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Pancreatic ductal adenocarcinoma (PDAC) carries significant morbidity and mortality and remains
one of the most difficult malignancies to treat. When deciding upon a management strategy, the
benefits of surgery (only available to a minority of patients) and chemotherapy need to be weighed
against the morbidity of these treatments. Individual patient and tumor factors need to be taken into
account to provide an optimal, personalized approach. In this review, we highlight established and
novel biomarkers that have the potential to be used as prognostic biomarkers in PDAC and some that
may be used to guide therapeutic decisions. We briefly review some blood based biomarkers but focus
on those that are tissue based and may be identified and characterized in pancreatic cancer biopsies.

INTRODUCTION

espite major advances in the therapies of many
solid tumors, survival in pancreatic ductal

adenocarcinoma (PDAC) has not improved.'
Delayed diagnosis, aggressive biology and marked
chemoresistance have all contributed to this
disappointing trend. Prognostic biomarkers inform of a
likely cancer outcome (disease recurrence, progression
or death) independent of type of treatment. A biomarker
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is predictive if there is a difference in treatment effect
for biomarker positive patients compared to biomarker
negative patients. General prognostic markers, not
specific to a defined therapeutic regimen, can be useful
in distinguishing which patients are at higher risk of
a poor outcome and should therefore be managed
more aggressively. While large gene expression
panels have been identified for use in prognostication
of other malignancies and some have been linked to
therapeutic response, few such markers have been well
characterized in pancreatic cancer and even fewer have
been used in clinical practice. We provide an overview
of the most promising markers and those that may be
closest to clinical use.
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BLOOD OR SERUM BASED BIOMARKERS
Established Serum Based Biomarkers

There are few established and widely clinically used
biomarkers for PDAC compared to other malignancies.
Carbohydrate antigen 19-9 (CA 19-9), or sialyl Lewis
antigen, is the only biomarker recommended by the
National Comprehensive Cancer Network guidelines in
the evaluation of PDAC. Its role in carcinogenesis may
be related to its association with an increased adherence
of cancer cells to endothelial cells through E-selectin,?
In addition to its well-known role in the diagnosis of
PDAC, higher levels of pre-operative CA 19-9 have
been shown to be correlated with advancing stage,’ less
resectability,* and decreased survival.®® However, its
sensitivity is limited due to 10% of the population being
non-secretors of CA 19-9 and its specificity limited due
to its secretion by normal biliary epithelium.’

Other commonly used pre-operative laboratory
markers include carcinoembryonic antigen (CEA), an
intercellular adhesion glycoprotein normally present
in very low levels in the blood, lactate dehydrogenase
(LDH), an enzyme involved in sugar metabolism and
C-reactive protein (CRP), an acute phase reactant.
Compared to normal levels, elevated LDH,’ CEA,'*%!!
and CRP'>" have all been shown to be independent
unfavorable prognostic factors of survival. However,
similar to CA 19-9, these laboratory markers are limited
in their specificity. Table 1 highlights the accuracy
of these markers in distinguishing resectability and
prognosticating survival.

Blood or Serum Based

Biomarkers in Development

The value of serum-based markers is their less invasive
approach and ability to collect multiple samples for
various analyses. The most notable serum-based markers
currently under investigation include circulating tumor
cells, circulating tumor DNA and microRNAs and are
summarized in Table 2.

Metastatic spread is commonly perceived to be
one of the latest steps in the progression of cancer;
however, the presence of circulating tumor cells (CTCs)
in early stages as well as in pre-invasive lesions have
challenged this. CTCs are cancer cells that are shed off
the primary or metastatic tumor and can travel through
the blood stream, potentially leading to new metastasis.
A meta-analysis has revealed that the presence of
CTCs in PDAC corresponds with worse progression-
free and overall survival.*! A recent study found that
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Figure 1. (A) ProCore Needle (Cook Endoscopy) (B) Acquire
FNB needle (Boston Scientific) (C) SharkCore FNB needle
(Medtronic) (D) Pancreatic cancer core biopsy specimen

