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Background: Ampulla of Vater cancer is a subtype of periampullary cancer originating from pancreatic ducts and the bile ducts.
Immune checkpoint proteins, particularly Programmed Death-Ligand 1 (PD-L1), show a crucial function in influencing cancer
progression, tumor microenvironment, and immune evasion. This study investigates the association between PD-L1 expression and
clinical characteristics in patients with ampulla of Vater cancer.

Methods: A retrospective observational study was carried out at a general hospital in West Java, Indonesia, from July 2019 to
June 2024. Forty-four patients diagnosed with ampulla of Vater cancer were included. PD-L1 expression was evaluated using
immunohistochemistry, and clinicopathological data were analyzed using chi-square, Mann—Whitney, and independent #-tests.
Results: There were 44 research subject. The PD-L1 expression was positive in 59.1% of patients and negatively associated with
carcinoembryonic antigen (CEA) levels (p = 0.010). There was a significant association between PD-L1 positivity and lymph node
involvement (p = 0.042) and clinical stage (p = 0.017). No significant association was found between PD-L1 expression and age, sex,
histopathological grade, or distant metastasis.

Conclusion: PD-L1 expression in ampulla of Vater cancer is significantly associated with higher lymph node metastasis and advanced
clinical stage but not with age, sex, or tumor differentiation. These findings suggest PD-L1 as a potential prognostic marker and
therapeutic target.

Plain Language Summary: Ampulla of Vater cancer is a rare type of gastrointestinal cancer that develops where the bile duct and
pancreatic duct meet. This cancer can evade the immune system by using proteins like PD-L1, which help cancer cells avoid being
attacked by immune cells. This study looked at how PD-L1 expression relates to various clinical and pathological features in patients
with this cancer. Researchers studied medical records from 44 patients diagnosed with ampulla of Vater cancer in a hospital in West
Java, Indonesia, between 2019 and 2024. They examined tissue samples for PD-L1 expression and analyzed patient characteristics
such as age, sex, cancer stage, and levels of specific tumor markers. The PD-L1 expression were positive on 59.1% of the patients.
Patients with positive PD-L1 were more likely to have cancer spread to lymph nodes and more advanced cancer stages. Higher levels
of the tumor marker CEA were associated with lower PD-L1 expression. The PD-L1 expression was not related to patient age, sex,
tumor grade, or distant metastasis. The PD-L1 expression in ampulla of Vater cancer is associated with more advanced disease and
lymph node involvement, making it a potential marker for predicting cancer progression and a possible target for immunotherapy.
However, more research with larger patient groups is needed to confirm these findings.
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Introduction
Ampulla of Vater cancer is one of the cancers that is grouped in periampullary cancer. Periampullary cancer itself is
a general term used to grouping cancer originating from the proximal part of the pancreas, distal part of the bile duct, and
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the cancer of second portion of duodenum. Ampulla of Vater cancer differs from periampullary cancer as a tumor that is
topographically centred in the ampulla of Vater area, which can originating from three different components: the
pancreatic duct, bile duct, and ampulla or common duct. Hence, this tumor can show morphology cell from pancreas,
biliary, and intestinal.'™*

Periampullary cancers include four distinct types of cancer: duodenal adenocarcinoma (DA), distal cholangiocarci-
noma (DC), pancreatic ductal adenocarcinoma (PDAC), and ampulla of Vater cancer (AC), and These four types account
for 5% of all gastrointestinal malignancies.'~ Periampullary cancers cause gastric outlet obstruction by compromising the
duodenal lumen. In the United States, periampullary malignancies collectively cause over 30 thousand cancer-related
deaths annually. The liver is the primary organ of metastasis, followed by lymph nodes, peritoneum, lung, bone, kidney,
and rarely skin. Cranial metastases with skin involvement have been reported infrequently.®’

The development, progression, and metastasis of periampullary carcinoma are significantly influenced by the tumor
microenvironment (TME). Immunohistochemical components include CD3, CD4, CD8, FoxP3, and PD-L1.

