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Abstract: Breast cancer is one of the most common forms of neoplasia worldwide. The purpose
of our observational study was to evaluate the status of HER2 overexpression among new cases
of breast neoplasia with an impact on the natural history of breast cancer disease and therapeutic
personalization according to staging. This study included 45 breast cancer patients which have an
overexpression of HER2 through the mutation of the EGFR-ERBB2 receptor. Immunohistochemical
staining was performed on sections of formalin-fixed paraffin-embedded breast tissue. The patients
were evaluated demographically and therapeutically in all stages. The post-surgical histopathological
examination revealed complete pathological responses in 19 patients and pathological responses
with residual disease either at the tumor level or lymphatic or both variants in a percentage of 44%
(15 cases). The disease-free interval (DFI) under anti-HER2 therapy was recorded in 41 patients,
representing 91% of the study group. Anti-HER2 therapy in any therapeutic stage has shown
increased efficiency in blocking these tyrosine kinase receptors, evidenced by the high percentage of
complete pathological responses, as well as the considerable percentage (47%) of complete remissions
and stationary disease, in relation to the HER2-positive patient group.

Keywords: HER2; ERBB2 protein; breast cancer; tyrosine kinase receptors

1. Introduction

The increased incidence of breast cancer and the presence of various malignant pheno-
types require the search for an optimal, systematic strategy for the diagnosis and treatment
of this neoplasia [1,2]. The current oncological therapeutic concept is to customize the
therapy in order to increase the disease-free interval (for early stages) and progression-free
survival (in metastatic disease) as well as the overall survival [2,3]. The decision making
process in breast cancer management should include a detailed discussion with the patient
regarding the need for essential genetic testing [4,5]. Multigenic test panels have a positive
impact on establishing an individualized therapeutic approach, both for patients and their
descendants (knowledge of and reduction in neoplasia risk) [6,7]. Limited testing of BReast
CAncer gene 1 (BRCA 1) and BReast CAncer gene 2 (BRCA 2) mutations may lead to the
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omission of other genetic changes that radically influence the therapeutic approach, with
negative implications for increasing overall survival [7,8]. BRCA 1/2 germ mutation testing
as well as multigenic panels do not have settlement systems (full or co-payment) through
the National Health Insurance House [9]. The price of these genetic determinations is high,
which is why, due to the current socioeconomic conditions, only a small percentage of
patients can afford BRCA testing [9–12].

In HER2-positive breast cancer, the overexpression of HER2 is identified in a percent-
age range of 15–20% of all cases of invasive breast carcinomas and in approximately 10%
of breast cancers with positive estrogenic receptors [13,14]. In the neoadjuvant setting,
the standard of care is represented by the double anti-HER2 blockade: Pertuzumab +
Trastuzumab associated with chemotherapy with Taxanes, according to the guidelines from
the ESMO (European Society of Medical Oncology) and NCCN (National Coperhensive
Cancer Network) [15,16].

The addition of anti-HER2 therapy to the neoadjuvant management of early-stage
HER2-positive breast cancer has yielded substantial clinical benefits, dramatically improv-
ing patient outcomes in HER2-positive (HER2+) early breast cancer, as recently proven
by the 2021 EBCTCG (Early Breast Cancer Trialists’ Collaborative Group) meta-analysis
of Trastuzumab in HER2-positive early breast cancer [17,18]. Although pCR (pathological
complete response) patients have a very favorable outcome with adjuvant trastuzumab
(+/− pertuzumab), adjuvant T-DM1 (Trastuzumab–Emtansine) offers an important escala-
tion strategy in non-pCR patients in the adjuvant setting [17,18].

For recurrent metastatic disease, anti-HER2 therapy includes several treatment lines,
depending on the progression of the disease [19,20]. The pretherapeutic diagnostic evalua-
tion of relapsed metastatic breast cancer includes the revision of the HER2 protein positivity
(tumor genetic instability) by a biopsy of metastatic lesions and the identification of PIK3CA
genetic mutations as well as the PD-L1 immune receptor [21,22]. Immunotherapy has re-
cently been reimbursed in Romania, in triple negative metastatic breast cancer [21,22].

In the treatment of HER2-negative metastatic breast cancer (Figure 1), the metastatic
site is important, because it can be both a detectable marker and a therapeutic target [23–25].
The presence or absence of estrogen and progesterone receptors (ER;PR) and HER2, mi-
totic activity, the site of metastases, and cancer recurrence, determines the treatment for
metastatic breast cancer [25,26]. According to recent guidelines, endocrine therapy should
be the treatment of choice for most patients with advanced or metastatic ER+, PR+/HER2
(−) breast cancer unless there is evidence of rapidly progressive visceral disease with organ
dysfunction or imminent organ failure [27,28]. The association of targeted therapy with
endocrine therapy has shown an improved overall survival compared to endocrine therapy
alone [29,30]. The use of poly (ADP-ribose) polymerase (PARP) inhibitors as monotherapy
has shown significant improvements in the PFS (progression-free survival) compared to
chemotherapy in metastatic HER2-mutated germline BRCA breast cancer [31,32]. Ola-
parib is a selective inhibitor of the poly (ADP-ribose) polymerase (PARP) enzymes (PARP1
and PARP2), which works by taking advantage of the defect in DNA repair in cancer
cells with BRCA mutations and inducing cell death [33]. In breast cancer, it is used as
an adjuvant treatment for HER2-negative neoplasia, as well as in the triple negative in-
trinsic subtype [34,35]. Alpelisib is an inhibitor of phosphatidylinozytol 3-kinase (PI3K)
with strong anti-tumor activity [36,37]. In addition to Fulvestrant, it is indicated for the
treatment of women with postmenopausal breast neoplasm and men with advanced or
metastatic breast cancer with positive hormone receptors (ER+, PR+), negative HER2, and
mutated-PIK3CA [38,39].
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Figure 1. Treatment of metastatic breast cancer with positive estrogenic receptors, HER2−negative, 
but with BRCA 1 and BRCA2 mutations, +/− MUTATIONS of PIK3CA [23]. Figure legend: CDK4/6, 
cyclin−dependent kinase 4 and 6; ChT, chemotherapy; ER, estrogen receptor; ESCAT, ESMO Scale 
for Clinical Actionability of Molecular Targets; ESR1, estrogen receptor 1; ET, endocrine therapy; 
HER2, human epidermal growth factor receptor 2; m, mutation; MBC, metastatic breast cancer; 
MCBS, ESMO−Magnitude of Clinical Benefit Scale; PALB2, partner and localiser of BRCA2; PARP, 
poly (ADP−ribose) polymerase; PD, progressive disease; PIK3CA, phosphatidylinosi−tol−4,5-
bisphosphate 3−kinase catalytic subunit alpha. 

In our Romanian National Health Care Program PN 3, PIK3CA mutation therapy is 
not settled, while testing and treatment are received by patients who can afford it. In our 
clinic, only one young patient with recurrent metastatic disease benefited from self-pur-
chased anti-PIK3CA therapy. The purpose of our retrospective observational study is to 
demonstrate the importance of genetic determinations in the management of patients with 
breast cancer. Our main objective was to assess HER2 overexpression among newly diag-
nosed breast carcinomas, related to clinical, diagnostic, and personalized therapeutic 
management according to the stage. Secondary objectives were to assess HER2 positivity 
related to demographic, therapeutic, and evolutionary criteria (the time interval in which 
relapses occurred after the first line of targeted treatment and the number of subsequent 
therapeutic lines). We focused on assessing the aggressive behaviors of breast cancer in 
HER2-positive women included in the study by assessing the DFI (disease-free interval), 
i.e., the onset of remission, without the occurrence of a loco-regional or remote relapse for 
the non-metastatic stages and the PFS (progression-free survival), respectively, regarding 
the appearance of new metastatic lesions or the resumption of evolution through the pro-
gression of old lesions for the metastatic stages. We limited ourselves to assess the disease-
free interval (DFI) of the patients that were temporarily enrolled for a period of our study, 
associated with successive anti-HER2 therapeutic lines administered in accordance with 
the existing approvals in the Romanian National Health Program PN3. In this paper, we 
focused on the study of drug combinations in oncology patients diagnosed with breast 
cancer and treated at the Sibiu Emergency County Clinical Hospital and the therapeutic 
impact on the PFS and DFI. The combination of Pertuzumab + Trastuzumab was a major 
breakthrough in the management of HER2-positive breast cancer patients. 

