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Abstract
Background
Breast cancer (BC) is the leading cause of cancer-related deaths in women worldwide. There has been a
significant increase in the incidence of BC in Pakistan. Family history, older age, obesity, tobacco use, oral
contraceptive use, early menarche, and hormonal replacement therapy are among the major risk factors. The
most common histological subtype of BC is invasive ductal carcinoma (IDC). Molecular subtypes of BC
include mainly Luminal A, Luminal B, human epidermal growth factor receptor 2 (HER-2) enriched, and
triple-negative BC subtypes, with the triple-negative subtype having the worst prognosis. CK5/6 serves as a
basal keratin biomarker. This aimed to assess the expression of CK5/6 in IDC of the breast belonging to
different molecular classes and to compare its expression with traditionally defined prognostic factors for
different molecular subtypes.

Methodology
A cross-sectional, observational study was conducted at the Chughtai Institute of Pathology after approval
from the Institutional Review Board (approval number: 1198/IRB/CIP). All cases during a period of six
months (April 2023 to September 2023) were sampled using non-probability convenient sampling. All
mastectomy samples diagnosed as IDC were included in the study. After standard tissue processing, paraffin
tissue blocks and slides were prepared followed by hematoxylin & eosin staining. Hormonal receptors
(estrogen receptor, progesterone receptor, HER-2) were assessed for cases to segregate them into molecular
subtypes. CK5/6 antibody was then applied and the data were collected on a pre-designed proforma. SPSS
version 25.0 (IBM Corp., Armonk, NY, USA) was used for data analysis.

Results
Of a total of 85 cases, 19 (22.3%) were positive for CK5/6. Of these 19 cases, the majority (68%, p = 0.001)
belonged to the triple-negative class of tumors, comprising 13 cases. No case from the Luminal A class
showed expression for CK5/6 stain (p = 0.028). Overall, four cases of the Luminal B subtype showed CK5/6
positivity (10.8%, p = 0.022) while two cases of the HER-2-enriched subtype were positive for the stain
(33.3%, p > 0.05). These results were analyzed in relation to different prognostic factors. The majority of
CK5/6-positive cases showed lymphovascular invasion (42%) and belonged to grade 3 tumors (57.8%).

Conclusions
The expression of CK5/6 in IDC of the breast is associated with poor prognostic factors such as triple-
negative molecular subtypes, high histological grade, lymphovascular invasion, positive nodal status, and
high pathological stage.

Categories: Pathology
Keywords: ck5/6, her-2-enriched, luminal a, luminal b, triple-negative breast cancer, triple-negative breast
carcinoma

Introduction
Breast cancer (BC) is the most commonly diagnosed cancer and the leading cause of cancer-related deaths in
women worldwide [1,2]. In 2023, the cancer statistics report showed 300,590 new cases of BC and 43,700
deaths related to BC in the United States [3]. The overall incidence of BC is comparatively lower in Asia than
in Western countries; however, there has been a drastic increase in the incidence of BC in Pakistan with an
estimate of one in nine women having a lifetime risk of developing BC [4]. Family history, older age, obesity,
tobacco use, oral contraceptive use, early menarche, and hormonal replacement therapy are among the
major risk factors for the development of BC [2]. It is a highly heterogeneous disease with great variability in
the clinical treatment and prognosis among different patients [5]. The most common histological subtype of
BC is invasive ductal carcinoma (IDC), also referred to as invasive breast carcinoma of no special type (IBC
NST) [6,7].
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The treatment strategies for IBC NST include a surgical approach, radiotherapy, chemotherapy, hormonal
therapy, and immune therapy which largely depend on the expression of hormone receptors in the tumor
cells, including estrogen (ER), progesterone (PR), and human epidermal growth factor (HER-2) receptors [8].
Based on hormone receptors, IBC NST is divided into four distinct molecular subtypes, including Luminal A,
Luminal B, and HER-2-enriched, and triple-negative class (TNC) [9]. Luminal A tumors have the best
prognosis while TNC has the worst prognosis [10].

CK5/6 is a basal keratin biomarker whose expression in BC has been linked with aggressive behavior and has
traditionally been reported in IDC belonging to TNC. It has been linked to worse prognostic characteristics
such as high histological grade, larger tumor size, and decreased disease-free survival [11-14]. This study
aimed to assess the expression of CK5/6 in IDC belonging to different molecular classes and to establish a
correlation with traditionally defined prognostic factors.

