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Abstract. Background/Aim: The study aimed to evaluate
differences in the overall survival of HER2+ breast cancer
patients treated with regard to their hormone receptors
negativity or positivity. We evaluated a cohort of patients treated
with trastuzumab in the Czech Republic. Patients and Methods:
The present study is a retrospective analysis of patients whose
data were recorded in a nationwide non-interventional, postauthorisation database BREAST. After propensity score
matching of data, the cohort included 4,532 patients. Results:
A significant difference in overall survival (OS) of the entire
cohort was found between patients with and without hormone
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dependence. The OS was significantly higher in the group of
patients with hormone receptor-positive (HR+) tumours in the
following cohorts: patients treated with neoadjuvant therapy,
patients with advanced disease, G2 tumours, stage III and IV
and in patients with stage II and III of G2 tumours. Conclusion:
Increased OS rates were found in several subgroups of patients
with HR+/HER2+ tumours compared to those with HR/HER2+ tumours. Better outcomes of HR+/HER2+ patients
were only observed in the first four/five years of follow-up, and
the differences disappeared over time.

Breast cancer is an example of malignant tumour in which
clinical behaviour and treatment options are fundamentally
affected by the biological characteristics. The presence of
hormone receptors (HR) and human epidermal growth factor
receptor (HER)-2 is a principal factor determining the
clinical management. Hormone receptor-positive (HR+)
tumours are found in approximately 3 out of 4 breast cancer
patients (1) whereas HER2 positivity is identified in about
15% of breast cancer patients. The negative prognostic
significance of HER2 positivity was reported by Slamon in
1987 (2).
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HER-2 is a member of a family of transmembrane tyrosine
kinase receptors [together with HER-1 (EGFR), HER-3 and
HER-4] and a universal partner for heterodimerization with
other members of HER receptor family. The amplification of
the gene c-erbB-2 resulting in overexpression or of HER-2
protein stimulates tumor growth, invasion and tumor cell
survival by activation of several signaling pathways. HER-2
positive breast cancer is clinically and biologically
heterogeneous disease (3-5). Triple-positive breast cancer
(TPBC), i.e. HER2-positive (HER2+), ER-positive (ER+) and
PR-positive (PR+) breast cancer, has been sometimes referred
to as a specific subgroup of breast tumours (6-8). The unique
biological properties of TPBC are caused by a crosstalk
between HER2 and HR signalling pathways (9).
The present study aimed to analyse the difference between
the overall survival (OS) of HR positive and HR-negative
(HR-) HER2+ patients who were treated with trastuzumab. A
cohort of breast cancer patients who had been included in a
nationwide Czech research database and treated with targeted
therapies was used, and an analysis comparing groups of
patients with and without expression of hormone receptors
was performed. The patient cohort structure was balanced by
propensity score matching with respect to age and grade prior
to analysis, otherwise the significance of hormone dependence
on treatment outcomes could not be established properly.

Patients and Methods

Patient cohort and methodology. The analysis was based on data on
all HER2+ patients who, on 8 January 2018, had a valid record in
the BREAST research database, were or had been treated with
targeted therapies in the Czech Republic and for whom data on
hormone receptors status were available, andHER2 positivity was
confirmed.
HER2 status was tested immunohistochemically in pathology
laboratories where the primary histological diagnosis was made. All
cases diagnosed locally were sent to one of the so-called reference
laboratories where HER2 status was confirmed by CE-IVD certified
immunohistochemical tests. Cases with confirmed 3+ positivity
were regarded as positive. Cases with 2+ positivity were
subsequently confirmed by in situ hybridization – of these cases,
only those with amplification of c-erb-B2 gene were regarded as
HER2 positive.
Hormone receptor status was diagnosed immunohistochemically.
As the cohort was collected over longer period of time, the cut-off
values for designation of tumour as ER/PR positive have changed
and different values in the range between 1 and 10% were used as
a threshold. Thus, all cases included in the TPBC cohort show at
least 1% expression of ER and PR. The analysis included data on
patients who were treated with trastuzumab in adjuvant,
neoadjuvant or advanced disease therapy settings. Chemotherapy,
radiotherapy and/or endocrine therapy was given to patients at the
physician’s discretion.

Matching the cohorts in age and grade. Out of 6,122 patients who
met the above-mentioned criteria, a total of 4,532 patients were
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Table I. Basic patient characteristics after propensity score matching.

