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Abstract

Introduction: Pancreatic ductal adenocarcinoma (PDAC) is a disease of near uniform lethality. 

Invasive tissue biopsies of primary or metastatic lesions remain the gold standard for diagnosis, 

but repeated sampling is infeasible. Non-invasive liquid biopsies, which better represent the 

heterogeneity of PDAC, offer new opportunities for early diagnosis during surveillance in high-

risk cohorts, and for the longitudinal analysis of tumor evolution and progression in patients on 

therapy. In particular, liquid biopsies can capture tumor-associated components, such as circulating 

tumor DNA (ctDNA), extracellular vesicles (EVs), and circulating tumor cells (CTCs), each of 

which provides genomic and molecular information about the underlying PDAC that can 

potentially inform clinical decisions.

Areas covered: Here, we reviewed current knowledge and recent technological advances 

regarding liquid biopsy in PDAC and mention the pitfalls and benefits in each methodology. We 

also discuss clinical correlative studies for diagnosis and prognosis in PDAC.

Expert opinion: Despite the technical or biological challenges mentioned in this review, in 

pancreatic cancer where tissue samples are limited and repeated tissue biopsies are mostly invasive 

and infeasible, liquid biopsies opened a new window for tumor diagnosis, molecular stratification, 

and treatment monitoring. While none of the isolation and analysis methods have gained 

widespread clinical acceptance, it is imperative that clinical-grade applications of liquid biopsies 

factor in the advantages and limitations of each assay platform for isolation and analysis of tumor 

associated components into consideration.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is currently the third leading cause of cancer-

related death in the United States, and is predicted to become the second leading cause 

within the next decade [1]. PDAC patients have low 5-year survival rates (9% in the United 

States[2]), which is due to several factors. First, the disease has non-specific symptoms and 

lacks sensitive or specific biomarkers for early diagnosis. Second, there are no therapies 

targeting the most prevalent mutations in the disease, such as KRAS, CDKN2A, TP53, and 

SMAD4 mutations. Finally, although patients with metastatic disease have a couple of 

different first line therapeutic options, including FOLFIRINOX (leucovorin calcium, 

fluorouracil, irinotecan hydrochloride, and oxaliplatin), and gemcitabine plus nab-paclitaxel, 

this cancer is typically prone to intrinsic and acquired chemoresistance [3,4].

Thus, earlier diagnosis of pancreatic cancer can lead to improved patient outcomes. 

However, currently used circulating biomarkers, such as CA19–9, lack sufficient sensitivity 

and specificity for diagnostic purposes. Additional biomarkers, including carcinoembryonic 

antigen (CEA) and CA125 have been investigated as complementary diagnostic strategies to 

CA19–9 with varying degrees of success [5]. Non-invasive screening methods such as 

contrast-enhanced computed tomography (CT), magnetic resonance imaging (MRI), and 

endoscopic ultrasonography (EUS) can detect cancerous lesions and cystic lesions such as 

intraductal papillary mucinous neoplasias but cannot as readily detect preneoplastic lesions 

such as pancreatic intraepithelial neoplasms [6]. Owing to the high sensitivity of positron 

emission tomography/CT and the high specificity of EUS, the combined use of these 

modalities has shown promising results [6]. However, the general consensus is that these 

methods are insufficient for the early detection of pancreatic cancer.

The diagnosis and perfunctory molecular analysis of pancreatic cancer may involve EUS-

guided fine-needle aspiration or core needle biopsy. Yet due to the retroperitoneal location of 

the pancreas (Figure 1A) and their invasiveness and expense, repeat biopsies for longitudinal 

analysis are generally avoided [4,7]. Therefore, using tissue biopsies to longitudinally 

monitor pancreatic cancer is infeasible, whereas liquid biopsies provide a new opportunity 

for molecular profiling of the genetic landscapes of pancreatic cancer throughout disease 

progression.

In this article, we review current knowledge and recent technological advances regarding 

liquid biopsies for pancreatic cancer patients. We focus on blood-derived products, including 

cell-free DNA (cfDNA), extracellular vesicles (EVs; particularly exosomes), and circulating 

tumor cells (CTCs). The publications cited here were found using Google Scholar and 

Pubmed, and most references of the primary and recent studies over last 15 years (2004–

2019) unless there were prominent works from a time before this period. Key words used 

were ctDNA, cfDNA, extracellular vesicles, exosomes, circulating tumor cells, liquid 

biopsy, pancreatic cancer and microfluidics.
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2. Liquid Biopsies

The liquid biopsy concept is based on the idea that tumors release their components, 

including cfDNA, EVs (such as exosomes), and CTCs, into bodily fluids such as blood, 

urine, saliva, and cerebrospinal fluid [8] (Figure 1B–D). Blood biopsies in particular are 

minimally invasive and can be used for early diagnosis, disease stratification, and 

longitudinal monitoring of therapeutic response in pancreatic cancer patients. Unlike tissue 

biopsies, which capture the genetic makeup of only a single piece of tumor, liquid biopsies 

capture material released from all tumor sources, including metastatic sites, allowing for a 

better representation of tumor heterogeneity [9].

