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/ABSTRACT

Background. Minimally invasive diagnostic biomarkers for
patients with pancreatic ductal adenocarcinoma (PDAC)
and distal cholangiocarcinoma (dCCA) are warranted to
facilitate accurate diagnosis. This study identified diagnos-
tic plasma proteins based on proteomics of tumor
secretome.

Materials and Methods. Secretome of tumor and normal
tissue was collected after resection of PDAC and dCCA. Dif-
ferentially expressed proteins were measured by mass spec-
trometry. Selected candidate biomarkers and carbohydrate
antigen 19-9 (CA19-9) were validated by enzyme-linked
immunosorbent assay in plasma from patients with PDAC
(n =82), dCCA (n =29), benign disease (BD; n =30), and
healthy donors (HDs; n = 50). Areas under the curve (AUCs)
of receiver operator characteristic curves were calculated to
determine the discriminative power.

Results. In tumor secretome, 696 discriminatory proteins
were identified, including 21 candidate biomarkers.
Thrombospondin-2 (THBS2) emerged as promising bio-
marker. Abundance of THBS2 in plasma from patients with
cancer was significantly higher compared to HDs (p < .001,
AUC = 0.844). Combined expression of THBS2 and CA19-9
yielded the optimal discriminatory capacity (AUC = 0.952),
similarly for early- and late-stage disease (AUC = 0.971 and
AUC = 0.911). Remarkably, this combination demonstrated
a power similar to CA19-9 to discriminate cancer from BD
(AUC = 0.764), and THBS2 provided an additive value in
patients with high expression levels of bilirubin.

Conclusion. Our proteome approach identified a promising set
of candidate biomarkers. The combined plasma expression of
THBS2/CA19-9 is able to accurately distinguish patients with PDAC
or dCCA from HD and BD. The Oncologist 2020;25:e634—e643

Implications for Practice: The combined plasma expression of thrombospondin-2 and carbohydrate antigen 19-9 is able to
accurately diagnose patients with pancreatic cancer and distal cholangiocarcinoma. This will facilitate minimally invasive
diagnosis for these patients by distinguishing them from healthy individuals and benign diseases.
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INTRODUCTION

Lethality of pancreatic ductal adenocarcinoma (PDAC) remains
an unsolved problem [1]. This tumor type is featured by early
metastatic dissemination [2]. As a result, the majority of
patients are diagnosed at advanced stages [3]. Early and ade-
quate diagnosis enhances the possibility of offering optimal
curative therapy [4]. Strikingly, clinical symptoms and diagnostic
features of patients with PDAC show a considerable similarity
to those of patients with distal cholangiocarcinoma (dCCA) [5].

Currently, the diagnostic process for patients with PDAC
and dCCA tumors relies on clinical suspicion, radiological inves-
tigation, brush cytology or fine-needle aspiration for pathologi-
cal confirmation, and measurement of tumor markers [3]. This
extensive diagnostic workup still results in diagnostic uncer-
tainty with 5%-10% misdiagnosis after surgery [6], as well as
delayed therapy initiation. Moreover, these invasive diagnostic
techniques can cause procedure-specific complications and
exhibit low sensitivity for early-stage tumors, undermining
their use for early diagnostics [7]. Thus far, histopathological
tumor confirmation after resection remains the only gold stan-
dard procedure for differential diagnostics [8]. Minimally inva-
sive biomarkers could help to distinguish PDAC and dCCA from
benign disease (BD) and improve the clinical management of
these patients.

The clinically implemented tumor marker carbohy-
drate antigen 19-9 (CA19-9) is easily measurable in blood
samples but lacks the sensitivity (~79%) and specificity
(~82%) needed for conclusive diagnoses for both PDAC
and dCCA [9]. Multiple confounders can hamper the accu-
racy of CA19-9. Firstly, elevated levels of bilirubin result in
false positive CA19-9 in BD [10]. Secondly, expression of
CA19-9 is dependent on specific Lewis genotypes, which
are absent in 5%—10% of the population [11], resulting in
false negative results. Additionally, only 60% of patients
with cholangiocarcinoma show elevated levels of CA19-9
[12]. These factors prompt the search for novel, additional
biomarkers with additive value to CA19-9.

