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Abstract

Background We explored the hypothesis that high-quality standards in diagnostic mammography can lead to an early
diagnosis of breast cancers and identifies at risk populations outside screening programs. The histopathological features
and distribution of the TNM classification were examined in relation to patient age in a large group of women with breast
cancers participating in the Quality Assured Mamma Diagnostic (QuaMaDi) program of the state of Schleswig—Holstein.
Patients and methods Surgical pathological reports were studied for clinicopathological characteristics, receptor status,
molecular subtype and tumor stage. The analysis was conducted by dividing the study population into three age groups:
women under 50 years (pre-screening), 50—69 years (peri-screening) and over 70 years (post-screening).

Results 7.111 biopsies and 2.887 resection specimens were included. Breast cancer was diagnosed in 4.241 (59.7%) cases,
one fourth of them in women < 50 years. Elderly women (> 70 years) had more well-differentiated, estrogen receptor (ER)-
positive and HER2-negative carcinomas, whereas younger women (< 50 years) tended to have more poorly differentiated,
ER negative, and HER2-positive carcinomas. 47% of breast carcinoma were luminal B tumors and were most common
regardless of age. 70.4% of resected specimen had pT1 stage. Nodal negative were 71.2%.

Conclusion In QuaMaDi breast cancer was diagnosed at an early and potentially curable stage of the disease due to high-
quality standards in diagnostic mammography. In addition, regardless of age, an increased number of prognostically unfa-
vorable molecular subtypes were detected. Thus, QuaMaDi helps to identify at risk populations. QuaMaDi significantly
improves diagnostic mammography and complements mammography screening programs.
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Introduction

Female breast cancer is the most commonly diagnosed
cancer in the world (Global Cancer Observatory 2020).
Over the past decades, immense efforts have been made
to improve early diagnosis and treatment. Screening pro-
grams using mammography aim to identify asymptomatic
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cancer at an early disease stage, thereby reducing can-
cer mortality and improving life quality (Andersson et al.
1988; Andersson and Janzon 1997; Bjurstam et al. 2003;
Roberts et al. 1990; Sardanelli et al. 2017). Recent Euro-
pean guidelines recommend the extension of mammogra-
phy screening to a greater age group (European Commis-
sion Initiative on Breast Cancer 2019a, b). Nevertheless,
these screening programs are not available to all women.
In Germany, asymptomatic women aged between 50 and
69 years are offered a mammogram biannually (Robert
Koch Institute 2016). However, women outside this age
range or with breast cancer-related symptoms are excluded
from the German Mammography Screening Program
(GMSP) and obtain diagnostics in standard care (Institute
for Cancer Epidemiology 2006). This indication-based
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mammography outside GMSP is not regulated by high-
quality standards implemented by the GMSP (Institute for
Cancer Epidemiology 2006). Symptomatic breast cancer,
often associated with a diagnostic delay, is usually associ-
ated with more aggressive tumor characteristics and there-
fore with a higher mortality rate than screening-detected
breast cancer. In Germany, approximately 53% of inciden-
tal breast cancer cases are diagnosed outside the GMSP
(Robert Koch Institute and the Association of Population-
based Cancer Registries in Germany 2019). Furthermore,
half of women between 50 and 69 years do not participate
in the GMSP (Cooperative Association of the German
Mammography Screening Program 2019).