2.1 cfDNA and Circulating Tumor DNA.

2.1.1 Background knowledge—All cells, including cancer cells, have been reported to 

secrete DNA into the blood, either actively through the release of DNA fragments [10] or 

passively through necrosis or apoptosis [11,12]. The relative abundance of tumor-derived 

cfDNA, also known as circulating tumor DNA (ctDNA), can range from below 0.01% to as 

high as 93% [13], a wide range quantity that is directly correlated with tumor burden 

[14,15]. cfDNA can be isolated from either blood plasma or serum; however, the former has 

been proven to be a more reliable source of nucleic acids, as serum-derived cfDNA can be 

artifactually secreted from platelets during clotting [8,16]. Nevertheless, the detection of 

ctDNA in patient serum and plasma after therapy or surgery has been correlated with 

survival outcomes and early detection in many cancers, including pancreatic cancer [17] 

[18,19].

2.1.2 Technologies for detection—The common and traditional methods for 

quantification of cfDNA are spectrophotometry [17,20,21], colorimetric DNA 

quantification, and polymerase chain reaction (PCR)[10]. New advances in sequencing 

technologies, especially ultrasensitive detection methodologies such as droplet digital PCR 

(ddPCR) and Next Generation Sequencing (NGS) (Figure 2B), have raised the sensitivity 

and specificity of ctDNA measurements to levels much higher than those previously 

achievable [22]. Recently, researchers have developed chip-based technologies, such as 

DNA clutch probes, surface plasmon resonance, and surface-enhanced Raman scattering, 

which probe cfDNA in an enzyme-free ultra-sensitive fashion in less time and at lower cost. 

Nevertheless, isolating and analyzing cfDNA remains challenging owing to its fragmented 

nature, relatively lower abundance (especially in early or post-treatment cancers), and the 

vagaries of processing and storage [10,23].

2.1.3 Correlative studies—The study of cfDNA in pancreatic cancer started in the 

1980s, when Shapiro et al. [24] first discovered a high level of cfDNA (>100 ng/ml) in 90% 

of pancreatic cancer patients without testing for ctDNA. Sorenson et al.[17] later performed 

PCR to detect KRAS mutations in the cfDNA of plasma from 3 pancreatic ductal 

adenocarcinoma (PDAC) patients. More recently, several groups have attempted to validate 

the clinical utility of mutation detection in the cfDNA of PDAC patients. For instance, 

Kinugasa et al. [21], using ddPCR, observed KRAS mutations in 62.5% of serum samples 

from 75 pancreatic cancer patients in all stages of disease and found that these mutations 
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were correlated with worse overall survival (OS). Sausen et al. [25] applied ddPCR and 

identified KRAS mutations in the plasma ctDNA of 22 of 51 (43%) patients with early-stage 

pancreatic cancer. They also found that detectable postoperative ctDNA could predict 

recurrence an average of 6 months earlier than CT could. Using next-generation sequencing 

and ddPCR, Peitrasz et al. [26] found that detectable ctDNA was correlated with shorter 

disease-free survival in patients who had undergone surgery for resectable disease and with 

shorter OS in patients with advanced PDAC (Table 1).

In regard to tumor monitoring, Tjensvoll et al. [27] performed a longitudinal analysis 

(median, 3.7 months; range, 0.6–12.9 months) of plasma ctDNA in 14 patients with 

advanced PDAC. In treatment-naïve patients, detectable ctDNA was associated with worse 

progression-free survival and OS. In addition, for 3 patients, ctDNA levels were closely 

correlated with therapy response as indicated by CA19–9 levels and CT findings. In a recent 

study, Cohen et al. [28] combined KRAS mutation detection in ctDNA and a library of 

cancer-associated protein biomarkers (including CA19–9, CEA, HGF, OPN) in assessing 

221 patients with resectable PDAC and 182 healthy donors. Using the “Safe-Sequencing 

System”, an assay that incorporates molecular barcodes, the researchers could detect tumor-

derived material with a sensitivity of 64.0% and specificity of 99.5% in patients with early-

stage disease. Moreover, Lee et al.[29] in the same group used PCR based Safe Sequencing 

System assays to detect KRAS mutations from 42 patients using matched plasma samples 

prior and after operations from pancreatic cancer patients (in early stages). They found 

KRAS mutation in 38 patients (90.5%), with detected KRAS (i.e. ctDNA) in 23/37 patients’ 

prior operation and 13/35 after operation. The detection of ctDNA prior to operation was 

correlated with worse median recurrence free survival (RFS), 10.3 months versus not 

reached and after operation was 5.4 months versus 17.1 months. These data suggest ctDNA 

is a promising prognostic biomarker for early diagnosis of pancreatic cancer (Table 1).

