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Abstract

Pancreatic cancer is a disease that carries a poor
prognosis. Accurate tissue diagnosis is required.
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Tumours contain a high content of stromal tissue and
therefore biopsies may be inconclusive. Circulating
tumour cells (CTCs) have been investigated as a
potential “liquid biopsy” in several malignancies and
have proven to be of prognostic value in breast, prostate
and colorectal cancers. They have been detected
in patients with localised and metastatic pancreatic
cancer with sensitivities ranging from 38%-100%
using a variety of platforms. Circulating tumour DNA
(ctDNA) has also been detected in pancreas cancer
with a sensitivity ranging from 26%-100% in studies
across different platforms and using different genetic
markers. However, there is no clear consensus on which
platform is the most effective for detection, nor which
genetic markers are the most useful to use. Potential
roles of liquid biopsies include diagnosis, screening,
guiding therapies and prognosis. The presence of CTCs
or ctDNA has been shown to be of prognostic value
both at diagnosis and after treatment in patients with
pancreatic cancer. However, more prospective studies
are required before this promising technology is ready
for adoption into routine clinical practice.
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Core tip: Pancreatic cancer is a difficult disease to
diagnose and treat. Persistently poor outcomes mean
that new biomarkers of disease and treatments are
required. Circulating tumour cells and circulating
tumour DNA have been investigated as liquid biopsies
in pancreatic cancer. Sensitivity is variable but speci-
ficity promising. The most effective platform and
most informative biomarkers are yet to be identified.
There are many potential roles for this technology in
the management of patients with pancreatic cancer,
including screening, diagnosis, prognosis and monitoring
of treatment efficacy; however based on current
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available evidence they are not yet ready for routine
clinical practice.

Lewis AR, Valle JW, McNamara MG. Pancreatic cancer: Are
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org/10.3748/wjg.v22.i132.7175

INTRODUCTION

Pancreatic cancer possesses one of the worst prog-
noses of all malignancies. Overall 5 year survival rates
are approximately 5% and mortality rates continue to
rise in both sexes!, in contrast to the survival trends
seen in most other malignancies.

The only potentially curative treatment is surgery;
however only 15%-20% of patients have resect-
able disease at presentation and even in those that
undergo surgery and adjuvant chemotherapy, the
5-year survival is just 16.3%-28.9%. In the majority
of patients the disease presents as locally advanced or
metastatic.

The median survival for patients with metastatic
disease treated with FOLFIRINOX chemotherapy is
11.1 mo® and 5.6 mo in those treated with single-
agent gemcitabine™.

Known risk factors for developing pancreatic cancer
include tobacco use, obesity, new-onset diabetes,
chronic pancreatitis, hepatitis B and Helicobacter pylori
(H. pylori) infection®™.

Other high-risk groups include: patients with =
2 first-degree relatives with a history of pancreatic
cancer; those with a known mutation of the BRCA2
gene or with other familial syndromes known to be
associated with pancreatic cancer, e.g., hereditary
pancreatitis, hereditary non-polyposis colorectal
cancer, Li-Fraumeni, Peutz-Jeghers, familial melanoma;
or those with a recognised pre-malignant lesion, e.g.,
Intraductal Papillary Mucinous Neoplasms (IPMN)®7,

Approximately 95% of pancreatic cancers are
ductal adenocarcinomas'® and tumours contain
high percentages of stromal tissue®. Over 90% are
Kirsten rat sarcoma viral oncogene homolog (KRAS)-
mutated™®, Other commonly mutated oncogenes
include p16, TP53 and SMAD4™ and high levels of
epidermal growth factor receptor (EGFR) mutations
have also been noted™". The serum biomarker CA19-9
is used in the monitoring of treatment response of
pancreatic cancer but it has low specificity and is not
recommended for use in primary diagnosis'™. It is
subject to false negatives; where the patient does not
produce the Lewis enzyme!*? and false positives; with
any cause of a raised bilirubin™ or other malignancies.

Diagnosis of pancreatic cancer can prove chal-
lenging. Histological diagnosis often requires invasive
tests because of the anatomical position of the
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pancreas. Due to the high content of stromal cells
within the tumour tissue, biopsies do not always provide
sufficient material to confirm a diagnosis.

