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Abstract

Breast cancer patients were divided into separate groups, which were the estrogen
receptor (ER)+/progesterone receptor (PR)+ HER2−, the ER or PR+ HER2−, the ER+/
PR+ HER2+, the ER or PR+ HER2+, the ER−/PR−  HER2−,  and the ER−/PR− HER2+
groups. Patients with the ER/PR(+)/HER2− subtype breast cancers show better clinical
prognosis  compared  to  the  hormone-negative,  triple-negative  (TN),  and  HER2+
subtypes.  TN,  HER2+  tumors  in  postmenopausal  women  were  of  higher  grade,
showing lymph node and lymphovascular invasion with poor prognosis in all case
series.  However, the ER+/PR−/HER2+ subgroup had the lowest survival rates in 2-
and 5-year follow-ups. Comparison between the ER+PR+HER2+ and ER+PR−HER2−
subgroups showed that HER2− status is an indicator of improved prognosis in long-
term follow-up. Single hormone receptor (HR)(+) status, particularly HER2(−) cases,
was in between the favorable and poor survival subgroups. The ER−, PR−, and HER2+
properties  were  found to  be  risk  factors  for  frequent  recurrences.  In  this  chapter,
breast cancer subtypes are compared with each other. Results from different studies
highlight  the  importance  of  ER/PR/HER2  receptor  variations  in  the  choice  of
treatment and prognosis of breast cancer.
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1. Introduction

Breast cancer is common among women between the ages of 50 and 60 years and is one of the
leading causes of disease-related deaths [1]. There is no single marker that determines the clinical
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properties and treatment of breast cancer. The main factors affecting the choice of treatment,
prognosis of the disease, and the predictability of the tumor include size, invasion into the lymph
nodes, lymphovascular invasion (LVI), grade, age at diagnosis, menopausal status, surgical
margins, estrogen and progesterone receptors (ER/PR), and HER2 oncogene [2–7].

About 70% of all breast cancers are hormone receptor (HR)-positive [4]. PR is the gene which
regulates estrogen, and single hormone receptor positivity increases aggressiveness compared
to ER+PR+ tumors, and is an indicator of poor prognosis [4]. Receptor positivity is often
inversely related to the presence of HER2 oncogene [6]. ER/PR-negative HER2+ tumors, high
grade, large tumor volume, and invasion into the lymph nodes indicate the need for an
aggressive course of treatment [6]. Hormone receptor positivity is responsive to hormonal
treatment, while HER2 positivity is responsive to trastuzumab treatment, and this helps guide
clinicians in the optimal choice of treatment. Recently developed diagnostic methods, the
definition of subtypes, goal-directed therapy, intensive chemotherapy, and hormonal therapies
have increased the survival rates in breast cancers.

The biological properties of breast cancers tend to vary depending on ER, PR, and HER2
expression [5]. Breast cancers are divided into four subgroups based on ER and PR gene
heterogeneity: luminal A (ER or PR+, HER2-negative), luminal B (ER- or PR-positive, HER2-
positive), ER-PR-HER2-positive, and triple-negative (ER-PR-HER2−) types [8].

Adjuvant endocrine therapy and/or chemotherapy are given in luminal A (HR+/HER2−)
cancers depending on tumor volume, lymph node status, and 21-gene recurrence score [9]. On
the other hand, luminal B (HR+/HER2+) tumors are more aggressive, and anthracycline- and
trastuzumab-based multichemotherapeutic agents are preferred in their treatment [9]. In
luminal cancers, short-term prognosis and response to hormonal therapy are better compared
to the other subgroups [9].

Luminal A tumors show the best progression, while TN tumors have the worst [10]. Luminal
B type exhibits poor ER expression compared to luminal A tumors. The possibility of early
relapse is also higher than with luminal A tumor [8]. With luminal B tumors, insensitivity to
endocrine treatment is also higher than with HR+/HER2−, while chemotherapy resistance is
more frequent than with TN and HER2+ tumors [8]. Invasion into the lymph nodes is also more
common in luminal B tumors compared to that in luminal A [11, 12].