Figure 1. Treatment of metastatic breast cancer with positive estrogenic receptors, HER2−negative,
but with BRCA 1 and BRCA2 mutations, +/− MUTATIONS of PIK3CA [23]. Figure legend: CDK4/6,
cyclin−dependent kinase 4 and 6; ChT, chemotherapy; ER, estrogen receptor; ESCAT, ESMO Scale
for Clinical Actionability of Molecular Targets; ESR1, estrogen receptor 1; ET, endocrine therapy;
HER2, human epidermal growth factor receptor 2; m, mutation; MBC, metastatic breast cancer;
MCBS, ESMO−Magnitude of Clinical Benefit Scale; PALB2, partner and localiser of BRCA2; PARP,
poly (ADP−ribose) polymerase; PD, progressive disease; PIK3CA, phosphatidylinosi−tol−4,5-
bisphosphate 3−kinase catalytic subunit alpha.

In our Romanian National Health Care Program PN 3, PIK3CA mutation therapy
is not settled, while testing and treatment are received by patients who can afford it. In
our clinic, only one young patient with recurrent metastatic disease benefited from self-
purchased anti-PIK3CA therapy. The purpose of our retrospective observational study is
to demonstrate the importance of genetic determinations in the management of patients
with breast cancer. Our main objective was to assess HER2 overexpression among newly
diagnosed breast carcinomas, related to clinical, diagnostic, and personalized therapeutic
management according to the stage. Secondary objectives were to assess HER2 positivity
related to demographic, therapeutic, and evolutionary criteria (the time interval in which
relapses occurred after the first line of targeted treatment and the number of subsequent
therapeutic lines). We focused on assessing the aggressive behaviors of breast cancer in
HER2-positive women included in the study by assessing the DFI (disease-free interval),
i.e., the onset of remission, without the occurrence of a loco-regional or remote relapse for
the non-metastatic stages and the PFS (progression-free survival), respectively, regarding
the appearance of new metastatic lesions or the resumption of evolution through the
progression of old lesions for the metastatic stages. We limited ourselves to assess the
disease-free interval (DFI) of the patients that were temporarily enrolled for a period of our
study, associated with successive anti-HER2 therapeutic lines administered in accordance
with the existing approvals in the Romanian National Health Program PN3. In this paper,
we focused on the study of drug combinations in oncology patients diagnosed with breast
cancer and treated at the Sibiu Emergency County Clinical Hospital and the therapeutic
impact on the PFS and DFI. The combination of Pertuzumab + Trastuzumab was a major
breakthrough in the management of HER2-positive breast cancer patients.
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2. Materials and Methods
2.1. Patient Selection

The patient selection in this study included all patients who presented a complete
medical history since the diagnosis of breast cancer. The following were investigated for
each patient included in the study:

• Histopathological and immunohistochemical results, as well as immunofluorescence
tests for HER2 equivocal tissue samples collected by surgical biopsies (incisional or
excisional) or ultrasound-guided biopsies using breast biopsy needles;

• BRCA tests or multigene tests on serum samples from patients who have funded
themselves financially (the tests not being settled by the Romanian National Health
Program), an insignificant number within the selected group of patients;

• The patient’s electronic observation sheet (the ATLAS computer program of the Sibiu
County Emergency Clinical Hospital);

• Paper-based medical records (inpatient care and day care observation sheets from the
hospital’s archive);

• Onc2 record sheets from the outpatient/Oncology department of the Sibiu County
Emergency Clinical Hospital).

2.2. Study Design

This retrospective study was conducted over a 3-year period (January 2021–December
2023) at the Sibiu County Emergency Clinical Hospital. A total of 237 patients with
breast carcinoma were diagnosed and admitted to the Oncology department, of which 45
had histopathologically confirmed breast cancer with HER2 overexpression through the
mutational process of the EGFR-ERBB2 receptor.

Informed consent was obtained from all subjects involved in the study, and the study
was conducted in accordance with the Declaration of Helsinki and by the Ethics Committee
of the Sibiu County Emergency Clinical Hospital (approval no. 4952; Sibiu, Romania). This
study focused on genetic determinations in the management of patients with breast cancer,
specifically assessing HER2 overexpression among newly diagnosed breast neoplasias.

The study was limited in determining genetic susceptibility of patients included
in the study by mutations in BRCA 1/2 repairing genes or other genes determined by
multiple panels, considering financial constraints. The main objective was to assess HER2
overexpression related to clinical, diagnostic, and personalized therapeutic management
according to the stage of breast cancer.

2.3. Inclusion and Exclusion Criteria

• Inclusion Criteria

# Patients with suspected breast tumors assessed through clinical examination
and mammogram.

# Patients with histopathologically confirmed breast cancer showing HER2 over-
expression.

# Patients who provided informed consent and were included in the study con-
ducted at the Sibiu County Emergency Clinical Hospital.

• Exclusion Criteria

# Patients with negative HER2 status (0, 1+).
# Patients with HER2 equivocal (2+) status/FISH- or DISH-negative.
# Patients not meeting the criteria for genetic susceptibility testing due to financial

limitations.

2.4. Follow-Up Details

Each patient included in this study was followed-up with every 6 months, over a
period of 3 years, until December 2023. The evaluation was carried out both clinically
and through imaging to assess the therapeutic response and the disease-free interval
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(DFI). For the imaging evaluation, magnetic resonance imaging (MRI), Computerized
Tomography (CT) and Positron Emission Tomography-Computed Tomography scans (PET-
CT) were included.

2.5. Immunohistochemical Detection of Hormone Receptors KI67 and HER2

Immunohistochemical staining for ER, PR, HER2, and KI67 was performed on sections
of formalin-fixed paraffin-embedded breast tissue from core biopsies and subsequent
surgical specimens. The thickness of breast tissue sections was 3 µm. After heating in the
drying oven, the sections were stained using the Ventana BenchMark ®GX in automatic
mode (Ventana Medical Systems Inc., Tucson, AZ, USA) for the assessment of ER, PR,
HER2, and KI67. The assessment of ER and PR was based on the staining intensity (weak,
moderate, intense) and the percentage of tumor cells showing nuclear immunostaining
for ER and PR with a range between 0 and 100%. Breast tissue sections were considered
positive for ER and PR if >1% of tumor cells showed positive nuclear staining [40]. KI67
was expressed as the percentage of the number of immunostained nuclei among the total
number of nuclei of tumor cells. The evaluation criteria of HER2 status were based on the
intensity of cell membrane immunostaining and the percentage of membrane-positive cells
by using a score range from 0 to 3+ [13]. HER2 negativity (score 0 or 1+) was concluded
when no staining or membrane staining in <10% of tumor cells or weakly partial membrane
staining in more than 10% of tumor cells was observed. HER2 equivocal status (score 2+)
was concluded when weak to moderate complete membrane staining in >10% of tumor
cells and HER2-positive status (score 3+) was concluded when strong complete membrane
staining in more than 10% of tumor cells was observed [13,41].