Proteins secreted by tumor cells, also known as secret-
ome, have been investigated for their potential as bio-
markers. Unbiased discovery analysis of this secretome has
the potential to yield novel tumor-specific protein-based bio-
markers. In particular, increased sensitivity and depth of mass
spectrometry analysis provide a powerful discovery platform
that can be exploited for biomarker identification [13]. How-
ever, proteins are highly abundant in plasma and serum,
shielding less expressed tumor-specific proteins. Convention-
ally, cell line secretome has been evaluated for biomarker
identification [14], but tumor tissue secretomes present a
more realistic sample source to reflect human tumor-specific
protein secretion into the circulation [15]. Hence, exploration
of proteins in tumor secretome allows for a novel approach
to identify diagnostic plasma biomarkers.

The aim of the study was to identify novel diagnostic
plasma proteins to distinguish patients with PDAC and dCCA
from patients with BD and healthy donors (HDs) and to evalu-
ate these new markers for their additive value with CA19-9 in
different disease stages. To this end, we were first to profile
the proteome of secreted proteins from resected PDAC, dCCA,
adjacent normal pancreatic tissues, and cancer cell lines to
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identify novel tumor protein biomarkers. Comparative analysis
yielded several PDAC- and dCCA-specific proteins. Expression
of thrombospondin-2 (THBS2) was explored in plasma sam-
ples of patients with early- and late-stage PDAC, dCCA, and BD
and HDs and combined with the current standard marker,
CA19-9. Together, the combined expression of THBS2 and
CA19-9 demonstrated a high accuracy to diagnose both PDAC
and dCCA.

MATERIALS AND METHODS

Study Population and Samples

Tissues from tumorous areas and adjacent normal pancreas were
collected from seven patients with suspected malignancy of the
pancreas. Blood samples were collected prior to therapy from
consecutive patients with PDAC (n = 82), dCCA (n = 29), and BD
(n = 30) and age-and gender-matched HDs (n = 50). BD included
chronic pancreatitis (n = 14), cholangitis (n =9), and chole-
docholithiasis (n = 7). Bilirubin levels were determined by the col-
orimetric diazomethod (Bilirubin Total Gen.3, Roche Diagnostics,
Basel, Switzerland). A bilirubin level of 220 pmol/L was consid-
ered elevated. The prospective collection of samples and clinical
data was approved by the local medical ethical committee of the
VU University Amsterdam (2016.510) and obtained after written
informed consent. The study was reported in accordance with
Standards for Reporting of Diagnostic Accuracy Studies guidelines
[16] and further described in the supplemental online Methods.

Tissue and Cells Secretome

Tissue secretome from tumor and adjacent normal pancreatic
tissue was collected as described previously and in the supple-
mental online Methods [17]. Secretome of three PDAC cell
lines (Suit-2, PANC1, AsPC1) was harvested as described previ-
ously [18]. Briefly, serum-free medium containing secreted
proteins was collected after ~16 hours and concentrated, as
described in the supplemental online Methods.

Whole-in-Gel Protein Digestion, nanoLC-Tandem
Mass Spectrometry Proteomic Analysis and Protein
Identification

Proteins were digested to peptides with a whole-in-gel protein
digestion protocol as described previously [19]. Next, peptides
were separated by an Ultimate 3000 nanoLC—tandem mass
spectrometry (MS/MS) system (Dionex, Thermo Fisher Scien-
tific, Waltham, MA) and measured in a Q Exactive mass spec-
trometer (Thermo Fisher Scientific). MS/MS spectra were
searched against the Swissprot FASTA file (release March
2017, 42,161 entries, canonical and isoforms) using MaxQuant
1.5.8.0. The mass spectrometry proteomics data have been
deposited to the ProteomeXchange Consortium, data set
PXD012480 [20]. In-depth description and peptide/protein
data are reported in the supplemental online Methods and
supplemental online Tables 1 and 2.

Selection of Candidate Biomarkers and Data Mining
Proteins were evaluated on the significance of differential

expression (p <.05) and paired fold change (FC) 22 in secretome
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Figure 1. Flow chart of study design and included patients.

