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Objective: Breast cancer aggressiveness is related to tumor cell proliferation. Despite
this, the Ki-67 index is not recommended for routine use in newly diagnosed breast
carcinomas.

Material and Methods: A total of 164 invasive breast carcinomas were stratified into
the intrinsic molecular subtypes based on estrogen receptor, progesterone receptor
(PR), HER2, and Ki-67 immunostaining. We studied the distribution of Ki-67 among the
molecular subtypes and correlated it with clinicopathologic parameters. Furthermore,
the change in the Ki-67 index with tumor size, grade and lymph node (LN) status among
the molecular subtypes was examined.

Results: As a continuous variable, the median Ki-67 did not show significant differences
with the clinicopathological variables. At a cutoff 2 14%, it correlated significantly with
the mitotic index. At a cutoff > 20%, it additionally correlated with the PR status. The
median Ki-67 level varied significantly between luminal A and all other molecular sub-
types. The median Ki-67 level in T1/T2 tumors compared to T3/T4 tumors was slightly
higher in luminal B HER2+, slightly lower in HER2 enriched, and nearly similar among
luminal A, triple negative and luminal B HER2-subtypes, yet without statistical signifi-
cance. The median Ki-67 was lower in G1/G2 compared to G3 tumors in all-except lumi-
nal B HER2-positive subtype but without statistical significance. The Ki-67 distribution
change between NO/N1 and N2/N3 cases among the molecular subtypes was significant.
Conclusions: The impact of Ki-67 as a proliferation marker on the biological behavior
of breast carcinomas is context dependent, and its clinical utility increases when inter-
preted in combination with other prognostic markers in the context of the molecular
subtypes. Further studies, on larger sample sizes are recommended to unravel how the
molecular types can affect the relation between Ki-67 and clinicopathological character-
istics, particularly the LN status.
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Introduction

Breast cancer (BC) is the most common female
malignancy and the leading cause of female can-
cer-related deaths both globally (13.7%) and in
Egypt (29.1%) [1]. Developing countries, in opposi-
tion to developed countries, experience an increase
in the incidence of BC [2] with a notable increase in
the biologically aggressive subtypes [2,3].

Because of a higher incidence of poor prognos-
tic factors, late diagnosis and inadequate treatment
regimens [4], the incidence to mortality ratio of BC
in Egypt (3.7:1) compared to the global ratio (1.9:1)
is poor [1]. Although adjuvant systemic therapy has
contributed to decreasing BC mortality [5], yet it
failed to prevent recurrence in a subset of high-risk
hormone receptor (HR)-positive tumors [6].
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Multi-gene tests revealed that tumor proliferation
is a significant predictor of the risk of tumor recur-
rence [7,8] and subsequently, the tumor prolifera-
tion fraction has become an established predictive
marker of clinical outcome of BC patients [9-12].
A variety of techniques are available to assess the
rate of tumor cell proliferation among which is the
immunohistochemical (IHC) assessment of nuclear
proliferation antigens [12,13].

Ki-67, a nuclear proliferation protein that reg-
ulates the cell cycle [10-12], is already part of
multi-gene tests. It has been established as a reli-
able method for assessment of BC cell proliferation
[14] to allow differentiation between luminal A and
luminal B HER2-negative tumors as recommended
by the St. Gallen Consensus Conferences; 2011 and
2013 [15,16].

Despite the fact that high Ki-67 index not only
predicts a worse outcome in early BC [17-20] but
also predicts the relative responsiveness to adju-
vant systemic therapy [12], yet its inclusion in
clinical decision-making is still debatable [17],
because of the lack of standardization regarding
its measurement [12]. Moreover, consensus has
not been reached as regards the Ki-67 cutoff values
for using chemotherapy and a grey zone still exists
especially for intermediate Ki-67 levels regarding
initiating adjuvant therapy based on the prolif-
eration index for these intermediate Ki-67 levels
[15,21]. Therefore, assessing the association of
Ki-67 expression with other prognostic biomark-
ers including HR and HER?Z status expression might
prove helpful in clinical decision-making.