After performing the immunohistochemistry and immunofluorescence tests, 45 HER2-
positive patients (n = 45) were identified, who were evaluated demographically and ther-
apeutically (anti-HER2 treatment alone, double therapy, first-line, and post-progression
of the disease) in all stages (I–IV). In patients whose result showed HER2 equivocal sta-
tus (2+), the tissue samples were sent to an accredited genetics laboratory in the country,
where immunofluorescence tests (FISH/DISH) were performed. By this method, the
amplification/non-amplification of the gene encoding the HER2 protein was established.

The 2 multigene panel tests, for the patients who accepted and could financially afford
to perform them, were collected in the Oncology department along with signed informed
consent and sent to the accredited genetics laboratories in the country. The tests were
performed with a new generation sequencing method based on the PCR reaction. In
addition, 4 cases of BRCA mutations in young patients were also identified. Another 9
tests were performed only for the identification of BRCA mutations. This was the choice
of each patient who preferred to know the mutant or wild-type status of these genes with
prophylactic therapeutic utility for bilateralization and ovarian neoplasia.

2.6. Statistical Analysis

Data were statistically analyzed using the Microsoft Office Excel application (Microsoft
Corp., Redmond, DC, USA) and SPSS Statistics 23.0 software (SPSS, Inc., Chicago, IL, USA).
For the statistical analysis performed, two qualitative variables were used to compare the
association table (Crosstabs). A significance level (p) of the Likelihood ratio test of p < 0.05
was considered statistically significant.

2.7. Characteristics of the Group

Demographic characteristics, hormonal status, comorbidities, and family history of
breast cancer of the patients included in the study group are described in Table 1. Forty-four
(44) female patients and one HER2-positive male patient with a median age of 58 years
(32–73 years) were included in our study. Regarding the environment of origin, it is
observed that the majority of patients were from an urban environment (34 vs. 11 cases)
compared to a rural one. The hormonal status of the patients included in the study group
was balanced, 21 patients being identified in the premenopausal stage (47%) and 24 in the
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menopausal stage (53%). From the total number of patients included in the study group,
53% (24 cases) presented comorbidities, namely, hypertension and type II diabetes, at the
time of diagnosis, while 21 of them did not present any comorbidities.

Table 1. Demographic characteristics and main clinical features of HER2-positive patients.

Total Number of
Patients with

HER2-Positive Breast
Cancer (2021–2023)

N * (%)

Environment of
Origin in

HER2-Positive
Patients

N (%)

Hormonal Status of
HER2-Positive

Patients
N (%)

Comorbidities
N (%)

45 (100%) Urban
34 (76%)

Premenopause
21 (47%)

Hypertension and
type II diabetes

24 (53%)
Age of patients:

≤45 years:
3 (7%)

45–73 years:
42 (93%)

Rural
11 (24%)

Menopause
24 (53%)

Absent
21 (47%)

Stage at diagnosis
N (%)

Tumor size (T)
N (%)

Palpable axillary
lymph nodes (N)

N (%)

Metastatic
disease (M)

N (%)

I
2 (4%)

T1
5 (11%)

N0
8 (18%)

M0
36 (80%)

II
14 (31%)

T2
19 (40%)

N1
22 (49%)

M1
9 (20%)

III
20 (45%)

T3
11 (25%)

N2
13 (29%)

IV
9 (20%)

T4a N3
2 (4%)0

T4b
8 (20%)

T4c
2 (4%)

* N = Number of patients.

3. Results

Although the current study is based on a group of only 45 patients, it highlighted
important characteristics in patients with HER2-positive breast cancer. Main clinical fea-
tures of HER2-positive breast cancer patients and those with a family history of cancer
are described in Table 2. Analyzing the presence of right versus left tumors, we note the
more frequent location in the right breast in 27 cases (60%), compared to 18 cases in the left
mammary gland (40%). In most cases (82%), the tumors were singular, followed by six cases
with bifocal tumors (14%) and only two cases of multifocal tumors (4%). Regarding the site
of the breast tumors, the most frequent location was in the outer-upper quadrant (42%),
followed by the inner-upper quadrant (18%) and the union of the upper quadrants (18%).
Four patients had a tumor located in the central quadrant (9%) and three patients had a tu-
mor in the inner lower quadrant (6%). In addition, three cases with occult breast carcinoma
were identified (axillary adenopathy confirmed histologically and immunohistochemically,
without clinically detectable mammary tumor, respectively, or imaging).



Life 2024, 14, 1025 7 of 14

Table 2. Main clinical features of HER2-positive breast cancer patients.

Localization of
HER2-Positive Tumors

Depending on the
Right/Left Breast

N * (%)

The Incidence of
HER2-Positive Breast

Tumors Depending on
the Quadrant

N (%)

Types of
HER2-Positive Tumors

N (%)

Family History of
Cancer
N (%)

Positivity of ER *******
and PR ******** in

HER2-Positive
Patients

Right breast
27 (60%)

UOQ **
19 (42%)

Single
37 (82%)

First-degree relatives
with breast cancer

(ER+, PR+)
26 (58%)

5 (11%) (ER+, PR−)
3 (7%)

(ER−, PR−)
16 (35%)

Left breast
18 (40%)

UIQ *** Bifocal Other neoplasia
8 (18%) 6 (14%) 4 (9%)

UUQ ****
8 (18%)

Multifocal
2 (4%)

ILQ *****
3 (6%)

CQ ******
4 (9%)

Occult (Tx)
3 (7%)

* N = number of patients. ** UOQ = upper-outer quadrant. *** UIQ = upper-inner quadrant. **** UUQ = union
of the upper quadrant. ***** ILQ = inner-lower quadrant. ****** CQ = central quad-rant, ******* ER = estrogen
receptor; ******** PR = progesterone receptor.

The immunohistochemical determination of hormone receptors (Table 2) revealed
positivity at different degrees of estrogen receptors (ERs) and progesterone receptors (PRs).
Most of the HER2-positive patients had both positive hormone receptors (58%), followed
by patients with both negative hormone receptors (35%). Only 7% of the patients (three
cases) had positive estrogen receptors associated with negative progesterone receptors.

Regarding the immunohistochemical analysis related to the relevant breast, the HER2-
positive patients with negative estrogenic receptors and negative progesterone receptors
(ER−, PR−) are associated with right breast location (p < 0.05).

The histopathological and immunohistochemical characteristics of the HER2-positive
patients are described in Table 3. The histopathological subtype NST (no special type) or
invasive ductal carcinoma predominated in 41 cases (91%), compared to lobular carcinoma,
which was identified in only 3 cases (7%). A single case (2%) of metaplastic carcinoma with
squamous differentiation was detected (p = 0.633).

Table 3. Histopathological and immunohistochemical characteristics of HER2-positive patients.

Histopathological Type of
Breast Cancer

N * (%)

HER2
Overexpression

N (%)

KI67
N (%)

Tumor Grade
N (%)

Ductal invasive carcinoma
(NST **)
41 (91%)

HER2-positive (3+)
for IHC ***
40 (89%)

<30%
8 (18%)

G1
1 (2%)

Invasive lobular carcinoma
3 (7%)

HER2-equivocal (2+) 30–50%
20 (44%)

G2
27 (60%)5 (11%)

Metaplastic carcinoma with
squamous differentiation

1 (2%)

50–90%
17 (38%)

G3
17 (38%)

* N = number of patients; ** NST = no special type; *** IHC = immunohistochemistry.

