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ABSTRACT

With abemaciclib (monarchE study) and olaparib (OlympiA
study) gaining approval in the adjuvant treatment setting, a
significant change in the standard of care for patients with
early stage breast cancer has been established for some time

now. Accordingly, some diverse developments are slowly
being transferred from the metastatic to the adjuvant treat-
ment setting. Recently, there have also been positive reports
of the NATALEE study.

Other clinical studies are currently investigating substances
that are already established in the metastatic setting. These
include, for example, the DESTINY Breast05 study with trastu-
zumab deruxtecan and the SASCIA study with sacituzumab
govitecan.

In this review paper, we summarize and place in context the
latest developments over the past months.

ZUSAMMENFASSUNG

Mit den Zulassungen von Abemaciclib (monarchE-Studie) und
Olaparib (OlympiA-Studie) in der adjuvanten Therapiesituation
haben sich die Therapiestandards bei der Behandlung von Pa-
tientinnen mit Mammakarzinom in Frithstadien seit Langem
deutlich verdndert. Somit (ibertragen sich einige vielfiltige
Entwicklungen aus der metastasierten Therapiesituation lang-
sam in die adjuvante. Kiirzlich ist auch die NATALEE-Studie als
positiv berichtet worden.

Weitere Therapiestudien mit Substanzen, die in der metasta-
sierten Situation etabliert sind, werden zurzeit durchgefihrt.
Dies sind z.B. die DESTINY Breast05-Studie mit Trastuzumab-
Deruxtecan und die SASCIA-Studie mit Sacituzumab Govite-
can.

In dieser Ubersichtsarbeit werden die neuesten Entwicklungen
der letzten Monate zusammengefasst und in den jeweiligen
Kontext eingeordnet.

Prevention

Excess weight and risk of breast cancer - new insights

Over the past two decades, many risk factors have been indepen-
dently associated with the risk of developing breast cancer. Genet-
ic risk factors can explain up to 40% of the inherited breast cancer
risk (defined as a doubled familial breast cancer risk) [1, 2, 3, 4, 5,
6,7,8,9,10,11,12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26]. This is contrasted with risk factors that are not associated
with genetic risk, which include, for example, reproductive health
parameters, weight, or lifestyle factors [27]. Some risk factors,
such as breast density, are partly determined by genetic factors
and partly by other risk factors [8, 14, 15, 23, 28, 29, 30]. With
this in mind, breast density plays a central role in determining the
risk of breast cancer. Only now are we gradually starting to under-
stand the interactions between the different risk factors [4, 31,
32,33].

Recently, new findings have come to light in connection with
body mass index (BMI) as a risk factor. It was already known that a
higher body mass index tends to have a protective effect in pre-
menopausal patients, while a higher BMI in postmenopausal pa-
tients is associated with an increased risk of disease [34, 35, 36,

37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47]. Moreover, a prospective
cohort study was also able to show an association between familial
risk and BMI (> Fig. 1) [48]. In » Fig. 1 it can be seen that the im-
pact of BMI on breast cancer risk is reversed in the period after
menopause [48]. One explanation for this interaction between
familial risk and BMI may lie in the relationship between homolo-
gous recombination and body mass index, and the associated ac-
cumulation of DNA damage [49]. It has been demonstrated that
DNA damage in the breast epithelium of women with a BRCA mu-
tation has a positive correlation to BMI. It was also found that
blockades of estrogen biosynthesis led to a lower level of DNA
damage [49]. Hormones such as insulin and leptin, which are also
present in increased levels in obese patients, led to increased DNA
damage in the mammary gland tissue. This, in turn, could be pre-
vented by inhibition of PI3K or leptin [49]. While these correlations
have been investigated in healthy epithelia in the context of breast
cancer prevention, it is also conceivable that such correlations
might potentially play a role in the prognosis and treatment of
breast cancer. With endocrine resistance in particular, the homolo-
gous recombination signaling pathway has been identified as one
of the important elements [50]. In this context, it is also significant
that a high BMI is associated with reduced efficacy of endocrine
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risk by body mass index and familial risk: prospective family study cohort (ProF-SC). Breast Cancer Res 2018; 20: 132. doi:10.1186/s13058-018-
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breast cancer therapies [51]. In future, these interactions are likely
to be an important field of research for the prevention and treat-
ment of breast cancer.

