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ABSTRACT 

Background: Among women worldwide, breast cancer remains a major cause of cancer morbidity 

and mortality, while invasive ductal carcinoma is its most common histological type. Altered p21 

expression may influence cell-cycle regulation and tumor behavior, but its clinicopathological 

significance remains inconsistent. Aim of the study: This study aimed to evaluate the 

immunohistochemical expression of p21 in invasive ductal carcinoma of the breast and assess its 

association with selected clinicopathological parameters. Methods & Materials: A descriptive cross-

sectional study was conducted in the Department of Pathology, Chittagong Medical College, 

Chattogram, from March 2018 to February 2020, including 52 histopathologically confirmed cases 

of invasive ductal carcinoma of the breast. Immunohistochemical staining for p21 was performed at 

CARE Investigation in Chattogram using formalin-fixed, paraffin-embedded tissue sections. p21 

expression was categorized as negative, weakly positive, or strongly positive and assessed in relation 

to selected clinicopathological parameters. Results: Among 52 patients, the mean age was 48.33 ± 

10.81 years, and 98.1% were female. Grade II carcinoma predominated, at 75.0%. Overall, p21 

immunoreactivity was observed in 73.1% of tumors, with strong expression in 51.9%, weak in 21.2%, 

and 26.9% negative. No significant association was found between p21 expression and age (p=0.448), 

estrogen exposure (p=0.805), or histopathological grade (p=0.483). Conclusion: Overall, p21 

expression was common in invasive ductal carcinoma of the breast, with strong positivity in over half 

of cases. However, its expression was not significantly associated with age, estrogen exposure, or 

histological grade, suggesting limited utility as an isolated clinicopathological marker. 
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INTRODUCTION 

Globally, breast cancer remains one of the 

most important malignancies affecting 

women and a major contributor to cancer-

related morbidity and mortality. In 2020, 

more than 2.3 million new breast cancer 

cases and approximately 685,000 deaths 

were estimated worldwide, with projections 

indicating a further substantial increase as 

populations grow and age [1]. Across 

countries, marked disparities persist in 

incidence, stage at diagnosis, access to 

treatment, and survival, particularly 

between high-income settings and low- and 

middle-income countries [2]. Over recent 

decades, rising incidence has been observed 

across most age groups and world regions, 

reflecting demographic transition, 

reproductive and lifestyle changes, 

improved detection, and broader changes in 

cancer risk profiles [3,4]. Across Asia, the 

burden of breast cancer has increased 

rapidly and now accounts for a large 

proportion of global cases and deaths [5,6]. In 

2022, approximately 985,000 new cases and 

315,000 deaths were estimated in Asia, 

while Bangladesh alone was estimated to 

have about 13,000 new cases and 6,200 

deaths [6]. Within South Asian populations, 

breast cancer often presents at a relatively 

younger age and may show clinically 

important differences in molecular subtype 

distribution compared with Western 

populations [7,8]. Among Bangladeshi 

patients, available molecular data remain 

limited, although recent evidence has 

suggested substantial representation of 

aggressive subtypes, including triple-

negative disease [7]. Consequently, locally 

generated pathological and biomarker data 

are needed to improve understanding of 

tumor biology in this population. 

Histologically, invasive ductal carcinoma 

represents the predominant form of invasive 

breast carcinoma encountered in routine 

practice. Clinically, its behavior is 

heterogeneous, with prognosis influenced 

by tumor size, lymph-node status, 

histological grade, hormone receptor status, 

HER2 expression, proliferative activity, and 

other molecular characteristics [4,9]. At the 

regional level, variation in molecular 

profiles has also been demonstrated among 

Asian populations, reinforcing the 

importance of population-specific 

biomarker research [9]. In South Asia, 

studies from India have similarly 

emphasized heterogeneity among tumor 

subtypes and the need for validated 

biomarkers to support risk stratification and 

treatment decisions [8,10]. At the molecular 

level, disruption of normal cell-cycle 

regulation is a fundamental event in breast 

carcinogenesis [11,12]. Among the key 

regulators, p21, also known as 

p21WAF1/CIP1 and encoded by CDKN1A, 

is a cyclin-dependent kinase inhibitor that 

suppresses cell-cycle progression by 

inhibiting cyclin-CDK complexes [11]. 