2.2 Extracellular Vesicles and Exosomes

2.2.1 Background knowledge—Extracellular Vesicles (EVs) are another blood 

component that has proven to be biologically and clinically relevant. EVs include exosomes 

(30–150 nm; 1.10–1.11 g/ml), which have endosomal origins, and microvesicles (typically 

50–500 nm but as large as 1.3 μm; 1.18–1.19 g/ml), which are shed from plasma membranes 

[30,31]. Exosomes are generated by the inward budding of multivesicular endosomes and 

the formation of intraluminal vesicles that are released after multivesicular endosomes attach 

to the plasma membrane, whereas microvesicles are shed through the direct outward 

budding of the plasma membrane [32,33]. EVs contain a milieu of cargo material that may 

include proteins, lipids, and nucleic acids (i.e., DNA and RNA components such as 

microRNA [miRNA], messenger RNA, and long non-coding RNA). EVs are released by all 

cell types and may serve as mechanisms of waste removal, cell-cell communication, and 

even the establishment of a pre-metastatic niche in cancer [32,34]. They are heterogeneous, 

differing in size, composition, morphology, and biogenesis, and generally are named based 

on these factors.

2.2.2 Technologies for isolation—In general, methods for isolating exosomes fall into 

3 categories: density-based separation (ultracentrifugation or centrifugation using density 
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solutions), size-based separation (including chromatography, dielectrophoresis, and 

filtration), and affinity-based separation (using antibody-coated magnetic beads or 

microfluidics). Although ultracentrifugation (Figure 2A), which is typically performed at 

100,000× g, is time consuming and has a high initial infrastructure expense, it has relatively 

low long-term costs. Also, protocols for using ultracentrifugation to isolate exosomes vary 

widely; in tracking 818 experiments, EV-TRACK (a consortium for EV-transparent 

reporting and centralizing knowledge) found 218 unique combinations of centrifugation 

steps and pelleting times [35]. The high speeds used in ultracentrifugation may damage 

exosomes, resulting in the release of contaminating proteins. This release may be resolved 

by isolating exosomes with a sucrose gradient, although this technique can yield high-

density lipoproteins and exosomes of similar densities [36].

Size-based methods of EV separation include size exclusion chromatography (SEC) (Figure 

2D), which is achieved with tools such as qEV isolation columns (Izon science), which can 

fractionate exosomes [33,36]. In addition, SEC can separate EVs from contaminating 

extracellular proteins, resulting in a more purified fraction [37]; however, since the resulting 

eluate is diluted, SEC must be followed by an ultracentrifugation step to concentrate the 

EVs. Another size-based method involves using membranes with nanometer pore sizes to 

filter EVs from larger particles [38–40]. However, clogging can be an issue, and the 

membranes may have to be changed several times. Davies et al. [41] developed a 

microfluidic device equipped with integrated membranes; in that device, electrophoretic 

forces instead of pressure are applied as the driving force. EV separation can also be 

achieved by dielectrophoresis, a physical property dependent on membrane rigidity and 

exosome size. One recently introduced microfluidic device, an alternating current 

electrokinetic (ACE) microarray device, uses alternating current to generate 

dielectrophoresis on a microarray, enabling the separation of exosomes from small volumes 

(30–50 μL) of plasma[42].

Affinity-based approaches for exosome isolation may involve microfluidic devices and/or 

magnetic or aldehyde/sulfate latex beads that can be coated with antibodies targeting 

proteins of interest. Antibodies against tetraspanins (e.g., CD9, CD63, CD81) have been 

used for general exosome isolation [43–45]. However, more specific antibodies believed to 

have the ability to isolate cancer-specific exosomes have been used for early detection and 

tumor monitoring in patients with low disease volumes [46,47]. Compared with the exosome 

isolation approaches described above, affinity-based methods typically result in high-purity 

samples but a lower total sample yield. For instance, Reaátegui et al [47] introduced a 

herringbone pattern microfluidic device (EVHB-Chip) with special nano-coating prior to 

antibody coatings (specific to glioblastoma, such as EGFR, EGFRvIII, ephA2, podoplanin, 

