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Progesterone receptor loss identiﬁes Luminal B breast
cancer subgroups at higher risk of relapse
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Background: The immunohistochemical (IHC) evaluation of estrogen receptor (ER), progesterone receptor (PgR), Ki67 and HER2 is considered a surrogate means for identifying the molecular subtypes of breast cancer with different
prognosis.
Patients and methods: We explored patterns of recurrence in 4837 women with breast cancer deﬁned as Luminal B
(ER-positive and/or PgR-positive, HER2 positive and/or Ki-67≥14%) by IHC classiﬁcation. We evaluated four
subgroups within the Luminal B subtype according to HER2 expression and PgR status.
Results: Patients within the ER+/PgR+/HER2− subgroup presented a 5-year breast cancer-related survival (BCS) of
97% (95% conﬁdence interval (CI), 96–97) and overall survival (OS) of 95% [95% CI, 95–96], the best survivals of the
Luminal B subgroups. In the multivariate analysis, the ER+/PgR−/HER2− subgroup was associated with a reduced
BCS (HR 1.71; 95%CI, 1.25–2.35) and OS (HR 1.47; 95%CI, 1.10–1.96) when compared with the ER+/PgR+/HER2−
subgroup. Also patients within the ER+/PgR−/HER2+ subgroup had a reduced BCS (HR 1.93; 95%CI, 1.32–2.83) and
OS (HR 1.62; 95%CI, 1.14–2.30) when compared with ER+/PgR+/HER2− subgroup. On the other hand, no
statistically signiﬁcant differences were found with regard to BCS and OS among patients with ER+/PgR+/HER2+ and
patients with ER+/PgR+/HER2− disease.
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Conclusions: PgR loss identiﬁes Luminal B breast cancer subgroups at higher risk of relapse and death, both with
HER-2-positive and HER-2-negative disease.
Key words: breast cancer, HER2, immunohistochemistry, luminal, progesterone, prognosis

patients and methods

Breast cancer is a heterogeneous disease and gene expression
studies have identiﬁed molecularly distinct subtypes with
prognostic implications across multiple treatment settings [1–3].
These subtypes include estrogen receptor (ER)-positive—
Luminal A (Luminal A), ER-positive—Luminal B (Luminal B),
HER2-enriched (i.e. tumors that overexpress ERBB2-associated
genes but do not express genes that deﬁne the luminal
subtype), basal-like and normal breast-like. HER2-enriched
and basal-like subtypes are hormone receptor negative and
have poor prognosis [1, 4, 5].
The immunohistochemical (IHC) evaluation of ER,
progesterone receptor (PgR), Ki-67 and HER2 may be
considered a surrogate means for identifying the molecular
subtypes of breast cancer [6].
Moreover, a recent head-to-head comparison of a four IHC
biomarker panel of ER, PgR, HER2 and Ki-67 (IHC 4) has
been shown to provide prognostic information, which could be
considered at least equivalent to the genomic health recurrence
score [7].
The IHC classiﬁcation according to the four subtypes
(Luminal A, Luminal B, HER2 and triple negative) appeared
useful to deﬁne different prognostic subgroups in relationship
with the different adjuvant treatments previously received [8].
Recommendations for selection of adjuvant systemic
treatments in speciﬁc patient populations were recently
proposed based on the recognition of intrinsic biological
subtypes with different responses to systemic and local
therapies [9].
Luminal B is characterized by higher grade as well as
lower levels of ER-related genes and is characterized by
having increased expression of HER2-associated genes (i.e.
ERBB2 and GRB7) and a cell proliferation signature
that includes the expression of MKI67, CCNB1 and
MYBL2, which have been associated with tamoxifen
resistance [2, 10].
Nevertheless, the Luminal B subtype still represents a
heterogeneous group of breast cancers, if considered that only
30% of Luminal B tumors present an overexpression of HER2
including both the PgR-positive and PgR-negative disease.
PgR is a prognostic factor, although its prognostic value after
long-term follow-up is considered weak and lose [11]. The
absence of PgR may be a marker of aberrant growth factor
signaling and, consequently, one mechanism for anti-estrogen
resistance [12, 13]. ER+/PgR− tumors as deﬁned by RNA
proﬁling represent a distinct subset of breast cancer with
aggressive features and poor outcome despite being clinically
ER+ [14].
In order to get a deeper insight into the prognostic
signiﬁcance of subtypes of early breast cancer, we analyzed
data according to PgR and HER2 status from a large series of
well-characterized patients with breast cancer deﬁned as
Luminal B by IHC classiﬁcation.

