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Abstract: Background: Breast cancer remains one of the most prevalent tumors among females worldwide, and current
prognostic methods are limited in their ability to accurately predict tumor aggressiveness and long-term outcomes. K167
is a nuclear protein marking active cell proliferation and is associated with tumor differentiation, growth, and breast
cancer subtypes.

Objective: This study aims to assess KI67 in benign and malignant breast tissues and explore its potential association
with clinical outcomes.

Methodology: Immunohistochemistry was used to assess KI67 staining in benign (n=57) and malignant (n=430) breast
tissue samples. KI67 expression was then correlated with clinic opathological data, such as grade and stage, and breast
cancer molecular subtypes.

Results: Increased KI67 was significantly found in breast carcinoma compared to benign tissues (P <0.0001). A positive
association was observed between KI67 immunostaining and tumor grade (P <0.0001), tumor size (P0.007), and
molecular subtype (P 0.002).No significant relationship was recognized between KI67 immunostaining and lymph node
involvement.

Conclusion: KI67 might be involved in the aggressiveness of malignancy. Further research is needed to determine the
significance of KI67 inbreast carcinoma and its potential as a biomarker for breast cancer progression.
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INTRODUCTION

Breast cancer (BC) remains a major global public
health challenge, ranking as the most prevalent non-
cutaneous malignancy and the second leading cause
of cancer-related mortality among women worldwide
[1,2]. In 2022, BC accounted for an estimated 2.3
million newly diagnosed cases and approximately
666,000 deaths globally, representing about 23.8% of
all female cancer diagnoses and 15.4% of cancer-
related fatalities [3]. This disease constitutes the most
frequently diagnosed malignancy in Iraq, with 8,299
newly reported cases, comprising 21.2% of all cancer
cases [4].

There are different histopathological diagnostic
methods utilized in the detection of breast carcinoma,
such as Nottingham grading and the Tumor-Node-
Metastasis (TNM) staging systems [5]; however, they
remain insufficient due to certain limitations. Firstly, the
Nottingham system assesses tumor aggressiveness by
examining three histological parameters: tubule
formation, nuclear pleomorphism, and mitotic index.
Based on cumulative scoring, tumors are classified
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from grade 1 (well-differentiated) to grade 3 (poorly
differentiated), with higher grades denoting greater
malignancy potential [6]. In addition, the TNM staging
system provides an anatomical assessment of disease
spread, considering the primary tumor’s size and extent
(T), regional lymph node involvement (N), and the
presence of distant metastases (M). This system is
applied both pre-therapeutically and post-surgically to
guide treatment decisions and prognostication [7].
Nevertheless, both approaches exhibit notable
limitations, as they are insufficiently predictive of tumor
aggressiveness and lack accuracy in forecasting post-
treatment outcomes such as recurrence or long-term
remission [8,9].

In addition to these histopathological methods,
prognostic biomarkers, including estrogen receptor
(ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2),have been
employed to enhance breast cancer diagnosis and
guide therapeutic stratification [10]. Nonetheless, these
biomarkers exhibit inherent limitations, as they fail to
reliably forecast therapeutic response or recurrence
risk. For instance, a subset of ER-positive tumors may
acquire resistance to endocrine therapies over time,
while HER2-positive tumors can experience relapse
despite the administration of targeted agents.
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Moreover, ftriple-negative breast cancer (TNBC),
defined by the lack of ER, PR, and HER2 expression,
presents significant clinical challenges due to its
restricted therapeutic options and intrinsically
unfavorable prognosis. Therefore, there is a pressing
demand for the identification of novel biomarkers with
enhanced predictive accuracy for tumor behavior,
therapeutic efficacy, and recurrence potential, thereby
advancing the paradigm of personalized and precision
oncology [12].

Due to these challenges, it has been observed that
the identification of prognostic biomarkers is essential
to mitigate such limitations, among which Ki-67 has
gained considerable attention. Ki-67 is a nuclear
protein expressed during all active phases of the cell
cycle (G1, S, G2, and mitosis), but absent in quiescent
(GO) cells, making it a reliable marker for evaluating
tumor proliferative activity [11]. It has also been found
to be closely associated with tumor differentiation and
growth as well as breast cancer molecular subtypes
[12,13].