Risk of contralateral breast cancer quantified
in a large-scale study

In the context of treating breast cancer patients with a germline
mutation, the risk of contralateral breast cancer is a question that
often arises. This is important, firstly so that the risk can be taken
into account on an individual basis when planning surgery, and
secondly for the planning of follow-up care or screening. On this
topic, very extensive data from over 14400 breast cancer patients
have been presented as part of the CARRIERS study [52]. For all
patients, it was a prerequisite that the contralateral breast had not
been removed during primary care and that follow-up treatment
could take place for at least one year. A total of 5 genes were in-
vestigated for their germline mutation status. The mutation rates
were 0.9% (BRCAT), 1.1% (BRCA2), 0.9% (CHEK2), 0.6% (PALB2), and
0.7% (ATM) [52]. The median follow-up observation period was
11 years. Both BRCAT and BRCA2 genes were shown to be asso-
ciated with approximately three times the risk of contralateral can-
cer. This was the case regardless of whether the primary cancer
was hormone receptor-positive or -negative. CHEK2 was found to
be associated with approximately twice the risk, mainly in patients
with hormone receptor-positive primary cancer. An increased risk
could also be demonstrated for PALB2, although the approximately
three-fold increase in risk was limited to patients who had hor-
mone receptor-negative primary cancer. This is consistent with
data indicating that PALB2 tends to have more of a risk-increasing
effect in the case of triple-negative breast cancer (TNBC) [53, 54].
In the CARRIERS study, the absolute rates for developing contralat-
eral breast carcinoma within 10 years were 4.3% for patients with
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no germline mutation, 23% for BRCAT mutation carriers, 17% for
BRCA2 mutation carriers, and 8% for CHEK2 mutation. With regard
to the increased risk with a hormone receptor-negative primary
tumor, the 10-year risk for developing contralateral cancer was
5.4%. In the case of the PALB2 mutation, this risk was 19.7% [52].

These analyzes should help clinicians to better advise patients
on surgical planning and to provide individualized follow-up care
and screening.

Adjuvant Endocrine Therapies

CDK4/6 inhibitors in the adjuvant setting

Following the monarchE study, abemaciclib could be approved as
an adjuvant treatment for HRpos/HER2neg patients at increased
risk of recurrence [55, 56, 57]. Based on cohort 1 of the monarchE
study, increased risk of recurrence is defined as either more than
3 affected lymph nodes, or 1-3 affected lymph nodes plus an ad-
ditional tumor grading of 3, or a tumor size of at least 5 cm. In the
USA, approval was first granted for patients with Ki-67 = 20%;
however, the approval has recently been amended in the USA and
is now in line with the European approval [58]. This means it is no
longer necessary to determine the Ki-67 level of patients in the
USA. The study had already received a positive evaluation in the
first interim analysis due to a large difference between the rando-
mization arms (endocrine standard therapy versus endocrine stan-
dard therapy + 2 years of abemaciclib) [56]. However, given that
73.6% of patients were still receiving treatment at the time of this
evaluation, there were frequent calls for more sound data with a
longer follow-up observation period [55, 57]. An evaluation has re-
cently been published with a median follow-up observation period
of 42 months, the longest follow-up to date [59]. In this analysis,
99.2% of patients were no longer receiving treatment, and there
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» Fig. 2 Comparison of the patient cohorts from the monarchE study and the NATALEE study.

had been 835 events in total (compared to 323 in the first interim
analysis). The hazard ratio when comparing the randomization
arms for invasive disease-free survival was 0.664 (95% Cl: 0.578-
0.762). The absolute difference was 6.8% after 4 years (79.4% in
the standard endocrine arm versus 85.8% in the standard endo-
crine therapy + 2 years abemaciclib arm) [57]. In terms of overall
survival, no benefit has yet been seen. The hazard ratio for overall
survival was 0.92 (95% Cl: 0.74-1.15) with a total of 330 fatal
events. It can therefore be concluded that the results of the
monarchE study for invasive disease-free survival have been con-
solidated, and that the therapeutic effect continues into the post-
treatment period.