Endoscopic ultrasound with fine-needle aspiration
(EUS-FNA) is recommended in the work-up of patients
with pancreatic cancer and is the only recommended
method of obtaining a biopsy in patients with poten-
tially resectable disease; although there are concerns
about tumour seeding along the biopsy tract'®, the
traversed duodenum is resected at the time of surgery,
abrogating this risk. It has been shown that EUS has
better sensitivity than computed tomography (CT) for
detection of pancreatic masses; the sensitivity of EUS-
FNA is approximately 85%". However, EUS-FNA is
an invasive test that requires the use of sedation and
can be difficult to tolerate in a patient group who often
present with a poor performance status due to the
aggressive nature of the disease.

CIRCULATING TUMOUR CELLS

The use of circulating tumour cells (CTCs) isolated
in the peripheral blood of patients with cancer as a
potential “liquid biopsy” has been under investigation
for some time. Their utility was first demonstrated in
breast, prostate and more recently lung cancer where
they have been shown to be a prognostic marker both
in limited stage and metastatic disease™,

Given the challenges in the investigation and
treatment of pancreatic cancer and the need for better
biomarkers, many articles have looked at the potential
role of CTCs in the disease management pathway
(Figure 1).

Circulating tumour cells are present at a rate
of approximately 1 CTC per billion blood cells™ in
patients with a malignancy, therefore enumeration
requires a process of enrichment prior to detection.
There are several ways of detecting CTCs in peripheral
blood.

CellSearch

CellSearch is the only US Food and Drug Administration
(FDA) approved method for CTC analysis and therefore
the most widely studied. It is dependent on the
expression of epithelial markers by the CTC, specifically
the Epithelial Cell Adhesion Molecule (EpCAM)!2,

It uses 7.5 mL of peripheral blood drawn into
an ethylene-diamine-tetra-acetic acid (EDTA) blood
sampling tube. A cellular preservative is immediately
added. Specific EpCAM, CD45, and cytokeratin
fluorescent antibody labels are applied. Samples are
then analysed to give a count per 7.5 mL blood™?.
High levels of CTC heterogeneity with variable
expression or down-regulation of EpCAM is a technical
challenge within the process ™,

Isolation by size of epithelial tumour cells
An alternative method is isolation by size of epithelial
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Figure 1 Circulating tumour cells. Tumour cells and DNA fragments circulating in the peripheral bloodstream.

Table 1 Studies reporting detection of circulating tumour cells in patients with pancreatic cancer

Study CTC platform Markers Stage of disease Time of sampling  Number of  Cut-off for CTCs detected, n
patients, 7  positivity per
7. 5 mL blood
Zhang et al™ 2014 Immunocy-  CK, CD45, DAP]I, All stages Pre-operative 22 4 16/22 (72.7%)
togenetics CEP8
Rhim ef al” 2014 Micro-fluidic ~ DAPI, CD45, CK, All stages Diagnosis 11 =1 8/11 (73%)
"GEM" Chip PDX-1
Khoja et al"™ 2011 CellSearchand ~ EpCAM, CK, All stages Diagnosis or at 58 =1 21/53 (40%) using
ISET vimentin, time of diagnosis of CellSearch
E-cadherin progressive disease > 24/27 (93%) using
6 wk from therapy ISET
Nagrath et al™* 2013 CTC-Chip Cks Metastatic Not stated 15 37.5 (5/mL) 15/15 (100%)
Allard et al™ 2004 CellSearch ~ CK8, CK18, CK19  Metastatic Not stated 16 >1 6/16 ((38%)
Gall et al™ 2013 CellSearch EpCam, EGFR  Locally advanced Pre-treatment 75 =1 4/75 (5%)
Ren et al™ 2011 Immuno-cyto-  CA19-9, CK8, Locally advanced Pre- and post- 41 =1 33/41 (80.5%) pre-
chemistry CK18 and metastatic treatment treatment and 12/41

(29.3%) post-treatment

CTC: Circulating tumour cell.

tumour cells (ISET) where blood collected in an
EDTA tube is divided into aliquots and diluted with
a red cell lysis buffer and then passed through a
filtration module. Following washing and staining,
CD45-negative cells with features of high nuclear-
to-cytoplasmic ratio and hyperchromatic nuclei are
designated as CTCs and enumerated™?.

