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English summary

ENGLISH SUMMARY
Periampullary carcinomas comprise all carcinomas that develop in the ampullary 

area of the pancreas, namely pancreatic ductal adenocarcinoma (PDAC), distal 

cholangiocarcinoma (CCA), papilla of Vater adenocarcinoma (PVA), and duodenal 

adenocarcinoma (DA). Besides the inability of current diagnostic tools to accurately 

distinguish malignant from benign disease, there are no specific diagnostic laboratory 

tests to differentiate subtypes of periampullary carcinomas, in particular PDAC and 

distal CCA. Additionally, effective patient selection for optimal therapy administration 

is currently lacking. 

This thesis deals with the diagnostic and therapeutic dilemmas of periampullary lesions, 

aiming to identify minimally invasive diagnostic and predictive biomarkers that could 

facilitate the improvement of clinical care for patients with periampullary carcinomas. 

This thesis highlights three topics: exploration of potential diagnostic biomarkers, 

identification of novel predictive biomarkers for evaluation of therapy response, and 

selection of patients with periampullary carcinomas for optimal treatment. Chapter 

1 provides a general introduction on periampullary carcinomas, therapeutic options, 

currently employed diagnostic tools, and promising minimally invasive biomarkers, i.e. 

microRNAs (miRNAs), tumor-educated platelets (TEPs), and proteins.  

PART I – DISCOVERY OF NOVEL CIRCULATING DIAGNOSTIC 
BIOMARKERS FOR PATIENTS WITH PERIAMPULLARY CANCER
The gold standard diagnosis of periampullary carcinomas is based on pathological 

tumor confirmation, either obtained by tumor biopsy, cytology, or evaluation of tissue 

specimen after resection. However, these analyses are invasive and may be unable to 

distinguish tumor subtypes. Tumor markers in blood, such as carbohydrate antigen 

19-9 (CA19-9), lack high specificity and sensitivity to reliably diagnose and differentiate 

periampullary carcinomas. As such, minimally invasive, accurate diagnostic biomarkers 

could facilitate the diagnostic process and are urgently warranted. In part one of this 

thesis, various promising diagnostic biomarkers are explored. The ability of these 

biomarkers to diagnose malignant lesions is evaluated, comparing expression levels in 

patients with malignant lesions to patients with benign disease and healthy individuals.

In Chapter 2 and 3, the diagnostic potential of circulating miRNAs in patients with 

PDAC and CCA is reviewed based on the current literature. Chapter 2 comments on 

circulating miRNAs as diagnostic tool for patients with PDAC based on a study by Xu 



330 331

et al. and presents an overview of previously found circulating miRNAs. Also, study 

limitations and practical implications for further assessment of diagnostic miRNAs are 

critically reviewed. In Chapter 3, miRNAs as diagnostic, prognostic, and predictive 

biomarkers are summarized for patients with CCA. Their function and specific role in 

CCA is discussed. 

Chapter 4 presents the diagnostic potential of miRNAs to accurately diagnose distal 

CCA. A three-phased approach was applied to identify differentially expressed 

miRNAs in plasma samples of patients with distal CCA. A two-miRNA panel of 

downregulated miR-16 and upregulated miR-877 was found as the most accurate 

combination to distinguish distal CCA from benign lesions and PDAC. Interestingly, 

comparable expression levels of miR-16 and miR-877 were found in plasma samples 

of patients with perihilar and intrahepatic CCA compared to distal CCA, underlining 

the biological relevance. A two-miRNA panel of miR-16 and miR-877 demonstrates 

promising diagnostic capability to diagnose patients with distal CCA. 

In Chapter 5, spliced RNA profiles of tumor-educated platelets (TEPs) are explored to 

build a diagnostic classifier for patients with PDAC, using a support-vector machine-

based algorithm. The constructed TEP-based classifier enabled accurate detection of 

PDAC compared to benign hepatobiliary lesions (AUC = 0.94). Based on this data, 

TEPs can be exploited to distinguish PDAC from benign diseases and large-scale 

validation is warranted for solid algorithm development and clinical implementation.