Immunohistochemistry (IHC)-based assessment of
Ki-67 has been increasingly utilized to stratify patients
into prognostic groups and inform therapeutic
decisions, particularly for luminal subtypes where
treatment selection between endocrine therapy alone
or combined chemo-endocrine therapy may depend on
proliferation indices [14,15]. Recent studies have
demonstrated that higher Ki-67 expression correlates
with poor histological grade, advanced tumor stage,
and inferior survival outcomes [13,15,16]. However,
despite its potential clinical utility, challenges persist
regarding the standardization of IHC scoring protocols,
cut-off thresholds for high versus low Ki-67 expression,
and its reproducibility across different laboratories and
populations.

Although extensive international data support the
prognostic value of Ki-67, Iraqi studies remain scarce,
small, and methodologically inconsistent. Most
available studies have either small sample sizes,
heterogeneous methodologies, or lack a
comprehensive correlation of Ki-67 with established
clinicopathological parameters and molecular
subtypes.This study addresses that gap by providing
the largest standardized evaluation of Ki-67 in an Iraqi
cohort, thereby strengthening local evidence and
contributing to global reproducibility efforts.Moreover,
no consensus exists in Iraq regarding the optimal Ki-67
cut-off value for prognostic and predictive purposes,
further emphasizing the need for population-specific

research. The present investigation aims to assess the
immunohistochemical expression of Ki-67 in breast
cancer instances within the lIragi population and to
analyze its association with crucial clinicopathological
characteristics, including tumor grade, stage, receptor
status (ER, PR, HER2), and molecular subtypes. By
addressing this deficiency, the study aspires to
elucidate the prognostic significance of Ki-67.

MATERIAL AND METHODS

Patients and Control Samples

This retrospective cohort analysis was approved by
the Ethics Committee of the College of Medicine at the
University of Thi-Qar and Thi-Qar Health Directorate —
Ministry of Health, Irag (Approval No. 2021159, dated
7/12/2022). A comprehensive examination was
conducted on 487 archival formalin-fixed, paraffin-
embedded (FFPE) specimens of breast tissue, which
included 430 breast carcinomas and 57 benign breast
tissue samples serving as controls, all surgically
resected between April 2021 and December 2025.
These samples were obtained from Al Hussein and Al
NasiryjaTeaching Hospitals in Thi-Qar. Demographic
and clinical data, encompassing age, histological
grading (utilizing the Nottingham grading system),
staging (TNM classification), and therapeutic history,
were meticulously extracted from histopathological
documentation.  Patients who had undergone
chemotherapy or hormonal therapy were systematically
excluded from the study. Negative controls,
characterized by the absence of the primary antibody,
were employed to ensure the specificity of the
immunohistochemical staining process. The clinical
data of the breast tissues are detailed in Table 1.

Immunohistochemistry Protocol for Kl67

Immunostaining

Immunohistochemical (IHC) analysis of KI67 protein
expression was performed on paraffin-embedded
breast tissue sections using the Novolink™ Polymer
Detection System (RE7140K, Leica Biosystems, UK),
following the methodology described by Alghezi ef. al.
[17].

Breast tissue was initially fixed in formalin,
embedded in paraffin, and sectioned at a thickness of
4-5 ym onto positively charged slides. The slides were
incubated overnight at 37 °C to enhance tissue
adherence. Several pretreatment steps were then
applied to these sections. Tissue sections underwent
deparaffinization using two changes of Histoclear (H5-
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Table 1: The Benign and Malignant Breast Information According to Histopathological Data
Breast histopathological data Number Percentage % P value
Sample size Benign 56 11.5% <0.0001
Malignant 430 88.5%
Benign <40 20 35.1%
(Age range) 40-65 21 36.8% <0.0001
>65 16 28.1%
Cancer <40 66 21.82%
(Age range) 40-65 301 69.09%
>65 63 9.09%
Grade Grade 1 15 3.5% 0.001
Grade 2 108 25.1%
Grade 3 307 71.4
Stage T T1 33 7.68%
T2 196 45.58% <0.0001
T3 80 18.6%
T4 38 8.84%
N/A 83 19.3%
Stage N NO 86 20%
N1 46 10.7% 0.0002
N2 56 13.02%
N3 44 10.23%
N/A 198 46.05%
Stage M MO 20 4.65% N/A
M1 0 0%
MX 410 95.35%
Breast cancer subtypes HER2 positive 92 21.4%
Luminal A 129 30% 0.022
Luminal B 92 21.4%
Triple negative 17 27.2%

200, National Diagnostics, UK) at 37 °C for 5 minutes
each, followed by rehydration through a graded ethanol
series (100%, 95%, and 70%; France Alcools, France)
for 2 minutes each, and final rinsing in distilled water.
Antigen retrieval was then performed in citrate buffer
(pH 6.0), heated to 95 °C using the PT Link device
(PT200, Agilent Technologies, Denmark), and cooled
to 60 °C to ensure optimal epitope exposure. Sections
were subsequently washed twice with phosphate-
buffered saline (PBS) for 5 minutes each.

