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The breast cancer (BC) is the dom-
inant oncopathology in the 

world both in the incidence and mortali-
ty rate [1, 2]. Moreover, most tumors are 
represented by luminal HER2-negative 
BC subtype, when the endocrine therapy 
is pathogenetically defined treatment 
option both at the early and advanced 
stages [3]. In case of metastatic breast 
cancer (MBC), the problem of drug se-
lection is due to many factors: menstrual 
status, previous treatment and duration 
of response to it as well as neoplastic 
process symptoms and signs. Accord-
ing to recommendations of Russian and 
World Cancer Societies, the sequential 
use of up to three lines of endocrine 
therapy is recommended for patients 
with potentially hormone sensitive tu-
mors, in case of absence of indications 
for immediate chemotherapy (visceral 
crisis symptoms), and then in case of re-
sponse absence – switch to chemother-
apy [4–6].

Hormone sensitivity criteria in cases 
of HR+/HER2-negative BC

In cases of HR+/HER2-negative 
MBC, the definition of hormone sensitiv-
ity and hormone resistance was changed 
significantly over recent years, which 
also requires re-thinking of approach-
es to individualization of treatment. 
Traditionally, hormone-sensitive (hor-
mone-positive) tumors were considered 

to be the tumors, in which the nuclear 
expression of receptors of estrogens and/
or progesterone (ER/PR) ≥ 1 % was de-
tected during the immune histochemical 
study; and in such case the endocrine 
therapy was recommended for patients 
including cases of MBC [4–6]. However, 
recent studies have raised doubts about 
such approach; it was shown that the 
course and prognosis of disease in pa-
tients with positive but low ER expression 
(ER-low – 1–10 % of positively stained 
nuclei) is more unfavorable and the ad-
vantage of hormonal treatment is not so 
significant as in patients with ER expres-
sion >10 % [7, 8]. According to the data 
of large meta-analysis with enrollment 
of 21,457 patients, the hormonal treat-
ment with tamoxifen during five years 
substantially reduces the risk of disease 
recurrence (during first 5 years – by 
47 %, during next 5 years – by 32 %; р < 
0.00001) and risk of death (during first 5 
years by 29 %, during next 5 years – by 
33 %; p < 0.0001) in cases of ER+ BC, but 
not in patients with low ER expression [8].

Moreover, patients with low ER ex-
pression (ER-low) demonstrate good 
response to neoadjuvant chemotherapy 
(high complete pathologic responses 
rate) and in cases of residual tumor – 
the same poor prognosis as patients with 
triple-negative cancer [7–10]. The pos-
sible explanation of this phenomenon 
may be the results of the B. S. Sheffield 

et al. study, according to which the tu-
mors with low ER expression (3–5 on 
Allred score, according to immune his-
tochemical study) are the true luminal 
cancers only in 10 % of cases with genetic 
analysis PAM50 and have genetic profile 
of basal-like or HER2-enrich subtypes 
in 90 % of cases [10].

For this reason, the expert pan-
el of ASCO/CAP Guideline Update 
2019 recommended that patients with 
ER-low should be separated into the 
separate group, which will allow these 
patients to optimize the treatment pol-
icy. As the immune histochemical as-
sessment of ER/PR status is the only 
one routine test-predictor of potential 
response to endocrine therapy, the 
panel ASCO/CAP Guidelines Update 
2019 reminds of necessity of interpre-
tation of analysis of steroid hormone 
receptor expression in cases of BC with 
the indication in per cent of positively 
stained nuclei and intensity of their 
staining [9]. The separation of ER-
low BC into a separate group (tumors 
with doubtful hormone sensitivity) is 
supported by ABC 5 consensus, re-
commendations of NCCN and AGO 
in 2020; the oncologic communities 
emphasize that patients with MBC with 
low ER expression (ER-low) should not 
be discussed only for endocrine therapy, 
and the role of chemotherapy is signif-
icant for this group of patients [5, 11].
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Hormone resistance criteria in cases 
of HR+/HER2-negative BC

As early, the consensus of interna-
tional experts on advanced breast cancer 
ABC‑3 has defined the concepts of prima-
ry and secondary hormone resistance de-
pending on terms of progression onset [12].
Primary hormone resistance (hor-

mone refractoriness) – disease progres-
sion during first 2 years from the begin-
ning of adjuvant hormone therapy or first 
6 months from the beginning of first-line 
hormone therapy for advanced BC.

