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Abstract
BACKGROUND
Pancreatic, periampullary/ampullary, and choledochal adenocarcinomas are aggressive malignancies with a poor prognosis. Immune checkpoint blockade is a promising treatment option for several tumor types. H long terminal repeat-associating 2 (HHLA2), which is analogous to programmed death-ligand 1 (PD-L1), is a recently discovered member of the B7/cluster of differentiation 28 family and is expressed in many malignancies. 

AIM
To analyze the expression of HHLA2 and its association with the pathologic biomarkers that predict sensitivity to immunotherapy.

METHODS
Ninety-two adenocarcinoma cases located in the pancreas, ampulla, and distal common bile duct were identified. This study assessed 106 pancreaticoduodenectomy and distal/total pancreatectomy samples that were delivered to Ankara City Hospital between 2019 and 2021. Immunohistochemistry was conducted to examine the expression of DNA mismatch repair (MMR), PD-L1, and HHLA2 proteins.

RESULTS
Patients with high HHLA2 expression had a higher mean age than those with low expression. Low HHLA2 expression was associated with high perineural invasion. HHLA2 expression was low in pathological stage T3 (pT) 3 cases and high in pathological stage T1, T2, and T4 cases. There was no correlation between HHLA2 expression and the expression of MMR proteins and PD-L1.

CONCLUSION
Evaluation of HHLA2 expression in microsatellite stable and PD-L1-negative tumors may be useful for predicting the response of individuals to immunotherapy and may serve as a novel therapeutic target for immunotherapy in advanced-stage disease.
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Core Tip: Pancreatic, periampullary/ampullary, and choledochal adenocarcinomas are aggressive malignancies with recurrences and metastases occurring in a short period of time. Complete resection is possible in only a small proportion of patients; thus, targeted therapies are needed. H long terminal repeat-associating 2 (HHLA2), which is analogous to programmed death-ligand 1 (PD-L1), is expressed in many malignancies. Evaluation of HHLA2 expression in microsatellite stable and PD-L1-negative tumors may be useful for predicting the response of individuals to immunotherapy, and may serve as a novel therapeutic target in patients with advanced disease who do not respond to classical chemotherapy and have unresectable cancer.

INTRODUCTION
Pancreatic, ampullary, and distal common bile duct (DCBD) carcinomas are characterized by late presentation, advanced disease at the time of diagnosis, and the inability to completely resect because of the location. While the 5-year disease-specific survival (DSS) is 42% in resectable DCBD carcinomas, in ampullary adenocarcinoma (AAC), the DSS rate ranges from 20% to 80% according to the histological type, location, and stage[1]. In pancreatic ductal adenocarcinoma (PDAC), the 5-year survival rate is much lower, between 2% and 9%[1]. Complete resection is possible in only a small proportion of patients, and recurrences and metastases occur in a short period of time; thus, targeted therapies are needed for this disease[2].
Immunotherapy has been used to treat patients with advanced stage disease or unresectable tumor to improve cancer survival. However, most patients do not respond to immunotherapy; hence, there is a need for specific biomarkers to improve the selection of patients who will best respond to therapy.
Mismatch repair (MMR) proteins play an important role in the detection and correction of errors that occur during DNA replication and genetic recombination. MMR deficiency can lead to microsatellite instability (MSI). Consequently, the accumulation of tumor mutational burden and generation of neoantigens stimulate the host immune response. MSI-high (MSI-H) solid tumors are more sensitive to immunotherapy agents and associated with a better prognosis[3].
Immunogenic proteins, also called immune checkpoint proteins, are produced by tumor cells. Programmed cell death protein 1 (PD-1) is an immune checkpoint protein that promotes immune evasion and tumor progression via interaction with its ligands [programmed death-ligand (PD-L)1 and PD-L2). Immune checkpoint inhibitors (iCPIs) allow T cells to destroy tumor cells by blocking this interaction[4]. 
Clinical success with monoclonal antibodies such as pembrolizumab, which blocks the PD-1/PD-L1 axis, has opened new doors in cancer immunology. Pembrolizumab is approved for the treatment of patients with unresectable or metastatic MSI-H or defective MMR (dMMR) solid tumors. The success of pembrolizumab in treating dMMR/MSI-H tumors has elicited excitement and encouraged the exploration of new discoveries in immunotherapy[4].
PD-L1 is expressed in many tumor types. The relationship between cancer and the immune system is not fully elucidated, and it is unclear if there is an association between histopathological features and the response to iCPIs. The success of PD-1/PD-L1 blocking therapies has led to the identification of other members of this pathway as targets for immunotherapy and the use of PD-1/PD-L1 expression as a prognostic factor[2].
Despite the promising antitumor activity of PD-1/PD-L1 inhibitors, only a small group of patients show marked responses to single-agent antibody therapy. The need to elucidate the mechanism underlying the resistance to immune checkpoint blockade in some patients has been the focus of many studies[3,5–7].
The success of PD-1/PD-L1 blockade in cancer immunotherapy has raised the possibility of other members of the B7/cluster of differentiation 28 (CD28) family serving as targets for cancer immunotherapy. H long terminal repeat-associating 2 (HHLA2), which is a recently discovered member of the B7/CD28 family, is analogous to PD-L1 and regulates T cell functions[8–10]. In addition, HHLA2 has been shown to be expressed in both nonneoplastic tissue and many malignancies[9]. In limited studies, the high expression of HHLA2 in PDAC and periampullary adenocarcinoma has been associated with the better overall survival (OS) of patients[9,11]; however, there is a need for more studies on this subject.
Herein, we describe our assessments of the association of histological and clinical parameters [age, sex, histological type, histological grade, tumor-node-metastasis (TNM) stage, presence of tumor infiltrating lymphocytes (TILs), tumor stroma ratio (TSR), tumor budding (TB)] with the expression of MMR, PD-L1, and HHLA2 proteins in patients diagnosed with adenocarcinoma located in the pancreas, periampulla/ampulla, and DCBD.