The HER2 status of the patients included in our study was immunohistochemically
strongly positive in a percentage of 89% (40 cases), the remaining 11%, equating to five
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patients, displayed amplification in the immunofluorescence tests, being initially identified
with equivocal HER2 (2+).

The value of the KI67 proliferation index was 82%. An increased value of this index
corresponds to a higher tumor aggressiveness. Thus, from all the patients included in the
study, 17 patients (38%) presented KI67 between 50 and 90%, 20 patients (44%) between 30
and 50% and only 8 cases (18%) had KI67 reduced by below 30%.

We decided to analyze the value of KI67 in relation to hormone receptors. By using
the Likelihood ratio test, a highly significant association was found between patients with
RE+ RE− and a KI67 index < 30% (p = 0.001).

In terms of tumor grading, 38% (17 cases) had poorly differentiated tumors (G3),
27 patients (60%) had tumors with intermediate grading (G2), and only 1 patient (2%)
had well−differentiated tumors (p = 0.649). These data correlate with the value of the
proliferation index presented above and by the predominance of G2+G3 (98%). The KI67
index was 82%, with over 30% of values considered high, There is a percentage difference
of mathematical association between the KI67 value and G2 + G3 of about 16%, which can
be explained by the lack of a gold standard for assessing the percentage tumor aggression
in terms of the KI67 value. Regarding the classification of intrinsic HER2-positive subtypes,
31 patients (69%) were identified with LUMINAL B-HER2-positive tumors (positive estro-
genic hormone receptors, KI67 over 20%), and 14 patients (31%) displayed enriched HER2
tumors (hormone receptor-negative). The intrinsic subtype Luminal B HER2-positive refers
to a malignant phenotype characterized by positive estrogenic receptors (ERs), positive
or negative progesterone receptors (PRs), a KI67 value over 30%, and HER2 positivity.
The enriched HER2 subtype is immunohistochemically characterized by the negativity of
hormonal receptors and HER2 positivity.

We decided to analyze patients with HER2-positive breast cancer according to the
stage of the disease (Table 1). Nine patients (20%) were diagnosed as HER2-positive in
stage IV, only two in stage I (4%), fourteen cases in stage II (31%), and twenty cases in stage
III (45%). The data presented show that the majority of the patients (65%) had advanced
loco-regional and metastatic disease at diagnosis.

The patients included in the study group were analyzed according to the cTNM
staging system (Table 1), which revealed important features. The prevalence of T2 tumors
was 40% (19 cases), being the most frequent, followed by 11 cases with T3 tumors (25%)
and 10 patients (24%) with T4 tumors (T4b and T4c). Only five patients (11%) presented
small tumors classified as T1. The T category (tumor size) was established by clinical
ruler measurement of the palpable dimensions of two perpendicular diameters, taking into
account the maximum diameter. Statistical analysis does not show an association between
HER2 overexpression and tumor size (p = 0.053 in Likelihood ratio test).

On clinical palpation of the peripheral lymph nodes, 22 cases (49%) were identified
in the N1 stage and 13 patients (29%) in the N2 stage. Two cases (4%) were categorized
as N3 and only 18% (eight cases) had clinically negative axilla (p = 0,173). The clinical
status N (node) was established by palpation, without being histopathologically confirmed
by biopsy. Currently, there is a reluctance of some surgeons to perform a biopsy (post-
diagnosis) on any palpable peripheral adenopathy, a very important diagnostic element in
achieving correct staging.

Regarding the presence of metastases (M), 36 of the HER2-positive patients (80%)
did not have metastatic disease at diagnosis after performing imaging investigations
(abdominal–pelvic CT scan, bone scintigraphy as appropriate, brain or bone MRI). A
proportion of 20% of patients had distant metastases.

Neoadjuvant anti-HER2 treatment in combination with sequential chemotherapy
(Table 4) was administered to 32 HER2-positive patients (71%) as a double blockade of anti-
EGFR monoclonal antibodies (Pertuzumab + Tratuzumab), and to 2 patients (4%), following
monotherapy with Trastuzumab. Of the total number of patients included in the study,
11 (25%) did not benefit from neoadjuvant anti-HER2 therapy for various reasons (patient
preference, metastatic stage, per primam surgery with presentation to the Oncological
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Commission after surgery, cardiovascular comorbidities that risked decompensation by
administering the anti-HER2 therapy).

Table 4. Oncological treatment of HER2-positive patients.

Anti-HER2-NaT
+ ChT *******

N * (%)

Anti-HER2-AT *****,
1st Line
N (%)

Surgery
N (%)

RT ***
N (%)

(No) NaT ****
11 (25%)

Trastuzumab alone
3 (8%)

RM with
ALND ******

28 (62%)

No RT
14 (31%)

Double anti-HER2
blockade
32 (71%)

TDM-1 ** alone

RM ******** with
subsequent

reconstruction and
prophylactic

oophorectomy

Adjuvant RT
31 (69%)

12 (34%) 1 (2%)
Anti-HER2

monotherapy
2 (4%)

Double anti-HER2
blockade
21 (58%)

Sectorectomy with
ALND
7 (16%)

No surgery
9 (20%)

* N = number of patients; ** TDM-1 = Trastuzumab emtansine; *** RT = radiation therapy;
**** NaT = neoadjuvant treatment; ***** AT = adjuvant treatment; ****** ALND = axillary lymph node dissec-
tion; ******* ChT = chemotherapy; ******** RM = radical mastectomy.

After the end of the neoadjuvant treatment, as well as the clinical and imaging evalua-
tion of the therapeutic response, the patients were directed to the surgical sequence. A total
of 28 patients (62%) underwent radical surgery, performing radical Madden mastectomy
with axillary lymph node dissection, and 16% (7 cases) benefited from conservative surgery
(sectorectomy with axillary lymph node dissection). Mandatory postoperative adjuvant
radiotherapy for conservative surgery and residual tumor from the breast and/or lym-
phatic (axillary) nodes was indicated in 31 cases, representing a rate of 69%. In one case
with the identified BRCA mutation, bilateral mastectomy with homolateral axillary lymph
node dissection was performed followed by subsequent breast reconstruction, which was
performed in a plastic surgery center in the country. This case benefited from informed
consent and prophylactic oophorectomy. In the Sibiu County Emergency Clinical Hospital,
at the time of performing the mentioned surgical sequences, the sentinel lymph node
technique was not possible.

The post-surgical histopathological examination (Table 5) revealed complete pathologi-
cal responses (pCRs) in 19 patients (56%), without residual tumor or microscopic lymphatic
invasion (yT0N0M0) and in a percentage of 44% (15 cases), pathological responses with
residual disease either at the tumor level or lymphatic or both variants.

According to the postoperative therapeutic guidelines, the first anti-HER2 treatment
line was performed according to the postoperative histopathological response and the pres-
ence of axillary adenopathy (cN+) at diagnosis. Twelve cases (34%) received monotherapy
with TDM-1 for residual disease (ypT ̸= ypT0 +/− ypN ̸= ypN0 + M0). A proportion of
44% (20 cases) of HER2-positive patients who were treated with neoadjuvant or adjuvant
anti-HER2 therapy relapsed after first-line, while 56% had complete remission or stable
disease (without progression). The disease-free interval (DFI) or the time period in which
we recorded a stable disease at most, in other words without progression, was recorded
in 41 patients, representing 91% of the study group. The remaining four patients did not
reach DFI, still having disease progression despite anti-HER2 therapy. For progressive
disease (single or repeated progression), follow-up lines of anti-HER2 treatment have been
established. A total of 14 patients (31%) followed two lines of anti-HER2 drugs, while for
10 patients (22%), a third line of therapy was necessary.
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Table 5. The relationship between anti-HER2 positivity and the evolution of breast cancer.

