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PERIAMPULLARY CARCINOMAS 
The pancreas is an endocrine and exocrine organ located retroperitoneally in the 

upper abdomen. It lies transversely between the duodenum and the spleen and can 

be divided anatomically into the pancreatic head, body, and tail. Exocrine enzymes for 

food digestion are excreted through the pancreatic duct, opening into the duodenum 

at the papilla of Vater. The common bile duct joins the main pancreatic duct at the level 

of the pancreatic head (Figure 1). This part of the common bile duct is often referred 

to as the distal (common) bile duct. The area of the pancreatic head where these two 

ducts join and form the papilla of Vater surrounded by the duodenum is called the 

periampullary area. All these structures contain different cell types and can thus give 

rise to different tumor types. The current subtype classification of tumors arising in 

the periampullary area is based on the anatomical location from where the tumor 

originates and the histopathological classification. Periampullary carcinomas comprise 

pancreatic cancer, distal cholangiocarcinoma, papilla of Vater carcinoma and duodenal 

carcinoma.1 The vast majority of carcinomas arising in the periampullary region are 

adenocarcinomas and these can be further classified based on the histological type of 

differentiation into either a ductal- or an intestinal-type differentiation.2

Figure 1. Anatomy of the periampullary area. 
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Pancreatic ductal adenocarcinoma (PDAC) is the most common type of pancreatic 

cancer with approximately 2,200 new cases diagnosed in the Netherlands each year.3 

Despite tremendous efforts to develop novel treatment regimens, the survival rate 

of PDAC remains poor, with a 5-year survival of only 8%.4 Consequently, PDAC is 

projected to become the second most common cause of cancer-related death in the 

next decade.5 PDAC and distal cholangiocarcinoma both display a ductal-type tumor 

differentiation and develop as primary tumors in the pancreatic head region, but they 

originate from different cells.6 PDAC is generally thought to arise from the pancreatic 

ductal cells, while distal cholangiocarcinoma develops from the cholangiocytes lining 

the epithelium of the distal common bile duct.7 Distal cholangiocarcinoma is less 

commonly diagnosed compared to PDAC, particularly in the Western world. In the 

Netherlands, only 200 patients are diagnosed with distal cholangiocarcinoma each 

year.6,8 Distal cholangiocarcinoma has a slightly more favorable survival and requires 

different therapeutic approaches, comparable with biliary tract cancer. Distinguishing 

these tumor types, however, can be challenging as their appearance on imaging 

modalities can be largely the same, due to their close anatomic proximity. Even on 

conventional pathological examination, differentiating between these tumor types can 

be impossible.9 This might result in an underestimation of distal cholangiocarcinoma 

and in incorrect patient stratification.9,10

Duodenal adenocarcinoma also arises in the periampullary area. It is an uncommon 

malignancy of the gastrointestinal tract with an incidence of ~0.5 per 100,000 

population, although the incidence has increased during the last years.11 Duodenal 

adenocarcinoma develops as primary tumor from the intestinal cells in the wall of 

the duodenum and displays an intestinal-type differentiation. The overall survival 

of duodenal adenocarcinoma is fairly better compared to both PDAC and distal 

cholangiocarcinoma with a 5-year survival of almost 40%.12 Adenocarcinoma of the 

papilla of Vater has an ambiguous position in the periampullary area, as these tumors 

can either display a ductal- or an intestinal-type differentiation.13 Recently, more insight 

has been gained in the biology of these histological tumor types, demonstrating 

comparability between ductal tumor types with pancreaticobiliary cancer and intestinal 

tumor types with colorectal cancer.14 This histopathological differentiation is the most 

important determinant of outcome and should therefore lead the therapeutic options 

for these patients.15 However, due to the junction of the papilla with other structures, 

distinguishing papilla of Vater adenocarcinoma from other periampullary carcinomas 

is often difficult, especially in advanced tumor stages. 
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THERAPEUTIC OPTIONS FOR PERIAMPULLARY CARCINOMAS
The only curative treatment for all periampullary carcinomas is radical surgical 

resection of the primary tumor and surrounding tissue. The percentage of patients 

eligible for curative surgery, however, varies greatly. This can be as low as 20% for 

patients with PDAC, as most patients present at advanced disease stages, and up to 

