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Abstract: Background: The Bhagarva surrogate molecular subtype definitions classify invasive breast cancer into
seven the different subgroups based on immunohistochemical (IHC) criteria according to expression levels of mark-
ers as ER, PR, HER2, EGFR and/or basal cytokeratin (CK5/6) which are different in prognosis and responsiveness
to adjuvant therapy. Purpose: The present study aimed to classify primary breast cancers and directly compares the
prognostic significance of the intrinsic subtypes. Methods: The current study was conducted on 522 breast cancer
patients who had surgery, but had not received neoadjuvant chemotherapy, from 2011 to 2014. The clinicopatho-
logic characteristics were recorded. IHC staining was performed for ER, PR, HER2, Ki67, CK5/6, EGFR and D2-40
markers. All breast cancer patients were stratified according to Bhagarva criteria. The followed-up patients’ survival
was analyzed by using Kaplan-Meier and Log-Rank models. Results: The luminal A (LUMA) was observed at the high-
est rate (32.5%). Non-basal-like triple negative phenotype (TNB-) and Luminal A HER2-Hybrid (LAHH) were the least
common (3.3% in both). LUMA and luminal B (LUMB) were significantly associated with better prognostic features
compared to HER2, basal-like triple negative phenotype (TNB+) and TNB-. Statistically significant differences were
demonstrated between overall survival (OS), disease-free survival (DFS) and molecular subtypes (P<0.05), of which
LUMB and LUMA had the highest rate of OS and DFS being 97.2 and 93.7%; and 97.2 and 90.5%, respectively.
Conversely, HER2 revealed the worst prognosis with the lowest prevalence of OS and DFS (72.5 and 69.9%, respec-
tively). Conclusion: The molecular subtypes had a distinct OS and DFS. The intrinsic stratification displayed inversely
to clinicopathological features in breast cancer.
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Introduction

Breast cancer (BC) is a heterogeneous disease.
Even breast tumors with similar histopathologi-
cal features may have different clinical mani-
festations, degrees of malignancy, systematic
therapeutic responses, and survival outcomes.
One possible reason is that tumor cells of the
same morphologic type have different origins
(stem cells). Previous studies have shown that
relying on conventional parameters may have
limitations for patient-tailored treatment strate-
gies and would result in a certain percentage
of patients being treated incorrectly [1, 2].
Accordingly, a more precise tool is needed to
identify patients who would benefit from sys-
tematic adjuvant treatment after BC surgery,

especially in the early stages of the disease [3].
Studies of gene expression and its association
with diverse phenotypic characteristics have
altered the classification of BC and other can-
cers at the molecular level. Recently, “molecu-
lar portraits” of breast tumors have been dis-
covered through the “hierarchical clustering”
technology of gene groups based on similarity
in gene-expression patterns [4-7]. The molecu-
lar types of BC differ markedly by race/ethnici-
ty, distribution of risk factors, prognosis,
response to therapy, clinical outcome, and dis-
ease-free survival (OS and DFS) [6, 8, 9]. Novel
molecular studies have opened a broad field in
cancer research that allows basic and transla-
tional researchers to look for new potential tar-
gets. Analyses of BC with new molecular tech-
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niques now hold promise for the development
of more accurate tests to predict recurrence.

Many studies have used immunohistochemis-
try to study BC molecules and implement BC
molecular classification. However, there are
many classifications with different IHC stan-
dards [9-15]. In daily practice, in parallel with
identifying histopathologic types of BC, it is
necessary to perform immunohistochemical
(IHC) stains with a known panel to classify BC
into different molecular types. Routine IHC
evaluation of BCs may provide crucial informa-
tion to guide clinical management and repre-
sent a valid alternative to costly genotyping
assays, stratifying patients who need adjuvant
treatment and giving accurate prognostic infor-
mation. Vietnam is a developing country, and
most BC patients cannot afford expensive
molecular tests. Thus, it is important to select
risk classification tools that are suitable in
terms of both expense and value forselecting
the appropriate adjuvant treatment. Thus,
treatments used to manage Vietnamese
patients with BC must be validated. The molec-
ular categories of BC using IHC may be a good
candidate, and this classification has not been
applied yet in Vietnam to identify the different
molecular groups. Hence, the present study
aimed to classify primary BCs and directly
compare the intrinsic subtypes’ prognostic
significance.

Materials and methods
Participants and sample collection

All female patients had a first primary diagnosis
of invasive BC and underwent surgery to re-
move tumor and axillary lymph node dissection
between 2012 and 2014 at the National
Cancer Hospital, Vietnam, belonging to stage |
to IIA. We recruited 522 treatment-naive
patients with breast cancer aged 14-87 for the
current retrospective study with follow-up,
excluding those who did not meet all the above
selective criteria and presented with second or
recurrent malignant tumors, or carcinoma in
situ. The patients’ clinical information was
recorded, including age, tumor site, and date of
initial diagnosis, which were extracted from
medical patient charts and records. All patients
underwent surgery to remove the tumor by
modified radical mastectomy or conservative
surgery, combined with axillary lymph node dis-
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section. Tumors were measured as to maxi-
mum diameter. The pTNM staging of breast
cancer was based upon criteria from the
American Joint Committee on Cancer (AJCC,
7th edition) [16]. Tumor and nodal samples
were done by histopathologic tests.

Patients received systemic adjuvant chemo-
therapy postoperatively. Those with hormone-
receptor-positive tumors also underwent endo-
crine therapy. Among HER2 positive BCs, only
two patients could pay for all targeted treat-
ment with trastuzumab. All individual informa-
tion was anonymized for patient privacy.

