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Abstract 

Objectives: The aim of this study was to evaluate the expression of programmed death-ligand (PD-L1) in 
bladder cancer cases using immunohistochemistry, and to determine whether an association exists between the 
level of expression and tumor grade, stage, and outcome. This study also looked at the available 
clinicopathological features of bladder cancer among Omanis. 

Methods: This was a retrospective cohort study of patients using archived samples that was subjected to 
prospective analysis. All patients diagnosed and treated for bladder cancer in Sultan Qaboos University Hospital 
(SQUH) from January 2006 to December 2017 and followed-up for at least one year were included. Clinical 
information including age, sex, any risk factors, and stage at diagnosis were obtained from the medical records. 
PD-L1 testing using immunohistochemistry was performed on formalin fixed paraffin embedded tissue blocks. 
Scoring of PD-L1 expression by tumor cells was done independently by two pathologists. Positivity was defined 
using two different cut-off values (≥ 5% and ≥ 25%) of tumor cells showing membrane or cytoplasmic staining. 
Outcome was divided into two categories either no recurrence at last follow-up or recurrence/disease 
progression/death. 

Results: There was a total of 68 cases, 72.1% were males and 27.9% were females with an age range of 35 to 
89 years (mean = 65.32 and median = 66). Majority were diagnosed with pT2 stage disease (38.8%) followed 
by pT1 stage disease (32.8%). Hematuria was the most common presentation (58.7%). Invasive urothelial 
carcinoma appeared in 79.4% of patients and 83.8% were of high grade. PD-L1 testing were performed on 63 
cases, five were excluded due to non-availability of tissue blocks. PD-L1 was positive in 44% of cases using 
cut-off value of 5%, however it dropped to 30% using the cut-off value of 25%. Using a cut-off value of 5%, it 
was significantly associated with tumor grade (p = 0.033), but this was not significant using cut-off value of 
25% (p = 0.250). No statistically significant association was found between PD-L1 expression and outcome 
using both cut-off values (p = 1.000 for both) and stage at diagnosis (p = 0.798 and p = 0.102). 

Conclusion: This study showed that at a cut-off value of ≥ 5%, 44% of cases of bladder cancer were PD-L1 
positive. There was a significant association between PD-L1 expression in bladder cancer and tumor grade. On 
the other hand, no statistically significant association was found between tumor stage and outcome. These results 
indicate potential benefit for patients of high tumor grade with anti-PD-L1 immunotherapy. In addition, this 
study highlights the clinicopathological features of bladder cancer among Omani patients and shows comparable 
results to such data worldwide. Expanding the sample size by including other health institutions in Oman will 
add more strength to this study. 
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Introduction 

Bladder cancer is a complex disease associated with high morbidity and mortality rates if not treated 
optimally(1,2) . There are about 380000 new cases and 150000 deaths per year worldwide(1,3) . According to 
Cancer Incidence in Oman 2011, the incidence of bladder cancer per 100,000 per year is 2.7 and 0.8 for males 
and females respectively(4) . While generally advanced disease is best treated with systemic cisplatin-based 
chemotherapy, immunotherapy is emerging as a viable salvage treatment for patients in whom first-line 
chemotherapy cannot control the disease. This is done by using monoclonal antibodies (mAbs) targeting 
Programmed death (PD-1) or Programmed death-ligand 1(PD-L1) that can block the PD-1/PD-L1 pathway and 
activate T cells to do its functions(5) . 

Programmed death-ligand 1 (PD-L1) is a transmembrane protein whose major role is to inhibit immune cells 
mainly activated T cells. PD-L1 is expressed in a wide range of human tissues including placenta, heart, 
pancreas, spleen, lymph node, and thymus, while it is absent in brain and kidney tissue(6) . There is a specific 
receptor that can be ligated by PD-L1 which called programmed death receptor 1 (PD-1) which is expressed on 
CD4+ and CD8+ T cells, monocytes, natural killer T cells, B cells, and dendritic cells (5) . In normal tissues, PD-
1 signaling in T cells regulates immune responses to decrease damage to adjacent tissue and play a major role 
in the development of autoimmunity by inducing tolerance to self-antigens. Binding of PD-L1 to PD-1 leads to 
the inhibition of T cell activation through induction of apoptosis, reduction of proliferation, and inhibition of 
cytokine secretion(7) . PD-L1 is found on the surface of tumor cells and antigen presenting cells (5) . The 
mechanism of expression of PDL-1 on tumor cells is related to cancer immune-editing process which has three 
phases: elimination, equilibrium and escape. During the first phase which is elimination phase, cancer cells are 
recognized and destroyed by immune cells before they become detectable clinically. If tumor cells survive the 
elimination phase, they enter the equilibrium phase in which editing of tumor immunogenicity occurs and the 
outgrowth of the tumor cells is suppressed. However, a variant of tumor cells that are not recognized by the 
immune system may arise and therefore they enter the escape phase during which many changes on the surface 
antigens and production of immunosuppressive molecules and cytokines that are activated by tumor cells occur 
and result in clinically evident disease.(8) 

