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Background

Patients with pancreatic ductal adenocarcinoma (PDAC) have late diagnosis which results in poor prognosis. Currently, surgical resection is the only option for curative intent. Identifying high-risk features for patients with aggressive PDAC is essential for accurate diagnosis, prognostication, and personalised care due to the disease burden and risk of recurrence despite surgical resection. A panel of three biomarkers identified in tumour tissue (S100A4, Ca125 and Mesothelin) have shown an association with poor prognosis and overall survival. The diagnostic and prognostic value of the serum concentration of this particular biomarker panel for patients with PDAC has not been previously studied.



Methods

Retrospectively collected blood samples of PDAC patients (n =120) and healthy controls (n =80) were evaluated for the serum concentration of select biomarkers – S100A4, S100A2, Ca-125, Ca 19-9 and mesothelin. Statistical analyses were performed for diagnostic and prognostic correlation.



Results

A panel of four biomarkers (S100A2, S100A4, Ca-125 and Ca 19-9) achieved high diagnostic potential (AUROC 0.913). Three biomarkers (S100A4, Ca-125 and Ca 19-9) correlated with poor overall survival in a univariable model (p < 0.05). PDAC patients with abnormal levels of 2 or more biomarkers in their serum demonstrated significantly lower survival compared to patients with abnormal levels of one or less biomarker (p < 0.05).



Conclusion and Impact

The identified biomarker panels have shown the potential to diagnose PDAC patients and stratify patients based on their prognostic outcomes. If independently validated, this may lead to the development of a diagnostic and prognosticating blood test for PDAC.





Keywords: pancreatic ductal adenocarcinoma, diagnostic biomarkers, prognostic biomarkers, S100A4, Ca-125 and Ca 19-9, survival analysis



Introduction

Pancreatic ductal adenocarcinoma (PDAC) has the highest mortality of all major cancers and is projected to become the second most common cause of cancer related death by 2030 (1, 2). Currently, clinical decision making is based on the radiological staging, vascular involvement, overall disease burden and the patient’s premorbid status. However, current algorithms used to treat PDAC do not specifically take into account the biological behaviour of each tumour. Recent work on the genetic variability and biology of PDAC highlights the importance of tumour biology in chemosensitivity and overall survival (3, 4). Hence, there is an urgent need for an easily quantifiable and cost-effective biomarker signature to assist clinicians in taking informed treatment decisions based on an individual patient’s tumor biology.

A PDAC tissue biomarker panel (S100A4, Mesothelin, Ca-125) approach has recently been shown to be successful in prognosticating pancreatic cancer outcome (5). The expression of these biomarkers in the tumour tissue has been shown to track with the genetic changes associated with a more aggressive (so called ‘squamous’) genotype of PDAC (6). However, given that these tissue sample may be difficult to obtain at first presentation, a liquid biopsy using secreted biomarkers in the patient’s blood would be beneficial in diagnosis and prognostication with personalisation of treatment for patients with PDAC.

The aim of this study was to: (1) determine the diagnostic potential of this set of biomarkers individually and as a panel by comparing serum expression of these biomarkers in PDAC patients and healthy controls; (2) establish a “normal” and “abnormal” result for the expression of a set of biomarkers – Ca 19.9, Ca-125, Mesothelin, S100A2 and S100A4 by comparing serum values in patients with PDAC with healthy controls; (3) identifying the prognostic significance of these biomarkers based on serum expression in PDAC patients and correlation with overall survival.



Methodology


Patient Information

Patients across two tertiary centres, Royal North Shore Hospital and North Shore Private hospital, who had surgically resected PDAC, and serum collected at the time of surgery from 2007 – 2014 were included in this study. The serum was obtained from the Kolling Tumour Bank. Serum from age and sex matched healthy controls was also obtained from the Kolling Tumour Bank.



Standard Protocol Approvals, Registrations, and Patient Consents

Ethical approval was obtained at the respective tertiary centres (references HREC/16/HAWKE/105 and NSPHEC 2016-007). Informed written consent was obtained from all participants and/or their designated surrogate. Northern Sydney Local Health District reference: RESP/16/76.



ELISA Assay

ELISA assay was performed for S100A4 (Circulex S100A4 ELISA Kit Version 2 Cat# CY-8086, MBL Life Science, Japan), S100A2 (Cat# SEC009Hu, Cloud-clone Corp, Wuhan, China) and Mesothelin (Mesomark ELISA Kit; Fujirebio Diagnostics, PA, USA), following manufacturer’s guidelines. Each sample was performed in duplicate. Assay for Ca-125 and Ca 19-9 was performed at the Pathology North, RNSH, using their standard protocol.



