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ABSTRACT

Substances with good effectiveness that intervene in specific

signalling pathways have been used increasingly in recent

years in the treatment of patients with advanced breast can-

cer, and new therapies and approaches have now been added,

which actually relate to quite specific changes, such as the

treatment of patients with HR+/HER2 tumours with a PIK3CA
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mutation. The treatment of patients with a BRCA1 or BRCA2

mutation has also been improved by the introduction of PARP

inhibitors. Attempts are now being made increasingly to ex-

tend treatment indications based on molecular patterns, to

identify other patients who could benefit from a treatment

and to integrate the newly established treatment methods in

existing therapy sequences. This review articles summarises

the latest information in this connection.

ZUSAMMENFASSUNG

Nachdem in den letzten Jahren bei der Behandlung von Pa-

tientinnen mit fortgeschrittenem Mammakarzinom zuneh-

mend Substanzen mit einer guten Effektivität zum Einsatz

kommen, welche spezifische Signalwege angreifen, sind nun

neue Therapien und Ansätze hinzugekommen, die sich tat-

sächlich auf ganz spezifische Veränderungen beziehen wie

die Behandlung von Patientinnen mit HR+/HER2− Tumoren

mit einer PIK3CA-Mutation. Ebenso ist die Behandlung von Pa-

tientinnen mit einer BRCA1- oder BRCA2-Mutation durch die

Einführung der PARP-Inhibitoren verbessert worden. Nun wird

zunehmend versucht, Therapieindikationen aufgrund moleku-

larer Muster auszudehnen und weitere Patientinnen zu identi-

fizieren, die von einer Therapie profitieren könnten, und die

neu etablierten Therapiemethoden in bestehende Therapiese-

quenzen einzubinden. Diese Übersichtsarbeit fasst die neues-

ten Erkenntnisse in diesem Zusammenhang zusammen.
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Introduction
In the last few years, a few targeted therapies have been devel-
oped for patients with metastatic breast cancer and subsequently
introduced into clinical practice [1–4]. Some of these therapies,
such as the CDK4/6 inhibitors or pertuzumab and T‑DM1, had al-
ready been developed for subgroups of patients that could be
identified by immunohistochemistry. Other drugs, such as the
PI3K inhibitor alpelisib or the PARP inhibitors, require testing for
genetic changes in the tumour or in the germline in addition for
the indication. This focused approach to ensure that patients are
selected for whom effectiveness will be particularly high and that
patients who do not have this characteristic are spared the side
effects is the optimal procedure when introducing new drugs.
This review article summarises the latest developments in ad-
vanced breast cancer and in the area of biomarkers based on the
latest presentations (e.g., ASCO, AACR 2020) and publications.
Treatment of Patients with Advanced
HER2-Positive Breast Cancer
Effective treatment of cerebral metastases

The treatment of patients with HER2-positive advanced breast
cancer is characterised by the use of targeted anti-HER2 drugs
[5]. Trastuzumab, pertuzumab and T‑DM1 are very effective anti-
HER2 drugs used in the treatment of HER2-positive breast cancer.
The tyrosine kinase inhibitors lapatinib and neratinib also have
their place. Just in the past year, the tyrosine kinase inhibitor tuca-
tinib was presented through the prospective randomised phase III
study HER2CLIMB [6]. In patients with advanced breast cancer,
who all had pretreatment with trastuzumab, pertuzumab and
T‑DM1, a comparison between therapy with trastuzumab + cape-
citabine and tucatinib + trastuzumab + capecitabine showed that
progression-free survival and overall survival were improved. A
new analysis has now been presented, which focussed on the
291 patients who already had cerebral metastases at the start of
the study. In these patients, a clinically significant advantage was
seen for the triple combination. In patients who were treated with
tucatinib + trastuzumab + capecitabine, the median CNS-related
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progression-free survival was prolonged from 4.2 to 9.9 months.
The hazard ratio was 0.32 (95% CI: 0.22–0.48) [7]. The median
overall survival was prolonged from 12.0 to 18.1 months. The haz-
ard ratio was 0.58 (79% CI: 0.40–0.85). Similar differences be-
tween the treatment arms were also seen in groups of patients
who had either active or stable brain metastases. It can be con-
cluded that the addition of tucatinib to treatment with capecita-
bine and trastuzumab is also associated with a marked improve-
ment of the clinical treatment situation in patients with cerebral
metastases.

