-
sitive and triple-negative cancers compared to the group of 50 –
59 year-olds. In both age groups, the detection rate for aggressive
cancers was higher in screening than in the interval.

For the hormone receptor-positive and Her2-negative sub-
types, the detection rate in screening among 60 – 69 year-olds
compared to 50 – 59 year-olds was higher. However, these rates
were similar in the interval.

In the group of 60 – 69 year-olds, 24.9 % (64/257) of all invasive
breast cancers in the 2-year period (screening plus subsequent
interval) were aggressive, while the percentage was 27.4 %
(51/186) in the group of 50 – 59 year-olds.

Details regarding the age group calculations are provided in
▶ Table 2.

132 Prange A et al. Higher Detection Rates… Fortschr Röntgenstr 2019; 191: 130–136

Breast

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Discussion
The analysis of gene expression profiles identified molecular sub-
types of breast cancer that differ significantly with respect to their
clinical course and treatment response: Luminal A and luminal B,
Her2-positive, basal-like [5]. Based on the St. Gallen consensus

recommendations, a simplified non-identical classification in
which tumors are differentiated in a treatment-oriented manner
on the basis of an immunohistochemical algorithm, particularly
based on hormone receptors and Her2 status, was established in
the clinical routine [5]. It is known that hormone receptor-positive

▶ Fig. 2 Detection rates (‰) of invasive breast cancers in screening and in the interval per subtype. HR+: hormone-receptor-positive, HR–: hor-
mone-receptor-negative, Her2 +: Her2-receptor-positive, Her2–: Her2-receptor-negative, unknown: receptor-status unknown.

▶ Fig. 1 Percentage distribution of invasive breast cancers by subgroups and detection mode. HR+: hormone-receptor-positive, HR–: hormone-
receptor-negative, Her2 +: Her2-receptor-positive, Her2–: Her2-receptor-negative, unknown: receptor-status unknown.
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and Her2-negative breast cancers have a better prognosis than
Her2-positive and triple-negative cancers [12].

The goal of the current study is to differentiate and quantify
cancer detection in screening and in the interval according to
biological aggressiveness.

Accordingly, the subgroup with the highest percentage in
screening (73.5 %) and in the interval (63.1 %) is comprised of the

more prognostically favorable hormone receptor-positive and
Her2-negative breast cancers. 26% of all invasive cancer diagno-
ses from screening and the subsequent interval include aggres-
sive forms which can be categorized as either a Her2 expression
or the triple-negative subtype. The percentage is approximately
1 % lower in the 60 – 69 year-old group and approximately 1 %
higher in the 50 – 59 year-old group. In concordance with the

▶ Table 1 Number of invasive breast cancers and detection rates (‰) of different subtypes by detection modus.

subtypes number of invasive breast
cancers in screening

invasive detection rate (‰) in
relation to 53 375 screening
examinations

number of invasive
breast cancers in the
interval

invasive detection rate (‰) in relation
to 52 887 normal screening examina-
tions

total 359 6.73 84 1.59

HR+ Her2– 264 4.95 53 1.00

HR+ Her2 + 49 0.92 13 0.25

HR– Her2 + 19 0.36 3 0.06

HR– Her2– 21 0.39 10 0.19

unknown 6 0.11 5 0.09

HR+: hormone-receptor-positive, HR–: hormone-receptor-negative, Her2 +: Her2-receptor-positive, Her2–: Her2-receptor-negative, unknown: receptor-
status unknown.

▶ Table 2 Number of invasive breast cancers and detection rates (‰) of different subtypes by detection mode and age group.

subtypes number of invasive
breast cancers in
screening

invasive detection rate (‰) number of invasive
breast cancers in the
interval

invasive detection rate (‰)

age group 50 – 59 in relation to 30 561
screening examinations

in relation to 30 351 normal
screening examinations

total 139 4.55 47 1.55

HR+ Her2– 98 3.21 31 1.02

HR+ Her2 + 22 0.72 5 0.16

HR– Her2 + 9 0.29 2 0.07

HR– Her2– 7 0.23 6 0.20

unknown 3 0.10 3 0.10

Her2 + plus HR– Her2– 38 1.24 13 0.43

age group 60 – 69 in relation to 22 814
screening examinations

in relation to 22 536 normal
screening examinations

total 220 9.64 37 1.64

HR+ Her2- 166 7.28 22 0.98

HR+ Her2 + 27 1.18 8 0.35

HR– Her2 + 10 0.44 1 0.04

HR– Her2– 14 0.61 4 0.18

unknown 3 0.13 2 0.09

Her2 + plus HR– Her2– 51 2.24 13 0.58

HR+: hormone-receptor-positive, HR–: hormone-receptor-negative, Her2 +: Her2-receptor-positive, Her2–: Her2-receptor-negative, unknown: receptor-
status unknown.
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literature, the percentage of aggressive cancers in the total group
was lower in screening (25%) than in the interval (31%) [1]. This
perspective is based on a different group size since 81% of all in-
vasive breast cancers were detected in the screening program
and consequently 19 % in the interval in the current study. The
corresponding percentage of aggressive breast cancers detected
in screening was in 77%.

