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ABSTRACT

This review is intended to present the latest developments in

the prevention and treatment of early breast cancer. The risk

of breast cancer can be increasingly better characterised with

large epidemiological studies on genetic and non-genetic risk

factors. Through new analyses, the evidence for high-pene-

trance genes as well as for low-penetrance genes was able to

be improved. New data on denosumab and atezolizumab are

available in the neoadjuvant situation as is a pooled appraisal
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of numerous studies on capecitabine in the curative situation.

There is also an update to the overall survival data of pertuzu-

mab in the adjuvant situation with a longer follow-up obser-

vation period. Finally, digital medicine is steadily finding its

way into science. A recently conducted study on automated

breast cancer detection using artificial intelligence establishes

the basis for a future review in clinical studies.

ZUSAMMENFASSUNG

In dieser Übersichtsarbeit werden die neuesten Entwicklun-

gen in der Prävention und in der Behandlung des frühen Mam-

makarzinoms dargestellt. Mit großen epidemiologischen Stu-

dien zu genetischen und nicht genetischen Risikofaktoren

wird das Brustkrebsrisiko immer besser beschreibbar. Durch

neue Analysen konnte sowohl die Evidenz für hoch-penetran-

te Gene als auch für niedrig-penetrante Gene verbessert wer-

den. Neue Daten zu Denosumab und Atezolizumab liegen in

der Neoadjuvanz vor, genauso wie eine gepoolte Auswertung

zahlreicher Studien zu Capecitabin in der kurativen Situation.

Ebenso gibt es eine Aktualisierung der Gesamtüberlebens-

daten von Pertuzumab in der Adjuvanz mit einer längeren

Nachbeobachtungszeit. Letztendlich hält die digitale Medizin

stetigen Einzug in die Wissenschaft. Eine kürzlich durch-

geführte Studie zur automatisierten Brustkrebserkennung

mittels künstlicher Intelligenz schafft die Grundlagen für eine

künftige Überprüfung in klinischen Studien.
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Introduction
In the areas of prevention, diagnosis and treatment of early breast
cancer, continuous advancements have been made in recent
years. The improvement in the prediction of disease risk, the exact
assessment of the prognosis and new therapies in the neoadju-
vant and adjuvant situations such as immunotherapies or anti-
body drug conjugates have been able to steadily contribute to an
improvement in treatment. This review intends to present the
current developments in view of the latest publications and con-
ferences, such as the San Antonio Breast Cancer Symposium.
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Prevention

Genetic testing for high-penetrance
and moderate-penetrance risk genes

Genetic testing of germ line mutations has become a part of rou-
tine care in patients with an indication for genetic testing [1–5].
The two genes which are the most clinically relevant are Breast
Cancer (BRCA) 1 and BRCA2 [6]. They are not only the two genes
which have the greatest evidence in predictive genetic diagnos-
tics; for patients with advanced human epidermal growth factor
receptor (HER) 2-negative breast cancer and a germ line mutation
in BRCA1 or BRCA2, therapy with the poly-(ADP-ribose) polymer-
ase (PARP) inhibitors olaparib and talazoparib has been approved
by the European Medicines Agency (EMA) and the U.S. Food and
therapy for mBC (1L)
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▶ Table 1 Genes which were either established or discussed as risk
genes for breast cancer.