The PD-1/PD-L1 pathway plays a key role in regulating immune tolerance within the tumor microenvironment.® The
activity of PD-L1 or PD-L2 contributes to the activation, proliferation, and function of cytotoxic T cells, ultimately
weakening the anti-tumor immune response. By binding to its receptor, PD-L1 promotes tumor growth by activating
signalling pathways that enhance cancer cell proliferation and survival. Moreover, PD-L1 is implicated in further tumor
progression and has been found to exert non-immune proliferative effects on various types of cancer cells.” !

Programmed Death-Ligand 1 (PD-L1) protein is involved in the process of immunosuppression. Under normal
conditions, PD-L1 binds to the inhibitory receptor programmed cell death protein 1 (PD-1) on T lymphocytes, suppres-
sing their activation. As a transmembrane molecule, PD-L1 functions through the PD-1/PD-L1 signalling pathway to
hinder T cell differentiation and proliferation. In a healthy immune system, PD-L1 helps maintain a balance between
protective immunity and immune tolerance. However, in the tumor microenvironment, various mechanisms lead to
increased PD-L1 expression, resulting in abnormal activation of the PD-L1/PD-1 signalling pathway. This suppresses
T cell proliferation and differentiation, induces T cell apoptosis, and inhibits cytokine signalling and secretion.
Ultimately, these effects contribute to cancer cell invasion and metastasis.'*"?

Immune checkpoint inhibitors (ICIs), such as CTLA-4 and PD-L1, have recently become promising therapeutic
targets for cancer treatment. These therapeutic antibodies aim to deactivate immune checkpoint proteins, shifting the
balance from immune suppression to immune activation. Immune checkpoints encompass various regulatory pathways
that suppress the immune system, playing a crucial role in maintaining immune tolerance and preventing potential
damage caused by excessive immune responses.'*!”

The discovery of immune checkpoint proteins such as PD-1/PD-L1 and CTLA-4 represents a significant breakthrough
in cancer immunotherapy. Humanized monoclonal antibodies targeting these proteins have demonstrated effectiveness in
treating cancer from head and neck, kidney cancer, lung cancer, and melanoma. The United States Food and Drug
Administration (FDA) has approved three types of immune checkpoint inhibitors (ICIs): PD-1 inhibitors (Nivolumab,
Pembrolizumab, Cemiplimab), PD-L1 inhibitors (Atezolizumab, Durvalumab, Avelumab), and CTLA-4 inhibitors
(Ipilimumab). Despite their success, not all patients respond equally to these treatments, highlighting the importance
of biomarkers such as tumor mutation burden (TMB), PD-L1 expression, the microbiome, hypoxia, interferon-y, and
extracellular matrix (ECM) in predicting the effectiveness of ICI therapies. Research underscores that disrupting the PD-
1/PD-L1 interaction could enhance immune responses against tumors, making it a pivotal approach in cancer immu-
notherapy. Evaluating PD-L1 expression could assist clinicians in selecting the most suitable ICI therapy for individual
patients.'®

PD-1 is a key suppressive immune checkpoint predominantly expressed on macrophages, B lymphocytes, dendritic
cells (DCs), monocytes, tumor-specific activated T cells, myeloid cells, and natural killer (NK) cells, particularly under
conditions of chronic antigen exposure. PD-L1, one of the primary ligands of PD-1, has been identified as a valuable
biomarker for predicting prognosis and sensitivity to PD-1/PD-L1 inhibitors.'*'” This study aims to explore and analyze
the relationship between PD-L1 expression and the clinicopathological characteristics of patients with ampulla of Vater

carcinoma.
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Materials and Methods
Study Setting

This study employs a retrospective observational design conducted in the West Java, Indonesia population, following the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.'®!? It evaluates the
relationship between PD-L1 expression and clinicopathological features in patients with ampulla of Vater carcinoma.

