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Abstract: The diagnosis and monitoring of disease through the detection of circulating protein biomarkers
is a growing field in the practice of oncology. The search for more effective protein biomarkers to aid in the
diagnosis and treatment of patients with pancreatic ductal adenocarcinoma (PDAC) remains a valuable area
of study, given the aggressive and often occult nature of this malignancy. Liquid biopsies are attractive, as
they offer a minimally invasive and cost-effective approach when compared to traditional biopsy methods
and imaging modalities used for diagnosis and surveillance. Carbohydrate antigen (CA) 19-9 is currently the
most commonly used serum protein biomarker for the diagnosis and monitoring of patients with PDAC,
but due to its sensitivity and specificity, its utility remains limited. In this review, we examine how circulating
protein biomarkers are used in the diagnosis, prognostication, and surveillance of PDAC. We also highlight
protein biomarkers that are currently under investigation that have the potential to enhance our ability to
detect early-stage malignancies, predict response to therapy, and monitor for recurrence, but these markers
require larger prospective validation studies before they can be widely implemented. Continued efforts
to identify and validate novel biomarkers will be crucial for improving the management and outcomes of

patients with this challenging disease.
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Introduction leading cause of cancer deaths by 2030 based on current
trends, surpassing colorectal cancer deaths (2). In 2022, it is

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive estimated that there will be 62,210 new cases of pancreatic

malignancy arising from the exocrine cells of the pancreas.
It accounts for approximately 90% of all pancreatic
malignancies (1). It is the tenth-most common cause of
cancer, and third-leading cause of cancer deaths in the
United States. It is projected to become the second-

cancer and an estimated 49,830 deaths (3). The current
reported S-year overall survival (OS) rate for PDAC is
11%, which increased only modestly over the last decade,
despite new treatment strategies and understanding of
the molecular mechanisms PDAC carcinogenesis (4).
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Figure 1 Protein biomarkers are used in the diagnosis, prognosis, and detection of recurrence of pancreatic ductal adenocarcinoma.

Biomarkers discussed in the review are highlighted. CA, carbohydrate antigen; CEA, carcinoembryonic antigen.

The poor prognosis of PDAC is attributed to advanced
stage of disease at the time of presentation. Approximately
80% of patients with PDAC are diagnosed with locally-
advanced or metastatic disease, rendering them ineligible
or high-risk for surgical resection (5). Many cases of PDAC
progress unchecked because early-stage disease is typically
asymptomatic (6). Symptoms are often vague and non-
specific, such as abdominal bloating and changes in bowel
habits. Jaundice and pruritis are tumor location dependent,
and tend to occur at later stages of the disease (7). Prior data
demonstrate that time to progression from an early primary
lesion to metastatic disease takes an average of 18.5 years,
providing a wide window for earlier intervention (8,9). An
understanding of the scope of this disease demonstrates
both the need and potential to improve our tools for early
diagnosis.

Circulating biomarkers are used in the field of oncology
with varying benefit for diagnosis, prognostication, and
assessment of response to therapy for various malignancies.
Ideal biomarkers should inform us of the dynamics and
progression of disease and help identify effective treatment
strategies. During and after therapy, circulating biomarkers
should help detect disease early recurrence. Carbohydrate
antigen (CA) 19-9 is the most commonly used biomarker
for PDAC (10). Other biomarkers remain in various stages
of investigation and validation, and/or are prohibitively
expensive for widespread use. Identification of circulating
serum proteins as biomarkers for PDAC is attractive given
the minimally-invasive nature of blood sampling and
established methods of protein detection, such as enzyme-
linked immunosorbent assay (ELISA). We reviewed existing
and potential circulating protein biomarkers for detection
and prognosis of PDAC (Figure 1, Table 1).

