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Background & Objective: Colorectal carcinoma (CRC) is one of the most common 
cancers worldwide. The interaction of programmed cell death receptor 1 (PD-1) and 
programmed death ligand 1 (PD-L1) plays an important role by inhibiting the immune 
mechanism by which cancer cells escape antitumor immunity. Immunotherapy using 
checkpoint inhibitors is a growing treatment modality in many cancers; one such is anti-
PD1/PD-L1. The present study aimed to study the immunohistochemical (IHC) 
expression of PD-L1 in CRC and its association with various known clinicopathological 
parameters.  

Methods: This study was a 2-year prospective study and included 34 colectomy 
specimens diagnosed as colorectal adenocarcinoma. The expression of PD-L1 was 
evaluated on tumoral cells and tumor-infiltrating immune cells (TIICs) and was 
correlated with various clinicopathological parameters. 
Results: Immunohistochemical expression of PD-L1 on tumoral cells and tumor 
microenvironment in CRC revealed positivity in 17.65% of cases each. The PD-L1 
expression on tumoral cells was associated with lymphovascular invasion (LVI) and 
perineural invasion (PNI) with P- values of 0.012 and 0.005, respectively, while PD-
L1 expression on TIICs was associated with tumor budding with a P-value of 0.022.  

Conclusion: IHC expression of PD-L1 on tumoral cells and immune cells may be 
associated with some known poor prognostic factors. Since anti-PD1/PD-L1 is used for 
targeted therapy, it may be beneficial and economically feasible to evaluate PD-L1 in CRC 
and establish its role as a prognostic factor. 
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Introduction
Colorectal carcinoma (CRC) is the third most 

commonly diagnosed cancer worldwide, accounting for 
about 9.4% of all cancer-related fatalities (1). It is the 
fourth most prevalent cancer in men and the third most 
common cancer in women in India (2). 

Adenocarcinoma is the most frequent histological 
subtype of colorectal carcinoma, accounting for 90% of 
all cases (3). Cancer immunotherapy has a longer-lasting 
effect and is more tolerable than conventional therapies. 
Checkpoint blockade drugs targeting PD-1 and its ligand, 
PD-L1, have had exceptional clinical results in various 
cancers (4). The tumor cells showed expression of PD-L1 
when tested by immunohistochemistry (IHC), in many 
tumors responding to therapy with anti-PD-1 (5).  

The objectives of this study were to evaluate the 
immunohistochemical expression of PD-L1 in 
colorectal carcinoma as well as its association with 
various clinicopathological parameters. 

Material and Methods 
It was a prospective study of two years, from 

October 2018 to October 2020. Based on the the 
number of specimens received during the previous 
years in the department, a sample size was derived by 
the following formula.  

𝑆𝑆 = Z2 × P (1−p)
d2

= 1.96×1.96×0.02×0.98
0.05x0.05

=30 

Where, 
 Z= z-score (Confidence level = 95%), d= margin 

of error, p=prevalence. 
A total of 34 colectomy specimens with histological 

diagnosis of adenocarcinoma in the Department of 
Pathology, JSS Hospital, Mysuru, were included in the 
study. The specimens were grossed as per the protocol. 
After documenting the gross features, representative 
tissue sections were taken. Routine histopathological 
processing was done, and sections were stained with 

https://dx.doi.org/10.30699/IJP.2023.1988660.3054
mailto:devi.sheela1@gmail.com
https://www.orcid.org/0000-0001-7611-9743
https://orcid.org/0000-7228-9390


Shruti Tadachina et al. 23 

   Vol. 19 No.1 Winter, 2024                                                                                 IRANIAN JOURNAL OF PATHOLOGY 

hematoxylin and eosin (H&E) stain. The following 
variables were documented: age, gender, tumor 
location, tumor size, histological differentiation, LVI, 
PNI, and TNM (Tumor Node Metastasis) stage, 
according to the American Joint Committee on Cancer 
Staging Manual (AJCC) (6). 

