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Abstract

Majority of LBH+ patients undergo some form of systemic 
treatment and show relatively better clinical outcomes than 
LBH- patients. However, LBH- patients have poorer progno-
sis and may need more aggressive systemic approaches for 
improved treatment outcomes. Better differentiation of mo-
lecular subtypes is still a challenge and tumor protein p53 
may be a potential marker for more refined risk stratifica-
tion.
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Introduction

Breast cancer is a heterogeneous disease entity of various 
subtypes each with a distinct risk profile and natural history 
that entails an individualized treatment approach. Based on the 
widening knowledge behind its cancer biology, surrogate defini-
tions of intrinsic molecular subtypes according to immunohis-
tochemistry (IHC) and gene expression profiling were first intro-
duced in the early 2000s and have since been established as a 
fundamental prognostic marker [1-4]. This intrinsic classification 
largely distinguishes breast cancer into basal-like, luminal, and 

human epidermal growth factor receptor 2 (HER2) overexpress-
ing subtypes.  Molecular subtyping has demonstrated prognos-
tic significance for further subgrouping luminal breast cancer 
into A and B subtypes, where the latter shows increased preva-
lence of worse prognosis, earlier relapse, and higher levels of 
tumor proliferation. Significant progress has been achieved for 
improved objective risk profiling in the past decades and prop-
erly distinguishing the molecular subtype has become a crucial 
prerequisite for treatment planning [5-8]. The 2013 St. Gallen 
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International Expert Consensus recommendation has suggest-
ed that cut-off values of IHC expression of Progesterone Recep-
tor (PR) and Ki-67 set at 20% and 14%, respectively, allow for 
improved breakdown of subtypes (2). Though defining luminal 
A and HER2-enriched breast cancer is relatively explicit, reach-
ing consensus on a refined classification within the luminal B 
subtype has been difficult due to its highly diverse clinical and 
molecular characteristics. Current standards stratify luminal 
B breast cancer into HER2-negative (LBH-) and HER2-positive 
(LBH+) subgroups, but still its definition criteria are vague and 
use broad conjunctions such as “or” and “any”. This study aims 
to compare clinical outcomes between the 2 subgroups of the 
luminal B subtypes.

Materials and methods

Patients

From August 2003 to March 2012, 412 women diagnosed 
with either luminal B breast cancer underwent local surgical re-
section and Postoperative Radiotherapy (PORT). After excluding 
4 patients who were diagnosed with ductal carcinoma in situ, 
5 patients with distant metastasis at initial presentation, 3 pa-
tients with equivocal results for HER2 on both IHC and Fluo-
rescence In Situ Hybridization (FISH), 3 patients who received 
treatment for a recurred disease, and 3 patients who were lost 
to follow-up, a total of 394 patients were analyzed.

Information relevant to patient demographics, clinicopatho-
logic and treatment characteristics, and follow-up data on clini-
cal outcomes were collected and reviewed. All patients were 
pathologically staged according to the 7th edition of the TNM 
staging system provided by the American Joint Committee on 
Cancer (AJCC) Cancer Staging Manual. Approval for retrospec-
tive review of medical records was obtained from the Institu-
tional Review Board.

Surgical resection included Breast-Conserving Surgery (BCS) 
and Modified Radical Mastectomy (MRM). Chemotherapy was 
prescribed accordingly by the medical oncologist. The most 
common regimen for chemotherapy was Adriamycin and Cy-
clophosphamide. Trastuzumab was prescribed for patients with 
HER2 overexpression.

All patients were irradiated with a median total dose of 59.4 
Gy (range 50-66) to the whole breast or chest wall. The pre-
scription of a tumor bed boost and the extent of including re-
gional lymph nodes were decided upon at the discretion of the 
radiation oncologist.

Molecular subtype definitions

Molecular subtypes were assessed based on IHC expression 
of  Estrogen Receptor (ER), PR, HER2, and Ki-67. Cut-line values 
for PR and Ki-67 were set to 20% and 14%, respectively [9, 10]. 
Patients were defined as either LBH- or LBH+ according to the 
2013 St. Gallen International Expert Consensus recommenda-
tion (2). Definitions are described in Table 1. IHC scores of 2+ 
for HER2 protein expression were presumed as negative results 
until verified by a reflex test using a dual-signal FISH assay to 
evaluate for HER2 gene amplification. HER2 was considered 
positive if IHC was scored 3+ (protein overexpression) or if FISH 
showed a HER2/CEP17 ratio > 2.2 or HER2 gene copy number 
> 6.0 (gene amplification) [11]. In cases with discordance be-
tween HER2 testing methods, FISH assay results were adopted 
for conclusive interpretation. Patients with luminal-type breast 
cancer and equivocal HER2 results on IHC and/or FISH were ad-

ditionally categorized as luminal B HER2-equivocal if all features 
of luminal A breast cancer, excluding HER2, were absent (ER-
positive, PR ≥ 20%, and Ki-67 < 14%).