The Occurrence of
Relapse after 1st

Anti-HER2
Therapeutic Line

N * (%)

Disease-Free Interval
(DFI)
N (%)

Anti-HER2
Treatment Lines

N (%)

Histopathological
Response after
Neoadjuvant

Anti-HER2 Therapy
N (%)

With relapse
20 (44%)

Without DFI
4 (9%)

Single treatment line
21 (47%)

pCR **
19 (56%)

No relapse
25 (56%)

With DFI Two lines of
treatment Partial response

41 (91%) 14 (31%) 15 (44%)
Three lines of

treatment
10 (22%)

* N = number of patients; ** pCR = pathological complete response.

The types of tumor relapse were either bilateralization (1 case), or remote, as single
metastasis (7 cases) or multiple metastases in different sites (12). Out of the total number
of patients who presented relapse in the form of metastases, the majority of the cases
presented liver and bone metastases each at a percentage of 61%, followed by regional
lymph node metastases in 45% of cases, lungs and brain metastases were detected in 22%,
while skin and retroorbital metastases were the rarest, being identified in one patient each
(5%). The BRCA status was determined in a small number of cases (13 patients) given the
financial aspects represented by the high cost of BRCA or multigene testing. Four BRCA
mutations were identified in young patients, less than 45 years of age, and in nine other
cases, the wild-type (non-mutant) profile was determined. In a number of 32 patients,
the determination of mutations was not performed either because testing was no longer
recommended at their age, or because of financial inconveniences.

4. Discussion

Out of 237 newly diagnosed breast cancer cases during the period January 2021–
December 2023 in our clinic, only 45 (19%) were HER2-positive tumors and were there-
fore included in our research. Most of them, 36 cases (80%), were in the early stages,
and benefited from neoadjuvant management with the anti-HER2 standard of care plus
chemotherapy. pCR was performed in 19 patients (56%), who continued the same anti-
HER2 treatment in the adjuvant setting as well. The remaining 15 cases had residual tumor
burden and received, therefore, adjuvant second-line anti-HER2 therapy. On the other hand,
9 patients were diagnosed at stage IV and benefited from several anti-HER2 treatment lines
depending on the PFS. Overall, the DFI was reached in a significant number of patients,
namely, 91% (41 out of 45 cases).

The multimodal treatment of breast cancer has made substantial progress in recent
years [42,43]. The involvement of modern oncology and surgical treatment options have
led to a substantial benefit to patients, defining the multidisciplinary treatment of breast
cancer [42,43]. The introduction of immunohistochemical testing and genetic screening has
led to the prioritization of therapy and a correct approach to initiating treatment [42,44].

The difference in the HER2 positivity rate of 19% for the 237 new cases diagnosed
at the Sibiu County Emergency Clinical Hospital, compared to the study of Rüschoff J.
et al., is probably due to the small group of patients included in our retrospective study,
compared to the 15,992 histopathological samples collected from 160 oncological centers in
Germany [45]. However, the 19% obtained in our group of patients diagnosed with breast
cancer falls within the range mentioned also by international studies and guidelines [46–48].

The histopathological gradings G2 and G3 and the KI67 proliferation index, both
variables characterizing the malignant phenotype specific to the tumor, correlate with
aggressive evolution, translating into the increased risk of loco-regional and remote relapse.
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An unfavorable influence on the evolution of the disease is the stage of the disease
and the lymph node status (palpable) at diagnosis; 82% of the HER2-positive patients had
cN+. The HER2-positive patients mainly were at advanced stages at presentation (III and
IV), equating to 65% of all the women included in our study group. A proportion of 11%
were identified as having a family history of breast cancer, which correlates with a high
susceptibility to breast neoplasia.

HER2-positive breast cancer has an unfavorable prognosis, with an amplified risk of
relapse and a more aggressive course of the disease, which is shown by the 44% of relapses
after the first line of treatment with monoclonal antibodies.

The percentage of complete post-neoadjuvant pathological responses (targeted anti-
HER2 combination therapy and sequential chemotherapy) reveals the effectiveness of
the targeted treatment. The discovery and implementation of the National Health Pro-
gram for new molecules directed against HER2 has allowed for the administration of
follow-up lines of targeted treatment so that the overall survival is prolonged. A total
of 14 patients benefited from two lines of therapy, and 10 patients received three lines of
anti-HER2 therapy.

The most widely used anti-HER2 treatment was double blockade with Pertuzumab
and Trastuzumab both as a neoadjuvant (71%) and adjuvant (58%) as well as in the first line
of therapy of metastatic disease (100%). The double blockade confers superior therapeutic
efficiency by blocking two loci of the EGFR/ERBB 2 receptor.

Our retrospective study, conducted over a limited period of time, did not allow for the
correlation of the tumor aggressiveness conferred by HER2 overexpression with the status
of the hormone receptors. The patients underwent radical surgical treatment (mastectomy)
over conservative surgery (64% versus 16%), possibly due to the preferences of women
with breast neoplasia and/or the surgeon. All the patients who underwent the surgical
sequence benefited from axillary lymphodissection, the sentinel lymph node technique not
being available in the Sibiu County Emergency Clinical Hospital during the period of our
study. At the end of the three-year follow-up analysis, there were no deaths among the
patients enrolled in our study. This is to highlight once again the effectiveness of treatment
and a rapidly evolving era of oncology therapies aimed at increasing survival and quality
of life.

More than half of the patients included in this study achieved pCR and continued
with the same anti-HER2 therapy in the neoadjuvant setting. The outcomes suggest the
importance of neoadjuvant therapy in prolonged DFS. Patients with HER2-positive stage
IV breast cancer have benefited from several subsequent lines of anti-HER2 therapy with a
prolonged PFS. It is important to emphasize once again that following the correct treatment
strategies in HER2-positive patients in the neoadjuvant–surgery–adjuvant settings led to
high pCR rates and favorable survival outcomes. Although the recommendations of the
international guidelines were followed, the chemotherapeutic regimens were personalized,
with the aim of increasing treatment compliance and maintaining the intensity of the doses.

5. Conclusions

The HER2 biomarker is a predictive prognostic indicator for the evolution of neo-
plastic disease, which gives it an augmented aggressiveness, marked in the results of our
study by the reduction in the disease-free interval (DFI) and by the occurrence of relapses
or by the evolution of metastatic disease.

Anti-HER2 therapy in any therapeutic stage (neoadjuvant, adjuvant, first line in
metastatic disease) has shown increased efficiency in blocking these tyrosine kinase recep-
tors, evidenced by the high percentage of complete pathological responses, as well as the
considerable percentage (47%) of complete remissions and stationary disease, in relation to
the HER2-positive patient group. The errors in our observational study can derived from
the short follow-up interval. This was chosen as a result of the introduction, in recent years,
of double anti-HER2 blockade in the targeted therapy of these patients. Until recently,
monotherapy with Trastuzumab was used. This is the reason why a correlation with the
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overall survival and mortality was not achieved, these variables requiring a much longer
evaluation period.

BRCA testing with the aim of prophylaxis of contralateral recurrence and oophorec-
tomy to decrease the risk of ovarian carcinoma failed for socioeconomic reasons due to the
high cost of these tests, which cannot be borne by most of our patients.

