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Diagnosing periampullary carcinomas remains difficult and treatment outcomes are 

disappointing as the large majority of patients with these tumors are beyond cure at 

time of clinical presentation. Current diagnostics for those patients are invasive and 

inaccurate and predictive tools for therapy response are lacking. Consequently, the 

benefits of specific therapies are uncertain for individual patients and selection of 

patients for tailored treatment and evaluation of their outcomes is hampered. The 

findings reported in the first part of this thesis open up novel opportunities for further 

exploration of minimally invasive diagnostic biomarkers for accurate diagnosis. In the 

second part of this thesis, the possibility to exploit biomarkers as a predictive tool for 

precision oncology was explored. At last, we provided novel insights into the clinical 

outcomes of patients with duodenal adenocarcinoma and intestinal type papilla of 

Vater adenocarcinoma. In this chapter, the findings of this thesis will be discussed in 

the context of the available evidence, elaborating on the unaddressed considerations. 

Furthermore, the clinical implications and future challenges will be discussed. 

DIAGNOSTIC AND PREDICTIVE 
CIRCULATING BIOMARKERS – ARE WE 
READY FOR CLINICAL APPLICATION?
Current diagnostic tools for patients with periampullary carcinoma are invasive and 

demonstrate only moderate sensitivity, since they are unable to accurately distinguish 

between malignant or benign lesions as well as among subtypes of periampullary 

carcinomas (Chapter 1). The identification of minimally invasive and highly accurate 

diagnostic biomarkers could overcome these issues. The possibility to discover blood-

based biomarkers as diagnostic tool was assessed in the first part of this thesis, and 

included the exploration of microRNAs (miRNAs), tumor-educated platelets (TEPs), 

and plasma-based proteins. We demonstrated that these circulating biomarkers 

all hold great potential for accurate diagnosis for several subtypes of patients with 

periampullary carcinomas. But is this sufficient for the subsequent step of clinical 

implementation? Here, we highlight requirements for clinical implementation and 

discuss the performance, advantages, and limitations of the circulating biomarkers 

described in this thesis. Other relevant biomarkers for patients with periampullary 

carcinomas will be addressed shortly. Thereafter, advances in selection of patients for 

precision oncology will be discussed.
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ADVANTAGES AND PITFALLS OF CONTEMPORARY EXPLORED 
BLOOD-BASED BIOMARKERS
The rapidly evolving field of biomarker-based diagnostics has resulted in an 

enormous discovery of promising minimally invasive diagnostic biomarkers in different 

experimental settings. The greatest advantage to use liquid biopsies is the full 

representation of tumor features, the minimally invasiveness, and the infinite source 

to collect repeating follow-up samples.1 However, translation of these promises 

into the clinic remains below expectation due to numerous factors. For biomarker 

development, a 5-phased analysis has been suggested, consisting of 1) preclinical 

exploratory studies, 2) clinical assay development, 3) retrospective longitudinal 

repository studies, 4) prospective screening studies, and 5) cancer control studies.2,3 

Despite the urgency for minimally invasive biomarkers, most circulating biomarker 

tests are still held up in preclinical studies (phase 1 & 2), while prospective large-scale 

validation and further development are failing. Various factors contribute to this, 

including the lack of relevant control samples, and the necessity to include multiple 

independent cohorts of patients, resulting in failure to confirm previous results during 

validation studies. Another key point is the time needed to develop and evaluate the 

test accuracy.3 To support the introduction of a novel diagnostic test into clinical care, 

several requirements are critical: 1) analytical validity, 2) clinical validity, and 3) clinical 

utility.4 Analytical validity aims to provide high accuracy and reliability to detect a certain 

disease. Clinical validity is defined as the ability of a diagnostic test to accurately and 

reliably predict the disease, including the population prevalence. Finally, clinical utility 

assesses the performance of a test based on improvement of clinical outcomes and 

clinical decision-making. Many novel blood tests have included analytical validity in 

terms of sensitivity, specificity, and reproducibility as part of the study design. However, 

large-scale validation is often limited and the clinical utility and benefit to patients in 

clinical care remains largely unaddressed, while these steps are pivotal for successful 

implementation in day to day clinical care for patients. 