Drops of hydrogen peroxide (H,O,) were added to
these tissue sections and then incubated for 10
minutes at room temperature, followed by an additional
PBS wash for10 minutes. To enhance antigen
accessibility, Proteinase K was applied for 5 minutes,

followed by two PBS washes. At this stage, all
pretreatment steps were complete, and the slides were
ready for immunostaining.

Tissue sections were incubated overnight at 4 °C
with the primary anti-KI67 antibody (cat. no. 1234456;
Leica Biosystems, UK). The following day, the sections
were washed three times in PBS (10 minutes each),
then incubated with the secondary antibody for 30
minutes at 37 °C, followed by two additional PBS
washes for 5 minutes each. Signal detection was
performed  using  3,3-diaminobenzidine  (DAB)
chromogen for 5 minutes, resulting in a visible brown
precipitate at antigen sites. The reaction was
terminated with distilled water.Counterstaining with
hematoxylin stain was then carried out on these
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sections for a minute at 37 °C to enhance nuclear
contrast. Finally, sections were dehydrated, cleared,
and mounted with DPX to preserve morphology and
staining quality.Slides were examined under a
microscope to assess the localization and expression
of KI67 proteins. This methodology ensured high
specificity and reliable detection, providing valuable
insights into the proliferative characteristics of the
analyzed breast tissues.

IHC Quantification for KI67

A semi-quantitative scoring system was used to
evaluate KI67 immunostaining in breast tissue
specimens. This method assessed protein expression
by analyzing the percentage of positively stained nuclei
and the staining intensity. For each case, five randomly
selected microscopic fields were examined to
determine KI67 expression levels.

Only distinct nuclear staining in invasive carcinoma
cells was considered for evaluation. Ki-67 expression
was evaluated using a semiquantitative approach and
classified into four categories based on the proportion
of immunopositive nuclei: nil (0%, absence of
detectable staining), low (£10%), borderline (10-20%),
and high (>20%). This classification system was
applied in accordance with previously published Iraqi
data and established regional practice [18,19].

The scoring was performed semiquantitatively and
categorized as follows: nil (no detectable
immunostaining), low (£10% immunopositive nuclei),
borderline (10-20 % immunopositive nuclei), and high
(>20% immunoreactive cells [18]. Assessment was
conducted across the entire tumor area represented
within each tissue section to ensure accuracy and
consistency [20].

Statistical Analysis

All statistical procedures were carried out using
GraphPad Prism software (version 8.4.2, Windows
platform; GraphPad Software, La Jolla, CA, USA;
www.graphpad.com). The Shapiro-Wilk test was
employed to examine the data for distributional
normality. Variables demonstrating normal distribution
(p > 0.05) were compared between groups using an
independent (unpaired) t-test. For datasets that
deviated from normality (p < 0.05), the Mann-Whitney
U test was utilized. Associations between categorical
variables were assessed via the Chi-square (x?) test. A
p-value less than 0.05 was interpreted as statistically
significant.

RESULTS

Study Cohort and
Characteristics

Clinicopathological

This study encompassed a total of 487 breast tissue
specimens, comprising 430 malignant breast
carcinoma cases (88.5%) and 57 benign breast tissue
samples (11.5%), demonstrating a statistically
significant distribution between the two groups
(P<0.0001). For benign lesions, the patients were
stratified into three age categories: <40 years (n = 20;
35.1%), 40-60 years (n = 21; 36.8%), and >60 years (n
= 16; 28.1%). Similarly, malignant breast carcinoma
cases were categorized according to the same age
brackets: <40 years (n = 66; 21.82%), 40-60 years (n =
301; 69.09%), and >60 years (n = 63; 9.09%).
Statistical analysis revealed a significant age-
associated difference between benign and malignant
cohorts (P 0.009).