PD-1/PD-L1 pathway targeting mAbs have been used in the treatment of different types of malignancies 
including melanoma, NSCLC, RCC, bladder cancer, CRC, and gastric cancer. The overall response rates 
achieved was 16%–100% .(7) 

Atezolizumab which is Programmed death-ligand 1(PD-L1) inhibitor has been FDA-approved as second-
line therapy for advanced bladder cancer.(9) Increased levels of PD-L1 expression on immune cells have been 
associated with increased response.(10,11) PDL-1 expression as detected by Immunohistochemistry (IHC) seems 
to be the best currently available biomarker and may be indicative of a dose–response relationship between PD-
L1 expression and drug efficacy.(12) The detection of PD-L1 by IHC may be difficult at times because of tumor 
histology, and the staining can be either focal or diffuse. Hence assessment of PD-L1 and selection of the 
optimum site for biopsy for assessing PD-L1 expression status remains challenging.(5) PD-L1 overexpressed in 
bladder tumor cells has been linked to higher clinical stage and reduced disease-free survival rates, and a positive 
correlation between PD-L1 overexpression and cancers developing lymph node metastasis and loco-regional 
failure has been shown.(13) Testing for PD-L1 using immunohistochemistry will guide the selection of patients 
who will be treated by immunotherapy and it can be used to evaluate whether the patient will benefit from cancer 
immunotherapy or not to avoid unnecessary toxicity from this immunotherapy.(5) 

The aim of this study was to evaluate the expression of programmed death-ligand (PD-L1) in bladder cancer 
cases by using immunohistochemistry, and to determine whether an association exists between the level of 
expression and tumor grade, stage, and outcome. This study also looked at the available clinicopathological 
features of bladder cancer among Omanis. 
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Methods 

This was a retrospective cohort study of patients using archived samples that was subjected to prospective 
analysis. This study included all patients diagnosed and treated for bladder cancer in Sultan Qaboos University 
Hospital (SQUH) from the period between January 2006 to December 2017 with at least one-year follow-up. 
Patient with no sufficient follow up or those with no sufficient tissue block were excluded from PD-L1 testing. 
Patients list was obtained from the hospital information system ( HIS ) using these key wards : urothelial 
carcinoma, bladder cancer. Then a data collection sheet was used to collect data for each patient which includes 
age, sex, any risk factors, stage at diagnosis and outcome from hospital medical records. To protect and ensure 
patient privacy, each patient was given a unique serial number instead of using the patient hospital medical 
record number. The Outcome was divided into two categories either no recurrence at last follow up or 
recurrence/disease progression/death. 

PD-L1 testing using immunohistochemistry was performed on formalin fixed paraffin embedded tissue 
blocks. H&E slides and tissue blocks of included cases were retrieved. Then they were reviewed, and different 
histological tumor areas of interest were marked. Tissue microarray sections were used to prepare the slides for 
PD-L1 testing. Testing was done using the following antibody (anti PD-L1 antibody, Product code : Ab205921, 
Supplier: Abcam plc, Positive control :placenta , tonsil). 

Scoring of PD-L1 expression by tumor cells was done independently by two pathologists. For cases with 
discrepancy, double-head microscope discussion was done to reach consensus. Positivity was defined using two 
different cut-off values (≥ 5% and ≥ 25%) of tumor cells showing membrane or cytoplasmic staining. IBM SPSS 
statistics 22 program was used for result analysis. Chi-squared test is used to assess correlation 

Ethical approval: Ethical approval was obtained from Medical research ethics committee (MREC), college 
of medicine & health sciences, Sultan Qaboos University. 

Results 

A total of 68 cases were included, 72.1% were males and 27.9% were females with an age range of 35 to 89 
years (mean = 65.32 and median = 66). Hematuria was the most common presentation (58.7%). Other forms of 
presentations are incidental (22.20%), lower urinary tract symptoms other than hematuria (15.90%) and 
flank/pack pain ( 3.20%). Very limited information was available regarding bladder cancer risk factors. For 
instance,10.3% of patients were smoker but unfortunately no data available for the rest of included patient. 

Majority of patients were diagnosed with pT2 stage disease (38.8%) followed by pT1 stage disease (32.8%) 
while minority were diagnosed with pT4 stage disease (4.50%). Rest of patients had either pTa (13.40%) or pT3 
(10.40%) stage at diagnosis. Invasive urothelial carcinoma appeared in 79.4% of patients and 83.8% were of 
high grade. Apart from invasive urothelial carcinoma, the following morphology were identified in descending 
order: non-invasive urothelial carcinoma (13.2%), squamous cell carcinoma (5.90%) and one case with 
carcinosarcoma (1.50%). In addition, among those with invasive urothelial carcinoma, three patients had also 
coexisting prostatic adenocarcinoma, one had HNPCC associated rectal cancer and one with cervical cancer. 