The lack of consistency in sample collection methods and the rapid evolvement of 

different methods for biomarker isolation also contribute to the poor translation of 

biomarkers into clinical care.5 Highly specified protocols to allow biomarker identification 

have resulted in a wide variety of methods and fast changing work protocols for sample 

collection, ranging from a variety of tubes to collect patient samples to numerous 

methods and products for isolation of RNA, DNA, or proteins. This causes three main 

problems: 1) previously collected samples with outdated protocols are of insufficient 

quality for future biomarker analysis, 2) long-term retrospective collections of similar 
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source for biomarker validation are absent, and 3) comparing results of biomarker 

studies is difficult due to protocol differences. Many factors influence biomarker 

expression, from sample handling, storage times, and company-specific protocols 

for biomarker identification, to differences in statistical analyses, insufficient clinical 

data, and lack of inclusion of diverse and relevant patients groups (Chapter 2).5,6 Also, 

specific diagnosis based on tumor subtypes is often inaccurate or results in a large 

scattered cohort if several subtypes are present. This urges researchers to combine 

comparable tumor types into larger groups in order to reach sufficient numbers for 

statistical analysis. This has led to a disturbingly large variation between studies using 

a variety of patient samples and often to failure of independent validation studies.7,8 

In order to obtain a sufficient amount of samples collected with these highly novel 

protocols (international) multicenter validation studies are warranted, since historically 

collected retrospective longitudinal samples are no longer reliable. Improvement of 

regulatory guidelines concerning reporting standards, critical evaluation of necessity 

for each study, and uniform protocols will enhance the performance and comparability 

between studies and further develop reliable biomarkers.3 

Besides these general remarks, each biomarker possesses various biomarker-specific 

advantages and challenges. 

CIRCULATING MICRORNAS: IDENTIFICATION OF A TWO-MIRNA 
PANEL FOR ACCURATE DIAGNOSIS OF DISTAL CCA 
In the search for stably expressed biomarkers, miRNAs were identified as promising 

candidate biomarkers (Chapter 2 & 3).6,9-11 Many studies have identified unique 

expression profiles of circulating miRNAs for various solid tumor types, including those 

KEY POINTS

•  Clinical implementation of biomarker-based diagnostics requires 

standardized protocols and large-scale validation

•  Long-term retrospective collections of patient samples are often futile 

due to highly specialized protocols for biomarker identification 

•  (International) multicenter validation studies are needed obtain large 

cohorts of specific tumor subtypes and to improve translation of 

biomarkers to clinical care
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for patients with PDAC and cholangiocarcinoma (CCA).12,13 However, previous studies 

are often not representative, since diseased patients were compared to healthy 

individuals and clinically relevant patient groups were not included as representative 

controls. Therefore, our study addressed the need to investigate the usefulness of 

circulating miRNAs for patients with lesions of the pancreatic head by including only 

clinically relevant diagnostic groups. We identified a two-miRNA panel of miR-16 

and miR-877 to accurately distinguish distal CCA from age- and sex-matched PDAC  

and benign disease (Chapter 4).14 Relatively lower expression of miR-16 and higher 

expression of miR-877 provided high accuracy to discriminate distal CCA from benign 

disease (AUC = 0.90) as well as from PDAC (AUC = 0.88). Moreover, this combination 

was not influenced by cholestasis or high levels of bilirubin, a common confounding 

factor.15,16 These data confirm the remarkable potential of circulating miRNAs as 

diagnostic biomarkers. Until today, this is the first promising biomarker-based tool to 

accurately diagnose distal CCA.

FURTHER CONFIRMATION OF TUMOR-SPECIFICITY OF THE 
TWO-MIRNA PANEL IS NEEDED
Our study however is an exploratory study and further research is warranted for clinical 

implementation. Besides the above mentioned general requirements for biomarker-

based diagnostics in clinical care, the optimal diagnostic biomarker would need to be 

specifically related to the tissue of origin and a specific tumor (sub)type to be clinically 

useful.17 However, malignant tumors are notoriously complex and heterogeneous 

even within a tumor type, while on the other hand different tumor types share many 

molecular features as well as common biomarkers.18,19  The current study provided 

substantial evidence to further explore the two-miRNA panel to diagnose distal CCA, 

but the tumor-specificity of these circulating miRNAs is yet to be confirmed. It remains 

questionable whether extracellular miRNAs originate from tumor cells or from non-

malignant cell types, such as blood cells and immune cells.20,21 Identification of miRNAs 

in tissue samples could provide insight in the origin and specific location of these 

miRNAs and confirm their tumor-specific diagnostic value. Indeed, several studies 

supported a correlation between circulating miRNAs and tissue-based miRNAs, while 

others failed to find correlating profiles.22-25 Various hypotheses have been postulated 

for this discrepancy, including the blood cell origin of circulating miRNAs and selective 

release of miRNAs from tumor cells.21,25 Also, differences in protocols for miRNA 

isolation for different sample types could influences miRNA expression levels. These 

hurdles make reliable comparisons between miRNA expression in tumor tissues and 

circulating miRNAs yet uncertain. This contributes to the unclear tumor-specificity of 
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miRNAs and therefore the feasibility of circulating miRNAs as biomarkers remain to 

be further examined. To substantiate the tissue-specific origin of miR-16 and miR-877 

in CCA in our study, their plasma expression levels in patients with distal CCA were 

confirmed to be comparable, but not entirely similar to patients with perihilar CCA 

and intrahepatic CCA.14 This underlines the common genomic signature of CCA in line 

with previous studies demonstrating similarities in molecular profiles of CCA and could 

imply a CCA-related miRNA profile.26,27 Exploring these miRNAs in other tumor types 

would be essential to confirm their discriminative power. 