PDGFR, and MCAM) that enables the sensitive isolation of tumor associated EV-RNA 

within 3 hours (100 EVs/μl). Also, using a temperature-based approach by Gelatin coating, 

they were able to dissociate the captured EVs for downstream analysis. Other specialized 

methods include the use of an external field, such as an acoustic wavelength, to separate 

exosomes [48]. Also, Zhang et al.[49*] established a 3 dimensional nanopattern herringbone 

chip coated with anti-CD81, CD63 and EpCAM (mostly with anti-CD81 outperforming 

other antibodies for ovarian cancer in their study) that can capture exosomes with a high 

sensitivity of 10 exosomes per μl.
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2.2.3 Correlative studies—Pancreatic cancer-associated exosomes have been used as 

biomarkers for early disease detection and tumor monitoring. For instance, Melo et al. [50], 

using mass spectrometry to assess cancer cell-derived exosomes and flow cytometry to 

assess serum from 251 patients, identified a surface proteoglycan, glypican-1, whose 

specific expression on cancer-associated exosomes had 100% specificity and sensitivity in 

distinguishing early- and late-stage pancreatic cancer from healthy tissue and benign 

pancreatic disease. Although this observation has been confirmed by other studies [51,52], 

Lai et al. [53], in a cohort of 29 patients with pancreatic cancer and 11 patients with chronic 

pancreatitis, found that glypican-1 lacked reliable diagnostic capability. This observation 

was further supported by Castillo et al. [46], who found that glypican-1 was expressed on 

both normal tissues and pancreatic cancer cell lines and thus not diagnostically valuable. 

However, these discrepancies might be due to differences in the detection assay, patient 

cohorts, and/or the available antibodies targeting the proteins of interest.

Exosomes also provide a substrate for the molecular profiling of circulating nucleic acids 

such as exosomal DNA (exoDNA) and exosomal RNA [30]. For instance, hypothesizing that 

exoDNA can be used as a biomarker for early PDAC detection, Allenson et al. [54] found 

that ultrasensitive droplet digital PCR (ddPCR) of exoDNA had higher rates of KRAS 
mutation detection (67%, 80%, and 85%) than did ddPCR of paired ctDNA (46%, 31%, and 

58%) in patients with localized, locally advanced, and metastatic PDAC, respectively. This 

high rate of exosomal KRAS was correlated with lower disease-free survival in these 

patients. In another study, Yang et al. [55] used ddPCR to detect KRAS and TP53 mutations 

in patients with PDAC (40% and 4%, respectively), chronic pancreatitis (5/9 KRAS and no 

TP53), and intraductal papillary mucinous neoplasias (2/7 KRAS and 1/7 both). Both of 

these studies found circulating mutant molecules in the apparently healthy population, which 

suggests that there is a “baseline” rate of circulating mutant molecules that is present in the 

aging population, either from clonal hematopoiesis or possibly, an occult neoplasm (Table 

1).

Recently, Castillo et al. [46] performed proteomic and genomic profiling of pancreatic 

cancer-derived exosomes. Liquid chromatography-mass spectrometry of exosomes derived 

from pancreatic cancer cell lines and control lines, including normal ductal and fibroblast 

cells, revealed that PDAC-derived exosomes specifically express 6 surface proteins: CLDN4, 

EpCAM, CD151, LGALS3BP, HIST2H2BF, and HIST2H2BE. Subjecting 173 samples 

from 103 PDAC patients to ddPCR, the authors detected KRAS mutations in the exosomes 

of 44% of patients using ultracentrifugation (UC) versus in 73% of cases using a pull-down 

method with antibodies against these surface proteins as “bait” for exosome separation. 

Thus, the exosome pull-down method can be used to enhance the sensitivity of mutation 

detection, especially in low volume setting, such as detecting minimal residual disease.

Bernard et al.[56] recently reported on interrogating either exoDNA or ctDNA, in a large 

series of 425 plasma samples from 194 patients with localized or metastatic pancreatic 

cancer. The authors demonstrated both the prognostic and predictive utility of measuring 

mutant nucleic acid in pancreatic cancer liquid biopsies. Specifically, they found that in 

treatment-naïve patients, the detection of ctDNA or an exoDNA KRAS mutation allele 

frequency (MAF) >5% was significantly correlated with progression-free survival and 
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overall survival. In a cohort of 34 patients with metastatic pancreatic cancer that underwent 

longitudinal disease monitoring with liquid biopsies, an exoDNA KRAS MAF peak of 1% 

predicted disease progression with a median of 50 days earlier than radiological progression-

based CT scan (P=0.0003). Further, in a separate cohort of 34 patients undergoing 

neoadjuvant therapy, exoDNA KRAS MAF kinetics before and after the completion of 

therapy was predictive of progressive disease and thus eligibility for surgical resection 

(P=0.003) (table 1).