Sensitivity of CTC detection

There have been a number of studies describing CTC
detection in patients with pancreatic cancer. Zhang
et al"™® reported CTCs in 16/22 patients diagnosed
with pancreatic cancer at all disease stages, using
a combined immunostaining/fluorescence in situ
hybridisation (FISH) method. They also included 9
patients with pre-malignant or benign lesions and 30
healthy controls. Overall, they reported a sensitivity of
68.18% and specificity of 94.87% using a cut-off of 4
CTCs/7.5 mL of blood.

Rhim et al*”! detected CTCs in 73% of patients with
pancreatic cancer at all stages at the time of diagnosis
and 33% of patients with pre-malignant lesions, using
a cut-off of 3 cells/7.5 mL of blood. No CTCs were
detected in controls.

Nagrath et al*® were able to detect CTCs in 15/15
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7177

patients with a diagnosis of pancreatic cancer across
all stages of disease using microchip technology, whilst
Khoja et al'*” reported detection of CTCs in 21/53
patients with all stages of pancreatic cancer using
CellSearch and 24/27 different patients with pancreatic
cancer using ISET. Patients were tested at the time
of diagnosis or at the time of disease progression
following previous treatment. The mean number of
cells detected using ISET was 26 compared to a mean
of 6 using CellSearch™?,

Allard et al™! found CTCs in 6 of 16 patients with
metastatic pancreatic cancer using the CellSearch
method. Gall et a/'™®! detected CTCs in 4/75 (5%)
patients with locally advanced pancreatic cancer before
starting chemotherapy and 5/59 (9%) from the original
75 patients two months after commencing treatment.
Ren et al*® detected CTCs in 80.5% of 41 patients
with locally advanced or metastatic pancreatic cancer
before commencing 5-fluorouracil chemotherapy
and in 29.3% after 1 cycle of chemotherapy. These
combined results are summarised in Table 1.

Although the sensitivity of CTCs in the trials
discussed is variable, the specificity seems to be
significantly better. Trials that have compared samples
from patients with pancreatic cancer to healthy
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controls have shown that healthy controls do not have
detectable CTCs!*>'%%%),

Patients with pancreatic cancer seem to have
relatively low numbers of CTCs compared to patients
with other tumours including breast, colorectal and
prostate cancer™™**, This is thought to be due to lower
numbers of cells, rather than reduced detection, and
it has been hypothesised that this may be related to
CTC sequestration as cells pass through the portal
circulation in patients with pancreatic cancer'*®. There
seems to be no clear consensus on the optimal cut-
off for number of CTCs detected in the peripheral
circulation of patients with cancer to count as “positive”
and similarly there are no significant differences in
rate of detection between patients with localised and
metastatic disease!*'***?),

Clear data on the absolute sensitivity and specificity
of utilising CTCs as a liquid biopsy in patients with
pancreatic cancer is still lacking. Studies looking at
CTCs in a range of malignancies including breast,
colorectal, prostate, and hepatocellular carcinoma have
reported very high specificity of around 99%!"**7:?],
In addition, few of the studies including patients with
pancreatic cancer have analysed samples from healthy
controls, and where they have done, these have
always proved negativel**!71%1]

CIRCULATING TUMOUR DNA

An alternative method for obtaining a liquid biopsy is
to isolate circulating tumour DNA (ctDNA) detected by
polymerase chain reaction (PCR) or next generation
sequencing (NGS) as a proxy measure.