MEASUREMENT OF CIRCULATING MIRNAS; THE NEED FOR 
STANDARDIZATION
Practical issues on accurate measurement of circulating miRNAs could withhold 

clinical application. Although PCR is a highly advanced technique and implemented 

into routine diagnostics for detection of several diseases, detection of miRNAs in 

blood samples is notoriously challenging. The currently used RT-qPCR for detection 

of miRNAs requires disease-specific endogenous reference controls for data 

normalization.28 However, consensus on the optimal normalization strategy is lacking 

and the low abundancy of miRNAs in the circulation hinders accurate detection.28 

Moreover, since miRNAs have only been discovered recently, the protocols for isolation 

and detection of miRNAs from liquid biopsies are optimized constantly, which results 

in a lack of comparability between studies.29 Validated protocols as well as specific 

thresholds to stratify for miRNA positive and negative expression levels are needed to 

define miRNA expression positivity with clear interpretation. Novel techniques, such as 

droplet digital PCR, could provide more reliable quantification of miRNAs expression 

profiles and help to standardize expression levels, allowing for more straight-forward 

data interpretation.30 Advances in high-throughput techniques might further improve 

detection of low concentrations of miRNAs and to quantify miRNA expression levels.31 

Altogether, these data point out that circulating miRNAs are promising minimally 

invasive biomarkers, but have not yet matured to provide an efficient diagnostic 

biomarker. This makes short-term clinical implementation unrealistic. 

TUMOR-EDUCATED PLATELETS ARE A RICH AND DIVERS 
BIOMARKER SOURCE
Tumor-educated platelets (TEPs) have been shown to have great potential as 

biomarkers source to overcome the instability and degradation of RNA in the 

circulation and they were previously explored as diagnostic biomarkers.32,33 Using a 
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particle optimized support vector machine-based algorithm, spliced RNA profiles in 

TEPs demonstrated an exceptionally high accuracy of 0.94 to discriminate patients 

with PDAC from relevant benign pancreatic lesions (Chapter 5). Notably, patients with 

resectable PDAC were distinguished from non-resectable tumors with an accuracy of 

0.89 with a specifically designed algorithm. 

One major advantage of TEPs as biomarker source is the stable conservation of 

RNA within platelets and the ability to detect spliced platelet RNA content by high-

throughput/next generation sequencing.32 This allows large biomarker panel selection 

and the possibility to deploy the TEP-based profile for multiple purposes, such as 

diagnostics, tumor stage, and possibly prediction of therapy response, with specific 

algorithms. Obviously, this methodology also has several drawbacks. Processing of 

platelets from individuals and isolation of RNA is a highly vulnerable process, which is 

currently restricted to be performed at expert centers. Variations between hospitals can 

reduce sample quality, and introduce batch effect, resulting in substantial unwanted 

noise in subsequent analyses.34,35 This noise disturbs appropriate modelling of the 

biological variation within platelet RNA profiles and possibly introduces substantial 

bias, leading to inaccurate sample classification. Therefore, critical experimental 

design and carefully conducted analyses are warranted. Especially for large-scale 

implementation of TEP-based diagnostics at multiple locations and across countries, 

optimization and standardization of the workflow is needed to ensure minimal non-

biological variations between samples and attribute variations in RNA profiles solely 

to true genomic variations. 

BIOSTATISTICS OF BIG DATA: TRUSTWORTHY OR A BLACK BOX?
The expanding amount of collected data drives advances in analytical techniques 

to deal with these large data sets and combine several data sources, including 

clinical variables and –omics data. Uncovering relevant information from so called 

large data sets or even ‘big data’ can be supported by computer algorithms, such 

as machine learning algorithms, to deploy artificial intelligence and assist in clinical 

decision making.36 In such a way, large amounts of data enable detection of subtle 

and complex correlations, which makes the diagnostic profile highly robust compared 

to a single diagnostic biomarker.37 Utilization of computer algorithms enables data 

analysis with greater consistency, efficacy, larger capacity, reproducibility and, most 

practically, speed compared to human labor.38 However, certain limitations also apply 

to the application of computer algorithms. The efficacy of algorithms is significantly 

determined by sample quality and the amount of underlying data.39 Moreover, selection 

of appropriate cohorts to train the algorithm is pivotal to develop a representative 



Discussion and Future perspectives

310 311

model and extrapolate these results towards generalized samples. However, choosing 

a representative, smaller training cohort to make predictions about a large dataset 

remains problematic since there are multiple ways of choosing the smaller dataset.40 

This small training dataset should provide a framework which is rich enough to capture 

relevant variations and to be representative for extrapolation. This makes machine 

learning highly vulnerable to inappropriate selection of unwanted variations on 

which the diagnostic classifier is further based. Eventually, incorrect selection of the 

training cohort could result in failure to demonstrate the diagnostic potential in larger, 

multicenter studies.