cytokeratin-expressing CTCs, but not mesenchymal-
like CTCs, had prognostic utility, highlighting the
importance of phenotypic identification of CTCs.*? The
CellSearch system is the only FDA-approved CDC
detection technology (since 2004), but it is expensive,
requires a complicated enrichment step, has a long
detection time, low sensitivity and does not allow
for isolation of CTCs for further molecular analyses.
Thus, new detection modalities are being investigated
including line confocal microscopy, surface-enhanced
Raman spectroscopy (SERS), new enrichment
technologies and fluorescence in situ hybridization
(FISH).#44

Cell-free DNA (cfDNA) is another minimally
invasive potential sample source that is also referred
to as a liquid biopsy. These are small fragments of DNA
that are released after cellular necrosis or apoptosis and
circulate in the bloodstream; when they are released
from tumor cells, they are called circulating tumor DNA
(ctDNA). ctDNA is, on its own, a negative prognostic
marker,” and it can also be used to identify genetic
mutations which can further prognosticate survival in
PDAC.* One study looking at ctDNA in a variety of
early and late stage malignancies found that ctDNA was
detectable in some patients without detectable CTCs
(but not vice versa), suggesting that these biomarkers
are separate entities.*’

The majority of the human genome is made up of
non-coding RNA molecules, which are not transcribed
into proteins, but have been shown to play a major role
in regulating gene expression. MicroRNAs (miRNAs)
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are small (18-25 nucleotide) single stranded transcripts
of non-coding RNA, which are highly stable and can
act as tumor suppressors or oncogenes depending
on their dysregulation. Nearly 100 miRNAs are
differentially expressed in pancreatic cancer and they
have been analyzed in human blood, bile, pancreatic

juice, pancreatic cysts and stool. miR-21 is commonly
considered an oncogene as many of its targets are tumor
suppressors such as programmed cell death 4 (PDCD4)
and PTEN. A large number of studies have identified
miR-21 as a strong negative prognostic marker of
survival in PDAC. A meta-analysis of 11 studies

Table 1. Accuracy of Established Prognostic Biomarkers in PDAC

Marker | Countries Resectability, median serum levels Overall Survival Based on Median
Serum Levels (months)
CA19-9 | Turkey* Resectable: 68.8 p<.05
Unresectable: 622
Cut off = 256.4 Sen: 82.4 Sp:92.3
USAS Resectable: 73.5 p<.001
Unresectable: 374
Cut off = 150 Sen: 71 Sp: 68
[taly® Resectable: 94* p>.05
Unresectable: 563*
China®? Resectable: 130 p<.01
Unresectable: 656
China® Resectable: 774 p=.56 <1000: 9 p=.26
Unresectable: 1311 >1000: 6
USAS84 <37:52.8 p=.02
Cut off = 149 Sen: 54 Sp: 55 >37:21.2
Finland®s <370: 9.5 p<.05
>370:4.4
Germany®® <400:17.3 p=.0001
>400: 7.1
CEA China®3 Resectable: 14.6 p=.64 <5:9 p=.052
Unresectable: 32.6 >5:6
Finland®” <5:11.6%** p=.02
>5:6.5%**
Finland®® Cut off =15 p<.001
USA® Resectable: 5.8 p=.66
Unresectable: 18.1
LDH Turkey?® <470: 39 p=.0001
>470: 10
CRP United <5:10.3 p=.027
Kingdom™ >5:2.5
Japan' <5:7.9 p=.01
5-2:59
>2:3.4

PDAC, pancreatic ductal adenocarcinoma; Sen, sensitivity; Sp, specificity
CA 19-9 values are in U/mL. CEA values are in ng/mL. LDH values are in U/L. CRP values are in mg/L.