2.3 Circulating tumor cells (CTCs)

2.3.1 Background knowledge—First reported in 1869 [57], CTCs are another cancer 

related blood component whose biopsy is clinically useful. Thought to be critical in the 

metastasis cascade [58], CTCs are rare, accounting for approximately 1 of every 1 × 108 

blood cells; thus, their detection and isolation remains a challenge [59]. Many groups have 

tried to isolate and study the role of CTCs in prediction of cancer progression and 

metastasis, monitoring effectiveness of drug treatment, and evaluation as a surrogate 

biomarker in clinical trials [60]. CTCs can be 2–4 times the size of capillary pores and can 

be found as single cells or clusters [61]. Larger CTCs and clusters[62,63] may become 

trapped in capillaries, whereas smaller ones likely remain in peripheral blood circulation. 

Thus, the number of CTCs may vary temporally and spatially, and whether isolated CTCs 

are the true source of systemic metastasis remains unclear [60]. This issue is exacerbated in 

pancreatic cancer, as blood enters the liver through the portal vein immediately after exiting 

the pancreas, large CTCs and clusters could become trapped. Thus, peripheral blood CTCs 

might not be the optimum choice for the diagnosis and prognosis of pancreatic cancers, 

whereas portal vein samples [64,65] might provide a better representation of the CTC 

population.

CTCs are not a monolithic entity, and are remarkably heterogeneous. For example, these 

cells can undergo epithelial-mesenchymal transition (leading to loss of surface epithelial 

markers), and a subset demonstrate immunophenotypic features consistent with cancer stem 

cells [60], all of which make it challenging to isolate CTCs with optimal specificity and 

sensitivity. Moreover, the mere detection of CTCs does not always imply the presence of an 

invasive cancer. For instance, they have been found in mouse models of pancreatic cancer 

before the emergence of invasive primary tumors [66] and in 7 of 21 patients with pancreatic 

cystic lesions without evidence of malignant disease [67]. However, CTCs still offer 

promising clinical outcomes in early detection, survival prediction, and treatment monitoring 

for many cancers [68]. Their potential clinical relevance revolves in their ability to be 

profiled through in-depth genomic and molecular analyses of DNA, RNA, and proteins 

using emerging technologies [69–71]; and the culture of CTCs in mice or ex vivo for 

developing “living” preclinical models [70].

2.3.2 Technologies for isolation—Technologies for isolating CTCs vary in concept 

and outcome. The only technology approved by the U.S. Food and Drug Administration is 

CellSearch® (Menarini Silicon Biosystems Inc, Huntington Valley, PA), an affinity-based 

technology (works based on antibody coatings) that uses magnetic beads covered with anti-

EpCAM, anti-cytokeratin (for epithelial phenotypes of CTCs), and anti-CD45 (for 
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eliminating contaminating leukocytes). Other affinity-based technologies, such as the so-

called CTC-chip[72] and herringbone chip[73] typically use microfluidics-based principles 

for isolation. The microfluidics coating of the herringbone chip has been expanded beyond 

epithelial phenotypes for CTC capture, and now includes mesenchymal, stem cell, or other 

tumor-specific markers[73].

Size-based separation is another type of CTC isolation. For instance, Isolation by size of 

tumor cells (ISET®) (Rarecells DIAGNOSTICS, Paris, France) and ScreenCell® (Paris, 

France) use filtration to directly isolate large CTCs. A series of microfluidic chips use 

inertial focusing and vortex, which is also size- and deformability-dependent, to isolate 

CTCs [74]. Technologies such as ApoStream® (Precision for Medicine, Texas, USA)[75] 

and DEPArray™ (Castel Maggiore, Italy) use dielectrophoresis to separate CTCs. Some 

microfluidic chips such as CTC-iChip[76] and NanoVelcro[77] take advantage of both size 

and affinity to separate CTCs with higher purity and specificity. One advantage that size-

based technologies have over affinity-based technologies is the capability to separate all 

phenotypes, including epithelial and mesenchymal phenotypes, without discrimination [78]. 