MATERIALS AND METHODS
Study design
Ninety-two cases of adenocarcinoma located in the pancreas, periampulla/ampulla, and DCBD were identified. This study assessed pancreaticoduodenectomy and distal/total pancreatectomy samples that were delivered to Ankara City Hospital (Ankara, Turkey) between 2019 and 2021. All protocols were reviewed and approved by the Ethics Committee of Ankara City Hospital.
Demographic information and pathology reports were obtained from the hospital database (HICAMP). Information on sex, age, tumor macroscopic location, presence/absence of lymphovascular invasion (LVI)/perineural invasion (PNI), and lymph node metastasis were obtained from the pathology reports.
All tumor sections stained with hematoxylin and eosin (H&E) were removed from the slide archive and examined under a microscope by two observers. The parameters related to the histological type and grade of the cases were reevaluated based on the 5th edition of the World Health Organization Digestive System Tumor Classification published in 2019 and the 8th edition of the American Joint Committee on Cancer staging system based on the TNM concept.

Assessment of TB, TILs, and the TSR
To evaluate and grade TB, a three-tier system proposed at the 2016 International Tumor Budding Consensus Conference was used. TILs were evaluated separately as stromal and intraepithelial TILs. To evaluate stromal TILs, standardized criteria prepared in 2014 by the International TIL Study Group were used. At a low magnification, tumor slides were scanned and focused on TS to determine the type of inflammatory infiltrate. Mononuclear infiltrate was accepted as stromal TIL, and three groups were formed based on their densities. Stromal TIL rate of 0%-10% was included in group A, 10%-40% was included in group B, and 40%-90% was included in group C. The number of intraepithelial lymphocytes (IELs) were counted and averaged over five high-power fields for each case; two groups were created: < 2 and ≥ 2 IELs. For TSR evaluation, the most invasive area of the tumor was selected among the H&E-stained slides. Then, the slides were digitized with a 40 × objective using the Aperio AT Turbo digital whole slide scanning system (Leica Biosystems Imaging, Vista, CA, United States). The preparations were evaluated using the semi-quantitative image analysis program Virapath-3.4.4 (Virasoft Software, Istanbul, Turkey). Tissue presegmentation analysis was run in the hotspot regions corresponding to the 10 × magnification area in each evaluated case. The tumoral region area was calculated and the ratio was calculated by dividing it by the area of the stroma regions. Two groups (low and high) were formed using the 50% cutoff value according to the literature[12].