Diagnostic protein biomarkers
CA19-9

CA19-9 is a sialylated CA form of a Lewis group antigen
present on the surface of erythrocytes and other blood
cells (48). It is commonly used to detect PDAC when
clinical suspicion is high, based on clinical signs or imaging
findings. In patients with symptoms such as jaundice,
new-onset diabetes, unexplained weight loss, or upper
abdominal or lumbar pain with suspected malignancy,
the reported sensitivity and specificity of elevated CA19-
9 to detect PDAC is 79-81% and 82-90%, respectively,
using a cutoff value of >37 U/mL (11). While CA19-9 is
measured when PDAC is suspected, some patients with a
specific Lewis genotype (about 5-10% of the Caucasian
population) are deemed “non-secretors” and do not express
serum CA19-9, which typically provide false negative
results (typically <1 U/mL) (49). Conversely, elevated
CA19-9 levels may be associated with other malignant and
non-malignant pathologies (7able 2). Patients with non-
malignant obstructive jaundice may present with extreme
elevation of CA19-9 that rapidly normalizes following
relief of the obstruction. This is typically not observed in
patients with obstructive jaundice caused by PDAC. These
patients present with similarly elevated CA19-9 but CA19-9
levels remain elevated above normal after the obstruction is
relieved (50).

Given that elevation in CA19-9 is commonly observed
in patients with PDAC, there was interest in using CA19-
9 as a screening tool in healthy adults, and this was tested
in a prospective study involving 70,940 asymptomatic
individuals. PDAC was detected in only 4 patients among
1,063 individuals with elevated serum CA19-9 (0.3%),
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Table 1 Overview of the protein biomarkers highlighted in this work

Biomarker Sensitivity (%) Specificity (%) Survival hazard ratio
Diagnostic
CA19-9 (11) 79-81 82-90 -
Galectins (12,13) 64-96* 71-100* -
Thrombospondin 2 (14-18) 52-87* 97-99* -
Osteopontin (19-21) 34-87* 91-94* -
Multiplex protein panels (22-24) 76-92* 78-92* -
Prognostic-predictive
CA19-9 (10,25-37) - - 1.26-2.0
CEA (38-43) - - 1.1-2.23
CA-125 (44,45) - - 1.5-2.1
Surveillance
CA19-9 (46,47) 78-90 62-83 -

Current and emerging protein biomarkers for PDAC are shown in the table. Pooled sensitivity and specificity ranges for diagnostic and
surveillance biomarkers are as reported by references. Hazard ratio ranges are reported for prognostic-predictive biomarkers. *, denotes
sensitivity or specificity measured when used in conjunction with CA19-9. CA, carbohydrate antigen; CEA, carcinoembryonic antigen;
PDAC, pancreatic ductal adenocarcinoma.

Table 2 Non-PDAC common benign and malignant conditions

that may be associated with elevations in serum CA19-9

Benign

Malignant

Pancreatitis

Cirrhosis

Acute cholangitis

Ascites

Obstructive jaundice

Systemic lupus erythematosus
Emphysema

Interstitial pneumonia

Colorectal cancer
Gastric cancer
Endometrial cancer
Cholangiocarcinoma
Prostate cancer
Lung cancer
Thyroid carcinoma

Transitional cell carcinoma

Disorders associated with elevated serum CA19-9 are shown

in the table. Elevations in serum

CA19-9 may be biliary or non-

biliary in origin. PDAC, pancreatic ductal adenocarcinoma; CA,

carbohydrate antigen.

demonstrating that without other symptoms or risk factors,
CA19-9 is not able to reliably identify PDAC (51).

Use of CA19-9 as a screening tool in high-risk
populations, such as those with diabetes mellitus, chronic
pancreatitis (CP), PDAC family history, and smoking,

improves its diagnostic performance. The American

© HepatoBiliary Surgery and Nutrition. All rights reserved.

College of Gastroenterology recommends that patients with
high risk for PDAC (Tible 3) should be screened with yearly
endoscopic ultrasound alternating with magnetic resonance
imaging (MRI) together with serum CA19-9 starting at
the age of 50 years, or 10 years before the earliest age of
a PDAC diagnosis in the family. These recommendations
are based on evidence of increased risk of PDAC in
these patient populations as compared with the general
population, with the aim of earlier detection (52-63).