80% for patients with duodenal adenocarcinoma, since most of these patients present 

with localized disease.12,16 Postoperative systemic therapy after curative resection is 

the standard of care for patients with PDAC to enhance survival, as recurrence will 

occur in more than 90% of patients. Currently, regimens for adjuvant treatment consist 

of gemcitabine monotherapy, either combined with capecitabine.17,18 The recently 

completed PRODIGE trial demonstrated a survival benefit for adjuvant therapy with 

the combination regimen of 5-fluorouracil (5-FU), oxaliplatin, irinotecan and leucovorin 

(FOLFIRINOX) compared to gemcitabine (54.4 versus  35.0 months, respectively).19 

Practical implications for the most favorable adjuvant therapeutic strategy remain to 

be experienced, especially considering the higher incidences of severe toxic effects. 

For distal cholangiocarcinoma, duodenal adenocarcinoma, and papilla of Vater 

adenocarcinoma, the effect of adjuvant therapy on survival is still debated. Patients 

with poor prognostic factors are often treated with adjuvant therapy, although the 

optimal type of treatment as well as the patient’s benefit is unclear. 

Advanced periampullary carcinomas consist of either locally advanced or metastatic 

disease. Curative resection is not feasible for these tumor stages and little evidence is 

available regarding the optimal therapy for advanced tumor stages. First-line treatment 

for all patients with periampullary tumors consists of systemic therapy. For patients with 

PDAC, either FOLFIRINOX or gemcitabine plus nanoparticle albumin-bound paclitaxel 

(nab-paclitaxel) is used in clinical care.20,21 These combination therapies demonstrate 

comparable efficacy outcomes, sometimes at high cost of substantial side-effects.22 

Ideally, response to chemotherapy can result in sufficient disease down-staging 

and resection of the primary tumor.23 Distal cholangiocarcinoma is mostly treated in 

concordance with biliary tract cancer, for which cisplatin combined with gemcitabine 

is the first-choice treatment.24 This strategy can be doubted, since subtypes of biliary 

tract cancer, including distal cholangiocarcinoma, have distinct biological behavior.25 

Optimal treatment regimens for patients with duodenal adenocarcinoma and 

intestinal-type papilla of Vater adenocarcinoma remain to be explored, but are mostly 

based on regimens already established for patients with colorectal cancer, because 

of the histopathological and biological similarities.26,27 Systemic treatment includes 

capecitabine alone or combined with oxaliplatin (CAPOX). Enhanced understanding 
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of each subtype of periampullary carcinomas may help to tailor treatment regimens 

and optimize outcomes. 

CURRENT DIAGNOSTICS 
Most patients with periampullary carcinomas remain clinically silent during large parts 

of disease development and often present with vague abdominal complaints, such as 

abdominal pain and weight loss.16,28 Specific clinical symptoms are either related to 

obstruction of the common bile duct, resulting in jaundice, or related to gastric outlet 

obstruction.29 Visualization of the tumor is typically performed by radiological imaging 

with abdominal computed tomography (CT) or magnetic resonance imaging (MRI). 

Imaging provides identification of the tumor location, determination of initial disease 

stage and evaluation for resectability, which together dictates the most appropriate 

treatment.28 

Establishing a correct diagnosis in patients with tumors in the periampullary region 

on imaging modalities is very challenging, due to the complex anatomy and overlap 

of radiological findings with benign lesions of the pancreas.30,31 Histopathological 

confirmation is still considered the gold standard for diagnostic certainty. Material 

for pathological evaluation can be obtained preoperatively either by endoscopic 

retrograde cholangiopancreatography (ERCP) with brush cytology or by endoscopic 

ultrasound-guided (EUS) fine needle aspiration (FNA) with cytology or a biopsy of the 

suspected lesion.32 However, ERCP with brush cytology and EUS are both invasive 

procedures associated with considerable morbidity.33 Moreover, periampullary 

carcinomas, particularly PDAC, are a complex mixture of tumor cells present in 

minority surrounded by a stroma-rich microenvironment.34 Conventional methods 

used for diagnostic confirmation are subject to sampling biases arising from tissue 

heterogeneity because of this high stromal density, resulting in difficulty to obtain 

adequate specimens for evaluation.32 Sometimes multiple attempts are needed to 

retrieve representative material. Inability of cytology to determine tumor origin adds 

to the complexity of this diagnostic process.35 Summarizing, current diagnostic tools 

are invasive, have a limited diagnostic accuracy, and are often unable to differentiate 

accurately between malignant or benign periampullary lesions, let alone subtypes of 

malignancies.  