Gene
name

BRCA1/2 Other
homologous
recombina-
tion genes

Other
DNA
repair
genes

Other
risk
genes

Estab-
lished
breast
cancer
risk gene

APC X

ATM X X

BARD1 X X

BLM X

BRCA1 X X

BRCA2 X X

BRIP1 X

CDH1 X X

CDKN2A X

CHEK2 X X

EPCAM X

ERCC2 X

ERCC3 X

FANCC X

FANCM X

KRAS X

MEN1 X

MLH1 X

MRE11A X

MSH2 X

MSH6 X

MUTYH X

NBN X

NF1 X X

PALB2 X X

PMS2 X

PPM1D X

PRSS1 X

PTEN X X

RAD50 X

RAD51C X X
Drug Administration (FDA). In the corresponding studies, an im-
provement in progression-free survival (PFS) was demonstrated
[7–9]. In the final analysis, in an unplanned subgroup analysis of
patients without pretreatment in the metastatic situation, an ad-
vantage for overall survival was demonstrated (▶ Fig. 1) [10]. For
this reason, all patients who have a clinical indication for therapy
with a PARP inhibitor should be tested for a mutation in the BRCA1
or BRCA2 genes. In the therapy prediction of other therapies, it
was able to be shown that BRCA1/2 mutations generally predict
the response to chemotherapy and to therapy with chemotherapy
containing platinum in the metastatic situation [11–14].

The benefit for genes which have been discussed to date as
moderate-penetrance risk genes is still unclear. A selection of
these genes according to function and BRCA1/2 status is provided
in ▶ Table 1. The information about the disease risk comes from
large case-control studies [15,16] which had classified PALB2 with
a similarly high risk as BRCA1 and BRCA2, while other genes in the
case of mutations remained far below this risk.

Low-penetrance risk genes

To date, risk variants in more than 150 genomic regions have been
identified [17–30]. Some of these were also associated with the
risk of specific subtypes of breast cancer [19,26,31–34]. An anal-
ysis has now been performed on nearly 110000 breast cancer pa-
tients and nearly 89000 controls which attempted to identify ad-
ditional risk variants in these gene regions and to perform a func-
tional characterisation [17]. In this analysis, 205 additional risk
variants were identified which could explain another 6% of the
familial breast cancer risk (increase from 17.6 to 23.6%) [17]. For
the genes involved, it was also indicated which genes were associ-
ated more with a hormone-receptor-positive or hormone-recep-
tor-negative phenotype or a phenotype independent of hormone
receptor status (▶ Table 2).

An attempt was made to calculate the benefit in clinical prac-
tice via risk models which summarise the known low-penetrance
risk genes in so-called polygenic risk models [35,36]. Through a
combination with additional factors such as mammographic den-
sity, a further improvement in risk determination can be achieved
[37–40]. By means of these polygenic risk scores, the 10% of
women with the highest polygenic risk scores who have an ap-
prox. 20% lifetime risk of developing breast cancer were able to
be identified [35].
RAD51D X X

RECQL X

RINT1 X

SLX4 X

TP53 X X

XRCC2 X
The Neoadjuvant Situation

Denosumab and other data on nab-paclitaxel
in the neoadjuvant situation

Since the rate of pathological complete remissions (pCR) follow-
ing neoadjuvant chemotherapy (NACT) is significantly associated
with survival [41–43], different strategies for increasing this are
evaluated. Nab-paclitaxel, in contrast to paclitaxel, leads to an in-
crease in pCR, which ultimately also leads to an improvement in
disease-free survival [44,45]. However the optimal dose of nab-
paclitaxel is unknown and various regimens are used in clinical
practice. Thus in the GeparX study (▶ Fig. 2), 12 weeks of nab-
paclitaxel administered weekly (125mg/m2) were compared with
Schneeweiss A et al. Update Breast Cancer… Geburtsh Frauenheilk 2020; 80: 277–287
12 weeks of nab-paclitaxel (125mg/m2 d1 and d8, q3w), each fol-
lowed by 4 cycles of epirubicine and cyclophosphamide (90/
600mg/m2) [46]. Triple-negative patients received weekly carbo-
platin (AUC2) in parallel to therapy containing taxane and patients
with positive HER2 received a biosimilar of trastuzumab (ABP
279



▶ Table 2 Genes in which variants are known which lead to an increase in the risk of breast cancer (according to [17]).