We collected information on all consecutive breast cancer patients who
underwent breast surgery at the European Institute of Oncology between
January 1997 and December 2005. Data on each patient’s medical history,
concurrent diseases, surgery, pathological evaluation and results of staging
procedures (blood chemistry, hematological values, bone scan, chest ﬁlm
and upper abdominal ultrasound examination) were retrieved. The
surgically removed breast lesions were thoroughly sampled for pathological
examination.
Tissue sections from all previous needle biopsies (at least three sections/
core, cut at 110–200 mm intervals) and from all surgical resections carried
out elsewhere were reviewed. Tumors were classiﬁed histologically
according to the World Health Organization Histological Classiﬁcation of
Breast Tumors, as modiﬁed by Rosen and Obermann [15]. Tumor grading
was assessed according to Elston and Ellis [16]. We looked for peritumoral
vascular invasion as recommended by Rosen and Obermann [17].
Microinvasive breast cancer was diagnosed according to the TNM
classiﬁcation and following the criteria of Rosen and Obermann [15]. ER
and PgR status, Ki-67 labeling index determined with the MIB1
monoclonal antibody, and HER2/neu overexpression were evaluated
immunohistochemically as previously reported [17]. In particular, HER2/
neu overexpression was evaluated using a 1/800 dilution of a polyclonal
antiserum (Dako, Glostrup, Denmark) and considering only complete and
intense membrane staining of at least 10% of neoplastic cells as evidence of
overexpression (3+). Tumors showing weak to moderate circumferential
membrane immunoreactivity (2+) were further subjected to FISH assays
for the assessment of gene ampliﬁcation, as previously reported. For
evaluation of ER, PgR status and Ki-67 labeling index, the percentage of
cells exhibiting deﬁnite nuclear staining over 2000 neoplastic cells
examined at ×400 magniﬁcation was recorded. The stained slides were
evaluated independently by two of the authors. Only nuclear
immunoreactivity was evaluated for ER, PgR and MIB1. The threshold for
ER and PgR positivity was 1% [17]. Histological grade and biological
features were evaluated on the invasive component of the tumor.
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statistics
The Fisher’s exact test and the Mantel–Haenszel chi-square test for trend
were used to assess the association between categorical and ordinal
variables, respectively. The primary end-points were the incidence of
locoregional relapse (LRR), distant metastases (DM), breast cancer-related
survival (BCS) and overall survival (OS).
LRR included ipsilateral breast cancer, breast cancer recurrence in the
axilla, regional lymph nodes, chest wall and skin of ipsilateral breast. DM
included all sites of recurrence except locoregional relapses and
contralateral breast cancer as ﬁrst of subsequent events. BCS included
locoregional relapses, distant metastases, contralateral breast cancer or
death from breast cancer. OS was determined as the time from surgery
until the date of death (from any cause) or was censored at the date of last
follow-up.
Cumulative incidence and survival plots were drawn using the
Kaplan–Meier method.
We decided to focus our analysis on the Luminal B subtype deﬁned as
tumors with hormonal receptors positive (ER > 0 or PgR > 0) and [Ki67 ≥ 14% or HER2 overexpressed/ampliﬁed (HER2+)].
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We evaluated four subgroups within the Luminal B subtype according to
HER2 expression and PgR status:

•
•
•
•

ER and PgR positive and HER2 not overexpressed/ampliﬁed (ER+/PgR
+/HER2−)
ER and PgR positive and HER2 overexpressed/ampliﬁed (ER+/PgR
+/HER2+) (named also Triple Positive or TP)
ER positive, PgR negative and HER2 not overexpressed/ampliﬁed (ER
+/PgR−/HER2−)
ER positive, PgR negative and HER2 overexpressed/ampliﬁed (ER+/PgR
−/HER2+)