Immunohistochemistry
Immunohistochemistry was conducted with mouse monoclonal antibodies against the four main MMR proteins: MLH-1 (clone M1), MSH-2 (clone G219-1129), MSH-6 (clone SP93), and PMS-2 (clone A16-4); a mouse monoclonal antibody against PD-L1 (clone 22C3; Dako Products, Santa Clara, CA, United States); and a rabbit polyclonal antibody against HHLA2 (clone ab214327). For MMR and PD-L1, sections were prepared from formalin-fixed paraffin blocks; for HHLA2, sections were prepared from tissue microarray blocks.
Immunohistochemistry staining of MMR proteins was evaluated for the presence of nuclear staining in the tumor cells. Stromal cells and lymphocytes adjacent to each tumor served as internal controls. In the presence of an optimal internal control, nuclear staining in tumor cells was considered preserved expression. Tumor cells with membranous staining of PD-L1 were considered positive. At least 100 tumor cells were evaluated for each case, and the number of PD-L1-positive tumor cells was divided by the total number of tumor cells. A rate < 1% was considered negative, rates from 1% to 49% were classified as low, and a rate ≥ 50% was classified as high (Figure 1). HHLA2 cytoplasmic staining and the ratio of stained cells were determined for each case. Tumors with no staining were considered negative. The cases with staining were grouped as low and high expression according to the 50% cutoff value (Figure 2).

Statistical analyses
Statistical analyses were performed using SPSS version 17.0 (IBM, Armonk, NY, United States). The conformity of the variables to a normal distribution was examined by histogram graphs and the Kolmogorov-Smirnov test. Mean, standard deviation, and median values were used to present the descriptive analyses. Categorical variables were compared with Pearson’s χ2 test. In cases where the data were not normally distributed, groups of two were evaluated with the Mann-Whitney U test and groups of more than two were evaluated with the Kruskal-Wallis test. Spearman’s correlation test was used to analyze the measurement data. P < 0.05 was considered statistically significant.

RESULTS
In our study, the mean patient age was 65.51 years, and 64 (69.57%) cases were male and 28 (30.43%) were female. Fifty-eight of the ninety-two cases (63.04%) were located in the pancreas. The location of the other cases was as follows: 21 (22.83%) in the ampulla and 11 (11.96%) in the DCBD. According to histological subtype, 81 (87.79%) cases were ductal adenocarcinoma (DAC), 4 (4.44%) were intraductal papillary mucinous neoplasm-associated invasive carcinoma, 3 (3.33%) were intraductal tubulopapillary neoplasm-associated invasive carcinoma, 3 (3.33%) were classified as adenosquamous carcinoma, and 1 (1.11%) as signet ring cell carcinoma. In total, 29 of these cases were pathological stage T3 (pT3), 20 were pathological stage T2 (pT2), 2 were pathological stage T4 (pT4), and 1 was pathological stage T1 (pT1). TB was lower in the well-differentiated cases than in the moderately and poorly differentiated cases. There was more LVI and PNI in cases with high TB.
In our study, the cases were classified as < 2 and ≥ 2 according to the presence of IELs. A significant correlation was found between stromal TIL groups and IEL density. It was determined that 52 of the 87 cases with IELs < 2 showed the presence of group B stromal TILs. The rate of group C stromal TILs in cases with IELs ≥ 2 was found to be higher than the rate of group A and B stromal TILs. The cases were divided into two groups (low and high) according to the TSR. The TSR was not significantly associated with histopathological features, TB, or stromal TIL groups. HHLA2 expression was compared with PD-L1 and MMR protein expression. No meaningful correlation was found between the MMR protein expression profile and the expression of PD-L1 and HHLA2. In addition, no significant relationship was found between the absence/presence of HHLA2 expression and TB, stromal TIL groups, IEL density, or TSR. Patients with high HHLA2 expression had a higher mean age than those with low expression. Low HHLA2 expression was associated with high PNI. HHLA2 expression was low in pT3 cases and high in pT1, pT2, and pT4 cases (Table 1).

