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Abstract

Background: Prognosis of breast cancer and success of therapeutic interventions largely rely on the clinico-pathologic
and biological characteristics of the tumor and vary due to the heterogeneous nature of breast cancers. The aim of this
study was to determine the frequency and prognostic parameters of luminal breast cancers in our population to devise
targeted and personalized therapeutic regimens tailored to the needs of the loco-regional population.

Methods: A retrospective cross-sectional study including 1951 cases of primary breast cancer treated at Liaquat National
Hospital Karachi was conducted during the year 2011–2016. The clinico-pathologic characteristics were observed and
semiquantitative immunohistochemical analysis was performed to study the luminal subtypes A and B. The cross-tabulated
statistics of the observed characteristics were performed between the two subtypes. The significance level of each
characteristic was estimated utilizing the chi-square test.

Results: Luminal cancers comprised 62.7% of the total number of cases diagnosed with breast cancers in the study
period. Out of these 1224 cases of luminal cancers, 845 cases (69%) were luminal B, while 379 (31%) cases were of
luminal A. Luminal B cancers were significantly more common in younger age groups as compared to luminal A
cancers. Comparison of the two subtypes of luminal breast cancers revealed significant differences. Luminal B cancers
were associated with higher grade (26% grade III in luminal B compared to 8% in luminal A), micropapillary histology,
and high frequency of nodal metastasis (54 vs. 43%).

Conclusions: Luminal B comprised the most frequent subtype of breast cancer in our study and they were found
more constantly in a younger age group. Moreover, they were associated with adverse clinico-histologic parameters
like higher grade and nodal metastasis. Therefore, we suggest that, despite lack of widespread availability of molecular
studies in our setup, IHC-based typing should be done in every case of breast cancer to individualize therapy.
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Background
Luminal breast cancers were first defined by molecular
profiling as tumors with gene expression similar to the
luminal epithelium of the breast. Luminal A tumors are
marked by high expression of estrogen receptor(ER)-re-
lated genes, low expression of human epidermal growth
factor receptor 2 (HER2neu) genes and low expression
of proliferation-related genes [1, 2]. On the other hand,
luminal B tumors exhibit low expression of ER-related

genes, variable expression of HER2neu-related genes,
and high expression of proliferation-related genes with
worse prognosis than luminal A tumors [3]. St. Gallen
International Expert Consensus on the “Primary Therapy
of Early Breast Cancer 2013” proposed that luminal
subtypes of breast cancer can be defined in view of im-
munohistochemistry (IHC) for ER, progestrone receptor
(PR), HER2neu, and ki67 index rather than conventional
molecular diagnostics [4]. Ki67 index reflects the propor-
tion of the proliferation genes/cells and thus employed to
subtype luminal tumors. Therefore, Ki67 index is also uti-
lized to tailor the therapy for the patient as in some cases
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chemotherapy or endocrine therapy alone is inadequate
[5]. Although exact cutoffs for ki67 and PR were not de-
fined in St. Gallen International Expert Consensus, how-
ever, some proposals were given, stating that a cutoff
value of < 14% ki67 can be used to define luminal cancers
in the absence of HER2neu expression based on single ref-
erence laboratory [6]. On the other hand, Prat et al.
expressed that a cutoff value of > 20% can be adapted to
ascertain luminal A cancers. These proposals were derived
from the results of five cohorts, which were combined and
interpreted by experts [7]. It is also well established that
enormous heterogeneity exists in genetic and morpho-
logical characteristics of breast tumors. On account of this
heterogeneity, therapeutic regimens must be tailored to
the loco-regional breast cancer profiles. Studies have dem-
onstrated a different behavior of breast cancer in Pakistan
with higher prevalence in a younger age group with ag-
gressive nature and poor survival rates [8–10]. There-
fore, we aimed to determine prognostic parameters of
luminal breast cancers in our population which can
help in devising targeted and personalized therapeutic
regimens tailored to the needs of the loco-regional
population.