Data Analysis

The biomarker concentrations between PDAC and Healthy Controls were compared and analysed for diagnostic potential using AUROC curves. The cut-off values used for multivariable analysis (Supplementary Table 1) were determined based on optimum sensitivity and specificity in univariable analysis.

Patient characteristics were compared for survival using Cox Proportional Hazard Model. Univariable survival analysis for biomarkers was performed using Kaplan-Meier curves, and statistical significance was achieved using the Log-rank test with a p-value <0.05. The biomarker cut-off values for the survival analysis were based on either clinically used values or values where high specificity was achieved with minimum loss of sensitivity (Supplementary Table 2). PDAC patients were divided into two groups based on normal or abnormal levels of biomarker concentration. The cut-offs were established based on the observed direction of change in biomarkers. Biomarkers with significantly elevated levels in the serum of PDAC patients compared to healthy controls (i.e., S100A2, Ca-125, Mesothelin and Ca 19-9), patients were classified with abnormal levels when their biomarker level was more than cut-off. In contrast, for the biomarkers with significantly decreased levels in PDAC serum, patients were classified with abnormal levels when their biomarker level was less than cut-off. All statistical analyses were performed using Stata SE, IBM SPSS Statistics for Windows 2019 (Version 26.0 Armonk, NY, IBM Corp) or GraphPad Prism Software (Version 8.4.2).




Results


Population Demographics

Patient characteristics are described in Table 1. There were 120 patients with PDAC included in this study and 80 healthy controls.


Table 1 | Patient and tumour characteristics and correlation with survival status.





Diagnostic Biomarkers

Initially, the ability of each biomarker (i.e., S100A4, S100A2, Mesothelin, Ca-125 and Ca 19-9) to diagnose PDAC was assessed by comparing expressions with healthy controls. Serum levels of S100A4, S100A2, Ca-125 and Ca19-9 demonstrated moderate to high ability to diagnose PDAC with AUROC values of 0.613, 0.634, 0.755 and 0.869, respectively (Figure 1). In contrast, mesothelin showed poor diagnostic ability (AUROC: 0.525; Figure 1).




Figure 1 | Diagnostic Ability of Biomarkers. Receiver Operator Curves were generated to determine the diagnostic potential of individual biomarkers. for: (A) S100A2; (B) S100A4; (C) Ca-125; (D) Ca 19-9; and (E) Mesothelin.



Next, a multivariable model for a panel of S100A4, S100A2, Ca-125 and Ca 19-9 was generated to assess its diagnostic ability. A diagnostic cut-off based on optimum sensitivity and selectivity was selected for diagnostic multivariable model. The cut-off, sensitivity and selectivity values are described in Supplementary Table 1. The panel showed very high diagnostic ability (AUROC: 0.913; Supplementary Table 3), which was superior to the current clinically used biomarker Ca 19-9 alone (AUROC: 0.869).



Survival Analysis Based on Serum Biomarker Levels

Survival correlation with abnormal serum biomarker levels were determined using Kaplan Meier curves. Abnormal serum levels of S100A4 (median survival (m.s.): 28.92 vs 23.29 months; Figure 2), Ca-125 (m.s.: 26.15 vs 22.18 months; Figure 2) and Ca19-9 (m.s.: 28.92 vs 23.49 months; Figure 2) led to reduction in the median overall survival time. In contrast, abnormal serum levels of S100A2 resulted in increased median survival time (m.s.: 23.72 vs 26.35 months; Figure 2). However, none of the biomarkers individually corresponded with overall survival.




Figure 2 | Univariable Survival Analysis of Individual Biomarkers. (A–D) Kaplan Meier survival curves for individual biomarkers were generated using prognostic cut-offs (Supplementary Table 3). n, number of patients; m.s., median survival in months.



The panel of S100A4, Ca-125 and Ca 19-9 was further analysed to determine its ability to stratify patients based on their overall survival. Initially, patients were divided into four groups: (1) none of the biomarkers with abnormal levels (n = 6); (2) one biomarker with abnormal levels (n = 31); (3) two biomarkers with abnormal levels (n = 56); (4) three biomarkers with abnormal levels (n = 27). Multiple comparison Kaplan Meier curve analysis did not achieve statistical significance (p = 0.121; Supplementary Figure 1), potentially due to very small number of patients in some categories. The combination of first two and last two categories was able to stratify patients based on their overall survival (Figure 3). The patients with abnormal levels of one or less of the biomarker (n = 37) had significantly improved survival outcomes, compared to those with abnormal levels of two or more biomarkers (n = 83; m.s.: 36.76 vs 20.02 months, p = 0.018; Figure 3). Patient distribution based on tumour characteristics was also analysed (Supplementary Table 4, which showed uniform distribution in both biomarker groups.