Abbreviations: CCA, cholangiocarcinoma; MUC5B, mucin 5B; PDAC, pancreatic ductal adenocarcinoma; SC, spectral count; THBS2,

thrombospondin-2.

of PDAC or dCCA tumorous tissue compared with secretome of
paired normal pancreatic tissue. Candidate proteins had to be
detected in all PDAC and dCCA samples. Next, proteins were
selected based on their previous identification in the human
Plasma Proteome Database (www.plasmaproteindatabase.org)
[21]. This step enhances the likelihood of detection of the
secreted proteins in plasma. All candidate biomarkers were
further selected based on their expression in the secretome of
cancer cell lines. Next, the top proteins were analyzed for pan-
creatic expression in the Human Protein Atlas (HPA; www.
proteinatlas.org) [22] and in addition a literature search was
performed for known biology involvement in PDAC or dCCA.
Pathway analysis of the emerging tumor proteins were
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investigated with Gene Ontology analysis with Cytoscape (ver-
sion 3.3.5) and Cluego Plugin (version 2.5.0).

Enzyme-Linked Immunosorbent Assay Validation

Two protein candidates were selected for validation in plasma
samples with enzyme-linked immunosorbent assay (ELISA).
Human thromobospondin-2 (THBS2, K#DTSP20, R&D Systems,
Minneapolis, MN) and mucin 5B (MUC5B, #LS-F22609, LSBio,
Seattle, WA) were measured according to manufacturer’s pro-
tocols. In addition, CA19-9 (#HEHCA199, Thermo Fisher Scien-
tific) was measured in plasma samples. Duplicates (diluted
two- to fourfold in dilution buffer) of 50 pL for THBS2 and
100 pL for MUC5B and CA19-9 were used as a total input. A
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Table 1. Clinical characteristics of the included samples for tissue secretome analyses and samples included for expression

in plasma

Tissue secretome

Plasma validation

PDAC Distal CCA PDAC Distal CCA HDs Benign disease
Clinical variable (n=2) (n=2) (n=82) (n=29) (n =50) (n=30) p value?
Age, median £ SD, yr 71+ 13 69 +7 69 + 10 70 £ 10 66 + 6 62 + 10 .018°
Sex, n (%) .780
Female 1 (50) 2 (100) 34 (42) 12 (41) 24 (48) 11 (37)
Male 1 (50) 0(0) 48 (58) 17 (59) 26 (52) 19 (63)
Tumor stage,” n (%) .018°
I = = 3 (4) 5 (17) = =
I 100 (100) 100 (100) 49 (60) 20 (69) = =
1 = — 16 (19) 1(3) = —
Y = = 14 (17) 3 (10) = =
CA19-9, mean + SD, 312 + 678 108 + 195 3+2 18 4+ 42 <.001°
u/mL?
Thrombospondin-2, — — 66 (54) 62 (36) 24 (9) 54 (58) <.001°
mean =+ SD, ng/mL
Bilirubin, mean + SD, 1144141 201 99 (128) 103 (135) — 20 (36) .008"
pmol/L
Bilirubin, n (%) .001°
Normal 1 (50) 0 (0) 38 (46) 7 (24) — 21 (70)
Elevated 1 (50) 1 (50) 42 (51) 18 (62) = 6 (20)
NR — 1 (50) 2(2) 4 (14) — 3 (10)

#Values of p were calculated for the plasma validation cohort.
PIndicates significant p value.

“American Joint Committee on Cancer Cancer Staging Manual, 7th edition.

%“The normal range was 0-37 U/mL.

Abbreviations: —, not available; CA19-9, carbohydrate antigen 19-9; CCA, cholangiocarcinoma; HD, healthy donor; NR, not reported/determined;

PDAC, pancreatic ductal adenocarcinoma.

background standard from pooled plasma from five HDs was
added to each plate to evaluate interplate variability and nor-
malize for batch effect.

Statistical Analysis

Differential secreted proteins identified in tissue secretome
were analyzed with the paired beta-binomial test [23]. Indi-
vidual FCs were calculated per tumor-normal paired combi-
nations. Hierarchical clustering was performed with R
(version 3.3.4), package gplots (default Euclidean distance
function and complete linkage).