Through both p53-dependent and p53-

independent pathways, p21 participates in 

cell-cycle arrest, DNA-damage response, 

apoptosis, senescence, differentiation, and 

cellular stress responses [11,13]. Importantly, 

its biological role is context-dependent; 

nuclear p21 is generally associated with 

growth inhibition, whereas altered 

expression or localization may contribute to 

tumor progression, stemness, metastatic 

behavior, and treatment resistance [13]. In 

breast cancer specifically, reported 

associations between p21 expression and 

clinicopathological characteristics or 

prognosis have been inconsistent, 

suggesting that its significance may vary 

according to molecular subtype and cellular 

context [12,13]. Despite growing interest in 

p21 as a potential biomarker, relatively 

limited evidence is available from 

Bangladesh, particularly regarding its 

immunohistochemical expression in 

invasive ductal carcinoma and its 

relationship with routine 

clinicopathological features. Accordingly, 

this study aimed to evaluate the 

immunohistochemical expression of p21 in 

invasive ductal carcinoma of the breast and 

to assess its association with selected 

clinicopathological parameters, thereby 
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generating local evidence on the potential 

pathological relevance of p21 in breast 

cancer. 

 

METHODS & MATERIALS 

A descriptive cross-sectional study was 

conducted in the Department of Pathology, 

Chittagong Medical College, Chattogram, 

with immunohistochemical procedures 

performed at CARE Investigation, 

Chattogram. The study period extended 

from March 2018 to February 2020. A total 

of 52 histopathologically diagnosed cases of 

invasive ductal carcinoma of the breast were 

included in the study. Relevant 

demographic and clinicopathological 

information, including age, sex, occupation, 

family history of breast carcinoma, previous 

benign breast disease, tobacco use, history 

of estrogen exposure, age at menarche, and 

age at first live birth, was recorded using a 

structured data collection form. 

Histopathological diagnoses were 

confirmed by examination of hematoxylin 

and eosin-stained sections. Tumors were 

graded histologically and categorized as 

Grade I, Grade II, or Grade III according to 

the grading system followed by the 

Department of Pathology. For 

immunohistochemical evaluation, 

representative formalin-fixed, paraffin-

embedded tissue blocks containing 

adequate viable tumor were selected. 

Sections were prepared from the selected 

blocks and subjected to 

immunohistochemical staining for p21. 

Following routine deparaffinization, 

rehydration, antigen retrieval, and blocking 

procedures, the sections were incubated 

with the appropriate primary antibody 

against p21. Visualization was performed 

using a suitable detection system and 

chromogen, followed by hematoxylin 

counterstaining. Appropriate positive and 

negative controls were used during 

immunohistochemical staining. The 

immunohistochemical expression of p21 

was assessed in tumor cells and categorized 

as negative, weakly positive, or strongly 

positive according to the staining criteria 

adopted in the study. For analytical 

comparison, p21 expression was further 

evaluated in relation to selected 

clinicopathological characteristics, 

including age, history of estrogen exposure, 

and histopathological tumor grade. Data 

were compiled and analyzed using SPSS (V. 

26.0). Continuous variables were 

summarized as mean ± standard deviation, 

while categorical variables were expressed 

as frequencies and percentages. 

Associations between p21 expression and 

clinicopathological parameters were 

assessed using appropriate categorical tests. 

A p-value of <0.05 was considered 

statistically significant. 

 

RESULTS 

Among the 52 patients, the mean age was 

48.33 ± 10.81 years, with an age range of 

21–73 years. Most frequently, patients 

belonged to the 40–49-year age group 

(38.5%), followed by those aged 50–59 

years (25.0%). In terms of sex distribution, 

98.1% were female, and 1.9% were male. 

Occupationally, 86.5% were housewives, 

whereas 13.5% were service holders (Table 

I). 

 

 

Table I 

Demographic characteristics of patients with invasive ductal carcinoma of breast (n=52). 

 
Variables Categories Frequency (n) Percentage (%) 

Age (years) 

20–29 2 3.8 

30–39 7 13.5 

40–49 20 38.5 

50–59 13 25 

60–69 8 15.4 

70–79 2 3.8 

Mean age ± SD 48.33 ± 10.81 

Sex 
Male 1 1.9 

Female 51 98.1 

Occupation 
Housewife 45 86.5 

Service holder 7 13.5 

 

With respect to risk factors, only 3.8% of 

patients had a positive family history of 

breast carcinoma, while 96.2% reported no 

family history. Additionally, 88.5% had no 

previous benign breast disease, although 

9.6% had atypical ductal hyperplasia and 

1.9% had fibrocystic disease. Tobacco use 

and estrogen exposure were reported in 

21.2% and 38.5%, respectively. Among the 

female patients, menarche at 12–13 years 

was most common, 47.1%, while 82.4% had 

their first live birth at ≤20 years (Table II). 

 

 

Table II 

istribution of selected risk factors among patients with invasive ductal carcinoma (n=52). 