A multi-disease study (including 155 patients with
pancreatic cancer) using PCR assays to search for
ctDNA reported that ctDNA was often present where
CTCs were not. The study reported detection of ctDNA
in > 80% of patients with advanced pancreatic cancer
and 48% of patients with localised pancreatic cancer.
In a further sub-analysis of the study population,
KRAS mutations were detected, using this method,
with a sensitivity of 87% and specificity of 99.2% in
patients with colorectal cancer'®. In a pilot study of
patients with pancreatic cancer, Earl et al*”! were only
able to detect KRAS mutations in ctDNA in 26% of
patients but they did find a strong correlation between
the presence of a KRAS mutation and worse overall
survival. Sausen et al*® used digital PCR and detected
KRAS mutations in 43% of 51 patients at time of
diagnosis with a specificity of > 99.9%. The presence
of ctDNA was also analysed following resection and it
was reported that disease relapse was detectable at
3.1 mo using ctDNA compared to 9.6 mo using CT.
Kinugasa et al’*” detected KRAS mutations in ctDNA of
47/75 patients (62%) and reported a concordance in
KRAS mutation detections with tissue biopsy of 77.3%.
Presence of a KRAS mutation in ctDNA in this study
was associated with poorer prognosis.
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Zill et a* compared ctDNA from peripheral blood
samples with tumour biopsy samples in 17 patients
with both localised and advanced pancreatic cancer and
reported a concordance of 90% in genetic mutations;
they also demonstrated a correlation between CA19-9
levels and ctDNA percentage across time in a group
of 8 patients. Sergeant et a/*"! used RT-PCR to iso-
late EpCAM and were able to detect this in 25% of
patients with stage I and 1 pancreatic cancer prior
to undergoing surgery. They detected EpCAM in 65%
of patients immediately post-operatively and then
in 28.6% at day 1, 23.1% at day 7 and 23.5% at 6
wk post-surgery, but they did not demonstrate an
association with survival.

Zhou et al* were able to detect a range of tumour
markers including CK20, CEA and C-MET in between
80 and 100% of 25 patients with pancreatic cancer.
de Albuquerque et al®* used a 5-marker panel and
were able to detect these in 47.1% of patients with
locally advanced or metastatic pancreatic cancer using
immunomagnetic RT-PCR and Chausovsky et a/’**
detected CK20 in 22 of 28 patients with pancreatic
cancer using RT-PCR. These results are summarised in
Table 2.

Overall, ctDNA appears to be a promising method
for use as a liquid biopsy. However, the sensitivity of
tests used is variable and there is no consensus as yet
on which is the best marker or group of markers to
use for most accurate detection.

POTENTIAL ROLES FOR LIQUID BIOPSIES
IN THE MANAGEMENT OF PATIENTS
WITH PANCREATIC CANCER

Trial evidence to date suggests that identification of
CTCs and ctDNA could have roles at many different
stages of pancreatic cancer management (Figure 2).

Biopsy

Given the challenges in obtaining suitable biopsy
samples from patients with suspected pancreatic
cancer, a “liquid biopsy” using a peripheral blood
sample would be a highly attractive alternative.

This is a minimally invasive test and the costs are
also significantly lower than those of an EUS-FNA:
US$371.99 for a CellSearch analysis®" vs US$1405 for
EUS-FNAP®,

To be truly useful as a diagnostic tool, a liquid
biopsy in patients with pancreas cancer would need
to have proven utility in both localised as well as
metastatic disease. Much of the evidence in favour
of CTCs comes from studies including patients with
metastatic tumours™®, and indeed the CellSearch
system gained FDA approval following use in a
trial which included patients with metastatic breast
cancer®®, There is evidence for their use in early
breast®*3" and prostate’®” cancer detection, though
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Table 2 Studies reporting detection of circulating tumour DNA in patients with pancreatic cancer

Study CtDNA platform Markers Stage of Time of sampling  Number of Markers detected, n
disease patients, n

Zhou et al® 2011 Nested RT-PCR  H-tert, C-MET, CK20, Al stages Pre-treatment 25 H-TERT 25/25 (100%)

CEA mRNAs CMET 20/25(80%), CK20 21/25

(84%), CEA 20,25 (80%)
de Albuquerque et al®™ Immunomagnetic KRT19, MUC1, EpCAM, Stage Il and Pre-treatment 34 16/34 (47%)
2012 RT-PCR CEACAMS, BIRC5
Chausovsky et al™ RT-PCR CK20 Metastatic Not stated 28 22/28 (79%)
1999
Sausen et al™ 2015 Digital PCR KRAS Localised Pre-treatment 51 22/51 (43%)
Earl et al™” 2015 Digital PCR KRAS Allstages  Pre-treatment (NB 7 31 8/31 (26%)
patients had received
chemotherapy)
Sergeant et al™! 2011 RT-PCR EpCAM Stage I,1I Pre and post 40 10/40 (25%) preoperatively,
and 4 treatment 10/35(28.6%) D1, 9/39 (23.1%)
at D7, 8/34 (23.5%) at 6 wk
Bettegowda et al! Digital PCR KRAS, NRAS, PIK3CA, Localised and Not stated 155 48% of those with localised and
2014 BRAF metastatic > 80% metastatic disease
Zill et al™ 2015 NGS KRAS, TP53, APC,  Localised and  Post-treatment 17 17/17 (100%)
SMAD4, FBXW7 metastatic

Kinugasa et al” 2015 Digital PCR KRAS All stages Pre-treatment 75 47/75 (62%)

CtDNA: Circulating tumour DNA; RT-PCR: Reverse transcription polymerase chain reaction.