In Schleswig—Holstein (SH), the most northern fed-
eral state in Germany, the pilot-project: Quality Assured
Mamma Diagnostic (QuaMaDi) was initiated in 1999 to
improve the quality of indication-based breast diagnos-
tics. QuaMaDi offers a standardized, evaluated diagnostic
process including a clinical examination and an independ-
ent double reporting of mammography by two radiolo-
gists. Women who either are at risk for breast cancer, have
symptoms or already have had breast cancer (after-treat-
ment care) can participate in QuaMaDi regardless of age.
If necessary, further non-invasive or invasive diagnostics
(e.g., biopsy) is provided by the reference center (certified
breast center) (Obi et al. 2011). Quality-standardized doc-
umentation is carried out. Details of QuaMaDi have been
described elsewhere (Obi et al. 2011; Katalinic et al. 2007,
Schaefer et al. 2010). Although QuaMaDi is not a screen-
ing program, it aims to identify breast cancer at an early
disease stage (Institute for Cancer Epidemiology 2006).
Due to excellent results within the pilot region between
2001 and 2005 QuaMaDi has been implemented in stand-
ard care in SH (Katalinic et al. 2007). Until now, no study
has systematically reviewed the biopsy and resection spec-
imens obtained within QuaMaDi. Therefore, we carried
out a retrospective, single center study on all women who
had participated in QuaMaDi between 2005 and 2016 at
the University Hospital Schleswig—Holstein. We aimed to
test the following hypothesis: (1) QuaMaDi identifies at
risk populations at time; (2) it is a highly valuable addi-
tive to GMSP; and (3) biopsy specimens obtained during
QuaMaDi are representative for breast lesions, which were
forwarded to surgical and/or oncological treatment.
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Patients and methods
Ethics statement

Our project was granted ethical clearance by the local ethics
committee of the University Hospital in Kiel, Germany, in
agreement with the Helsinki Declaration (D470/17).

Study population

From the electronic database of the Department of Pathol-
ogy, University Hospital Schleswig—Holstein, Campus
Kiel, we retrieved all patients, who were part of QuaMaDi
between 01.01.2005 and 31.12.2016. Only women were
included if (1) the referral indicated “QuaMaDi” and (2) a
biopsy specimen was submitted to the Dept. of Pathology.
Patients were excluded if they were (1) of male gender
or (2) if only cytological specimens were submitted. The
following patient characteristics were retrieved from the
electronic database: age, gender, date of biopsy, biopsy
site, number of biopsy samples, histological diagnoses,
and the B-classification (since 2007). The following addi-
tional data were retrieved for non-invasive and invasive
cancers: histological type of the neoplastic lesion, ana-
tomical site, immunoreactivity score (IRS) for the estro-
gen (ER) and progesterone receptor (PR) (in-situ lesions
and invasive cancer), and additionally Elston and Ellis
grading (since 2009), HER2 status and Ki67-index (since
2012) for invasive cancers. If patients had undergone sur-
gery at the Dept. of Gynecology and Obstetrics, Univer-
sity Hospital Kiel, the following data were retrieved: date
of surgery, age of the patient at the time of surgery, adju-
vant or neoadjuvant therapy regimen, histological tumor
type, pTNM-classification, grading, and tumor regression
(according to Sinn regression score, Sinn et al. 1994). All
patient-related data were pseudonymized after inclusion
into the study.

Histology

Tissue specimens were fixed in formalin and embedded in
paraffin. Deparaffinized sections were stained with hema-
toxylin and eosin. The grading system of Elston and Ellis
was applied since 2009 to invasive cancers (Elston and
Ellis 1991). The pTNM-stage of all study patients was
determined according to sixth and seventh editions of the
UICC guidelines. All biopsy and resection specimens had
been examined by trained and board-certified surgical
pathologists.
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B-classification

According to national guidelines for the diagnosis and
treatment of breast cancer, the histopathological lesions
in core (NCB) and vacuum-assisted biopsies (VAB) were
categorized according to the B-classification (Ellis et al.
2004). In brief: category B1 denotes normal breast tis-
sue or insufficient sampling, B2 benign lesions, B3 benign
lesions of unknown biological potential, B4 lesions suspi-
cious for malignancy, B5a in situ carcinomas, B5b inva-
sive breast cancer, B5c indiscernible whether non-invasive
or invasive, and B5d malignant tumor of divergent histol-
ogy (e.g., malignant phylloides tumor) (S1).