Histopathological grading of malignant cases was
performed according to the Nottingham Grading
System. Among the 430 carcinomas, 15 cases (3.5%)
were classified as grade 1, 108 cases (25.1%) as
grade 2, and 307 cases (71.4%) as grade 3. The
distribution across these grades was statistically
significant (P 0.001). Tumor size was available for
approximately 80% of carcinoma cases and
categorized as follows: T1 ( n = 33; 7.68%), T2 (n =
196; 45.58%), T3 ( n = 80; 18.6%), and T4 (n = 38;
8.84%). A significant difference in distribution by tumor
size was observed (P< 0.0001). Regarding lymph node
involvement, malignant specimens were stratified as
NO (n = 86; 20%), N1 (n = 46; 10.7%), N2 (n = 56;
13.02%), and N3 (n = 44; 10.23%). The nodal status
distribution also demonstrated statistical significance (P
0.001).

Molecular subtyping was performed based on
archival immunohistochemical data for ER, PR, and
HER2 status. The tumors were classified as HER2-
positive (n = 92; 21.4%), luminal A (n = 129; 30%),
luminal B (n = 92; 21.4%), and triple-negative breast
cancer (TNBC) (n = 117; 27.2%). The differences
among these molecular subtypes were statistically
significant (P 0.002), Table 1.

KI67 Immunostaining of Breast Tissue Samples

IHC was conducted on both cancerous and non-
cancerous breast tissues to assess the immunostaining
of KI67. This study indicated the presence of nuclear
expression of KI67 in both groups, with staining
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intensities varying from robust to faint. In benign breast
tissues, diverse nuclear staining of KI76 was recorded,
with staining intensity fluctuating from absent (Figure
1A, red arrow) to strong (Figure 1B, red arrow). Breast
cancer tissues  demonstrated nuclear  KIl67
immunostaining with significant variability in signal
intensity, encompassing strong (Figure 1C, red arrow),
moderate (Figure 1D, red arrow), weak (Figure 1E, red
arrow), and negative immunostaining. The negative
control, in which the primary antibody was omitted,
exhibited no KI67 staining (Figure 1F, arrow).

Quantification of KI67 Immunostaining in Breast
Tissue

Quantitative examination of IHC data indicated a
statistically significant augmentation in nuclear KI67
immunoreactivity within breast cancer specimens when
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compared with benign breast tissues (P< 0.0001; Table
2 and Figure 2A). This high nuclear KI67 staining
demonstrated a positive correlation with tumor grade
as determined by ANOVA analysis (P<0.0001; Table 2
and Figure 2B). Using a multi-Tukey test, elevated
KI67 immunostaining was identified in patients with
grade 3 to those with grade 1 (P< 0.0001) or grade 2
(P 0.041). In addition, increased KIl67 staining was also
observed in grade 2 compared to grade 1 (P0.0012).
An increase in nuclear KI67 was also noted in patients
with T3-4 compared to those with T1-2 (P0.007; Table
2, Figure 2C). A significant correlation between Ki-67
immunostaining and breast cancer subtypes was
established (P0.002; Table 2 and Figure 2D). This
notable outcome of KI67 staining was exclusively
observed when comparing luminal A patients to those
with HER2 positivity (P 0.023) or luminal B (P0.002).
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Figure 1: lllustrates the KI67 immunostaining in benign and malignant breast tissues. (A) Absence of KI67 immunostaining was
noted in benign tissues (Red arrow). (B) Strong nuclear KI67 immunostaining was detected in benign tissues (Red arrow). (C)
Breast cancer tissue had strong nuclear Ki-67 immunostaining (Red arrow). (D) Moderate nuclear Ki-67 immunostaining was
observed in breast cancer tissues (Red arrow). (E) Faint nuclear KI67 staining was identified in malignant breast tissue (Red
arrow). (F) No background staining was detected in breast tissue, affirming the specificity of the assay. Scale bars = 50 ym;

insets illustrate 3x magnification.
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Figure 2: lllustrates the quantification of KI67 immunostaining in breast tissues. A) Increased nuclear staining of Ki-67 was
observed in breast carcinoma as opposed to benign breast tissues (P <0.0001). B) increased KI67 immunostaining was
associated significantly with increasing grade. (P <0.0001). C) A significant increase in KI67 immunostaining was observed in
T3-4 stages compared to T1-2 stages (P 0.007). D) There was a significant association between Ki-67 immunostaining and
breast cancer subtypes (P 0.002). Benign (n=56), breast cancer (n=430), Grade 1 (N=15), grade 2 (n=108), Grade 3 (n=307),