Immunohistochemistry 
Immunohistochemical staining of PDL-1 was 

performed on formalin-fixed paraffin-embedded 
sections using commercially available antibodies 
(Biocare, Clone: CAL10) with Autostainer Intelipath 
from Biocare. The tonsil tissue was used as a positive 
control with moderate to strong staining intensity on 
lymphocytes and macrophages in germinal centers, 
with diffuse reticular crypt epithelial cells staining.  
Scoring of PD-L1 Immunohistochemical Expression 

Membranous and cytoplasmic staining observed on 
tumor cells and /or tumor-infiltrating immune cells, 
which included lymphocytes, macrophages, dendritic 
cells, and histiocytes, was considered positive and 
scored.  

The intensity of staining of PD-L1 was scored as 0 
for no staining, 1 for faint staining, 2 for moderate 
staining, and 3 for strong staining. >5% of the tumor 
cells and/or tumor-infiltrating immune cells showing 
PD-L1 expression with moderate or strong intensity 
were defined as positive (7).  

Statistical Analysis  
The results were analyzed using SPSS 22 (SPSS 

Inc., Chicago, Ill., USA). Comparison between groups 

was performed with a Chi-square test (χ2) for 
categorical data. Associated P-values were reported for 
each of the baseline predictors. A P-value<0.05 was 
considered statistically significant. 

 

Results 
Clinicopathological Characteristics (Table 1) 
A total of 34 colectomy specimens were included 

in the study. The mean age of the patients was 57.5 
years (range 30-85 years), with an M:F ratio of 1:1. The 
majority of the tumors were located in the left colon 
(55.88%), with ulceroproliferative growth as the 
predominant type (58.82%). The tumor size was ≥ 5 cm 
in 58.83% of the cases. The majority (91.17%) of the 
tumors were adenocarcinomas and were moderately 
differentiated. Lymphovascular and perineural 
invasion were seen in 64.7% and 17.65% of cases, 
respectively. The staging of most tumors was pT3 
(61.76%) and N0 stage (41.17%). The pattern of 
invasion was infiltrative in 58.82% of cases. 
Intratumoral and peritumoral lymphocytic infiltration 
(TIL) was marked in 8.82% and 44.12% cases, 
respectively. Tumor budding was noted in 14.7% of 
cases, and mucin pools were reported in 38.24% of 
cases. 

Immunohistochemical expression of PD-L1 
IHC expression of PD-L1 on tumor cells and tumor 

microenvironment in CRC was seen in 6 out of 34 
cases (17.65%) each (Figures 1 & 2). 

 
 

 

 

 

  

 
Fig. 1. (A) Cytoplasmic staining of PD-L1 in tumor cells (2+) (PD-L1, X200); (B) Membranous staining of PD-L1 in tumor cells 
(3+) (PD-L1, X100) [inset X400]; (C)PD-L1 staining of TIICs (2+), (PD-L1, X40) [inset X100] 
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Table 1. Clinicopathological characteristics of CRC patients. 

Parameter Sample No. 
Mean Age 57.5 
Gender 

Male 17 
Female 17 

Location 
Right 14 
Left 19 

Right & Left 1 
Growth Type 

Ulceroinfiltrative 14 
Ulceroproliferative 20 

Tumor Size 
< 5cm 14 
≥ 5cm 20 

Differentiation 
Well 3 

Moderate 31 
Poor 0 

Lymphovascular Invasion 
Yes 22 
No 12 

Perineural Invasion 
Yes 6 
No 28 

Parameter Sample No. 
pT Staging 

T1 1 
T2 10 
T3 21 
T4 2 

pN Staging 
N0 14 
N1 13 
N2 7 

Pattern of Invasion 
Pushing 14 

Infiltrative 20 
Intratumoral TILs 

None/Mild 31 
Marked 3 

Peritumoral TILs 
None/Mild 19 

Marked 15 
Tumor Budding 

Yes 5 
No 29 

Mucin Pool(s) 
Yes 13 
No 21 

 

  
 
 

  