Tumor tissue secretome is used in Chapter 6 to discover potential diagnostic protein 

biomarkers for patients with PDAC and distal CCA. To this end, secretome was 

collected from tumor tissue and adjacent normal pancreatic tissue. Protein expression 

profiles were identified by mass-spectrometry analysis. After filtering and selection 

of candidate biomarkers, thrombospondin-2 (THBS2) and mucin-5B (MUC5B) were 

selected and investigated by ELISA in plasma samples from patients with PDAC, distal 

CCA, benign disease, and healthy donors. The combined expression of THBS2 and 

CA19-9 yielded the most optimal discriminatory capacity (AUC = 0.952) to distinguish 

patients with cancer from healthy donors. Moreover, this combination demonstrated 

a power similar to CA19-9 to discriminate towards benign disease (AUC = 0.764). 

Thus, the combined plasma expression of THBS2 and CA19-9 is able to accurately 

discriminate patients with PDAC and distal CCA from healthy donors and benign 

disease and holds potential as a diagnostic biomarker combination.  
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PART II – THE PREDICTIVE POTENTIAL OF BIOMARKERS
Most patients with PDAC are diagnosed at advanced disease stages and are beyond 

cure at time of clinical presentation. Systemic therapy administration could prolong 

overall survival. However, this treatment comes at a high costs if severe side-effects are 

experienced. As such, minimally invasive predictive and monitoring biomarkers could 

aid to select patients for optimal therapy administration and prevent unnecessary side-

effects. 

In Chapter 7, systemic treatment options for patients with advanced PDAC are 

reviewed. The standard therapeutic options, including the combination regimen 

FOLFIRINOX and gemcitabine plus nab-paclitaxel, as well as promising targeted 

treatment strategies are highlighted. The future potential of biomarkers to stratify 

patients is further elaborated.

Chapter 8 describes the identification of miR-181a-5p as monitoring biomarker for 

response to FOLFIRINOX in patients with advanced PDAC. Plasma miR-181a-5p was 

found to be significantly down-regulated in non-progressive patients after treatment 

with FOLFIRINOX. In multivariate analysis, this decline correlated with improved 

progression free survival and overall survival, especially when combined with CA19-

9 decline. This combination did not correlate with survival in patients treated with 

gemcitabine plus nab-paclitaxel, underlining the therapy specificity. In vitro studies 

were performed and identified ATM as down-stream target of miR-181a-5p. Moreover, 

inhibition of miR-181a-5p coupled with oxaliplatin exposure in pancreatic cell lines 

decreased cell viability. In summary, these results demonstrate the potential of miR-

181a-5p as specific biomarker for monitoring FOLFIRINOX response and necessitates 

further studies.

PART III – CLINICAL OUTCOME AND SELECTION OF PATIENTS 
FOR OPTIMAL THERAPY 
Clinical outcome of patients with DA and intestinal-type PVA remains largely unknown. 

Therefore, a review and meta-analysis was conducted to summarize the available 

evidence for patients with DA an intestinal-type PVA in Chapter 9. This review 

and meta-analysis illustrate that both pancreaticoduodenectomy and segmental 

resection are justified techniques for resection with curative intent. Lack of lymph 

node involvement favors survival for DA. Strikingly, no additive benefit was found for 

adjuvant therapy after resection with curative intent, and data regarding palliative 

therapy was scarce. This addresses the need for further exploration of novel systemic 

treatment approaches. 
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Chapter 10 presents a retrospective study on the clinical outcome of patients with DA 

and intestinal-type PVA and demonstrates the feasibility to apply local treatment of 

oligometastases in selected patients with DA. First, the survival of patients with DA was 

confirmed to be comparable to intestinal-type PVA, after adjusting for disease stage. 

Patients were considered for resection of the primary tumor combined with local 

treatment of oligometastases, according to the guidelines applied for patients with 

colorectal cancer liver metastases. Local treatment resulted in a better overall survival 

compared to systemic treatment or supportive care. These results suggest a potential 

benefit for local treatment strategies in selected patients with DA and warrants further 

large-scale prospective studies to fully confirm survival benefit.

Chapter 11 concludes with a general discussion. The results of this thesis are put into 

perspective of the available literature and the requirements for clinical implementation 

of minimally invasive biomarkers are highlighted. Future perspectives on the possible 

implications for clinical care are accentuated. 
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