Due to the short time period in which the research was conducted, aspects such as
the correlation between tumor aggressiveness due to HER2 overexpression could not be
studied. A detailed analysis of survival data should also be considered, becoming a goal
of a future update of our research. We are very interested in the DFS rates of our HER2-
positive breast cancer patients, evaluated as the time to recurrence and recurrence sites.
Whether the immunohistochemical characteristics will change at relapse remains a question
to be answered in the future. Every relapse should undergo biopsy whenever possible,
since therapeutic strategies rely on pathological characteristics. In the future, we intend
to continue the current study, being part of another prospective study that envisages a
thorough follow-up of patients over a longer period of time.

Author Contributions: Conceptualization, R.C. (Ramona Coca), A.M., M.-E.C.-F. and C.T.; methodol-
ogy, A.D.; software, C.P.; validation, C.P., A.B. and C.T.; formal analysis, M.R. and D.T.; investiga-
tion, R.C. (Ramona Coca) and A.D.; resources, R.C. (Ramona Coca) and R.C. (Rafaela Coca); data
curation, D.T. and A.B.; writing—original draft preparation, R.C. (Rafaela Coca), A.M. and C.T.;
writing—review and editing, A.M. and C.P.; visualization, A.D. and M.R.; supervision, D.T.; project
administration, R.C. (Rafaela Coca) and C.T.; funding acquisition, M.R. and A.B. All authors have
read and agreed to the published version of the manuscript.

Funding: Project financed by Lucian Blaga University of Sibiu (Knowledge Transfer Center) and
Hasso Plattner Foundation research grants LBUS-HPI-ERG-2023-05.

Institutional Review Board Statement: The present study followed international regulations under
the Declaration of Helsinki. The present study was approved by the Ethics Committee of the Sibiu
County Emergency Clinical Hospital (approval no. 4952; Sibiu, Romania).

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLO-BOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Pulumati, A.; Pulumati, A.; Dwarakanath, B.S.; Verma, A.; Papineni, R.V.L. Technological advancements in cancer diagnostics:
Improvements and limitations. Cancer Rep. 2023, 6, e1764. [CrossRef] [PubMed]

3. Debela, D.T.; Muzazu, S.G.; Heraro, K.D.; Ndalama, M.T.; Mesele, B.W.; Haile, D.C.; Kitui, S.K.; Manyazewal, T. New approaches
and procedures for cancer treatment: Current perspectives. SAGE Open Med. 2021, 9, 20503121211034366. [CrossRef]

4. Paul, J.; Metcalfe, S.; Stirling, L.; Wilson, B.; Hodgson, J. Analyzing communication in genetic consultations—a systematic review.
Patient Educ. Couns. 2015, 98, 15–33. [CrossRef]

5. Pashayan, N.; Antoniou, A.C.; Ivanus, U.; Esserman, L.J.; Easton, D.F.; French, D.; Sroczynski, G.; Hall, P.; Cuzick, J.; Evans, D.G.;
et al. Personalized early detection and prevention of breast cancer: ENVISION consensus statement. Nat. Rev. Clin. Oncol. 2020,
17, 687–705. [CrossRef]

6. Niraula, S. Tumor Genomic Sequencing as an Impetus to Screen for Germline Mutations: Primum Non Nocere. J. Oncol. Pract.
2019, 15, 474–475. [CrossRef]

7. Reid, S.; Pal, T. Update on multi-gene panel testing and communication of genetic test results. Breast J. 2020, 26, 1513–1519.
[CrossRef]

8. Beitsch, P.D.; Whitworth, P.W.; Hughes, K.; Patel, R.; Rosen, B.; Compagnoni, G.; Baron, P.; Simmons, R.; Smith, L.A.; Grady, I.;
et al. Underdiag-nosis of Hereditary Breast Cancer: Are Genetic Testing Guidelines a Tool or an Obstacle? J. Clin. Oncol. Off. J.
Am. Soc. Clin. Oncol. 2019, 37, 453–460. [CrossRef]

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/cnr2.1764
https://www.ncbi.nlm.nih.gov/pubmed/36607830
https://doi.org/10.1177/20503121211034366
https://doi.org/10.1016/j.pec.2014.09.017
https://doi.org/10.1038/s41571-020-0388-9
https://doi.org/10.1200/JOP.19.00486
https://doi.org/10.1111/tbj.13971
https://doi.org/10.1200/JCO.18.01631


Life 2024, 14, 1025 13 of 14

9. Vidra, R.; Ciuleanu, T.E.; Nemes, , A.; Pascu, O.; Heroiu, A.M.; Antone, N.; Vidrean, A.I.; Oprean, C.M.; Pop, L.A.; Ber-indan-
Neagoe, I.; et al. Spectrum of BRCA1/2 Mutations in Romanian Breast and Ovarian Cancer Patients. Int. J. Environ. Res. Public
Health 2022, 19, 4314. [CrossRef] [PubMed]

10. Manchanda, R.; Sun, L.; Patel, S.; Evans, O.; Wilschut, J.; De Freitas Lopes, A.C.; Gaba, F.; Brentnall, A.; Duffy, S.; Cui, B.; et al.
Economic Evaluation of Population-Based BRCA1/BRCA2 Mutation Testing across Multiple Countries and Health Systems.
Cancers 2020, 12, 1929. [CrossRef]

11. Cătană, A.; Trifa, A.P.; Achimas-Cadariu, P.A.; Bolba-Morar, G.; Lisencu, C.; Kutasi, E.; Chelaru, V.F.; Muntean, M.; Martin, D.L.;
Antone, N.Z.; et al. Hereditary Breast Cancer in Romania-Molecular Particularities and Genetic Counseling Challenges in an
Eastern European Country. Biomedicines 2023, 11, 1386. [CrossRef]

12. Chakravarty, D.; Johnson, A.; Sklar, J.; Lindeman, N.I.; Moore, K.; Ganesan, S.; Lovly, C.M.; Perlmutter, J.; Gray, S.W.; Hwang, J.;
et al. Somatic Ge-nomic Testing in Patients With Metastatic or Advanced Cancer: ASCO Provisional Clinical Opinion. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2022, 40, 1231–1258. [CrossRef]

13. Wolff, A.C.; Hammond, M.E.H.; Hicks, D.G.; Dowsett, M.; McShane, L.M.; Allison, K.H.; Allred, D.C.; Bartlett, J.M.; Bilous, M.;
Fitzgibbons, P.; et al. College of American Pathologists. Recommendations for human epidermal growth factor receptor 2 testing
in breast cancer: American Society of Clinical Oncology/College of American Pathologists clinical practice guideline update. J.
Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2013, 31, 3997–4013. [CrossRef] [PubMed]

14. Patani, N.; Martin, L.A.; Dowsett, M. Biomarkers for the clinical management of breast cancer: International perspective. Int. J.
Cancer 2013, 133, 1–13. [CrossRef]

15. Cardoso, F.; Kyriakides, S.; Ohno, S.; Penault-Llorca, F.; Poortmans, P.; Rubio, I.T.; Zackrisson, S.; Senkus, E.; ESMO Guidelines
Committee. Early breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. Off. J.
Eur. Soc. Med. Oncol. 2019, 30, 1194–1220. [CrossRef]

16. Theriault, R.L.; Carlson, R.W.; Allred, C.; Anderson, B.O.; Burstein, H.J.; Edge, S.B.; Farrar, W.B.; Forero, A.; Giordano, S.H.;
Goldstein, L.J.; et al. National Comprehensive Cancer Network. Breast cancer, version 3.2013: Featured updates to the NCCN
guidelines. J. Natl. Compr. Cancer Netw. 2013, 11, 753–761. [CrossRef]