Almost 40 years ago, the first pioneers sought to identify blood-based diagnostic 

markers to facilitate and improve cancer diagnostics. In 1981, Koprowski and 

colleagues were the first to describe the monoclonal antibody 19-9 as specific antibod 
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against a colon carcinoma cell line.36 This antibody reacts with a carbohydrate 

antigenic determinant (CA19-9). The presence of CA19-9 was found in the serum of 

most patients with gastrointestinal cancer, ovarian cancer and PDAC.37,38 Currently, 

CA19-9 is widely used as tumor marker for PDAC and cholangiocarcinoma and is 

particularly sensitive to distinguish patients from healthy individuals.37 However, 

there is a strong positive correlation between CA19-9 expression and bilirubin levels, 

in both benign and malignant lesions.39 This significantly restricts the clinical utility 

of CA19-9 as diagnostic marker and results in a modest diagnostic sensitivity and 

specificity in PDAC of ~79% and ~82%, respectively.39,40 The current use of CA19-9 as 

diagnostic marker possess several pitfalls. First, patient with benign disease, including 

choledocholithiasis, cholangitis and pancreatitis, and premalignant lesions can display 

elevated levels of CA19-9. This results in a risk of false positive patients. Secondly, 

CA19-9 is a Lewis antigen and about 5-10% of the population is Lewis negative. 

Consequently, these patients will not express CA19-9, which results in false negative 

results in those patients.41 At last, elevated expression of CA19-9 is not an indication 

of tumor origin and is thus unable to accurately differentiate between subtypes of 

periampullary tumors. 

NOVEL BIOMARKERS FOR OPTIMAL MANAGEMENT OF 
PERIAMPULLARY CARCINOMAS
The current management of periampullary carcinomas reveals several important 

challenges. First, there is a clear clinical need for novel diagnostic tools which can 

reliably diagnose and differentiate periampullary carcinomas and distinguish those 

from benign disease. Second, all patients with advanced tumors are treated with 

chemotherapy, used in an ‘one-size-fits-all’-approach. These clinical decisions are 

based on outcomes from large-scale studies, while the individual patient’s risk-

benefit is unclear. Effective patient selection before or early during treatment could 

aid to improve the benefits of anticancer treatments. At last, the rarity of duodenal 

adenocarcinoma and papilla of Vater adenocarcinoma has limited evaluation of the 

outcome after treatment. While major advances have been made for common cancers, 

novel treatment options are less applied in these rare tumor types. Strikingly, these 

tumors are frequently treated like pancreaticobiliary tumors, solely based on their 

anatomic location, despite their distinct tumor biology. Translation of knowledge 

gained for similar tumor types could help to identify novel strategies and optimize 

outcomes for these patients.  
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In the past decade, an overwhelming amount of research has provided substantial 

insights to our understanding of the communication between tumor cells and their 

surroundings. Various molecules are actively excreted by cells or released during 

apoptosis or necrosis and these can be identified in liquid biopsies, such as blood.42 

Understanding the biological processes behind these molecules is pivotal to 

exploit their potential as novel biomarkers. Biomarkers are objectively measurable 

characteristics and this term is nowadays typically shorthand for molecular biomarkers.43 

Since biomarkers are actively and passively released by cells, biomarkers can be 

disease- and tissue-specific, and related to response to treatment. As such, tumor-

specific biomarkers in liquid biopsies are ideal as reliable diagnostic and predictive 

tool. Numerous types of biomarkers have been identified over the last years and novel 

biomarkers are continuously identified. Roughly, these biomarkers can be identified 

on DNA, RNA, protein, (epi)genetic or metabolic level.42 Together, these molecules 

have the potential to provide a complete insight on the features of the tumor. For the 

understanding of the work described in this thesis we will only discuss in more detail 

the ability of microRNAs, RNA from blood platelets, and proteins as novel biomarkers 

(Figure 2).   