Secondary (acquired) hormone resis-
tance – disease progression two years later 
after the beginning of adjuvant hormone 
therapy or during the first year after its 
completion, or after 6 months from the be-
ginning of first-line hormone therapy for 
advanced BC. It is worth noting that the 
definition of concepts of primary and sec-
ondary hormone resistance was proposed 
by consensus ABC‑3 for simplification 
of clinical studies, but not for preparation 
of treatment plan in routine practice [12]. 
For determination of treatment strategy, 
it is necessary to accept the fact of pro-
gression as the indicator of hormone resis-
tance, as in such situation it is necessary 
to change the hormone therapy (or switch 
to chemotherapy, in case of visceral crisis 
development or ineffectiveness of three 
sequential hormone therapy lines). Apart 
from this, the determination of hormone 
sensitivity means not only the presence 
of ER/PR expression in tumors, but also 
the clinical situations with disease pro-
gression after one year and more after 
the completion of adjuvant hormone ther-
apy; in this situation, current endocrine 
agents are most effective and re-induction 
by means of previously used regimes is 
possible [12].

Current standards of treatment 
of HR+/HER2-negative BC

The endocrine therapy is biological-
ly effective treatment strategy in cases 
of HR+/HER2-negative MBC; intro-
duction of new class of drugs (cyclin-de-
pendent kinase inhibitors, CDK4/6) has 
set priorities in treatment of patients 
with hormone-dependent tumors. Due 
to unique mechanism of anti-tumor ac-
tivity, the drugs of this class (palbociclib, 
ribociclib and abemaciclib) have sub-
stantial advantages both in comparison 
to endocrine monotherapy [13]. The 

excellent combination of high efficacy, 
fast realization of anti-tumor response, 
controlled safety profile and, above all, 
convincing win in survival rate made 
the combined endocrine therapy with 
CDK4/6 inhibitors the preferable choice 
in the first- and second-line therapy 
of HR+/HER2-negative MBC [14–23].

The efficacy of representatives 
of CDK4/6 inhibitors class is proved 
demonstratively in the series of large 
randomized studies both in patients with 
potentially hormone-sensitive tumors 
(first line of MBC treatment) and in pa-
tients with hormone-resistant cancer 
(second line of MBC treatment and early 
relapses during not less than 12 months 
after adjuvant therapy) [13–23]. However, 
what calls attention to itself is that the 
efficacy of one and the same treatment 
regimens differs in these clinical groups. 
For instance, in the first-line treatment 
in patients with hormone-sensitive BC 
in 6 large II–III phase randomized stud-
ies (PALOMA‑1/2, MONALEESA‑2/-3/-7, 
MONARCH‑3), the significant increase 
of median progression-free survival 
(PFS) (up to 20–37 months) is demon-
strated, ∆ 9–14 months – compared 
to control group [13, 15, 17, 18, 19, 21]. 
However, the combined therapy with 
CDK4/6 inhibitors in patients with hor-
mone-resistant BC (second line of MBC 
treatment and early relapses after ad-
juvant treatment) demonstrates lower 
survival rates, although the differenc-
es in comparison to control group re-
main statistically significant [13, 14, 21–
23]. For example, median PFS is 9.5–16.4 
months after combination of fulvestrant 
with palbociclib/ribociclib/abemaciclib as 
the second-line treatment [13, 23].