However, all these technologies must be followed with immunohistochemistry, 

immunocytochemistry, or immunofluorescence labeling to distinguish CTCs from 

leukocytes. Genomic analysis with RT-PCR also has been used to reliably stratify CTCs in 

the captured populations [79]. Very recently, Kim et al[80**]. established an intravascular 

aphaeretic CTC isolation system with a microfluidic herringbone graphene oxide chip 

(HBGO) coated with anti-EpCAM that can be indwelled intravascularly on a patient for 

several hours and detect CTCs from peripheral blood in real time.

2.3.3 Correlative studies—Using CellSearch, Allard et al. [81] were the first to 

attempt to capture CTCs in pancreatic cancer patients. The authors tried to capture CTCs in 

964 patients with all types of solid carcinomas; however, CTCs were detectable in only 6 of 

16 (37.5%) pancreatic cancer patients, underscoring the challenges of using CTCs in this 

tumor type. Other groups that used CellSearch to detect pancreatic cancer CTCs also 

reported low detection rates (10–50%) [65,82–85]. However, using affinity-based 

technology, Nagrath et al. [72] built the CTC-Chip, which detected cytokeratin+/CD45- 

CTCs in 15 out of 15 PDAC patients with a median detection rate of approximately 120 

cells/ml (range, 9–832 cells/ml). Also, Khoja et al. [84] reported that ISET detected CTCs in 

93% of PDAC patients (n=27) whereas CellSearch detected CTCs in only 40% of patients 

(n=53) (Table 1).

Other groups that used CellSearch were able to discern direct clinical outcomes from CTC 

detection and quantification, albeit in relatively modestly sized single institution studies. For 

instance, Kurihara et al. [82] found that CTC positivity (CTC>1) conveyed worse OS in a 

cohort of 26 PDAC patients. Also, Bidard et al. [83], in a study of 79 PDAC patients, 

observed poor tumor differentiation and worse OS among patients with CTCs. Okubo et al. 
[85], in a recent study of 65 patients with advanced pancreatic cancer, found a correlation 

between CTC positivity and worse OS among 56 patients with unresectable disease and a 

higher rate of CTC positivity among patients with liver metastasis. Other studies have shown 

that low numbers of detected epithelial CTCs in patients are also clinically relevant. 

Effenberger et al. [86] used magnetic-activated cell sorting enrichment technology (anti-
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cytokeratin/anti-EpCAM that only captures epithelial phenotypes) followed by 

immunocytochemical staining with anti-cytokeratin/anti-CD45 and DAPI. They found that 

23 of 69 pancreatic cancer patients had detectable CTCs per sample and that CTC positivity 

was associated with worse progression-free survival and OS (Table 1).

The analysis of isolated pancreatic cancer CTCs is not limited to using 

immunohistochemistry, immunocytochemistry, and/or immunofluorescence to assess 

phenotypic markers. Some studies have found that genomic alterations in pancreatic cancer 

CTCs have clinical relevance. For instance, Kulemann et al. [87] used ScreenCell filtration 

to isolate CTCs from 58 PDAC patients and used ddPCR to detect KRAS mutations in CTCs 

of 42/58 patients. For comparison, they also collected hematological cells, original tumor 

biopsy specimens, and healthy pancreatic tissue as a control. They reported that 42% (11 of 

26 patients) of the solid tissues and matched CTCs had a discordant KRAS mutation status. 

The genomic study of CTCs is still in its infancy, and much more investigation with multiple 

assays and larger cohorts is needed to elucidate the genomic landscape of pancreatic cancer 

CTCs (Table 1).

3. Conclusion

Liquid biopsy is a powerful tool for the non-invasive, early diagnosis of many solid cancers. 

Here, we reviewed the currently available and emerging technologies for isolating tumor-

associated circulating components such as ctDNA, EVs, exosomes, and CTCs from blood, 

focusing on methods that have demonstrated high sensitivity and specificity. We discussed 

published data that used these technologies in the context of pancreatic cancer, with specific 

relevance of the findings in the context of diagnostic, prognostic, and predictive utility of 

liquid biopsies. The current technologies are often time consuming, labor intensive, and 

potentially costly. The hope in the field is to make liquid biopsy a standard of care in the 

early diagnosis of pancreatic cancer, as well as for longitudinally monitoring the impact of 

therapy in established disease.