T1-2 (n=227), T3-4 (n=120).
DISCUSSION

The current study represents one of the largest Iraqi
datasets (n=430 breast cancers) with systematic Ki-67
scoring and correlation to grade, size, and molecular
subtype. While international series have established Ki-
67 as a proliferation marker, regional studies are few,
often limited by small numbers or heterogeneous
scoring. Our study adds novelty by delivering robust,
standardized data in a Middle Eastern context,
underscoring both similarities with global patterns and
the urgent need for local validation of cut-offs and
reproducibility standards.

This research investigated KI67immunostaining
through IHC analysis in both malignant and non-
malignant breast tissues, aiming to evaluate its
potential association with key clinicopathological
parameters, including tumor grade and stage.
Moreover, the study sought to explore the prognostic
significance of KI67 , assessing its utility as a predictive
biomarker for disease outcome and its possible role in

guiding therapeutic strategies for breast

management.

cancer

The demographic and pathological analyses of the
breast tissue samples demonstrated significant
associations between age, Nottingham grade, tumor
size, and lymph node involvement with breast cancer
diagnoses and molecular subtypes. The current study
analyzed 487 breast tissue samples, which included
430 malignant breast carcinoma cases (88.5%) and 57
benign breast tissue specimens (11.5%). The
statistically significant variation in distribution (P<
0.0001) underscores the predominance of malignant
cases within the sample cohort.

The age distribution observed, with marked
differences across various age categories in both
benign and malignant specimens, highlights the age-
dependent incidence of breast abnormalities. This
study found that the majority of malignant cases were
predominantly in the 40—60 years age group (69.09%),
and this aligns with existing literature, which indicates
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Table 2: KI67 Quantification in Breast Cancer Histopathological Data
. Nuclear KI67 immunostaining
Comparison SampleNumber
Result P value
Benign 56 0.357+0.483 Increased significantly in Cancer <0.0001
vs. 430 2.00+£0.987
Ca breast
G1: (n: 15) 1.00+£0.655 ANOVA test <0.0001
Grades Increased Grade 1 vs. Grade 2 0.0012
significantly in high-
G2: (n:108) 2.03+0.880 grade
Grade 1 vs. Grade 3 <0.0001
G3: (n:307) 2.04+1.01
Grade 2 vs. Grade 3 0.041
T1-2: (n:227) 1.872+1.020 Increased significantly in high tumor size 0.007
Stage (T) T3-4: (n:120) 2.175+0.9318
NO: (n:86) 1.98+1.10 No significant differences 0.8568
Stage (N) N1-3 (n:146) 1.950.949
HER2 positive 2.16x0.970 Anova test 0.002
Ca breast subtypes (n:90) Significant HER?2 positive vs. 0.023
association Luminal A
- between KI67 —
Luminal A 1.78+ 0.877 staining and HER2 p93|t|ve VvS. 0.927
(n:129) breast cancer Luminal B
subtypes HER2 positive vs. Triple 0.619
negative
Luminal B 2.24+2.24 Luminal A vs. Luminal B 0.002
(n:90) Luminal A vs. Triple 0.297
negative
Triple negative 1.99+1.01 Luminal B vs. Triple 0.243
(n:117) negative

that breast cancer incidence increases with age,
particularly after 40 years [21,22]. Histopathological
assessment according to the Nottingham Grading
System indicated that 71.4% of malignant cases were
classified as grade 3, signifying poorly differentiated
tumors. This finding aligns with previous research
indicating a higher prevalence of high-grade tumors
among breast cancer patients [23].

The significant distribution across histological
grades (P 0.001) further highlights the importance of
histological grading in evaluating tumor aggressiveness
and prognosis. Additionally, tumor size evaluation
revealed that 45.58% of carcinoma cases were
classified as T2, with a significant difference in
distribution based on tumor size (P< 0.0001). Larger
tumor sizes have been associated with increased
lymph node involvement and poorer prognosis [24].
The current study's results support the critical role of
tumor size as a prognostic indicator in breast cancer.

Lymph node involvement was found in 54% of
malignant cases, with a statistically significant
difference in the distribution of nodal status (P0.001).