Immunohistochemistry and in situ hybridization

Immunohistochemical staining was done using a Bondmax
automated slide staining system (Leica Biosystems, Wetzlar,
Germany), the Polymer Refine Detection Kit (Leica Biosys-
tems) and antibodies directed against ER (dilution 1:150),
PR (both Leica Biosystems Newcastle, Newcastle, United
Kingdom; dilution 1:100), Her2/neu (1:100) and anti-Ki-67
antibody (both Thermo Fisher Scientific, Fermont, USA;
dilution 1:300). For chromogenic in situ hybridization the
ZytoDot® 2C SPEC ERB2/CEN 17 Probe Kit (ZytoVision
GmbH, Bremerhaven, Germany) was used.

Scoring and assessment of estrogen
and progesterone receptor status

The ER and PR status were assessed according to Remmele
and Stegner (1987). In brief: Category A documented the
intensity of nuclear staining as absent (0), weak (1), moder-
ate (2) or strong (3). Category B documented the percentage
of stained tumor cells as absent (0), < 10% (1), 10-50% (2),
51-80% (2), and > 80% positive nuclei (4). The immuno-
reactivity score (IRS) was calculated according to the for-
mula: Category A (immunostaining intensity) X Category
B (proportion of positive cells of the tumor). An IRS of 0
and 1 was interpreted as receptor negative. IRS >2 were
considered receptor positive. The range of 2-3 represented
a weak, 4-8 a moderately strong, and 9-12 a strong expres-
sion of the hormone receptors. Over time the IRS was
abandoned, because scores between 1 and 3 could indicate
both receptor negative and positive status. Hence, the per-
centage of positive tumor cells in the specimen was crucial
for the assessment. Since 2010, each tumor was assessed
according to ASCO/CAP guidelines for ER and PR testing
(Hammond et al. 2010). Hormone receptor status for ER
and PR was considered positive if > 1% of tumor cells were
immunoreactive. Breast carcinoma was hormone receptor
negative if < 1% of tumor cells stained (with positive inter-
nal control). The IRS was still optionally reported in the

pathological findings. Finally, the hormone receptor status
was determined by using the documented IRS in the patho-
logical report. Since an IRS of 1, 2 and 3 could indicate both
a negative and positive hormone receptor status, assignment
to the categories hormone receptor positive and negative
was based on the pathologist’s evaluation as documented in
the pathology report. Ambiguous reports were re-examined
during this study by a board-certified surgical pathologist.
AIllIRS values >4 were assigned to positive hormone recep-
tor status.

Scoring and assessment of Ki-67

Since 2012, the Ki-67 index was assessed according to rec-
ommendations of the International Ki-67 in Breast Cancer
Working Group (Dowsett et al. 2011). After prior overview
of the entire tissue specimen, the evaluation of the Ki-67
proliferation index was carried out using at least 3 high-
power (X 40 objective) fields. The fields were selected to
reflect the staining of the whole specimen. The invasion
front of the tumor was evaluated. Only nuclear staining was
assessed. The Ki-67 proliferation index is defined as the per-
centage of positively stained cells among the total number
of malignant cells scored. A minimum of 100 cells was ana-
lyzed and determined by single cell counting using a count-
ing device. If distinct clusters of positively stained cells were
seen in the preparation, they were included in the overall
evaluation. Finally, the Ki-67 index was categorized into the
following groups: < 10%, 10-20%, 20-25%, 25-50%, > 50%
and unclassifiable. Ranges and no exact value of Ki-67 were
assigned as unclassifiable.

Scoring and assessment of HER2 status

Scoring of each breast carcinoma was assessed on core
biopsy specimens according to the ASCO/CAP recom-
mendations for HER2 testing (Wolff et al. 2007, 2013). The
immunostaining intensity and extent as well as percentage of
positive tumor cells was evaluated. On slide positive controls
were used in each case. During study period, the recommen-
dations of ASCO/CAP were constantly updated.