*Mean serum levels **2 year survival
PRACTICAL GASTROENTEROLOGY * OCTOBER 2017
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found tissue miR-21 levels to be strongly associated
with reduced survival.*® In the serum, high levels of
miR-21 have also been shown to be correlated with
low survival and decreased time to recurrence.**°
Conveniently, miR-21 has been found to be elevated
early in pancreatic carcinogenesis. Up-regulation
of miR-21 in precursor lesions such as intraductal
papillary mucinous neoplasms (IPMN) and pancreatic
intraepithelial neoplasia (PanIN) is also associated with
a worse prognosis.*® A large supportive study analyzing
miRNA levels in PDAC revealed high expression of
miR-21 and miR-31 with low expression of miR-375
were associated with poor overall survival following
surgical resection.”!

HOX Transcript Antisense RNA (HOTAIR) is a
powerful predictor of metastasis and poor prognosis
in multiple cancers. It is a non-coding RNA that works
via histone modifications to decrease the expression of
multiple genes. In PDAC, high HOTAIR expression has
been shown to be associated with decreased survival
and more aggressive tumors (those that extend to lymph
nodes and beyond the pancreas).”> HOTAIR has also
shown potential to be quantified in salivary samples.>

TISSUE BASED BIOMARKERS
High Quality Pancreatic Tumor Biopsies

There have been marked recent advances in the ability
to obtain high quality histologically intact core biopsies
from pancreatic cancer and this shift will likely allow
a far greater use of tissue based biomarkers. Although
few studies have evaluated different biopsy techniques
and needle designs side-by-side, it is apparent that the
newer generation “core” fine needle biopsies (FNB)
will provide far better quality and quantity specimens
than the first-generation fine needle aspirations (FNA).
Several studies have demonstrated that the overall
diagnostic accuracy of FNA and FNB is similar (92.5-
94.8% vs. 90-98.3%, respectively).’*7 In some studies,
FNB required a significantly lower number of needle
passes and was associated with greater accuracy at
onsite cytology.’” However, more recent studies have
found similar overall diagnostic accuracy and per path
diagnostic accuracy.

In addition to the comparable and possibly superior
accuracy, the main objective when using a core biopsy
is to obtain histologically intact tumor architecture
and greater tumor volume. Figure 1 A-C demonstrates
three of the new FNB needles and an example of a
pancreatic cancer specimen obtained through FNB.
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There are multiple ways to perform tissue acquisition
and no certain needle size has shown clear superiority.
It appears that both the tumor biology and architecture,
as well as the endoscopic position may determine the
most successful method. Therefore, we recommend
individualizing this approach. Negative suction in the
needle may be created by withdrawing the stylet during
tissue acquisition (“slow pull technique” associated
with lowest suction force), by dry suction (attaching
the needle to a syringe that contains a 10-50 ml of
vacuum column) or by wet suction (preloading the
needle with saline prior to attaching the syringe to create
negative suction).** We recommend examining the
specimen obtained by a low suction force method and
if the material is minimal, attempt a higher suction
method as second line. However, in hard fibrotic tumors
(either based on expected histology such as sarcomas
or NETs or by feel during the procedures), a higher
suction force method would be reasonable to try first
and only switch to a lower suction method if the aspirate
is overwhelmingly bloody.

Handling of core biopsy specimens is possibly as
important to acquiring high quality and quantity tissue
as needle design. Perhaps the most reliable way of
examining the specimen is by expelling the needle
content on a glass slide. In our practice, we expel the
tissue in a serpentine manner to allow visual examination
of the entire content. Often, white materials can be
seen interspersed with the red coagulum and these may
be highest yield for diagnostic tissue. We use one of
these suspected microcores to generate a smear for
on site evaluation and for cytologic evaluation. Given
that cytologic details such as nuclear and cytoplasmic
details are often better preserved in CytoLyt, it remains
important to have some material in this preservative.
In addition, the quality of nucleic acid isolated from
tissue material is somewhat better from CytoLyt than
from formalin fixed material. The remainder, and the
majority, of the microcores are placed in formalin. As
shown in Figure 1D, the formalin-processed cell blocks
often yield significant areas of intact tissue.