Demographic characteristics were compared using the
Pearson chi-squared test for categorical variables and unpaired
Student’s t test or analysis of variance for continuous variables.
Receiver operator characteristic (ROC) curves and area under
the curve (AUC) with accompanying 95% confidence interval
(Cl) were calculated to determine to discriminative power of
individual candidates. Logistic regression analysis compared
patients with PDAC and dCCA with HDs. Subsequently, multivar-
iate logistic modeling followed by backward elimination was
performed to identify the optimal diagnostic biomarker combi-
nation. Following logistic regression, predicted probabilities
were used to generate an ROC curve and AUC value to assess
the discriminatory power. Sensitivity of the optimal biomarker
combination was determined using the Youden index at 290%
specificity. The predicted probability threshold was used to
determine the optimal cut-off for each biomarker. Optimal
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biomarker combination was validated comparing patients with
PDAC and dCCA with patients with BD. A p value of <.05 was
considered statistically significant. Analyses were performed
using SPSS software version 24 (IBM SPSS, Chicago, IL).

REsuLTS

Discovery of PDAC and dCCA Biomarkers

Of the seven paired samples, three pairs were excluded from
analysis after histological review because of lack of abundant
tumor cells in fibrotic tissue (Fig. 1). The remaining four tissue
pairs were analyzed by mass spectrometry as an unbiased bio-
marker protein discovery approach (supplemental online
Fig. 1A). Clinicopathological characteristics of the included
patients are described in Table 1.

Protein Identification and Selection of Potential
Biomarkers

A total of 5,179 proteins were identified by mass spectrome-
try, of which 696 and 176 were significantly higher in secret-
ome samples of PDAC/dCCA tumors and normal pancreas
tissue, respectively. Differential proteins were able to distin-
guish normal from tumor tissues by unsupervised clustering
(supplemental online Fig. 1B). Indeed, tumor secreted proteins
were associated with cancer-related biological processes (sup-
plemental online Fig. 1C), validating the origin of our possible

© 2020 The Authors.
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Figure 2. THBS2 and CA19-9 expression in plasma samples of healthy donors compared with patients with PDAC and distal CCA.
(A): Scatter plot of THBS2 levels in plasma samples from healthy donors (n = 50) compared with all stages of patients with PDAC
(n = 82) and distal CCA (n = 29). (B): Receiver operator characteristic curves for THBS2 (AUC = 0.844, blue), CA19-9 (AUC = 0.872,
red), and THBS2 combined with CA19-9 (AUC = 0.952, green) in plasma samples for healthy donors compared with patients with
PDAC and distal CCA. (C): Scatter plot of CA19-9 levels in plasma samples from healthy donors (n = 50) compared with all stages of

patients with PDAC (n = 82) and distal CCA (n = 29).
#xp < 01, #%p < 001, **** p < .0001.

Abbreviations: AUC, area under the curve; CA19-9, carbohydrate antigen 19-9; CCA, cholangiocarcinoma; PDAC, pancreatic ductal

adenocarcinoma; THBS2, thrombospondin-2.

biomarkers. We hypothesized that proteins that are more
abundantly secreted by PDAC and dCCA compared with nor-
mal tissue can be more easily implemented as novel tumor
biomarker than downregulated proteins. Thus, the 696 signifi-
cantly higher excreted proteins in tumor tissue underwent
additional selection steps to obtain a final list of potential diag-
nostic biomarkers (see Fig. 1 for filtering steps). The top 21 pro-
teins were further evaluated for their levels in our MS/MS
data (supplemental online Fig. 2), their association in cancer
biology, their expression in tumor cells on HPA, and the
availability of commercial ELISAs for plasma/serum (Table 2).
Finally, two candidate proteins were selected for further
validation in plasma samples: THBS2, which showed highest
MS/MS secreted count levels, and MUC5B, a member of the
mucin family, which are known potential cancer biomarkers.

Expression of THBS2 and MUCS5B in Plasma Samples

of Patients with PDAC and dCCA Compared with HDs
First, the protein levels of THBS2 and MUC5B were investigated
in 20 HDs and 19 stage -1V PDAC plasma samples. For MUC5B,
no difference in the expression levels of this first cohort was
found (p = .970; supplemental online Fig. 3) and was thus not
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further investigated. Expression levels of THBS2 (p < .001)
prompted further analysis in the full cohort of patients with
PDAC (n = 82) and dCCA (n = 29) and HDs (n = 50; Table 1).