PD-L1 testing were performed on 63 cases, five were excluded due to non-availability of tissue blocks. PD-
L1 was positive in 44% of cases, using cut-off value of 5%, however it dropped to 30% using the cut-off value 
of 25% (fig1). PD-L1 expression is significantly associated with the tumor grade (at ≥5%) p=0.033 while it is 
insignificantly associated with tumor grade at ≥25% p=0.25 (table1). PD-L1 were not perform on cases with 
bladder SCC as those cases were excluded due to unavailable tissue. 

In addition, no statistically significant association was found between PD-L1 expression and outcome using 
both cut off values (p value=1.000 for both) and stage at diagnosis (p values 0.798 and 0.102). 
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Figure 1: A, Tissue microarray section of urothelial carcinoma. B, PD-L1 control (placental tissue).C, PDL1 
expression in tumor cells showing cytoplasmic/membranous positivity in 100% of tumor cells while it is 20% 
in D. E, Complete negativity for PD-L1 in tumor cells. 
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Table 1: PD-L1 Positive cases in high grade tumors. 

 PD-L1 expression 
≥5% 

PD-L1 expression 
≥25% 

Positive 27 (49.1%) 18 (34%) 

Negative 26 (50.9%) 35 (66%) 

Total 53 (100%) 53 (100%) 

Discussion 

This study shows that the majority of the patient with bladder cancer were male and the most common clinical 
presentation is hematuria. These results were comparable to other studies done in Yemen (12) Pakistan(13) and 
other places across the world. Also noted that majority of patient were first diagnosed with p T2 stage followed 
by p T1 stage while a minority were diagnosed with p T4 stage Moreover, This study showed a significant 
association between PD-L1 expression and tumor grade as most of tumors that express PD-L1 are of high grade. 
The same results were also observed in variable studies(14-16). The association between expression of PD-L1 and 
both tumor pathological T stage and outcome was also investigated in this study. While a positive trend was 
observed between the expression of PD-L1 on tumor cells and both high pathological T stage and worse 
outcome, there was no statically significant association found, which may be explained by the small sample 
size. On the other hand, several studies have reported a significant association between higher expression of PD-
L1 and worse outcome(15-17). A meta-analysis, including 27 studies and 4032 patients concluded that PD-L1 
expression in bladder cancer tumor cells is associated with muscle invasion and shortening of the overall 
survival(15). In other words, PD-L1 expression on tumor cells can be used as an indicator for tumor 
aggressiveness and hence may predict the usefulness of immunotherapy(16) . It is thought that the lack of large 
sample size in this study as well as the late presentation with advanced disease may have contributed to the lack 
of significant results as will be discussed shortly. 

The status of PD-L1 can be used to direct the use of PD-L1 Inhibitors as tumors with increased expression 
are more likely to respond to anti-PD-L1 therapy (14-16) . The first PD-L1 inhibitor found to be active in bladder 
cancer was Atezolizumab that was approved by food and drug administration in 2016. It was approved for 
locally advanced or metastatic urothelial carcinoma (15-17). In 2017, other PD-L1 inhibitors were also approved 
such as Pembrolizumb, Nivolumab and Durvalumb (16). Findings from a study that evaluate PD-L1 expression 
in tumor cells from bladder cancer as well as metastatic site showed homogenous positivity which suggest that 
testing of PD-L1 can be done from either site as they have similar biological behavior 15). 

This study had several limitation and challenges. The number of cases was limited and some of the patient 
were treated outside Oman for which proper documentation and material were not available. Consequently, this 
would have affected the process of statistical analysis and made it not possible to draw conclusions based on 
limited number of patients. Moreover, there are different PD-L1 antibodies in the market with variable staining 
platform, scoring guidelines and positivity definition which make it some time harder to compere results with 
other studies(18). In this study, as explained in the method section, positivity was defined using two different cut-
off values (≥ 5% and ≥ 25%) of tumor cells showing membrane or cytoplasmic staining(19). However, this is the 
first study that investigate PD-L1 expression in bladder cancer among Omanis which represent a strength to it. 

For future, this study can be expanded to include bladder cancer patients from other institutions within Oman. 
Also, additional task of looking at PD-L1 expression in tumor infiltrating immune cells (ICs) along with tumor 
cells is to be considered because available data is suggesting that PD-L1 expression in ICs is a predictor for 
better overall survival even without PD-L1 inhibitor treatment (15,20).Overall, PD-L1 expression in bladder cancer 
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is a developing area with many uncertainties. Standardization of the testing and result scoring will make 
understanding it easier and more effective. 

Conclusion 

This study showed that 44% of bladder cancer cases were PD-L1 positive. There was a significant association 
between PD-L1 expression in bladder cancer and tumor grade. On the other hand, no statistically significant 
association was found between tumor stage and outcome. These results indicate potential benefit for patients of 
high tumor grade with anti-PD-L1 immunotherapy. In addition, this study highlights the clinicopathological 
features of bladder cancer among Omani patients and shows comparable results to such data worldwide. 
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