Prognostic Markers

Tissue-based markers harbor the benefit of being
more specific to the tumor tissue, but at the expense
of requiring more invasive collection techniques.
Immunohistochemical (IHC) analysis is a widely-
used process utilized to visualize specific molecular
markers and identify their distribution in clinical tissue
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Table 2. Prognostic Blood-Based Markers in PDAC

Marker | Country Total | Marker Dysregulated, Type of Prognostic HR (95% ClI) or
Patients, n Dysregulation Value p-value
n
CTCs Japan” 26 11 Positive count | 0S <.001
+CTC: 3.7
-CTC: 12.5
France™ 79 9 0s* 2.5(1.2-5.4)
Germany” | 172 81 CK+ CTCs 0s .05
+CTC: 17.9
-CTC: 26.1
USA* 50 39 0S .008
+CTC: 13.7
-CTC: Not
reached
ctDNA Japan® 105 33 Positive count | RFS <.001
+CtDNA: 6.1
-ctDNA: 16.1
0s 3.2(1.8-5.4)
+CtDNA: 13.6
-ctDNA: 27.6
Norway, 14 10 RFS* .020
USA™ 0s* .047
miR-21 | China® 177 89 High TTP* 1.92 (1.27-2.90)
expression 0S 1.71 (1.15-2.54)
+miR-21: 12
-miR-21: 32
China3® 38 19 0s* .01
HOTAIR | USA® 102 14 High 0s* .011
expression Metastasis* | <.0001

PDAC, pancreaticductaladenocarcinoma;HR, hazardratio; 0S, overallsurvival; TTP, timetoprogression; RFS, recurrence-free
survival; CTCs, circulatingtumorcells; CK, cytokeratin; HOTAIR, HOX Transcript Antisense RNA; ctDNA, circulating tumor DNA

*Reported only in graph form
TTP, RFS and OS reported in months
Bolded values are statistically significant.

These studies include patients with and without adjuvant chemotherapy.

specimens. Though these markers may be useful in
patients who undergo surgical resection, investigations
are still needed to discern if there is prognostic value
to these biomarkers in pre-operative brush or biopsy
specimens. Perhaps the best characterized treatment
predictive biomarker is human equilibrative nucleoside
transporter 1 (hENTI1). hENTI, ribonucleotide
reductase subunit 1 and 2 (RRM1, RRM?2), and
excision repair cross-complementing gene-1 (ERCC1)
are vital for cellular transport and DNA synthesis and
are frequently implicated as poor prognostic factors in

PRACTICAL GASTROENTEROLOGY ¢ OCTOBER 2017

various malignancies.' In one multivariate analysis,
high expression of RRM2 and ERCCI1, but not the
others, were associated with worse recurrence-free
survival (RFS) and overall survival (OS).'* Another
study found low hENT1 expression to be associated
with poor RFS and OS."" As hENT]1 plays a major role
in the internalization of Gemcitabine by pancreatic
cancer cells, the primary role of hRENT1 is as a predictive
marker to Gemcitabine chemotherapy, for which there
is more data available. Table 3 summarizes the data for
hENTI1 and other tissue-based markers as prognostic
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markers for survival in PDAC.

