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 Assessment of expression of novel immunohistochemical marker programmed death ligand 1(PD-L1) and its correlation with clinicopathological parameters in breast carcinoma
[bookmark: _Hlk203822767]
  
	[bookmark: _GoBack]Aims: Breast carcinoma (BC) is the leading cause of tumor burden, with an incidence of 11.8%. The programmed cell death protein 1(PD-1)/programmed death ligand 1 (PD-L1) pathway represents an adaptive immune resistance mechanism that tumor cells exert. Recent updates in the treatment modality of breast carcinoma indicate that the use of anti-PD-L1 monotherapy will help treat advanced breast carcinoma. This study aimed to evaluate the immunohistochemical (IHC) expression of the PD-L1 in breast carcinoma and to analyze the correlation between the PD-L1 and various clinicopathological factors.
Study design:  A hospital-based cross-sectional study 
Place and Duration of Study: Department of Pathology, BLDE(DU). Shri B.M. Patil Medical College, Hospital, and Research Center, Vijayapura. Between 1st May 2023 to 31st December 2024.  
Methodology: The study was conducted on fifty invasive breast carcinoma cases. Tumor samples were assessed via routine microscopy and graded using the Bloom-Richardson system. IHC was performed for PD-L1 and estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2/neu (HER2/neu) status. PD-L1 scoring was performed using the combined positive score. PD-L1 expression was then correlated to clinicopathological factors including age, tumor size, histologic type and grade, lymph node status, and pTNM stage. 
Results: PD-L1 expression was seen in 14 out of 50 cases (28.0%). Expression of PD-L1 showed a statistically significant correlation with HER2/Neu. The expression of PD-L1 is not statistically significant with other clinicopathological parameters. Hence, it cannot be used as a prognostic tumor size and grade marker. 
Conclusion: Standardized PD-L1 immunohistochemistry reporting ensures reliable evaluation of breast carcinoma. Consistent and accurate PD-L1 assessment could significantly impact the application of novel targeted immunotherapies in treating breast carcinoma. 




 ABSTRACT

   Keywords: Breast carcinoma, PD-L1, Prognosis


.     
.
              . 
                     
	.
..




____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM




1. INTRODUCTION

Breast carcinoma (BC) is the leading cause of tumor burden, with an incidence of 11.8%. The global burden of Breast cancer is expected to cross more than 20 lakhs by 2030 [1]. According to the WHO 2022 projections, in nations with a very high Human Development Index (HDI), about 1 in 12 women will receive a breast cancer diagnosis at some point in their lives, while approximately 1 in 71 will die from the disease [2]. The overall incidence and mortality of females diagnosed with breast cancer are highest in Asian countries like India and Pakistan [3]. Breast cancer is an intricate, multidimensional disease that is caused by a confluence of environmental, hormonal, and hereditary variables [4]. Approximately half of the breast cancers develop in women over the age of 40 years. The notifiable risk factors that increase the risk are the increasing age of the patient, obesity, consumption of alcohol, family history, radiation exposure, and postmenopausal hormone therapy [5]. Programmed Death-Ligand 1 (PD-L1) is an immunoregulatory protein that traverses the cell membrane. It binds to Programmed Cell Death-1 (PD-1) receptors present in diverse immune cells, including lymphocytes (T and B cells), natural killer (NK) cells, dendritic cells, and monocytes. In addition to causing T cell apoptosis, activation decreases T cell multiplication and T lymphocyte activity, decreases cytokine production, and induces Antigenic tolerance [6]. These deactivated T cells in the tumor microenvironment aid in tumor progression [7]. PD-L1 is overexpressed in numerous malignancies like Lung, Urinary bladder, Colorectal, and renal malignancies. A worse prognosis is linked to increased PD-L1 expression [8]. One of the significant focuses of immune-oncology research is identifying the strategies to circumvent these tumor resistance pathways [9]. Immunotherapeutic approaches, especially immune checkpoint inhibitors (ICIs), have transformed oncology and have proven effective in managing various cancers [10]. Several PD-1/PD-L1 inhibitors have been created in recent decades to treat multiple types of cancer [11]. A global clinical trial has demonstrated that adding an anti-PD-L1 drug to nab-paclitaxel significantly enhances progression-free survival in patients with metastatic triple-negative breast cancer compared to treatment with nab-paclitaxel monotherapy alone [12,10]. In September 2014, the approval of Pembrolizumab for advanced melanoma paved the way for the broader clinical advancement of PD-1/PD-L1 inhibitors as anticancer therapies. The FDA has recently authorized these inhibitors as anticancer therapies for nine additional cancer types [13]. Recent years have seen the evolution of anti-PD-1/PD-L1 (Programmed Death-L1) medicines in breast cancer, mainly in the TNBC (triple negative subtype), with encouraging outcomes when administered either alone or in conjunction with conventional therapy [14]. Given that PD-L1 serves as a potential prognostic biomarker in various solid tumors, including breast cancer, its expression must be examined to assess its significance in targeted immunotherapy [15]. 
The present study examines PD-L1 expression in breast carcinoma and its association with patient prognosis