High activity in the area of treatment development
for HER2-positive patients

Other anti-HER2 drugs, which are currently being developed for
clinical use, include, for example, pyrotinib, margetuximab and
trastuzumab-deruxtecan.

Slightly improved progression-free survival was shown for mar-
getuximab, which is an anti-HER2 antibody optimised for ADCC
(antibody-dependent cell-mediated cytotoxicity) [8]. In the case
of this antibody, the ADCC is dependent on a germline variant of
genes CD16 and CD32; patients who will benefit most from such
therapy can possibly be identified with this.

An improvement in progression-free survival was found for
treatment with pyrotinib and capecitabine compared with treat-
ment with lapatinib and capecitabine [9]. This was confirmed in
the PHOEBE phase III study [10]. In the study, after pretreatment
with trastuzumab and taxanes, patients were treated either with
lapatinib and capecitabine or with pyrotinib and capecitabine.
The median progression-free survival was prolonged from 6.8 to
12.5 months (hazard ratio: 0.39; 95% CI: 0.56).

Many studies are currently being conducted with the antibody-
drug conjugate (ADC) trastuzumab-deruxtecan. In a single-arm
early phase I/II study, this anti-HER2 ADC produced a median pro-
gression-free survival of 14.8 months (95% CI: 13.8–16.9), even
after several previous treatment lines [11]. This drug could also
be effective in patients with low expression of HER2 (score 1+ or
2+). It is therefore being tested not only in HER2-positive patients
(e.g., in the post-neoadjuvant therapy setting, in the metastatic
situation after T‑DM1 and in comparison with T‑DM1, and others),
but also in patients with an expression of HER2 that suffices to
bind the antibody but without classic overexpression of HER2.
pdate Breast Cancer… Geburtsh Frauenheilk 2020; 80: 1115–1122 | © 2020. The author(s).



Pembrolizumab + chemotherapybaKey eligibility criteria

Stratification factors:

Primary endpoints Secondary endpoints

Age 18 years≥

Chemotherapy on study (taxane vs. gemcitabine/carboplatin)

PFS in patients with PD-L1-positive tumours

(CPS 10 and CPS 1) and in the ITT population

e f

≥ ≥

ORRe, g

DORe, g

OS in patients with PD-L1-positive tumours

(CPS 10 and CPS 1) and in the ITT population

g f

≥ ≥

DCRe, g

Safety in all treated patients

Central determination of TNBC and

PD-L1 expression

PD-L1 tumour expression (CPS 1 vs. CPS < 1)≥

Prior treatment with same class chemotherapy in the

neoadjuvant or adjuvant setting (yes vs. no)

Previously untreated locally recurrent

inoperable or metastatic TNBC

Completion of treatment with curative intent

6 months prior to first disease recurrence≥

ECOG performance status 0 or 1

Life expectancy 12 weeks from randomisation≥

Adequate organ function

No systemic steroids

No active CNS metastases

No active autoimmune disease

2 : 1

Progressive disease /

cessation of study therapy

d

Placebo + chemotherapybc

R

▶ Fig. 1 KEYNOTE-355 study design. a Pembrolizumab 200mg intravenous (i. v.) every 3 weeks (Q3W); b Chemotherapy dosing regimens are as
follows: nab-paclitaxel 100mg/m2 i. v. on days 1, 8, and 15 every 28 days, paclitaxel 90mg/m2 i. v. on days 1, 8, and 15 every 28 days, gemcitabine
1000mg/m2/carboplatin AUC 2 on days 1 and 8 every 21 days; c Normal saline; d Treatment may be continued until confirmation of progressive
disease; e Based on RECIST v 1.1 assessed by a central imaging vendor; f PD‑L1 assessed at a central laboratory using PD‑L1 ICH 22C3 pharmDx assay
and measured using the combined positive score (CPS; number of PD‑L1-positive tumour cells, lymphocytes, and macrophages divided by total
number of tumour cells × 100); g To be presented at a later date. CNS: central nervous system; ECOG: Eastern Cooperative Oncology Group; PD‑L1:
programmed death ligand 1; R: randomized; TNBC: triple-negative breast cancer. Modified after: [45].
Treatment of Patients with Advanced TNBC
or BRCA-Associated Breast Cancer
Immunotherapies

Since atezolizumab in combination with nab-paclitaxel is already
licensed in the first treatment line for patients with metastatic
breast cancer, the results of the KEYNOTE-355 study, which tests
the PD-1 antibody pembrolizumab also in the first treatment line,
have also been published [45].