Secreted protein acidic and rich in cysteine (SPARC)
is a matricellular glycoprotein which undergoes
epigenetic silencing in pancreatic adenocarcinoma, but
is often strongly expressed at the interface between the
tumor and stroma by stromal fibroblasts.'® Supporting
data suggest this interaction is important for tumor
progression, metastasis and chemoresistance. Stromal
SPARC expression is observed in all disease stages
suggesting early expression is critical for tumor
progression.!” Strong stromal SPARC expression in
patients with well to moderately differentiated cancer
who underwent surgical resection was associated with
decreased overall survival when compared to patients
with no SPARC expression.'”!® Furthermore, patients
with diffuse stromal SPARC expression extending
beyond the peri-tumoral region had a significantly
worse prognosis.'” Most reports of cytoplasmic SPARC
expression by malignant pancreatic cells have shown
no prognostication value.!” Some studies have found
no prognostic benefit in observational cohorts, but only
a strong predictive association in patients who were
treated with gemcitabine.?® Elevated SPARC mRNA
expression has similarly been found to be a negative
prognostic marker for PDAC survival and can be
beneficial in that this analysis can be run on samples
that are too small for IHC, such as from pre-operative
fine needle aspiration.?! Vascular endothelial growth
factor (VEGF) is a potent stimulator of angiogenesis,
thus facilitating tumor growth and progression. In IHC
analysis, staining for VEGF is mainly demonstrated
within the cytoplasm and cell membrane of cancer
cells. Increased VEGF expression has been associated
with a poor prognosis, including lower survival and
increased lymphatic vessel invasion and lymph node
metastasis.???* Similar to SPARC and hENT, there are
therapies targeted against VEGF, so it also has potential
as a predictive marker.

Smad4 is a tumor suppressor gene involved in
mediating transforming growth factor beta (TGF-B).
As evidenced by its alternative name, DPC4 (deleted
in pancreatic carcinoma, locus 4), loss or inactivation
of Smad4 is seen in ~50% of PDAC?* and leads to
increased cellular proliferation by upregulating the
progression from G1-S in the cell cycle. Loss of Smad4
expression has frequently been shown to be associated
with reduced survival in PDAC.?? Interestingly, one
study discordantly demonstrated that low expression of
Smad4 was associated with improved overall survival
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and importantly, pancreatic resection only benefited
(via longer survival) tumors who had lost Smad4
expression.?’

KRAS (V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog) is a GTPase that activates proteins
required for propagation of growth factors and other
cell signaling receptors. Overall, KRAS mutations
have correlated with a reduction in survival.®?%?
Interestingly, the different mutational subtypes show
varying duration of survival, with wild type GGT
(glycine) converted to GAT (aspartate) being the most
common and the only one to be prognostic of poor
survival.?® Additionally, mutational analysis performed
for these KRAS mutations can be performed with
quantitative polymerase chain reaction (PCR) which
is cheaper and faster than other sequencing methods
and uses less DNA data, making it easier to perform
multiple molecular analyses on the same sample.?®

Perhaps the most exciting development of cancer
therapy in the last few years has been the remarkable
progress of the use of immunotherapy. Despite the
success seen in several solid malignancies (melanoma,
lung cancer, urological cancers), response rates have
been minimal in pancreatic cancer. However, an
immune response is present in pancreatic cancer and
emerging strategies to turn on this immune response or
identify tumors with an immune sensitive phenotype
are promising. Parallel to these efforts, there is
increasing evidence that the native immune response
in pancreatic cancer is predictive of treatment outcomes.
Immunohistochemical analyses that identify T cell
populations and myeloid cells in pancreatic cancer,*® or
the level of expression of negative checkpoint regulators
(NCR)*'*? have already demonstrated prognostic value.
These markers may also serve as important predictors
of response to immunotherapies in the future.

Smad4, hENT1 and SPARC possess another
benefit as biomarkers, in that they have been shown
to be effectively assessed on pre-operative biopsy
specimens.'’?7*33 Since quantitative PCR of VEGF and
KRAS has also been shown to be accurate, there may
be a role for these biomarkers during the pre-operative
assessment with the smaller samples associated with
biopsies.

Treatment Predictive Markers
There are various imaging modalities involved in the
diagnosis and staging of PDAC including computed

(continued on page 28)
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(continued from page 24)

Table 3. Prognostic Tissue-Based Markers in PDAC (Table 3. continued on page 30)
Marker Country Total Marker Type of Prognostic HR (95% CI)
Patients, | Dysregulated, | Dysregulation Value or p-value
n n
0s
SPARC | USA" 299 200 High stromal +SPARC: 15 1.89 (1.31-2.74)
expression -SPARC: 30