Although the results of the NATALEE/TRIO-033 study have not
yet been definitively published, they have already been mentioned
in a press release [60, 61, 62]. Compared to the monarchE study,
the NATALEE/TRIO-033 study also included patients at low risk of
recurrence, in particular patients with a negative lymph node
status but with a tumor size greater than 2 cm, and patients with
a T1 tumor, but with affected lymph nodes (> Fig. 2). Patients in
the NATALEE/TRIO-033 study received either standard endocrine
adjuvant therapy or additional treatment with ribociclib 400 mg
over 3 years. The press release reported that ribociclib reduced
the risk of recurrence in patients with AJCC stage Il and stage IlI
disease, regardless of lymph node involvement, with a consistent
benefit [60, 63].

So far, abemaciclib remains the only drug approved in the adju-
vant setting; however, it can be assumed that further approval will
be sought based on the results of the NATALEE/TRIO-033 study.

Pregnancy in patients following
hormone receptor-positive disease

Although the occurrence of breast cancer in young women is rare
[64, 65], the question of pregnancy often arises for patients who
are still planning to have a family. Endocrine therapies take
5-10 years to complete depending on the risk of recurrence. Thus,
in many cases, a decision must be made to interrupt the endocrine
therapy so as not to jeopardize the fertility of older patients. This
issue is investigated in the POSITIVE study [66]. The study partici-
pants were patients aged 42 or younger who started adjuvant en-
docrine therapy 18 to 30 months prior to enrolment in the study.
Prior chemotherapy was explicitly permitted. The design of the
POSITIVE study is shown in » Fig. 3.

The primary study objective was breast cancer-free survival.
The study was not randomized, and the data should be compared
to data from the SOFT/TEXT studies. The POSITIVE study included
516 patients who could be examined for the primary endpoint.
The median age of the study participants was 37, and 75% of
them had not yet carried a pregnancy to term and given birth.
62 % of the study participants had undergone chemotherapy prior
to enrolment in the study [66].

With a median follow-up period of 41 months, a total of
44 events occurred relating to breast cancer-free survival. When
compared with external data from the SOFT and TEXT studies, this
figure appeared to be comparable in both studies. The aim was for
the patients to resume endocrine therapy after the 2-year interval
that was scheduled for conception and pregnancy. This did hap-
pen for 79% of the patients.

Although the authors conclude that oncological safety was not
jeopardized during the reported follow-up period and that pa-
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» Fig. 3 Design of the POSITIVE study (PARTRIGE).

tients should be offered this kind of treatment option [66], the in-
terpretation of this study is not straightforward. The study was not
a randomized trial, and the number of patients, at 500, was some-
what small for the adjuvant setting. The comparison group (SOFT/
TEXT) was recruited more than 10 years prior to the POSITIVE
study [67]. During this time the treatment has changed, which
may make it difficult in some circumstances to draw comparisons
between the studies. Furthermore, there were subgroups in which
the 3-year incidence of recurrences was relatively high, such as pa-
tients with more than 3 affected lymph nodes (18.7% recurrence
rate) or patients with a tumor larger than 5 cm (21.1% recurrence
rate) [66]. Even though the case numbers were small and no at-
tempt was made to draw comparisons with the SOFT/TEXT study,
in future the POSITIVE study should focus, over a longer follow-up
observation period, on the subgroups that demonstrated a high
risk of recurrence.