Age at diagnosis (years)
Median (range)
Menopausal status at
diagnosis, n (%)
Premenopausal
Postmenopausal
Histological type of the
carcinoma, n (%)
Ductal
Lobular
Mixed
Other
Grade of the primary
tumour, n (%)
1
2
3
Clinical stage at
diagnosis, n (%)
I
II
III
IV
Performance status (PS)
at start of trastuzumab
treatment, n (%)
PS 0
PS 1
PS 2 or PS 3
Surgical treatment
No
Yes
Type of surgery (in those
who had surgical
treatment)
Not indicated
Ablation
Conservative surgery
Radiotherapy
No
Yes
Duration of follow-up (years)
Median (5th-95th percentile)

HR negative
(n=2,268)

HR positive
(n=2,264)

57 (20-88)

57 (23-85)

644 (28.4)
1,623 (71.6)

760 (33.6)
1,504 (66.4)

2,097 (92.6)
47 (2.1)
22 (1.0)
99 (4.4)

2,024 (89.6)
104 (4.6)
44 (1.9)
88 (3.9)

56 (2.5)
787 (34.7)
1,425 (62.8)

56 (2.5)
787 (34.8)
1,421 (62.8)

487
901
560
226

(22.6)
(41.3)
(25.7)
(10.4)

1,244 (72.4)
449 (26.1)
25 (1.5)

553 (25.5)
989 (45.2)
483 (22.1)
157 (7.2)
1,422 (77.1)
392 (21.3)
30 (1.6)

N=147 (6.9%)
N=112 (5.2%)
N=1,972 (93.1%) N=2,031 (94.8%)
N=5 (0.3%)
N=2 (0.1%)
N=1,109 (56.2%) N=1,000 (49.2%)
N=858 (43.5%) N=1,029 (50.7%)

N=651 (31.3%)
N=567 (27.1%)
N=1,430 (68.7%) N=1,527 (72.9%)
3.5 (0.5-10.3)

3.6 (0.5-10.1)

included in the analysis after balancing the data by propensity score
matching (R statistical software with MatchIt package) with respect
to age (p=0.335 after matching) and grade (p=0.998 after matching).
The propensity score matching analysis followed the population
analysis in a previous manuscript by the same authors focused on
comparison of patients’ groups according to their ER and/or PR
receptor status in the real-world settings (10). Classified according
to their ER and/or PR receptor status, the two resulting groups
contained approximately the same numbers of patients, patients with
both ER- and PR-negative (n=2,268) and patients with either ER or
PR positive (n=2,264). Patient characteristics are shown in Table I.
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Figure 1. (a) Overall survival of patients according to HR positivity. (b) Landmark analysis in 0, 4 and 8 years of overall survival according to
HR positivity.
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Table II. Overall survival (OS) from the diagnosis according to patient groups.
Median OS (95% CI)
1-year OS (%; 95% CI)
3-year OS (%; 95% CI)
5-year OS (%; 95% CI)

Stratification
Grade
1
2
3
Stage
I
II
III
IV

HR negative (n=2,268)
14.2 years (11.0-17.5)
98.6 (98.1-99.1)
88.3 (86.8-89.9)
80.4 (78.4-82.5)

*Log-rank test. #Cox proportional hazards model.

14.5 years (12.1-16.9)
99.0 (98.6-99.4)
93.9 (92.8-95.1)
87.7 (85.9-89.5)

<0.001

p-Value#

0.261 (0.058-1.186)
0.533 (0.405-0.702)
0.843 (0.702-1.012)

0.082
<0.001
0.066

0.909
0.888
0.679
0.651

OS of the entire cohort of patients is shown in Figure 1a and
Table II. A significant difference (p<0.001) in OS can be
clearly seen between the groups of patients with and without
hormone receptors; the visual inspection of the KM curve
reveals that patients with hormone receptor positive (HR+)
tumours have a higher OS in the first several years of followup. Landmark analysis aimed on the comparison of the
survival curves from given time points (the analysis does not
take into account differences in survival curves before the
analysed time point, but only further increase in difference)
3444