The KEYNOTE-355 study included patients with advanced
TNBC who had not yet had any pretreatment in the metastatic
stage. The study compared a combination of chemotherapy and
pembrolizumab with chemotherapy alone. The permitted chemo-
therapy included nab-paclitaxel, paclitaxel or gemcitabine/carbo-
platin. The study design is shown in ▶ Fig. 1. The primary study
aim was the progression-free survival, for which a hierarchical
procedure was chosen with regard to PD‑L1 testing (for a sum-
mary of PD‑L1 testing see [12]). This means that the population
that has a CPS score ≥ 10 is tested primarily and if significance is
reached, the greater population with a CPS score of ≥ 1 was
tested. A total of 847 patients were randomised, of whom 566
were to be treated with pembrolizumab + chemotherapy and
281 with chemotherapy alone (2 :1 randomisation).

Of the 847 patients, 323 had a CPS score of ≥ 10 (38.1%) and
636 patients had a CPS score > 1% (75.1%).

The primary study aim was reached when the CPS ≥ 10 tu-
mours were analysed. In this TNBC cohort the addition of pem-
Tesch H et al. Update Breast Cancer… Geburtsh Frauenheilk 2020; 80: 1115–1122 | © 2020. Th
brolizumab to the chemotherapy prolonged the median PFS from
5.6 to 9.7 months. The hazard ratio was 0.65 (95% CI: 0.49–0.86,
p = 0.0012). The population with CPS ≥ 1 could therefore be ex-
amined. Here the median PFS was 5.6 vs. 7.6 months and the haz-
ard ratio was 0.74 (95% CI: 0.61–0.90, p = 0.0014). Since the re-
quired p-value in these multiple consecutively planned tests was
0.0011, this result was not formally statistically significant. The
Kaplan-Meier curves of these analyses are shown in ▶ Fig. 2 and
3. Analyses of overall survival are not yet available. There was no
new information about the side effect profile. Thus, data are now
available showing that pembrolizumab can be combined with dif-
ferent chemotherapy drugs in the KEYNOTE-355 treatment situa-
tion.

Chemotherapy as a trigger of an immune response

For some chemotherapy agents and certain dosing schedules it is
already known that modulation of the immune system can take
place [13]. Eribulin and vinorelbine are two of these drugs for
which it is suspected that they can have an immunological effect
in this way. In a preclinical study, for instance, triple-negative
breast cancer cell lines were incubated together with immune
cells of the innate immune defence system with eribulin, vinorel-
bine, docetaxel, paclitaxel and ixabepilone and the immune reac-
tion was measured using the gene expression profile of cytokines
and immune checkpoint genes. This showed that eribulin and vi-
norelbine but not the taxanes can stimulate interferon expression
in the immune cells [14].

Against this background, combinations of checkpoint inhib-
itors with these chemotherapy drugs would be of particular inter-
1117e author(s).
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n/N Events HR (95% CI) p-value

(one-sided)

Pembro + chemo 136/220 61.8% 0.65 (0.49–0.86) 0.0012a

Placebo + chemo 79/103 76.7%

Placebo + chemo

9.7 months

5.6 months

65.0%

46.9%

39.1%

46.9%

Pembro + chemo

▶ Fig. 2 Progression-free survival in the KEYNOTE-355 study in the population of patients with a tumour CPS score of ≥ 10 (primary analysis).
a Prespecified p-value boundary of 0.00411 not met. Hazard ratio (CI) analysed based on a Cox regression model with treatment as a covariate
stratified by the randomization stratification factors. Data cut-off December 11, 2019. HR: hazard ratio; CI: confidence interval. Modified after: [45].
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No. at risk
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n/N Events HR (95% CI) p-value

(one-sided)

Pembro + chemo 288/425 61.8% 0.74 (0.61–0.90) 0.0014a

Placebo + chemo 162/211 67.8%

Placebo + chemo

7.6 months
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56.4%
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▶ Fig. 3 Progression-free survival in the KEYNOTE-355 study in the population of patients with a tumour and CPS score of ≥ 1. a Prespecified p-value
boundary of 0.00411 not met. Hazard ratio (CI) analysed based on a Cox regression model with treatment as a covariate stratified by the random-
ization stratification factors. Data cut-off December 11, 2019. HR: hazard ratio; CI: confidence interval. Modified after: [45].
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est. In the phase-I/II ENHANCE1 study a combination of eribulin
and pembrolizumab was tested for toxicity and efficacy [15]. This
study included 167 patients with advanced TNBC with 0–2 pre-
vious treatments. No new unexpected toxicities were seen in ad-
dition to those that were expected because of the eribulin therapy
or pembrolizumab therapy. A response rate of 25.8% was seen in
1118 Tesch H et al. U
patients in the first treatment line and in 21.8% in higher treat-
ment lines [15]. These response rates are promising and thus this
combination could be further developed in further phase III stud-
ies.
pdate Breast Cancer… Geburtsh Frauenheilk 2020; 80: 1115–1122 | © 2020. The author(s).