Inclusion and Exclusion Criteria

The subjects included patients who visited a digestive care center in a tertiary hospital in West Java, Indonesia, from
July 2019 to June 2024. Inclusion criteria required patients to have a histopathological diagnosis of ampulla of Vater
carcinoma through endoscopic biopsy or open surgery. Exclusion criteria eliminated patients whose surgeries were
performed at other hospitals and lacked pathological anatomy paraffin blocks.

Immunohistochemistry Staining

PD-L1 expression was assessed using immunohistochemistry, quantifying the percentage of tumor cells (TC) exhibiting
membrane staining of any intensity with brown cytoplasmic and/or membrane staining. Formalin-fixed paraffin-embedded
tissue blocks were sectioned into 3-pum-thick slices and incubated overnight at 38°C. The specimens were then deparaffinized
using xylene and gradually rehydrated with ethanol solutions of decreasing concentration. To suppress nonspecific endogen-
ous peroxidase activity, the samples were treated with a peroxidase solution in methanol, incubated for 10—15 minutes, and
then rinsed with running water. Epitope retrieval was carried out using an antigen retrieval process with ethylenediamine
tetraacetic acid (EDTA) solution in a decloaking chamber at 100°C for 20 minutes. Immunohistochemical staining was
performed using a labeled streptavidin-biotin immunoperoxidase complex. The primary antibodies used were anti-PD-L1
rabbit monoclonal (SP142, Abcam, Inc., Cambridge, USA) at a 1:300 dilution and anti-CD8 rabbit monoclonal (clone SP16,
Abcam, Inc., Cambridge, USA) at a 1:200 dilution. Following primary antibody application, the samples were incubated and
rinsed twice with phosphate-buffered saline (PBS) for five minutes each. The secondary antibody used was the Star Trek
Universal HRP Detection STUHRP700L10-KIT (Biocare). After secondary antibody application, counterstaining was
performed using Mayer’s hematoxylin, followed by a 10-minute incubation. The slides were then rinsed with distilled
water, and a bluing agent containing 0.25% lithium carbonate was applied for 10-20 seconds.

The immunohistochemical expression of CD8+ tumor-infiltrating lymphocytes (TILs) was assessed semi-quantitatively
based on the distribution of staining. Lymphocytes showing CDS8 positivity were identified by brown staining on the cell
membrane and partially within the cytoplasm. Each slide was examined under a microscope at 400x magnification, with five
non-necrotic regions selected for evaluation, excluding adjacent normal tissue or fibrosis. The expression of CD8+
T lymphocytes in the stromal area surrounding tumor cells was assessed using a density scoring system based on the
percentage of positive cells: <20% (score 0), 20%—50% (score 1), and >50% (score 2), with scores categorized as negative
(0), low (1), or high (2). Similarly, PD-L1 immunohistochemical expression was evaluated semi-quantitatively by analyzing
the proportion of tumor cells (TC) with membrane staining of any intensity. Tumor cells expressing PD-L1 exhibited brown
staining on the membrane and/or cytoplasm. Each slide was analyzed under 400x magnification, selecting five regions without
significant inflammation or necrosis. Adjacent normal tissue or fibrosis was excluded. The tumor cell score was determined as
the percentage of positive cells relative to the total tumor population. As Marletta et al and Azriyantha et al the percentage
thresholds were categorized as follows: negative (TCO: <1%), TC1 (1-4%), TC2 (5-49%), and TC3 (>50%).2%*!

Clinicopathological Data Collection
Clinicopathological data, including age, sex, histopathological grade, stage, carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA 19-9), were collected from medical records.

Data Analysis
Data analysis was conducted using SPSS version 26. Patient characteristics were presented as proportions. Differences
were analyzed using the following statistical tests: chi-square test (a) for categorical variables, Mann—Whitney test (b) for
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non-normally distributed continuous variables, and independent ¢-test (c) for normally distributed continuous variables.
A p-value <0.05 was considered statistically significant.