Understanding of the developed classifier and subsequent classification of samples is 

critical in such way that outcomes can be understood by human clinicians for careful 

decision making, so called explainable artificial intelligence (AI). To interpreted and 

deploy AI-based classifiers with confidence, sufficient details need to be provided 

to clinicians to understand what exactly makes the classifier arrive at the predictions, 

instead of a black box manner.41 More interpretability in AI-based diagnostics is needed 

to understand predictions made by these algorithms. To take full advantage of the 

promises of big data, adaption and comprehensive development of machine learning 

and explainable AI will aid to incorporate the complexity of big data into clinical care.

PROTEINS ARE A LONGSTANDING BIOMARKER SOURCE AND 
PROVIDE STABLE DETECTION
Proteins are another biomarker source and most clinically available test for disease 

detection are currently protein-based. Despite the long history of blood-based 

proteins as diagnostic tool, surprisingly, the human plasma proteome remains largely 

undiscovered. Moreover, is it difficult to characterize disease-specific proteins against 

the large proportion of albumin and the wide, dynamic range of other abundant 

proteins.42,43 To overcome this issue, proteomic biomarker discovery could be optimized 

by a phased study design starting with unbiased, comprehensive protein identification 

in more proximal biofluids, as performed in Chapter 6.44 Based on several selection 

criteria, thrombospondin2 (THBS2) emerged as promising diagnostic biomarker as it  

was shown to accurately distinguish patients with PDAC and distal CCA from healthy 

individuals as well as benign disease in combination with CA19-9 (AUC = 0.952 and AUC 

= 0.764, respectively). Interestingly, no differences in expression levels of THBS2 were 

found between patients with PDAC and distal CCA. This implies that a single marker 

is insufficient for accurate classification and a multi-protein panel will be required to 

distinguished between specific tumor types.43,44 During the initial proteomics discovery 
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analysis of our study, various other proteins emerged as biomarker candidates, 

including MUC5B, SERPINB5, and MXRA5. These should be explored in future studies 

to complement the biomarker panel. 

Several major challenges remain to be solved to optimize the introduction of novel 

protein-based biomarkers in the clinic. Besides the technical challenges, such as 

assay development, verification of the diagnostic potential in early stage tumors 

and precursor lesions is pivotal.44 Many studies have focused on the detection of 

carcinomas versus healthy individuals, while detection of premalignant lesions based 

on plasma protein expression has hardly been explored.45 Progression of premalignant 

lesions to malignancies is accompanied by accumulation of genetic alterations, which 

occur early during tumorigenesis. However, many changes occurring at the (epi-)

genetic level might not be reflected at the level of protein expression, questioning the 

capability of a protein-based biomarker panel to detect these precursor lesions or their 

progression into cancer.46,47 This essential discovery is crucial for accurate detection 

and classification of premalignant lesions. Moreover, accessibility of plasma samples 

of patients with high-grade precursor lesions is limited and this remains a drawback to 

optimally identify biomarkers for monitoring progression and early detection.  

OTHER PROMISING CIRCULATING BIOMARKERS
The excitement about improving cancer diagnostics with minimally invasive biomarkers 

has drawn substantial attention towards this field of research, which has resulted in a 

tremendous number of encouraging biomarkers. Besides the biomarkers explored in 

this thesis, circulating tumor cells (CTCs), circulating tumor DNA (ctDNA), and DNA 

methylation markers have demonstrated their capacity as diagnostic, predictive, and 

monitoring biomarkers.1,48,49 ctDNA is one of the most intensively studied biomarkers 

and various tests have been clinically approved to detect mutations, for example 

in lung cancer.50 In patients with PDAC, the potential of a multi-analyte diagnostic 

blood test by combining ctDNA, plasma protein expression (e.g. CA19-9), and 

CTCs showed a low sensitivity of ~60% with high specificity (>95%).51,52 Despite 

these high expectations, the ability to detect early stage PDAC based on only KRAS 

mutations in plasma remains around 30%, which warrants more sophisticated ctDNA 

detection methods or other biomarker sources with early deregulation during tumor 

development.49,51,53,54 

Together, various analytes hold great potential as minimally invasive biomarkers in 

liquid biopsies, although each biomarker possesses several difficulties which remain 

to be addressed for clinical implementation. Moreover, this underlines the necessity to 

deploy complementary markers.
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EXPLORATION OF BIOMARKERS FOR 
PRECISION ONCOLOGY
Traditionally, the anatomic location of a tumor mostly determines the therapeutic 

options. To this end, clinically relevant diagnostic biomarkers should be specifically 