Genes with variants with an increase
in risk for ER-positive breast cancer

Genes with variants with an increase
in risk for ER-negative and ER-positive
breast cancer

Genes with variants with an increase
in risk for ER-negative breast cancer

ABHD8, ADCY9, ALK, ANKLE1, ARMT1, ATM,
BRCA2, C11orf65, CASP8, CASZ1, CCDC12,
CCDC170, CCNE1, CFLAR, CREBBP, ESR1, FTO,
INHBB, IRX3, KDELC2, LRRN2, MDM4, MRPL34,
MSI1, NBEAL2, NIF3L1, OSR1, PEX14, PIK3C2B,
PPIL3, PPP1CB, PPP1R15B, RPLP0, TNFSF10,
TRMT61B, TRPS1, ZCCHC24

ADCY3, AKAP9, ATAD2, ATF7IP, ATP13A1, ATXN7,
BMI1, BORCS8, CCDC40, CCDC91, CD151,
CDYL2, CLPTM1L, COMMD3, CRLF1, CUX1,
DAND5, DNMT3A, DUSP4, DYNLRB2, EBF1, ELL,
EP300, EPS8L2, EWSR1, EXO1, FBXO32, FKBP8,
GATA3, GATAD2A, GATD1, GCDH, GDF15,
HOOK2, HRAS, ISYNA1, JUNB, KCNN4, KRIT1,
KXD1, L3MBTL3, LPAR2, MAST1, MAU2, MEF2B,
MRPS18C, MRTFA, NDUFA13, NTN4, PAX9, PBX4,
PIAS3, PIDD1, PLAUR, PRDX2, PSMD6, PTHLH,
RCCD1, RFXANK, RIN3, RSBN1, SLC25A17,
SLC25A21, SMG9, SOX13, SUGP1, TCF7L2, TERT,
THOC7, TLR1, TNNI1, TRIM27, UBA52, WDYHV1,
WNT7B, ZMIZ1

AFF4, AP5B1, ARHGEF38, ARRDC3, CBX6, CCND1,
CDKAL1, CFL1, CHEK2, CMSS1, DYNC1I2, EFNA1,
FAM189B, FGFR2, FILIP1L, FOXI1, GBA, GRHL2,
HSPA4, IGFBP5, KAT5, KCTD1, KLF4, KLHDC7A,
LRRC41, MAFF, MAP3K1, MAST2, MTX1, MUC1,
MYC, MYEOV, NOL7, NPTXR, NRIP1, NUDT17,
OVOL1, PDZK1, PIK3R3, PLA2G6, POLR3GL,
POMGNT1, RANBP9, RNASEH2C, RNF115,
SETBP1, SLC50A1, SUN2, TBC1D23, TBX3, TET2,
TGFBR2, THBS3, TMEM184B, TOX3, TRIM46,
XBP1, ZBTB38, ZCCHC10, ZFP36L1

n = 778 patients

Endpoints:

Stratification

Primary:

Secondary:

LPBC yes vs. no

pCR (ypT0ypN0)

pCR in RANK high/low

Change of RANK

expression

Change of Ki67

other

HER2–/HR+ vs.

TNBC vs. HER2+

EC q2w vs. q3w

Nab-Paclitaxel 125 mg/m weekly 12 × – EC2

Nab-Paclitaxel 125 mg/m weekly 12 × – EC2

2nd core needle biopsy

after nab-Paclitaxel;

optional

1st core needle

biopsy

Nab-Paclitaxel 125 mg/m d 1, 8 q22 – EC2

Nab-Paclitaxel 125 mg/m d 1, 8 q22 – EC2

Denosumab 120 mg s.c. q4w 24 weeks

Without Denosumab

Denosumab 120 mg s.c. q4w 24 weeks

Without Denosumab

S
u

rg
e

ry

Assumptions for primary endpoint ( = 0.2, = 0.2):α β Treatment backbone:

Denosumab: 35 to 46%; OR 1.58

Nab-Paclitaxel: 36 to 45%; OR 1.45

HER2+:

TNBC:

+ Trastuzumab + Pertuzumab

+ Carboplatin weekly AUC 2

▶ Fig. 2 Design of the GeparX study. GeparX is a multicentre, prospective, 2 × 2 randomised, open phase IIb study to compare a neoadjuvant che-
motherapy with and without denosumab in patients with untreated breast cancer.