Sweden'® 88 68 +SPARC: 11.5 2.12 (1.19-3.98)
-SPARC: 25.3

Germany' |58 58 +SPARC: 7.6 2.23 (1.05-4.72)
-SPARC: 10.2

Germany?® | 160 95 +SPARC: 21.5 .765
-SPARC: 18.2

Japan?' 104 104 High mRNA 5 year survival 2.92 (1.63-5.50)

expression +SPARC: 0%
-SPARC: 22.5%

hENT1 Belgium, 142 94 High Death (%) .92 (.57-1.50)
France, expression +hENTT: 76
Canada®® -hENT1: 64

USA™ 95 81 RFS .029
+hENT1: 9.5
-hENTT: 44.5
0S A75
+hENT1:15.2
-hENT1: 19.5

USAs 84 61 RFS 2.14 (1.14-4.02)
+hENT1: 11.2
-hENT1: 4.5
0S 1.97 (1.19-3.24)
+hENT1: 20
-hENTT: 14.8

RRM2 USA™ 95 16 High expression | RFS <.0001
+RRM2: 6.9
-RRM2: 16.0
0s <.0001
+RRM2: 9.1
-RRM2: 18.4

ERCC1 USA™ 95 15 High expression | RFS .037
+ERCC1: 6.1

-ERCC1: 14.9
0s .032
+ERCC1: 8.9
-ERCC1: 18.1

PDAC, pancreatic ductal adenocarcinoma; HR, hazard ratio; OS, overall survival; RFS, recurrence-free survival;
SPARC, Secreted protein acidic and rich in cysteine; hENT1, human equilibrative nucleoside transporter 1; RRM2,
ribonucleotide reductase subunit 2; ERCC1, excision repair cross-complementing gene-1; VEGF, vascular endothelial
growth factor; KRAS, Kirsten rat sarcoma viral oncogene homolog

*Reported only in graph form

RFS and OS reported in months.

Bolded values are statistically significant.

These studies include patients with and without adjuvant chemotherapy. (continued on page 30)
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(continued from page 28)

Table 3. Prognostic Tissue-Based Markers in PDAC

(Table 3. continued from page 28)

Marker Country Total Marker Type of Prognostic HR (95% CI)
Patients, | Dysregulated, | Dysregulation Value or p-value
n n
VEGF China, USA% | 58 22 High expression | 0S* 2.60 (1.21-5.60)
China? 62 37 0S 2.27 (1.17-4.43)
+VEGF: 7.7
-VEGF: 17.9
Japan® 40 27 0S .048
+VEGF: 7.8
-VEGF: 23.3
Japan™ 55 39 0s* .021
Smad4 | USA, 249 138 Loss of 0S 1.36 (1.01-1.83)
Netherlands? expression +Smad4: 19.2
-Smad4: 14.7
Korea® 272 222 (15 2.17 (1.24-3.79)
+Smad4: 26.2
-Smad4: 17.4
Australia® [ 119 63 0S .60 (.41-.89)
+Smad4: 6.0
-Smad4: 9.2
KRAS Korea® 234 126 CoQon mutation | 0S 1.63 (1.12-2.38)
(Wild type = Mutation, any:
GGT) 26.4
Wild type: 14.3
France?® 219 147 0S 1.47 (1.19-2.20)
Mutation, GAD: 6
Wild type: 9
Germany® | 153 105 (15 1.68 (1.07-2.62)
Mutation, any:
12.7
Wild type: 20.7
miR-21 | Multiple 541 Not reported High expression | 0S* 2.66 (2.06-3.43)
(meta-
analysis)*

PDAC, pancreatic ductal adenocarcinoma; HR, hazard ratio; OS, overall survival; RFS, recurrence-free survival;

SPARC, Secreted protein acidic and rich in cysteine; hENT1, human equilibrative nucleoside transporter 1; RRM2,
ribonucleotide reductase subunit 2; ERCC1, excision repair cross-complementing gene-1; VEGF, vascular endothelial
growth factor; KRAS, Kirsten rat sarcoma viral oncogene homolog
“Reported only in graph form