Assessment of chromogenic in situ hybridization

If the HER2 Score was 2+ a reflex test on the same biopsy
specimen was performed using the chromogenic in situ
hybridization according to the ASCO/CAP recommenda-
tions for HER?2 testing (Wolff et al. 2007, 2013). The ampli-
fication was determined by examining average HER2 copy
number and since 2007 the HER2/CEP 17 ratio. During
study period, the recommendations of ASCO/CAP were
constantly updated. The in situ hybridization status used in
this study are listed.
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Molecular subtypes

The classification of the molecular subtypes was based on
the St. Gallen recommendations (Goldhirsch et al. 2011)
with THC analysis of ER, PR, HER2, Ki-67 and CISH
analysis of HER2. The molecular subtypes were defined
as follows: luminal A (ER positive, HER2 negative,
Ki-67 <20%), luminal B (either ER positive, HER2 posi-
tive and Ki-67 >20% or ER positive, HER2 negative and
Ki-67 >20%), HER?2 positive (ER negative, HER?2 positive,
any Ki-67) and triple-negative (ER negative, HER2 negative,
any Ki-67).

Internal and external quality assurance schemes

During the entire study period, the Dept. of Pathology regu-
larly participated successfully in external quality assurance
schemes. These comprised the annual participation in the
Quality Assurance Initiative for Pathology (QulP) for ER,
PR, Ki-67, HER2, and HER2 CISH. The proficiency test
results are published and available on the homepage of the
Dept. of Pathology (https://www.patho.uni-kiel.de/krank
enversorgung/qualitédtssicherung). In addition, the Dept. of
Pathology voluntarily participated in the HER2-Monitor of
the Hannover Medical School. There, the internal positivity
rate of HER2 is constantly compared with the nationwide
average. Furthermore, the histological examinations were
carried out by trained and board-certified surgical patholo-
gists and any ambiguous finding was re-assessed by at least
one additional board-certified surgical pathologist (four-eye
principle).

Statistics

SPSS version 25.0.0.2 (IBM Corp., Armonk, NY, USA) was
used for statistical analyses. To test for correlation between
non-ordinal variables, we used Fisher’s exact test. When
testing for correlation between variables of nominal scale,
we used Pearson’s chi square test. We assumed a signifi-
cance level of 0.05. The p-values were calculated by two-
sided T-tests and a p-value <0.01 was considered highly
significant.

Results

Characteristics of the study population

In total, 7.111 biopsy specimens and 2.887 correspond-
ing resection specimens obtained from 6.845 women were

assigned to the QuaMaDi program. The median age of the
patients was 55 years (range from 15 to 94 years for biopsy

@ Springer

specimens; 26 to 94 years for resection specimens). 6.586
women participated in the QuaMaDi program once, 252
twice and 7 three times. In 782 (11.4%) women, more than
one biopsy (different localization within the breast or differ-
ent anatomical sites) was obtained per referral. We catego-
rized our patients into three age groups: pre- (<50 years),
peri- (50-69 years) and post-screening group (> 70 years):
2.685 (37.7%) of 7.111 histological referrals were obtained
from women < 50 years (median age 44 years; age range
15-49), 2.935 (41.3%) from women between 50 and 69 years
(median age 60; age range 50-69), and 1.491 (21.0%) from
women > 70 years (median age 75; age range 70-94).

Comparison of QuaMaDi patients with a single
biopsy

First, we correlated the three different age groups with
various pathological patient characteristics, i.e., anatomical
localization (C-code), B-category, tumor type (M-category),
the presence of precursor lesions, tumor grade, receptor sta-
tus and Ki-67 index and molecular subtypes in patients with
a single biopsy. As summarized in Table 1 significant dif-
ferences between the three age groups were found for all
parameters except the Ki-67 index.

The percentage of invasive tumors (B5b) increased from
30.8% in the pre- to 73.2% in the post-screening group, while
the percentage of benign lesions (B2) decreased from 50.5
to 11.7%. The proportion of benign lesions with uncertain
biological potential (B3) halved from 8.3 to 3.7% (Table 1).
While the risk of detecting cancer increased continuously
with age, a substantial number of women aged < 50 years,
i.e., 35% had an in-situ carcinoma (B5a) or an invasive car-
cinoma (B5Db).

Invasive carcinoma NST was found most commonly in
the pre-screening group (81.3%), while invasive lobular
(17.5%) and mucinous (4.2%) carcinomas were found most
commonly in the post-screening group (Table 1). Conclu-
sively, although invasive carcinoma NST was the most com-
mon tumor type in each age group, better differentiated car-
cinomas, such as mucinous carcinomas, were more likely to
occur with increasing age.