Methods
It was a retrospective cross-sectional study including
1951 cases of primary breast cancer treated at Liaquat
National Hospital Karachi from the year 2011 till 2016.
An approval from an ethical review committee was
taken antecedent to conducting the study. Specimens
included trucut biopsies, wide local excisions + lymph
node dissection, or simple/modified radical mastecto-
mies based on sentinel lymph node status. Histopatho-
logic characteristics recorded include tumor type, size,
grade, and lymph node status along with degree of
necrosis, lymphocytic reaction, and fibrosis. Lympho-
cytic infiltration (tumor infiltrating lymphocytes) was
assessed in the stromal compartment of the tumor.
Percentage of stromal area showing dense mononuclear
infiltrate was evaluated and scored as a continuous vari-
able. However, as no clinically relevant threshold was
defined yet, therefore, we took cutoffs of < 10% as mild
to moderate and > 50% as severe lymphocytic infiltration
[11]. Lymphovascular invasion was assessed outside the
borders of invasive carcinoma. The tumor emboli should
not exactly conform to the contours of the space in
which they were found. In addition, endothelial cell nu-
clei should also be identified [12]. One representative
section is selected for IHC studies including ER, PR,
her2neu, and ki67 by DAKO envision method.
The results for ER and PR were scored in a semiquan-

titative fashion incorporating both the intensity and the
distribution of specific staining [13]. For each tissue, in-
tensity and percentage of positive staining cells were

determined. In addition, a value designated as H-SCORE
was derived by summing up the percentage of cell stain-
ing multiplied by the weighted intensity of staining
(negative—0, weak—1, moderate—2, strong—3) with
300 possible values (1–300) [14]. More than 1% staining
cells was considered positive expression.
HER2neu were scored based on the intensity and per-

centage of positive cells on a scale of 0 to 3+ according
to American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines. Cases
were reported 0 (negative) if no staining observed or
incomplete, faint/barely perceptible membrane staining
in ≤ 10% of invasive tumor cells; 1+ (negative) if incom-
plete, faint/barely perceptible membrane staining in >
10% of invasive tumor cells; 2+ (positive) if incomplete
and/or weak to moderate circumferential membrane
staining in > 10% of invasive tumor cells or complete,
intense, circumferential membrane staining in ≤ 10% of
invasive tumor cells; or 3+ (positive) if complete, intense,
circumferential membrane staining in > 10% of invasive
tumor cells [15, 16]. Cases with intermediate (2+)
expression of Her2neu underwent subsequent fluores-
cence in situ hybridization (FISH) testing for Her2neu
gene amplification. FISH testing was performed using
FDA-approved Path Vysion Her2 DNA Probe kit.
Results were expressed as the ratio of Her2 signals as

compared to CEP 17 signals according to ASCO/CAP
guidelines. A result of HER2/CEP17 ratio < 2.0 and average
HER2 copy number < 4.0 signals/cell is considered negative
(not amplified); HER2/CEP17 ratio < 2.0 and average
HER2 copy number ≥ 4.0 but < 6.0 signals/cell as equivo-
cal; and HER2/CEP17 ratio ≥ 2.0 (regardless of average
HER2 copy number) or average HER2 copy number ≥ 6.0
signals/cell (regardless of ratio) as positive (amplified).
Ki-67 immunoreactivity was recorded as continuous

variables, based on the proportion of positive tumor cells
(0–100%). At least 1000 cells were evaluated before cal-
culating an average estimate. If hot spots were present,
then they are included in the estimation. Ki67 index was
further categorized into four groups, < 14, 15–24, 25–44,
and > 45%.
Luminal A and luminal B breast cancers were defined

as follows:
Luminal A: ER and/or PR positive, ki67 low (< 14%).
Luminal B: ER and/or PR positive with ki67 high (>

14%) or ER and/or PR positive and Her2neu positive
irrespective of ki67.
All cases of primary breast cancers which were classi-

fied as luminal according to the above criteria were in-
cluded in the study. Cases of recurrent breast cancers
and those with prior chemotherapy were excluded from
the study.
Statistical package for social sciences (SPSS 21) was

used for data compilation and analysis. Mean and
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standard deviation were calculated for quantitative vari-
ables. Frequency and percentage were calculated of
qualitative variables. Shapiro-Wilk test was applied to
test normality. Chi-square was applied to see association.
Mann-Whitney test was applied to compare difference
in means among groups by considering P value ≤ 0.05 as
significant.