 
Risk factors Categories n (%) 

Family history of breast carcinoma 
Positive 2 (3.8) 

Negative 50 (96.2) 

History of benign breast disease 

No history 46 (88.5) 

Atypical ductal hyperplasia 5 (9.6) 

Fibrocystic disease 1 (1.9) 

Tobacco use 
Positive 11 (21.2) 

Negative 41 (78.8) 

History of estrogen exposure 
Positive 20 (38.5) 

Negative 32 (61.5) 

Age at menarche (n=51) 

≤11 years 20 (39.2) 

12–13 years 24 (47.1) 

≥14 years 7 (13.7) 

Age at first live birth (n=51) 

≤20 years 42 (82.4) 

21–29 years 3 (5.9) 

≥30 years 6 (11.8) 
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Histopathologically, Grade II carcinoma 

was the most frequent grade, observed in 

75.0% of cases. In comparison, 21.2% of 

tumors were Grade III, while only 3.8% 

were Grade I. Overall, intermediate-grade 

tumors constituted the predominant 

histopathological pattern in the studied 

patients (Table III). 

 

 

Table III 

Histopathological grade of invasive ductal carcinoma (n=52). 

 
Tumor grade Frequency (n) Percentage (%) 

Grade I 2 3.8 

Grade II 39 75 

Grade III 11 21.2 

Total 52 100 

 

Regarding immunohistochemical findings, 

strong p21 expression was detected in 

51.9% of cases, making it the most frequent 

expression pattern. Weak p21 positivity was 

observed in 21.2%, whereas 26.9% of cases 

showed negative expression. Collectively, 

73.1% of the tumors demonstrated either 

weak or strong p21 immunoreactivity 

(Table IV). 

 

 

Table IV 

Immunohistochemical expression of p21 in invasive ductal carcinoma (n=52). 

 
p21 expression Frequency (n) Percentage (%) 

Negative 14 26.9 

Weakly positive 11 21.2 

Strongly positive 27 51.9 

Total 52 100 

 

When clinicopathological characteristics 

were compared by p21 expression, no 

statistically significant associations were 

observed. Across age categories, the 

difference in p21 expression was not 

significant (p=0.448). Similarly, estrogen 

exposure showed no significant association 

with p21 expression (p=0.805). For tumor 

grade, Grade II lesions predominated in 

both p21-negative and p21-positive cases, 

accounting for 71.1% and 85.7%, 

respectively; however, this association was 

not statistically significant (p=0.483) (Table 

V). 

 

 

Table V 

Association between p21 expression and clinicopathological characteristics of invasive ductal carcinoma (n=52). 

 

Variables Categories 
p21 negative p21 positive 

p-value 
n (%) n (%) 

Age 
≤50 years 26 (63.4) 8 (57.1) 

0.448 
>50 years 12 (31.6) 6 (33.3) 

History of estrogen exposure 
No 23 (60.5) 9 (64.3) 

0.805 
Yes 15 (39.5) 5 (35.7) 

Tumor grade 

Grade I 2 (5.3) 0 (0.0) 

0.483 Grade II 27 (71.1) 12 (85.7) 

Grade III 9 (23.7) 2 (14.3) 

 

DISCUSSION 

The present study evaluated 

immunohistochemical expression of p21 in 

52 cases of invasive ductal carcinoma of the 

breast and explored its relationship with 

selected clinicopathological characteristics. 

The mean age was 48.33 ± 10.81 years; 

most tumors were Grade II (75.0%); and 

p21 immunoreactivity was common, with 

51.9% showing strong and 21.2% weak 

expression. No significant association was 

detected between p21 expression and age, 

estrogen exposure, or histological grade. 

The relatively young mean age of 48.33 

years is consistent with patterns reported 

from several Asian populations. The study 

by Pan et al., examining the molecular 

landscape of Asian breast cancers, 

demonstrated important population-specific 

differences in breast cancer presentation and 

biology [9]. Similarly, the Bangladeshi 

analysis by Islam et al. showed substantial 

heterogeneity in molecular subtypes and 

highlighted the relatively younger 

presentation of breast cancer within this 

population [7]. An Indian systematic review 

by Jonnada et al. also demonstrated 

considerable variation in breast cancer 

phenotypes across regional populations [8]. 

In comparison, a Libyan series reported a 

mean age of 47.3 ± 10.7 years, remarkably 

close to the present value [14]. Such 

similarities may reflect demographic 

structure, reproductive patterns, genetic 

background, and differences in screening 

practices across low- and middle-income 

settings. 