Metastatic and/or loco-regionally

recurrent TNBC

or

or germline mutation-

associated HER2-negative MBC

a

BRCA1 BRCA2

Germline

testingBRCA

g

group

BRCA

BRCA-like

group

Non- -like

group

BRCA

Deleterious germline

mutation detectedBRCA1/2

Deleterious germline

mutation not detectedBRCA1/2

Post-randomisation germline and BRCA-like biomarker testing

assigned patients into pre-specified groups

Tumor Blood

BRCA-like biomarker analysis

Primary endpoint:

Secondary endpoints:

0/1 prior cytotoxic chemotherapy

for metastatic disease

HRD genomic instability score 42≥

Somatic mutationBRCA1/2

BRCA1 promoter methylation (PM)

Germline HR repair genes mutation (excluding )BRCA1/2

Positivity on any one of the four marker/s placed

patient in -like groupBRCA

1.

2.

3.

4.

Progression-free survival in

three pre-specified groups:

Overall survival

gBRCA

Objective response rate

BRCA-like

Clinical benefit rate

Non- -likeBRCA

1 : 1
Cisplatin

Placebo

75 mg/m days 1 every 21 days

PO BID (days 1–14) every 21 days

2

Cisplatin

Veliparib

75 mg/m day 1 every 21 days

300 mg PO BID (days 1–14) every 21 days

2

Rb

Primary

tumour

▶ Fig. 4 SWOG-S1416 study design. a TNBC defined as oestrogen receptor (ER) and progesterone receptor (PgR) immunohistochemical (ICH) nu-
clear staining of ≤ 1% and HER2 negative per ASCO/CAP guidelines; b Randomization stratified by number of prior cytotoxic regimens for metastatic
disease (0 vs. 1). BID: bis in die; MBC: metastatic breast cancer; TNBC: triple-negative breast cancer. Modified after: [46].
PARP inhibitors in patients with HRD markers
other than BRCA1 and BRCA2

The PARP inhibitors olaparib and talazoparib are licensed for the
treatment of HER2-negative patients with advanced breast cancer
if a germline BRCA1/2 mutation has been found [16,17], which is
the case in ca. 10% of cases of TNBC and in ca. 4–5% of HER2-neg-
ative HR-positive patients [18–22]. For veliparib, which can be
combined with chemotherapy in a nearly regular dose, it was
shown that the addition of veliparib to chemotherapy with carbo-
platin and paclitaxel can improve the prognosis of patients with
HER2-negative advanced breast cancer if a BRCA1/2 germline mu-
tation had been found [23] (BROCADE study).

A small phase II study has now been reported (SWOG S1416),
which treated HER2-negative patients either with veliparib and
cisplatin or with cisplatin alone. Patients were included if they
were treated in the first or second treatment line and could be as-
signed to one of the following groups [46].
▪ Group 1 (germline BRCA group): germline mutation in

BRCA1/2
▪ Group 2 (BRCA-like group): tumour mutation in BRCA1/2,

germline mutation in one of 36 DNA repair genes (BROCA‑HR),
BRCA1 promoter hypermethylation, myChoice score of ≥ 42

▪ Group 3 (BRCA-unlike): patients could not be assigned to ei-
ther of the other two groups.

The study design is shown in ▶ Fig. 4. The addition of veliparib did
not confer any benefit in the group of BRCA-unlike patients, and
also not in the group of patients with a BRCA1/2 germline muta-
tion. The absence of a difference in the group of patients with the
Tesch H et al. Update Breast Cancer… Geburtsh Frauenheilk 2020; 80: 1115–1122 | © 2020. Th
BRCA1/2 germline mutation was initially surprising, but it must be
considered that this group of 37 patients was small and that ola-
parib and talazoparib had been licensed during the study for the
treatment of patients with a BRCA1/2 germline mutation. In the
BRCA-like group (group 2), however, a statistically significant dif-
ference was seen with a median progression-free survival of
4.2 months in patients treated with cisplatin and 5.9 months in
patients who had been treated with cisplatin + veliparib (hazard
ratio: 0.53; 95% CI: 0.34–0.83). This shows that apart from the
group of patients with a germline mutation in BRCA1/2 there are
other BRCA-like characteristics (HRD score, mutations in other
genes, BRCA1 hypermethylation) that could define efficacy of
PARP inhibitors.