The aim of this study was to study the expres-
sion of Ki-67 among the different molecular sub-
types, and to correlate the Ki-67 labeling index with
the clinicopathological and prognostic biomarkers.
Another aim was to study the interaction effect
between the molecular subtype and some clinico-
pathological factors (tumor size, lymph node [LN]
status, and tumor grade) on the distribution of
Ki-67. In other words, we aimed to examine more
closely the change in the distribution of Ki-67 with
tumor size, LN status, and histological tumor grade
to observe whether this change is the same among
the different molecular subtypes or not.

Material and Methods

A total of 164 breast biopsy specimens of female
invasive mammary carcinomas submitted to our
Pathology Department, during the period from
January 2012 to December 2014 were enrolled

in this retrospective study. The cases were strat-
ified into the intrinsic molecular subtypes based
on estrogen receptor (ER), progesterone receptor
(PR), HERZ, and Ki-67 immunostaining. The study
was approved by the Alexandria University, Faculty
of Medicine Research Ethics Committee. The age
of the patients ranged between 27 and 90 years
(Mean = 51, standard deviation = 10). Clinical data
of all cases were obtained from the original pathol-
ogy reports archived in the Pathology Department.
The clinicopathological characteristics of the stud-
ied cases are summarized in Table 1.

Tissue Microarray (TMA) Construction

The formalin-fixed paraffin-embedded blocks of
all cases were obtained from the archives of the
Pathology Department for IHC studies. After exam-
ining the hematoxylin and eosin stained tumor tis-
sue sections, microarray blocks were constructed
to include two morphologically representative
tumor areas (two tissue cylinders of 1 mm diameter
punched out from the selected areas to be arrayed
into the recipient block) selected for each tumor
donor block. After confirming the adequacy of
sampling in the microarray blocks, 4 p thick serial
sections were cut and mounted on Superfrost/Plus
slides (Thermo Scientific, USA) for IHC staining.

IHC Staining

The TMA sections were incubated overnight with
the primary antibodies purchased from Lab Vision,
Fremont, California, USA; ER and PR, rabbit mono-
clonal antibodies clones (SP1), and (SP2), respec-
tively, at 1:300, HER2 Ab-17, mouse monoclonal
clone (e2-4001+3B5) at 1:300, and Ki-67 rabbit
polyclonal (ready to use), after heat induced anti-
gen retrieval according to the manufacturer’s pro-
tocol and blocking endogenous peroxidase activ-
ity using 3% hydrogen peroxide. The universal
kit used was anti-polyvalent, horseradish peroxi-
dase/DAB, ready-to-use (Thermo Scientific, USA).
Immunostainings were manually processed, with
appropriate positive (breast carcinoma for ER, PR,
HER2-neu, and Ki-67) and negative (omission of the
primary antibody) controls included in each run.

Scoring of the Immunostained Slides

All cases were scored at x40 magnification using
an Olympus microscope. ER and PR scoring was
done following the Allred score with >1% stain-
ing of tumor cell nuclei scored as positive [22].
Interpretation of HERZ was done following the
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Table 1. Distribution of Ki-67 across the different clinicopathological factors among the 164 studied breast carcinomas

o ) Ki-67 Ki-67 > 14 Ki-67 > 20
:‘.Inr:ncopathologlcal N (n =164) (n =135) (n=128) P value
actors MdSn (IQR) N (%) N (%)
ER

Negative 48 72 (46) 41 (85) 40 (85) (0.763)"

Mildly positive 20 60 (77) 15 (75) 14 (70) (0.788)P14

Moderately 39 80 (45) 32 (82) 31(79) (0.612)2

positive

Severely positive 57 69 (73) 47 (82) 43 (75) (0.965)"
ER

Negative 48 72 (46) 41 (85) 40 (83) (0.503)14

Positive 116 70 (70) 94 (81) 88 (76) (0.293)2

PR

Negative 55 76 (40) 48 (87) 48 (87) (0.445)"