Result

There were 44 subjects included in this research. Table 1 shows the research subject characteristics that include age, sex,
grade of histopathological features, stage, CEA, CA-19-9, and PD-L1 expression. Most of the subjects were >50 years
old with an average age of 54.7+11.5. The gender distribution showed that 45.5% of the subjects were male and 54.5%

Table | Characteristics of Research Subjects

Variable N Percentage (%)
Age

Mean * SD 54.7x11.5

Min - Max 27-67

< 50 years 10 22.7
> 50 years 34 773
Sex

Male 20 45.5
Female 24 54.5
Grade

Well differentiated 38 86.4
Moderately differentiated 2 4.5
Poorly differentiated 4 9.1
T stage

3 6 13.6
4 38 86.4
N stage

0 2 4.5
| 2 9.1
2 40 90.9
M stage (metastasis)

Absent 22 50
Present 22 50
Liver metastasis 16 36.4
Lung metastasis 4 9.1
Omental metastasis 2 4.5
Stage

2 2 4.5
3 20 45.5
4 22 50
CEA tumor marker

(normal < ng/mL)

Mean * SD 233.77%205.5 ng/mL

CA 19-9 tumor marker

(normal < 37 U/mL)

Mean * SD 611.22+374.5 U/mL

Tumor expression of PD-LI

TCO: <1% 18 40.9
TCI: 1-4% 12 273
TC2: 5-49% 14 31.8
Tumor expression of PD-LI (Categoric)

Negative (<1%) 18 40.9
Positive (>1%) 26 59.1
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were female. In terms of tumor differentiation grade, the majority of the subjects had well-differentiated tumors (86.4%).
Based on T stage, most of the subjects were in stage T4 (86.4%). For the N stage, the majority of the subjects were in
stage N2 (90.9%). Metastasis was found in 50% of the subjects, with liver metastasis (36.4%) being the most common,
followed by lung metastasis (9.1%) and omentum (4.5%). In terms of disease stage, 4.5% were in stage 2, 45.5% in stage
3, and 50% in stage 4. There were no strong positive expressions found in this study; from the immunohistochemistry,
there were only three categories found: negative as seen in Figure 1; moderate positive expression as seen in Figure 2;
and strong positive expression as seen in Figure 3. There was no very strong positive PD-L1 expression. The negative
expression of PD-L1 in this study was seen in 18 subjects (40.9%), moderate positive in 12 subjects (27.3%), and strong
positive in 14 subjects (31.8%). Table 2 shows the association between PD-L1 expression and clinicopathological
features of research subjects. Significant relationships were found between PD-L1 and N stage, stage of the disease,
and CEA level (p < 0.05).

Figure | Negative expression of PD-L| showed the proportion of PD-LI colored tumor cells among visible tumor cells less than |%.

Figure 2 Moderate positive expression of PD-L| showed the proportion of PD-L| colored tumor cells among visible tumor cells between 1-4%. Red arrow indicates tumor
cells expressing PD-LI, characterized by brown staining.
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Figure 3 Strong positive expression of PD-L| showed the proportion of PD-LI| colored tumor cells among visible tumor cells between 5-49%. Red arrow indicates tumor
cells expressing PD-LI, characterized by brown staining.