Triple negative and HER2 (+) breast cancers also exhibit poor clinical features and prognosis
[13]. Recurrence and metastasis rates in TN breast cancers are particularly higher than in other
subgroups due to their high grade and proliferative properties [13].

The aim of this section is to divide breast cancers into subgroups based on their receptor status,
to compare ER (+) breast cancers with other subgroups (ER-PR+/− HER2+/−, ER-PR− HER2−,
and ER-PR-HER2+), to determine the risk factors affecting the prognosis of the disease, and to
compare the overall survival (OS) periods. Aside from the aforementioned risk factors, the
study also aimed to evaluate the effects of the ER and PR status on tumor characteristics, as
well as their impact on prognosis during long-term follow-up. Furthermore, the study
emphasized that multiple chemotherapy combined with hormonal treatment cannot ensure
the expected survival rates in the HR+ patients.
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2. Clinical features and differences of tumor subgroups

The clinical, histopathological, and genetic subtypes of patients with breast cancer are
important in the prognosis of the disease and in the choice of chemotherapy. Breast cancers
have a considerably heterogeneous structure, and they are divided into at least four subtypes.
Among these, luminal A cancers have the best prognosis, whereas TN and ER-PR-HER2+
subgroups possess the poorest prognosis. The prognosis of ER or PR (+) HER2 (+) luminal B
subtype falls somewhat in between these subgroups. ER+PR-HER2− tumors, in particular, are
associated with aggressive biology, hormonal treatment unresponsiveness resulting from PR
gene loss, and resistance to chemotherapy [8]. PR negativity is related to a high relapse rate
despite chemotherapy and endocrine treatment. However, in a meta-analysis performed by
Early Breast Cancer Trialists’ Collaborative Group (EGCTCG), hormonal treatment adminis-
tration in ER(+) tumors regardless of the PR status was shown to improve the disease-free
survival (DFS) [8].

ER positivity is a good predictive factor for the effectiveness of hormonal treatment, and 5-
year hormonal therapy decreases the mortality rate by 5.6% [7]. In a previous study, prognosis
in the first 3 years of ER(+) tumors was shown to be good, although survival in the longer term
was fairly poor. Gradually, endocrine therapy resistance is the main factor that blocks the
success of hormonal treatment [14].

Figure 1. Analysis of overall survival of breast cancer subtypes by log-rank test [15].

Chemotherapy in HR-negative patients is known to improve DFS and OS [7]. In one study
where HR+ patients with early-stage breast cancer received chemotherapy followed by
subsequent 5-year hormonal treatment, the best survival rates were observed in the ER+/PR
+HER2− and ER+/PR-HER2− subgroups (2-, 5-, and 10-year survival rates for these two groups
were 96%, 83%, 68% and 87%, 81%, 81%, respectively). The shortest survival was observed in
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the ER+PR− and HER2+ cases (2-, 5-, and 10-year survival: 66, 33, and 0%, respectively),
followed by TN (2-, 5-, and 10-year survival: 71, 64, and 64%, respectively) and HER2+ (2-, 5-,
and 10-year survival: 82, 71, and 0%, respectively) cases. ER+PR+HER2− cases exhibited the
longest survival (2-, 5-, and 10-year survival: 96, 83, and 68%, respectively). Meanwhile, single
HR+/HER2+ cases (2-, 5-, and 10-year survival: 90, 90, and 0%, respectively) and HER2− cases
(2-, 5-, and 10-year survival: 92, 92, and 46%, respectively) were found to have survival rates
in between those of other subgroups [15] (Figure 1 and Table 1). However, Bae et al. [4]
surprisingly demonstrated that PR(+) tumors have poor prognosis compared to PR(−) tumors.