Definition of recurrence

Local recurrence was defined as Ipsilateral Breast Tumor 
Recurrence (IBTR) if the ipsilateral breast or chest wall, includ-
ing surgical scars, was involved. Regional Recurrence (RR) was 
defined as tumor recurrence of regional lymph nodes in the 
ipsilateral axillary levels I, II, and III, internal mammary, infra-
clavicular, and supraclavicular areas. Tumor recurrence in the 
contralateral breast or chest wall, distant lymph nodes, or any 
other site was considered as Distant Metastasis (DM).

Statistical analysis

Clinicopathologic characteristics between LBH- and LBH+ 
breast cancers were compared using the independent samples 
t-test for continuous variables and chi-squared test for categori-
cal variables. Primary endpoints for analysis were Local Control 
(LC), RR-free survival (RRFS), DM-free survival (DMFS), disease-
free survival (DFS), and overall survival (OS) rates. Time inter-
vals were measured from the base of follow-up, defined as the 
date when initial treatment was initialized, to the occurrence of 
events: IBTR, RR, DM, or death. Survival rates were calculated 
and compared using the Kaplan-Meier method and log-rank 
test. IBM SPSS Statistics version 22.0 (IBM Corp., Armonk, NY) 
was used for all statistical analyses. Statistical significance was 
defined as p < 0.05 with a two-tail approach.

Results

Clinicopathologic characteristics

A total of 394 breast cancer patients with stage I-III breast 
cancer were analyzed, including 258 (65.5) LBH- patients and 136 
(34.5%) LBH+ patients. The median age of patients at diagnosis 
was 49 years (range 24-81) and the median follow-up duration 
was 6.3 years (range 1.1-13.0). Clinicopathologic characteristics, 
summarized in Table 2, demonstrated statistically significant dif-
ferences in age at diagnosis, PR expression, expression of p53, 
and histologic grade. Higher proportions of patients were diag-
nosed at younger ages in the LBH+ subgroup. Histologic grade 
I tumors were more common in the LBH- subgroup, whereas 
grade II tumors were more common in the LBH+ subgroup. 
Majority of patients were diagnosed with invasive ductal car-
cinoma. Other histologic types included mucinous carcinoma, 
invasive micropapillary carcinoma, and pleomorphic lobular 
carcinoma. A total of 104 patients received neoadjuvant che-
motherapy, of which 8 patients demonstrated post-treatment 
transformation of molecular subtype: from LBH- to luminal A in 
4 patients and from LBH+ to HER2-enriched in 4 patients.

Surgical or hormonal therapy approaches were not signifi-
cantly different between the 2 subgroups within the luminal B 
subtype. In relation to systemic chemotherapy, the LBH- sub-
group had a higher propensity for omission (p=0.013). This differ-
ence was statistically significant for patients with stage I tumors 
(p < 0.001), but not for stage II-III tumors (p=0.474). Overall, 25 
(6.3%) patients did not receive hormonal therapy, demonstrat-
ing no difference between LBH- and LBH+ subtypes.

Patterns of failure

When the patterns of failure were compared between the 
LBH- and LBH+ subgroups, any breast cancer recurrence oc-
curred in 34 (13.2%) and 16 (11.8%) patients, LRR occurred in 
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14 (5.4%) and 5 (3.7%) patients, DM occurred in 29 (11.2%) and 
13 (9.6%) patients, and death due to breast cancer was seen in 
14 (5.4%) and 3 (2.2%) patients, respectively.

Patients diagnosed with LBH- breast cancer demonstrated a 
higher tendency of recurrence in multiple sites. Simultaneous 
involvement of multiple sites at the time of diagnosis of meta-
static breast tumor recurrence was observed in 16 patients 
(47.1%) of the LBH- subgroup and in 4 patients (25.0%) of the 
LBH+ subgroup (p=0.137). Differences were not significant, but 
a higher proportion of lymphatic recurrence was observed in 
the LBH- subgroup. Though analysis of treatment outcomes 
did not demonstrate statistical significance, a generally worse 
pattern of prognosis was seen in the LBH- subgroup (Table 3). 
On multivariable Cox regression analysis, N stage in LBH- and 
N stage and histologic grade in LBH+ were identified as inde-
pendent prognostic factors for relapse within 5 years. Among 
patients with positive p53 protein expression, the LBH- subtype 
demonstrated significantly higher rates of distant metastasis at 
13.8% versus 2.0% in the LBH+ subtype (p=0.041) and especially 
higher rates of lung metastasis (9.2% versus 0%, respectively, 
p=0.034).