results

Volume 24 | No. 3 | March 2013

discussion
Subtypes with different epidemiological risk factors, different
natural histories and different responses to systemic and local
therapies have been identiﬁed. Clinicians managing breast
cancer should consider cases within the various distinct
subtypes in order to properly assess the relevant evidence and
reach an appropriate therapeutic choice. Endocrine therapy is
part of the treatment of the ‘Luminal B’ subtype.
Chemotherapy is also considered indicated for most patients
with ‘Luminal B’ disease with the addition of trastuzumab in
‘HER2-positive’ disease [9].
However, the tumor subtypes identiﬁed in these analyses
include heterogeneous groups of tumors, and the identiﬁcation
of further tumor subtypes amenable to targeted treatments
represents a research priority. Speciﬁcally, there is lack of
consensus on the threshold indication for inclusion of
chemotherapy for patients with ‘Luminal B (HER2-negative)’
disease.
The results of the present study indicate that PgR is an
important prognostic factor in order to properly deﬁne
subgroups with different prognosis within the Luminal B
subtype, irrespective of HER2 overexpression or ampliﬁcation.
Other studies reported and analyzed the prognostic and
predictive role of progesterone receptor in breast cancer,
especially of the subgroup of tumors ER+/PgR−.
The prognostic and predictive value of PgR has been for a
long time ascribed to the dependence of PgR expression on ER
activity, with the absence of the PgR reﬂecting a nonfunctional
ER and resistance to hormonal therapy, However, alternative
molecular mechanisms potentially explaining the different
outcome and selective estrogen receptor modulator resistance
in ER-positive/PgR-negative tumors have been suggested by
experimental indications that growth factors may reduce PgR
levels. Thus, the absence of PgR may reﬂect hyperactive cross
talk between ER and growth factor signaling pathways that
reduce PgR even as they activate other ER functions.
Previous experimental studies have shown that ER+PgR−
tumors have high growth factor signaling [12, 18, 19]. In
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A total of 4837 patients with early Luminal B subtype breast
cancer who underwent breast surgery at the European Institute
of Oncology between 1997 and 2005 were included in this
analysis. Male patients and females with previous noninvasive
breast cancers or bilateral tumors were excluded.
Patients’ characteristics are shown in Table 1.
Triple positive tumors (ER+/PgR+/HER2+) were associated
with very young age (<35 years), occurrence of peritumoral
vascular invasion and poorer differentiation than other
Luminal B subgroups. Finally, TP tumors were associated with
more advanced tumor stage, namely with more extensive nodal
involvement and larger tumor size than the other Luminal B
subgroups
About 50% of patients in the Luminal B subtype received
only endocrine therapy as adjuvant treatment and 2% of
patients did not receive any adjuvant treatment. Patients with
ER+/PgR+/HER2+ and ER+/PgR−/HER2+ tumors received
more chemotherapy than the other two subgroups without
overexpression of HER2. The ER+/PgR+/HER2− subgroup was
treated with less chemotherapy and more endocrine therapy
alone than the other subgroups (Table 2).
About 99% of patients with TP tumors did not receive
trastuzumab as adjuvant treatment, while two patients received
adjuvant trastuzumab in the subgroup ER+/PgR−/HER2+.
The ER+/PgR+/HER2− subgroup was the one with the
lowest rate of LRR, DM and breast cancer-related events as well
as with the best BCS and OS when compared with the other
Luminal B subgroups (Figures 1 and 2).
On the contrary, the ER+/PgR−/HER2+ subgroup was the
one that showed the worst BCS and OS when compared with
the other Luminal B subgroups. At the same time, the TP
subgroup showed a better BCS and OS than the ER+/PgR−/
HER2+ but also ER+/PgR−/HER2− subgroup, as shown in
Figure 2.
At 5 and 10 years, patients with TP tumors had a 95.8%
(94.1–97.4) and 85.4% (80.5–90.4) of BCS and an OS of 94.8%
(92.9–96.6) and 83.5% (78.5–88.6) at 5 and 10 years,
respectively.
The ER+/PgR−/HER2+ subgroup had HR of 2.39 (95% CI,
1.65–3.47) and 1.94 (95% CI, 1.37–2.75) for BCS and OS,
respectively, while the TP one had HR of 1.43 (95% CI, 1.06–
1.95) and 1.22 (95% CI, 0.92–1.61) at the univariate analysis.
The ER+/PgR−/HER2− subgroup showed an intermediate
increased risk when compared with the ER+/PgR+/HER2−
subgroup at the univariate analysis, with HR of 1.96 (1.44–