For an early detection program, the absolute frequency of can-
cer diagnoses is also of interest. By registering all screening exam-
inations in the state cancer registry, analyses can be performed on
the basis of all examinations and not just diagnosed cancers. This
analysis option provides an expanded view of diagnosis rates.

This study shows that all invasive subtypes have higher detec-
tion rates in screening than in the interval. This also applies to the
aggressive types with an approximately three times higher detec-
tion rate in screening on average. The factor is highest among
hormone receptor-negative and Her2-positive cancers (six times).

Given an increasing rate of breast cancer with increasing age
[13], with an emphasis on hormone receptor-positive and Her2-
negative cancers, 60 – 69 year-olds have a higher incidence of ag-
gressive subtypes than 50–59 year-olds. 60 – 69 year-olds have a
3.9 times higher detection rate for aggressive breast cancers and
50 – 59 year-olds have a 2.9 times higher rate in screening than in
the interval.

In screening aggressive invasive cancers are diagnosed early at
stage I in 56% of cases. In contrast, advanced stages dominate in
the interval (percentage of stage I: 28 %). It must be taken into
consideration that the screening detection rate represents the in-
cidence at a particular point in time and the interval detection
rate is the incidence over a 2-year period. Particularly in aggres-
sive breast cancers with faster growth, the chance of being diag-
nosed at a higher tumor stage than in the case of an interval can-
cer is high. Stage I according to UICC is a relevant diagnostic
effectiveness parameter and includes smaller primary tumors
with a diameter of up to two centimeters without regional lymph
node involvement or distant metastasis at the time of diagnosis
[7].

The survival advantage for hormone receptor-negative cancers
is greater for screening detection due to downstaging than for
hormone receptor-positive cancers [14]. A current study regard-
ing breast cancer mortality from the USA shows that both screen-
ing as well as treatment influence the decrease in breast cancer-
specific mortality with variations for the subtypes. The relative
influence of screening compared to treatment is higher for tri-
ple-negative cancers than for other subtypes [14]. In certain
high-risk groups for aggressive cancers such as gene mutation
carriers, a shorter time interval between early detection examina-
tions of less than two years has become established [5].

A strength of our study is that the state cancer registry was
able to provide cancer detection data including interval cancers
in a systematic and standardized manner at the start of screening
implementation. The percentage of unknown subtypes was low
due to a lack of data. Analysis of the postoperative UICC tumor
stages of aggressive breast cancers without preoperative systemic
therapy was largely possible for the study group. As a result of cur-
rent changes to the recommendations regarding neoadjuvant

therapy, the comparison of postoperative data will no longer be
possible to the same extent in the future [5].

It could be a limitation that the evaluation is based on the
results of a single screening unit and thus may not be able to be
transferred to other units. Due to the limited number of cases in
the subgroups, statistical testing and additional analyses regard-
ing age-specific tumor stages was not performed.
The present study relates to the time period of the introduction of
the screening program which primarily includes initial examina-
tions. When the program was first introduced, initial examina-
tions were distributed across the entire target population of 50
to 69 year-olds. First-time participants in the nationally estab-
lished program now tend to be younger, typically 50 years old.
Possible effects of changes in initial vs. subsequent examinations
may limit transferability, particularly in regard to the composition
of the age groups, to an implemented screening program. In the
case of regular participation in subsequent screening, the percen-
tage of slow-growing luminal A cancers with low grading will
decrease.

Conclusion
Among participants in mammography screening, the detection
rates of aggressive Her2-positive and triple-negative invasive
breast cancers is higher in screening than in the interval. In con-
cordance with the higher incidence of breast cancer in older wom-
en, 60 – 69 year-olds represent a risk group for the detection of
aggressive invasive breast cancer. Mammography screening has
the potential to allow early diagnosis with an approximately four
times higher detection rate in this age group and with an approxi-
mately three times higher detection rate in the entire study group
in screening than in the interval.

CLINICAL RELEVANCE

▪ On average, during the implementation phase of the

biennial digital mammography screening program, the

detection rate for aggressive invasive cancers is three times

higher in screening than in the interval, is six times higher

for hormone receptor-negative +Her2-positive cancers and

two times higher for triple-negative cancers.

▪ The stage distribution of aggressive invasive breast cancers

is more favorable in screening than in the interval.

▪ Aggressive invasive breast cancers are diagnosed with the

highest rate among 60 – 69 year-olds in screening, while

the percentage of aggressive cancers diagnosed in the

2-year period is 25%.
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