GebFra Science | Review
980). In a 2 × 2-arm study design, the extent to which denosumab
(120mg subcutaneous [s. c.], q28d) improves the pCR rate was
additionally investigated (▶ Fig. 1). Denosumab is an anti-RANK-
ligand antibody used for the treatment of bone metastases and
for osteoprotection or osteoporosis therapy and which has also
been shown – including through clinical data – to have a potential
280
role in the prevention of distant metastases [47]. While denosu-
mab had no effect on the pCR rate (41.0 vs. 42.8%, p = 5.82), this
was able to be significantly increased through the weekly use of
nab-paclitaxel (required level of significance: α = 0.1) (44.9 vs.
39.0%, p = 0.062). The effect of weekly nab-paclitaxel was seen
primarily in triple-negative patients (60.4 vs. 50.0%, p = 0.056).
Schneeweiss A et al. Update Breast Cancer… Geburtsh Frauenheilk 2020; 80: 277–287



As expected, the more intensive taxane treatment also led to
more adverse effects (31.5 vs. 24.4% of the patients had at least
one adverse effect classified as serious). It is thus necessary to
wait to determine the extent to which the more intensive nab-
paclitaxel treatment carries over to disease-free survival. None-
theless, these data support the presumption that in the case of
neoadjuvant use of nab-paclitaxel in triple-negative breast cancer
(TNBC), a dose of 125mg/m2 should be continuously applied
weekly. In addition, it must be investigated whether the use of
denosumab has a long-term benefit independent of the pCR,
since RANK ligands have potential effects on disseminated micro-
metastases.

Pembrolizumab and atezolizumab
in the neoadjuvant situation

Another therapeutic principle for increasing the pCR rate in the
case of TNBC was already presented at the annual meeting of the
European Society for Medical Oncology (ESMO) in 2019: in the
Keynote-522 study, the addition of the PD-1 checkpoint inhibitor
pembrolizumab (8 × 200mg, q3w) to NACT consisting of carbo-
platin (4 × AUC5, q3w) and paclitaxel weekly (12 × 80mg/m2) fol-
lowed by epirubicin/cyclophosphamide (4 × 90/600mg/m2, q3w)
or doxorubicin/cyclophosphamide (4 × 60/600mg/m2, q3w) led
to a significant improvement in the pCR rate from 51.2 to 64.8%
(p = 0.00055) [48]. Following the NACT, the treatment was con-
tinued with pembrolizumab or placebo for 1 year. In this initial in-
terim evaluation, a clear trend in the direction of an improvement
in disease-free survival was already observed after 18 months,
with overall good tolerance. The pCR rates with regard to various
subgroups were then shown [49]. In particular, patients with large
tumours (Δ-pCR in stage III approx. 25%) and lymph node involve-
ment (Δ-pCR: 21%) benefited from pembrolizumab. The effect
was independent of the PD‑L1 expression, measured with the
22C3 pharmDX assay [49]. The use of pembrolizumab in early
TNBC is therefore a promising therapeutic option, particularly in
the case of a high tumour load.