Mildly positive 25 53 (70) 18 (72) 16 (64) (0.375)1

Moderately 45 70 (64) 38 (84) 35(78) (0.115)P21

positive

Severely positive 39 69 (75) 31(79) 29 (74) (0.083)"
PR

Negative 55 76 (40) 48 (87) 48 (87) (0.237)1

positive 109 70 (75) 87 (80) 80 (73) (0.047)2

HER 2 (0.280)"

Negative 136 70 (67) 109 (80) 104 (76) (0.084)"14

Positive 28 79 (45) 26 (93) 24 (86) (0.282)2

Molecular type

Luminal A 25 05 (8) 0(0) 0(0) (<0.001)%
TN 24 78 (39) 22 (92) 22 (92) (<0.001)P14

HER2 enriched 9 85 (55) 8 (89) 8(89) (<0.001)P21

Luminal B 19 78 (41) 18 (95) 16 (84) (0.811)"%

HER2-positive

Luminal B 87 77 (30) 87 (100) 82 (94) (0.684)14

HER2-negative
Tumor size

TlorT2 102 70 (69) 83 (81) 78 (76) (0.531)2

T3 or T4 62 70 (49) 52 (84) 50 (81) (0.771)%
LN status

No 32 72 (76) 24 (75) 24 (75) (0.227)%

Yes 132 70 (60) 111 (84) 104 (79) (0.642)P2
Histological type

IDC 150 70 (55) 125 (83) 119 (79) (0.094)%

ILC 5 55 (75) 3 (60) 3 (60) (0.388)"14

Mixed 7 22 (60) 6 (86) 5(71) (0.531)%21
Histological grade (0.700)Pc

GlorG2 129 70 (60) 107 (83) 102 (79) (0.685)14

G3 35 67 (75) 28 (80) 26 (74) (0.544)2
Mitotic index

Score 1 60 61 (74) 45 (75) 43 (72) (0.160)P

Score 2 96 75 (40) 85 (89) 81 (84) (0.031)"

Score 3 8 38 (78) 5 (63) 4 (50) (0.025)2
LV invasion (0.631)%

Detected 97 70 (50) 82 (85) 80 (82) (0.370)"14

Not-detected 67 70 (75) 53 (79) 48 (72) (0.099)%21

* Pestands for the P value testing if there is any statistically significant difference in the continuous Ki-67 distribution. ?14stands for the P
value testing if there is any statistically significant difference in the Ki-67 distribution categorized at a cutoff value of 14%. 712 stands for
the P value testing if there is any statistically significant difference 2win the Ki-67 distribution categorized at a cutoff value of 20%. ILC:
Infiltrating lobular carcinoma, IDL: Infiltrating ductal carcinoma, LV: Lymphovascular, LN: Lymph node

guidelines of the American Society of Clinical
Oncology/ College of American Pathologists with
a positive HER2 result being IHC staining of 3+
(uniform, intense membrane staining of >10%
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of invasive tumor cells) or with an amplification
ratio for fluorescent in situ hybridization of 2.0 or
more being the cut point that was used to segregate
immunohistochemistry equivocal tumors (scored
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as 2+) [23]. The Ki-67 index was defined as the
percentage of a total number of tumor cells with
nuclear staining according to the recommendations
of the International Ki-67 in BC Work Group [12],
with a cutoff of 214% being regarded as Ki-67 over-
expression to differentiate luminal A from luminal
B HER2-negative tumors [24].

Thus, cases were categorized as luminal A subtype
when: ER and/or PR positive, HERZ negative, and
Ki-67 low (Ki-67 index of <14%), as luminal B-HER2
negative when: ER and/or PR positive, HER2 nega-
tive, and Ki-67 high (Ki-67 index of 214%), as lumi-
nal B-HER2 positive cases when: ER and/or PR pos-
itive, HER2 positive, with any Ki-67 index, as HER2
enriched when: ER and PR negative, HER2 positive,
Ki-67 low or high, and as triple negative (TN) when:
ER, PR, and HER2 negative, Ki-67 low or high.