related to the tissue of origin in order to treat patients. Recent molecular profiling 

studies have redefined this concept by identification of similarities in genomic profiles 

of tumor types across anatomical sites, but the hypothesis that similar molecular profiles 

behave similarly to therapeutic regimens is still being explored.55,56 This underscores the 

complexity of tissue- and context-specific tumorigenesis as well as the involvement of 

environmental factors, such as the microenvironment and microbiome.57 Especially for 

patients with periampullary tumors, the anatomic distinction between tumor subtypes 

is often difficult to make, even under the microscope. Comprehensive genomic 

analyses demonstrated a continuum in mutational profiles between periampullary 

carcinomas, rather than separated tumor entities.58 Together, determination of both the 

molecular tumor profile combined with (presumed) anatomical tumor location could 

KEY POINTS

•  A miR-16 and miR-877 panel accurately distinguishes distal CCA from 

PDAC and benign lesions

•  TEPs are able to provide diagnosis- and stage-specific information by 

application of specific algorithms on the same patient sample

•  The combined expression of THBS2 and CA19-9 is a reliable and robust 

biomarker combination for diagnosis of PDAC and distal CCA

•  Confirmation of tumor-specificity of biomarkers as well as standardized 

methods are warranted for reliable clinical application

•  Computer algorithms enable integration of multiple data sources to 

demonstrate complex correlations, but adequate training is crucial for 

stable algorithm development 
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help to direct application of therapy.59 As such, subtypes of pancreaticobiliary tumors 

might display overlapping molecular profiles which respond similarly to therapeutic 

approaches. This would imply that disease- and tissue-specific circulating biomarkers 

able to distinguish between subtypes of periampullary carcinomas could be of lesser 

importance than biomarkers containing valuable information on determinants of 

outcome, including disease stage, prognosis, and response to specific therapy. Shifting 

the focus from solely an anatomically point of view towards a more molecular-based 

treatment approach could provide more support to improve outcomes for patients 

with periampullary carcinomas. Subsequently, combination regimens currently used 

for patients with PDAC might also be beneficial for (a subgroup) of patients with distal 

CCA or even duodenal adenocarcinoma. 

This molecular-based treatment approach could also help to answer the most 

prominent clinical question for surgeons confronted with patients with periampullary 

tumors; should we take it out? Since these tumor types have a high tendency on 

(early) recurrence and metastasis, molecular information on tumor biology will help 

clinical decision making and justify surgical resection. Today, tumor location, stage, 

and tumor involvement of surrounding structures mostly dictates the possibility for 

surgical resection. In the future, molecular profiling could ultimately lead to biology-

driven surgery, rather than anatomy-driven surgery.

MONITORING RESPONSE TO SYSTEMIC THERAPY
Several systemic regimens have demonstrated efficacy in patients with advanced 

PDAC, of which FOLFIRINOX and gemcitabine combined with nab-paclitaxel are 

mostly applied (Chapter 7).60 Administration of systemic therapy aims to prolong life 

with an optimal quality, while curation is no longer feasible in these patients. The 

therapy should therefore provide maximal benefit (e.g., stopping disease progression 

and minimizing tumor-related symptoms) with a minimal risk of adverse events. 

However, the currently applied one-size-fits-all-strategy is not working for most 

patients, as individual patient’s benefits are unpredictable and systemic treatment 

harbors a substantial risk for therapy-related side-effects.61 Predictive and monitoring 

biomarkers could help to identify patients with early response to therapy and optimize 

precision oncology. This novel approach was applied in our study in which circulating 

miRNAs of patients with advanced PDAC treated with FOLFIRINOX were correlated 

to outcome. We found that a combination of decline in circulating miR-181a-5p and 

CA19-9 correlated with a longer progression free survival and overall survival (Chapter 

8).62 Interestingly, no such correlation was found for patients treated with gemcitabine 
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combined with nab-paclitaxel. Thorough in vitro analysis demonstrated the role of 

miR-181a-5p in the DNA damage response and inhibition of miR-181a-5p enhanced 

efficacy of oxaliplatin. This study provided a highly novel approach by combining 

clinically-based biomarker identification substantiated with preclinical experiments to 

unravel mechanisms of therapy resistance and predict response to systemic therapy. 

Intensified combination regimens have also shown their potential as adjuvant therapy 

in patients with PDAC. Postoperative systemic therapy with FOLFIRINOX after curative 

resection demonstrated a remarkable improved survival of 54 months, compared to 35 

months for patients treated with gemcitabine monotherapy.63 However, this improved 

survival comes with a price to pay: FOLFIRINOX holds a substantially higher risk of 

severe adverse events compared to gemcitabine. To date, randomized controlled trials 

provide robust data, but lack the opportunity to identify subgroups of patients that 

might either receive overtreatment with aggressive therapy in the case of no residual 

disease or undertreatment and early progression in the case of micrometastases. 