The NeoTrip study investigated a PD‑L1 checkpoint inhibitor
(4× atezolizumab 1200mg, q3w) in combination with another
NACT (4 × carboplatin, AUC2 and nab-paclitaxel 125mg/m2, d1
and d8, q3w) in the case of a TNBC [50]. Through the additional
administration of atezolizumab, a significant improvement in pro-
gression-free survival and overall survival in patients with TNBC
could be demonstrated in the case of PD‑L1 expression on tu-
mour-infiltrating immune cells measured with the Ventana
SP142 assay [48]. In the NeoTrip study, the pCR rate was not sig-
nificantly improved by atezolizumab either in the overall collective
or in PD‑L1-positive patients (43.5 vs. 40.8%) [50]. It must now be
investigated in additional studies whether the negative result, in
comparison to the results of the Keynote-522 study, was due to
the use of another checkpoint inhibitor or whether, if applicable,
the chemotherapy backbone led to a change in the tumour immu-
nogenicity.
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Locoregional Therapies

Surgery still necessary after neoadjuvant assessment

Modern drugs and therapeutic regimens have led to a gratifyingly
high rate of pCR through NACT and antibody therapies. The as-
sessment of the response rate can significantly influence the fur-
ther locoregional and systemic approach. On the one hand, a de-
escalation in the case of pCR could result (abstention from sur-
gery and/or radiation therapy) or an escalation in the case of
non-pCR (post-neoadjuvant therapy). It appears crucial whether
a pCR can be predicted with the highest possible accuracy and
thus low false-negative rate (FNR = incorrectly clinically assumed
pCR which is pathologically a non-pCR). To overcome the limita-
tions of imaging methods, minimally invasive biopsies (vacuum
biopsy [VAB], core needle biopsy [CNB]) to predict pCR are inves-
tigated in several working groups.

Heil at al. performed exclusively VAB in 398 patients in Ger-
many treated neoadjuvantly and described an FNR of 17.8% [51].
These results were confirmed by Tasoulis et al. (n = 166, FNR of
18.7%) [52], whereby the working group used a VAB in 86% and
a CNB in 14%. Große et al. used a mammography-guided VAB
and had an FNR of 19% (n = 117). However, the detailed analysis
of the false-negative cases in the case of Heil et al. shows on the
one hand only minimal residual tumour load (ypTis, tumour cellu-
larity < 10%, etc.) and a series of technical explanatory ap-
proaches with regard to the VAB itself [51].

The FNR is higher when CNB is used. Vrancken-Peeters et al.
achieved an FNR of 37% [53] (n = 167) and Basik et al. achieved
an FNR of 50% (n = 98) [54].

Conclusion: The VAB achieves a higher volume than the CNB
and because of this, it has a lower FNR, that is, fewer residual vital
tumour cells are overlooked. Nonetheless, in nearly one out of
every five patients with clinically presumed complete remission,
incorrect conclusions were drawn and thus a worse therapy and
prognosis would result in the case of de-escalation. Multifactorial
algorithms may further decrease the FNR.

Partial breast irradiation

In recent years, partial breast irradiation, particularly in the case of
low-risk patients, has taken its place in international guidelines
[55]. Despite these recommendations and the results of larger
studies [56–58], there is still much hesitation with regard to the
implementation, among other things because of the brief 5-year
follow-up period in all studies. Consequently, the presentation of
the 10-year follow-up (FU) of the APBI-IMRT-Florence study at the
end of 2019 [59] is of great importance: it is a study in which
520 patients over age 40 with tumours less than 25mm following
breast-conserving surgery with a clear margin of more than 5mm
were randomised 1 :1 for whole-breast irradiation (25 × 2 Gy and
5 × 2 Gy boost) or an accelerated partial breast irradiation
(5 × 6 Gy) with intensity-modulated radiation therapy (IMRT).
There were no significant differences with regard to locoregional
recurrences, distant recurrences, breast-cancer-specific and over-
all survival. However, there were clinically relevant and statistically
highly significant differences in the adverse effects – in particular
skin toxicity – in favour of partial breast irradiation. The authors
281
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concluded that partial breast irradiation should be accepted at the
latest with this study as an equivalent standard in low-risk pa-
tients.
The Adjuvant Situation