p-Value*

Hazard ratio (95% CI)
for HR positive vs. HR negative

Statistical analysis. Standard statistical methods were used to
characterise the patient cohorts. Categorical variables were described
using absolute frequencies and percentages, whereas continuous
variables were described by median, minimum and maximum values.
The statistical significance of differences between subgroups of
patients was calculated using the Fisher’s exact test (for categorical
variables) or the Mann-Whitney test (for continuous variables).
The survival analysis was performed using the Kaplan-Meier
(KM) method, and 95% confidence intervals were calculated for all
point estimates. The OS was calculated from the date of diagnosis to
the date of death. Surviving patients were censored on the date of last
update of the record in the research database. Survival rates of patient
subgroups were compared using the log-rank test; the landmark
analysis was adopted for the identifications of the cut-off time at
which there is no significant difference between the OS curves of
patient subgroups. Influence of patients’ characteristics on survival
was analysed using Cox proportional hazards model and described by
hazard ratios and their 95% confidence intervals. All statistical tests
were performed at the significance level α=0.05 and computed using
SPSS 22.0.0.1 (IBM Corp. Release 2013) (IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY, USA).

Results

HR positive (n=2,264)

(0.520-1.586)
(0.668-1.180)
(0.526-0.877)
(0.478-0.885)

0.736
0.413
0.003
0.006

found that after four/five years the increase of difference
between the curves stopped (p=0.475) (Figure 1b).
OS results according to treatment are shown in Figure 2.
Among patients treated in neoadjuvant setting, OS was
significantly improved in patients with HR+ tumours
(p=0.046). In the group treated for advanced disease, OS was
significantly better in HR+ patients (p=0.007).
Results of OS according to stage at diagnosis (Table II)
have shown no significant differences in the OS between
patients with HR+ and hormone receptor negative (HR-)
tumours who were diagnosed at stages I with HR=0.909,
95% CI=0.520-1.586, p=0.736 and II with HR=0.888, 95%
CI=0.668-1.180, p=0.413 respectively. As for patients
diagnosed at stages III or IV, however, the OS was
significantly higher in patients with HR+ tumours compared
to patients with HR- tumours (HR=0.679, 95% CI=0.5260.877, p=0.003 and HR=0.651, 95% CI=0.478-0.885,
p=0.006 respectively). Evaluation of the significance of
grade is shown in Table II. A significantly higher OS was
only observed for grade 2 in HR+ patients (HR=0.533, 95%
CI=0.405-0.702, p<0.001). The OS differences were not
statistically significant in patients with grade 1 (HR=0.261,
95% CI=0.058-1.186, p=0.082) and grade 3 tumours
(HR=0.843, 95% CI=0.702-1.012, p=0.066), in grade 1 the
low sample size should be taken into account, grade 3 shows
trend for statistically significant difference.
When evaluating grade along with stage, a significantly
improved OS was noted in grade 2 stage II, p=0.021 (Figure
3a) and in grade 2 stage III patients with hormone receptorpositive tumours, p=0.010 (Figure 3b); there was a statistically
significant difference between HR negative and positive in
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Figure 2. Overall survival according to HR positivity stratified by treatment.
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Figure 3. Overall survival according to HR positivity stratified by combination of stage and grade (a, b).

stage III and grade 1 (p=0.024, Figure 3b), nevertheless due
its sample size it should be interpreted with caution. One-,
three- and five-year OS as well as the median OS and HR
according to grade and stage are shown in Table II.
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Discussion