Diagnostic Diagnostic
biopsy marker

Liquid
biopsy

Guidin
theraps Developing
cell lines

Detection of

therapeutic
targets

Figure 2 Potential roles of liquid biopsy. As a screening tool: As a non-invasive
biopsy in patients not fit for invasive procedures or as an adjunct test where an
FNA biopsy has proven inconclusive; As a biomarker used after surgical treatment
to identify patients at high risk of local recurrence or distant metastasis; As a
marker of prognosis in all patients prior to therapy; As a marker of chemotherapy
efficacy; In the development of cell lines from circulating tumour cells; and In the
detection of therapeutic targets or resistance mechanisms.

the evidence in other disease sites is less cleart™.

Widespread clinical application is not prevalent.
However, multiple studies have used the system of
other methods of ctDNA detection in patients with
localised, curative-intent pancreatic cancer****! and
two meta-analyses discussed below incorporated data
from studies including patients with resectable and
non-resectable disease.

Allard et al'**! commented that patients with
pancreatic cancer had relatively low levels of CTCs
detected compared to other malignancies, even in the
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presence of widespread metastatic disease. Whether
patients with pancreatic cancer produce fewer
peripheral CTCs than patients with other malignancies
remains unclear but this could account for the relatively
low detection rates seen in the studies discussed above
and may represent a significant challenge in the use of
liquid biopsies.

Furthermore, high levels of heterogeneity have
been demonstrated in CTCs***! from patients with
a range of malignancies. This appears to be both
spatial and temporal as detectable CTCs may change
in appearance over time and with treatment!", For
example, expression of EpCAM or other tumour
markers appears to be variable from cell to cell both in
different patients and within the same patient, but also
the expression may vary over time within the same
patient. This provides a further challenge in the use
of CTCs and ctDNA as a biopsy or screening tool as
ctDNA might be detected in a serum sample that may
not then be found in the tumour sample. This could
lead to confusion around the diagnosis and perhaps
necessitate more tests and delays to treatment.

Heitzer et al“” demonstrated that mutations
were found in CTCs from the peripheral circulation
that weren't found in the primary tumour of patients
with colorectal cancer. On further NGS of the primary
tumour, it was demonstrated that these mutations
were present at subclonal level, potentially demon-
strating that issues around heterogeneity can be
overcome.

A successful liquid biopsy (for diagnosis) would
therefore need to rely on a combination of CTC
enumeration and genetic analysis to provide the
most accurate result and better sensitivity and, from
currently-available evidence, the best combination of
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genetic markers is not well defined.

Screening

Some patient groups are at higher risk of developing
pancreatic cancer'™. A recent review of trials into
screening high-risk individuals found that screening
these patients resulted in a higher curative resection
rate and longer median survival time™*. For example, a
recent study by Vasen et al**! demonstrates a screening
benefit for patients with the CDKN2A mutation.
However other studies have not found screening using
a combination of clinical examination, blood tests, EUS
and magnetic resonance cholangio-pancreatography
(MRCP) in high risk individuals useful“® and in current
guidance it is not recommended™. The only existing
biomarker for pancreatic cancer: CA19-9, has not been
shown to be a reliable screening marker™.

Evidence showing high levels of specificity com-
bined with a relatively low cost would favour the use
of CTCs as a screening tool. The variable sensitivity of
this test means that based on current evidence, CTCs
would not be suitable for screening and there is no
current clinical trial evidence demonstrating the benefit
of CTCs as a screening tool in any malignancy.