Likewise, the detection rate of precursor lesions increased
significantly with patient age (Table 1). 29% of the high-risk
lesions and in situ carcinomas occurred in women < 50 years.
The proportion of well-differentiated carcinomas (G1) also
increased with age, whereas the proportion of poorly differ-
entiated carcinomas (G3) decreased significantly from 18.9%
to 11.8% (Table 1). Regardless of age, moderately differenti-
ated carcinoma (G2) was diagnosed in more than half of the
cases. The results show that younger women (< 50 years)
were more likely to have more aggressive, poorly differenti-
ated carcinomas.
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There were highly significant differences for the ER- and
HER?2 status: The proportion of ER-positive carcinomas
increased from 81.7% in the pre- to 88.1% in the post-screen-
ing group. The percentage of HER2-positive carcinomas
halved from 16.9 to 8.4%. No significant differences between
the three age groups were demonstrated for the PR status and
Ki-67 index. Overall, the results indicate that elderly women
(=70 years) show a higher frequency of ER positive and
HER2-negative carcinomas, whereas those under 50 years
tended to have ER negative and HER2-positive carcinomas,
underscoring the higher frequency of more aggressive breast
carcinomas in the younger age group.

The significant differences in the hormone receptor
status mirrored in the four molecular subtypes, i.e., lumi-
nal A, luminal B, HER2 positive and triple-negative. The
proportion of triple-negative breast carcinomas decreased
significantly from 28.2% in the pre- to 19.1% in the post-
screening group (Table 1). In contrast, the proportion of
Luminal A carcinomas doubled from 17.1% in the pre- to
31.2% in post-screening group. Luminal B occurred most
frequently in all age groups, accounting for more than 40%.
Overall, women < 50 years exhibited 30.5% triple-negative
and HER2-positive carcinomas.

p-value
44.7)

129 (31.2)

185

Post-screening
21 (5.1)

(=70 years)
79 (19.1)

(%)

Peri-screening
(50-69 years)
123 (22.1)
108 (19.4)
277 (49.7)

49 (8.8)

(%)

Age group
Pre-screening
(<50 years)
99 (28.2)

60 (17.1)

160 (45.6)

32 (9.1)

(%)

Detection frequency of malignancy in the entire
cohort

Total

(%)

301 (22.8)
297 (22.5)
622 (47.0)
102 (7.7)

A total of 7.111 clarification diagnoses consisting of both
single and multiple biopsies were categorized into the three
age groups. The comparison of the three age groups showed
a highly significant difference. The proportion of invasive
carcinomas increased from 32.6% in the pre-screening to
74.6% in the post-screening group (S2). In particular, a lin-
ear increase of malignant breast lesions of 2.4% per year of
age was observed in the age range between 43 and 77 years
(Fig. 1). In addition, the ratio of benign to malignant lesions
increased from an initial 1:0.64 for women < 50 years to
1:1.99 for women between 50 and 69 years. A markedly
higher ratio of benign to malignant lesions, i.e., 1:4.87,
occurred for women > 70 years. Overall, 54.5% of breast
carcinomas appeared beyond the screening age. In particu-
lar, 23.9% of the diagnosed carcinomas were detected in
women < 50 years.

Resection specimens in patients who took part

&

©

m

- in QuaMaDi

&
= & We identified 2.887 resection specimens of QuaMaDi, of
Q ~ -
E 2 2 8 s which 2.454 cases had been assigned to primary surgical
g §D < m % § - therapy (non-neo group) and 433 had received neoadjuvant
Q [ — .
~ T EE S ; g therapy (neo group) (Table 2). Comparing the three age
% SEEFK| & = groups, we found significant differences regarding tumor
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Fig. 1 Absolute age distribution of 7.111 histological submissions at
the time of diagnosis in the period from 01/01/2005 to 31/12/2016,
color-divided by the presence or absence of malignancy. The black
vertical lines mark the age groups pre-, peri-, and post-screening.