Materials And Methods
A cross-sectional, prospective study was conducted at the Chughtai Institute of Pathology after obtaining
approval from the institutional review board (approval number: 1198/IRB/CIP). This study was conducted
over a six-month period, i.e., from April 2023 to September 2023. Sampling was done using non-probability
convenient sampling, and all cases booked during the above-mentioned study period were included in the
study. A total of 733 cases were booked in this period, and 85 cases were included which fulfilled the study
criteria. All mastectomy specimens diagnosed as IDC were included in the study. All other types of BCs,
incisional biopsies, and poorly preserved samples with autolyzed morphologies were excluded from the
study.

After standard processing of tissue samples, paraffin tissue blocks were made and slides were prepared
followed by hematoxylin & eosin staining. Hormonal receptors (ER, PR, HER-2) were assessed for all cases
using the Autostainer Link 48 provided by DAKO. The data were then grouped into molecular classes based
on hormone receptor expression as per Allred scoring. CK5/6 antibody (Monoclonal Mouse Anti-human
Cytokeratin 5/6 Clone D5/16 B4 from DAKO) was applied to all cases using the same protocol. Membranous
staining of more than 10% of tumor cells with CK5/6 antibody was considered positive. Variables such as age
and gender, histological grade (G), pathological tumor stage (pT), regional lymph node status,
lymphovascular invasion (LVI), and perineural invasion (PNI) were noted. All data were collected on a pre-
designed proforma and the results were analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Results
A total of 85 cases of IDC were included in the study. The most common molecular subtype was Luminal B (n
= 37, 43.53%), followed by TNC (n = 29, 34.12%), Luminal A (n = 13, 15.29%), and HER-2-enriched (n = 6,
7.06%) (Figure 1).
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FIGURE 1: Frequency of molecular subtypes of invasive ductal
carcinoma in the study population.

Of a total of 85 cases, 19 (22.3%) were positive for CK5/6. Overall, 13 out of these 19 cases fell in the TNC
category (68%, p = 0.001). No case from the Luminal A class showed expression for CK5/6 (0%, p = 0.028).
Four cases of Luminal B class showed CK5/6 positivity (10.8%, p = 0.022) while two cases of HER-2-enriched
class were positive for CK5/6 (33.3%, p > 0.05) (Table 1).

CK5/6 expression
Molecular subtype

Total
Luminal A Luminal B HER-2 enriched Triple-negative

Negative 13 33 4 16 66

Positive 0 4 2 13 19

Total 13 37 6 29 85

TABLE 1: Frequency of CK5/6 expression in different molecular subtypes.
HER-2: human epidermal growth factor receptor 2

Among the CK5/6-positive cases, the most common histological grade was grade 3 (G3) (57.8%, p = 0.20) and
the pathological stage was pT3 (57.8%, p = 0.049).

LVI was present in eight of the CK5/6-positive cases (42%, p = 0.035). While none of the cases showed PNI
(0%, p > 0.05). Regional lymph node metastasis was noted in 12 CK5/6-positive cases (63%, p > 0.05) (Table
2).
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Clinical parameters
CK5/6 expression P-value

Positive (n = 19) Negative (n = 66)  

Lymphovascular invasion 8 (42%) 12 (18%) 0.035

Perineural invasion 0 (0%) 11(16%) >0.05

Histological grade

I 0 (0%) 0 (0%)  

II 8 (42%) 36 (54.5%) >0.05

III 11 (57.8%) 30 (45%) >0.05

Pathological stage

pT1 0 (0%) 4 (0.06%) >0.05

pT2 5 (25%) 32 (42%) >0.05

pT3 11 (57.8%) 22 (33%) 0.049

pT4 4 (15.7%) 8 (12%) >0.05

Regional lymph node status 12 (63%) 28 (42%) >0.05

TABLE 2: Different prognostic parameters in relation to CK5/6-positive and negative expression.

Discussion
BC is one of the most common malignancies globally. The incidence of BC has increased by 123% between
1990 and 2017. The death toll of BC is high, with an estimated 1,503,694 deaths worldwide in 2025,
suggesting that the global disease burden of BC will remain severe for some time to come [15].