The differences in СDK4/6 inhibitors 
efficacy in patients with hormone-sen-
sitive and hormone-resistant MBC are 
clearly demonstrated in the large random-
ized MONALEESA‑3 study. 726 patients 
with HR+/HER2-negative MBC were 
enrolled in the study and received the 
combination of ribociclib + fulvestrant vs. 
placebo + fulvestrant (367 patients – as 
the first-line treatment, 345 patients – as 
the second-line treatment of MBC + early 
relapses) [14, 23]. In both groups (first- 
and second-line treatment), the advantage 
of addition of ribociclib to fulvestrant is 
obvious, although absolute survival rates 
differ greatly between the groups. For in-

stance, in the group of hormone-sensitive 
cancer (first-line treatment), median PFS 
was in favor of treatment with ribociclib 
and amounted 33.6 vs. 19.2 months, HR = 
0.546, as well as OS (median was not 
reached vs. 45.1 months, HR = 0.700). 
In the group of the second-line treat-
ment + early relapses after adjuvant treat-
ment, ribociclib also showed significant 
benefit, but the survival rates were con-
siderably lower – median PFS was 14.6 
vs. 9.1 months, HR = 0.571; median OS – 
40.2 vs. 32.5 months, HR = 0.730 [14, 23]. 
Accordingly, one and the same treatment 
regimen leads to different survival rates 
in patients with hormone-sensitive and 
hormone-resistant HR+/HER2-negative 
MBC [23]. It seems that the molecular ge-
netic mechanisms of hormone resistance 
preclude from the full realization of an-
ti-tumor potential of current endocrine 
agents. The study of mechanisms of ac-
quired hormone resistance development 
is a critical oncologic challenge, as it will 
offer the possibility to plan effectively the 
strategy of treatment of HR+/HER2-neg-
ative MBC and to make the right choice 
(whether to continue the further endo-
crine therapy or prefer chemotherapy) 
after progression on CDK4/6 inhibitors.

ESR1 mutation as a new predicative 
and prognostic marker of acquired 
hormone resistance in cases of HR+/
HER2-negative MBC

The crucial role in acquired hormone 
resistance development may be played 
by activating point mutations of estro-
gen receptor gene ESR1. Although ESR1 
was studied comprehensively as early as 
in the 90s of the past century, the signif-
icance of this phenomenon for develop-
ment of resistance to endocrine therapy 
became actively studied only in recent 
years [24–26].

ESR1 is a gene located on 6-th chro-
mosome and encoding estrogen receptor 
alpha, transmembrane protein, which 
plays a significant role in BC carcinogene-
sis. The estrogen receptor has С-terminus, 
ligand (estrogen) binding site and N-ter-
minus, which contains several domains 
contributing to increase of transcriptional 
activity of some genes. The mutations 
in ESR1 gene are somatic and may be 
presented by gene amplification or dele-
tion, but particularly the point activating 
mutations, as a rule, in ligand binding 
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domain are responsible for development 
of constitutive ligand-independent ac-
tivity of receptor. Moreover, the vast 
majority of mutations detected in cases 
of advanced breast cancer occur in li-
gand-binding domain ER with a ‘hotspot’ 
in sequential amino acids L536, Y537 and 
D538, which belong to the loop connect-
ing α-helixes 11 and 12. The structural 
analyses show that these residues control 
the state of agonists of ligand-binding 
domain and contribute to transcription 
of ER-dependent target genes [24–26].

The impact of mutation presence in li-
gand-binding domain ESR1 on its capabil-
ity to become active under the influence 
of estrogen was studied comprehensively 
in the series of laboratory studies with the 
use of cell lines of BC [25–27]. For exam-
ple, in vitro experiment of the D. R. Robin-
son et al. study, genes with ESR1 mutations 
were cloned and introduced into НЕК293Т 
cell lines, which carry reporter element 
with response to stimulation by estrogens. 
In the cells without ESR1 mutations, the 
reporter remained inactive in the absence 
of estrogen; however, in the cells with 
ESR1 mutation the reporter was constitu-
tively active and only weakly complemen-
tary activated in response to treatment by 
β-estradiol [25].

In another study (A. Harrod et al.) 
on the MCF7 cell lines with genomic 
encoding ER-Y537S (with built-in mu-
tation of ESR1), the ligand-independent 
recruiting ER and gene expression reg-
ulation were noted in the absence of es-
trogen. Moreover, these cell lines of BC 
grew in the absence of estrogen and 
demonstrated dose-dependent resistance 
to antiestrogens [26]. Even more unex-
pected results were obtained in the study 
of R. Jeselsohn et al.; cell lines of BC 
with ESR1 mutation demonstrate not only 
ligand-independent functions, which imi-
tate activities of estradiol in cases of wild 
type ESR1, but also exhibit allele-specific 
neomorphic properties, which contribute 
to pro-metastatic phenotype [27].