Positive lymph node status remains a well-documented
prognostic factor, correlating with an elevated risk of
recurrence and diminished survival rates [25].
Molecular subtyping revealed that 27.2% of cases were
identified as ftriple-negative breast cancer (TNBC),
21.4% as HER2-positive, 21.4% as luminal B, and 30%
as luminal A. The significant differences observed
among these molecular subtypes (P 0.002) are
consistent with findings from other studies that have
elucidated the distinct biological behaviors and
therapeutic responses associated with these subtypes
[26].

The present study provides robust evidence that
KI67 expression is differentially regulated between
benign and malignant breast tissues and is significantly
associated with key clinicopathological variables,
including histological grade, tumor size, and molecular
subtypes.These findings strengthen the argument for
considering KI67 as a clinically relevant biomarker of
tumor proliferation and aggressiveness. Increased Kl67
immunostaining was observed in malignant breast
tissues compared to benign tissues (P<0.0001). This
agrees with previous breast cancer published data [27].
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The finding of the current study supports the
significance of KI67 expression as a prognostic
biomarker of breast cancer proliferation and growth
[13].

This investigation demonstrated a significant
correlation between increasedKI67 staining and an
increased histological grade, with tumors classified as
grade 3 exhibiting substantially greater immunostaining
when compared with grade 1 and grade 2 tumors. This
is consistent with the previous data [13,19,28-32].
Nonetheless, the definitive threshold values delineating
"high" KI67 remain contentious. Although our results
clearly advocate for a biological gradient of expression
across varying tumor grades, the absence of an
international consensus on standardized scoring
thresholds hampers the biomarker's reproducibility
across different laboratories [34,35]. Collectively, these
observations suggest that KI67 may play a critical role
in tumor differentiation.However, the precise cut-off
values for “high” KI67 remain a matter of controversy.
While our findings clearly support a biological gradient
of expression across tumor grades, international
consensus on standardized scoring thresholds remains
elusive, thereby limiting the biomarker’s reproducibility
across laboratories [34,35]. Taken together, KI67 may
have an important role in tumor differentiation.

In terms of tumor size, this research revealed a
distinct correlation between KI67 immunostaining and
proliferative activity, with patients presenting advanced
T-stage lesions (T3-T4) demonstrating significantly
elevated KI67 immunostaining in comparison to those
with smaller tumors (T1-2). This association supports
the hypothesis that rapidly proliferating tumors are
predisposed to attain larger volumes, indicative of a
biologically aggressive phenotype. This data agrees
with the previous reports [13]. However, it was
inconsistent with other data [18,28]. The discrepancies
in data may be because of variations in sample size,
antigen retrieval protocols, scoring systems, and
individual differences. This observation emphasizes the
relationship between proliferative activity and tumor
aggressiveness, positing that KI67 may function not
solely as a biomarker of intrinsic biological behavior but
also as a prognostic indicator of disease progression.

Our findings did not reveal a correlation between
KI67 and nodal involvement, consistent with previous
studies [18,28]. Conversely, another prior study
presented results that contradicted our findings [36].
The variability may be attributed to small sample sizes,
differing types of antibodies, antigen retrieval
methodologies, and individual variation. The potential

association with distant metastasis (M stage) could not
be definitively established due to a substantial number
of cases categorized as MX. Nevertheless, antecedent
studies have associated elevated KI67 with enhanced
metastatic potential, implying that proliferation may
augment cellular motility and invasiveness through
dysregulated signaling pathways, such as the
PI3K/AKT and MAPK cascades [36].

The analysis of molecular subtypes further
elucidated distinct patterns of KI67 immunostaining,
revealing that luminal A tumors exhibited the lowest
levels of proliferative activity, while HER2-positive,
luminal B, and triple-negative breast cancer (TNBC)
subtypes demonstrated significantly elevated levels.
These outcomes are congruent with the biological
characterization of luminal A cancers as indolent and
responsive to endocrine therapies, whereas luminal B
and HER2-driven cancers are recognized for their
increased proliferation and reduced responsiveness to
endocrine therapy alone [37,38].

Importantly, TNBC, a clinically challenging subtype,
also demonstrated high KI67 expression in our cohort,
consistent with previous observations that link this
biomarker to the intrinsic aggressiveness of basal-like
tumors [33,39]. This finding underscores the potential
role of KI67 in guiding therapeutic decisions.