ER+PR+ ER-PR+ ER+PR− ER+PR+ ER-PR+ ER+PR− ER-PR− ER-PR− p-Value
HER2− HER2− HER2− HER2+ HER2+ HER2+ HER2− HER2+
N = 1360
(47.7%)

N = 76
(2.7%)

N = 150
(5.3%)

N = 221
(7.8%)

N = 44
(1.5%)

N = 59
(2.1%)

N = 311
(10.9%)

N = 220
(7.7%)

Age

≤40 4.0% 0.3% 0.5% 1.1% 0.1% 0.2% 1.3% 0.8% 0.001

41-59 26.8% 1.7% 2.1% 4.8% 0.9% 1.0% 5.9% 3.7%

≥60 17% 0.7% 2.7% 1.9% 0.5% 0.8% 3.7% 3.2%

Menopause

Pre 23.9% 1.4% 1.4% 4.3% 0.7% 0.8% 5.4% 3.5% 0.001

Peri 2.9% 0.2% 0.3% 0.6% 0.1% 0.2% 0.7% 0.6%

Post 20.7% 1.0% 3.5% 2.8% 0.7% 1.1% 4.9% 3.7%

Stage

I 12% 0.4% 1.0% 1.2% 0.1% 0.3% 1.9% 0.9% 0.001

II 19.1% 1.1% 1.7% 2.8% 0.4% 0.7% 4.9% 2.1%

III 10% 0.6% 1.5% 2.4% 0.5% 0.8% 2.1% 2.7%

IV 7.1% 0.5% 1.2% 1.5% 0.5% 0.3% 2.2% 2.0%

Lymph node

N0 23.1% 1.2% 2.1% 3.1% 0.2% 0.8% 5.4% 2.2% 0.001

N1 14.4% 0.8% 1.9% 2.1% 0.6% 0.5% 3.3% 2.1%

N2 6.6% 0.6% 0.8% 1.3% 0.3% 0.4% 1.5% 1.5%

N3 4.4% 0.2% 0.6% 1.6% 0.4% 0.4% 1.2% 2.0%

Grade

I 8.8% 0.2% 0.6% 0.3% 0% 0.1% 0.2% 0.2% 0.001

II 27.5% 0.7% 2.9% 3.2% 0.4% 1.0% 2.4% 2.6%

III 17.3% 1.8% 2.1% 4.7% 1.2% 1.1% 8.8% 5.4%

Lymphovascular invasion (LVI)

Yes 30.4% 1.9% 3.4% 7.1% 1.3% 1.9% 7.1% 7.6% 0.001

No 17.7% 0.8% 2.4% 3.3% 0.9% 0.4% 4.2% 2.1%

Survival

2 y 96% 92% 87% 97% 90% 66% 71% 82% 0.001

5 y 83% 92% 81% 86% 90% 33% 64% 71%

10 y 68% 46% 81% 46% 0% 0% 64% 0%

Table 1. Subtype features and clinical course of breast cancer [15].
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In a previous study, it was determined that 1974 patients (69.3%), including those with lymph
node invasion or who underwent breast-protective surgery, were treated with radiotherapy
[15], while a total of 2797 patients received chemotherapy and/or hormonal therapy. Hormonal
therapy included tamoxifen and aromatase inhibitors or switch combinations. Patients
received chemotherapy regimens combined with endoxan, anthracycline, fluorouracil, taxane,
trastuzumab, platine, cyclophosphamide, and methotrexate [15]. In another study, it was
determined that, compared to the HR+ subtype, the HR− subtype is less commonly treatable
by surgery, and more often treated through radiotherapy [16]. Nowadays, the main treatment
for HR− tumors is surgery, radiotherapy, and chemotherapy [16]. The different treatment
options that are available, as well as racial reasons and tumor subgroups, help explain the
observed differences in survival rates [16].

2.1. Demographic and ethnic characteristics

Luminal A (ER-PR+)-type tumors are large volume and advanced stage tumors that are more
common among young women of nonhispanic, black, and hispanic races [9]. Luminal B (ER+/
PR+ or PR−) tumors, on the other hand, are high-incidence tumors that are observed among
young people of nonhispanic, Asian, and hispanic races [9]. When the ER+PR− and ER+PR+
subgroups are compared independently of the HER2 status, it can be seen that ER-PR+ tumors
are generally observed among women less than 50 years old, and that these tumors are
generally advanced stage upon diagnosis. However, these tumors also have a low incidence
among women of nonhispanic, white race. ER-PR+ subtype occurrence is higher among
nonhispanic black women. Compared with nonhispanic white women, ER-PR+ subtype
among nonhispanic black women also exhibits poorer prognosis [9]. Thus, the heterogeneity
in genes also affects prognosis.