4. Expert opinion

In this review, we have discussed the application of liquid biopsies to pancreatic cancer, with 

a focus on three distinct compartments (ctDNA, exosomes and CTCs), and the prevalent 

technologies that have been reported in the context of isolating relevant reagents from each 

of these compartments for assessing the underlying tumor. As the field has evolved from the 

academic realm to application in patients (through implementation within a so-called 

“Clinical Laboratory Improvement Amendments” or CLIA environment), we have reached a 

stage where each technology has to be assessed through the prism of reproducibility, 

repeatability, feasibility and cost effectiveness. It takes on average ten years for a therapeutic 

to be approved for an oncology indication, after being tested in hundreds of patients in 

randomized clinical trials, where significant demonstration of efficacy over current standard 

has been shown. For liquid biopsy tests, and many laboratory tests in general, similar levels 

of stringency have simply not been applied even when the tests are offered commercially, or 

through an academic environment, within a CLIA setting. It is imperative that the oncology 

community is fully aware of the challenges and limitations inherent to each technology, such 
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that an informed decision can be made about how best to leverage the potential of liquid 

biopsies for pancreatic cancer.

In the field of liquid biopsy at large, and specifically in the application to pancreatic cancer, 

there are challenges, both technical and biological. For instance, for the isolation of 

exosomes, density-based technologies, such as ultracentrifugation, are time-consuming 

procedures, with a timeframe that varies between 2–20 hours. Further, the high speed of 

centrifugation might lead to exosome damage and release of contaminating proteins inside 

the pellet. Also, size-based technologies such as chromatography and filtration provide 

highly contaminated solutions with low specificity and concentration of exosomes in the 

eluates, making these technologies insufficient for stand-alone isolation of exosomes, 

limiting their use mostly as preparatory steps prior to ultracentrifugation. Moreover, both of 

these technologies lack in the ability to isolate only tumor-associated exosomes, and 

typically extract both non-tumor and tumor-associated exosomes. The affinity-based 

technologies have shown some promising results for isolation of exosomes with high 

specificity and purity, however their reliance on antibodies against exosomal surface proteins 

and the lack of a universal “bait” protein causes these technologies to remain within the 

academic purview, and far from clinical applications. Recently, new approaches to use a 

cocktail of tumor-associated antibodies [46,47] have garnered some enthusiasm for clinical 

translation. Ultimately, these methods have to yield exosomes that are of sufficient quantity 

and quality required to perform reliable downstream assessments, such as targeted next 

generation sequencing (NGS) assays within a CLIA environment, in order to interrogate the 

molecular landscapes of the tumor from which these exosomes have been released.

Other tumor-associated components from liquid biopsies also suffer from inherent 

limitations of processing and analyses. For instance, ctDNA can be relatively low abundant 

in post-surgery samples, and can vary depending on the time of sample retrieval (days or 

hours before or after surgery) and method of storage (frozen vs. fresh sample). Also, the 

harsh conditions of sample transportation from clinics to laboratory, their storage or isolation 

process (the chemical used for cytogenesis) can cause DNA fragmentation/loss and/or new 

release of DNA from the blood cell residues in the sample, leading to spurious mutation 

calls. To circumvent these issues, all of these parameters have to be considered before 

interpretation of the data and extrapolating to parameters such as tumor load or treatment 

responses. Finally, in the context of CTCs, the number of circulating tumor cells is typically 

low (1–100 cells/ml blood), an issue that is exacerbated in pancreatic cancer, due to the 

location of pancreas and drainage of its blood through the portal vein first into the liver and 

then the lung. This causes the lodging and filtration of some CTCs (usually the larger or 

more stiff ones), inside the liver and lung and underestimation of the number of CTCs in the 

peripheral blood. The use of the portal vein samples [64,65] and development of 

technologies such as the temporary vascular indwelled aphaeretic CTC device developed 

recently [80] might circumvent this issue and obtain a more realistic number of CTCs in 

pancreatic cancer for downstream molecular assessments.

In summary, we strongly believe that, despite the aforementioned technical or biological 

challenges, in a disease like pancreatic cancer where tissue samples are limited and repeated 

invasive tissue biopsies are expensive or infeasible, liquid biopsies provide an important 

Kamyabi et al. Page 10

Expert Rev Anticancer Ther. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



avenue for tumor diagnosis, molecular stratification, and treatment monitoring. As input 

requirements for profiling assays diminish, the molecular assessment of liquid biopsy 

derivatives will become increasingly more sophisticated. While none of the isolation and 

analysis methods have gained a widespread clinical acceptance, it is imperative that clinical 

applications of liquid biopsies factor the advantages and limitations of each assay platform 

into consideration.
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Article highlights

• Standard clinical methods for diagnosing pancreatic cancer include 

assessment of tissue biopsies and aspiration cytology specimens, and non-

invasive screening methods (e.g., computed tomography [CT], magnetic 

resonance imaging, endoscopic ultrasonography [EUS]). However, these are 

typically used in symptomatic patients and not in the context of early 

detection.