DISCUSSION
Many studies have revealed the relationship between high-grade TB and aggressive histopathologic features (LVI, advanced pT stage) in PDAC[13,14]. Fewer studies have evaluated TB in ampullary and DCBD carcinomas. For both tumor types, high-grade TB was determined to be associated with features that reflect the aggressive tumor characteristics including poor histological differentiation, advanced stage, LVI and PNI, and lymph node metastasis[9,11].
Corresponding with the studies in the literature, the TB was lower in well-differentiated tumors than in moderately and poorly differentiated tumors in our study. TB was found to be significantly higher in tumors with LVI and PNI. The aggressive nature of tumors is a multifactorial process that is considerably affected by the tumor microenvironment (TME). The stroma, which is the main component of the TME, promotes the growth, invasion, and metastasis of tumors[12].
A low TSR has been shown to be associated with poor prognostic parameters such as increased tumor size and advanced tumor stage, as well as decreased OS and disease-free survival[12]. However, no study has investigated the relationship between the TSR and histopathologic features for adenocarcinomas located in the ampulla and DCBD. Our study did not find a significant correlation between the TSR and histopathologic features of the adenocarcinomas examined, possibly because the TSR was evaluated in the densest area; thus, the fact that the entire tumor area was not included in the evaluation may have affected the result. TILs and secreted cytokines are major components of the TME and play important roles in the immune regulation of cancer[15]. TIL density has come to the forefront as a predictive biomarker of the immunotherapy response[16].
The distribution of intratumoral, peritumoral, stromal, and intraepithelial TILs have been investigated in relation to antitumoral immune reactions in the TME[15]. There are few studies in the literature comparing the different localization of TILs in tumors located in the pancreas, ampulla, and DCBD. In a study by Zhang et al[15], the authors assessed the presence of stromal and intraepithelial TILs in PDAC and investigated the effects on prognosis. A significant T cell response due to intratumoral TILs was observed in PDAC tissues, whereas the response due to intraepithelial attack was very low. It has been reported that CD8+ T intraepithelial infiltration is an independent positive prognostic factor in OS and is negatively correlated with vascular invasion. However, high intratumoral CD8+ T cell infiltration without intraepithelial attack is associated with advanced tumor stage and is considered an adverse prognostic factor[14].
In our study, the relationship between the density of IEL and the stromal TIL groups was analyzed. The rate of having group C stromal TILs in cases with IELs ≥ 2 and the rate of being group A and B in cases with IELs < 2 were found to be significantly higher than in group C with IELs < 2. It has been suggested that tumor mutation load is related to the response rate to PD-1 inhibitors[3,17]. Assessment of the presence of MSI in tumors is important for predicting the effectiveness of PD-1/PD-L1 blockade[2]. The median number of somatic mutations is higher in MSI-H tumors than in MSS tumors[18]. MSI is found in 1% of PDAC cases, 9.5% of AAC cases, and approximately 4% of DCBD adenocarcinoma cases[2].
In this study, the expression of MMR proteins was preserved in 90 cases, a loss of MSH6 and PMS2 expression was observed in 1 case each; both cases were pancreatic cancer and belonged to the DAC histomorphologic subtype. A significant relationship was not found between MMR protein expression and the histopathological features or immunohistochemical markers assessed in our study. According to the available information in the literature, when the three localizations (pancreas, ampulla, and DCBD) are compared within themselves, MSI is least in pancreatic adenocarcinoma, while the most common in AAC. These results may be explained by the fact that there were more pancreatic carcinoma cases included in our study than AACs.
Satisfaction with immunotherapy outcomes has led to investigations into the relationship between PD-L1 expression and prognosis in many solid tumors. Studies have evaluated the expression of PD-L1 in adenocarcinomas located in the pancreas, ampulla, and DCBD and shown that the high expression of PD-L1 is associated with a poor prognosis in PDAC and AAC[19,20]. However expression of PD-L1 in TILs is associated with increased survival[21]. In our study, the expression of PD-L1 was evaluated only in tumor cells according to Tumor Proportion Score. No significant association was found between PD-L1 expression and histopathologic features. HHLA2, which is analogous to PD-1, is a newly discovered member of the B7/CD28 family and is expressed in many malignancies[9].
In a limited number of studies, it has been proposed that the expression of HHLA2 is independent from the other members of the B7/CD28 family, and its high expression is associated with long-term survival[9,10,22]. Nevertheless, Chen et al[22] reported that the high expression of HHLA2 is related to decreased survival. HHLA2 expression has been investigated in many solid tumors[23,24]; however, there has been no study on HHLA2 expression in adenocarcinomas located in the DCBD.
Byers et al[11] detected the decreased expression/Loss of expression of HHLA2 in PDAC compared to normal pancreatic ductal cells. Similar to that study, we found higher HHLA2 expression in the nonneoplastic adjacent tissue of tumors including the pancreas, TILs, and stromal cells. In addition, in cases where cytoplasmic staining was not observed in tumor cells, expression was preserved in nonneoplastic tissue.
In our study, patients with high HHLA2 expression had a higher mean age than those with low expression. At the same time, the rate of PNI was lower in cases with high HHLA2 expression. Low HHLA2 expression was correlated with advanced pathological stage. High expression of HHLA2 was observed in pT1, pT2, and pT4 cases, while low expression was found in pT3 cases. Only one pT4 case had high HHLA2 expression, which did not provide sufficient statistics for a meaningful inference.
In various tumors, expression of HHLA2 may be consequence of a complex process that is affected by many histopathologic features. Additional studies are needed to analyze the expression of HHLA2 in solid tumors and investigate the relationship between HHLA2 expression and survival.
In a limited number of studies, it has been proposed that both the expression of HHLA2 and co-expression of HHLA2 and PD-L1 are related to high density of TILs[22]. However, there have been no studies on the co-expression of HHLA2/PD-L1 in adenocarcinomas located in the pancreas, ampulla, and DCBD. In our study, the co-expression of PD-L1 and HHLA2 and its relationship with the presence of TILs were compared and no significant correlation was found. While no statistically significant correlation was found between the MMR and PD-L1 protein expression profiles and histopathologic features, a significant correlation was found between HHLA2 cytoplasmic expression and age, pT, and the presence of PNI irrespective of other immunophenotypic features.
Our study had some limitations. First, since we designed this research as a retrospective study, the data of some of the patients could not be accessed, so the number of patients included in the study did not reach the desired level. Second, more PDAC cases were included in the study compared to other cancer types and the examples were not homogenous. However, in light of our findings, which need to be supported by larger case studies, HHLA2 may serve as a novel therapeutic target for immunotherapy.