2. material and methods

A hospital-based cross-sectional study was conducted on 50 mastectomy specimens collected at the Histopathology and Surgical Pathology Section of the Department of Pathology. The patient’s age, histological type, tumor size, lymph node status and histological grade were noted. 
Exclusion criteria included breast biopsy, lumpectomy and improperly fixed specimens. Institutional ethical clearance was obtained for this study.
Four sections were prepared from each tissue block. For histopathological diagnosis, one tissue section was stained with hematoxylin and an eosin stain. Additional tissue sections were placed on a poly-L-lysine-coated slide and subjected to ER/PR/HER2/neu and PD-L1 immunohistochemistry. PD-L1 expression was then correlated to clinicopathological factors including age, tumor size, histologic type and grade, lymph node status, ER/PR/HER2/neu and pTNM stage.
A sample was deemed suitable for PD-L1 assessment if it contained at least 100 viable tumor cells. The scoring criteria for tumor cells included partial and complete membrane staining, while cytoplasmic staining was excluded as it was considered nonspecific. The scoring system was also extended to tumor-associated immune cells, including macrophages and infiltrating lymphocytes, that exhibited cytoplasmic or membrane staining. (Table 1)

Table 1 - IHC Interpretation of PD-L1
	PD-L1
	       Combined Positive Score (CPS)

	Positive 
	Tumor cells- Complete or partial membrane staining is present in >10% of tumor cells.
Immune cell- Lymphocytes, macrophages exhibiting cytoplasmic or membrane staining.

	 Negative
	Tumor cells- Complete or partial membrane staining is present in <10% of tumor cells.
Immune cell- Lymphocytes, macrophages exhibiting cytoplasmic or membrane staining.


















Specimens were classified as positive for PD-L1 expression, with a Combined Positive Score (CPS) of≥10%, meaning a minimum 10% of viable tumor cells displayed membrane staining at any intensity, along with immune cells (lymphocytes and macrophages) showing membrane or cytoplasmic staining. Conversely, specimens were considered PD-L1 negative if the CPS was <10%, indicating that less than 10% of viable tumor cells exhibited membrane staining at any intensity [15].
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For sample size calculation, the G*Power version 3.1.9.4 tool was used. Data collection and analysis were conducted using Microsoft Excel and SPSS version 20. Results were presented as Mean (Median) ± Standard Deviation, along with counts, percentages, and visual diagrams for interpretation. The chi-square test was applied to evaluate associations between categorical variables. A P value < .05 was considered statistically significant. 