From a clinical perspective, the implications of our
findings are significant. Increased KI67 expressionnot
only signifies tumor aggressiveness but also possesses
potential predictive value concerning therapeutic
response. For instance, patients with luminal B or
HER2-positive tumors exhibiting high KI67 expression
are more likely to derive benefits from chemotherapy in
conjunction with endocrine or targeted therapies
[33,38] . Similarly, in TNBC, high proliferative activity
has been associated with increased chemosensitivity,
albeit with poor long-term survival due to the high risk
of relapse [39,40]. Therefore, incorporation of KI67 into
diagnostic algorithms could facilitate more nuanced
treatment decisions, particularly in resource-limited
settings where molecular profiling remains
inaccessible.

The interpretation of Ki-67 is limited by the lack of a
universally accepted cut-off value, and this remains
one of the major barriers to global reproducibility.In this
study, Ki-67 expression was categorized as nil (0%),
low (£10%), borderline (10-20%), and high (>20%),
following previously published Iragi data and regional
practice [19]. This stratification ensured comparability
with local studies while reflecting clinically meaningful
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proliferative groups.Compared with prior Iraqgi studies
[19,41] that applied similar thresholds but were limited
by smaller sample sizes, our study provides the largest
standardized evaluation to date in this setting and
corroborates their reported associations with grade and
subtype. These results strengthen global reproducibility
efforts by confirming consistent findings in a Middle
Eastern cohort.At the international level, several
alternative thresholds have been proposed. The St.
Gallen International Consensus recommended 14% as
a cut-off for endocrine therapy decision-making, while a
large meta-analysis supported 20% as prognostically
informative [33]. The International Ki-67 in Breast
Cancer Working Group (IKWG) further suggested <5%
and =230% as rule-out and rule-in thresholds for clinical
utility [331,34,35]. To assess robustness, we re-
examined our dataset wusing these alternative
thresholds, and the associations of high Ki-67 with
higher grade, larger tumor size, and aggressive

subtypes remained consistent across all cut-off
strategies.In comparison,

Despite the strengths of this study, certain
limitations must be acknowledged. Notably, the

absence of clinical survival data and follow-up
information precludes a definitive assessment of Ki-67
as an independent prognostic biomarker within this
cohort. While our findings demonstrate clear
associations of Ki-67 with histological grade, tumor
size, and molecular subtype, the prognostic value of
this marker ultimately depends on its ability to predict
recurrence  and survival outcomes.International
evidence has consistently shown that high Ki-67
expression is associated with worse disease-free and
overall survival, particularly in luminal subtypes where it
informs treatment selection between endocrine therapy
alone or combined chemo-endocrine regimens
[13,32,42]. In the Iraqi context, no large-scale studies
have yet examined survival in relation to Ki-67,
underscoring the importance of prospective,
longitudinal investigations. Such studies would allow
validation of Ki-67 as an independent prognostic
marker in our population and provide evidence to guide
its integration into clinical decision-making.

The second linitaion is that the dependence on
archival tissue and immunohistochemistry introduces
inherent variability related to fixation, antigen retrieval,
and scoring methodology. Although our
resultsdemonstrated statistically significant
associations across multiple  clinicopathological
variables, the lack of a universally standardized scoring
system remains a barrier to global reproducibility [31].
Third, the retrospective design precludes longitudinal

analysis of patient outcomes, which would be essential
to validate KI67 as an independent prognostic marker
in this cohort. Finally, the limited assessment of distant
metastasis status restricts our ability to fully explore the
relationship  between proliferative  activity and
metastatic dissemination.

CONCLUSION

This study provides the largest standardized
evaluation of Ki-67 expression in an Iraqi breast cancer
cohort and demonstrates significant associations with
higher histological grade, larger tumor size, and
aggressive molecular subtypes, though no relationship
was observed with nodal status. These findings
reinforce Ki-67 as an indicator of tumor proliferation
and aggressiveness. Nevertheless, the absence of
survival data and reproducibility testing constrains
definitive conclusions regarding its independent
prognostic value and immediate clinical application.

Future investigations should prioritize prospective
validation incorporating survival outcomes, as well as
the development and adoption of standardized cut-off
thresholds in the Iraqi setting. Furthermore, multicenter
studies across diverse populations and the formulation
of unified scoring protocols will be essential to establish
Ki-67 as a reliable and clinically applicable biomarker.
Such efforts will contribute not only to improving
prognostic assessment in local practice but also to
enhancing global reproducibility and comparability of
breast cancer biomarker research.
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