 
Fig. 2. (A) PD-L1 cytoplasmic staining of tumor cells, (1+) (PD-L1, X100); (B) PD-L1 staining of tumor cells (2+) (PD-L1, X40) 
[inset X100]; (C) PD-L1 staining of tumor cells (3+) (PD-L1, X100) [inset X 400]. 
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Relationship Between PD-L1 Expression on the 
Tumoral Cells, Tumor Infiltrating Immune Cells, 
and Clinicopathological Features  

IHC expression of PD-L1 on the tumoral cells was 
found statistically significant in association with LVI 
and PNI with a P-value of 0.012 and 0.005, 

respectively. In contrast, PD-L1 expression on the 
infiltrating immune cells is associated with tumor 
budding with a P-value of 0.022. However, no 
association was seen with other clinicopathological 
factors, including age, gender, location, histological 
type, grading, and staging (Tables 2 and 3). 

 

 
Table 2. Immunohistochemical tissue expression of PD-L1 in the tumoral cells of the  CRC patients. 

  PD-L1 (Tumor) 
Negative Positive  

Parameter  N (%) N (%) P-value 
Age 

0.551. ≥60 Years 13(86.7) 2(13.3) 
<60 years 15(78.9) 4(21.1) 

Gender 
0.672 Male 14(82.4) 3(17.6) 

Female 14(82.4) 3(17.6) 
Location 

0.102 Right 11(78.6) 3(21.4) 
Left 16(84.2) 3(15.8) 

Right & Left 1(100) 0(0) 
Growth Type 

1.441 Ulceroinfiltrative 11(78.6) 3(21.4) 
Ulceroproliferative 17(85.0) 3(15.0) 

Tumor Size 
5.346 < 5cm 9(64.3) 5(35.7) 

≥ 5cm 19(95.0) 1(5.0) 
Differentiation 

0.705 Well 3(100) 0(0) 
Moderate 25(80.6) 6(19.4) 

Poor 0(0) 0(0) 
Lymphovascular Invasion 

0.012 Yes 18(81.8) 4(18.2) 
No 10(83.3) 2(16.7) 

Perineural Invasion 
0.005 Yes 5(83.3) 1(16.7) 

No 23(82.1) 5(17.9) 
pT Staging 

1.594 
T1 1(100) 0(0) 
T2 9(90.0) 1(10.0) 
T3 16(76.2) 5(23.8) 
T4 2(100) 0(0) 

pN Staging 

5.985 N0 11(78.6) 3(21.4) 
N1 13(100) 0(0) 
N2 4(57.1) 3(42.9) 

Pattern of Invasion 
1.807 Pushing 13(92.9) 1(7.1) 

Infiltrative 15(75.0) 5(25.0) 
Intratumoral TILs 

0.705 Mild 25(80.6) 6(19.4) 
Marked 3(100) 0(0) 

Peritumoral TILs 
1.503 Mild 17(89.5) 2(10.5) 

Marked 11(73.3) 4(26.7) 
Tumor Budding 

7.235 Yes 2(40.0) 3(60.0) 
No 26(89.7) 3(10.3) 

Mucin Pools 
0.074 Yes 11(84.6) 2(15.4) 

No 17(81.0) 4(19.0) 
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Table 3. Immunohistochemical tissue expression of PD-L1 in the tumor-infiltrating immune cells (TIICs) in the CRC patients. 

 
PD-L1 (TIICs) 

Low High 
P-value 

Parameter N (%) N (%) 

Age 3.848 

≥60 Years 11(68.75) 5(31.25) 
 

<60 years 17(94.45) 1(5.55) 

Gender 0.672 

Male 14(82.4) 3(17.6) 
 

Female 14(82.4) 3(17.6) 

Location 0.475 

Right 12(85.72) 2(14.28) 

 Left 15(78.94) 4(21.06) 

Right & Left 1(100) 0(0) 

Growth Type 1.807 

Ulceroinfiltrative 13(92.85) 1(7.15) 
 

Ulceroproliferative 15(75) 5(25) 