3. results and discussion

results

EXPRESSION OF PD-L1 IN THE STUDY POPULATION 
   PD-L1 was identified by immunohistochemical (IHC) staining using a “Rabbit monoclonal antibody,   Ventana SP263 Clone kit” with an FDA-approved automatic device (VENTANA BenchMark). PD-L1 expression was objectively evaluated by the Combined Positive Score (CPS). PD-L1 positivity (CPS >10%) was seen in 14 (28%) cases. PD-L1 was considered negative when CPS <10%. In this study, 36 (72%) cases were PD-L1 negative. ( Figure 1) ( Figure 2)
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 Figure 1: Microphotograph of IHC marker PD-L1 showing membranous staining in tumor cells of invasive breast carcinoma NOS (100x)

               [image: ]
Figure 2: Microphotograph of IHC marker PD-L1 showing cytoplasmic and membranous staining in immune cells in invasive breast carcinoma NOS (100x)

CORRELATION BETWEEN PD-L1 EXPRESSION AND THE CLINICOPATHOLOGICAL PARAMETERS

1. AGE
[bookmark: _Hlk192158632]The patients with invasive breast cancer ranged in age from 30 to 80 years, and their mean age was 55.7 years. The highest number of PD-L1 positivity was observed in the study population of people over 50 years of age, with 9 (64.2%) cases out of 14. The p-value is 0.27, which shows a statistically insignificant association between PD-L1 expression and the patient’s age.                                                   
2. SIZE OF THE TUMOR
The size of the tumor varied between 1 cm and 16 cm. In the majority of the cases i.e., in 24 (48%) cases, tumor size was between 2-5cm (T2), 12(24%) cases had tumor size <2cm, 08 (16%) cases had tumor size of >5 cm (T3) and 6 (12%) cases were of T4 showing direct extension to the chest wall and skin. Of the PD-L1 positive patients, 7 (50%) belong to the tumor size T2 group, 5 (35.7%) belong to the tumor size T1, and 02 (14.3%) belong to the tumor size T3. (Figure 3)
There is no statistically significant correlation between tumor growth and PD-L1 expression, as indicated by the p-value of 0.321.   
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 Figure 3:  Macrophotograph showing cut section of Invasive ductal carcinoma with tumor size 2x1.5 cm

3. HISTOLOGICAL TYPE
Out of 50 cases studied, the maximum number was Infiltrating ductal carcinoma NOS, i.e., 46 cases (92%), as shown in (Figure 4). One case (2%) was of Invasive lobular carcinoma, 1 case (2%) was invasive papillary carcinoma, 1 case (2%) was Encapsulated papillary carcinoma, and 1cases (2%) was Mucinous carcinoma. 13 (92.8%) and 33 (91.6%) of the 46 infiltrating ductal carcinoma-NOS cases had PD-L1 negative and positive, expression respectively.
PD-L1 positivity was observed in one case (7.14%) of invasive lobular cancer. The p-value was 0.44, showing no statistically significant association with PD-L1 and histological type. 
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Figure 4: Graphical representation of PD-L1 with histologic type

4. HISTOLOGICAL GRADE
In the present study, 20 (40%) cases belonged to histological grade I, 23 (46%) cases belonged to histological grade II and 7(14%) cases were of grade III. Most cases in this study with positive PD-L1 expression were Grade I. The p-value was 0.534, which shows a statistically insignificant correlation. (Figure 5)
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Figure 5: Microphotograph of invasive breast carcinoma NOS- Grade 2. Tumor cells showing moderate Nuclear pleomorphism (H&E) (400x)

5. LYMPH NODE STATUS
Lymph node metastasis was seen in 30(60%) of the 50 invasive breast cancer cases; of them, 8 (57.1%) had PD-L1 positive and 22 (61.1%) had PD-L1 negative. The p-value was 0.30, showing no statistical significance in comparing PD-L1 expression with lymph-node status.
6.   ESTROGEN RECEPTOR STATUS
Among 50 cases of invasive breast carcinoma, 18 cases (36%) were ER-negative, and 32 cases (64%) were ER-positive. Six (42.9%) of the 18 ER-negative cases were PD-L1 positive. Eight (57.1%) of the 32 patients with positive ER expression had PD-L1 expression. A statistically insignificant association between the tumor’s ER status and PD-L1 expression was demonstrated by the p-value of 0.7