Statistical Analysis

Quantitative data were described using median and
interquartile range (IQR). Qualitative data were
described using number and percentage. As the dis-
tribution of Ki-67 was deviated from normal, non-
parametric Mann-Whitney U and Kruskal-Wallis
tests were used to compare the distribution of Ki-67
between two and more than two groups, respectively.
Correlations between two quantitative variables
were tested using Spearman'’s correlation coefficient.

To test the effect of the interaction between the
molecular subtypes and some clinicopathological
factors on the Ki-67 labeling index, nonparametric
rank-based estimation for linear models was used. In
the case of a statistically significant interaction, post-
hoc comparisons with Bonferroni correction were
conducted unless the sample size was too small.

“Rfit,” a statistical R package [25], was used to
test the interaction and SPSS® Statistics 20 was
used to conduct the other statistical tests.

Results

The clinicopathological characteristics of the 164
studied breast carcinomas are shown in Table 1. The
median age of patients was 50 years (range: 20-91
years). The majority of the tumors were pT2 (59%).
In total, 32/164 cases (19.5%) were LN negative.
Grade II tumors accounted for 68.9% (113/164)
of cases. The ER, PR, and HER2 positive rates were
70.7% (116/164), 66.5% (109/164), and 17%
(28/164), respectively. The median Ki-67 score was
25% (IQR: 64%; range: 0-91%) [Figure 1].

Of the 164 tumors, 25 (15.3%) were classi-
fied as luminal A subtype, 87 (53.1%) as luminal B

HER2negative, 19 (11.6%)asluminal BHERZpositive,
9 (5.4%) as HER2enriched, and 24 (14.6%) as TN.

Association between Ki-67 and Clinicopathological
Parameters

As shown in Table 1, as a continuous variable, the
median Ki-67 score did not show significant differ-
ences with the HR status, HER2 positivity, tumor
grade, tumor size, LN status, and lymphovascular
invasion. It was lower in infiltrating lobular than
in infiltrating ductal carcinoma cases and was the
least in cases showing mixed histological type.

When Ki-67 was categorized into high and low
expression groups, at a cutoff = 14%, it correlated
significantly as a categorized variable only with the
mitotic index (P = 0.025), but when a cutoff = 20 was
used, an additional significant association was noted
between Ki-67 index and the PR status (P = 0.047).

As shown in Table 1, the median Ki-67 score was
the highest (85%) in the HER2 enriched subtype,
followed by the luminal B HER2-positive and TN
subtypes (78% for both), then the luminal B HER2-
negative (77%), and was the lowest among luminal
A tumors (5%). Pairwise comparisons showed a
statistically significant difference between luminal
A and all other subtypes (P < 0.001); the differences
between all other pairs were not statistically signif-
icant [Figure 2].

Ki-67 Expression within the Molecular Subtypes
with Different Tumor Grades, Tumor Sizes, and LN
Statuses

The changes in the distribution of Ki-67 expression
within the different molecular subtypes with the

Figure 1. Strong diffuse nuclear staining for (a) estro-
gen receptor (x400), (b) progesterone receptor (x400),
(c) Ki-67 (high index), (x400); and in (d) strong HER2
complete membranous staining in >10% of tumor cells
(x400)
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various tumor grades, tumor sizes, and LN statuses
are demonstrated in Table 2.

The median Ki-67 level in T1 or T2 tumors com-
pared to that in T3 or T4 tumors were slightly
higher in luminal B HER2-positive cases, slightly
lower in HER2 enriched cases, and nearly similar
among luminal A, TN and luminal B HER2-negative
subtypes. Despite this, the differences in the Ki-67
distribution between T1 or T2 and T3 or T4 cases
among the different molecular types did not reach
statistical significance (P = 0.674) [Figure 3].