2.68, 95% CI) and 1.65 (95% CI, 1.24–2.19) for BCS and OS,
respectively (Figure 2).
At the multivariate analysis, the TP subgroup had an
increased risk of locoregional relapses in comparison with the
ER+/PgR+/HER2− subgroup but no statistical signiﬁcant
differences could be found for DM, contralateral breast cancer,
BCS and OS. On the other hand, the ER+/PgR−/HER2−
subgroup was associated with an increased risk with respect to
all outcomes considered, including BCS and OS, when
compared with the ER+/PgR+/HER2− subgroup. Finally, the
analysis showed that the ER+/PgR−/HER2+ subgroup had an
increased risk of DM, BCS and OS compared with the ER
+/PgR+/HER2− subgroup with HR of 1.93 (1.32–2.83; 95%
CI)) and 1.62 (1.14–2.30; 95% CI) for BCS and OS,
respectively (Table 3).
The multivariate analysis carried out in 1715 women with
Luminal B breast cancer treated after 2003, to exclude the
potential effect of trastuzumab therapy, conﬁrmed the results
obtained in the whole population (Table 4).
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Table 1. Characteristics of 4837 women with Luminal B breast cancer according to PgR and HER2 status
Characteristics

Total
N

ER+PgR+HER2+
N (%)

ER+PgR−HER2−
N (%)

ER+PgR+HER2−
N (%)

P value

236 (4.9)

591 (12.2)

435 (9.0)

3575 (73.9)

12 (5.4)
66 (3.4)
143 (6.6)
15 (3.1)

42 (18.9)
311 (15.9)
213 (9.8)
25 (5.2)

15 (6.8)
100 (5.1)
261 (12.0)
59 (12.3)

153 (68.9)
1476 (75.6)
1566 (71.7)
380 (79.3)

<0.0001

49 (5.7)
83 (3.8)
85 (5.3)
16 (8.9)
3 (11.1)

93 (10.9)
224 (10.3)
239 (14.9)
32 (17.8)
3 (11.1)

82 (9.6)
188 (8.7)
146 (9.1)
17 (9.4)
2 (7.4)

629 (73.7)
1675 (77.2)
1137 (70.8)
115 (63.9)
19 (70.4)

<0.0001

133 (4.4)
85 (5.3)
17 (8.7)
1 (11.1)

319 (10.5)
235 (14.6)
36 (18.4)
1 (11.1)

271 (9.0)
147 (9.2)
17 (8.7)
0 (0.0)

2303 (76.1)
1139 (70.9)
126 (64.3)
7 (77.8)

<0.0001

134 (5.6)
59 (3.8)
26 (5.6)
11 (3.4)
6 (6.7)

270 (11.2)
195 (12.5)
71 (15.2)
47 (14.5)
8 (8.9)

235 (9.8)
126 (8.1)
34 (7.3)
33 (10.2)
7 (7.8)

1762 (73.4)
1175 (75.6)
336 (71.9)
233 (71.9)
69 (76.7)

0.03

8 (2.2)
98 (3.6)
125 (7.7)
5 (4.0)

21 (5.8)
217 (8.0)
341 (20.9)
12 (9.7)

21 (5.8)
220 (8.1)
179 (11.0)
15 (12.1)

310 (86.1)
2188 (80.4)
985 (60.4)
92 (74.2)

<0.0001

219 (5.5)
6 (1.4)
3 (1.4)
0 (0.0)
3 (4.3)
0 (0.0)
1 (4.2)
0 (0.0)
2 (12.5)
2 (11.8)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

536 (13.4)
20 (4.8)
17 (8.0)
6 (10.2)
4 (5.7)
0 (0.0)
5 (20.8)
0 (0.0)
2 (12.5)
0 (0.0)
0 (0.0)
1 (50.0)
0 (0.0)
0 (0.0)

354 (8.8)
42 (10.1)
22 (10.4)
1 (1.7)
7 (10.0)
0 (0.0)
2 (8.3)
0 (0.0)
3 (18.8)
2 (11.8)
2 (66.7)
0 (0.0)
0 (0.0)
0 (0.0)