The expression of THBS2 was significantly higher in PDAC
(66 ng/mL) and dCCA (62 ng/mL) compared with HDs
(24 ng/mL, p < .001; Fig. 2A). No difference in plasma THBS2
expression was found between PDAC and dCCA, in line with
discovery phase. THBS2 exhibited an AUC of 0.844 (95% Cl,
0.784-0.904; p < .001; Fig. 2B) when comparing PDAC and
dCCA versus HDs, resulting in a positive predictive value of
94%. Expression of THBS2 was able to accurately discriminate
HDs from both PDAC (AUC = 0.822), as well as HDs from
dCCA (AUC = 0.906; supplemental online Fig. 4).

Levels of CA19-9 were significantly higher in patients
with PDAC (312 U/mL) and dCCA (108 U/mL) compared
with HDs (3 U/mL, p = .001; Fig. 2C), which resulted in an
AUC of 0.872 (95% Cl, 0.817-0.927; p < .001; Fig. 2B).
CA19-9 did not show sufficient power to discriminate
between PDAC and dCCA (AUC = 0.612 [0.497-0.727]). The
combination of THBS2 and CA19-9 resulted in an enhanced
AUC of 0.952 (95% Cl, 0.921-0.984; p < .001; Fig. 2B), com-
paring PDAC and dCCA with HDs. Together, the combined
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Figure 3. Receiver operator characteristic curves for the com-
bined diagnostic panel of THBS2 and carbohydrate antigen
19-9 in patients with early-stage tumors (n = 77; AUC = 0.971,
blue) and late-stage tumors (n = 34; AUC = 0.911, red) com-
pared with healthy donors.

Abbreviation: AUC, area under the curve.

panel resulted in a sensitivity of 90% with a specificity of
90%. The combined biomarker panel performance was
compared for resectable (stage I/Il, n =77) and locally
advanced and metastatic PDAC and dCCA (stage lII/IV,
n = 34) and demonstrated a similar performance for early-
(AUC = 0.971) and late-stage (AUC = 0.911) disease (Fig. 3).

Determination of an Optimal Cut-off for THBS2 and
CA19-9

Based on the combined biomarker panel, the optimum
predicted probability threshold (=0.478) was used to deter-
mine the optimal cutoff of THBS2. This resulted in the best
discriminatory cutoff value of 40.9 ng/mL. At this concen-
tration, 50% of the PDAC cases were detected with 95%
specificity. For CA19-9 levels, the optimal cutoff based on
the combined biomarker panel was 7.2 U/mL. The combina-
tion of the optimal cutoff of THBS2 (40.9 ng/mL) and
CA19-9 (7.2 U/mL) demonstrated an AUC of 0.906 (95% ClI,
0.860-0.953) and classified correctly 96/111 (86%) of the
patients with PDAC or dCCA and 44/50 (88%) of the HDs. Of
note, 11 of 26 (42%) patients with PDAC/dCCA with low
levels of CA19-9 had elevated levels of THBS2, underlining
the additive value of THBS2 in the diagnostic biomarker
panel.

Performance of THBS2 and CA19-9 Combination in
Patients with Benign Disease

To test the diagnostic capacity of the combined THBS2/
CA19-9 panel in a realistic cohort of outpatient clinic popu-
lation, patients with PDAC and dCCA were compared with
those with BD (n = 30; Table 1). Patients with PDAC and
dCCA were older (p = .018) and had bilirubin levels higher
(p = .008) compared with patients with BD. The diagnostic

© 2020 The Authors.
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performance of THBS2 in this cohort demonstrated an AUC
of 0.614 (95% Cl, 0.498-0.730; p = .055) and CA19-9 an
AUC of 0.779 (95% Cl, 0.695-0.862; p < .001). The combina-
tion of THBS2 and CA19-9 did not improve these results,
showing an AUC of 0.764 (95% Cl, 0.679-0.849; p < .001,;
Fig. 4A), and a specificity of 90% with a sensitivity of 62%.
However, THBS2 still demonstrated an additive value in
patients with high bilirubin.