7. PROGESTERON RECEPTOR STATUS
Among 50 cases of invasive breast carcinoma, 20 cases (40%) were PR-negative, and 30 cases (60%) were PR-positive. Seven (50%) of the 20 PR-negative cases were PD-L1 positive. Seven (50%) of the 30 individuals with positive PR expression also had PD-L1 positivity. A statistically insignificant association between the tumor’s PR status and PD-L1 expression was indicated by the p-value of 0.56.

8. HER2/neu STATUS      
Of the 50 invasive breast cancer cases in the current study, 26 (52%) had HER2/neu negative results, and 24 (48%) had HER2/neu positive results. Four (28.6%) of the 26 HER2/neu negative cases were PD-L1 positive. Ten (71.4%) of the 24 individuals with positive HER2/neu expression also had PD-L1 positivity. PD-L1 expression and the tumor’s HER2/neu status were statistically significantly correlated, as indicated by the p-value of 0.039. (Figure 6)
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            Figure 6: Graphical representation of PD-L1 with HER2/neu receptor status



Summary of PD-L1 expression and correlation with various clinicopathological parameters, such as the age of the patient, tumor size, histological type, histological grade, lymph node status, and ER/PR expression, as shown in (Table 2).
       








                        Table 2: Comparison of PD-L1 with various clinicopathological parameters

	[bookmark: _Hlk193888825]PARAMETERS
	PD-L1 NEGATIVE
NO OF CASES(%)
	PD-L1 POSITIVE
NO OF CASES(%)
	CHI-  SQUARE TEST
	P VALUE

	AGE

	<30
	0 (0%)
	0 (0%)
	

3.88
	

0.27

	31-40
	4 (11.3%)
	3 (21.4%)
	
	

	41-50
	7 (19.4%)
	2 (14.2%)
	
	

	51-60
	11 (30.5%)
	7 (50%)
	
	

	>60
	14 (38.8%)
	2 (14.2%)
	
	

	TUMOR SIZE

	T1
	07 (19.4%)
	05 (35.7%)
	
3.50
	
0.32

	T2
	17 (47.2%)
	07 (50%)
	
	

	T3
	06 (16.7%)
	02 (14.3%)
	
	

	T4
	06 (16.7%)
	00 (0%)
	
	

	HISTOLOGICAL TYPE

	        IDC-NOS
	33 (91.6%)
	13 (92.8%)
	

3.74
	

0.44

	ILC
	00
	1 (7.14%)
	
	

	EPC
	01 (2.7%)
	00 (0%)
	
	

	IPC
	01 (2.7%)
	00 (0%)
	
	

	MC
	01 (2.7%)
	00 (0%)
	
	

	HISTOLOGICAL GRADE

	I
	14 (38.9%)
	06 (42.9%)
	
1.25
	
0.53

	II
	18 (50%)
	05 (35.7%)
	
	

	III
	4 (11.1%)
	03 (21.4%)
	
	

	LYMPH NODE STATUS

	Involved
	22 (61.1%)
	08 (57.1%)
	1.07
	0.30

	Not involved
	14 (38.9%)
	06 (42.9%)
	
	

	ER STATUS

	         Negative
	12 (33.3%)
	06 (42.9%)
	0.09
	0.76

	Positive
	24 (66.7%)
	08 (57.1%)
	
	

	PR STATUS

	         Negative
	13 (36.1%)
	07 (50%)
	0.35
	0.56

	Positive
	23 (63.9%)
	07 (50%)
	
	

	HER 2 NEU

	         Negative
	22 (61.1%)
	04 (28.6%)
	3.07
	0.03*

	  Positive
	    14 (38.9%)
	10 (71.4%)
	
	


      