Histopathology

Immediately after surgery, all specimens were
transferred to the pathology department.
Samples were fixed in 10% neutral formalin for
24 hours. Nodal and tumor samples were
obtained by routine pathological techniques,
such as hematoxylin and eosin staining (H&E).
Experienced pathologists evaluated all histo-
pathological features, such as tumor size, his-
topathological type, grade, nodal status, tumor
necrosis, and peritumoral lymph-vascular inva-
sion (LVI). Immunohistochemical staining was
used with a D2-40 marker to confirm LVI.
Histopathologic types were classified according
to the 2012 WHO classifications [17]. Histologic
grades were assigned according to Elston
and Ellis [18]. The Nottingham Prognostic Index
(NPI) was performed [19].

Detection of hormone receptor status, HER2,
Ki67, CK5/6, and EGFR by immunohistochem-
istry

All IHC stainings were tested for sections of
formalin-fixed, paraffin-embedded tissue. The
IHC method was performed by Ventana auto-
mated machine, using ER, PR, HER2, Ki67,
D2-40, CK5/6, and EGFR markers. We used
available primary antibodies from Ventana in a
ready-to-use condition, as the primary mono-
clonal mouse anti-human estrogen receptor
(Ventana-SP01), anti-progesterone receptor
(PR) (1E2) rabbit monoclonal primary antibody,
monoclonal mouse anti-human c-erbB-2 onco-
protein, rabbit monoclonal (Ventana-4B5), anti-
Ki67 monoclonal rabbit antibody (Ventana-
30-9), podoplanin (D2-40) mouse monoclonal
antibody, anti-cytokeratin 5/6 mouse monoclo-
nal primary antibody (Ventana-D5/16B4), and
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anti-EGFR rabbit monoclonal primary antibody
(Ventana-5B7), respectively. All IHC stained
slides were also stained as positive (internal or
external control) and negative controls to
ensure exact staining. Regarding HER2, CK5/6,
EGFR, and D2-40, a positive control with a tis-
sue sample known to express the antigen of
interest, was included on each slide.

The staining locations are consistent with their
distribution, such as nuclear (ER, PR, Ki67),
cytoplasmic/membranous (HER2, EGFR, D2-
40), or cytoplasm (CK5/6, EGFR, D2-40). ER
and PR slides were assessed by the percent-
age of positive cells and the intensity level (0O =
none, 1 = weak, 2 = moderate, 3 = strong). We
used the H-score scoring method to determine
hormone receptor expression. Like the Allred
score, the H-score scale is based on the inten-
sity and positive proportion of tumor nuclei. The
sum of these two parameters calculates the
Allred scale, but in the H-score scale, these two
parameters were multiplied each other by the
formula: 3 x percentage of strongly staining
nuclei + 2 x percentage of moderately staining
nuclei + percentage of weakly staining nuclei,
giving a range of 0 to 300 points, and positive
endocrine receptors is an additional 10 points
[20]. The UK recommendations were used to
assess HER2 expression. Numerous different
cutpoints for Ki67 have been proposed. At the
2013 St. Gallen consensus meeting, the cut-
point of the Ki67 index was set at 20 percent
[24]. For CK5/6, EGFR, and D2-40, any stained
invasive tumor cells were considered to be pos-
itive [14, 22].

Detection of IHC HER2 equivocal by fluores-
cencein situ hybridization

A HER2 score of 2 plus was considered equivo-
cal HER2. Ninety-six patients (19.2%) who had
an IHC HER2 score of 2 plus were tested by
FISH (Fluorescence in situ hybridization) (with a
ratio of HER2 to chromosome 17 centromeric
region >2.2, using PathVysion Vysis dual-color
FISH by Vysis Inc., Downers Grove, lll) to identify
the amplification of the HER2 gene. Equivocal
FISH result (1.8:2.2 ratio) was considered neg-
ative for HER2 in this study [23]. There were
21.9% HER2 gene amplification by FISH.

All IHC or FISH stained slides were analyzed
and scored independently by two investigators.
The investigators re-evaluated scores where
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they disagreed to reach consensus. In the pres-
ent study, 9.5% of cases needed reassessment
to resolve the disagreement because various
IHC scores of the same slide between the dif-
ferent pathologists occurred.

Definition of BC molecular subtypes and risk
categories

All patients were classified into molecular sub-
types based on IHC data. This approach uses
IHC criteria for its definitions of ER and PR, the
detection of HER2 overexpression and/or
amplification, and high molecular-weight kera-
tin such as CK5/6, or EGFR marker to identify
molecular subtypes. Molecular types that fol-
low IHC criteria of Bhargava’s classification are
Luminal A (LUMA: ER score is 200 or more and
negative HER2), Luminal B (LUMB: ER score is
ranged from 11 to 199, PR score is more 10
and loss of HER2), basal-like TNP (Triple-
negative phenotype) (TNB+: ER and PR are up
to 10, and neither HER2 overexpression nor
amplification, CK5 or EGFR is positive), non-
basal-like TNP (TNB-: ER and PR are up to 10,
and HER2 negativity, CK5 or EGFR is negative)
HER2-enriched (HER2: ER and PR are up to 10,
and either HER2 overexpression or amplifica-
tion), Luminal A HER2-Hybrid (LAHH: ER score is
equal or more 200 and positive HER2), and
Luminal B HER2-Hybrid (LBHH: ER score is
ranged from 11 to 199, PR score is more 10
and either HER2 overexpression or amplifica-
tion) [24] (Figure 1). Risk categories were
grouped by following St Gallen 2007 [25].