In the present cohort of HER2+ breast cancer patients,
increased OS rates were observed in several subgroups of
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patients with HR+ tumours compared to those with HRtumours. This difference was observed across the entire
cohort of patients, in patients treated with neoadjuvant
therapy, those treated for advanced disease, diagnosed at
stage III or IV and patients with tumours in grade 2
diagnosed at stage II or III.
A large US study assessed OS differences of 196,094
breast cancer patients diagnosed between 2010 and 2013
included in the SEER cancer registry (11). The results
showed that 4-year breast cancer-specific survival (BCSS)
was slightly higher in patients with HR+/HER2- tumours
when compared to patients with triple-positive tumours
(92.5% and 90.3% respectively), followed by patients with
HR-/HER2+ tumours (82.7%), and patients with triplenegative tumours (77.0%). Stage at diagnosis was the
strongest parameter determining OS. After four years of
follow-up, OS was above 95% in patients diagnosed at stage
I, regardless of the breast cancer subtype. Among patients
diagnosed at stage IV, patients with the HR+/HER2+ subtype
had the highest survival, also compared to patients with the
HR+/HER2- tumours, even after controlling for other clinical
and demographic parameters.
Regarding more advanced stages, our results showed a
better prognosis for the cohort of TPBC patients compared
to patients with HR-/HER2+ tumours as well. This lack of
difference at earlier stages is probably also reflected in the
absence of a significant OS difference between patients with
HR+/HER2+ and HR-/HER2+ tumours treated with adjuvant
therapy (i.e. those with earlier stages of disease). Unlike the
results of the present study, results of adjuvant therapy in
NCCTG N9831 and NCABP B 31 trials (12) showed a
difference in survival between groups of patients with
HER2+/HR+ and HER2+/HR- tumours who had been treated
with adjuvant chemotherapy and trastuzumab, with being OS
higher in TPBC patients. Patients in these trials, however,
had positive lymph nodes or other risk factors, i.e. were
higher-risk patients.
Interestingly, better outcomes in certain subgroups of
TPBC patients were only observed in the first several years
of follow-up, and the differences disappeared over time.
Therefore, it cannot be ruled out that the long-term prognosis
of HR+/HER2+ tumours might be less favourable than that
of HR-/HER2+ tumours. This pattern of relapses corresponds
to properties of luminal HR+ tumours (13, 14). In a study
focused on operable breast cancer patients who were treated
in International Breast Cancer Study Group clinical trials,
patients with ER+ tumours (compared to those with ERtumours) had a lower annual hazard rate of relapse during
the first five years after treatment completion, but beyond 5
years, patients with ER+ tumours had higher annual hazard
rates (ER+ vs. ER- tumours: 5-10 years, 5.4% vs. 3.3%, 1015 years 2.9% vs. 1.3% and 15-20 years 2.8% vs. 1.2%
respectively) (14).

For highly hormone-dependent breast cancer, the efficacy
of trastuzumab treatment is controversial in some TPBC
patients. In a study reported by Vici et al., hormone receptor
expression was identified as yet another factor that might
affect the temporal distribution of relapses (15). The present
retrospective analysis was focused on patients treated with
adjuvant chemotherapy alone compared to patients treated
with adjuvant chemotherapy plus trastuzumab, and relapsefree survival (RFS) and breast cancer specific survival
(BCSS) were evaluated. The results revealed that the pattern
of relapses was markedly different in the subgroup of
patients whose tumours expressed HR in more than 50% of
cells. Among these patients, the risk of relapse was low in
the first five years, but a late increase was observed after this
time compared to the group of patients with HR- tumours.
The pattern of relapses in TPBC patients whose tumours
expressed HR in >50% of cells after adjuvant therapy is
similar to that of luminal, HER2-negative tumours.
Data from a study that investigated the benefit of
trastuzumab therapy in patients with advanced breast cancer
indicated that a high expression of ER (≥30% of tumour
cells) was associated with a decreased efficacy of
trastuzumab and chemotherapy. However, the progressionfree survival (PFS) in patients with highly ER+ tumours was
markedly improved if endocrine therapy was added (16).
Guidelines by both the American Society of Clinical
Oncology (ASCO) and the European Society for Medical
Oncology (ESMO) consider adding endocrine therapies to be
justified as the maintenance therapy in TPBC patients in
metastatic setting (17, 18).
We are aware of the limitations of the present
retrospective analysis, which was performed using data from
a population-based research database of patients treated with
trastuzumab in the Czech Republic. Tumour grade, hormone
dependence and HER2 status were determined in local
laboratories, without being confirmed by a central laboratory.
However, only reference laboratories (i.e. those which met
strict standards required in the Czech Republic) were
allowed to perform this task. The research database does not
contain detailed information on treatment and other
important data which could influence its outcomes, such as
the medical history, comorbidities or lifestyle. Despite these
limitations, data reflecting the outcome of a significant
number of patients included in the presented analysis
confirm trends observed in other studies.
Results of the present study have shown that HR+/HER2+
breast cancer represents a subgroup which has distinctive
properties. Behaviour and treatment of this breast cancer
subtype have not been sufficiently understood to date, and
its prognosis is influenced by the fact that there is important
crosstalk between ER and HER2 signalling pathways, which
affects TPBC behaviour. TPBC tumors frequently belong to
the luminal molecular subtypes and especially luminal A-like
3447

in vivo 34: 3441-3449 (2020)
subgroup is associated with better prognosis and reduced
benefit of trastuzumab (19, 20).
The advantage of the triple-positive subtype is the
possibility to hit all therapeutic targets (HR and HER2),
which may explain the superior OS results in advanced
stages of the disease (21).
Better outcomes of TPBC patients were only found in the
first four/five years of follow-up, but a late increase of relapses
was observed after this time and the differences disappeared
which corresponds to properties of luminal HR+ tumours.
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