2895 (72.3)
349 (83.7)
170 (80.2)
52 (88.1)
56 (80.0)
2 (100)
16 (66.7)
8 (100)
9 (56.3)
13 (76.5)
1 (33.3)
1 (50.0)
1 (100)
2 (100)

<0.0001

159 (4.9)
77 (4.9)

353 (10.8)
238 (15.1)

313 (9.6)
122 (7.7)

2435 (74.7)
1140 (72.3)

0.0001

22 (31.0)
106 (3.1)
108 (7.7)

49 (69.0)
234 (6.9)
308 (22.1)

0 (0.0)
301 (8.9)
134 (9.6)

0 (0.0)
2729 (81.0)
846 (60.6)

<0.0001

160 (4.2)
76 (7.5)

421 (11.0)
170 (16.8)

348 (9.1)
87 (8.6)

2894 (75.7)
681 (67.2)

<0.0001

55 (6.9)
181 (4.5)

116 (14.5)
475 (11.8)

74 (9.3)
361 (8.9)

554 (69.3)
3021 (74.8)

0.002

PVI, peritumoral vascular invasion.
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All patients
4837
Age group (years)
<35
222
35–49
1953
50–69
2183
70+
479
Tumor size (cm)
≤1
853
1–2
2170
2–5
1607
>5
180
Unknown
27
pT
pT1
3026
pT2
1606
pT3/4
196
Unknown
9
Number of positive nodes
None
2401
1–3
1555
4–9
467
10 or more
324
PNx
90
Tumor Grade
G1
360
G2
2723
G3
1630
Unknown
124
Histology
Ductal
4004
Lobular
417
Ductal + lobular
212
Cribriform
59
Mucinous
70
Tubular
2
Papillary
24
Tubulo-lobular
8
Apocrine
16
Micropapillary
17
Metaplastic
3
Medullary
2
Adenoido-cistic
1
Other
2
PVI
Absent
3260
Present
1577
Proliferative fraction (Ki-67)
<14%
71
14–30%
3370
≥30%
1396
Type of surgery
Conservative
3823
Mastectomy
1014
Radiotherapy
No
799
Yes
4038

Histological subtype
ER+PgR−HER2+
N (%)

original articles
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Table 2. Medical adjuvant treatment of Luminal B breast cancer subgroups

Overall
ER+PgR−HER2+
ER+PgR+HER2+
ER+PgR–HER2−
ER+PgR+HER2−

No treatment (%)

Endocrine therapy
alone (%)

Non anthracyclinecontaining chemotherapy (%)

Anthracycline-containing
chemotherapy (%)

P value

103 (2.1)
10 (4.2)
8 (1.4)
11 (2.5)
74 (2.1)

2643 (54.6)
67 (28.4)
173 (29.3)
212 (48.7)
2191 (61.3)

542 (11.2)
45 (19.1)
109 (18.4)
90 (20.7)
298 (8.3)

1549 (32.0)
114 (48.3)
301 (50.9)
122 (28.1)
1012 (28.3)

<0.0001

Downloaded from http://annonc.oxfordjournals.org/ at SEMM on February 18, 2013

Figure 1. Clinical outcomes of 4837 women with Luminal B breast cancer according to PgR and HER2 status. *As ﬁrst or second event; †Hazards ratios
(HR) and 95% conﬁdence intervals (CI) obtained from a univariate Cox proportional Hazards regression model.

particular ER+/PgR− tumors have higher levels of epidermal
growth factor receptor (EGFR) and HER2 than ER+PgR+
tumors [19–21]. In the large series of Arpino et al, HER2
overexpression was associated with a signiﬁcantly shorter
disease-free survival (DFS) interval in patients with ER+PgR−
tumors, whereas in ER+PgR+ disease, HER2 overexpression
was not associated with DFS, among tamoxifen-treated
women [19].