category), lymph vessel invasion (pL category), tumor grade
and resection status (R category) in patients who were pri-
marily resected and had not received neoadjuvant treatment
(Table 2). While in women of the neo group, significant
differences were only found for the pT category. In all three
age groups, the tumor stage pT1c was found most commonly
in the resection specimens of the non-neo group. Overall,
70.3% of the untreated carcinomas in the pre-, 75.2% in the
peri- and 63.3% in the post-screening group had a tumor
size<2 cm (pT1). In the neoadjuvant treatment regimen, a
pathologic complete remission (defined as the absence of
tumor residuals in the breast and axilla) was achieved in
one-fifth of the patients in both the pre- and peri-screen-
ing groups (ypTO0). These results show that the majority of
the carcinomas were detected at an early, more prognosti-
cally favorable stage of the disease in all three age groups.
However, higher and prognostically less favorable tumor
stages were found with a higher probability in women <50
and > 70 years.

All women who had participated in QuaMaDi pre-
sented most commonly without lymph node metastases
(54.1-74.5%; Table 2). Regarding the lymph node status,
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The red curve describes the cumulative proportion of the incidence
of invasive breast carcinoma and precursor lesions in relation to age
at diagnosis

women in the pre-screening group were more likely to
present with lymph node metastases in the non-neo group
(Table 2) further substantiating that these women suffer from
more aggressive tumors.

Comparison between biopsy and resection
specimens

We examined the concordances of morphology in
2.561 and grading in 983 eligible cases with corre-
sponding biopsy and resection specimens. Regard-
ing histological diagnoses, 2.152 (84.0%) diagnoses
obtained in biopsy specimens were concordant with
the diagnoses in the resection specimens. In 115 cases
(4.5%), no (invasive) carcinoma was identified in the
biopsy, but invasive carcinoma was found in the resec-
tion specimen (S3). Most discordant morphologies
were apparent between invasive carcinoma NST and
lobular carcinoma.

Likewise, an identical tumor grade was given in 760
of 983 (77.3%) corresponding biopsy and resection spec-
imens (S4). A higher tumor grade had been documented
in 40 (4.0%) biopsy specimens and a lower tumor grade
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Table 2 (continued)

p-value

Neoadjuvant therapy

Total neoadjuvant

therapy

p-value

Total no neoadju- No neoadjuvante therapy

vant therapy

Total

Fisher’s

Post-screening
(=70 years)

Peri-screening
(50-69 years)

Pre-screening
(<50 years)

Post-screening  Fisher’s

Peri-screening
(50-69 years)

Pre-screening
(<50 years)

exact test

exact test

(=70 years)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

0.824

193

0.105

706

899

Pn-category

15 (100)
0(0.0)

75 (92.6)
6 (7.4)

90 (92.8)
7(7.2)

180 (93.3)
13 (6.7)

269 (92.4)
22 (7.6)

254 (90.4)
27 (9.6)

129 (96.3)
5@.7)

652 (92.4)
54 (7.6)
2.119

832 (92.5)
67 (7.5)
2.119

Pn0O

Pnl
Grading

0.000

143 (20.3)
442 (62.9)

481 (22.7) 97 (23.7) 241 (24.0)
600 (59.6)

481 (22.7)

Gl

G2

209 (51.0)

1.251 (59.0)
387 (18.3)
2.445

1.251 (59.0)
387 (18.3)
2.863

118 (16.8)

165 (16.4)

104 (25.4)

G3
pR-status

0.757

418

0.037

35(97.2)
0(0.0)

174 (97.8)

2(1.1)

200 (98.0)
2(1.0)
2(1.0)

409 (97.8)
4(1.0)
5(1.2)

761 (97.7)
11(1.4)

7(0.9)

1.167 (99.2)

7 (0.6)
2(0.2)

481 (98.2)
5(1.0)
4(0.8)

2.409 (98.5)

23 (0.9)
13 (0.5)

2.818 (98.5)

27 (0.9)
18 (0.6)

RO

R1

RX

1(2.8)

2(1.1)

in 183 (18.6%) compared with the corresponding resec-
tion specimens. Among these, two carcinomas were
graded as well-differentiated carcinoma in biopsy but
presented as poorly differentiated carcinoma in resec-
tion specimens. The results show that there was a ten-
dency for undergrading in biopsies. However, overall
high agreement was achieved. Tumor grading in biopsy
specimens was representative in more than three quarter
of the cases.