Prognosis following surgery

Another potential use would be as a biomarker of
prognosis either before or at the time of curative-intent
surgery. Sausen et a*® detected CTCs in 22 patients
(43% of cohort) with localised pancreatic cancer at
the time of diagnosis and found that presence of CTCs
did predict relapse after resection and worse outcome.
They also observed that ctDNA could be detected 6
mo before a radiological confirmation of recurrence,
suggesting that CTCs could play an important role
in detection of residual disease post-operatively or
in the detection of early recurrence. Bissolati et a/i*”
performed intra-operative collection of blood samples
from both the systemic circulation and portal vein.
They found that CTC positivity in the portal circulation
predicted liver metastases but not any significant
difference in Disease Free Survival (DFS) or Overall
Survival (0S). Sergeant et a/®! detected EpCAM
from peripheral blood pre- and post-operatively in
40 patients undergoing pancreatectomy and also
assessed peritoneal lavage fluid for EpCAM. Although
detectable in 65% of patients post-operatively, EpCAM
positivity was not associated with a worse prognosis.
These findings indicate that a significant majority of
CTCs will not survive, and as few as 0.01% may go on
to form metastases™*®*,

Marker of chemotherapy efficacy
A liquid biopsy could theoretically be a useful marker
of disease response to chemotherapy.

Many studies have shown that CTCs can be used
to predict treatment outcomes in a range of mali-
gnancies including breast, bladder, prostate and
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bowel®**! but not necessarily as a form of monitoring.
Obermayr et al*? revealed that the ongoing presence
of CTCs during follow-up in patients with ovarian
cancer was more common in those with platinum-
resistant disease. The South-West Oncology Group™
investigated the use of CTCs to guide treatment
change in patients with metastatic breast cancer.
Patients were treated with one cycle of standard
chemotherapy and those who continued to test
positive for CTCs after one cycle of chemotherapy were
switched to an alternative regimen. However, a benefit
in overall survival was not demonstrated. In a recent
study by Tie et al*"! Patients with colorectal cancer had
serum samples tested for ctDNA and compared with
mutations within the primary tumour sample in the
post-operative period. Six patients out of a cohort of
52 who went on to have adjuvant chemotherapy had
detectable ctDNA. Samples were tested again every
3 mo; all patients who were ctDNA positive became
ctDNA negative during chemotherapy. However two
patients later became ctDNA positive again and both
these patients relapsed.

There is little evidence for the use of liquid biopsies
in monitoring of chemotherapy response in patients
with pancreatic cancer. Ren et al*” measured CTCs
in patients with pancreatic cancer before and after
their first cycle of 5-fluorouracil chemotherapy. The
CTCs were detected in 80.5% of patients prior to
chemotherapy and in 29.3%, one week after the first
cycle of chemotherapy. Gall et al''” detected CTCs
in patients with locally advanced pancreatic cancer
before, and then after 2 mo of chemotherapy. They
reported that 4 of 75 (5%) patients had detectable
CTCs before commencing chemotherapy and 5 of
59 (9%) had detectable CTCs after two months of
treatment, however there was no crossover between
the two groups. The trial was too small to demonstrate
a significant difference in survival in these patients.

Overall prognosis

Two meta-analyses have reviewed the potential
roles of CTCs as a prognostic biomarker: Ma et a/*
analysed 9 papers with a total of 603 patients included,
with a range of different stages of pancreatic cancer.
Four of the included papers examined prognosis after
commencement of systemic treatment. The hazard
ratio (HR) for DFS and OS in patients before treatment
were 1.82 and 1.93 respectively (P < 0.003) and
post treatment were 8.36 and 2.20, suggesting that
the presence of CTCs after completing treatment has
better predictive value for disease relapse and worse
OS compared to pre-treatment.

The estimated pooled HR for OS across all 9 papers
was 1.64 (95%CI: 1.39-1.94, P < 0.00001), showing
that CTC positivity was associated with worse OS. This
meta-analysis did find evidence of publication bias,
however®,

Han et al®® explored 9 papers, 7 of which were
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included in the Ma et al®® meta-analysis, but did not
report any publication bias. Overall, the study included
623 patients with a range of stages of pancreatic
cancer, having either surgery or chemotherapy. The HR
for progression free survival (PFS) was 1.89 (95%CI:
1.25-4.00, P < 0.001) and the HR for OS was 1.23
(95%CI: 0.88-2.08, P < 0.001), suggesting that CTC
positivity did predict poorer outcomes. This seems
to be consistent whether sampling was performed
before or after treatment. On sub-group analysis,
no variations between ethnicity or between different
methods (CellSearch vs RT-PCR) of CTC detection were
reported.