It’s clinically important that the point 
activating mutations of ESR1 in ligand-de-
pendent domain do not occur practically 
in cases of primary breast cancer, but 
are observed in 20–50 % of cases during 
progression with previous endocrine 
therapy, thus the occurrence of ESR1 
mutation in patients with recurrent HR+/
HER2-negative BC is the indicator of ac-

quired hormone resistance based on onset 
of capacity for ligand-independent func-
tions in tumorous clone [28, 29].

The somatic ESR1 mutation may be 
determined by PCR method or NGS both 
in tumor samples taken during metastasis 
biopsy and in blood by means of genetic 
analysis of circulating tumor DNA [30–
33]. It was shown that the point mutations 
in ESR1 are mainly represented by mu-
tations Y537S, D538G, E380Q, Y537N, 
Y537C, the vast majority of which are the 
first two mutations – Y537S and D538G; 
it is to be noted that half of ESR1 muta-
tions are polyclonal [30–32]

The recent studies allowed to deter-
mine the probabilistic portrait of patient 
with ESR1 mutation in tumor. It includes 
patients with recurrent breast cancer 
(progression after early-stage treatment 
or metastatic disease treatment) previ-
ously received aromatase inhibitors. Ac-
cording to the data of X. Li et al., 89 % 
of patients with ESR1 mutation had pre-
vious endocrine therapy with aromatase 
inhibitors [30]. The study by Y. Kuang et 
al. showed similar results: ESR1 mutation 
was detected in 30 % of patients with HR+/
HER2-negative MBC, where 7 % has no 
previous therapy with aromatase inhibitors, 
32 % received aromatase inhibitors for 
the treatment of early BC, and 42 % used 
aromatase inhibitors for both adjuvant 
treatment and MBC therapy; p = 0.016 [31].

In 2020, the results of pilot study 
of Chinese authors were presented, which 
are of greatest clinical significance [30]. 
The authors carried out the genetic mon-
itoring of ESR1 mutation occurrence 
in blood samples and compared the mu-
tational profile with the samples of histo-
logical biopsy in 45 patients with MBC; the 
genetic analysis was performed by NGS 
method with inclusion of 425 genes. It 
demonstrated that ESR1 mutation detection 
rate in cases of advanced BC is the same 
in blood and tumor tissue samples, which 
is very important in the clinical practice, 
because it offers the possibility to conduct 
the genetic testing for the presence of muta-
tion even in patients with metastatic lesions, 
which are not available for biopsy. The 
maximum mutation detection rate was 
shown in the case of previous endocrine 
therapy with aromatase inhibitors (17.8 %), 
where the median from treatment onset 
to occurrence of ESR1 mutation in blood 
was 39 months. Most importantly, the de-

tection of ESR1 mutation in blood preceded 
clinical and radiographic progression [30]. 
Therefore, the occurrence of ESR1 muta-
tion in patients with HR+/HER2-negative 
BC during endocrine therapy may indicate 
a high probability of hormone resistance 
development that will inevitably lead to the 
disease progression, and detection of ESR1 
mutation in the blood/tumor may become 
relatively soon the important predicative 
test for selection of treatment policy.

In recent years, a series of works on 
the study of ESR1 mutation distribution 
rate in patients with different metastatic 
sites was presented. During the analy-
sis of metastatic tumor samples in 77 
Brazilian patients with BC in the study 
conducted by T. Reinert et al., the preva-
lence of ESR1 mutation was significantly 
higher in patients with visceral disease 
(25.0 %) compared to non-visceral me-
tastases (6.7 %). The authors note that 
ESR1 mutation was detected in different 
metastatic sites, including pleura, liver, 
lungs, ovaries, lymph glands, bones, and 
thoracic wall [28].