Various molecules are released into the bloodstream by tumor cells. These biomarkers are 
explored as novel diagnostic and predictive tools, since these can be detected in liquid biopsies, 
such as blood. 
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Figure 2. Schematic overview of circulating microRNAs, RNA from tumor-educated 
platelets (TEPs), and proteins. 
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MICRORNAS 
MicroRNAs (miRNAs) are interesting novel candidate biomarkers, because they are 

surprisingly stable in plasma and serum samples.44 They are a class of 19 to 24 nucleotides 

long, non-coding RNAs, regulating gene expression in the post-transcriptional 

phase.45 MiRNAs exert their main function by binding to complementary sequences 

in the 3’ untranslated regions of their target messenger RNA (mRNA). Thereby, they 

either induce degradation or block translation of their target mRNA.46,47 The major 

advantage of miRNAs is their possibility to target multiple mRNAs; a single miRNA 

can bind up to hundreds of different target genes and thus be involved in numerous 

processes, so called pleitropic action. Therefore, miRNAs potentially control around 

half of the protein-coded genes of the human genome.46 

Dysregulation of miRNAs has been identified in various pathological processes, 

including cancer development and progression.48,49 Their expression profiles have 

been shown to be tissue-specific.50 Many of the pathways in which miRNAs contribute 

to carcinogenesis are targets of anti-cancer drugs. Therefore, miRNAs are also 

investigated for their roles in influencing and maintaining drug resistance through the 

modulation of protein expression.51 Hence, the involvement of miRNAs as regulators 

of essential pathways in various processes makes them an attractive field of research 

for cancer diagnostics and precision oncology.

MiRNAs can be released into the circulation during necrosis or apoptosis, but miRNAs 

are also actively excreted from cells, either in microvesicles or in conjunction with RNA-

binding proteins (e.g. AGO-complex).47 In such way, they remain stably expressed due 

to protection to RNase digestion.44 In addition, miRNAs are easy to detect with various 

methods, such as high-throughput sequencing, micro-array profiling, and real-time 

quantitative polymerase chain reaction (RT-qPCR).52 Together, their involvement in 

crucial cellular processes and their stable expression in liquid biopsies make miRNAs 

interesting candidates to explore for robust and reproducible biomarker discovery.

RNA FROM BLOOD PLATELETS 
Blood platelets are traditionally known for their function in hemostasis. More recently, 

appreciation has been growing for their interaction in the tumor microenvironment 

and role in cancer initiation and progression.53 Blood platelets have a lifespan in the 

circulation of 7 to 10 days, during which they can ingest RNA molecules and 

proteins as well as undergo specific splice events in their RNA repetoire.54 Tumor 

cells can impose alterations in the platelet RNA and protein profile. This results in 

so called tumor-educated platelets (TEPs) formation.55 The identification of TEPs has 
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prompted their expansion as biomarker source to diagnose various tumor types.56-58 

Besides their diagnostic potential, TEPs have also been investigated as monitoring 

biomarker for therapy response. Together, a shift in the TEP profile yields promising 

prospective as blood-based test for diagnosis and treatment monitoring biomarker.  

PROTEINS
Proteins are the key processors of all cellular processes and protein expression 

is likely the most ubiquitously affected in disease.59 Hence, dysregulated protein 

expression contributes to various hallmarks of cancer. Blood is an exceptionally 

complex and comprehensive protein-containing sample, which has been studied 

since Hippocrates.60 Protein expression in blood can be altered in many diseases and 

protein analyses are implemented in daily clinical care within a routine laboratory 

infrastructure. Despite its long history, the human proteome is largely uncharacterized. 

Advances in mass spectrometry-based proteomics have allowed the identification 

and quantification of the human proteome and resulted in many potential candidate 

protein biomarkers for cancer.61 However, the wide dynamic range and interference by 

abundant blood-based proteins are critical issues for protein biomarker discovery.62 

Therefore, it remains difficult to identify accurate markers among an enormous number 

of candidates. Implementation of phased approaches which combine unbiased 

protein characterization followed by target-driven validation has allowed for more 

robust identification of protein-based biomarkers. Together, this approach supports 

the discovery and validation of protein-based biomarkers as potential diagnostic and 

predictive tools. 