Development of cell lines

Cell lines cultured from tumour biopsy samples have
been used in cancer research for many years. A
number of small studies have developed cell cultures
from CTCs of patients with metastatic breast, lung and
prostate cancer™®>®! and a pilot study by Cayrefourcq
et al*® demonstrated the development of permanent
cell lines from CTC samples of patients with colorectal
cancer. This had not previously been reported, perhaps
in part because patients with colon cancer, similar to
those with pancreatic cancer, seem to have relatively
low levels of CTCs in the peripheral circulation.

This technology is at an early stage of development
and has not yet been reported for patients with
pancreatic cancer. However, these studies indicate that
liquid biopsy could form the basis of cell lines upon
which investigation of genetic mutations and targets
for therapies can take place for patients with pancreatic
cancer. A potential issue with this technology would be
temporal heterogeneity of the cancer and thus it may
be possible that repeated cultures would be required.

Detection of therapeutic targets or resistance
mechanisms

Studies in patients with a range of malignancies have
begun to use CTCs and ctDNA to identify mechanisms
of resistance and potential therapeutic targets. Murtaza
et a® analysed ctDNA from patients with advanced
cancer and using PCR were able to identify mutations
known to be associated with acquired drug resistance.
Heitzer et al*® used CTC analysis and next-generation
sequencing of the primary tumour in patients with
colorectal cancer to identify mutations that could
be of therapeutic interest. However, the issue of
heterogeneity remains problematic; mutations were
identified in CTCs that were present in the primary
tumour, only on sub-clone analysis of the primary
tumour, or were unique to that CTC. This makes the
relevance of individual mutations difficult to quantify in
the context of a full tumour genome.

Genetic analysis of liquid biopsy samples could,
in the future, form part of a “personalised” mutation
profile for a patient with pancreatic cancer and identify
which targeted agents would be suitable for that
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patient. However, studies evaluating this approach
are small and have not yet included patients with
pancreatic cancer. Therefore, more studies and on a
larger scale are required.

The role of microRNAs in pancreatic cancer

Although not addressed thus far in this article it is
worth noting the increasing evidence supporting the
potential roles for detection of micro-RNA (miRNA) in
pancreatic cancer.

miRNAs are small molecules consisting of chains of
RNA, typically around 20 nucleotides in length™?. There
is evidence that miRNAs play a role in modulating gene
expression and thus biological processes'®.

This role seems to be highly variable as miRNAs
can act as both an oncogene and a tumour suppressor
gene'®’, miRNAs have been implicated in all tumour
types including pancreatic cancer'®™ and have been
isolated in the bloodstream of patients with pancreatic
cancer’®,

Small studies have shown that miRNA isolated from
serum or biopsy samples can differentiate between
pancreatic cancer and chronic pancreatitis'® and
IPMN™ and small studies have shown they may be
prognostic markers'®*®*,

Technology for the detection of miRNAs is early
in development and there is currently not sufficient
evidence to make recommendations but they may in
the future work concurrently with ctDNA and CTCs in
the management of pancreatic cancer.

DISCUSSION

Pancreatic cancer is a disease with a prognosis that
remains poor in contrast to the improvements in
survival noted in other cancers over recent years'".
The challenges faced in obtaining a diagnosis and
the poor survival following treatment mean that new
biomarkers and treatment strategies are necessary.

Current clinical and retrospective trial evidence
indicates that CTCs are detectable in patients with
pancreatic cancer, at both limited and advanced
stages. Many of the studies available are hampered by
their small sample size, however meta-analyses have
performed statistical analysis on over 600 patients
and demonstrated a clear correlation between CTC or
ctDNA positivity and poorer outcome™ %,

There are many potential applications of liquid
biopsies in the care pathway of patients with pan-
creatic cancer. Their strength lies in being a relatively
non-invasive test that can be repeated at any time.
Therefore, one role could include diagnosis, particularly
for patients too unwell to undergo invasive tests, or
where these have proven inconclusive. A significant
limitation to the use of CTCs and ctDNA as a liquid
biopsy is their relatively low sensitivity and a lack
of clarity on which is the most effective method of
detection in this disease group.
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Very few studies have directly compared CTCs to
ctDNA. Dawson et al®® analysed ctDNA and CTCs in
patients with metastatic breast cancer and reported
that ctDNA levels were more closely related to disease
burden. In contrast, Maheswaran et a/*’ detected
CTCs and ctDNA in patients with non-small cell lung
cancer and reported that detection of CTCs was more
sensitive. Apart from Khoja et al*¥, few trials have
directly compared methods of CTC or ctDNA analysis
and therefore the most sensitive method is not clear.
It seems likely that the most effective test would use
both CTCs and ctDNA, but data is lacking in this area
both around efficacy and feasibility on a larger scale.