BC comprises a heterogeneous group of tumors with variable clinical presentation, histological subtypes,
biological behavior, prognosis, and treatment response [16]. The World Health Organization recognizes 18
different histological subtypes with IBC NST, previously known as IDC, being the most frequent type
accounting for 40-80% of all BC cases. Other histological variants include invasive lobular carcinoma,
mucinous carcinoma (types A and B), neuroendocrine, papillary, and salivary gland-type tumors [17-19].

The IBC NST is historically classified into different grades (G) with varying prognostic and predictive values.
Prognostically, G1 is the best, while G3 is the worst. However, this grading is based on histological features
only (as shown in Figure 2) and cannot accurately predict tumor biology and behavior.

FIGURE 2: Histological features of invasive breast carcinoma.
(A) Low-power image of invasive breast carcinoma of no special type, histological grade 2, demonstrating nests of
tumor cells showing tubule formation and moderate pleomorphism (100× magnification).

(B) Low-power image of invasive breast carcinoma of no special type, histological grade 3, demonstrating sheets
of tumor cells showing marked nuclear pleomorphism (100× magnification).
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Hence, these are further stratified based on mRNA gene expression in four main molecular subtypes,
including Luminal A, Luminal B, HER-2-enriched, and TNC, which have better prognostic and predictive
values [20,21]. TNC includes a spectrum of tumors with variable prognosis; however, the most common type
within this class is grade 3 IBC NST which has poor response to conventional treatment regimens and overall
prognosis [22-25]. Based on this variability, the triple-negative BC (TNBC) class has been extensively
investigated for further histological or molecular signatures which may help in an improved understanding
of tumor biology and help guide appropriate treatment options [26,27].

One of the most investigated areas in the TNBC class is the identification of tumors with basal-like
phenotype which commonly expresses basal keratin CK5/6 [28-30]. Expression of CK5/6 has been widely
investigated in other tumors, e.g., carcinomas of the urinary bladder and prostate, where it has
conventionally been linked to poor prognosis [31-33]. For high-grade IBC NST, it is suggested in the
literature to use CK5/6 as a surrogate marker to identify basal-like carcinomas and define poor prognosis
[34,35].

In this study, we evaluated the frequency of expression of CK5/6 in IBC NST cases within different molecular
subtypes of BC. We also aimed to establish a correlation between adverse pathological features and the
expression of CK5/6 (Figure 3).

FIGURE 3: Expression of CK5/6.
(A) Strong membranous expression of CK5/6 in tumor cells on immunohistochemistry.

(B) Lack of membranous expression of CK5/6 in tumor cells on immunohistochemistry.

In our study, we observed that CK5/6 expression was most frequent in TNBC, which is concordant with the
findings of Kumar et al. and Khan et al. with CK5/6 expression in 85.7% and 40% of TNBC cases, respectively
[36,37]. This finding is also concordant with Munirah et al. who reported CK5/6 expression in 100% of TNBC
cases [38]. The Luminal B class had the second most common expression of CK 5/6 (10.8%) in our study
which is concordant with Munirah et al. who reported it to be 7.1% while discordant with the findings of
Kumar et al. who reported it to be 0% [36,38]. Luminal A showed no expression of CK5/6 in our study which
is in concordance with the findings of Kumar et al. [36]. The HER-2-enriched class showed a 10% expression
of CK5/6 which is concordant with the findings of Kumar et al. [36].

Expression of CK5/6 directly correlated with high histological grade (G3) which is concordant with the
findings of Kumar et al. and Sowjanya et al. while discordant with the findings of Ara et al. [36,39,40].

Expression of CK5/6 showed a direct correlation with positive nodal status in our study. This finding is
concordant with the findings of Sowjanya et al., Constantinou et al., and Tiwari et al., demonstrating 66%,
56.8%, and 91% of the cases, respectively, with CK5/6 expression and positive nodal status [40-42]. No
correlation of CK5/6 expression was established with PNI in our study.

The majority of the cases with CK5/6 expression were high-stage tumors (pT3) in our study. The majority of
cases with CK5/6 expression had a high pathological stage at the time of diagnosis. This is a significant
finding that has not been adequately discussed in previous literature.

LVI was found in less than half of CK5/6-positive cases in our study which is concordant with the findings of
Khan et al. [37]. However, Kumar et al. reported it to be in more than half of CK5/6-positive cases [36].

Conclusions
The expression of CK5/6 in IDC of the breast is associated with poor prognostic factors such as the triple-
negative molecular subtype, high histological grade, LVI, positive nodal status, and high pathological stage
at the time of diagnosis.
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