Table 2 and Figure 4 demonstrate the Ki-67 dis-
tribution changes between NO or N1 and N2 or
N3 cases. This change varied among the differ-
ent molecular types (P < 0.001). Post-hoc com-
parisons were conducted to test the change
of Ki-67 distribution between NO or N1 and
N2 or N3 cases among three molecular sub-
types only: Luminal A, luminal B HER2-negative,
and TN. As there were only two cases observed
among the HER2 enriched NO or N1 and luminal
B HER2-positive NO or N1 groups, post-hoc pair-
wise comparisons were not conducted in these two
groups. The median Ki-67 was higher, but not sta-
tistically significant, in NO or N1 group compared
to thatin N2 or N3 in luminal A (U =51; P = 0.696),
luminal B HER2-positive and luminal B HER2-
negative cases (U = 408.5; P = 0.139). This obser-
vation was reversed among the HER2- enriched
and TN cases (U = 39.5, P = 0.202). The P values
of the post-hoc comparisons were compared to an
adjusted a level of 0.0167 instead of 0.05.

Table 2 and Figure 5 also demonstrate that the
median Ki-67 was lower in G1 or G2 tumors com-
pared to that in G3 in all molecular types except in
luminal B HER2-positive tumors where the median
Ki-67 was lower in G3 cases. Yet, this observation
was not statistically significant (P = 0.687).

Discussion

Assessment of tumor cell proliferation is manda-
tory in the pathological evaluation of all breast
tumors, and is accomplished simply through the
assessment of the mitotic activity, a pivotal compo-
nent of tumor grading. The role of Ki-67 IHC as a
biomarker in BC is still being investigated, as con-
sensus has not been reached to justify its inclusion
in routine clinical practice [26].

Despite that, the baseline elevated Ki-67 has
been shown in an Italian study to be associated
with complete pathological and clinical response

www.ejmjih.com

[27], yet others reported a statistically significant
correlation between a high Ki-67 and an increased
risk of cancer relapse and death in BC patients
[18]. Furthermore, the Ki-67 level at 2 weeks of
treatment was concluded to be a better predictor
of the response to endocrine therapy and recur-
rence-free survival in ER positive BC patients than
the pretreatment levels [28-30]. Conversely, Learn
et al. [31] did not demonstrate any statistically sig-
nificant association of Ki-67 index with the clinical
response rate. Thus, the evidence supporting the
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Figure 2. Distribution of the Ki-67 labeling index
among the different molecular subtypes of the studied
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clinical utility of Ki-67 is insufficient to justify its
implementation as a routine prognostic biomarker
in newly diagnosed BCs [32].

It is also plausible that the significance of Ki-67
in isolation cannot be confirmed because of the
absence of standardized guidelines for the fixation
of the specimens, differences in the antibody clones
used and in the counting procedures as well as dif-
ferences in the cutoffs used to stratify high or low
Ki-67 expression. Therefore, the clinical utility of
Ki-67 might be enhanced if it is assessed in associa-
tion with other prognostic factors in more narrowly
defined tumor subgroups.

In this study, the median Ki-67 value was 25%
which is similar to the median of 20.0-22.7%
reported by others [33,34] yet higher than the 12%
that was reported by Viale et al. [35]. The median
Ki-67 expression level was the highest among the
HER2 enriched subtype, the lowest among lumi-
nal A tumors, and did not differ much among the

luminal B and TN subtypes. Statistically significant
differences were noted regarding the Ki-67 index
among the different molecular subtypes. These
results indicate that combined HR negativity and
HER2 positivity confer an increased proliferative
activity to BC cells, and thereby Ki-67 represents an
accurate biomarker that reflects tumor cell prolifer-
ative activity. These findings differ slightly from the
previous reports that demonstrated higher Ki-67
expression levels in the TN and HER2-positive sub-
types compared with the luminal subtypes [36], as
among our cases Ki-67 did not reveal this difference
between the TN and luminal B tumors.