Follow-up and outcomes

Overall survival (OS) was defined as the date of
initial diagnosis to the day of death due to BC or
the last available time before being lost to fol-
low-up [26]. Patients were excluded if they did
not die of BC. Death dates were displayed on
the death documents, such as certificates
issued by the Viethamese government. The
recurrence and dates were demonstrated by
image analytic and/or morphological data.
Patients would be excluded until the death date
if they had no relapse [26]. DFS was the length
of time between the date of BC surgery and the
diagnosis of the recurrent BC, or GC specific
death, including locoregional and distant
relapses [26]. Since the number of followed-up
patients with TNB- and LAHH subgroups was
very low (nine cases and four cases, respec-
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LUMA

ER (+), 2200 (n=170)
HER2 (-)
(n=252) ER (+), 11-199,

or PR(+), >10

LAHH

Breast cancers

(n=522)

HER2 (+)

ER (+), 2200 (he17)
HER2 (+)
(n = 60) I
ER (+), 11-199,

or PR(+), >10

HER2

(n =100)

CK5/6(+),

and/or EGFR(+)

CK5/6(-), and TNP-
EGFR(-)

(n=17)

Figure 1. Algorithm of Bhagarva'’s classification for molecular subtyping.

tively), therefore OS and DFS were evaluated
based on TNP (including TNB- and TNB+) and
luminal HER2 - hybrid (LUMHH) (including LAHH
and LBHH) groups.

Statistical analysis

The Pearson chi-square test, Likelihood Ratio,
and Fisher’'s exact tests were performed to
determine the clinicopathologic differences
with seven molecular subtypes. Among of them,
Fisher’'s exact test was employed when sample
sizes were small. The Kaplan-Meier model was
used to investigate the five-year OS and DFS,
according to the intrinsic subgroups. Survival
curves of BC molecular subtypes were com-
pared by performing a log-rank test. A differ-
ence was considered significant if the p-value
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was less than 0.05 or 0.001. In multivariate
analysis, Cox proportional hazards regression
models were employed to determine hallmarks
independently associated with OS and DFS. All
of the analyses were conducted using the sta-
tistical software of SPSS version 19.0.

Results

Baseline clinicopathologic features of all par-
ticipants

The present study investigated all 522 BC
patients who had undergone operation. Table 1
shows the patients’ baseline clinicopathologic
characteristics. All study subjects exhibited
good-moderate clinical prognostic features.
Tumors were found at a high rate in the 50-59
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Table 1. Baseline clinicopathologic character-
istics of breast cancer participants

Feature No. of patients (%) n=522
Age group

<40 69 (13.2)

40-49 144 (27.6)

50-59 188 (35.9)

60-69 86 (16.5)

>70 35(6.7)
Age

Young (<40 Y-0) 81 (69.8)

Older (=70 Y-0) 35(30.2)
Tumor location

Right 234 (44.8)

Left 285 (54.6)

Bilateral 3(0.6)
Tumor size (cm)

<2 261 (50.0)

>2-5 242 (46.4)

>5 19 (3.6)
pTNM stage

| 134 (25.7)

Il 306 (58.6)

I 82 (15.7)
Risk category

Low 24 (4.6)

Intermediate 359 (68.8)

High 139 (26.6)
Outcome

Die 24 (12.3)

Survival 171 (87.7)
Recurrence

No Relapse 192 (98.5)

Relapse 3(1.5)
Histopathologic type

Invasive ductal, NOS 374 (71.6)

Mucinous 16 (3.1)

Lobular 89 (17.0)

Other 43 (8.2)
Histologic grade

| 56 (10.7)

Il 190 (36.4)

1 276 (52.9)
Lymph node status

Negative 330 (63.2)

1-3 positive node (s) 121 (23.2)

>3 positive nodes 71 (13.6)
Nottingham PI

Good 122 (23.4)
326

Moderate 281 (53.8)

Poor 119 (22.8)
LVI

Negative 337 (64.6)

Positive 185 (35.4)
Tumor necrosis

Negative 429 (82.2)

Positive 93 (17.8)
Ki67 index

Low (£20%) 271 (51.9)

High (>20%) 251 (48.1)

Y-O group (35.9%), left side (54.6%), stage Il
(58.6%), moderate risk category (68.8%). Half
the tumors were diagnosed at <2 cm in size; in
the stage of negative lymph node (63.2%) and
low recurrent percentage (1.5%). Similarly, the
histopathologic features of all participants
revealed quite good prognostic parameters
such as morphologic type of infiltrating duct,
NOS (71.6%), the moderate NPI (53.8%), 51.9%
of low Ki67, absent LVI (64.6%). However, more
than half of histologic grades were grade Il
(52.9%).

Correlation of the molecular subtypes and
clinicopathologic features

Table 2 shows the basic clinicopathologic char-
acteristics and relationships with the molecular
subgroups. All tumors were immunohistochem-
ically stained to classify biologic subtypes by
using IHC criteria of Bhargava, the prevalence
of the LUMA, HER2, TNB+ (Figure 2), LUMB,
LBHH, TNB-, and LAHH subtypes were in
descending order as 32.5, 19.2, 17.8, 15.7,
8.2, 3.3, and 3.3, respectively. The percentage
order of subcategories were LUMA > HER2 >
TNB+ > LUMB > LBHH > TNB- > LAHH.