The TBCRC-048 study (Olaparib Extended Study) is another
small phase II study, which addressed a similar question [24]. Pa-
tients were included in this study who had a germline or tumour
mutation in one of the following genes: ATM, ATR, BARD1, BRIP1,
CHEK2, FANCA, FANCC, FANCD2, FANCE, FANCF, FANCM, MRE11A,
NBN, PALB2, PTEN, RAD50, RAD51C, RAD51D and other unnamed
genes or a somatic tumour mutation in BRCA1/2. The patients
were treated with olaparib monotherapy. Most germline muta-
tions (87% of the patients) were found in ATM, CHEK2, PALB2 or
tumour mutations in BRCA1/2. The response rate was 33% in the
group of patients who had a germline mutation outside BRCA1/2.
It was interesting that all 11 patients in whom a germline PALB2
mutation was present benefited from the olaparib therapy (ORR
82%, CBR 100%). In patients with a tumour mutation in BRCA1
or BRCA2 31% had a response to the olaparib therapy [24].
1119e author(s).
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Treatment of Patients with Advanced
HER2-Negative, Hormone Receptor-Positive
Breast Cancer
Aromatase inhibitor or fulvestrant as combination
partner in the hormone-sensitive situation

The therapy sequence in patients with advanced HER2-negative
hormone receptor-positive breast cancer is becoming ever more
important given the increasing treatment options [25–27]. Not
only the sequence in the metastatic situation is of importance
but also the way anti-hormone therapies are used in the adjuvant
setting. Treatment with CDK4/6 inhibitors has become estab-
lished as standard in the first treatment line of advanced breast
cancer. The efficacy of this treatment has been confirmed both
in combination with aromatase inhibitors and with fulvestrant.
The choice of endocrine combination partner is particularly im-
portant, however, because treatments after the CDK4/6 inhibitors
could possibly use fulvestrant as combination partner. The effi-
cacy of the PI3K inhibitor alpelisib was already established some
time ago in the SOLAR-1 study. In this study, a combination of ful-
vestrant with alpelisib was compared with fulvestrant therapy
alone [28]. Progression-free survival was prolonged from
5.7 months to 11.0 months in patients with PIK3CA mutations.
The combination partner fulvestrant could thus be of benefit in
the second therapy line after CDK4/6 inhibitors for possible treat-
ment with the PI3K inhibitor alpelisib. The CDK4/6 inhibitors are
effective in different treatment situations both in combination
with fulvestrant or aromatase inhibitors [29–37]. The 3 studies
that recruited hormone-sensitive patients and tested a combina-
tion with an aromatase inhibitor (MONALEESA-2, MONARCH-3
and PALOMA-2) all had as a requirement that the patients had no
progression on (neo-) adjuvant therapy and that the conclusion of
the (neo-) adjuvant therapy had to be at least 12 months previ-
ously [32,34,36]. Against this background, these studies showed
a clear benefit for disease-free survival even when an aromatase
inhibitor was again combined with a CDK4/6 inhibitor in the meta-
static situation. Nevertheless, real-world data suggest that fulves-
trant is often preferred as anti-hormonal therapy in the first pallia-
tive treatment line for recurrence [25]. In this connection, the
PARSIFAL study published at ASCO 2020 is of particular impor-
tance [38]. This study compared treatment with palbociclib + ful-
vestrant in this described hormone-sensitive situation (similar to
MONALEESA-2, MONARCH-3, PALOMA-2) with treatment with
palbociclib-letrozole. The primary study aim was progression-free
survival. 486 patients in total were included and randomised 1 :1.
A statistically significant difference was not found between the
two arms with regard to progression-free survival (hazard ra-
tio = 1.13 [95% CI: 0.89–1.45]). There was also no difference with
regard to overall survival, where the hazard ratio was 1.0 (95% CI:
0.68–1.48) [38]. When interpreting these data, it must be borne
in mind that this study initially investigated fulvestrant for superi-
ority, which was not demonstrated. This study then looked at non-
inferiority, which likewise was not confirmed. A treatment deci-
sion should always therefore depend on the overall view of the
disease and the planned therapy sequences.
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Alpelisib after CDK4/6 inhibitor treatment