High levels of bilirubin are known to influence expression
levels of CA19-9 [24]. To evaluate the confounding effect of
bilirubin on the diagnostic performance of the THBS2/CA19-9
combination, bilirubin was determined in patients with PDAC,
dCCA, and BD. In total, 51% of the patients with PDAC, 62%
of the patients with dCCA and 20% of the patients with BD
demonstrated elevated levels of bilirubin (Table 1). No signifi-
cant difference was found in expression of CA19-9 comparing
patients with low and high levels of bilirubin (p = .214),
whereas expression of THBS2 was significantly lower in
patients with low bilirubin (p < .001). Of the patients with
PDAC/dCCA with normal CA19-9 levels and without jaundice,
2 of 12 had elevated THBS2 levels (240.9 ng/mL). Also, 9
of 13 patients with normal CA19-9 with jaundice showed
elevated levels of THBS2, underlining its additive value. High
expression levels of bilirubin did not impede the diagnostic
potential of the THBS2/CA19-9 combination comparing
patients with PDAC/dCCA with those with BD, which resulted
in an AUC of 0.875 (95% Cl, 0.767-0.983; Fig. 4B), although
these numbers were relatively low.

DiscussioN

This study demonstrates the diagnostic potential of com-
bined plasma expression of THBS2 and CA19-9 as a diagnos-
tic biomarker combination for patients with PDAC and
dCCA. Higher expression levels of THBS2 and CA19-9 were
observed in PDAC and dCCA, and the combined expression
showed high accuracy to distinguish them from HDs. The
phased approach of this study encompassed an unbiased
discovery phase of mass spectrometry-based biomarker
detection from tissue secretome, leading to the identifica-
tion of a promising set of 21 secreted candidate biomarkers,
followed by an independent validation of two selected pro-
teins in human plasma samples. Together, the combination
of THBS2 and CA19-9 demonstrated high accuracy for diag-
nosis of patients with PDAC and dCCA.

THBS2 expression has been described previously as bio-
marker for patients with PDAC and has been shown to corre-
late with high dysplasia grade in patients with premalignant
disease [25]. Combined expression of THBS2 and CA19-9
demonstrated comparable diagnostic accuracy to distinguish
patients with PDAC from HDs and patients with BD, in line
with our results [26-28]. These studies reported slightly differ-
ent optimal cutoff values of THBS2 (42 and 28.9 ng/mL),
almost comparable to the present study (40 ng/mL). These
small discrepancies could be explained by the difference
between plasma and serum samples or technical procedures.
In addition, expression in patients with dCCA was not exam-
ined previously. Also, detection of THBS2 in blood samples can
be easily performed by a well-validated ELISA, for which costs
are relatively low nowadays. Although, for clinical application,
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Figure 4. THBS2 and CA19-9 expression in plasma samples for patients with benign disease compared with pancreatic ductal adeno-
carcinoma and distal cholangiocarcinoma. (A): Receiver operator characteristic curve for the combined expression of THBS2 and
CA19-9 in plasma samples from patients with benign disease (n = 30) versus pancreatic ductal adenocarcinoma (n = 82) and distal
cholangiocarcinoma (n = 29; AUC = 0.764). (B): Performance of the combined panel stratified for patients with high expression
levels of bilirubin. The combination demonstrated an AUC of 0.875 in patients with high bilirubin levels.

Abbreviations: AUC, area under the curve; CA19-9, carbohydrate antigen 19-9; THBS2, thrombospondin-2.

we need a thorough process of optimization to ensure robust
detection of THBS2, this ELISA test is indeed less expensive
and minimally invasive compared with tissue biopsies.

THBS2 is an extracellular matrix glycoprotein of the throm-
bospondin family, and it mediates cell adhesion, potentially
regulating angiogenesis [29]. THBS2 was reported to be
secreted by tumor-stimulated stellate cells, inducing migratory
functions of PDAC cells [30]. The selection of candidate bio-
markers in our study was partly based on proteins secreted by
cancer cell lines and resulted in interesting novel potential
biomarkers. However, this does not exclude the possibility of
similar proteins being secreted by other cells from the micro-
environment, as is shown by previous secretion of THBS2 by
stromal cells [29, 30]. Moreover, stroma itself can be an inter-
esting source for biomarkers, as shown previously [31]. In this
study, we selected cancer cell line-secreted proteins to aim to
unravel biomarkers specifically secreted by tumor cells. Fur-
ther studies are necessary to explore possible diagnostic value
and overlapping expression of stroma-specific biomarkers.