Regarding the basic clinical features, the fre-
quency distribution of age groups, young and
older BC in the molecular subtypes revealed a
significant difference (P<0.001 or 0.05). TNB-
breast cancer was more common among
women under 40 and those 40 to 49 years old
(29.4% and 41.2%, respectively), and present-
ed only in the younger BC group (100.0%). The
opposite trends were observed in patients
60-69 and >70. LAHH and LUMA were more
common than the remaining subtypes, with
percentages of 35.3% and 11.8%, respectively

Int J Clin Exp Pathol 2021;14(3):322-337



Molecular subtypes and prognosis in breast cancer

Table 2. Associations between baseline clinicopathologic features and BC molecular subtype

No. of The Bhargava molecular subtypes
Characteristics patients (%) LymA LUMB TNB- TNB+ HER2 LAHH LBHH P
n=522 170 (32.5) 82(15.7) 17(3.3) 93(17.8) 100(19.2) 17(3.3) 43(8.2)
Age group <0.001°
<40 69 (13.2) 18(10.6)  11(13.4) 5(29.4) 16(17.2) 10(10.0) 0(0.0) 9(20.9)
40-49 144 (27.6) 40(23.5) 26(31.7) T7(41.2) 29(31.2) 24(24.0) 2(11.8)  16(37.2)
50-59 188 (35.9) 58(34.1) 27(32.9) 3(17.6) 31(33.3) 50 (50.0) 7(41.2)  12(27.9)
60-69 86 (16.5) 36(21.2) 14(171) 2(11.8) 13(14.0) 11(11.0) 6(35.3) 4(9.3)
>70 35(6.7) 18 (10.6) 4(4.9) 0(0.0) 4(4.3) 5(5.0) 2(11.8) 2(4.7)
Age 0.022°
Young (<40 Y-0) 81 (69.8) 20 (52.6) 14 (77.8) 5 (100) 20 (83.3) 13 (72.2) 0(0.0) 9 (81.8)
Older (=70 Y-0O) 35(30.2) 18 (47.4) 4(22.2) 0(0.0) 4(16.7) 5(27.8) 2 (100.0) 2(18.2)
Lateral 0.6342
Right 234 (44.8) 75(44.1) 35(42.7) 8(47.1) 38(40.9) 45(45.0) 11(64.7) 22(51.2)
Left 285 (54.6) 93 (54.7) 47 (57.3) 9(52.9) 55 (59.1) 55 (55.0) 6 (35.3) 20 (46.5)
Bilateral 3(0.6) 2(1.2) 0(0.0) 0(0.0)  0(0.0) 0(0.0) 0(0.0) 1(2.3)
Tumor size (cm) 0.018°
<2 261 (50.0) 99 (58.2) 40(48.8) 8(471) 45(48.4) 35(35.0) 11(64.7) 23(53.5)
>2.5 242 (46.4) 66(38.8) 40(48.8) 7(41.2) 45(48.4) 58(58.0) 6(35.3) 20 (46.5)
>5 19 (3.6) 5(3.0) 2(2.4) 2(11.8) 3(3.2) 7(7.0) 0(0.0) 0(0.0)
Histopathologic type <0.001°
NOS 374(71.6) 108 (63.5) 61(74.4) 9(52.9) 68(73.1) 80(80.0) 12(70.6) 36(83.7)
Mucinous 16 (3.1) 10 (5.9) 6(7.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Lobular 89 (17.0) 38(22.4) 12(14.6) 5(29.4) 13(12.6) 13(13.0) 5(29.4) 5(11.6)
Other 43(8.2) 14 (8.2) 3(3.7) 3(17.6) 7 (6.8) 7(7.0) 0(0.0) 2(4.7)
Histologic grade <0.001
| 56 (10.7) 33(19.4) 10 (12.2) 1(5.9) 4 (4.3) 3(3.0) 1(5.9) 4(9.3)

1] 190 (36.4) 67 (39.4) 41 (50.0) 3(17.6) 24(25.8) 30(30.0) 7(41.2) 18 (41.9)
i 276 (52.9) 70 (41.2) 31(37.8) 13(76.5) 65(69.9) 67 (67.0) 9(52.9) 21(48.8)

Lymph node status <0.001
Negative 330(63.2) 133(78.2) 52(63.4) 8(47.1) 54(58.1) 48(48.0) 11(64.7) 24 (55.8)
1-3 positive node (s) 121 (23.2) 27 (15.9) 25 (30.5) 0(0.0) 24 (25.8) 29(29.0) 3(17.6) 13(30.2)
>3 positive nodes 71(13.6) 10 (5.9) 5(6.1) 9(52.9) 15(16.1) 23(23.0) 3(17.6) 6 (14.0)
Nottingham PI <0.001
Good 122 (23.4) 60 (35.3) 19(23.2) 2(11.8) 14(15.1) 10(10.0) 4 (23.5) 13(30.2)
Moderate 281 (53.8) 90 (52.9) 52(63.4) 6(35.3) 53(57.0) 53(53.0) 9(52.9) 18 (41.9)
Poor 119 (22.8) 20(11.8) 11(13.4) 9(52.9) 26(28.0) 37(37.0) 4 (23.5) 12 (27.9)
Ki67 index 0.000
Low (£20%) 271 (51.9) 121 (71.2) 54(65.9) 6(35.3) 32(34.4) 35(354) 6(35.3) 17 (39.5)
High (>20%) 251 (48.1) 49 (28.8) 28(34.1) 11(64.7) 61(65.6) 65 (64.6) 11 (64.7) 26 (60.5)
LvI 0.001
Negative 337 (64.6) 127 (74.9) 59 (72.0) 11(61.1) 50(53.8) 53(54.3) 10 (58.8) 27 (64.3)
Positive 185 (35.4) 43(25.1) 23(28.0) 7(38.9) 42(46.2) 48(45.7) 7(41.2) 15 (35.7)
Tumor necrosis 0.004
Negative 429 (82.2) 152 (89.4) 64(78.0) 12(70.6) 68(73.1) 78(78.0) 16 (94.1) 39 (90.7)
Positive 93 (17.8) 18 (10.6) 18(22.0) 5(29.4) 25(26.9) 22(22.0) 1(5.9) 4(9.3)
pTNM stage 0.000