Discussion

In this retrospective study we evaluated the histopatho-
logical characteristics and TNM classification of breast
carcinoma in a large cohort of women participating in the
pilot-project QuaMaDi in Germany.

Our analysis highlights several significant differences
when comparing the three age groups (pre-, peri-, post-
screening). In particular, over one third of breast cancers
diagnosed in women younger than 50 years had the molec-
ular subtypes triple-negative and HER?2 positive. In young
women these molecular subtypes were associated with
more aggressive tumor biology and showed marked poorer
patient prognosis compared to the other subtypes (Perou
et al. 2000; Sorlie et al. 2001). Additionally, the most
frequent molecular subtype was luminal B in this study
(between 44.7 and 49.7%). This proportion is higher than
reported in other series of breast cancer patients (range
from 14 to 35%) (Sabiani et al. 2016; Collins et al. 2012).

The higher prevalence of luminal B cancers amongst
this population is concordant with the greater overexpres-
sion of Ki-67 and HER2 in tumors, both of which, in the
presence of ER are characteristics of luminal B cancers
(Sabiani et al. 2016). Additionally, early clinical apparent
cancers are more often fast-growing carcinomas and tend
more likely to be detected in diagnostic breast diagnostics
as QuaMabDi. Furthermore, there are marked differences
in the distribution of molecular subtypes in screening
programs compared to symptomatic carcinoma (Falck
et al. 2016). In concordance with our data, symptomatic
patients were diagnosed with more non-luminal-A tumors
(Falck et al. 2016). Furthermore, tumors of elderly patients
showed more ER positivity and less overexpression of
HER?2 and Ki-67 (Sabiani et al. 2016; Falck et al. 2016).
In line with this, the incidence of triple-negative carcino-
mas decreased with age, as well as HER2 overexpression.
The high proportion of HER2 positive and triple-negative
carcinomas in women younger than 50 years indicates that
QuaMaDi can identify an at risk population.

Among others the proportion of diagnosed in-situ
carcinoma is used as an evaluation parameter in screen-
ing programs. According to EU guideline the proportion
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of in-situ carcinoma in screening programs should be
above 15% (European Reference Organisation for Qual-
ity Assured Breast Screening and Diagnostic Services
2006). Although QuaMabDi is not a screening program, we
achieved this goal and found in situ carcinomas in 16.7%
of women < 50 years and in 15.4% of women between 50
and 69 years. Nevertheless, screening programs reach
higher proportions by approximately 20% (Cooperative
Association of the German Mammography Screening Pro-
gram 2018; The National Health Service Breast Screen-
ing Programme 2021). The different inclusion criteria of
QuaMaDi, where symptomatic women are included, may
partly explain this difference. It is known that only about
20% of in-situ carcinoma become symptomatic, whereas
80% are asymptomatic and are more often detected in
screening programs (Virnig et al. 2010). Furthermore,
symptomatic in situ carcinomas have an increased risk
of recurrence compared to lesions detected by screen-
ing (Shamliyan et al. 2010). Especially younger women
(<50 years) represent a high-risk population. In our cohort
29% of high-risk lesions and in situ carcinomas were diag-
nosed in younger women (< 50 years), leading to early
diagnosis and identification of high-risk patients.