Survival outcomes

Survival rates were compared at 5- and 10-years of follow-
up (Table 4). Though not significant, the LBH- subgroup demon-
strated to have worse outcomes for all survival rates at 5-years. 
At 10-years, however, survival rates were either similar or bet-
ter in the case of locoregional and distant failure. The OS rate 
was the only survival end-point that showed a trend toward 
statistical significance (p=0.062). The difference of OS rates was 
minimal at 5-years, 97.3% and 99.3% for LBH- and LBH+, respec-
tively, but a growing gap between the subgroups was observed 
as OS rates fell to 87.9% and 97.0% at 10-years (Figure 1). 
Among patients that had p53 positivity, LBH- and LBH+ showed 
significantly different DMFS of 87.1% versus 98.0%, respectively 
(p=0.030), whereas no statistically significant difference was 
found in the p53-negative subgroup (Table 5).

Discussion

Luminal B breast cancers are a heterogeneous group among 
all molecular subtypes in terms of not only molecular expres-
sions and clinical behavior, but also regarding patterns of care 
as well. Results of our study demonstrate that a significantly 
higher proportion of patients are being omitted from chemo-
therapy in the LBH- subgroup, whereas most patients of the 
LBH+ subgroup undergo some form of systemic therapy—either 
cytotoxic and/or immunologic.

One of the major rationales in distinguishing luminal breast 
cancers into A and B subtypes is to identify patients with com-
paratively better prognosis for whom chemotherapy may not 
be needed. Because luminal B breast cancers generally show 
worse prognosis, earlier relapse, and higher levels of tumor pro-
liferation, more aggressive treatment is often needed. Luminal 
B breast cancers are not only highly diverse in terms of clinical 
and biomolecular behavior, but treatment patterns as well.

Effort to more precisely distinguish breast cancer into dis-
tinct molecular entities is still an ongoing challenge, especially 
for the luminal B subtype. Analyses of our data demonstrate 
that LBH- and LBH+ subtypes show differences in patterns of 
treatment outcomes. Though not statistically significant, pa-
tients with LBH- subtype of breast cancer had higher propor-
tions of IBTR and RR. LBH- also demonstrated worse OS with a 

trend toward statistical significance at 10 years. Currently there 
is no widely accepted consensus on the indication for chemo-
therapy in patients of LBH- subtypes, thus patterns of care are 
highly heterogeneous. In general, patients with LBH- subtype 
had significantly higher rates of systemic treatment omission in 
stage I tumors, whereas LBH+ patients were more likely to re-
ceive either chemotherapy or targeted immunotherapy.

Several other biomarkers such as p53, epidermal growth 
factor receptor (EGFR), p16, and androgen receptor have been 
studied for its significance as molecular distinguishers. Positivity 
for p53 mutation has shown association with poorer treatment 
outcomes. Analysis of p53-positive luminal B breast cancer pa-
tients in our series showed that LBH- patients had significantly 
higher risk of DM than LBH+ patients. DMFS was significantly 
worse among p53-positive LBH- patients, whereas no difference 
between p53-negative LBH- and LBH+ patients were seen, pos-
sibly suggesting that the overexpression of the p53 protein may 
play a role in treatment outcomes. In a study of 294 patients 
by Overgaard et al., TP53 gene mutation showed to be a sig-
nificantly strong predictor of OS and DFS in both node-negative 
and node-positive patients [12], while cells with wild type p53 
have shown to be more radiosensitive [13]. Treatment out-
comes are also influenced by expression levels of ER subtypes α 
(ERα) and β (ERβ) [14]. Among ductal breast cancers, high ERα 
levels were expressed for highly proliferative disease and low 
ERβ levels were expressed for early stage disease [15]. Studies 
have shown that ERα directly binds to p53 and inactivates tu-
mor suppression. Ionizing radiation disrupts this interaction and 
induces p53 phosphorylation, which leads to cell cycle arrest 
or apoptosis due to disruption of the MDM2-p53 pathway [16-
18]. In context, hormonal therapy with ERα-antagonists and/or 
ERβ-agonists for estrogen-responsive breast cancer has shown 
to interact with ionizing radiation, improving LC and overall pa-
tient survival [19]. 