Results
A total of 1951 cases of primary breast cancer diag-
nosed at our facility were assessed for inclusion and
exclusion criteria. One thousand two hundred twenty-
four cases were included in our study as they met the
diagnostic criteria of luminal type cancers which were
estrogen receptor and progesterone receptor positive.
Luminal cancers comprised 62.7% of the total number
of cases diagnosed with breast cancers. Out of these
1224 cases, 845 cases, i.e., 69% of the samples, were
luminal B, while 379, i.e., 31% of the cases, were lu-
minal A. Table 1 shows the comparison of these two
categories of luminal cancers.
Mean age for luminal B cancers was found to be

51.1 years, which was significantly lower in relation with
luminal A cancers for which the mean age was 54.6 years.
Notably, luminal B cancers were of high grade as com-
pared to luminal A cancers as the frequency of grade 3
tumors in luminal B was found to be 26.5%, while in lu-
minal B, the frequency was only 8.4%. Similarly, nodal
metastasis was more prominent in luminal B as 54% of
luminal B cases had nodal metastasis and only 43% of
luminal A had nodal metastasis (P value < 0.05).
As far as biomarker status is concerned, 73% of lu-

minal cancers were PR positive as compared to 83%
positivity in luminal A cancers. Table 2 shows compari-
son of histologic features of luminal A and B cancers.
Lymphovascular invasion was seen more frequently in
luminal B cancers compared to luminal A cancers.
The histologic subtyping of the luminal A and luminal

B cancers also showed significant variations. Micropapil-
lary histology was noted more frequently in luminal B
subtype while frequency of lobular, cribriform, papillary,
and mucinous tumors was higher in luminal A subtype
of breast cancers. Table 3 depicts the distribution of dif-
ferent histologic subtypes of breast cancer in these two
categories of luminal cancers.

Discussion
In Asian and African regions, the incidence of breast
cancer among women below the age of 40 years is
30%, which is significantly high as compared to the
rest of the world [17–19]. Therefore, the present
study investigated the prognostic parameters of lu-
minal breast cancers in Pakistani population, to assist
the physicians in tailoring targeted and personalized

hormonal and chemotherapeutic interventions. Ac-
knowledged by previous studies, gene expression pro-
filing helps in identifying biologically distinct breast
cancer subtypes which have exclusive prognosis [13,
20]. Understanding of the gene expression of breast
cancer is notably important in determining the thera-
peutic interventions; however, the biological behavior
of the molecular subtype is largely characterized by
the clinico-pathologic features of the tumor [21]. The
results of the present study revealed that 62.7% of
primary breast cancers were luminal in nature. In our
study, luminal B cancer was more prevalent (69%)
than luminal A (31%). The results are in concordance
with other studies conducted in Italy (34% luminal A
and 36% luminal B) [22] and Saudi Arabia (3.9%
luminal A and 16% luminal B) [23] which found
luminal B subtypes more common than luminal A
albeit with other studies conducted in various parts of
the world including the USA (55% luminal A and
17% luminal B) [24], Tunis (51.5% luminal A and 16%
luminal B) [25], Japan (71% luminal A and 8%
luminal B) [26], Egypt (44.3% luminal A and 24.6%
luminal B) [27], China (65.3% luminal A and 19%
luminal B) [28], and Algeria (50.6% luminal A and
19.% luminal B) [29] which found luminal A as the
most prevalent molecular subtype of breast cancer.
The variation in the commonest profile of breast can-
cer explains the heterogeneity of breast cancer across
the world.
Additionally, the clinico-pathologic parameters of lu-

minal A and luminal B breast cancers including age,
tumor size, grade, ki67 value, tumor stage, nodal status,
and laterality were correlated. The frequency of luminal
B subtype was notably higher in a younger age group as
compared to luminal A, which was more frequent in
older age. Clinically, luminal B cancers are associated
with poor outcomes and aggressive behavior even in the
presence of concomitant therapy [15]. The highest num-
bers of patients with luminal B subtype (47%) were be-
tween the age group of 31 to 50 years, making it the
most widespread subtype of breast cancer among
young-age women. These findings are in congruence
with other studies that revealed that the incidence of
breast cancer is considerably higher among premeno-
pausal women (below 40 years) in low- and middle-
income countries [30]. A similar study conducted in
Turkey revealed that approximately half of the patients
diagnosed with breast cancer were premenopausal, and
20% of them were below the age of 40 years [31].
Moreover, 26.5% of luminal B type cancers were high

grade as compared to luminal A cancers. The present
study also demonstrated that luminal B cancers were
more advancing as more than 50% of the tumors exhib-
ited nodal metastasis, while in luminal A subtype, only