Tumor Size 0.185 

< 5cm 12(85.72) 2(14.28) 
 

≥ 5cm 16(80) 4(20) 

Differentiation 0.705 

Well 3(100) 0(0) 

 Moderate 25(80.64) 6(19.36) 

Poor 0(0) 0(0) 

Lymphovascular Invasion 7.362 

Yes 21(95.45) 1(4.55) 
 

No 7(58.34) 5(41.66) 

Perineural Invasion 1.561 

Yes 6(100) 0(0) 
 

No 22(78.58) 6(21.42) 

pT Staging 1.856 

T1 1(100) 0(0) 

 
T2 7(70) 3(30) 

T3 18(85.72) 3(14.28) 

T4 2(100) 0(0) 

pN Staging 2.091 

N0 10(71.42) 4(28.58) 

 N1 12(92.30) 1(7.70) 

N2 6(85.71) 1(14.29) 

Pattern of Invasion 1.954 

Pushing 10(71.42) 4(28.58) 
 

Infiltrative 18(90) 2(10) 

Intratumoral TILs 0.557 

Mild 26(83.87) 5(16.13) 
 

Marked 2(66.66) 1(33.34) 

Peritumoral TILs 4.545 

Mild 18(94.73) 1(5.27) 
 

Marked 10(66.66) 5(33.34) 

Tumor Budding 0.022 

Yes 4(80) 1(20) 
 

No 24(82.76) 5(17.24) 

Mucin Pool(s) 1.435 

Yes 12(92.30) 1(7.70) 
 

No 16(76.19) 5(23.81) 

 
 

Discussion 
Colorectal adenocarcinoma is the most frequent 

gastrointestinal malignancy, causing morbidity and 
mortality around the world. It is more common in older 
people, with males being slightly more affected than 
females (1).  

In colorectal cancer, aggressive surgery combined 
with chemoradiotherapy is the backbone of treatment. 

Even though roughly 90% of patients with early-stage 
cancer who receive standardized treatment have a 5-
year life expectancy, about 40% of them will still 
develop distant metastasis and/or local recurrence. This 
has prompted researchers to look into more effective 
treatments, such as immunotherapy (8). Amongst 
these, checkpoint blockade drugs that target PD-1 and 
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its ligand, PD-L1, have attained unmatched therapeutic 
impact in various malignancies (5). The patients' 
average age and gender are concordant with a study by 
Shi SJ et al. and Shan T et al. (9, 10), and PD-L1 
expression did not show any association with age or 
gender in most studies. Nevertheless, age has been 
described as an independent prognostic factor and also 
in association with comorbidities and ulcerative type of 
growth (11, 12). 

Rosenbaum MW et al. and Masugi Y found a 
significant association of PD-L1 expression with 
gender, which could be an incidental finding (13, 14). 
In a meta-analysis of 13 retrospective cohort studies 
and one randomized controlled trial, patient gender was 
the only significant predictor of relative survival 
advantage. However, the reasons leading to this effect 
remain unclear. In a univariate regression study, 
women were found to have a greater recurrence-free 
and overall survival rate than men. It is hypothesized 
that female hormones may have a preventive effect 
against CRC (16). 

In diverse studies, the IHC expression of PD-L1 on 
tumor cells ranges from 4.4% to 88.8%. The present 
study is consistent with studies by Zhu H et al. and 
Aziz ZW et al. (16, 17, 18, 19). These variations could 
be ascribed to scoring system differences, intratumoral 
staining heterogeneity due to tissue microarrays versus 
whole slides, positive cut-offs used, and other factors.  

To minimize the overestimation of PD-L1 
expression and difficulty in the detection of very few 
positive neoplastic cells, PD-L1 expression was 
evaluated with a cut-off of >5%. 

PD-L1 expression on TIICs is similar to the 
findings of Wang L et al. (20). Many studies have 
looked at the role of immune invading cells using 
specific markers such as PD-1 and CD8+. Higher PD-
L1 expression on TIICs in some studies could be due 
to a variety of factors, including bigger sample sizes, a 
lack of specific criteria for PD-L1 positivity on the 
immune cells, and different cut-off values employed. 