The role of radiation for inactivating ERα-p53 interactions 
and restoring function p53 has been suggested to be contribut-
ed by interactions of p53 with other regulatory proteins as well. 
Coexistence of p53 and HER2 overexpression demonstrated to 
have better prognosis than other combinations of protein ex-
pression in a study by Rosen et al [20]. This study analyzed 440 
node-negative patients and reported that patients with both 
p53 and HER2 positivity showed best prognosis, while p53-neg-
ative HER2-positive patients had the poorest prognosis. This was 
most significant for recurrence-free survival and OS in T1N0M0 
subgroup of patients. However, other studies have demonstrat-
ed that the expression of p53 with HER2 positivity had poorer 
prognosis [21-24]. Such inconsistency of results on the effect of 
p53 and HER2 coexistence may be due to the inability of IHC to 
detect the complete loss of p53 [25]. Furthermore, p53 overex-
pression on IHC does not always represent p53 gene mutations 
[26]. Though our results showed a possible correlation between 
p53 positivity and worse DMFS in LBH- patients, interpretation 
should be made carefully and needs further studies for clinical 
support.

Limitations of this study include possible bias due to its ret-
rospective nature, a relatively small study population, and het-
erogeneous treatment patterns between patients of similar 
molecular subtypes. Beside the overexpression of p53, other 
biomarkers including EGFR and cyclooxygenase-2 were also 
analyzed, but due to a limited number of available data no sta-
tistical significance was found. Though our data was limited, 
additional information on ERα and ERβ expression levels and 
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its relation in context to hormonal therapy may provide valu-
able information in better classifying luminal B breast cancers. 
Another limitation is that p53 assessment was solely based on 
results of IHC staining where expression positivity on IHC may 
not necessarily correlate with actual gene mutation. Further 
analysis will be needed to evaluate the clinical significance of 
p53 protein overexpression on IHC and assess the correlation 
between results of IHC and gene profile analyses.

Conclusion

Majority of LBH+ patients undergo some form of systemic 
treatment and show relatively better clinical outcomes than 
LBH- patients. LBH- patients have poorer prognosis and may 
need more aggressive therapeutic approaches.

 Clinical practice points

•	 Patients with luminal B HER2-negative breast cancer 
are more likely to be omitted from systemic chemotherapy

•	 Overall survival rates are demonstrated to be lower 
in luminal B HER2-negative compared to HER2-positive breast 
cancer
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Table 1: Definition and distribution of molecular subtypes

Intrinsic 
subtype

Surrogate definitiona) n (%)

Luminal B 
HER2-neg-

ative

(1) ER-positive and HER2-negative, and 
(2) PR < 20% or Ki-67 ≥ 14%

258 (65.5)

Luminal B 
HER2-positive

(1) ER-positive and HER2-positiveb), and 
(2) Any PR and Ki-67

136 (34.5)

Table 2: Clinicopathologic and treatment characteristics

Variable LBH- (n=258) LBH+ (n=136) p* Total (n=394)

Age (years)

 < 50 125 (48.4) 84 (61.8) 0.012 209 (53.0)

 ≥ 50 133 (51.6) 52 (38.2) 185 (47.0)

Menopause status

 Pre 148 (57.4) 88 (64.7) 0.162 236 (59.9)

 Post 110 (42.6) 48 (35.3) 158 (40.1)

PR expression

 < 20% 159 (61.6) 60 (45.5) 0.003 219 (56.2)

 ≥ 20% 99 (38.4) 72 (54.5) 171 (43.8)

Ki-67 labeling index

 < 14% 97 (37.9) 54 (40.0) 0.743 151 (38.6)

 ≥ 14% 159 (62.1) 81 (60.0) 240 (61.4)

p53†

 Negative 185 (74.0) 78 (60.5) 0.016 263 (69.4)

 Positive 65 (26.0) 51 (39.5) 116 (30.6)

Histologic grade†

 I 48 (24.0) 7 (5.6) 0.001 55 (16.9)

 II 121 (60.5) 69 (54.8) 190 (58.3)

 III 79 (39.5) 57 (45.2) 136 (41.7)

Pathologic T stage

 T1 128 (49.6) 59 (43.4) 0.489 187 (47.5)

 T2 99 (38.4) 54 (39.7) 153 (38.8)

 T3 24 (9.3) 17 (12.5) 41 (10.4)

 T4 7 (2.7) 6 (4.4) 13 (3.3)

Pathologic N stage

 N0 122 (47.3) 68 (50.0) 0.123 190 (48.2)

 N1 86 (33.3) 35 (25.7) 121 (30.7)

 N2 32 (12.4) 15 (11.0) 47 (11.9)

 N3 18 (7.0) 18 (13.2) 36 (9.1)

AJCC prognostic stage

 I 90 (34.9) 45 (33.1) 0.440 135 (34.3)