Longitudinal collection of tumor and liquid biopsies during clinical trials will help to 

provide important insights into tumor biology and discover biomarkers for response to 

optimize precision oncology. Moreover, with the initiation of neoadjuvant therapeutic 

strategies, data-driven selection of patients is pivotal to augment clinical decision-

making.64 Especially for neoadjuvant treatment strategies, indicators of effectiveness 

of therapy and benefit of subsequent surgical resection are of utmost importance.  

Thus, exploration of predictive and monitoring biomarkers for precision oncology is 

highly relevant to further optimize tailored treatment schedules. At present, allocation 

of therapy is based on tissue samples obtained after surgical resection or tissue 

biopsies. However, these tissue-based profiles are subjected to sampling bias and 

large intratumor heterogeneity, which is not properly captured by tissue samples.65 

Moreover, each genomic tumor profile is unique and dynamic, especially after 

treatment initiation, underlining the importance of longitudinal surveillance of patients. 

Ideally, the possibility to identify and monitor tumor evolvement via ‘liquid biopsies’, 

such as blood, overcomes these issues with a minimally invasive and infinite source 

of material comprising the full representation of tumor dynamics during the course 

of the disease.48,65 However, the rapid evolving tumor landscape as well as intratumor 

heterogeneity complicates the identification of predictive and monitoring biomarkers.66 

Additionally, capturing molecular heterogeneity in liquid biopsies is complex since 

molecular analyses from liquid biopsies often differ from tissue of the primary tumor.67 

Serial analyses of liquid biopsies during the course of the disease have the potential 
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to tailor individual treatment strategies, while preventing unnecessary side-effects and 

help elucidating mechanisms of drug resistance. Ultimately, biomarkers could aid in 

shared decision making to improve patient-centered care.

KEY POINTS

•  Combining the molecular tumor profile with tumor location could help  

to direct application of therapy more precisely

•  Predictive and monitoring biomarkers are needed to identify patients 

with (early) response to therapy and optimize tailored treatment

•  Decline of miR-181a and CA19-9 can specifically monitor response to 

FOLFIRINOX therapy in patients with PDAC

•  Liquid biopsies provide an infinite source of material with full tumor 

representation, which could assist in precision oncology

SELECTION OF PATIENTS FOR OPTIMAL 
THERAPY 
Nowadays, no biomarkers for precision oncology are available for patients with 

periampullary carcinomas and selection of patients for therapy administration is based 

on clinicopathological characteristics. In pursuit of optimal clinical care, experimentally 

and clinically discovered therapies are often translated from one tumor type to 

others based on tumor resemblance. Due to the anatomic location of the duodenum 

surrounding the pancreas and similar procedures for surgical resection, duodenal 

carcinoma and intestinal-type papilla of Vater adenocarcinoma (PVA) are often 

regarded as PDAC and distal CCA by clinicians. However, duodenal adenocarcinoma 

and intestinal-type PVA display an intestinal-type tumor differentiation and clinical 

outcomes significantly differ from pancreaticobiliary tumor types.68 This phenotypic of 

duodenal adenocarcinoma and intestinal-type PVA resemblance with other intestinal 

tumor types, i.e., colorectal cancer and gastric cancer, has prompted the exploration 

of similar therapeutic options for these patients. 
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The major limitation to provide sufficient evidence for this approach is, however, 

the low incidence of duodenal adenocarcinoma and intestinal-type PVA, which has 

detained comprehensive large-scale evaluation on patient outcomes.69 Our meta-

analysis provided insights into the outcomes and therapeutic options for patients 

with duodenal adenocarcinoma by systematically reviewing and combining the 

currently available evidence (Chapter 9).70 In particular, this research revealed the 

marginal evidence for the therapeutic role of systemic treatments which are currently 

sometimes used for patients with duodenal adenocarcinoma. No survival benefit has 

indeed been found after administration of adjuvant therapy. These results should 

be interpreted with caution, since therapeutic regimens were often unspecified and 

prognostic factors were poorly reported.71 As such, this could indicate a selection bias 

of administration of adjuvant therapy to patients with high risk of disease recurrence 

based on worse prognostic factors, for example advanced disease stage, lymph node 

involvement and marginal status.71-73 Moreover, 5-fluoro-uracil monotherapy is currently 

the most commonly administrated adjuvant chemotherapeutic regimen.74 More 

favorable outcomes have been found for combined modality therapies in patients 

with advanced small bowel adenocarcinoma, including fluoropyrimidine combined 

with oxaliplatin.75,76 Strikingly, these results have not yet translated into a change in 

clinical practice for patients with duodenal adenocarcinoma and PVA. Adequate 

stratification on prognostic factors to identify subgroups of patients who could benefit 

from adjuvant therapy is essential to decipher the role of adjuvant therapy. 