The location of the tumor, as well as tumor stage, and the presence of axillary lymph node
involvement are all closely interrelated with breast cancer subtypes [17]. Luminal A tumors
show the highest axillaries lymph involvement [17]. Late identification of tumor hypothetically
explains the high mortality rate [17]. In one study, a relationship between the location and type
of tumor was identified, and luminal A tumors were found to frequently occur in the upper
outer quadrant of the breast [17]. Again, oral contraceptive use was found to be meaningfully
associated with breast cancer subtype. Oral contraceptive use was observed more frequently
in the luminal A group compared with the luminal B, basal, and HER2(+) groups [17]. While
ovarian hormones and reproductive pattern appear in many studies to play a significant role
in breast cancer growth, another study performed on 1326 Mexican women described that the
number of pregnancies, gestational age, and menopause status were not risk factors for breast
cancer [17].

Luminal A tumors are commonly observed among high-income, nonhispanic black race
women living in cities. Compared with the ER+PR+ subtype, the incidence of the ER-PR+ is
1.7 times higher among individuals under the age of 50 [9]. The clinic and demographic
characteristics of luminal A and B subtypes are different [9]. These differences are due to the
effects of estrogen and progesterone in tumor progression [9]. Estrogen suppresses progres-
sion, while progesterone causes tumors to progress aggressively. In ER(−) tumors, high
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progesterone levels cannot be balanced by the estrogen levels, and this leads to the progression
of the tumor [9].

A limited number of studies have researched the relationship between subtype of breast cancer
and the socioeconomic and health-care conditions of the patients [16]. The study determined
that good health care is closely associated with higher socioeconomic conditions, and that
living in larger cities it facilitates patients’ access to and compliance with treatment [16].

2.2. Prognosis, survival, and risk factors that affect them

In one study population, ER-PR+HER2 (+)/(−) patients showed poorer survival compared to
the ER+PR+HER2 (+)/(−) group [15]. Similarly, other studies showed PR-HER2+ tumors to have
high recurrence scores [18]. Recurrence risk (RR) in the ER-PR+ and ER+PR− tumors was
determined as 2.1 and 1.4%, respectively [19]. Single hormone receptor positivity results in a
poor prognosis and affects treatment response [20]. Additionally, lymph node invasion is seen
more frequently in luminal B tumors compared to luminal A tumors, and is associated with
poor prognosis [11]. A high Ki-67 index is characterized by lower patient age, larger tumor
volume, positive lymph nodes, ER/PR negativity, and HER2 positivity [11, 13, 20, 21].

In most studies, TN and HER2+ tumors showed the poorest survival rates [22, 23]. In a study
by You et al. [1], early-stage tumors without lymph node invasion and with improved
histological appearance resulted in better survivals in all molecular subtypes. High-stage
disease and HR negativity were associated with poor survival rates. As HR (−) subtypes
develop and advance more rapidly than HR (+) tumors, they are usually detected in advanced
stages [16]. Breast cancer mortality in HR (−) subtypes is two times more than HR (+) subtypes
(HR: 1.91; 95% confidence interval (CI): 1.88–1.94) [16]. TN cases have the lowest survival rates,
with 5- and 10-year survival being 63 and 44%, respectively [20].

In one study, both ER+PR-HER2+ and ER-PR-HER2+ subgroups received combined regimens
such as trastuzumab and anthracycline/or taxane, carboplatine chemotherapies. However, the
study found that ER+PR− leads to poorer prognosis with these treatment regimens. This result
may have been due to the following factors: choice of treatment not being specific enough for
the group, or not applied in sufficient or equal numbers, unresponsiveness to hormonal
maintenance treatment due to ER positivity, small number of patients, and response to
chemotherapy that varies according to the intrinsic profile of the tumor and HER2 positivity
[5, 12, 15, 24].

The longer survival rate of ER+PR+/HER2 (+)(−) tumors compared to HER2+ and TN− tumors
is due to their early-stage detection, absence of lymph node invasion, and the ability to
administer hormonal treatment for at least 5 years (aromatase inhibitor following 2- or 3-year
tamoxifen therapy) in addition to a combined chemotherapy regimen, no matter what the
intrinsic profile of the tumor is.