 II 103 (40.0) 49 (36.0) 152 (38.6)

 III 65 (25.2) 42 (30.9) 107 (27.2)

Surgery

 BCS 192 (74.4) 98 (72.1) 0.632 290 (73.6)

 MRM 66 (25.6) 38 (27.9) 104 (26.4)

Nodal evaluation

 SLNB 120 (46.5) 70 (51.5) 0.349 190 (48.2)

 ALND 138 (53.5) 66 (48.5) 204 (51.8)

Chemotherapy

 None 43 (16.7) 7 (5.1) 0.013 50 (12.7)

 Neoadjuvant 
only

35 (13.6) 22 (16.2) 57 (14.5)

 Adjuvant only 150 (58.1) 90 (66.2) 240 (60.9)

 Both 30 (11.6) 17 (12.5) 47 (11.9)

Hormonal therapy

 No 16 (6.2) 9 (6.6) 0.832 25 (6.3)

 Yes 242 (93.8) 127 (93.4) 369 (93.7)

Herceptin

 No 254 (98.4) 50 (36.8) < 0.001 304 (77.2)

 Yes 4 (1.6) 86 (63.2) 90 (22.8)

RT total dose (Gy)

 Median (range) 59.4 (50-66) 59.4 (50-66) 0.074† 59.4 (50-66)

a) 2013 St. Gallen International Expert Consensus 
b) Overexpression on IHC, or gene amplification on FISH

Abbreviations: HER2: Human Epidermal Growth Factor Receptor 2; 
ER: Estrogen Receptor; PR: Progesterone Receptor; IHC: Immunohis-
tochemistry; FISH: Fluorescence in Situ Hybridization

Figure 1: A comparison of overall survival rates between the 
luminal B subgroups.

Figures



Data presented as n (%)
*Independent samples t-test used for continuous variables, χ2 test 
used for categorical variables, Mann-Whitney U test for medians
†Analysis of available data
‡Clinical staging for neoadjuvant chemotherapy, pathological staging 
otherwise
Abbreviations: LBH: Luminal B HER2-Negative; LBH: Luminal B HER2-
Positive; BCS: Breast-Conserving Surgery; MRM: Modified Radical 
Mastectomy; RT: Radiotherapy
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Table 3: Cumulative incidence of recurrence by specific site

Variable LBH-(n=258) LBH+(n=136) p*

TTF (years)

 Median (range) 6.0 (0.8-14.4) 5.9 (0.7-12.2) 0.741

IBTR 7 (2.7) 1 (0.7) 0.272

Regional LN 17 (6.6) 5 (3.7) 0.231

CBTR 4 (1.6) 3 (2.2) 0.697

Bone 13 (5.0) 8 (5.9) 0.814

Lung 13 (5.0) 4 (2.9) 0.438

Liver 11 (4.3) 6 (4.4) 0.945

Brain 4 (1.6) 2 (1.5) 1.000

Total 34 (13.5) 16 (11.8) 0.689

Data presented as n (%)
Recurrence in multiple sites each counted separately
* χ2 test and Fisher’s exact test
Abbreviations: LBH: Luminal B HER2-Negative; LBH: Luminal B HER2-
Positive; TTF: Time-To-Failure; IBTR: Ipsilateral Breast Tumor Recur-
rence; CBTR: Contralateral Breast Tumor Recurrence; LN: Lymph Node.

Table 4: Survival outcomes of luminal B breast cancer

LBH-(n=258) LBH+(n=136)

Variable 5-year 10-year 5-year 10-year p*

LC 97.5% 94.7% 100.0% 98.7% 0.189

RRFS 95.6% 95.6% 98.4% 91.9% 0.770

DMFS 89.1% 87.0% 93.2% 84.8% 0.619

DFS 87.1% 79.1% 91.0% 84.9% 0.662

OS 97.3% 87.9% 99.3% 97.0% 0.062

* Kaplan-Meier method and Log Rank test
Abbreviations: LBH: Luminal B HER2-negative; LBH: luminal B HER2-
Positive; LC: Local Control; RRFS: Regional Recurrence-Free Survival; 
DMFS: Distant Metastasis-Free Survival; DFS: Disease-Free Survival; 
OS: Overall Survival

Table 5: 5-year distant metastasis-free survival rates by p53 
positivity

LBH-

(n=258)

LBH+

(n=136)Variable p*

p53-negative 89.4% 92.1% 0.666

p53-positive 87.1% 98.0% 0.030

* Kaplan-Meier method and Log Rank test
Abbreviations: LBH: Luminal B HER2-Negative; LBH: Luminal B HER2-
Positive
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