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Pancreatic cancer is one of the most fatal malignancies and the seventh leading cause of cancer-related deaths

related to late diagnosis, poor survival rates, and high incidence of metastasis.

pancreatic cancer systems biology omics

| 1. Introduction

Pancreatic cancer is one of the most fatal malignancies and the seventh leading cause of cancer-related deaths
considering both sexes worldwide according to the latest global cancer statistics reported in 2018 [, Pancreatic
cancer has a difficult diagnosis at an early stage and a 5 year survival rate of 10% at the time of diagnosis in the
United States, where the poor survival rates have hardly changed for almost 40 years since most patients reporting
to the hospital have either unresectable or metastatic disease. Only 10.8% of these patients are at a locally
advanced stage at the time of diagnosis 23!, Unfortunately, pancreatic cancer is projected to become the third

leading cause of cancer deaths in the future [,

Pancreatic cancer can be divided into two large groups; (a) endocrine pancreatic tumors, including gastrinoma,
glucagonoma, and insulinoma, and (b) exocrine (non-endocrine) pancreatic tumors, including adenoma, ductal
adenocarcinoma, acinar cell carcinoma, cystadenocarcinoma, adenosquamous carcinoma, signet ring cell
carcinoma, hepatoid carcinoma, colloid carcinoma, undifferentiated carcinoma, pancreatoblastoma, and pancreatic
mucinous cystic neoplasm [B, Most of the pancreatic cancers are exocrine types—namely, ductal
adenocarcinoma, which comprises 80-90% of all pancreatic cancers; whereas endocrine (neuroendocrine)

pancreatic tumors are rare with 1-2% of all pancreatic cancers 8,

Like most cancer types, pancreatic cancer has also several known risk factors, such as cigarette smoking,
diabetes, obesity, lack of physical activity, and chronic pancreatitis DB, Currently, computed tomography (CT),
magnetic resonance imaging (MRI), endoscopic ultrasound (EUS), positron emission tomography (PET), and other

imaging methods are used in the diagnosis and prognosis of pancreatic cancer LBl

Unsurprisingly, early detection of PDAC by effective screening approaches is crucial to improve a better prognosis
of the disease. The absence of clinical symptoms in the early stage of pancreatic cancer could lead to a delay in
confirmed diagnosis even though tumor biomarkers and imaging techniques are being developed. Therefore, using
circulating biomarkers for primary screening and its combination with imaging and histopathologic results might be

the future strategy for diagnosing PDAC. Candidate circulating biomarkers in PDAC are not limited to circulating
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tumor cells (CTC) but also consist of metabolites, cell-free DNA and non-coding RNA, exosomes, autoantibodies,
and inflammatory or growth factors, which are recently summarized [29. The presence of CTCs in the blood usually
correlates with the systemic spread of the tumor, and the characteristics of these CTCs could be used as potential
biomarkers. Moreover, the challenging tasks of CTC isolation and detection are being overcome (1112l and the

emerging area of profiling CTCs has been recognized in prognosis of pancreatic cancer 3!,

The most common way to get pancreatic tumor samples is by fine-needle aspiration (FNA). However, a core
needle biopsy using a larger needle than an FNA can provide a larger sample, often useful for molecular profiling.
These biopsies can be taken with an EUS. Other biopsy types, like brush biopsy or forceps biopsy, can be done
during an endoscopic cholangiopancreatography (ERCP). However, body fluids such as blood, cyst fluid,
pancreatic juice, bile, as well as urine are characteristically enriched with biomarkers that can be a potential source
of diagnostic, predictive, and/or prognostic biomarkers in PDAC. As a source of pancreatic cancer biomarker, saliva
has also been used. In omics biomarker studies, blood is a frequently preferred sample source due to its easy
accessibility, noninvasiveness, and cost-effectiveness 4. As an alternative rich source for the discovery of
biomarkers, pancreatic juice has recently been identified. Pancreatic juice contains pancreatic cancer-specific
markers such as DNA, RNA, proteins, and cancer cells, but the collection procedure for this sample source is
invasive 181, Although urine contains limited protein, DNA, and RNA, it can be considered as an ideal source
sample for proteomic and genomic biomarkers 28!, Furthermore, accurate staging is very important for providing
appropriate treatment. The majority of the time, surgical excision is used for treatment, and traditional
chemoradiotherapy has very restricted effectiveness, despite the development of novel therapy options €. A
systems-level outlook of PDAC biomarkers from different “omics” levels (Figure 1) as well as a comprehensive

overview of methodology and sampling used in biomarker studies for PDAC.
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Figure 1. Pancreatic cancer biomarkers from a variety of “omics” levels.