RFS and OS reported in months.
Bolded values are statistically significant.
These studies include patients with and without adjuvant chemotherapy.
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tomography (CT), magnetic resonance imaging
(MRI), endoscopic ultrasound (EUS), and endoscopic
retrograde cholangiopancreatography (ERCP). The
roles of these modalities have changed over time, but
the relative importance of EUS greatly increased with
the advent of EUS-guided fine needle aspiration (EUS-
FNA) over 20 years ago. Though limited by relative
invasiveness and operator variability, it has been
demonstrated to have excellent sensitivity (91-100%)
and specificity (94-100%) for the diagnosis of PDAC.>*

While many tissue-based biomarkers show promise
in the evaluation of PDAC, most of these studies have
relied on surgically resected material, which comprise
less than 20% of all patients diagnosed with this
disease. As EUS-FNA technology continues to improve,
including the ability to obtain more histologically intact
core biopsies with new needles and improved visibility
with the use of contrast-enhancement and elastography,
the clinical utility of these biopsies broadens.
Though not yet in widespread use, we can reliably
perform immunohistochemistry analyses to identify
prognostic and predictive markers such as hENT1,
VEGF and microRNAs on these tissue samples pre-
operatively.>**>37 Unfortunately, truly targeted therapies
in pancreatic cancer are not yet available, but as our
understanding of the biology of cancer evolves, it is
important that our tissue acquisition methods improve
and are ready for “prime time.”

One could imagine that a combination of currently
available and previously discussed biomarkers may
help in the selection of therapies, but only if our ability
to evaluate them in pancreatic cancer biopsies can be
validated. There a few emerging examples of clinical
trials that require specific markers in biopsies. Pegylated
recombinant human hyaluronidase (PEGPH20) is an
enzyme that has been shown to potentiate chemotherapy
in PDAC by removing excess hyaluronic acid from the
tumor microenvironment. A phase 1b trial of PEGPH20
in combination with Gemcitabine as first line therapy in
metastatic disease demonstrated a good safety profile
and promising therapeutic benefit.® There are several
ongoing clinical trials of PEGPH20); participation not
only requires histologically confirmed PDAC, but
frequently also evaluation of PEGPH20 expression
in biopsies.

PRACTICAL GASTROENTEROLOGY ¢ OCTOBER 2017

In addition, from many other cancer treatment
algorithms, we know that understanding changes in
tumor biology following a first line treatment regimen
is critical. Recent phase I trials of a VEGF inhibitor,
Vatalinib®® and nab-paclitaxel® as individual second
line therapies in advanced PDAC have demonstrated a
favorable survival outcome in some patients; however,
serum-based biomarkers did not correlate with response
and the predictive value of tissue-based biomarkers
(SPARC) were inconclusive due to small sample size.
With high quality biopsies, we can expect that most
trials, and increasingly, the standard of practice, will
emphasize the need for post-treatment biopsies.

CONCLUSION

This review focused on biomarkers that can be used
to prognosticate outcome in PDAC, independent of
treatment strategy. There are a multitude of potential
biomarkers in the literature, but many are limited
by specificity, heterogeneity of disease, difficulty in
obtaining adequate samples and conflicting results.
Also, the majority of the tissue-based biomarkers have
been studied in resection specimens, and these patients
only account for a minority of most PDAC cohorts.
The most promising tissue biomarkers include hENT]I,
SPARC, Smad4, and VEGF as they may be valuable
in the pre-operative period and may additionally have
predictive value in guiding individualized pancreatic
cancer therapy. The novel serum-based markers are also
valuable due to their minimally invasive approach and
foundation for genetic analysis. As both endoscopic
methods to obtain high quality biopsy specimens and
the molecular understanding of pancreatic cancer
advances, it is likely that these and many other
biomarkers will enter into routine clinical practice. It
is increasingly important to obtain the highest quality
tumor biopsies at the time of diagnostic procedures and
assure that sufficient tumor tissue material is available
for molecular and immunohistochemical analysis. l
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