Hashmi et al. World Journal of Surgical Oncology  (2018) 16:1 Page 3 of 6



43% tumors exhibited nodal metastasis. Apart from
tumor grade, axillary involvement is another predomin-
ant prognostic factor of breast cancer [27, 32]. In our
study, the rate of axillary positivity was more pro-
nounced among younger patients. Alternately, tumor
size is used to access prognosis of breast cancer in the
absence of nodal involvement [23]. Apropos of tumor
characteristics, the luminal B subtype was more aggres-
sive in our study as nodal involvement; tumor grade
were significantly high in luminal B. These findings are
consistent with another research study which indicated
that luminal B cancers are characterized by larger tumor
size, extensive nodal involvement, and advanced tumor
stage as compared to luminal A subtypes [33].
Lymphovascular invasion is another prognostic fac-

tor that determines the risk of recurrence after treat-
ment [34]. Lymphovascular invasion was more
frequent in luminal B cancers, which implies that

post-treatment recurrence of disease in luminal B
cancers make them more challenging to manage and
also reduce the survival rate in these patients. The
study also revealed a high frequency of lobular, cribri-
form, papillary, and mucinous characteristics in lu-
minal A subtype of breast cancers while luminal B
cancers were more aggressive in nature on account of
advanced tumor grade, nodal involvement, lymphovas-
cular invasion, and higher frequency of micropapillary
histology. These findings are consistent with other
studies which demonstrated that micropapillary car-
cinomas are more intrusive in nature due to their
propensity to disseminate to axillary lymph nodes and
these carcinomas are usually of luminal B type [35,
36]. Moreover, papillary and mucinous phenotypes are
more indolent as compared to micropapillary pheno-
type, thus accounting for the more aggressive nature
of luminal B subtypes.

Table 1 Co-relation of clinico-pathologic parameters of luminal A and luminal B breast cancers

Luminal B Luminal A Total P value

Age (years) ↑± 51.12 ± 12.619 54.63 ± 12.740 < 0.05

Age group (n = 1224)

≤ 30 42(5) 14(3.7) 56(4.6) < 0.05

31–50 397(47) 138(36.4) 535(43.7)

51–70 355(42) 194(51.2) 549(44.9)

> 70 51(6) 33(8.7) 84(6.9)

Tumor grade (n = 1224)

Grade 1 94(11.1) 112(29.6) 206(16.8) < 0.05

Grade 2 527(62.4) 235(62) 762(62.3)

Grade 3 224(26.5) 32(8.4) 256(20.9)

Size of tumor ↑± 35.09 ± 14.20 35.21 ± 15.18 0.985

Tumor stage (n = 504)

T1 41(13.7) 35(17.2) 76(15.1) 0.535

T2 216(72) 139(68.1) 355(70.4)

T3/T4 43(14.3) 30(14.7) 73(14.5)

Nodal status (n = 504)

Positive 162(54) 89(43.6) 251(49.8) < 0.05

Negative 138(46) 115(56.4) 253(50.2)

N stage (n = 504)

N0 141(47) 115(56.4) 256(50.8) < 0.05

N1 74(24.7) 50(24.5) 124(24.6)

N2 50(16.7) 16(7.8) 66(13.1)

N3 35(11.7) 23(11.3) 58(11.5)

Laterality (n = 1224)

Left 419(49.6) 191(50.4) 610(49.8) 0.793

Right 426(50.4) 188(49.6) 614(50.2)

Chi-square was applied
±Mean ± SD
↑Mann-Whitney test
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The major limitation of this study is lack of follow-
up/recurrence data; however, detailed histological and
immunohistochemical features of a large series of
breast cancer presented in our study will be useful in
tailoring therapeutic regimens in loco-regional
population.

Conclusion
In conclusion, prognosis and treatment of breast can-
cer largely depends upon the tumor characteristics
including histological features, genetic profile, and
clinico-pathologic parameters of the tumor. So, we
suggest that each healthcare facility must conduct de-
tailed histological, genetic, and molecular subtyping
before tailoring a standard treatment regimen for

each patient. The results of our study also indicated
that luminal B, which is an aggressive type of breast
cancer, is more prevalent among younger patients,
which demonstrate poor prognosis in younger age as
compared to older age.
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