Discussion
Based on the demographic data, the majority of the subjects in this study were over 50 years old, with an average age of
54.7 £ 11.5 years. The gender distribution showed that 45.5% of subjects were male and 54.5% were female. These
findings align with the study by Miyazaki et al, which indicated that individuals over 60 years old are at an increased risk
for ampullary cancer.?” The increasing incidence of periampullary cancer with age suggests that aging plays a role in
cancer susceptibility, possibly due to cumulative genetic mutations and prolonged exposure to carcinogenic factors.
This study did not find a significant association between PD-L1 expression and distant metastasis in Ampulla of Vater
cancer patients. PD-L1 expression was detected in 16 patients (36.4%) without metastasis and in 10 patients (22.7%)
with metastasis, with a p-value > 0.05, indicating no statistically significant relationship. This contrasts with several

Table 2 The Expression of PD-L| and Clinicopathological Characteristic of
Ampulla of Vater Cancer Patients

Variable PD-LI1 Expression P-value
Negative — n (%) | Positive — n (%)
Age 0.947a
< 50 years 4 (9.1) 6 (13.6)
> 50 years 14 (31.8) 20 (45.5)
Sex 0911a
Male 8 (18.2) 12 (27.3)
Female 10 (22.7) 14 (31.8)
Grade 0.090a
Well differentiated 18 (40.9) 20 (45.5)
Moderately differentiated 0 2 (4.5)
Poorly differentiated 0 4 (9.1
T stage 0.167a
3 4 (9.1) 2 (4.5)
4 14 (31.8) 24 (54.5)
N stage 0.042a
0 2 (4.5) 0
| 2 (4.5) 0
2 14 (31.8) 26 (59.1)
(Continued)
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Table 2 (Continued).

Variable PD-LI| Expression P-value

Negative — n (%) | Positive — n (%)

M stage (metastasis) 0.066a
Absent 6 (13.6) 16 (36.4)

Present 12 (27.3) 10 (22.7)

Stage

2 2 (4.5) 0 0.017a
3 4 (9.1 16 (36.4)

4 12 (27.3) 10 (22.7)

CEA tumor marker
(normal < ng/mL)
Mean £ SD 327.99£191 ng/mL | 168.54£191 ng/mL | 0.010b
CA 19-9 tumor marker
(normal < 37 U/mL)
Mean £ SD 644.49+377 U/mL | 588.18+378 U/mL | 0.630c

Note: a = chi-square test, b= Mann Whitney test, c= independent t-test. Bolded shown
significant p-value less than 0.05.

studies suggesting that PD-L1 expression is linked to poor prognosis and disease progression. For instance, Saraggi et al
reported that PD-L1 expression on tumor cells is associated with worse clinical outcomes.”* In periampullary cancers,
particularly pancreatic cancer, 80% of cases exhibit PD-L1 expression, with 20% showing significantly higher levels than
normal pancreatic tissue, associated with poor prognosis. However, our findings indicate that while PD-L1 may play
a role in disease progression, it may not directly influence distant metastasis in Ampulla of Vater cancer. These
differences could be due to variations in sample size, tumor biology, and microenvironmental factors affecting PD-L1
expression in different cancer subtypes.>*2°

Despite the lack of a significant association with distant metastasis, our study found a strong relationship between PD-
L1 expression and both N classification and clinical stage. This aligns with research by Matsumoto et al, who examined
45 patients with Ampulla of Vater carcinoma and found that high PD-L1 expression associated with larger tumor size,
advanced disease stage, and poorer overall survival.>’ Similarly, Thakur et al analyzed data from 115 periampullary
cancer patients, including 32 with Ampulla of Vater carcinoma, and concluded that PD-L1 overexpression was linked to
improved overall survival (OS) and disease-free survival (DFS).** Their findings suggest that while PD-L1 expression
may be associated with tumor progression, its impact on prognosis may vary depending on other clinical factors such as
tumor location, size, and lymphatic involvement.

A possible explanation for the discrepancy between N stage and M stage could be the distinction between lymphatic
metastasis (regional spread) and distant metastasis (systemic spread).”® While our study found a significant association
between PD-L1 expression and lymph node involvement (N classification), it did not establish a statistically significant
link with distant metastasis (M classification). This suggests that PD-L1 may play a more prominent role in early tumor
progression and regional spread rather than distant dissemination, reinforcing its potential as a prognostic biomarker and
a target for immunotherapy.