[ 134(25.7)  66(38.8) 17(20.7) 1(5.9) 20(21.5) 12(12.0) 6(35.3) 12(27.9)
I 306(58.6)  87(51.2) 61(74.4) 10(58.8) 57 (61.3) 61(61.0) 6(35.3) 24 (55.8)
Il 82 (15.7) 17 (10.0) 4(4.9) 6(353) 16(17.2) 27(27.0) 5(29.4)  7(16.3)

Risk 0.000°
Low 24 (4.6) 19(11.2)  4(4.9) 0(0.00  0(0.0) 0(0.0) 0(0.0) 1(2.3)
Inter 359 (68.8) 140(82.4) 73(89.0) 8(471) 54(58.1) 49(49.0) 11(64.7) 24(55.8)
High 139 (26.6) 11.(6.4) 5(6.1)  9(52.9) 39(41.9) 51(51.0) 6(35.3)  18(41.9)
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Survival
Died 24 (12.3) 4 (6.3) 1(2.8)
Survived 171 (87.7) 59 (93.7) 35(97.2)
Recurrence
No Relapse 192 (98.5) 61 (96.8) 36 (100)
Relapse 3(1.5) 2(3.2) 0(0.0)

0(0.0)
9(100)

9(100)
0(0.0)

0.015°
6(21.4)  8(24.2) 0(0.0) 5(22.7)
22(78.6) 25(75.8)  4(100)  17(77.3)
0.881°
28(100) 32(97.0)  4(100)  22(100)
0(0.0) 1(3.0) 0(0.0) 0(0.0)

2: Fisher exact test; ®: Likelihood Ratio.

in LAHH; and 21.2% and 10.6%, respectively, in
the LUMA subgroup. Similarly, a difference in
the tumor size in the molecular subcategories
was significant (P<0.05). HER2 subtype ac-
counted for the lowest proportion in patients
with up to 2 cm tumor (35.0%). On the contrary,
in the large tumor group (more than 5 cm in
size), TNB- was more common than other sub-
groups, amounting to 11.8%. Nevertheless,
there was no significant difference in tumor
location in the seven molecular subtypes
(P>0.05). Differences among molecular sub-
types concerning characteristics of pTNM and
risk category were observed (P<0.001). In
stage | BC, LUMA was obtained at the highest
rate (38.8%); meanwhile, LUMB accounted for
the largest percentage in stage Il (74.4%). By
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Figure 2. Photomicrographs of the TNB+
subtype. A. Stained by H&E method showing
invasive BC, TNP (magnification of 20x). B.
Photomicrograph indicates CK5/6 positivity
of tumor cell cytoplasm and/or cytoplasmic
membrane (magnification of 20x). C. Cyto-
plasmic membrane of tumor cells was posi-
tive for EGFR (magnification of 20x).

contrast, TNB- was observed in the percentage
of cases with stage Il (35.3%). Considering
breast cancer risk stratification, LUMA’s fre-
quency was the most common (11.2%) in low-
risk BCs, and no cases were seen in the TNB-,
TNB+, HER2, and LAHH groups in this risk cat-
egory. While a moderate risk, LUMB had the
highest prevalence, with 82.4%. BC women
with the TNB- and HER2 subtypes of the high-
risk group had higher rates (52.9% and 51.0%,
in turn), as opposed to the LUMA and LUMB.
These subgroups had very low percentages of
6.4% and 6.1%, respectively.

Table 1 displays the relationships between his-
topathologic measures and biological groups.
There were significant differences between the
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Table 3. Estimated hazard ratios (HRs) for OS and

DFS-multivariate analysis

Overall survival

Disease-free survival

HR  p-value HR p-value

Molecular subgroup 0.450 0.277
LUMA vs other 0.646 0.552 0.878 0.844
LUMB vs other 0.236 0.201 0.227 0.188
TNP vs other 0.722 0.599 0.735 0.620
HER2 vs other 1.374 0.586 1.714 0.346