General Introduction and Thesis outline

18 19

AIM AND OUTLINE OF THE THESIS
Current insights expose the dilemmas faced in the clinic with lack of accurate 

diagnostic and predictive biomarkers and unclear clinical outcomes. The aim of this 

thesis is to investigate the potential of encouraging novel circulating biomarkers for 

detection and response prediction in periampullary cancers. Additionally, the current 

management and outcomes for patients with duodenal adenocarcinoma and papilla 

of Vater adenocarcinoma is evaluated. 

PART ONE – DISCOVERY OF NOVEL CIRCULATING DIAGNOSTIC 
BIOMARKERS FOR PATIENTS WITH PERIAMPULLARY 
CARCINOMA
Part one of this thesis describes various diagnostic biomarkers to accurately 

diagnose patients with periampullary carcinoma. In order to collect a representative, 

heterogeneous collection of patient samples, the biobank ‘Hepatopancreaticobiliary 

disease’ was implemented at the Amsterdam UMC – location VUmc in 2014. In this 

biobank, clinical data, liquid biopsies, including blood samples, and tissue samples 

were collected from all consecutive patients with suspected malignancies as well as 

benign diseases. In addition, extensive collaborations with the department of Medical 

Oncology and Pathology at the University Hospital of Pisa (Pisa, Italy) provided 

substantial additional samples. For subsequent biomarker investigations, we assessed 

the possibility to exploit circulating miRNAs, spliced RNA from TEPs, and plasma 

proteins. 

In Chapter 2 the possibility to exploit circulating miRNAs to diagnose patients with 

PDAC and the methodology to detect circulating miRNAs was evaluated critically. In 

Chapter 3 we reviewed the role of miRNAs in cholangiocarcinoma, based on the current 

literature. We expanded this knowledge in Chapter 4 by investigating the potential 

of circulating miRNAs to distinguish distal cholangiocarcinoma from PDAC, benign 

disease, and healthy individuals. To further explore novel diagnostic biomarkers, we 

evaluated the potential of TEPs in Chapter 5 as minimally invasive diagnostic tool to 

accurately diagnose patients with PDAC compared to healthy individuals as well as 

patients with benign diseases of the biliary tree or pancreas. In Chapter 6 the tumor 

secretome of patients with PDAC and distal cholangiocarcinoma was investigated to 

identify actively excreted tumor-related proteins. Subsequently, the most promising 

protein was explored as diagnostic biomarker in human plasma samples. 
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PART TWO – THE PREDICTIVE POTENTIAL OF BIOMARKERS 
The second part of this thesis examined the possibility of circulating biomarkers as 

predictive and monitoring tool. Discovery of circulating biomarkers for precisions 

oncology is of utmost importance to optimize effective patient selection. Despite 

increased attention for this pressing issue, selection of patients based on biomarkers 

remains challenging. Biomarkers with a broad biological range of action, such as 

miRNAs, might be a promising strategy to explore. To this end, we provided an 

overview of the current therapeutic options for patients with PDAC and translational 

advances to optimize therapeutic outcomes in Chapter 7. The issue of adequate 

patient selection is particularly critical in patients with PDAC treated with FOLFIRINOX. 

This intense chemotherapy regimen results in a modest response rate while substantial 

and severe side-effects are often encountered. To overcome this issue, we explore in 

Chapter 8 the potential of miRNAs as monitoring biomarkers for selection of patients 

with PDAC with adequate response to FOLFIRINOX. 

PART THREE – CLINICAL OUTCOME AND SELECTION OF 
PATIENTS FOR OPTIMAL THERAPY
The last part of this thesis addresses the current outcomes and therapeutic options 

for patients with the rarest type of periampullary carcinomas, namely duodenal 

adenocarcinoma and intestinal-type papilla of Vater adenocarcinoma. These rare tumor 

types are often left unaddressed and comprehensive retrospective studies and clinical 

trials to evaluate the benefit of currently employed therapies are absent. To outline the 

base of current outcomes and therapeutic options for these patients, a meta-analysis 

was performed in Chapter 9. We provided a comprehensive retrospective analysis 

of all patients with duodenal adenocarcinoma and intestinal-type papilla of Vater 

adenocarcinomas treated at both locations of the Amsterdam UMC in Chapter 10 and 

propose a novel therapeutic strategy including local treatment of oligometastases for 

patients with liver or lymph node metastases.

Chapter 11 provides a general discussion, summarizing the insights obtained in 

chapter 2 to 10 in the light of the current available evidences and provides food for 

thought on future perspectives. 
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