Volume 24 | No. 3 | March 2013

Two large randomized trials evaluated the efﬁcacy of
aromatase inhibitors, letrozole (BIG 1–98 trial) and anastrazole
(ATAC trial), compared with tamoxifen as adjuvant treatment
of patients with early breast cancer. In BIG 1–98, patients
treated with letrozole had a better outcome than those treated
with tamoxifen regardless of their PgR status [22]. Subsequent
analyses of the ATAC trial have shown that quantitative
expression of ER and PgR and HER-2 status did not identify
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Table 3. Multivariate analysis in 4837 women with Luminal B breast cancer
Number of
events/deaths

Locoregional
relapse
308
HR (95% CI)a

IHC subgroup
ER+PgR+HER2−
1.00
ER+PgR+HER2+
1.41 (1.04–1.92)
ER+PgR–HER2–
1.68 (1.18–2.39)
ER+PgR–HER2+
1.32 (0.81–2.16)
Age group (years)
<35
1.93 (1.25–2.99)
35–49
1.24 (0.97–1.60)
50–69
1.00
70+
1.05 (0.67–1.67)
Tumor size (cm)
≤2
1.00
>2
1.67 (1.31–2.13)
Nodal status
pN0
1.00
pN+
0.94 (0.73–1.22)
pNx
4.51 (2.37–8.59)
Histology
Ductal
1.00
Lobular
1.22 (0.80–1.86)
Ductal + lobular
1.15 (0.67–1.98)
Other
0.51 (0.22–1.17)
Tumor Grade
G1
1.00
G2
1.04 (0.59–1.83)
G3
1.24 (0.68–2.27)
Unknown
1.45 (0.58–3.64)
PVI
Absent
1.00
Present
1.38 (1.06–1.79)
Proliferative fraction (Ki-67)
<20%
1.00
≥20%
1.64 (1.21–2.22)

Distant
metastasis
597
HR (95% CI)a

Contralateral
breast cancer
79
HR (95% CI)a

Breast cancer-related
event (BCS)
939
HR (95% CI)a

Breast cancerspeciﬁc survival
338
HR (95% CI)a

Overall survival
(OS)

1.00
1.11 (0.88–1.40)
1.34 (1.03–1.74)
1.58 (1.14–2.18)

1.00
1.39 (0.73–2.65)
1.94 (1.00–3.77)
1.02 (0.31–3.33)

1.00
1.18 (0.98–1.41)
1.41 (1.15–1.73)
1.32 (1.00–1.74)

1.00
1.02 (0.74–1.39)
1.71 (1.25–2.35)
1.93 (1.32–2.83)

1.00
0.98 (0.74–1.31)
1.47 (1.10–1.96)
1.62 (1.14–2.30)

1.42 (1.04–1.92)
0.85 (0.71–1.02)
1.00
1.32 (0.99–1.77)

2.53 (1.15–5.57)
0.92 (0.56–1.51)
1.00
1.19 (0.50–2.84)

1.35 (1.04–1.76)
0.91 (0.79–1.05)
1.00
1.61 (1.30–2.00)

1.10 (0.71–1.69)
0.67 (0.53–0.87)
1.00
1.73 (1.22–2.44)

0.91 (0.60–1.39)
0.61 (0.49–0.77)
1.00
2.32 (1.77–3.04)

1.00
2.23 (1.86–2.66)

1.00
1.27 (0.77–2.09)

1.00
1.99 (1.73–2.29)

1.00
2.39 (1.88–3.05)

1.00
2.15 (1.74–2.65)

1.00
2.06 (1.68–2.52)
2.63 (1.39–4.98)

1.00
0.93 (0.56–1.55)
–

1.00
1.46 (1.25–1.70)
2.62 (1.72–4.00)

1.00
1.91 (1.46–2.49)
3.01 (1.50–6.04)

1.00
1.89 (1.50–2.39)
3.95 (2.46–6.35)

1.00
1.69 (1.28–2.34)
1.25 (0.86–1.82)
0.55 (0.27–1.12)

1.00
0.83 (0.32–2.13)
2.00 (0.85–4.69)
1.04 (0.35–3.05)

1.00
1.39 (1.11–1.75)
1.31 (0.97–1.75)
0.74 (0.47–1.16)

1.00
1.74 (1.21–2.49)
1.35 (0.83–2.19)
0.41 (0.13–1.31)

1.00
1.56 (1.14–2.13)
1.27 (0.82–1.96)
0.68 (0.32–1.45)

1.00
1.23 (0.71–2.14)
1.95 (1.11–3.43)
1.50 (0.65–3.43)

1.00
0.71 (0.32–1.59)
0.44 (0.17–1.13)
1.37 (0.38–4.97)

1.00
1.06 (0.75–1.51)
1.53 (1.062.22)
1.44 (0.83–2.49)