In cases of BC with ESR1 mutation, 
the characteristics of sites of metasta-
sis are clearly described in 2020 in the 
Breast Cancer Research [29]. The authors 
assessed the prognostic role of ESR1 mu-
tation in recurrent and primary metastatic 
BC. The analysis included the tumor sam-
ples of patients with distant metastases 
and loco-regional recurrences. In the 
group of patients with distant metastases, 
ESR1 mutations were detected in 10/62 
cases (16 %), where 9/10 mutations were 
in D538G, and 1/10 was in L536R. Most 
frequently, ESR1 mutations were detect-
ed in liver metastases (40 %) and bone 
metastasis (30 %); in the case of other 
localizations (skin metastases, medias-
tinal lymph nodes, and brain), the ESR1 
mutation detection rate did not exceed 
10 %. The authors also noted the prog-
nostic significance of detected genetic 
changes: in patients received aromatase 
inhibitors, the time to progression in the 
presence of mutation was significantly 
shorter compared to patients with the 
absence of mutation (ESRwt) – 3 vs. 15 
months, HR = 3.1; р = 0.017. In group 
of patients with loco-regional recurrences, 
the ESR1 mutation detection rate reached 
36 % (15/41 cases), where D538G mutation 
prevailed in 14/15 patients and Y537C 
mutation was detected only once. During 
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analysis of clinical cases with repeated lo-
cal recurrences, the authors note not only 
the occurrence of new ESR1 mutations 
in recurrent tumors, but also the cases 
of ESR1 mutation copying in primary 
tumor and next two local recurrences 
after 7 years and at 16 years [29].

The similar results are demonstrated 
by other authors; among patients with 
ESR1 mutations, patients with liver me-
tastases (88.2 %) and bone metastases 
(97.1 %) prevail, while pulmonary metas-
tases are observed only in 38.2 % patients 
with somatic activating ESR1 mutation; 
p < 0.0001 [30, 31].

Prognostic role of ESR1 mutation 
and selection of treatment strategy 
in cases of hormone-resistant HR+/
HER2-negative MBC

The occurrence of ESR1 mutation 
and resulting acquisition of hormone re-
sistance (capacity to ligand-independent 
functions) by tumor negatively impact on 
further disease progression and make the 
selection of the further treatment strategy 
(to continue endocrine therapy or to pre-
fer chemotherapy) is highly tentative.

The prognostic role of activating ESR1 
mutation in hormone-resistant MBC was 
studied in the series of large randomized 
studies. In the BOLERO‑2 study, the blood 
analysis for ESR1 mutation was performed 
in 541 patients with HR+/HER2-negative 
MBC with progression during endocrine 
therapy with aromatase inhibitors; the ac-
tivating mutations detection rate reached 
28.8 %, where 21.1 % of patients had D538G 
mutation, 13.3 % – Y537S mutation; double 
mutation D538G and Y537S was observed 
in 5.5 % of patients. The presence of muta-
tion was associated with the worst overall 
survival rates (OS): in case of mutation 
absence, the median reached 32.1 months, 
and in case of its presence the median was 
only 20.7 months, HR = 1.62; p < 0.001. 
Moreover, median OS was 26 months 
with D538G mutation, 20 months with 
Y537S mutation, and with both mutations 
(D538G и Y537S) the median was critical-
ly low – only 15 months, HR = 2.23; p < 
0.001. Addition of everolimus to exemes-
tane reduced risk of further progression 
both in the ESRwt group and in patients 
with D538G mutation, but the negative im-
pact of ESR1 mutation on progression-free 
survival (PFS) rates is still significant. For 
example, in the group of treatment with 

exemestane, median PFS was 3.94 months 
(in case of ESRwt) and only 2.69 months 
with D538G mutation (HR = 1.71; p = 0.02). 
Addition of everolimus to exemestane re-
sulted in significant increase of PFS: up 
to 8.5 months (HR = 0.4) in the ESRwt 
group and up to 5.8 months (HR = 0.34) 
in patients with D538G mutation [32].