Figure 3 | Univariable Survival Analysis of Biomarker Panel. Kaplan Meier survival curves comparing patients with abnormal biomarker levels of one or less biomarker and patients with abnormal biomarker levels of two or more biomarkers. n, number of patients; m.s., median survival in months.






Discussion

The study demonstrates that of the select group of biomarkers included in this study, a panel of four (S100A4, S100A2, Ca-125 and Ca 19-9) have superior diagnostic potential compared to the current biomarker used in clinical practice, Ca 19-9 alone. Additionally, the abnormal expression of two or more biomarkers correlated with worse survival (median survival: 36.76 vs 20.02 months; p < 0.05). The utility of this biomarker panel in the accurate diagnosis of PDAC and implications of biomarker expression on prognosis may assist with personalization of treatment and improved survival outcomes.

PDAC has one of the lowest rates of survival with a 5-year survival of between 5-10% (7–9). Most patients are diagnosed with an advanced disease stage, and of the 15-20% of patients who are candidates for surgical resection with curative intent at the time of diagnosis (10), more than 50% recur within 12 months of surgery (11). Survival rates in PDAC have changed little over the last 50 years (8), highlighting the complexity of accurate diagnosis and limitations of treatment. This failure of treatment highlights the inability of current decision-making strategies, which are primarily radiological and clinical, to accurately stratify patients into different prognostic groups based on actual tumour biology. Part of the reason is that it is often difficult to obtain adequate amount of tumour tissue sample for analysis and the associated costs of genetic analysis. Identification of a prognostic biomarker signature in pre-operative PDAC patient’s blood will help clinicians recommend informed decisions regarding the appropriate treatment strategy for each individual patient and has potential to markedly improve the standard of care for these patients. The ability to select patients for personalized neoadjuvant chemotherapy will revolutionize care for PDAC. For example, it was recently reported that combinations of SRC proto-oncogene or mitogen-activated protein kinase 1/2 inhibitors with gemcitabine possess synergistic effects on the squamous subtype of PDAC cells which correlates with a triple positive on our tissue biomarker panel (12).

The identification of specific serum biomarkers that have diagnostic and prognostic potential is of high utility in accurate diagnosis and improving survival outcomes (13). Biomarker expression in serum is easily obtainable in the form of a liquid biopsy of the patient’s blood. This test eradicates factors such as cost, availability of expertise, equivocal results as seen in cases of inadequate tissue sampling from FNA or ductal brushings, risk of injury to intra-abdominal structures, acute pancreatitis and potential for needle-track seeding (14). Our study reveals a panel of biomarkers that can be utilized as a method of accurate diagnosis of PDAC. Ca 19-9 is a biomarker that is most widely used in diagnosis and monitoring progression of PDAC. Our novel biomarker panel has a sensitivity and specificity which has been demonstrated to be superior to the presently used tumor marker Ca 19-9. However, this increase was only modest (AUROC: 0.913 vs 0.869) and a future larger multi-institutional study will be required to further corroborate these findings.

Looking ahead, there are other potential applications for a liquid biopsy panel for PDAC. For example, there are a certain percentage of patients with intraductal papillary mucinous neoplasm (IPMN) and mucinous cystic neoplasms (MCN) that have an associated ductal adenocarcinoma. It is often difficult to accurately select patients for surgery vs observation, and this group may be suitable for liquid serum biopsy in attempt to gain an accurate diagnosis of PDAC to improve survival outcomes. The biomarker panel may also have utility in the follow-up of resected PDAC patients to diagnose recurrence early. These applications will be the focus of future studies.

The major limitation of this study is the retrospective nature of this analysis, a relatively smaller cohort, lack of external validation cohort, only a single timepoint for analysis at the time of surgery and lack of other comparator groups for determining diagnostic accuracy (e.g., patients with pancreatitis). Future, multi-institutional cohort with prospective design would serve to further validate this identified biomarker panel for PDAC prognosis. In addition, future studies will also involve serum specimens collected at multiple longitudinal time points and will include patients with other benign pancreatic conditions such as pancreatitis.

In conclusion, this study forms a critical basis for the future development of a minimally invasive blood test for accurate diagnosis and prognostication of PDAC patients.
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