In the Solar-1 study, which showed an improvement in PFS by ad-
dition of alpelisib in patients with a PIK3CA mutation of the tu-
mour, only a few patients had received previous treatment with a
CDK4/6 inhibitor. Only 7 patients received treatment with alpeli-
sib and fulvestrant and 10 patients received placebo and fulves-
trant. The median progression-free survival was 5.5 months in pa-
tients treated with alpelisib and 1.8 months in those who had
been treated with fulvestrant alone [28]. It is therefore clear that
better evidence was needed for this group of patients. This evi-
dence was delivered by the recently presented BYLIEVE study in
which patients were included who were to be treated again with
anti-hormonal therapy following treatment with a CDK4/6 inhib-
itor [39]. This non-randomised study consisted of several cohorts,
of which only cohort A has been presented to date. Cohort A in-
cluded 112 patients who had previously received treatment with
a CDK4/6 inhibitor and an aromatase inhibitor. In the BYLIEVE
study all patients received the combination of alpelisib and fulves-
trant. Naturally, a tumour mutation in the PIK3CA gene had to be
found in all patients. The primary end point was the number of
patients who had no breast cancer disease progression after
6 months. This number was 50.4% (95% CI: 41.2–59.6). The me-
dian progression-free survival (secondary end point) was
7.3 months (95% CI: 5.6–8.3) [39]. It should be noted critically,
however, that the BYLIEVE study is not a prospective randomised
study that compares the combined treatment consisting of alpeli-
sib and anti-hormonal therapy with a different therapy. Overall,
treatment with alpelisib and fulvestrant could represent the pre-
ferred treatment option after therapy with a CDK4/6 inhibitor
based on the available data for patients with a PIK3CA mutation
in the tumour. With regard to the side effects, it must be noted
that clinically significant hyperglycaemic episodes and skin rashes
occur in approximately one third of the patients, often necessitat-
ing interdisciplinary management.
Biomarkers

Tumour mutational burden and pembrolizumab

The KEYNOTE-119 study is a study in which patients with ad-
vanced TNBC in later treatment lines were treated either with
pembrolizumab alone or with chemotherapy [40]. Even though
the primary study aim, namely, superiority of pembrolizumab
compared with chemotherapy, was not reached, the study
showed clearly that pembrolizumab was all the more effective
the higher the CPS score was (PD‑L1 positivity in immune cells
and tumour) [40]. The median overall survival was 14.9 months
in patients with a CPS ≥ 20 and 12.7 months in patients with a
CPS ≥ 10, 10.7 and 9.9 months with CPS ≥ 1, when no limitations
were made with regard to the CPS scores [40].

The tumour mutational burden (TMB) was also discussed in
this context as a biomarker for the response to immunotherapy
[41–44]. The TMB status of 253 of the 601 patients in the KEY-
NOTE-119 study was determined. 26 patients (10.3%) had a TMB
≥ 10 mutations per megabase pair (mut/Mb). The response rate
with pembrolizumab was numerically higher (14.3%) in patients
with a high TMB than in patients with a low TMB (12.7%). The dif-
pdate Breast Cancer… Geburtsh Frauenheilk 2020; 80: 1115–1122 | © 2020. The author(s).



ference between the two treatment arms (pembrolizumab vs.
chemotherapy) with regard to overall survival also appeared to
be greater in patients with a high TMB (hazard ratio: 0.58; 95%
CI: 0.21–1.57) than in patients with a low TMB (hazard ratio:
0.81; 95% CI: 0.61–1.07).

Whether and how TMB can be established as a biomarker in pa-
tients with breast cancer remains to be seen.
Outlook
Tucatinib and trastuzumab-deruxtecan are two substances that
are entering clinical practice for HER2-positive advanced breast
cancer. This could further markedly improve the treatment situa-
tion of patients with a HER2-positive tumour. In patients with
TNBC, a therapy advantage was shown with pembrolizumab for a
second checkpoint inhibitor (after atezolizumab) in first-line ther-
apy. With regard to treatment with PARP inhibitors an attempt is
being made to expand the treatment indication to other muta-
tions or HRD signals. For HER2-negative HR-positive tumours, fol-
lowing CDK4/6 inhibitor therapy, a further targeted therapy (PI3K
inhibition) has entered clinical practice with alpelisib. The trend of
the last few years is thus confirmed, showing that drug develop-
ment is progressing at high speed and hardly a year passes in
which new substances are not presented for all subtypes of meta-
static breast cancer with promising new data from clinical studies.
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