17. Harbeck, N. Neoadjuvant and adjuvant treatment of patients with HER2-positive early breast cancer. Breast 2022, 62 (Suppl. S1),
S12–S16. [CrossRef]

18. Bradley, R.; Braybrooke, J.; Gray, R.; Hills, R.; Liu, Z.; Peto, R.; Davies, L.; Dodwell, D.; McGale, P.; Pan, H.; et al. Trastuzumab for
early-stage, HER2-positive breast cancer: A meta-analysis of 13,864 women in seven randomised trials. Lancet. Oncol. 2021, 22,
1139–1150. [CrossRef] [PubMed]

19. Mandó, P.; Waisberg, F.; Pasquinelli, R.; Rivero, S.; Ostinelli, A.; Perazzo, F. HER2-Directed Therapy in Advanced Breast Cancer:
Benefits and Risks. OncoTargets Ther. 2023, 16, 115–132. [CrossRef]

20. Savard, M.F.; Khan, O.; Hunt, K.K.; Verma, S. Redrawing the Lines: The Next Generation of Treatment in Metastatic Breast Cancer.
American Society of Clinical Oncology educational book. Am. Soc. Clin. Oncol. Annu. Meet. 2019, 39, e8–e21.

21. Cho, Y.A.; Ko, S.Y.; Suh, Y.J.; Kim, S.; Park, J.H.; Park, H.R.; Seo, J.; Choi, H.G.; Kang, H.S.; Lim, H.; et al. PIK3CA Mutation as
Potential Poor Prognostic Marker in Asian Female Breast Cancer Patients Who Received Adjuvant Chemotherapy. Curr. Oncol.
2022, 29, 2895–2908. [CrossRef]

22. Rosin, J.; Svegrup, E.; Valachis, A.; Zerdes, I. Discordance of PIK3CA mutational status between primary and metastatic breast
cancer: A systematic review and meta-analysis. Breast Cancer Res. Treat. 2023, 201, 161–169. [CrossRef] [PubMed]

23. Gennari, A.; André, F.; Barrios, C.H.; Cortés, J.; de Azambuja, E.; DeMichele, A.; Dent, R.; Fenlon, D.; Gligorov, J.; Hurvitz, S.A.;
et al. ESMO Clinical Practice Guideline for the diagnosis, staging and treatment of patients with metastatic breast cancer. Ann.
Oncol. Off. J. Eur. Soc. Med. Oncol. 2021, 32, 1475–1495. [CrossRef] [PubMed]

24. Marino, N.; Woditschka, S.; Reed, L.T.; Nakayama, J.; Mayer, M.; Wetzel, M.; Steeg, P.S. Breast cancer metastasis: Issues for the
personalization of its prevention and treatment. Am. J. Pathol. 2013, 183, 1084–1095. [CrossRef]

25. Caswell-Jin, J.L.; Plevritis, S.K.; Tian, L.; Cadham, C.J.; Xu, C.; Stout, N.K.; Sledge, G.W.; Mandelblatt, J.S.; Kurian, A.W. Change in
Survival in Metastatic Breast Cancer with Treatment Advances: Meta-Analysis and Systematic Review. JNCI Cancer Spectr. 2018,
2, pky062. [CrossRef] [PubMed]

26. Park, M.; Kim, D.; Ko, S.; Kim, A.; Mo, K.; Yoon, H. Breast Cancer Metastasis: Mechanisms and Therapeutic Implications. Int. J.
Mol. Sci. 2022, 23, 6806. [CrossRef] [PubMed]

27. Ditsch, N.; Untch, M.; Kolberg-Liedtke, C.; Jackisch, C.; Krug, D.; Friedrich, M.; Janni, W.; Müller, V.; Albert, U.S.; Banys-
Paluchowski, M.; et al. AGO Recommendations for the Diagnosis and Treatment of Patients with Locally Advanced and
Metastatic Breast Cancer: Update 2020. Breast Care 2020, 15, 294–309. [CrossRef] [PubMed]

28. Vieira, C.; Piperis, M.N.; Sagkriotis, A.; Cottu, P. Systemic treatment for hormone receptor-positive/HER2-negative ad-
vanced/metastatic breast cancer: A review of European real-world evidence studies. Crit. Rev. Oncol. Hematol. 2022, 180, 103866.
[CrossRef] [PubMed]

29. Gao, J.J.; Cheng, J.; Bloomquist, E.; Sanchez, J.; Wedam, S.B.; Singh, H.; Amiri-Kordestani, L.; Ibrahim, A.; Sridhara, R.; Goldberg,
K.B.; et al. CDK4/6 inhibitor treatment for patients with hormone receptor-positive, HER2-negative, advanced or metastatic
breast cancer: A US Food and Drug Administration pooled analysis. Lancet Oncol. 2020, 21, 250–260. [CrossRef] [PubMed]

https://doi.org/10.3390/ijerph19074314
https://www.ncbi.nlm.nih.gov/pubmed/35409996
https://doi.org/10.3390/cancers12071929
https://doi.org/10.3390/biomedicines11051386
https://doi.org/10.1200/JCO.21.02767
https://doi.org/10.1200/JCO.2013.50.9984
https://www.ncbi.nlm.nih.gov/pubmed/24101045
https://doi.org/10.1002/ijc.27997
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.6004/jnccn.2013.0098
https://doi.org/10.1016/j.breast.2022.01.006
https://doi.org/10.1016/S1470-2045(21)00288-6
https://www.ncbi.nlm.nih.gov/pubmed/34339645
https://doi.org/10.2147/OTT.S335934
https://doi.org/10.3390/curroncol29050236
https://doi.org/10.1007/s10549-023-07010-1
https://www.ncbi.nlm.nih.gov/pubmed/37392328
https://doi.org/10.1016/j.annonc.2021.09.019
https://www.ncbi.nlm.nih.gov/pubmed/34678411
https://doi.org/10.1016/j.ajpath.2013.06.012
https://doi.org/10.1093/jncics/pky062
https://www.ncbi.nlm.nih.gov/pubmed/30627694
https://doi.org/10.3390/ijms23126806
https://www.ncbi.nlm.nih.gov/pubmed/35743249
https://doi.org/10.1159/000508736
https://www.ncbi.nlm.nih.gov/pubmed/32774225
https://doi.org/10.1016/j.critrevonc.2022.103866
https://www.ncbi.nlm.nih.gov/pubmed/36336168
https://doi.org/10.1016/S1470-2045(19)30804-6
https://www.ncbi.nlm.nih.gov/pubmed/31859246


Life 2024, 14, 1025 14 of 14

30. Piezzo, M.; Chiodini, P.; Riemma, M.; Cocco, S.; Caputo, R.; Cianniello, D.; Di Gioia, G.; Di Lauro, V.; Rella, F.D.; Fusco, G.; et al.
Progression-Free Survival and Overall Survival of CDK 4/6 Inhibitors Plus Endocrine Therapy in Metastatic Breast Cancer: A
Systematic Review and Meta-Analysis. Int. J. Mol. Sci. 2020, 21, 6400. [CrossRef]

31. Cortesi, L.; Rugo, H.S.; Jackisch, C. An Overview of PARP Inhibitors for the Treatment of Breast Cancer. Target. Oncol. 2021, 16,
255–282. [CrossRef] [PubMed]

32. Gradishar, W.J.; Moran, M.S.; Abraham, J.; Abramson, V.; Aft, R.; Agnese, D.; Allison, K.H.; Anderson, B.; Burstein, H.J.; Chew, H.;
et al. NCCN Guidelines® Insights: Breast Cancer, Version 4.2023. J. Natl. Compr. Cancer Netw. 2023, 21, 594–608. [CrossRef]