The previous studies that investigated the cor-
relation between

Ki-67 and clinicopathological parameters
reported controversial findings [26,37]. One study
revealed a significant association between Ki-67
and tumor grade, PR, HER2, and LN status [26].
Other studies [11,33] demonstrated an association

Table 2. Change in the distribution of Ki-67 among the different molecular subtypes according to tumor size, LN status, and histological

tumor grade

G Tumor size Nodal involvement Grade
roup TlorT2 T3 or T4 NO or N1 N2 or N3 G1 or G2 G3
Luminal A
N 17 8 6 19 18 7
Ki-67 Median (IQR) 0.05 (0.07) 0.05 (0.10) 0.08 (0.06) 0.05 (0.08) 0.05 (0.07) 0.1(0.11)
Ki-67 = 14 (N) 0 0 0 0 0 0
Ki-67 = 20 (N) 0 0 0 0 0 0
TN
N 16 8 7 17 17 7
Ki-67 Median (IQR) 0.77 (0.45) 0.78 (0.24) 0.70 (0.55) 0.80 (0.35) 0.75 (0.40) 0.80 (0.29)
Ki-67 > 14 (N) 14 8 6 16 15 7
Ki-67 = 20 (N) 14 8 6 16 15 7
HER2 enriched
N 4 5 2 7 6 3
Ki-67 Median (IQR) 0.68 (0.64) 0.85 (0.64) 0.15° 0.90 (0.43) 0.68 (0.71) 0.85°
Ki-67 2 14 (N) 4 4 1 7 5 3
Ki-67 = 20 (N) 4 4 1 7 5 3
Luminal B HER2+
N 10 9 2 17 15 4
Ki-67 Median (IQR) 0.87 (0.45) 0.67 (0.63) 0.82° 0.78 (0.52) 0.80 (0.41) 0.59 (0.63)
Ki-67 > 14 (N) 10 8 2 16 14 4
Ki-67 = 20 (N) 9 7 2 14 13 3
Luminal B HER2-
N 55 32 15 72 73 14
Ki-67 Median (IQR) 0.80 (0.30) 0.75 (0.37) 0.87 (0.22) 0.73 (0.34) 0.75 (0.30) 0.84 (0.39)
Ki-67 > 14 (N) 55 32 15 72 73 14
Ki-67 = 20 (N) 51 31 15 67 69 13
Statistical test
P, (< 0.001) (< 0.001) (< 0.001)
P, (0.582) (0.003) (0.842)
P, (0.674) (< 0.001) (0.687)

P, stands for the P value testing whether Ki-67 distribution differed with the molecular subtype. P, stands for the P value testing
whether Ki-67 distribution differed with different tumor sizes, LN statuses or histologic tumor grades. P, stands for the P value testing
whether the change in the ki-67 distribution among different tumor sizes, LN statuses or tumor grades differed with the molecular
subtype. ®The range instead of the interquartile range was presented as the number of cases was small. LN: Lymph node, IQR:

Interquartile range
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between higher Ki-67 index (at cutoff >20% and
>19%, respectively) and higher tumor grade, larger
tumor size, positive nodes, and HR. Conversely,
in this study, the Ki-67 expression levels did not
exhibit any significant association with tumor his-
tological type, grade, tumor size, and nodal status.
These differences may be attributed to differences
in the studied population, as their population pre-
sented with less advanced tumors. Furthermore,
the use of TMA which might not allow proper Ki-67
assessment - as whole sections - if Ki-67 is hetero-
geneously expressed could justify these differences.
However, our results are in agreement with another
Egyptian study [38], which reflects the impor-
tance of Ki-67 as an indicator of tumor biology and
aggressiveness rather than of tumor stage, which is
expected to be upgraded with a lack of awareness
and underdevelopment of the health-care systems.

In an attempt to discover whether the change in
the distribution of Ki-67 with tumor size, LN status,
and histological tumor grade differs among the dif-
ferent molecular subtypes or not, we studied the
interaction effect between the molecular subtypes
and some clinicopathological factors (tumor size,
LN status, and tumor grade) on the distribution of
Ki-67.