LVI 2.073 0.202 1.127 0.797
Present vs absent

NPI 1.027 0.973 0.941 0.934
Poor vs other

Histologic Grade 1.853 0.263 2.037 0.158
Il vs other

Lymph node status 1.986 0.356 2.507 0.220
>3 vs 0-3 nodes

Risk group 2.231 0.245 1.747 0.399
High vs other

TNM 0.873 0.804 0.771 0.636
Il vs other

seven subtypes. Some parameters, such as
histopathologic type, histologic grade, lymph
node status, NPI, LVI, and nucleus proliferative
index (Ki67), had a p-value lower than 0.001.. In
BC specific types, the mucinous type is illus-
trated only in LUMA and LUMB. Meanwhile,
TNB- subgroup had a higher prevalence in the
other specific types, such as medullary or meta-
plastic types (17.6%). The percentage of cases
with low histologic grade in the LUMA group
was significantly higher in other groups with
19.4%. In grade Il BCs, LUMB accounted for the
highest proportion (50.0%). On the contrary,
TNB-, TNB+, and HER2 were the most common
in the high-grade BCs, being 76.5%, 69.9%,
and 67.0%, respectively. Concerning the lymph
node status, LUMA was rare in metastatic axil-
lary lymph nodes, accounting for 78.2%. LUMB
had a high rate (63.4%). In BC patients with
more 3 positive lymph nodes, TNB- subtype
was observed at highest frequency (52.9%),
and the percentage of LUMA and LUMB was
the lowest (5.9% and 6.1%, respectively).
Assessment of Nottingham Prognostic Index
(NPI), in the BC patients with a favorable index,
showed that both LUMA and LAHH were at the
higher prevalences, representing 35.3% and
30.2%, respectively. Nevertheless, HER2 and
TNB- subgroups were less common, with per-
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centages of 10.0% and 11.8%, respective-
ly. The opposite trend was observed with a
poor NPI. TNB- and HER2 were more com-
mon than the remaining subtypes (52.9%
and 37.0%, respectively); meanwhile,
LUMA and LUMB were less common at
11.8% and 13.4%, respectively. In moder-
ate NPI, the rate of LUMB was the largest
(63.4%). When evaluating mitotic prolifera-
tion, LUMA tumors almost always exhibited
a low Ki67 index, accounting for 71.2%.
Conversely, TNB+, TNB- and LAHH, HER2,
and LBHH were greater in the high Ki67
group, being 65.6, 64.7 (both TNB- and
LAHH), 64.6%, and 60.5%, respectively.

For survival, it was clear that survival was
different among the molecular categories
of BC. The proportion of the HER2 positive
patients with death was the largest
(24.2%). LBHH and TNB+ accounted for
22.7% and 21.4%, respectively. The differ-
ences of IHC classification and survival
were statistically significant (P<0.05).
Three patients had recurrence; LUMA
occurred in two cases (3.2%), and one was a
HER2 subtype (3.0%). However, the difference
was not significant (P>0.05).

Multivariate analysis was performed to demon-
strate whether the molecular subtypes and sev-
eral other measures that were of prognostic
value by univariate analysis suggested being
independent prognostic factors. Nevertheless,
Table 3 revealed they were not independent
prognostic indicators.

Survival

At the end of the follow-up, 12.3% of the
patients died. The mean five-year OS of pa-
tients with breast cancer who underwent sur-
gery were 84.6+1.5 months. Meanwhile, the
median DFS was lower at 83.8+1.5 months.
Overall survival in patients with luminal A and B
subtypes was significantly longer than in those
with the remaining subtypes (87.6+2.1 and
86.8+1.1 months, respectively). At the same
time, HER2 had the lowest mean OS 76.8%
4.5 months). Similarly, the average DFS of
LUMA and LUMB displayed a longer period of
86.0+£2.3 and 86.8+1.1 months, respectively.
However, the mean for HER2 subtype was still
the lowest (75.6+4.6 months).
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OS curves, according to molecular subtype, are
summarized in Figure 3. Survival in patients
with LUMA subtype was significantly longer
than in those with other subtypes. Figure 3A
demonstrates that the log-rank test for equality
of overall survivor function showed a significant
difference between the IHC subgroups (P<
0.05). It was similar to the OS of St. Gallen
2013 molecular subtypes (Figure 3B). Patients
who were classified in LUMB and LUMA had a
better prognosis, with an OS rate in the five-
year follow-up of 97.2% and 93.7%, in turn. It is
clear that TNP and LUMHH BCs were present in
a lower proportion of OS (83.8% and 79.3%,
respectively), and HER2 accounted for the low-
est frequency at 72.6%. The DFS curves,
according to Bhargava IHC categories, are illus-
trated in Figure 4A. The difference was signifi-
cant between DFS curves according to molecu-
lar subtype (P<0.05). The DFS prevalence in
the five-year follow-up of the BC patients with
the LUMB was the highest, accounting for
97.2% and the percentage of LUMA was the
second (90.5%). On the contrary, the DFS rate
of HER2 was lower, at 69.8%. LUMHH and TNP
subgroups were also at a lower proportion than
LUMA and LUMB (79.3% and 83.8%, respec-
tively). The DFS findings were the same as the
DFS of St. Gallen 2013 molecular subcatego-
ries (Figure 4B). However, the differences
between DFS curves and St. Gallen 2013
molecular subgroups were not significant (P>
0.05). Assessment of OS and DFS, according to
Bhargava IHC subtypes, revealed that the prog-
nostic order of molecular subgroups was LUMB
> LUMA > TNP > LUMHH > HER2. Similarly, for
Gallen 2013 molecular classification, this order
was LUMBH- > LUMA > Basal-like > LUMBH+ >
HER2.