Histologically, Grade II carcinoma 

predominated in the present series, 

accounting for 75.0%, while Grade III and 

Grade I tumors represented 21.2% and 

3.8%, respectively. A recent Pakistani study 

reported Grade II disease in 65%, Grade III 

in 30%, and Grade I in 5%, showing a 

broadly comparable pattern [15]. In addition, 

the Kenyan study by Njihia found that 

92.7% of breast carcinomas were moderate-

to-high grade [16]. Studies examining other 

immunohistochemical markers have 

similarly demonstrated that intermediate 

and high-grade invasive carcinomas 

constitute substantial proportions of clinical 

breast cancer cohorts [17-19]. The 

predominance of Grade II tumors in the 

present study may therefore reflect the usual 

biological spectrum of invasive ductal 

carcinoma, although referral patterns and 

the relatively small sample could influence 

the distribution. A particularly important 

observation was the frequent expression of 

p21: strong staining in 51.9%, weak in 

21.2%, and negative in 26.9%. Biological 

evidence indicates that p21, encoded by 

CDKN1A, is a major cyclin-dependent 

kinase inhibitor involved in G1/S cell-cycle 

arrest, DNA-damage responses, senescence, 

and apoptosis [11,12]. Nevertheless, p21 does 

not behave exclusively as a tumor 

suppressor. The review by Manousakis et al. 

emphasized that its function in breast cancer 

depends substantially on cellular 

localization and molecular context; nuclear 
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p21 generally restrains proliferation, 

whereas cytoplasmic p21 may promote 

survival, migration, stemness, and 

therapeutic resistance [13]. This dual function 

provides a plausible explanation for the 

substantial p21 expression observed in 

malignant tissue and for differences in 

expression frequencies among studies. No 

statistically significant association was 

found between p21 expression and age 

(p=0.448). Comparable uncertainty has 

been observed with several breast cancer 

biomarkers. For example, the study by 

Hussein et al. found no significant 

relationship between BRCA1 

immunoexpression and patient age [17], 

while the Pakistani study of 120 women also 

demonstrated no significant association 

between age and histological grade 

(p=0.237) [15]. These findings suggest that 

chronological age alone may be insufficient 

to predict molecular alterations within 

breast tumors. Likewise, p21 expression 

was not significantly associated with 

histological grade (p=0.483), despite Grade 

II tumors comprising 71.1% of the p21-

negative and 85.7% of the p21-positive 

groups. This differs from investigations of 

other cell-cycle markers. The study by 

Malik et al. reported p16 expression in 48% 

of invasive breast carcinomas and found 

significant associations with higher grade 

and Ki-67 proliferation [18]. Similarly, 

Lashen et al. demonstrated that high nuclear 

CDK2 expression was strongly associated 

with high tumor grade, lymphovascular 

invasion, and adverse prognostic 

characteristics [19]. Wu et al. also found that 

TOP2A overexpression was significantly 

correlated with higher histological grade 

(r=0.59, p<0.001) [20]. Differences from the 

present results may arise from p21's 

context-dependent biology, variations in 

antibodies and scoring thresholds, 

molecular subtype composition, and, in 

particular, the smaller sample size of 52 

cases. No significant relationship was 

observed between estrogen exposure and 

p21 expression (p=0.805). Breast 

carcinogenesis is multifactorial, and 

epidemiological estrogen exposure does not 

necessarily correspond directly with tumor-

cell hormonal signaling or CDKN1A 

activity. Current molecular evidence 

indicates considerable interaction among 

ER signaling, HER2, p53, CDKs, and other 

proliferative pathways [11-13,21]. Other 

immunohistochemical studies have likewise 

shown substantial marker-specific 

heterogeneity; TROP-2 expression, for 

example, was not prognostic in a cohort of 

685 triple-negative breast cancers, whereas 

POC1A and NUF2 were associated with 

aggressive features in invasive ductal 

carcinoma [22,23]. 

 

LIMITATIONS 

The study was limited by its small sample 

size and single-center design, which may 

restrict the generalizability of the findings. 

The absence of long-term follow-up and 

survival data also prevented assessment of 

the prognostic significance of p21 

expression. In addition, p21 was not 

evaluated in relation to a broader panel of 

molecular markers or according to its 

nuclear and cytoplasmic localization. 

 

CONCLUSION  

In conclusion, p21 immunohistochemical 

expression was frequently observed in 

invasive ductal carcinoma of the breast, 

with strong positivity present in more than 

half of the cases. Although Grade II tumors 

predominated, p21 expression showed no 

statistically significant association with age, 

estrogen exposure, or histological grade. 

These findings suggest that p21 may reflect 

underlying tumor biology but, when 

assessed alone, has limited value for 

clinicopathological stratification.  

 

RECOMMENDATIONS 

Based on the present findings, larger 

multicenter studies with greater sample 

sizes are recommended to validate the 

pattern and clinical significance of p21 

expression in invasive ductal carcinoma of 

the breast. To improve prognostic 

assessment, future research should evaluate 

p21 alongside established biomarkers such 

as ER, PR, HER2, Ki-67, and p53. In 

addition, standardized 

immunohistochemical scoring, separate 

assessment of nuclear and cytoplasmic 

expression, molecular subtype analysis, and 

long-term survival follow-up should be 

incorporated. 
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