• Liquid biopsies involve isolation of tumor-released components from bodily 

fluids, including circulating tumor DNA (ctDNA), extracellular vesicles 

(EVs), and circulating tumor cells (CTCs), which can be beneficial for 

diagnosis and prognosis of PDAC.

• Methods for isolating EVs and CTCs include size-, density-, affinity-, or 

external field-based separation principles.

• Droplet digital polymerase chain reaction (ddPCR) and next generation 

sequencing (NGS) for DNA using targeted panels are the two most commonly 

used methods for assessment of the mutational events in liquid biopsies.

• Many challenges exist for reliable isolation of tumor associated components 

such as circulating tumor cells and EVs from blood of pancreatic cancer 

patients.
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Figure 1. Pancreatic cancer and liquid biopsy (blood).
A) A schematic of the human body and abdominal cavity that shows pancreas is hidden in 

the abdominal cavity behind stomach, under the liver. B) A schematic of a clump of 

pancreatic cancer in the pancreas. This is a representative schematic, and the clump could be 

in any location in the pancreas. C) A schematic of the dissemination of pancreatic cancer 

components (ctDNA, exosomes, and CTCs) into the blood stream. D) A schematic of a 

blood tube with three main compartments—plasma, buffy coat, and red blood cells—each 

containing pancreatic cancer components.
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Figure 2. Methods for isolation and analysis of exosomes and DNA in blood.
A) exosome isolation methods and their pros and cons. B) ctDNA and exoDNA analysis 

methods and their features.
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Table 1.

Studies on detection of cancer associated components in blood of pancreatic cancer patients and related.

Reference Type of patients Isolated 
component

Tests used Rate of detection (of 
total patients)

Type of study

Sorenson et al.[17] PDAC cfDNA PCR N/A KRAS mutation 
detection

Kinugasa et al[21]. All stages cfDNA ddPCR 62.5% had KRAS 
mutation

KRAS mutation 
detection

Sausen et al.[25] Early stage cfDNA ddPCR 43% had KRAS mutation KRAS mutation 
detection

Tjensvoll et al.[27] Advanced PDAC ctDNA PCR 71% had KRAS mutation 
in treatment naïve

Longitudinal analysis

Cohen et al.[28] Resectable 
PDAC

ctDNA PCR based Safe-
Sequencing System

KRAS mutation 
detection and 
biomarkers (including 
CA19–9, CEA, HGF, 
OPN)

Lee et al.[29] Early stage 
pancreatic cancer 
patients

ctDNA PCR based Safe-
Sequencing System

90.5% (22/37 pre And 
13/35 post operation) had 
KRAS mutation

Pre- and post- operation

Allenson et al.[54] Localized locally 
advanced 
metastatic PDAC

ctDNA 
exosomes

ddPCR 46%, 31%, and 58%, 
respectively had KRAS 
mutation in ctDNA 
(KRAS)
67%, 80%, and 85%, 
respectively, had KRAS 
mutation in exoDNA

Reliability of ctDNA 
and exoDNA

Yang et al.[55] PDAC
Chronic 
pancreatitis
Intraductal 
papillary 
mucinous 
neoplasia

exosomes ddPCR 40% had KRAS mutation
55% (5/9)
14% (1/7)

KRAS and TP53 
detection

Castillo et al.[46] PDAC exosomes ddPCR and Liquid 
chromatography
−mass spectrometry

44% using UC (KRAS)
73 % using pulldown 
methods (KRAS)

KRAS detection and 
Exosome surface 
proteins

Bernard et al.[56] Localized and 
metastatic 
pancreatic cancer

ctDNA 
exosomes

ddPCR, Next 
Generation 
Sequencing

Refer to paper Prognostic and 
predictive utility of 
mutant nucleic acids in 
patients under therapy, 
KRAS detection

Allard et al.[81] Pancreatic 
cancer

CTCs CellSearch 37.5% (6/16) had CTCs CTC detection based on 
antibodies

Nagrath et al.[72] Pancreatic 
cancer

CTCs CTC-Chip 100 % had CTCs CTC detection based on 
antibodies

Khoja et al.[84] PDAC CTCs ISET
CellSearch

93% had CTCs
40% had CTCs

CTC detection based on 
size

Effenberger et al.
[86]

PDAC CTCs magnetic-activated 
cell sorting 
enrichment 
technology

33% (23/69) had CTC CTC detection based on 
antibodies

Kulemann et al.
[88]

Localized and 
advanced PDAC

CTCs ScreenCell filtration 
and ddPCR

72% (44/58) had CTCs
42% (11/26) had KRAS 
mutation

CTC detection based on 
size and genomic 
analysis of CTCs
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