The role of capecitabine in the adjuvant situation

The questionable efficacy of therapy of fluoropyrimidines in addi-
tion to neo-/adjuvant therapy concepts was the subject of numer-
ous studies in recent years. In a current meta-analysis, the partial-
ly contrary results of the studies should be evaluated in a pooled
manner in this area [60]. A total of 15457 patients from a total of
12 randomised prospective studies in which capecitabine was
used were included (GeparQuattro, ICE, FinXX, USON 01062,
NSABP B-40, CreateX, CIBOMA/2004-01, GeparTRIO, GAIN, ICE II,
CALGB 49907, GEICAM/2003-10). Capecitabine was used in these
studies largely as an additive, randomised versus placebo, to sys-
temic therapies containing anthracycline and taxane (7 studies)
and in fewer studies as a replacement for other cytostatic active
substances (5 studies). The primary endpoint of the meta-analysis
was DFS (disease-free survival), secondary endpoint was OS and
the correlation between toxicity and efficacy. In an average fol-
low-up observation period of 79 months, an advantageous effect
was seen from the addition of capecitabine to conventional thera-
pies as compared to replacement by capecitabine (hazard ratio
[HR]: 0.88 vs. 1.03). A similar picture was seen in the case of the
secondary endpoint of overall survival: Through the addition of
capecitabine, a higher OS was able to be achieved (HR: 0.83) ver-
sus the administration “instead of” a cytostatic (HR: 0.95). The
greatest efficacy was seen with regard to DFS in the analysis of
282
the biological subtypes in patients with TNBC and the additional
administration of capecitabine (HR: 0.81). The CREATE‑X (post
NAC X vs. nil), USON-01062 study (AC‑D vs. AC‑DX) and FINXX
(D‑CEF vs. DX‑CEX) in particular were crucial for the positive ef-
fects in the meta-analysis, whereby the CREATE‑X study demon-
strated by far the greatest advantage in post-neoadjuvant appli-
cation in TNBC patients in all analyses. This also corresponds to
the current guideline recommendations; capecitabine should be
used exclusively for TNBC post-neoadjuvantly in the case of non-
pCR. Moreover, the meta-analysis did not demonstrate any signif-
icant correlation between capecitabine-specific toxicities and the
efficacy.

In a new Chinese phase 3 study (cbcsg010 study) the adjuvant
use of capecitabine in TNBC was tested through addition and con-
comitant replacement (▶ Fig. 3) [61]. In the traditional FEC‑DOC
regimen, 5-FU was replaced by capecitabine, while capecitabine
was added to docetaxel at a dosage of 2 × 1000mg/m2. This cor-
responds to the administration of a total of 6 cycles of capecita-
bine. Even through no difference in overall survival could be dem-
onstrated, there was still nonetheless a difference in the primary
endpoint (disease-free survival) which was statistically significant,
with an HR of 0.66 (confidence interval [CI]: 0.44–0.99). Clinically
this regimen should not have any consequence after a rate of feb-
rile neutropenia of 16% was determined in both arms, although
about 40% of the patients had a dose reduction.

Another adjuvant study (POTENT study) was also performed
with a 5-FU analogue, in this case with S-1 [62]. S-1 is a combina-
tion of tegafur, gimeracil and oteracil in a molar ratio of 1 :0.4 : 1
which is administered twice daily in a regimen with 2 weeks on/
1 week off. The study included only hormone-receptor-positive,
intermediate- to high-risk, Japanese patients and used S-1 for a
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period of one year in combination with endocrine therapy se-
lected as standard. Surprisingly, this is thus a study which (in con-
trast to all recommendations) combined an endocrine therapy in
parallel with a chemotherapy. The result with regard to the pri-
mary endpoint, invasive DFS, is positive with an HR of 0.63 (95%
CI: 0.49–0.81) im favour of the combination with S-1 [62]. This is
even more surprising since tamoxifen and S-1 antagonise each
other in the cell culture. In summary, the leading data on the use
of fluoropyrimidines have been recorded in Asian collectives.
Asians demonstrate special pharmacogenomic features which en-
tail increased efficacy of 5-FU analogues. We should thus be
careful in general to overestimate these data and to still strictly
adhere to the indication in the case of Caucasians and discuss this
with the patient in detail.