33. Sachdev, E.; Tabatabai, R.; Roy, V.; Rimel, B.J.; Mita, M.M. PARP Inhibition in Cancer: An Update on Clinical Development. Target.
Oncol. 2019, 14, 657–679. [CrossRef]

34. Tutt, A.N.J.; Garber, J.E.; Kaufman, B.; Viale, G.; Fumagalli, D.; Rastogi, P.; Gelber, R.D.; de Azambuja, E.; Fielding, A.; Balmaña, J.;
et al. OlympiA Clinical Trial Steering Committee and Investigators. Adjuvant Olaparib for Patients with BRCA1- or BRCA2-
Mutated Breast Cancer. N. Engl. J. Med. 2021, 384, 2394–2405. [CrossRef] [PubMed]

35. Caulfield, S.E.; Davis, C.C.; Byers, K.F. Olaparib: A Novel Therapy for Metastatic Breast Cancer in Patients With a BRCA1/2
Mutation. J. Adv. Pract. Oncol. 2019, 10, 167–174. [PubMed]

36. Rodon, J.; Curigliano, G.; Delord, J.P.; Harb, W.; Azaro, A.; Han, Y.; Wilke, C.; Donnet, V.; Sellami, D.; Beck, T. A Phase Ib,
open-label, dose-finding study of alpelisib in combination with paclitaxel in patients with advanced solid tumors. Oncotarget
2018, 9, 31709–31718. [CrossRef]

37. Nguyen, P.; Musa, A.; Samantray, J. Alpelisib-Induced Diabetic Ketoacidosis. Cureus 2021, 13, e14796. [CrossRef]
38. Schwartzberg, L.; Greene, H. Hormone Receptor-Positive, HER2-Negative Breast Cancer: Recent Advances and Best Practices. J.

Adv. Pract. Oncol. 2020, 11, 275–279.
39. Narayan, P.; Prowell, T.M.; Gao, J.J.; Fernandes, L.L.; Li, E.; Jiang, X.; Qiu, J.; Fan, J.; Song, P.; Yu, J.; et al. FDA Approval Summary:

Alpelisib Plus Fulvestrant for Patients with HR-positive, HER2-negative, PIK3CA-mutated, Advanced or Metastatic Breast
Cancer. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 2021, 27, 1842–1849. [CrossRef]

40. Hammond, M.E.H.; Hayes, D.F.; Dowsett, M.; Allred, D.C.; Hagerty, K.L.; Badve, S.; Fitzgibbons, P.L.; Francis, G.; Goldstein,
N.S.; Hayes, M.; et al. American Society of Clinical Oncology/College Of American Pathologists guideline recommendations
for immunohistochemical testing of estrogen and progesterone receptors in breast cancer. J. Clin. Oncol. 2010, 28, 2784–2795.
[CrossRef]

41. Cong, T.D.; Thanh, T.N.; Phan, Q.A.N.; Thi, A.P.H.; Tran, B.S.N.; Vu, Q.H.N. Correlation between HER2 Expression and
Clinicopathological Features of Breast Cancer: A Cross-Sectional Study in Vietnam. Asian Pac. J. Cancer Prev. 2020, 21, 1135–1142.
[CrossRef] [PubMed]

42. Tănăsescu, C.; Serban, D.; Moisin, A.; Popa, C.; Coca, R.; Iancu, G.; Tudosie, M.S.; Costea, D.O.; Socea, B.; Tudor, C.; et al. Impact
of modern personalized treatment of breast cancer on surgical attitude and outcomes. Exp. Ther. Med. 2022, 23, 57. [CrossRef]

43. Moisin, A.; Manda, G.; Bratu, D.G.; Serban, D.; Smarandache, C.G.; Motofei, C.; Tanasescu, C. Efficiency of modified radical
mastectomy in the therapeutic conduct of breast cancer. Rom. Biotechnol. Lett. 2021, 26, 2331–2339. [CrossRef]

44. Teodoru, C.A.; Roman, M.D.; Dura, H.; Cerghedean-Florea, M.-E. Orbital Metastases of Breast Cancer in Males. Diagnostics 2023,
13, 780. [CrossRef] [PubMed]

45. Rüschoff, J.; Lebeau, A.; Kreipe, H.; Sinn, P.; Gerharz, C.D.; Koch, W.; Morris, S.; Ammann, J.; Untch, M.; Nicht-interventionelle
Untersuchung (NIU) HER2 Study Group. Assessing HER2 testing quality in breast cancer: Variables that influence HER2
positivity rate from a large, multicenter, observational study in Germany. Mod. Pathol. Off. J. U. S. Can. Acad. Pathol. 2017, 30,
217–226. [CrossRef] [PubMed]

46. Wolff, A.C.; Hammond, M.E.H.; Allison, K.H.; Harvey, B.E.; Mangu, P.B.; Bartlett, J.M.; Bilous, M.; Ellis, I.O.; Fitzgibbons,
P.; Hanna, W.; et al. Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer: American Society of Clinical
Oncology/College of American Pathologists Clinical Practice Guideline Focused Update. J. Clin. Oncol. Off. J. Am. Soc. Clin.
Oncol. 2018, 36, 2105–2122. [CrossRef] [PubMed]

47. Singh, J.C.; Lichtman, S.M. Targeted Agents for HER2-Positive Breast Cancer: Optimal Use in Older Patients. Drugs Aging 2021,
38, 829–844. [CrossRef]

48. Tarantino, P.; Viale, G.; Press, M.F.; Hu, X.; Penault-Llorca, F.; Bardia, A.; Batistatou, A.; Burstein, H.J.; Carey, L.A.; Cortes, J.; et al.
ESMO expert consensus statements (ECS) on the definition, diagnosis, and management of HER2-low breast cancer. Ann. Oncol.
Off. J. Eur. Soc. Med. Oncol. 2023, 34, 645–659. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms21176400
https://doi.org/10.1007/s11523-021-00796-4
https://www.ncbi.nlm.nih.gov/pubmed/33710534
https://doi.org/10.6004/jnccn.2023.0031
https://doi.org/10.1007/s11523-019-00680-2
https://doi.org/10.1056/NEJMoa2105215
https://www.ncbi.nlm.nih.gov/pubmed/34081848
https://www.ncbi.nlm.nih.gov/pubmed/31538027
https://doi.org/10.18632/oncotarget.25854
https://doi.org/10.7759/cureus.14796
https://doi.org/10.1158/1078-0432.CCR-20-3652
https://doi.org/10.1200/JCO.2009.25.6529
https://doi.org/10.31557/APJCP.2020.21.4.1135
https://www.ncbi.nlm.nih.gov/pubmed/32334482
https://doi.org/10.3892/etm.2021.10979
https://doi.org/10.25083/rbl/26.1/2331.2339
https://doi.org/10.3390/diagnostics13040780
https://www.ncbi.nlm.nih.gov/pubmed/36832268
https://doi.org/10.1038/modpathol.2016.164
https://www.ncbi.nlm.nih.gov/pubmed/27767099
https://doi.org/10.1200/JCO.2018.77.8738
https://www.ncbi.nlm.nih.gov/pubmed/29846122
https://doi.org/10.1007/s40266-021-00889-9
https://doi.org/10.1016/j.annonc.2023.05.008

	Introduction 
	Materials and Methods 
	Patient Selection 
	Study Design 
	Inclusion and Exclusion Criteria 
	Follow-Up Details 
	Immunohistochemical Detection of Hormone Receptors KI67 and HER2 
	Statistical Analysis 
	Characteristics of the Group 

	Results 
	Discussion 
	Conclusions 
	References