Our results demonstrated that the Ki-67 score
was slightly higher among T1/T2 compared to T3/
T4 luminal B HERZ-positive tumors, and slightly

100.00 LN
08 status
NO or N1

H N1 or N2

40.00

3 4 H

Ki-67 labelling index (%)

Luminal A}

Triple Negative=]
HER2 enriched
Luminal B HER +ve-
Luminal B HER -ve-]

Molecular type

Figure 4. Change in the distribution of Ki-67 among
the different molecular subtypes and the LN status.
Note that only two cases were observed among HER2
enriched NO or N1 and luminal B HER2+ve NO or N1
groups

www.ejmjih.com

lower in HERZ enriched cases. Although both
molecular types feature HER2 positivity, yet the
tumor proliferative activity exhibited different pat-
terns when examined in relation to the T-stage. It
can be suggested that the luminal B HER2- positive
tumors progress to a certain stage beyond which
the Ki-67 score does not increase accordingly. This
may be related to inadequate tumor vascularity,
which is unable to support tumor growth after a
certain point.

The fact that this did not apply for HER2 enriched
tumors, which showed slightly higher prolifera-
tion in T3/T4 compared to T1/T2 tumors, may be
explained by the increased expression of HER2-
associated genes [39] that act unopposed by the ER
and PR negativity. Our finding that among luminal
A, luminal B HER2-negative, and TN cases the pro-
liferation was nearly similar among T1/T2 and T3/
T4 tumors may be attributed to the greater number
of T1/T2 compared to T3/T4 tumors among those
subtypes.

Conversely, one previous study [40] revealed that
the mean Ki-67 scores were not significantly differ-
ent between the HER2-positive (non-luminal) and
TN subtypes, with the exception of patients with a
tumor size of >2 cm, which indicated the presence
of a stronger proliferative activity in the TN subtype
compared with the HER2positive (non-luminal)
subtype, with regard to patients with a tumor size
of >2 cm BC patients.
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Figure 5. Change in the distribution of Ki-67 among the
different molecular subtypes and the histologic grade
of the tumor. Note that the number of cases in Grade-3
HER2-enriched tumors was only 3
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Although the results of this study revealed the
absence of significant differences between the
Ki-67 scores and the ER, PR, and HER2-status, yet
it was noted that among our cases the differences
of Ki-67 distribution between NO or N1 and N2 or
N3 varied significantly among the different molec-
ular types (P < 0.001). The median Ki-67 was
higher in NO or N1 group compared to that in N2
or N3 among luminal A, luminal B HER2-positive
and luminal B HER2-negative cases. This obser-
vation was reversed among HER2-enriched and
TN cases. Due to the limitation of the sample size,
pairwise comparisons were not conducted in the
HER2 enriched and luminal B HER2- positive sub-
types. The other three post-hoc comparisons were
not statistically significant, a finding that can be
attributed to the small sample size. These results
signify that the proliferative activity of BC cells is
high with the lower levels of ER and PR, or higher
levels of HER2.

Thus, our results suggest that among lumi-
nal tumors, the proliferative activity increases
until nodal metastasis develops, and then it does
not increase proportionately with the increase
in the nodal stage, which reflects the importance
of assessing tumor proliferation in this subset of
tumors as the metastatic potential of these luminal
tumors may be partly dependent on the prolifera-
tive activity. Conversely, the metastatic potential of
non-luminal tumors might be attributed to factors
other than the proliferative activity, probably the
HR negativity.

In conclusion, though the prognostic and predic-
tive value of Ki-67 index in breast carcinoma differ
among studies, yet, our results highlight that the
clinical utility of Ki-67 increases when interpreted
within the context of the molecular subtypes in
combination with other prognostic markers. Our
findings also suggest an impact of Ki-67 as a prolif-
eration marker on the biological behavior of tumors
that is context dependent. We think that the level
of statistical significance could have been reached
if the sample size was larger within the molecular
subtypes other that the luminal B HER2-negative.
Thus, further research with larger sample size is
recommended to shed the light on how the molecu-
lar types can affect the relation between Ki-67 and
the different clinicopathological characteristics,
particularly the LN status. We strongly recommend
the IHC4 panel (ER, PR, HER2, and Ki-67) to be used
in the initial assessment of all newly diagnosed
breast carcinomas, as the cost of adding Ki-67 to
the routine triplereceptor panel is small but worthy,

as the management of breast carcinomas should be
molecular subtype-oriented.
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