OPTIMAL TREATMENT OF METASTATIC LESIONS IN PATIENTS 
WITH DUODENAL ADENOCARCINOMA OR INTESTINAL PVA:  
CURED BY THE KNIFE?
Despite advances in systemic therapy, surgical resection of the tumor remains the 

only curative treatment for the vast majority of solid tumor types. Already in the 60s 

and 70s, the first pioneers elaborated on this insight to extend surgical resections 

not only for the primary tumor, but also for (oligo)metastatic lesions.77 Subsequent 

studies gave more understanding of biological behavior of histologically different 

malignancies and provided justification for local treatment of metastases for patients 

with colorectal cancer liver metastases, while local treatment of liver metastases for 

patients with PDAC was abolished.78-82 Eventually, after almost 20 years, refined criteria 

were established to optimally select patients for resection of liver metastases, based 

on the physical condition of the patient, the extend of metastatic lesions, and the 

remnant liver after resection.83 To further extend this knowledge, we hypothesized 

that local treatment of oligometastases could be beneficial for patients with duodenal 
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adenocarcinoma and intestinal type PVA (Chapter 10), based on resemblance of tumor 

biology with colorectal cancer. 

In this study, patients were selected for local treatment of liver metastases based on 

similar criteria as currently in practice for patients with colorectal liver metastases. The 

survival of all consecutive patients with duodenal adenocarcinoma was demonstrated 

to be comparable to patients with intestinal type PVA, after stratification for disease 

stage.68 The median survival of patients with stage I-II carcinomas was nearly 10 years. 

However, almost half of patients were alive at time of these analyses, which may distort 

a true reflection on the long-term outcomes. Despite this extensive median survival, 

the 3-year survival was slighter shorter compared to the 3-year survival of stage I 

and stage II colorectal cancer, which is currently >95% and >90%, respectively.84 One 

possible explanation could be the higher mortality rate after resection of the primary 

tumor and the inclusion of surgery-related deaths in our analysis.85,86 The overall 

survival of patients with advanced duodenal adenocarcinoma and intestinal type PVA 

was nonetheless comparable to colorectal cancer, with a median survival of 14 months 

compared to 10-16 months, respectively.87 Importantly, survival outcomes of patients 

presenting with distant oligometastases demonstrated a longer survival after local 

treatment of oligometastases of 37 months versus 14 months for the patient group 

receiving systemic treatment and 6 months for patients receiving supportive care, 

respectively (Chapter 10). These outcomes resemble the overall survival of 36 months 

following curative intent surgery of colorectal liver metastases.88 

This study demonstrates that local treatment of oligometastases is feasible and 

associated with a favorable outcome in highly selected patients with duodenal 

adenocarcinoma, but should be interpreted critically. Still, it is unknown whether these 

outcomes can be attributed to local treatment of oligometastatic lesions or to the 

natural course of the disease, due to selection of patients with favorable tumor biology. 

Also, long-term follow-up (>10 years) is needed to draw conclusions on the potentially 

curative effect of local treatment and risk of tumor recurrence. The major limitation to 

substantiate the true benefit of this novel approach is the limited number of patients, 

which prohibits comprehensive analysis on prognostic factors. Implementation of this 

innovative approach should be performed only in study context with strict in- and 

exclusion criteria supervised by an expert multidisciplinary team to optimally consider 

the available therapeutic options. Future patient selection should also be improved by 

genomic profiling and allow for a more fundamental approach to select patients for 

local treatment.  
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FUTURE PERSPECTIVES
Several ways are envisioned in which liquid biopsy-based biomarkers can be 

implemented into clinical practice for diagnostics, selection of patients for optimal 

treatment regimens and prediction of therapy response. For optimal clinical 

implementation of both diagnostic and predictive biomarkers, overcoming several of 

the above discussed obstacles is crucial. Most studies have thus far demonstrated 

the potential of circulating biomarkers in highly selected and homogeneous patient 

groups, demonstrating the need for carefully planned trials and translational studies 

to truly link differences in biomarker expression profiles to biological differences. 

However, in everyday clinical practice the numerous differential diagnosis of lesions in 

the periampullary area, the presences of other (inflammatory) diseases at the time of 

diagnosis, the diverse history of cancer types, and many other factors could influence 

biomarker levels, making this process noteworthy complex. Introduction of this real-

world clinical heterogeneity will undoubtedly disturb the diagnostic accuracy. In this 

thesis, clinically relevant patient groups were studied to demonstrate the potential 

of diagnostic biomarkers and it was shown that biomarkers can provide accurate 

diagnosis for periampullary tumors. Further introduction of relevant clinical variety is 

needed to ensure the robustness of the diagnostic profile. Also, prospective collection 

of sequential samples of population-based non-diseased who develop disease 

over time and follow-up samples during the course of the disease could verify the 

usefulness of biomarkers.89 Of note, these sequential samples could also help facilitate 

early diagnosis. To validate the definite diagnostic accuracy, multicenter, preferably 

KEY POINTS

•  The low incidence of duodenal adenocarcinoma and intestinal type 

papilla of Vater adenocarcinoma has detained comprehensive large-scale 

evaluation on patient outcomes

•  No benefit of adjuvant therapy has been found for patients with 

duodenal adenocarcinoma, which urges further exploration of combined 

treatment regimens

•  Local treatment of oligometastases is associated with a favorable 

outcome, but larger cohorts with long-term follow-up are needed 
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multinational, validation studies are needed to ensure validity across multiple platforms 

and patients ethnicities. 