In some studies, HR+HER2− tumors were found to have shorter OS and DFS periods, while
their overall recurrence was more frequent than the single HR+HER2+ luminal B tumors [12].
Ki-67 indices of these tumors were high due to their high-grade property and lymph node
invasion. Although HER2 positivity is a criterion of poor prognosis, anti-HER2 treatments may
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decrease the negative effects of this factor. Thus, high Ki-67 index in ER+ tumors is an important
criterion which determines prognosis [12]. Additionally, 25–50% of ER+PR+ tumors are
resistant to hormonal treatment. Genetic and non-genetic interferences between the ER and
growth factors may lead to hormone resistance [14], but the exact mechanism that is implicated
has not yet been understood. Genetic testing is not commonly performed to determine tumor
subtypes or select treatment, and treatment alternatives are usually applied based on the
receptor and clinicopathological data. However, genetic variations and ethnic differences may
alter the prognosis of the disease [25]. Consequently, different response rates have been
observed in many of the studies. These findings suggest that oncogenes in different pathways
should be investigated to further improve treatment alternatives.

One study evaluated ER+, ER-PR+, TN, and HER2+ patients who were mostly premenopausal.
As such, 54.1% of the patients in the study were premenopausal, while 45.1% were postme-
nopausal. In other studies, triple-negative breast cancer (TNBC) or PR− subtypes were found
to be more frequent in postmenopausal women [2, 15, 26]. PR-negative breast cancers are
frequently observed during the postmenopausal period. Some studies have shown that, due
to the higher level of progesterone in premenopausal women, the incidence of ER-PR+
subtypes is considerably higher among individuals under the age of 50 [9]. The high levels of
progesterone increase the invasiveness of breast cancer cells, and hence the risk of metastasis
in premenopausal patients [9].

The initial metastatic site was bone in the HR+ (56.5%) patients, followed by liver, lung, and
multiple organ invasions. In TN (12.9%) and HER2+ patients (11.5%), the disease progressed
into multiple organ metastases. Recurrences were observed at the following rates in different
tumor subtypes: in 215 (44.9%) of the patients with luminal A tumors, in 56 (11.6%) of the
patients with luminal B tumors, in 61 (12.9%) of the patients with TN tumors, and in 54 (11.5%)
of the patients with HER2+ tumors [15]. When HR+/HER2(+)(−) patients were compared to ER-
PR-HER2− and ER-PR-HER2+ patients, the TN and HER2+ patients were found to be mostly
postmenopausal, N+, high-stage and high-grade (p = 0.001) (Table 2) [15]. Each increase of age
by a decade also raised the risk of recurrence (RR = 0.4, 95% CI, 0.3–0.6, p = 0.001) (Table 2).
High-stage, high-grade tumors with node positivity and LVI showed higher recurrence risk.
ER negativity led to a 1.5-fold increase in recurrence risk (RR = 1.5, 95% CI, 1.3–1.9, p = 0.001),
while PR negativity led to a 1.4 fold increase (RR = 1.4, 95% CI, 1.2–1.8, p = 0.001) (Table 2).
HER2 positivity (RR = 0.7, 95% CI, 0.6–0.9, p = 0.025) was also associated with a higher
recurrence risk.

However, the Carolina Breast Cancer Study Group did not identify any differences in meno-
pausal status between the molecular subtypes [2]. Devi et al. [26] reported high frequency of
TNBC among postmenopausal women, which may have been due to ethnic differences and
gene heterogeneity. Jenkins et al. [3] also reported increased luminal A and B tumors and
decreased basal-like tumors with increasing age. TN and the basal-like subtype are particularly
more common in the young population, whereas the HR+/HER2+ luminal B subtype is more
frequent in patients above 60 years of age [3].
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RR 95% CI p-Value
Age

41–59/<40 0.6 0.4–0.8 0.003

>60/<40 0.4 0.3–0.6 0.001

Stage (2,3,4)/1

3/1 2.1 0.3–15 0.027

2/1 0.4 0.2–0.9 0.040

Grade (III/II)/I

III/I 1.7 1.1–2.6 0.014

II/I 1.2 0.8–1.9 0.311

LVI (yes/no) 0.6 0.5–0.8 0.003

Node (3,2,1/0)