CONCLUSION
The results of this study suggest that HHLA2 expression in MSS and PD-L1-negative tumors may be useful for predicting the response of individuals to immunotherapy, and may serve as a therapeutic target for immunotherapy in patients with advanced-staged disease who do not respond to classical chemotherapy and have unresectable cancer.

ARTICLE HIGHLIGHTS
Research background
Despite advanced techniques in surgical methods and chemotherapy protocols, pancreatic, periampullary/ampullary, and choledochal adenocarcinomas still have high mortality rates. Thus, targeted therapies are needed.

Research motivation
Immunotherapy has opened a new era in cancer treatment. Despite the positive results obtained in treatment, it is necessary to investigate the patient group that does not respond to treatment, and clarify mechanisms and molecules involved in the resistance to immunotherapy. H long terminal repeat-associating 2 (HHLA2) is a novel immune checkpoint molecule. Therefore, the evaluation of HHLA2 expression may be useful in predicting the response to immunotherapy.

Research objectives
To evaluate the relationship of HHLA2 expression with other immunophenotypic markers.

Research methods
The expression of DNA mismatch repair, programmed death-ligand 1, and HHLA2 proteins was examined by immunohistochemistry. All tumor slides stained with hematoxylin and eosin were screened to evaluate other immunophenotypic features such as intraepithelial tumor-infiltrating lymphocytes. 

Research results
Low HHLA2 expression was associated with high perineural invasion (PNI). HHLA2 expression was low in pathological stage T3 cases and high in pathological stage T1, T2, and T4 cases. Patients with high HHLA2 expression had a higher mean age than those with low expression.

Research conclusions
We found that HHLA2 expression was correlated with age, pathological stage and the presence of PNI irrespective of other immunophenotypic features. Thus, HHLA2 may be a useful biomarker for predicting the response to immunotherapy.

Research perspectives
In light of our findings, which will be supported by larger case studies, HHLA2 may serve as a novel therapeutic target for immunotherapy in advanced-stage cancer.
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Figure 1 Membranous staining of tumor cells expressing programmed death-ligand 1. A-D: All panels show programmed death-ligand 1 expression in tumor cells from different cases (20 ×).
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Figure 2 Cytoplasmic expression of H long terminal repeat-associating 2 in tumor cells. A and B: Examples of different cases stained for H long terminal repeat-associating 2.
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