The mechanism of anti-tumor activity 
of fulvestrant involves its potential ac-
tivity in cases of ESR1-mutated BC. As 
fulvestrant is a ‘pure’ antiestrogen and 
facilitates the irreversible disaggregation 
of estrogen receptor, the presence of muta-
tion and, therefore, the ligand-independent 
stimulation of estrogen receptor should 
not have impact on its efficacy [33]. This 
assumption was confirmed by SoFEA 
randomized study, in which the efficacy 
of treatment with fulvestrant was com-
pared with exemestane treatment in cas-
es of HR+/HER2-negative MBC. ESR1 
mutation was in 39.1 % of cases and as-
sociated with advantage in PFS of fulves-
trant over exemestane (5.7 vs. 2.6 months; 
HR = 0.52; р = 0.02). By contrast, the 
regimes in the ESRwt group were com-
parable in respect of efficacy: PFS was 8 
months with exemestane and 5.4 months 
with fulvestrant, HR = 1.07; p = 0.77 [33]. 
However, in other study (PALOMA3) the 
advantage of combined endocrine therapy 
with CDK4/6 inhibitor, palbociclib, over 
monotherapy with fulvestrant was not-
ed in cases of ESR1-mutated previously 
treated HR+/HER2-negative MBC. In the 
randomized phase III PALOMA‑3 study, 
360 patients had mutation in blood tests 
prior to the treatment; ESR1 mutation 
was in 25.3 % of cases. In patients with 
mutation presence, median PFS reached 
9.4 months with combined endocrine ther-
apy with palbociclib + fulvestrant, while 
in the group of fulvestrant + placebo the 
median was only 3.6 months, HR = 0.43, 
p = 0.002. It is interesting to note that 
patients without mutation had similar ad-
vantage in therapy with CDK4/6 inhibitor: 
9.5 vs. 5.4 months, HR = 0.49; p < 0.001. 
Consequently, fulvestrant has potential 
efficacy in patients with ESR1 mutation 
as compared to aromatase inhibitors but 
benefit from combination of fulvestrant 
and CDK4/6 inhibitors is more significant 
in this clinical situation [33].

What should be the treatment policy 
in patients receiving combined endo-
crine therapy with CDK4/6 inhibitors 

when acquiring ESR1 mutation status 
in the absence of signs of recurrence, 
and what treatment regimen may be the 
optimal option of further therapy with 
presented progression? This question is 
the most difficult one, and it was actively 
discussed at the 2020 ASCO conference.

According to design of PADA‑1 study, 
the results of which were reported at 2020 
ASCO, it included two phases; the first 
phase involved 1,017 patients with HR+/
HER2-MBC treated in the first-line treat-
ment with palbociclib plus aromatase 
inhibitors (AIs) [34]. The blood test for 
ESR1 mutation was performed before 
treatment, after 1 month of treatment, and 
then every 2 months; in case of detection 
of mutation without signs of progression, 
patients were switched to the second 
phase and randomized to two groups: 
1) group of continuation of treatment 
with palbociclib + aromatase inhibitors 
or 2) group of palbociclib + fulvestrant. 
In statement of progression fact, patients 
were also switched to palbociclib + ful-
vestrant. If the median observation was 
21.2 months, 452 of 1,017 patients enrolled 
in the study (44.4 %) continued treatment 
with palbociclib + AIs, had no ESR1 mu-
tation and no progression; 565 patients 
(55.6 %) withdrew from the first phase. 
Moreover, in 135 patients (24.0 %) ESR1 
mutation emerged in blood, although 
progression was not observed (these pa-
tients were randomized to two treatment 
groups), and the progression was detected 
in 354 patients (62.7 %) [34].

The authors note that the ‘starting’ 
ESR1 mutation was observed in 3.2 % 
of patients (33 of 1,017). The presence 
of such mutation was associated with 
previous adjuvant endocrine therapy with 
aromatase inhibitors (HR = 3.0), meno-
pausal status (HR = 5.4), bone metastases 
(HR = 3.4), and low PFS rates in compar-
ison with patients without mutation (11 vs. 
26.7 months, HR = 2.3; p < 0.001). The 
most unfavorable prognosis was in patients 
with ‘starting’ mutation and mutation ac-
quired during 1 month of therapy; in this 
situation, PFS rates were only 7.4 months, 
while in patients without mutation in the 
blood analysis (baseline or during the 
first month of therapy), PFS reached 24.1 
months; p < 0.001 [34]. Consequently, the 
first results of PADA‑1 study demonstrat-
ed unfavorable predictive and prognostic 
role of ESR1 mutation in cases of HR+/
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HER2-negative MBC; the follow-up will 
determine reasonability of continuation 
of combined therapy with CDK4/6 inhibi-
tors + fulvestrant in case of mutation status 
occurrence.