Pertuzumab in the adjuvant situation –
additional analyses from the APHINITY study

The APHINITY study demonstrated a statistically significant,
although rather moderate advantage for disease-free survival of
the entire cohort of patients with early, HER2-overexpressing
breast cancer who were treated comparatively adjuvantly with
trastuzumab or additionally with pertuzumab for 12 months
[63]. From November 2011 to August 2013, 4805 patients were
randomised 1 :1, 2400 patients received pertuzumab in addition
to the adjuvant therapy with trastuzumab and 2405 received a
placebo. The primary analysis was published in December 2016
after a median follow-up observation period of 45.4 months. The
disease-free 3-year survival in the ITT population was 94.1% in the
pertuzumab group and 93.2% in the placebo group (HR 0.81, 95%
CI 0.66 to 1.00; p = 0.045) [63]. In the group of hormone-recep-
tor-negative patients, the HR was 0.76 [63]. This led to an appro-
val for the combination of pertuzumab and trastuzumab in the
adjuvant at-risk population.

The interim analyses after 74.1 months FU have now been
published [64]. After a median of 74 months, this did not reveal
any difference in overall survival between the two treatment
groups (HR 0.85, 95% CI 0.67–1.07; p = 0.171) [64]. In the ITT
population, the invasive, disease-free survival was now 90.6%
after 6 years for trastuzumab and pertuzumab versus 87.8% for
trastuzumab. In the node-negative group, there was no difference
(IDFS 95.0 vs. 94.9%) between the two groups (the minor differ-
ences in the IDFS in favour of pertuzumab were independent of
hormone-receptor status after 6 years (HR-negative IDFS 89.5 vs.
87%, Δ 2.5%, 95% CI − 0.7–5.6 and HR-positive IDFS 91.2 vs.
88.2%, Δ 3%, 95% CI 0.8–5.2) and not more pronounced as in
the previous analysis in the hormone-receptor-negative arm. No
additional toxicity problems were reported. The next planned sur-
vival analysis is planned in 2½ years. Thus there is an indication in
adjuvant therapy for double blockade with pertuzumab and tras-
tuzumab primarily for the node-positive patients with HER2-posi-
tive disease. After the introduction of trastuzumab in the adjuvant
situation [65–67], smaller but nonetheless significant steps for a
curative therapeutic approach in the adjuvant situation can now
be achieved through the supplementation with pertuzumab. This
now yields two treatment options for the patients treated neoad-
juvantly with pertuzumab and trastuzumab. For the group of
women with complete remission following neoadjuvant therapy,
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the double blockade can be continued for a total of 1 year, analo-
gous to the APHINITY study, however trastuzumab alone is also an
option in this situation, since there are no data which compared
both of these therapeutic options following pCR after dual block-
age. For the patient with a lack of complete remission – proven by
the KATHERINE study [68] – treatment with T‑DM1 in the adju-
vant situation is available.

Endocrine therapy in the adjuvant situation

The introduction and implementation of adjuvant antihormone
therapy is one of the most successful measures for reducing the
mortality of breast cancer. In a recently presented analysis of
pooled data in the Early Breast Cancer Trialistsʼ Collaborative
Group (EBCTCG), more than 82000 hormone-receptor-positive
breast cancer patients with T1- or T2 tumours who had received
5 years of adjuvant endocrine therapy in randomised studies were
analysed [69]. It was impressively shown that the prognosis of pa-
tients has significantly improved since 2000. In the node-positive
patient group who were initially diagnosed in 2000 or later, the
risk of developing a distant metastasis in years 5–9 after diagnosis
was reduced by 25% in comparison to patients whose disease was
diagnosed before 2000 (relative risk [RR] 0.75, 95% CI: 0.69–0.82)
[69]. A similar reduction in the proportional risk for distant metas-
tases was able to be demonstrated for the node-negative patients
[69]. The analysis showed that an improvement in the prognosis
of hormone-receptor-positive breast cancer patients can be
achieved with the differentiated use of adjuvant therapies [69].