Relationship Between PD-L1 Staining on the 
Tumoral Cells and Other Clinicopathological 
Features 

The expression of PD-L1 staining on the tumoral 
cells was not significant with the site and size of the 
tumor, which may be limited by the small sample size. 
However, a significant correlation of PD-L1 with both 
these features is noted by several authors. (5, 18, 21, 
22). Many studies have analyzed the role of mutational 
status, such as KRAS, and BRAF, and key marker 
expression, such as HER2 and EGFR, on the impact of 
tumor site on prognosis. When compared to the right 
side, the left side was observed to be associated with a 
considerably longer progression-free survival and a 
superior overall survival in these trials (23). 

In patients with colorectal adenocarcinoma of the 
infiltrative type, tumor size is found to be an 
independent determinant for overall survival and 

disease-free survival, but only for overall survival in 
patients with ulcerative type (12).   

There was no significant relationship between PD-
L1 expression on the tumoral cells and tumor grade. 
Shi SJ et al. found a higher number of well-
differentiated carcinomas in their analysis and a strong 
association with PD-L1 expression. They reasoned that 
PD-L1 may have an oncogenic role in colon cancer 
development by modulating cell proliferation, 
apoptosis, migration, invasion, and differentiation. 
There was a statistically significant difference in 
overall survival between the positive and negative 
groups. They also found that having high levels of PD-
L1 increased the chance of mortality and decreased 
overall survival, implying that PD-L1 expression is an 
independent predictor of prognosis (9).  

A significant association of PD-L1 expression with 
LVI and PNI was noted. These results are comparable 
to those found by Droeser RA et al. and Huang CY et 
al. (19, 24). However, compared to their work, the 
sample size in our study is substantially smaller. PD-
L1 expression is strongly linked with TNM stage, 
lymph node metastasis, and distant metastasis in a few 
studies, and it has also been established that elevated 
PD-L1 expression in tumor tissue is a poor predictive 
indicator on its own (10). 

In many studies, the association between PD-L1 
expression and T stage was insignificant, despite the 
sample size being substantial in a few of them. In their 
multivariate study, Shan T et al., Masugi Y et al., and 
Droeser RA et al. found a significant correlation and 
found PD-L1 to be an independent risk factor (10, 14, 
19). Enkhabat et al. investigated the link between PD-
1, PD-L1, TGF-ß, and FOX-1 and discovered that PD-
L1 positive groups had inferior overall survival rates. 
The present study had no association with tumor and 
nodal stage (18).   

In a multivariate analysis of 1363 cases, Shan T et 
al. and Droeser RA et al. discovered a substantial 
correlation between PD-L1 expression and the N stage. 
Poor tumor differentiation, lymph node metastases, and 
positive PD- L1 expression were all found to have an 
impact on prognosis in their study (10, 19).  

The tumor border is seen frequently in CRC cases 
with a low risk of distant and nodal metastasis and is 
associated with mismatch-repair deficiency, whereas 
an infiltrative tumor border configuration is associated 
with adverse clinicopathological features, early disease 
recurrence, poor survival, and molecular alterations 
related to aggressive tumor behavior, such as 
BRAFV600 mutation (25). 

The epithelial-mesenchymal transition is thought to 
play a role in poor differentiation, infiltrating margin, 
and tumor budding.   

We did not find a meaningful correlation with 
margins, tumor budding, and extracellular mucin. Kim 
JH et al. (26) found an association between positive 
PD-L1 expression on tumor cells and poor 
differentiation, decreased extracellular mucin 
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component, infiltrating growth pattern, tumor budding, 
LVI, and advanced stage in their study on MSI-H 
(microsatellite instability) CRC. In MMR (mismatch 
repair status)-competent CRC, Droeser RA et al. 
discovered a link between mucinous histology and PD-
L1 expression (19).  