Neoadjuvant Treatment

Olaparib in neoadjuvant treatment -
long-term data from the GeparOLA study

In the adjuvant setting, olaparib is approved for HER2-negative pa-
tients at high risk of recurrence. In this context, overall survival can
be improved by 3.4% in absolute terms, from 86.4% to 89.8 % ac-
cording to a four-year follow-up observation period [68]. This indi-
cation is linked to the presence of a BRCA1/2 mutation in the
germline. However, due to the mechanism of action, it is hypothe-
sized that other homologous recombination defects may also be
associated with the efficacy of olaparib. In the metastatic context,
some efficacy was also demonstrated in patients with a PALB2 mu-
tation, even though the number of cases was small [69]. In ovarian
cancer, for some PARP inhibitors, the indication for PARP inhibitor
therapy has occasionally been linked to a test for certain molecular
patterns of homologous recombination in tumor DNA (HRD score)
[70]. In the case of breast cancer, one of the studies looking into
this question is the GeparOLA study [71]. In this neoadjuvant
study, olaparib (at a dose of 100 mg twice daily) combined with
paclitaxel (PO arm) was compared with carboplatin and paclitaxel
(PCb arm), each followed by epirubicin/cyclophosphamide. The
pCR rate was 55.1% in the PO arm and 48.6% in the PCb arm [71].
Long-term survival data for this study have now also been pub-
lished [72]. In this analysis, the evaluations of the subgroups ac-

cording to BRCA mutation status and HRD score were of particular
interest. Approximately half of the patients had a BRCAT/2 muta-
tion and a high HRD score, and the other half had a high HRD
score without a BRCAT/2 mutation. In the group of patients with a
BRCA1/2 mutation, the two therapies appeared to be similarly ef-
fective. However, for the group of patients with no BRCA7/2 muta-
tion who were included on the basis of a high HRD score, those in
the PO arm had poorer invasive disease-free survival. The authors
concluded that for patients with a BRCA1/2 mutation, olaparib
could replace platinum therapy because of its much better side ef-
fect profile [72]. However, it is important to note that patients
without a BRCA1/2 mutation (with a high HRD score) do not bene-
fit as clearly from receiving olaparib treatment compared to carbo-
platin. However, in view of the Olympia study which showed an
overall survival advantage, the results of the GeparOLA study are
not of clinical relevance. Currently, olaparib is used postoperatively
as monotherapy or in combination with standard endocrine ther-
apy in patients who are at high risk of recurrence after completing
standard therapy.

Biomarkers

Long-term follow-up data from the TailorX study

The TailorX study is the largest study to date to investigate the
oncotype multigene test in a clinical trial setting so as to answer
the question of whether chemotherapy is necessary in patients
with early stage nodal-negative, hormone receptor-positive breast
cancer, given their moderately increased risk of recurrence. For
this purpose, patients with a recurrence score of 11-25 were ran-
domized to treatment arms with regular adjuvant endocrine ther-
apy, or with regular adjuvant endocrine therapy after adjuvant
chemotherapy. The primary analysis was published after a median
follow-up period of 7.5 years; for postmenopausal patients in par-
ticular, undergoing chemotherapy did not demonstrate any bene-
fit. In premenopausal patients, undergoing chemotherapy did
demonstrate a benefit [73, 74]. Many of the discussions about
these results in premenopausal patients have focused on whether
the greater part of this effect might be mediated by chemother-
apy due to its effect on ovarian function. After standard che-
motherapy, up to 70% of premenopausal patients developed che-
motherapy-induced, permanent amenorrhea [75, 76]. It was also
shown that patients who developed amenorrhea after adjuvant
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chemotherapy had a better prognosis [77, 78, 79]. Against this
background, it is important to understand the mechanisms by
which chemotherapy affects the prognosis in premenopausal
HRpos/HER2neg patients. An analysis of the TailorX study, com-
prising additional analyzes which also addressed this question, has
now been published with a median follow-up period of 11.0 years
[80]. The data on annual event rates illustrate why this kind of
long-term follow-up is so important. While 1.55% of patients had
an invasive disease-free survival (iDFS) event each year at years
1-5, this rate was 2.66% at years 6-12. Thus, in the TailorX popu-
lation, more iDFS recurrences occurred after 5 years than in the
first 5 years after diagnosis [80]. Considering that the annual re-
currence rates in patients with hormone receptor-positive breast
cancer remain similarly high over many years, and the treatment
for patients at increased risk can take up to 10 years, this addi-
tional analysis could provide substantial insights into the unan-
swered questions relating to the use of oncotypes in this patient
population. The 12-year iDFS rates in the randomized patients (re-
currence score 11-25) were 76.8% in patients who had received
endocrine therapy, and 77.4% in patients who had additionally un-
dergone chemotherapy [80]. Accordingly, the study did not show
any overall advantage from undergoing chemotherapy. However,
in the group of patients aged < 50, especially for patients with a
high clinical risk of recurrence, an absolute difference between the
randomization arms in terms of distant metastasis-free survival
did indicate a benefit from undergoing chemotherapy » Fig. 4.
A benefit from undergoing chemotherapy can clearly be seen in
patients aged < 50 with a high risk of recurrence based on clinical
parameters, and with a high recurrence score of 21-25 [80]. How-
ever, in patients with a low clinical risk of recurrence, the effect of
undergoing chemotherapy appears to be significantly smaller.
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Doorways formed from a tumor cell,
a macrophage, and an endothelial cell could
be the origin of hematogenous metastasis