3/0 1.8 1.4 0.001

2/0 1.6 1.2–2.1 0.001

1/0 1.1 0.8–1.4 0.386

ER negative 1.5 1.3–1.9 0.001

PR negative 1.4 1.2–1.8 0.001

HER2 positive 0.7 0.6–0.9 0.025

Table 2. Univariate Cox-regression analysis of factors associated with recurrence in patients with subgroups [15].

Furthermore, PR negativity is not related with age and menopausal status; however, it is
associated with high grade and proliferation index [8]. Ki-67 index is described as being more
than 30% in ER+PR-HER2− tumors (p = 0.006) [8]. Epidermal growth factor (EGFR) expression
is higher in PR− tumors [4]. PR negativity in our patients resulted in different survival rates
depending on the HER2+/− status (2-, 5-, and 10-year survival being 66%, 33%, 0% and 87%,
81%, 81%, respectively) [15]. In addition, ER-PR+ tumors had poorer prognosis compared to
ER+PR+ tumors. ER-PR+ tumor incidence has been reported as 1.5–3.4% [4]. In addition, ER-
PR+ and ER+PR− tumor incidences were reported to be 4.2 and 7.4%, respectively. Altogether,
ER+PR+HER2− tumors were the most frequent in younger women below 40 years of age, and
in older women above 60 years of age (4.0 and 17.0%, respectively).

HR+ tumors have often lower grade compared to TN and HER2+ subgroups, showing a slow
progression in the long term [27]. Recurrence in these slowly enlarging tumors after a 10-year
follow-up appears to be associated with the 5–10-year hormonal treatments that continue after
chemotherapy. In ER+HER2− tumors, the mortality rate increases in the 10–15-year follow-ups
[27].

In one study, HER2 positivity was found to be 7.8% in ER+PR+ patients and 3.6% in patients
with single HR positivity. This ratio was found to vary from 10 to 20% in other studies [15, 21,
28]. In agreement with the findings of other studies, we observed similar survival rates in ER
+HER2+ and ER+HER2− groups, despite HER2 positivity [29]. When luminal A (mean survival:
5030 day) and luminal B (mean survival:4718 day) patients were compared, HER2+ (mean
survival:3149 day) patients were found to have lower survival rates (Figure 2 and Table 3).
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The California Breast Cancer Study Group also reported the highest mortality rates for ER-
HER2+ tumors in the 10-year or longer follow-up [29].

Figure 2. Analysis of overall survival of breast cancer subtypes by Kaplan-Meier. ER+ cases were determined to have
longer survival rates when compared to non-luminal HER2+, HR-HER2−, and luminal B tumors. HER2+, HR-HER2−,
and luminal B tumors [15].

Number of patients Number of case observed Percent of case observed Mean survival (day) P-value

ER+ 396 57 85.6 5030.747 0.010*

ER-PR+ 78 5 86.5 4718.160

HER2+ 37 9 87.0 3149.519

TN 69 16 79.5 4150.100

Total 580 87 85% 4940.640

* HER2+ patients were found to have lower survival rates than others p<0.05

Table 3. Survival analysis of tumor subgroups [15].

3. Conclusion

HR+ tumors are the most frequently observed breast cancer subtype. ER+PR− and ER-PR+
tumors have a particularly poorer prognosis compared to the ER+PR+ subtypes. In addition
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to the poor prognosis factor (i.e., due to HER2 positivity), being ER− or PR− may further reduce
the tumor’s treatment responsiveness and survival, while increasing the risk of recurrence. In
the clinical practice, the receptor status of the tumor should be determined to elucidate the
intrinsic gene profile of the tumor, as this will assist and provide guidance in choosing the
appropriate treatment.

Abbreviations

EGFR epidermal growth factor

EGCTCG early breast cancer trialists

ER estrogen receptor

DFS disease-free survival

HR hormone receptor

LVI lymphovascular invasion

OS overall survival
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RR recurrence risk
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