Relationship Between PD-L1 on the Tumor-
Infiltrating Immune Cells and Clinicopathological 
Features  

In 1992, Japanese researchers Ishida Y et al. 
identified and designated Programmed cell death 
protein 1 (PD-1) as an inhibitory checkpoint molecule 
produced on the surface of activated T-cells to regulate 
activation and proliferation (27). Activated T-cells, B-
cells, macrophages, tumor cells, dendritic cells, and 
endothelial cells express PD-L1, a PD-1 ligand (28). In 
many malignancies, PD-L1 on immune cells may play 
a substantial role in the T-cell inhibitory mechanism 
(29, 30). Many researchers have looked at PD-1 and 
CD8+ immunostaining expression on invading 
immune cells. The use of PD-L1 in conjunction with 
them may be more relevant.   

This study had a significant connection between 
PD-L1 staining on the lymphocytes and tumor 
budding. These findings are comparable to those of 
Ahtiainen M et al., who looked at the combined 
predictive value of PD-L1/PD-1 expression and 
immune cell infiltration in CRC as a function of MMR 
and discovered that combining the immune cell score 
of PD-1 and PD-L1 is a powerful independent 
prognostic factor for survival (7). The Crohn's-like 
disease lymphoid response of the host is associated 
with a lower incidence of lymph node metastases and 
improved survival in a few studies (31, 32).   

Shi S J et al. found a link between high PD-L1 
expression and higher tumor-related mortality in CRC, 
implying that it could be used as a biomarker for poor 
prognosis (9).  

Droeser et al., on the other hand, found that high 
PD-L1 expression in colorectal cancer was linked to a 
low tumor grade, early T stage, lack of vascular 
invasion and lymph node metastases, and enhanced 
patient survival. They discovered the aforementioned 
finding in MMR proficient CRC because this study was 
a multivariate analysis for numerous 
clinicopathological variables with MMR status. They 
hypothesized that the link between PD-L1 expression 
in CRC cells and a better prognosis in MMR-positive 
CRC was due to increased CD8+ T cell infiltration 
(19).  

Shen Z et al. concluded in a comprehensive review 
and meta-analysis that PD-L1 expression might be 
used as an independent factor for predicting CRC 
prognosis because patients with advanced disease or 
lymphatic invasion are more likely to express PD-L1 
(33).  

PD-L1 expression in the tumoral cells was 
substantially related to poor right colon cancer, poor 
differentiation, and poor overall survival in another 

meta-analysis by Li Y et al., which included ten papers 
(34). 

In a meta-analysis involving 32 papers and 8823 
CRC patients, Wang S et al. found that PD-L1 
expression was associated with lymphatic metastasis, 
tumor diameter, differentiation, and vascular invasion 
and thus concluded that PD-L1 expression is an 
independent predictor of poor prognosis in CRC (35).  

Although PD-L1 expression on tumor cells 
indicates a tumor's chance of responding to anti-PD-L1 
therapy, its assessment is also an important biomarker 
for determining prognosis in CRC. 

 
Conclusion 

CRC is one of the most frequent tumors in the 
Indian subcontinent and is an aggressive malignancy. 
Currently, the basic treatment for this condition is 
radical surgery combined with chemoradiotherapy. In 
the current study, the immunohistochemical expression 
of PD-L1 on the tumoral cells and in the tumor 
microenvironment in CRC was found to be associated 
with LVI, PNI, and tumor budding, all of which are 
recognized as poor  prognostic factors. There is, 
however, no correlation with other known prognostic 
variables. Various studies have found contradictory 
outcomes with numerous clinicopathological variables. 
A small sample size limits this study. Studies with 
larger samples may be required to confirm the role of 
PD-L1 as an independent predictive factor. Expression 
of PD-1 and CD8+ on lymphocytes would have refined 
this study. Molecular phenotyping of the CRC was 
impossible, and recurrence or survival analysis was not 
addressed as the follow-up data was unavailable. Since 
anti-PD-L1 may be used for targeted therapy, 
evaluating the immunohistochemical expression of 
PD-L1 in CRC in a country like ours may be beneficial. 
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