Another challenge is the high levels of hetero-
geneity found in CTCs, that has been shown to be
both temporal and spatial*!!, This could impact on
the sensitivity and reliability of liquid biopsies. Hetero-
geneity in CTCs has been found in many malignancies.
Indeed it has been reported that between 63% and
69% of mutations are not present at every disease site
in patients with metastatic renal cell cancer”. This
could potentially be overcome using NGS of tumour
samples in addition to CTC samples to identify more
mutations. However, this has only been demonstrated
in a small study™® and may prove too costly and time-
consuming to be feasible in routine practice. More work
is required to evaluate this approach in pancreatic
cancer.

Although only a small trial, the fact that ctDNA
became detectable months before a radiologically-
detectable relapse in patients who had undergone a
resection'® suggests that in future, liquid biopsies
could potentially form an important role in the moni-
toring of patients after surgery. A larger trial would
be needed to validate these results and then a future
area of research might look at whether instituting
chemotherapy at the point of “liquid biopsy relapse”
could alter the outlook for patients with recurrent
disease after surgery. Similarly, liquid biopsy could
play a potential role as a non-invasive marker of
treatment response to chemotherapy or as a marker
of disease progression following chemotherapy in
advanced disease. However, none of the trials that
have detected CTCs following chemotherapy in patients
with pancreatic cancer have proven that patients with
detectable CTCs after chemotherapy have a worse
survival®, although trials studying this question only
included small numbers of patients. Furthermore, as yet
there is no evidence to show that moving directly onto
second-line chemotherapy in patients with advanced
pancreatic cancer with CTC-positivity following first-
line chemotherapy would result in a survival benefit.
A trial looking at switching chemotherapy in response
to presumed resistance (based on on-going detection
of CTCs following one cycle of chemotherapy) has
not proven to have an impact on survival in patients
with metastatic breast cancer’™. It may well be that
sufficient time for a cytotoxic effect to eliminate all
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CTCs from peripheral circulation requires more than
one cycle of chemotherapy and there is no comparative
data exploring this. A useful trial might measure CTCs
following each cycle of chemotherapy and correlate on-
going positivity to PFS and OS in an effort to identify a
cut-off point for switching regimen.

Ultimately, liquid biopsies can only be of limited
utility whilst there is still a lack of more effective
treatments for pancreatic cancer. There is little purpose
in demonstrating that a patient with pancreatic cancer
is not responding to chemotherapy if there are limited
alternatives available, therefore, on-going prospective
studies developing novel therapeutic strategies are
imperative.

Disappointingly, the addition of targeted therapies
to conventional chemotherapies to date has failed to
result in survival benefits in patients with pancreatic
cancer. Despite the fact that the majority of pancreatic
adenocarcinomas are KRAS positive, and a significant
proportion have EGFR mutations, agents targeting
this mutation have yet to demonstrate a clinically
meaningful benefit.

Although Moore et al’" reported a benefit to the
use of the tyrosine kinase inhibitor, erlotinib, in addition
to gemcitabine in patients with advanced pancreatic
cancer for both OS and PFS, this has not been replicated
in other trials”>”*. Nor has efficacy been demonstrated
with other agents; for example, mitogen-activated
protein kinase inhibitors”* or VEGF inhibitors either
alone or in combination with other targeted therapies or
standard chemotherapy”®””\. In the study by Infante et
al”, outcomes were independent of KRAS mutations
determined by circulating free DNA and archival tumour
tissue. Therefore, the potential of CTC utilisation in the
identification of resistance mechanisms to these and
similar agents may have dlinical utility.

In summary, despite offering great promise to alter
the outlook of this challenging disease, a significant
amount of further data, in many different areas of the
management pathway, is needed before liquid biopsies
are ready for prime-time.
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