The majority of breast carcinoma in QuaMaDi was diag-
nosed at an early disease stage, i.e., 60.0-71.4% with pT1
in our cohort compared with 52% in the national epide-
miological data set (Robert Koch Institute 2016). Previous
studies already described the positive impact of QuaMaDi
(Robert Koch Institute 2016; Obi et al. 2011). Although,
length time bias can influence the distribution of tumor stage
(Falck et al. 2016; Lawrence et al. 2009). Tumors diagnosed
by screening programs are more often slow growing, less
aggressive tumors and show more favorable tumor biology
(Falck et al. 2016). The less favorable stage distribution in
elderly patients is associated with fewer consultation of
gynecologist for screenings or by less breast cancer aware-
ness (Obi et al. 2011). This could lead to a delayed diagnosis
of advanced disease. In addition, lead time bias must be con-
sidered. Due to the study design, length and lead time bias
cannot be excluded. Nevertheless, breast carcinomas were
diagnosed with less favorable and more aggressive tumor
biology in our cohort. The more aggressive tumor biology,
particularly in women of young disease age, could explain
the lower proportion of pT1 tumors compared to women
in the peri-screening age group. The overall higher propor-
tion of pT1 tumors compared to national data indicates that
QuaMaDi contributes to improved medical care for women
who are unable or decline to participate in the GMSP (Obi
et al. 2011; Katalinic et al. 2007).

Nodal involvement also revealed age-specific differ-
ences. We noted a decrease in nodal positive breast cancers
by age 70 and an additional increase in women older than
70 years. The more frequent detection of breast carcinoma

@ Springer

in advanced tumor stages in older women as well as the age-
related decrease of immunological defense function, which
favors invasion and nodal involvement are possible expla-
nations (Daidone et al. 2003; Larbi et al. 2008; Wildiers
et al. 2009). The high proportion of node negative breast
carcinomas may indicate that despite the more aggressive
tumor biology, breast carcinomas were diagnosed at a non-
metastatic stage of disease.

Evaluating the agreement between biopsy and surgi-
cal specimen: 77.3% of cases agreed in grading and 84%
were concordant in morphology. These proportions are
in line to the one reported in other studies (O'Leary et al.
2004; Rakha and Ellis 2007; The Royal College of Pathol-
ogists 2016) and confirm that biopsies obtained within
QuaMaDi are representative for resected specimens. The
surgical materials tended to be higher grade than biopsies.
Influencing factors of disagreement might be insufficient
sample volume or the invasion front was not covered, so
that a different value could emerge in the resected speci-
mens (O'Leary et al. 2004). Discrepancy in morphology
could be influenced by several factors: sample volume,
differentiation of the tumor and regressive changes after
neoadjuvant therapy. However, the influencing factors also
affect screening biopsies.

Limitations of our study include its retrospective char-
acter. Furthermore, the data was based on the pathology
reports of only one of four reference centers in QuaMaDi.
Nevertheless, a high number of biopsies and resected speci-
mens were included and emphasize the representativeness
of our results. Missing TNM classification of all diagnosed
breast carcinoma is another limitation and is due to data
protection guidelines in Germany. This may have influenced
the distribution of tumor and nodal stages in this study. Also,
modified immunohistochemical staining protocols as well
as updated international recommendations of receptor posi-
tivity or negativity are influencing factors. Although, we
achieved the expected positivity rates for ER (~80%), PR
(~60-70%), and HER2 (~ 15%) (Lakhani et al. 2012). Inter-
nal and external quality controls during study period ensure
the representativeness and validity of the results. Neverthe-
less, interobserver variability cannot be excluded. But, the
different evaluation algorithms affected all three age cohorts
equally in the respective period.

Conclusion

In conclusion, high-quality standards in standard care of
breast diagnostics leads to an early diagnosis of breast can-
cer. Even if QuaMaDi cannot be compared to mammography
screening, their effects on tumor stage distribution and nodal
involvement are similar. Among our large cohort of women,
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clinicopathological features and molecular phenotypes were
different across age groups. In particular, Y4 of breast cancers
were diagnosed in women under 50 years and regardless
of age, the tumors showed more aggressive, prognostically
unfavorable tumor characteristics. Therefore, risk popula-
tion could be identified. Considering additionally that 60%
(Schaefer et al. 2010) of all breast cancers are diagnosed
within standard care, the implementation of a high-quality
breast diagnostics, as provided in QuaMaDi, can improve
and complement breast cancer care.
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