| 2. Recent Insights from Different Omics Levels
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Despite the substantial advancement in pancreatic cancer research, there has not been any remarkable reduction
in the mortality-to-incidence ratio. This is mainly a result of the limited early diagnostic characteristic symptoms and
reliable biomarkers, besides the unresponsiveness to the treatments due to the tumor heterogeneity, plasticity, and

the aggressive metastasis that presents in more than 50% of the diagnosed patients 17,

Systems biology studies of pancreatic cancer rely on the integration of omics data from different biological levels.
With the frequently arising challenges regarding cancer diagnosis and treatment—mainly due to its complex
pathogenic landscape and cellular heterogeneity—the holistic view provided by the systems biology approach
allowed for having a global understanding of the mechanisms of the disease and gaining more insight toward

diagnostic or prognostic biomarkers and drug target discovery 181129,

Likewise, systems biology also augments current diagnosis and therapy options. Aggressiveness and
chemoresistance of PDAC are caused by the desmoplastic reactions induced by immune cells, stromal cells,
neural cells, and the extracellular matrix surrounding and forming the bulk of the tumor mass. Therefore, single-cell
sequencing may shed a better insight into cellular differences. Moreover, altered metabolism is caused by limited
delivery of the needed oxygen and nutrients in such a hypoxic and acidic microenvironment; a direct impact on the

drug delivery mechanisms is common [2921],

| 3. Genomic Signatures

Next-generation sequencing (NGS) provides support for the early diagnosis and screening of PDAC as well as
many other diseases. Genomics techniques may assist in the early diagnosis of pancreatic cancer in patients with
specific alleles that predispose them to cancer development. Different potential biomarkers discovered by
genomics methods can be categorized as chromosomal aberrations, driver changes, single nucleotide

polymorphisms (SNPs), or copy-number alterations.

Previous studies pointed out the most prominent genetic features of PDAC, such as oncogenic activation of K-
RAS, which is a standard feature in more than 90% of the patients, and with the early onset mutation of that gene,
it is considered a critical driver of PDAC initiation and progression 22, Along with the oncogenic activation,
inactivating mutations of the tumor suppressor gene CDKN2A/2B are also observed in more than 80% of the early-
stage lesions, while later stages of PDAC exhibit inactivating mutations and deletions of tumor suppressor genes
most prominently including TP53 and SMAD4 [23],

Metabolic reprogramming is considered a prominent hallmark of PDAC. Therefore, tackling this aggressive cancer
might be possible through establishing a clear understanding regarding its metabolism in addition to genomics 241,
Recent studies have shown the crucial role of both glucose and glutamine metabolism in the progression of PDAC
tumors that are regulated by the K-RAS oncogene to maintain tumor growth [22l28127] ' |nducible oncogenic K-RAS
mouse model of PDAC showed—in addition to being a key driver of PDAC initiation—that it plays a central role in
rewiring the tumor glucose metabolism by stimulating the glucose uptake and driving glycolysis intermediates

toward nonoxidative pentose phosphate pathways [28. It was also reported that the PDAC cells maintain the tumor
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growth by relying on the distinct pathway of glutamine metabolism and that this reprogramming is mediated by K-
RAS [25],

Therefore, not only genomics biomarkers but also network reconstructions 28, including different omics levels,

become an essential tool for exploring the disease under the systems biology perspective. Network models and

computational platforms for integrating and analyzing these data, as well as investigating more thoroughly into

these networks by simulations, are prominent efforts.
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