Discussion

Surrogate gene analysis is widely applied to the
molecular classification of BC with IHC markers
[9, 12-15, 21, 27, 28]. Therefore, based on
gene profiling, Bhargava used the IHC method
to formulate criteria for classifying molecular
types of BC [24]. This subgrouping is necessary
to study endocrine receptors’ application, the
co-expression of endocrine receptors, and
HER2 in assessing response to BC treatment,
prognosis, and survival. By using the simple IHC
criteria of Bhargava, the study findings demon-
strated that LUMA, which expressed high ER
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(=200 scores), had the highest rate, and next to
the HER2 subtype, TNB+, LUMB; the remaining
subtypes were at lower percentages (LBHH,
LAHH, and TNB-). The current findings were sim-
ilar to Bhargava’s study [10]. The different fre-
quency of molecular subtypes, compared to the
previous studies, might be explained by the
method and criteria of the IHC interpretation,
but LUMA was still observed. Deyarmin and
associates [29] have suggested that the clas-
sification of ER-low tumors as Luminal may
be inappropriate, especially LUMA. Bhargava
hypothesis echoes that of Cheang and cowork-
ers [30], but the luminal category of BC has
been subdivided into LUMA, LUMB, LAHH, and
LBHH based on ER expression level and HER2
status. The present research investigated the
prevalence of various molecular subtypes in BC
patients and also evaluated the differences in
clinicopathologic characteristics between th-
ese subtypes. The findings showed that there
were significantly different trends between
most clinicopathologic features, except tumor
location, and younger vs. older BC patients,
and the different molecular subtypes had a
p-value <0.05 or 0.001. Among IHC subtypes,
LUMA had the strongest correlation with good
prognostic measures. These findings were also
demonstrated in many of the previous cohorts.
Compared to LUMA, the BC patients with LUMB
are characterized by a higher proliferation
index, larger tumor size, lower differentiation,
higher positive lymph node, and poorer NPI.
Clinically, luminal B tumors also had a more
advanced pTNM stage, higher risk category.
Our previous study was conducted on the same
participants of the present work has revealed
three main risk categories of BC had adistinct
OS and DFS, and showed the adverse clinico-
pathologic features [31]. Because of the com-
plexity of immunophenotypes in BC, tumors
with HER2-positive and positive endocrine
receptors should be divided into separate
hybrid groups called the HER2 hybrid luminal
groups [10, 24]. The luminal B type, according
to other authors with the positive hormonal
receptor and HER2+, is classified as luminal A
and B hybrid-HER2 subtypes (LAHH and LBHH)
according to Bhargava’s criteria. These types
show a worse prognosis than LUMA and LUMB.
Regarding the clinicopathologic characteristics,
luminal hybrid-HER2 subtypes (LAHH and
LBHH) have intermediate prognostic values
between group of endocrine receptor-positive
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tumors (LUMA and LUMB) and endocrine recep-
tor-negative BCs (TNB-, TNB+, and HER2
subtypes).

Kreike et al. showed that, based on the gene-
expression profiling, basal-like subtype tumors
(classified as TNP tumors in their study) are het-
erogeneous and can be subdivided into at least
five distinct subtypes [32]. An efficient panel of
antibodies has been demonstrated for detect-
ing the basal-like variant among triple-negative
carcinomas is CK5/6, EGFR, CK14, CK17, and
vimentin [14, 33]. The previous studies sh-
owed that including positive EGFR, and CK5/6
markers [14, 33, 34] for the basal subtype
results in a significantly better identification of
a high-risk group [10, 24, 30, 35, 36], whose
outcome more closely matches that expected
by gene-expression profiling [4, 5, 7] than was
achieved using a triple-negative (ER-PR-HER2-)
definition. Bertucci et al. also revealed that
TNB+ is a more homogeneous group than TNP.
The incomplete concordance between TNB+
and TNP has been reported by using various
IHC definitions, including the ER-, HER2-,
EGFR+, and/or CK5/6+ IHC profile, which is cur-
rently considered to be the most reliable defini-
tion [37]. By adding these markers to identify
the basal phenotype to the set of markers in
clinical use, it was possible to subdivide TNP
cases into a “true basal” group defined as
HER2 negative, absent ER, and either EGFR or
CK5/6 positive (TNB+) which exhibited less
benefit from anthracyclines than the group neg-
ative for all of these markers (TNB-) [30]. TNB-
type is the normal or unclassified breast type
following other classifications [24]. According to
Bhargava’s classification, the molecular types
with various clinical manifestations, histopa-
thology, and immunophenotypes were identi-
fied to apply suitable therapy regimens. In
Engstram’s study, these two subtypes had sig-
nificantly differing BC survival [11].