DISCUSSION
[bookmark: _Hlk202172056]Breast cancer accounts for more than one million of the estimated 10 million neoplasms identified globally every year in both men and women, making it the most prevalent cause of cancer in females in both high- and low-resource settings [21]. More excellent knowledge of the molecular causes of metastatic disease would have applications in the medical field of diagnosis, treatment, and prognosis because metastatic disease is the cause of mortality linked to breast cancer [22]. To create individualized care, a thorough search for potential disease markers is required, particularly for those having prognostic and therapeutic implications  [23]. 
In the study we conducted, PD-L1 positivity was found in 28% of cases of breast carcinoma. PD-L1 expression ranges from 80%, 14.6%, 35.9%, 11%, and 52.6%, respectively, in research by Gupta et al.[17], Punhani et al.[15], Gajaria et al.[6], Amin et al.[8], Dey et al.[16], and Lou J et al[18]. Different antibody clones and scoring systems may cause the difference in PD-L1 expression observed in different studies. 
PD-L1 expression was higher in postmenopausal patients in this study, with a Mean age of 55.7 years. The research done by Punhani et al., Dey et al., and Lou et al. yielded similar results. 
The 10-year survival rate for women with tumors less than 1 cm and no lymph nodes is 90%; if the cancer is more significant than 2 cm, the 10-year survival rate is 77%. The highest number of cases in the studies by Punhani et al., Gajaria et al., Amin et al., and Lou J et al. belonged to size 2-5(T2) cm. However, this was not statistically significant. The current research found that  50% cases with PD-L1 positive belong to the tumor size T2 category. PD-L1 and tumor size did not significantly correlate in our investigation, as indicated by the p-value of 0.32. In studies by Gupta et al. and Dey et al., a significant correlation between PD-L1 and tumor size(T2) was found.
Most cases were Infiltrating Ductal carcinoma-NOS (46 out of 50 cases), but none of these types were statistically significant with PD-L1 expression. Punhani et al., Amin et al., and Dey et al. found that 94%, 84.4%, and 89.6% of cases were IDC-NOS, respectively, but there was no statistical significance between PD-L1 and histological type. 
Grade 2 tumors accounted for the most significant fraction in the current study (46%). A study by Gupta et al. and Dey et al. found the similar results. PD-L1 expression was observed to be linked with higher tumor grade, i.e., Grade 3, with a p-value <0.05 in the Punhani et al. and Amin et al. studies. 
Approximately 10-20 % of women without axillary lymph node metastasis experience recurrence with distant metastasis [19,20]. In the current study, out of 30 lymph node metastasis cases, 08 cases (57.1%) showed PD-L1 positive expression, which meant there is no statistically significant correlation between PD-L1 and lymph node metastasis. Similar findings were noted in the studies performed by Punhani et al. and Dey et al. 
PD-L1 and HER2/Neu positive status were statistically significant in the current study, with a p-value of 0.03. However, no statistical significance existed between PD-L1 and PR/ER status. Amin et al.’s study showed no statistical correlation between PD-L1 and ER expression, PR expression and HER2/neu expression in their research. In the study by Gupta et al., a statistical correlation was seen between PD-L1, ER-positive expression, and HER2/neu-negative expression. 

4. Conclusion

[bookmark: _Hlk202172097]According to our research, PD-L1 expression is associated with poor prognostic variables for breast cancer, notably HER2/neu status. This suggests that a poor prognosis is linked to PD-L1 expression. Nevertheless, no statistically significant association was discovered between prognostic and clinicopathological factors, such as ER/PR status, lymph node status, tumor size, histology type, histological grade, and patient age. Because of this, it cannot be employed as a prognostic marker
Therefore, PD-L1 expression is a new marker and standardization of immunohistochemical (IHC) reporting for PD-L1 is essential to ensure reproducibility and reliability in evaluating breast carcinoma. Consistent and accurate PD-L1 assessment could significantly impact the application of novel targeted immunotherapies in treating breast carcinoma.
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