The thrombospondin family is known to regulate cell
signaling and cell adhesion, and thrombospondin-1 was
described previously as a possible proteomic marker in PDAC
[32—-34]. However, the thrombospondin family may possibly
be relevant as a multicancer biomarker, because discrimina-
tive expression levels of THBS2 have been reported in several
solid tumors [35, 36]. This pancancer characteristic of THBS2 is
alsoillustrated in our study, showing high expression in plasma
samples of patients with dCCA, next to its potential as a PDAC-
related marker. Of note, no difference in plasma expression of
THBS2 between patients with PDAC and dCCA was found in
our study. PDAC and dCCA are distinct tumor entities.
Although dCCA has a more favorable prognosis compared to
PDAC, current adjuvant therapy regimens are clearly
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associated with improved survival only in PDAC, and treat-
ment paradigms used for PDAC should not be extrapolated to
dCCA [37, 38]. This should prompt future studies on additional
biomarkers to specifically differentiate between these tumor
types [39-41]. However, the combined expression of THBS2/
CA19-9 holds great promise as a tumor-specific diagnostic bio-
marker for both PDAC and dCCA. Although the combination of
THBS2/CA19-9 performed equally to CA19-9 to distinguish
patients with PDAC/dCCA from BD, this combination demon-
strated additive value in patients with elevated levels of biliru-
bin and had a positive predictive value of 94%. As such, the
combined expression of THBS2 and CA19-9 should be thor-
oughly investigated for clinical application in other tumor
types and (inflammatory) diseases as well as premalignant
lesions to ensure tumor and disease specificity.

Several other candidate biomarker proteins were identified
by the mass spectrometry analysis of tissue secretome, such as
MUCSB, serpin family B member 5 (SERPINB5), and matrix
remodeling associated 5 (MXRADS). Elevated levels of SERPINB5
have been found in plasma samples from patients with PDAC
compared with HDs, although expression levels were partly
overlapping [42]. Remarkably, MXRA5 was coexpressed with
THBS2 in patients with lung cancer, which could call into ques-
tion the additive value of MXRAS as diagnostic biomarker com-
bined with THBS2 [43]. Mucins have been reported to be
involved in tumorigenesis, and MUC5B was found to regulate
survival of PDAC cells [44, 45]. In addition, MUC5B was identi-
fied in proteome studies as a potential diagnostic marker in
pancreatic juice [33]. However, no differences in plasma pro-
tein levels were found, suggesting a differential secretion of
MUCS5B in proximal fluids in comparison with plasma. Future
studies could further explore the potential of the remaining
candidate markers to optimize the combined accuracy.

© 2020 The Authors.
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This study has several limitations. Although clinically rele-
vant patient groups were included, the numbers of patients
per specified patient group in this pilot study were relatively
low. This prohibited stratified analyses to investigate the diag-
nostic potential for specific subtypes of BD. In addition, a lim-
ited number of samples was included for unbiased discovery
of protein expression by mass spectrometry analyses. How-
ever, our results demonstrated a clear separation between
tumor and normal tissue, and several previously identified
proteins were found in this analysis, substantiating the com-
prehensiveness of this approach. Nevertheless, large-scale val-
idation and further stratification for benign and premalignant
disease is needed to verify the diagnostic capacity.

CoNncLusION

This study demonstrates the discriminatory power of the com-
bined plasma expression of THBS2 and CA19-9 to detect
patients with PDAC and dCCA in early and late disease stages
by using a comprehensive and robust mass spectrometry-
based screening approach combined with independent valida-
tion in clinically relevant patient samples. Expression levels in
PDAC and dCCA were comparable, and this combined bio-
marker panel accurately distinguishes both malignancies from
HDs and patients with BD. This study encourages to further
explore the diagnostic potential of THBS2/CA19-9 as a diag-
nostic marker for pancreatic and distal bile duct tumors.
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