As demonstrated in this thesis, each individual biomarker holds promising potential 

as diagnostic and, possibly, predictive biomarker. Instinctively, combining these 

biomarkers into a multi-panel consisting of miRNAs, TEPs, proteins, and other analytes 

that together define a robust signature, might further improve their diagnostic capacity. 

Combining multiple blood-based biomarkers could overcome false negatives caused 

by tumor heterogeneity and a “multi-analytes panel” could provide a cumulative, 

stronger interpretation of multiple weak predictors.39 We envision that integration 

of data from multiple data types, including –omics data (e.g., miRNAs, TEPs, and 

proteins), data retrieved from the electronic health record (e.g., demographics, clinical 

characteristics, medical history, and laboratory results), and imaging modalities will 

further improve the diagnostic process. To this end, AI, in particular deep learning, 

constitutes a tool with great potential to process and integrate a multitude of large 

data sets and to strive for continuous improvement of algorithms.90,91 Moreover, for 

each clinical question (e.g., diagnosis, prognosis, prediction of response, etc.) a specific 

algorithm based on these large amounts of input data should be developed, aiming 

to optimally aid in personalized medicine and precision oncology (Figure 1). These 

tools could also improve selection of patients who benefit from surgical resection and 

facilitate inclusion of eligible patients in future clinical trials. 

Unfortunately, the rapid development of these highly advanced technologies has not 

yet translated into practical implementation. Several key issues remain to be conquered 

to ascertain the role and position of machine learning technologies. Roughly, both 

practical and ethical considerations have been raised. The availability of data in real-

world, data regulation, data safety and privacy, integration of artificial intelligence 

into complex clinical work flows, transparency of data, cost-benefit, and model 

interpretability are all fundamental and remain to be clarified.92,93 Further development 

of explainable AI, i.e., providing sufficient details and interpretability of classifiers, is 

critical to interpreted and deploy AI-based classifiers with confidence in daily clinical 

practice.41 Importantly, consideration of responsibility and ethical issues is warranted.94 

All these factors contribute to the still insecure place of artificial intelligence in clinical 

care. Especially these critical points should first be thoroughly discussed and agreed 

on, for example in multinational consensus meetings, to provide a framework and 

guidance for application of machine learning technologies in clinical care. Despite 

these teething troubles, ultimately, application of computer-based algorithms and 
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artificial intelligence is possibly the only way to process big data necessary for a multi-

parameter strategy. 

Together, AI techniques holds compelling promise to augment the ability of humans to 

provide health care in an era of overwhelming data availability and could provide an add-

on role to enhance the human strength of clinicians.95,96 In this way, artificial intelligence 

can help to prepare and inform clinicians in such way so they can focus on the human 

aspects of care and nurture for patients.97

At last, besides these practical implications to implement a biomarker-based blood test, 

additional preclinical studies addressing the biology of these biomarkers are needed to 

provide transparency on the features of biomarkers. Especially the biological rationale 

behind biomarkers will help to enhance the interpretability of artificial intelligence-based 

biomarker tests and make these tests more trustworthy.96 Improved pathophysiological 

knowledge may also provide novel leads for therapy development and elucidating drug 

resistance. 

KEY POINTS

•  Prospective collection of samples with real-world clinical heterogeneity is 

pivotal to validate the robustness of diagnostic biomarkers 

•  Combining multiple blood-based biomarkers together in a multi-analytes 

panel with clinical information could further improve the diagnostic 

process

•  Artificial intelligence provides an promising tool to process and integrate 

a multitude of large data sets and optimally aid in clinical decision 

making

•  Both practical and ethical considerations remain to be clarified before 

clinical application of artificial intelligence is justifiable 

•  In the future, artificial intelligence could help to enhance the human 

strength of clinicians to provide clinical care 
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Figure 1. Possible application of artificial intelligence in the clinic. 
A schematic overview of the integration of data from electronic health records, imaging, 
and multi-omics data in blood samples by artificial intelligence to support clinical care. 

In summary, there is an increasing number of opportunities to utilize minimally invasive 

biomarkers in daily clinical care. By combining efforts at biomarker-level as well as at 

clinical-level, optimizing clinical care based on biomarker expression is realistic and 

nearby.   
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