In a study on neoadjuvant chemotherapy, researchers investigated
a complex histological biomarker, as well as the influence of white
or black ethnic origin of patients on the efficacy of neoadjuvant
chemotherapy [81]. This biomarker has been known in the scien-
tific community for some time, but so far has not acquired any
particular clinical relevance. It is thought to reflect whether a tu-
mor has a high or low probability of forming metastases. The pas-
sage of a tumor cell through the endothelium has been described
as occurring in the location where a macrophage, a tumor cell,
and an endothelial cell come into direct contact with each other
(> Fig. 5) [82, 83, 84]. This meeting of the three cell types is also
called a tumor microenvironment of metastasis (TMEM) doorway.
In some studies the occurrence of these TMEM doorways has been
associated with a higher risk of metastasis [85, 86, 87, 88, 89],
possibly or especially after neoadjuvant chemotherapy [89, 90].
The study presented here included 183 patients with a residual
tumor of at least 5 mm after neoadjuvant chemotherapy. 96 of
the patients were black and 87 were white [81]. Firstly, a lower
density of TMEM doorways was observed in TNBC patients com-
pared to HRpos/HER2neg patients, who had a higher density of
TMEM doorways in the tumor. Secondly, a significantly lower den-
sity of TMEM doorways was observed in white patients compared
to black patients. In the overall patient cohort, the score for TMEM
doorways was a clear prognostic factor. The hazard ratio for dis-
tant metastasis-free survival was 2.01 (95% Cl: 1.17-3.44) when
comparing patients with high versus moderate to low TMEM
scores [81]. This paper shows that the molecular behavior of tu-
mors differs markedly between different ethnic groups, and there
is a need for further research on this topic. These ethnic differ-
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» Fig. 5 The structure known as a tumor microenvironment of me-
tastasis (TMEM) doorway is created when three specific cells, a tu-
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close connection (b). This structure serves as a doorway through
which tumor cells can enter the blood vessels, and thus metastasize
(c). Tumors with a high density of TMEM doorways have a higher
probability of metastasis than tumors with a low TMEM density.

ences may play a major role, not only for drug development, but
also for our understanding of molecular properties that could be
used in prognostic models.

Outlook

This year, the treatment scenario for HRpos/HER2neg patients was
supplemented with data from the NATALEE study. Looking at all of
these data together will help us to determine which patients
should be treated with abemaciclib, and which should be treated
with ribociclib. Even though ribociclib has not yet been approved
in the adjuvant setting, the NATALEE study included a significantly
broader patient population with a lower risk of recurrence.

Currently, the available studies investigating treatment deci-
sions in premenopausal patients with early stage HRpos/HER2neg
cancer are the subject of intense analysis. The choice of adjuvant
endocrine therapy, the integration of CDK4/6 inhibitors, and the
use of multigene assays and other biomarkers, such as dynamic
Ki-67, must be placed in a meaningful context so that chemother-
apy is only performed when it can be expected to produce a bene-
fit. The choice of endocrine therapy also needs to be investigated
in this context. One study collecting data on endocrine therapy in
premenopausal patients here in Germany is the CLEAR-B study
(http://www.clear-b.de/).

Future studies will also soon clarify whether the new antibody-
drug conjugates, trastuzumab deruxtecan and sacituzumab
govitecan, are also of value in treating early stage cancers.
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