The second study presented at 2020 
ASCO was the PEARL study, phase III 
study of efficacy of combined endocrine 
therapy with CDK4/6 inhibitors versus 
chemotherapy (capecitabine) in patients 
with ESR1 mutation [35]. The study includ-
ed patients with progression during AIs 
treatment, which were divided into 2 co-
horts: cohort 1, 296 patients, – randomized 
for therapy with palbociclib + exemestane 
vs. capecitabine; cohort 2, 305 patients, – 
randomized for therapy with palboci-
clib + fulvestrant vs. capecitabine. ESR1 
mutation was detected in blood of 29 % 
of patients and was the independent un-
favorable prognostic factor: survival rates 
were significantly lower in patients with 
mutation compared to ESRwt, PFS – 7.2 
vs. 9.3 months, р = 0.07; OS – 25.4 vs. 34.3 
months; р < 0.0001. It is important that 
combined endocrine therapy compared 
to the chemotherapy with capecitabine 
had no advantages in patients with ESR1 
mutation, and the life time of patients with 
detected ESR1 mutation did not exceed 30 
months irrespective of treatment regimen 
(palbociclib + exemestane, palbociclib + 
fulvestrant or capecitabine) [35].

Consequently, the results of first ran-
domized studies confirm that ESR1 muta-
tion may become a new independent unfa-
vorable predictive and prognostic marker 
in cases of HR+/HER2-negative MBC; 
moreover, currently there are no convinc-
ing data on advantage of endocrine ther-
apy continuation in this clinical situation, 
that is why the search of optimal action 
plan in case of ESR1 mutation detection 
becomes the objective of great relevance. 
Unfortunately, at present, routine genetic 
testing of blood/tumor tissue for presence 
of ESR1 mutation is not included in the 
obligatory diagnostic plan of BC, and it 
is possible to guess the presence of ac-
tivating ESR1 mutation in patients only 
with the help of probabilistic ‘portrait’ 
of patients and specific course of disease.

Potential of eribulin use in cases 
of hormone-resistant MBC

Eribulin is a microtubule polymer-
ization inhibitor, a synthetic analogue 
of halichondrin B, with the unique com-

bination of high anti-tumor activity and 
favorable safety profile, offering the pos-
sibility to use it in patients with BC pre-
viously treated with anthracyclines and 
taxanes. Eribulin has a direct cytostatic 
action (it prevents tumor-cell division by 
formation of non-functional tubulin ag-
gregates, decreasing the speed and degree 
of tubulin polymerization and interrupting 
formation of mitotic spindle, which cause 
a delay of tumor cells in the G2-M phase 
of cell cycle and apoptosis stimulation) and 
unique non-mitotic effects (remodeling 
of tumor vasculature, reversion of epithe-
lial-mesenchymal transition, and reduc-
tion of ability of tumor cells to migration 
and invasion) [36–40]. Such wide range 
of anti-tumor activities lead to statistically 
significant increase of overall survival 
in comparison with any other therapy 
selected by the doctor; apart from this, 
eribulin is unique in that it is effective 
in case of different biological subtypes, 
including cases of HR+/HER2-negative 
MBC after progression during previous 
therapy with CDK4/6 inhibitors [39, 40].

As shown earlier in the PEARL study, 
the efficacy of combined therapy with pal-
bociclib did not compare favorably with 
capecitabine in respect of PFS and OS 
in cases of ESR1-mutated BC [35]. How-
ever, particularly for eribulin in the phase 
III, randomized EMBRACE study, the ad-
vantage in statistically significant increase 
of overall survival was proved (13.2 vs. 10.5 
months; р = 0.014) in patients received min-
imum two lines of treatment in comparison 
with therapy selected by the doctor [40]. 
Moreover, the convincing data are available 
(results of subgroup analysis of random-
ized study 301 published in 2018), which 
demonstrate the increase of median OS 
in the eribulin group compared to capecit-
abine in patients with HER2-negative MBC 
during the second-line therapy (16.1 vs. 13.5 
months; р = 0.026) [41]. This explains high 
interest in study of potential of eribulin use 
in patients with hormone-resistant MBC 
with progression during the treatment with 
CDK4/6 inhibitors.