Additionally, a significant relationship was observed between PD-L1 expression and CEA tumor marker levels.
Patients with negative PD-L1 expression had a mean CEA value of 327.99 + 191 ng/mL, while those with positive PD-
L1 expression had a significantly lower mean value of 168.54 + 191 ng/mL (p = 0.010). This finding suggests a potential
link between PD-L1 and tumor marker dynamics, consistent with research by Chen et al, which explored the interaction
between PD-L1 and CEA in pancreatic cancer. Their study demonstrated that inhibiting the PD-1/PD-L1 pathway
enhanced the function of CEA691-specific cytotoxic T cells, suggesting that PD-L1 inhibition could be a promising
therapeutic strategy for tumors expressing high levels of CEA. This underscores the complex role of PD-L1 in immune
evasion and highlights its potential as a therapeutic target in periampullary malignancies.”® Elevated levels of CEA are
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often associated with advanced disease, poor prognosis, and increased tumor burden in Ampulla of Vater cancer. The
observed difference in mean CEA values between PD-L1-positive and PD-L1-negative patients suggests a possible
interaction between tumor immunogenicity and biomarker expression, which may influence tumor progression, response
to therapy, or immune evasion mechanisms. The inverse relationship between PD-L1 expression and CEA levels may
suggest a distinct tumor biology in Ampulla of Vater cancer. One possible explanation is that tumors with lower PD-L1
expression might exhibit more aggressive behavior, leading to increased CEA secretion, whereas PD-L1-positive tumors
might rely more on immune evasion strategies rather than excessive tumor marker production. This finding does not
necessarily contradict previous research but highlights the complex interplay between tumor markers and immune
checkpoint molecules, which may differ between cancer types.

Emerging evidence supports the role of PD-L1 as a prognostic and predictive marker in periampullary cancers. Studies
indicate that inhibiting PD-L1 can suppress pancreatic cancer progression in mouse models by increasing interferon-gamma
(IFN-y) levels and reducing interleukin-10 (IL-10), thereby modulating the tumor microenvironment to favor immune
response. PD-L1-positive tumors have been shown to contain higher levels of tumor-infiltrating regulatory T cells (Tregs),
which contribute to immune evasion. Furthermore, PD-L1 expression on peripheral CD8+ T cells has been found to be
significantly higher in pancreatic ductal adenocarcinoma (PDAC) patients compared to those with intraductal mucinous
papillary neoplasms or healthy individuals, highlighting the diagnostic and therapeutic relevance of PD-1/PD-L1 signaling in
pancreatic malignancies. These findings reinforce the importance of continued research into the role of PD-L1 in immune
regulation and its potential as a therapeutic target in Ampulla of Vater cancer.'* "

Although our study provides valuable insights into the relationship between PD-L1 expression and tumor
progression, it has several limitations, primarily the small sample size. The low prevalence of Ampulla of Vater
cancer at our institution restricted the number of cases available for analysis, potentially impacting the statistical
power of our findings. Additionally, we did not assess the influence of tumor size and histological subtype, both of
which are critical in understanding the association between CEA levels and PD-L1 expression. Future research
incorporating these variables would provide a more comprehensive analysis of their potential impact. To strengthen
our findings, larger, multi-center studies with expanded sample sizes and multiple immune checkpoint markers
(such as CTLA-4) are essential to validate the prognostic and therapeutic implications of immune markers
expression in Ampulla of Vater cancer. Further research in this area could enhance our understanding of PD-L1’s
role in tumor metastasis and support the development of targeted immunotherapeutic strategies for this rare
malignancy.

Conclusion

This study shows that there is no significant relationship between PD-L1 expression in ampulla of Vater cancer patients
with age, sex, and pathological differentiation. However, positive expression of PD-L1 is associated with higher
lymphatic metastasis and a late stage of the disease.
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