In the present work, the prevalence of TNB+
was more common than TNB- subtype. The fre-
quencies of TNB- and TNB+ have ranged from
17.1% to 30.5% and 8.0% to 55.7%, respective-
ly, depending upon the definition or criteria
used [10, 38]. In Cheang et al.’s data from
3.744 cases, 17% were TNP, and 9% were
TNB+, using the five-marker method [30]. The
frequent difference might be explained by the
method and the definition or criteria of the IHC
interpretation. Previous studies have shown
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that the expression of basal markers (basal
cytokeratins and EGFR) in TNP also correlates
with a worse prognosis and identifies a clini-
cally distinct subgroup within the TNP BCs [30,
39, 40]. Similarly, Cheang’s results from the
multivariable Cox regression analyses strongly
suggest that, among the triple-negative cases,
a poor prognosis is conferred almost entirely to
the subset of tumors that are positive for EGFR
or basal cytokeratins (TNB+) [30]. Kim et al.
also reported the clinicopathologic significance
of the TNB+ based on the expression of basal
cytokeratins indicating that TNB+ were associ-
ated with high histologic and/or nuclear grades.
However, there were no significant survival dif-
ferences between TNB+ and those of other
subtypes [41]. On the contrary, Engstrgm et al.
illustrated the five negative phenotypes (TNB-)
subtypes had poorer prognoses, although they
comprised a higher proportion of histologic
grade 2 tumors [11]. In most previous studies,
the basal status of many TNP was thought to
confer a poorer clinical outcome when com-
pared to non-basal TNP; however, our results
suggested that the TNB- may be primarily
responsible for poor clinical outcomes such as
large tumor size, high grade, metastasis to
lymph nodes, poor NPI, advanced stage, or
higher risk category. This finding was concor-
dant to Choi et al.’s and Engstram et al.’s stud-
ies[11, 36]. The number of followed-up patients
in the TNB- subgroups were very low (9 cases),
so it is impossible to compare the prognostic
values between TNB accurately- and TNB+ by
OS and DFS in this study. With 951 BC cases,
Choi et al. observed that TNP showed a poor OS
prognosis, showing higher nuclear and/or histo-
logic grade, next to the HER2 subtypes. The
worse 0OS was in TNB- among TNP [36]. Choi et
al. also demonstrated the TNP clinicopatholog-
ic characteristics were maintained in TNB+
after dividing into two groups (TNB+ and TNB-),
but the poor prognosis of the TNP was primarily
due to the TNB- [36]. The finding that TNB- does
worse with regard to DFS and OS than TNB+ is
different from the findings by Cheang et al. [30],
Carery et al. [9], Rakha et al. [42], and Choi et
al. [36]. The present findings were consistent
with the studies mentioned above. Validation
studies will reveal whether this finding is con-
sistent or not. This difference might be ex-
plained by the fact that TNB+ reportedly benefit
from adjuvant chemotherapy rather than TNB-
as offered today [11, 22, 30, 36].
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Regarding prognosis in terms of survival, the
molecular classification of BCs included in the
present series yielded results comparable to
previous studies [1, 11]. Evaluating the death
rate of molecular subgroups in 24 BC patients
after a follow-up period of up to 92 months, we
found that HER2 type accounted for one-third
of all cases (8 out of 24 cases), followed by the
TNP group (6 cases), LUMHH group with five
cases, and the LUMA subtypes with four cases.
LUMB was the lowest, in which only one patient
died. Concerning the OS and DFS ratios of BC
patients according to Bhargava molecular sub-
types, the present findings revealed these rates
decreased as follows: LUMB > LUMA > TNP >
LUMHH > HER2. This order was similar to the
molecular subtypes of the St. Gallen 2013 clas-
sification, in which the LUMB and LUMHH
(Bhargava’s classification) types correspond to
the LUMB HER2- and LUMB HER2+ (St Gallen
2013), respectively. According to this scheme,
although the LUMA type was behind LUMB. The
mean survival months of BC patients with
LUMA was higher than LUMB in this study. The
reason may be because the number of fol-
lowed-up BC patients with LUMB was less than
half of that with LUMA. We also found that
HER2-positive BC patients (LUMHH and HER2)
had lower OS and DFS rates than the TNP
group. Bhargava et al. showed that, despite
having the best response to neoadjuvant che-
motherapy, HER2 tumors and triple-negative
tumors showed the worst DFS and OS (5-year
survival of 65% for stage Il and 45% stage ).
The survival differences were not apparent
among the ER+ tumors but were significantly
different between ER+ and ER-negative “mo-
lecular” classes [10]. The present findings
revealed the lowest OS and DFS rate in the
HER2 subtype, next to LUMHH. The finding is
consistent with previous reports [1, 11, 43].
One reason for this difference is that HER2-
positive breast cancers often have very poor
prognoses [44] without targeted treatment. In
our study, only two patients received anti-HER2
regime by trastuzumab (one case of HER2 and
one of LUMHH), and both of these patients
were alive at the time of last follow-up. However,
the use of trastuzumab in the neoadjuvant and
adjuvant setting was mainly limited to clinical
trials before 2005 and Bhargava'’s study as well
[10]. Spitale et al. showed that, after the strati-
fication of HER2 subtype based on the treat-
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ment with trastuzumab (17 treated versus 20
non-treated patients), the 2-year OS differenc-
es became more significant (log-rank test
=13.5, P=0.0089). In particular, untreated
Her2/neu patients showed the worst survival
probability (85%) [1]. In HER2-positive breast
cancers, the LUMHH group had a higher pro-
portion of OS and DFS than the HER2 group
because LUMHH breast cancer was also treat-
ed with adjuvant hormonal therapy. Hayashi et
al. demonstrated that the HER2 subtype had
the poorest 5-year survival, supporting the sig-
nificance of ER status in determining survival. It
has been shown that despite problems associ-
ated with crosstalk between ER and HER2,
Luminal B (HER2+) benefits from anti-hormonal
treatment [44]. Unfortunately, the present
study has not demonstrated an independent
prognostic role of the molecular subgroup using
both St. Gallen 2013 and Bhagarva’s. This is
also a limitation of the current study.

Additional limitations to the current study
include the following. Not all participants were
followed up because the patient database was
not systematically managed on the computer
system. Also, patients tend to change their
phone numbers frequently in Vietnam.
Therefore, it was hard to keep in contact with
them after they completed their treatment.
Only two HER2 positive patients received anti-
HER2 therapy because most Vietnamese
patients are poor, and insurance companies do
not cover all therapy expenses. Therefore, their
families cannot pay for all regimens of the
trastuzumab treatment. If all patients had
received targeted treatment, their survival
rates would have been higher. Continued fol-
low-up and analysis of all patients are planned.

Conclusions

The simple IHC-based categorization of breast
cancer was inversely correlated to clinical out-
come, with a different OS and DFS. Semi-
quantitative IHC assays of hormone receptors
help better classify breast tumors than a mere
positive or negative HR result. These findings
suggest that the IHC molecular subtypes could
be used to improve therapeutic decisions and
provide valuable information for the treatment
and prognosis of Viethamese patients with
breast cancer.
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