In 2019, the results of the large Amer-
ican observational study EMPOWER 
were presented, in which the efficacy 
and safety of eribulin in patients af-
ter progression during treatment with 
CDK4/6 inhibitors was analyzed; the 
analysis included 395 patients with HR+/
HER2-MBC received CDK4/6 inhibitors 

(palbociclib – 88.4 %, ribociclib – 6.8 %, 
or abemaciclib – 3.5 %) in combination 
with different endocrine preparations as 
the first and second line of treatment [30]. 
The median response to the therapy with 
CDK4/6 inhibitors was 9.7 months, medi-
an observation from the beginning of the 
first-line therapy – 12.4 months [36, 42].

Depending on prescription of eribu-
lin, all patients were divided into four 
cohorts: 1) the drug was used as the sec-
ond-line therapy, 121 patients (30.6 %); 
2) eribulin was used in the third line, 111 
patients (28.1 %); 3) eribulin was pre-
scribed in accordance with the registered 
indications of FDA the USA, 135 cases 
(34.2 %); 4) the drug was used in the 
fourth and further lines without previ-
ous treatment with anthracyclines and 
taxanes, 28 patients (7.1 %). The cohort 3 
(n = 135) is of great interest with the use 
of eribulin in accordance with the indica-
tions registered the USA (third-line che-
motherapy of MBC after anthracyclines 
and taxanes). It is worth noting that the 
patients of this cohort had visceral dis-
ease in 92.6 % (liver metastases – 51.9 %, 
lungs – 56.3 %) and brain damage was 
detected in 6.7 % of patients [36, 42].

The first preliminary results of eribu-
lin efficacy in the EMPOWER study are 
presented for 87 patients (64.4 %): objec-
tive response (partial) is observed in 36 
patients (26.7 %), clinical benefit – in 73 
patients (54.1 %), disease progression 
is registered in 14 cases (10.4 %), in 48 
patients (35.6 %) treatment efficacy with 
eribulin was not assessed by the time 
of analysis performance. It is important 
that in despite of extremely high ratio 
of patients with visceral metastases, me-
dian PFS was not reached in the treatment 
with eribulin and 6-month PFS was equal 
to 70.4 %. The treatment safety profile 
was favorable and complied with previ-
ously presented data: neutropenia level 
was low – 23.0 % of cases (febrile neutro-
penia only in 0.7 % of cases), peripheral 
polyneuropathy was observed in 11.1 % 
of cases, and diarrhea – in 12.6 % of pa-
tients. The primary prevention of neutro-
penia (colony-enhancing factor support) 
was required in 11.9 % of cases [36, 42].

Consequently, the preliminary re-
sults of the EMPOWER study demon-
strated good combination of high effi-
cacy of eribulin therapy in patients with 
hormone-resistant BC after progression 

e-mail: medalfavit@mail.ru



Медицинский алфавит № 29 / 2020. Диагностика и онкотерапия (3) 73

during the treatment with CDK4/6 inhib-
itors and favorable safety profile of the 
treatment. For instance, the drug efficacy 
was demonstrated in patients with vis-
ceral metastases that is very important 
in the clinical practice. Without doubt, 
the efficacy of the treatment with eribu-
lin in the case of ESR1 mutation presence 
was not studied separately, but most likely 
the ratio of patients with mutation sta-
tus in the EMPOWER study should be 
sufficient in view of previous treatment 
of patients. The future studies will set 
a priority in treatment algorithm in pa-
tients with hormone-resistant BC with 
the presence of activating ESR1 mutation; 
however, the results of the EMPOWER 
study hold out a hope that eribulin may 
become a high-potential treatment option 
in patients with hormone-resistant MBC 
after progression during the combined en-
docrine therapy with CDK4/6 inhibitors.

Medical writing and editorial sup-
port was provided with funding from 
Eisai LLC, Russia.
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