1.00
1.50 (0.65–3.46)
3.30 (1.41–7.72)
1.03 (0.25–4.24)

1.00
1.24 (0.70–2.21)
2.54 (1.40–4.61)
1.02 (0.37–2.79)

1.00
1.39 (1.16–1.66)

1.00
1.47 (0.87–2.48)

1.00
1.30 (1.12–1.51)

1.00
1.44 (1.13–1.82)

1.00
1.30 (1.05–1.60)

1.00
1.77 (1.39–2.24)

1.00
1.33 (0.79–2.24)

1.00
1.79 (0.57–5.64)

1.00
1.47 (1.08–2.02)

1.00
1.25 (0.96–1.61)

HR (95% CI)a

IHC, immunohistochemical; PVI, peritumoral vascular invasion.
a
Hazards ratio (HR) and 95% conﬁdence intervals (CI) obtained from a multivariable COX proportional hazards regression model.
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Figure 2. Survival of 4837 women with luminal B breast cancer according to PgR and HER2 status. †Hazards ratios (HR) and 95% conﬁdence intervals
(CI) obtained from a univariate Cox proportional Hazards regression model.

original articles

Annals of Oncology

Table 4. Multivariate analysis in 1715 women with Luminal B breast cancer treated after 2003 (introduction of Trastuzumab)

Number ofevents/deaths
IHC subgroup
ER+PgR+HER2−
ER+PgR+HER2+
ER+PgR−HER2−
ER+PgR–HER2+

Locoregional
relapse
97
HR (95% CI)a

Distant
metastasis
171
HR (95% CI)a

Contralateral
breast cancer
12
HR (95% CI)a

Breast cancer-related
event (BCS)
266
HR (95% CI)a

Breast cancer-speciﬁc
survival
73
HR (95% CI)a

Overall survival
(OS)
93
HR (95% CI)a

1.00
2.49 (1.49–4.14)
1.27 (0.57–2.82)
2.02 (0.90–4.53)

1.00
1.28 (0.82–1.99)
2.19 (1.35–3.53)
2.29 (1.32–3.99)

1.00
2.65 (0.51–13.7)
1.34 (0.16–11.2)
1.95 (0.23–16.7)

1.00
1.47 (1.03–2.09)
1.75 (1.17–2.61)
2.08 (1.30–3.31)

1.00
0.81 (0.36–1.82)
2.03 (1.02–4.03)
2.42 (1.15–5.10)

1.00
0.74 (0.35–1.57)
1.44 (0.75–2.77)
2.89 (1.14–4.60)

IHC, immunohistochemical.
a
Hazards ratio (HR) and 95% conﬁdence intervals (CI) obtained from a multivariable COX proportional hazards regression model adjusted for age, tumor
size, nodal status, histology, tumor grade, PVI and Ki-67.
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without nodes involvement. In the present analysis, the number
of patients without nodal involvement ranged between 46% with
TP tumors and 57% with ER+/PgR−/HER2+ tumors.
Subgroup and retrospective analyses must be interpreted
with caution due to the increased likelihood of false-positive
and false-negative results arising from the play of chance.
However, our data together with the HERA subgroup analysis
make us believe not to consider mandatory a triple
combination of treatments (endocrine + chemotherapy + antiHER2 therapy) in all patients with TP tumors, differently from
the subgroup of patients with ER+/PgR−/HER2+ tumors.
In conclusion, after dividing the Luminal B subtype group
into four subgroups according to PgR and HER2 status, we
provided evidence of a relatively good prognosis of the TP
subgroup, and highlighted and conﬁrmed the signiﬁcant
impact of progesterone receptor status on the outcome of
patients with early breast cancer.
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Background: Neoadjuvant chemotherapy (NAC) is increasingly used in the framework of breast-conserving therapy
(BCT). Localization of the initial tumor is essential to guide surgical resection after NAC. This study describes the results
obtained with I-125 seed localization in BCT including NAC.
Patients and methods: Between January 2009 and December 2010, 85 patients treated with NAC and BCT after I125 seed localization were included. Radiological and pathological response and resection margins were retrospectively
evaluated.
Results: BCT was carried out in 85 patients without secondary local excisions. Nineteen patients with unifocal tumors
and seven patients with multifocal tumors showed a complete pathological response (P = 0.18). Tumor-free resection
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