The data from the 10-year analysis of the NSBAP‑B42 study al-
so show that the nature and duration of the adjuvant endocrine
therapy also plays a role [70]. In the study, around 4000 patients
received the aromatase inhibitor letrozole or placebo for another
5 years following 5 years of adjuvant endocrine therapy consisting
of tamoxifen and/or aromatase inhibitors. The 10-year overall sur-
vival, at 86.1 and 85.5%, did not demonstrate any differences in
the two groups, however in the letrozole group, there was a sig-
nificant improvement in the DFS by 4% (HR 0.84, 95% CI: 0.74–
0.96) due to the expanded adjuvant therapy. Letrozole did not
lead to a statistically significant increase in bone fractures due to
osteoporosis or arterial thromboembolic events. The results once
again show that the expanded endocrine therapy can also be con-
sidered with aromatase inhibitors for certain patient groups after
a corresponding assessment of the risks and benefits [70].

CDK4/6 inhibitors and endocrine therapy
in the neoadjuvant situation vs. chemotherapy

The CORALLEEN study yielded initial insights into the comparison
of chemotherapy in the adjuvant situation in breast cancer with
regard to the CDK4/6 inhibitors [71]. In the phase 2 study, 106
postmenopausal hormone-receptor-positive luminal B (identified
according to the PAM50 test) patients were randomised and re-
ceived therapy with letrozole + ribociclib vs. 4 cycles of AC chemo-
therapy and then subsequently underwent surgery. The endo-
crine combination therapy achieved a comparable response at
the time of the surgery, measured by means of the percentage
with ROR low risk score, however with significantly lower toxic-
ities. The results for the chemotherapy-free combination are
promising for future neoadjuvant concepts.
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Other active adjuvant studies on CDK4/6 inhibitors
and endocrine therapy in Germany

After the studies on palbociclib (Pallas [72]) and abemaciclib
(MonarchE [73]) had already completed recruitment, the recruit-
ment for the adjuvant study with ribociclib and endocrine therapy
(Natalee study [74]) began in Germany in January 2020 and this is
anticipated to remain open until the end of the year for the inclu-
sion of patients.
Digital Medicine in Breast Cancer

Automated diagnostic measures in pathology
and radiology

The automated identification of tumours with microsatellite in-
stability (MSI) through machine learning algorithms [75] and the
validation of automated breast cancer detection during screening
[76,77] are two prominent examples for machine learning appli-
cations which could be of significance for breast cancer patients.

Artificial intelligence was investigated in a recently published
work on mammography screening [78] which has also been
greatly acclaimed in the media [79,80]. In this study with a total
of more than 130000 women, a system which was trained with
artificial intelligence was compared with 6 radiologists and was
able to achieve better accuracy overall than each of the human
appraisers. The AUC of the artificial intelligence was 0.74 while
that of the human appraisers was between 0.58 and 0.68. It is
concluded that these systems would thus be ready to be tested
prospectively in clinical studies with regard to their accuracy and
efficiency [78].
Outlook
It is noteworthy that the data on certain substances such as cape-
citabine or the data on adjuvant antihormone therapy enable a
stable analysis of important clinical questions in large pooled in-
vestigations. In view of the digitisation of medicine, such options
are sure to increase in the future. While the data on some issues
have consolidated, some promising new studies in the adjuvant
situation with palbocicilb (recruitment completed), abemaciclib
(recruitment completed) and ribociclib (recruitment open) have
currently been started and these will be reported on in medium-
term future, where applicable.
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