In summary, serum CA19-9 alone may be useful
for screening or early detection of PDAC in high-risk
populations when combined with endoscopic ultrasound
and cross-sectional imaging, but it has limited value for
these purposes in the general population. There may be
additional value to screening the general populations with
CA19-9 in conjunction with other circulating biomarkers,
which will be discussed later in this review.

Galectins

Galectins are a family of proteins that bind to B-galactoside
residues through a highly-conserved carbohydrate
recognition domain, assisting in various biological functions
including cell proliferation, transformation, adhesion,
migration, and invasion (64). Intracellularly, cytosolic and
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Table 3 Syndromes associated with increased PDAC risk
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Syndrome (reference) Gene mutation (locus)

Relative risk of PDAC

Peutz-Jeghers syndrome (52) STK11 (19q)

Up to 132-fold

Hereditary pancreatitis (53) PRSS1 (7q) 53-fold
Familial-atypical multiple mole melanoma (54) CDKN2A (9p) 13- to 39-fold
Lynch syndrome (55) MLH1 (3p), MSM2 (2p), MSME6 (2p), PMS2 (7p) 9- to 11-fold
Li-Fraumeni syndrome (56) P53 (17p) 7-fold
Familial adenomatous polyposis (57) APC (5q) 5-fold
Fanconi anemia (58) FANCA (16q), FANCC (9q), FANCG (9p) 4- to 6-fold
Ataxia telangiectasia (59) ATM (11q) 3-fold
Hereditary breast and ovarian cancer (60,61) BRCA2 (13q), BRCAT (13q), PALB2 (16p) 2- to 9-fold

The syndromes that are associated with increased risk of PDAC, the gene mutations responsible for these syndromes, and patients’
lifetime relative risk of PDAC compared to the general population are shown. The American College of Gastroenterology recommends
screening for PDAC in individuals with these syndromes at regular intervals. PDAC, pancreatic ductal adenocarcinoma.

nuclear galectins can regulate several cellular functions. For
instance, they may regulate cellular growth and apoptosis
through interaction with Ras and Bcl-2 molecules.
Extracellularly, they may bind glycosylated membrane
receptors and extracellular matrix proteins, modifying
cell-cell interactions subsequently regulating immune and
inflammatory responses (12,64). In the setting of PDAC,
Gal-1, Gal-3, and Gal-9 have been studied for their role
in oncogenesis and are under evaluation as potential
biomarkers.

Gal-1 is a pro-tumoral lectin that increases cell
proliferation, induces migration and invasion, enhances
angiogenesis, permits immune evasion, and can induce
acinar to ductal metaplasia (65). Gal-1 is not expressed in
healthy pancreatic tissue, moderately-expressed in settings
of pancreatitis, and most notably strongly-expressed in the
stromal micro-environment surrounding the cancer mass,
but not in the cancer cells themselves (66). A hallmark
of PDAC is an abundant tumor stroma, accounting for
up to 90% of tumor volume, and is proposed to be one
of the main factors contributing to the aggressiveness of
PDAC and its resistance to many therapies. Several studies
support the role of Gal-1 expressed by activated stromal
pancreatic stellate cells in promoting tumor size, perineural
invasion, tumor stage, and differentiation through various
autocrine signaling pathways (67-69). Stromal-derived Gal-
1 also plays a role in paracrine signaling by modulating
the immune microenvironment of pancreatic tumors and
promoting immune evasion (66,70).

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Considering the pivotal role that Gal-1 plays in PDAC
progression, more recent studies sought to evaluate its
efficacy as a diagnostic biomarker. A multicenter study by
Martinez-Bosch ez /. used serum samples from 90 patients
with PDAC to evaluate the diagnostic efficacy of Gal-1
using ELISA for PDAC detection. They found a sensitivity
of 75.0-77.4% and specificity of 71.4-100% at cutoff values
of Gal-1 between 17.7-28.16 ng/mL when compared
to healthy controls (13). When Gal-1 and CA19-9 were
combined the sensitivity and specificity increased to 96%
and 100%, respectively. This study demonstrates the utility
of novel Gal-1 ELISA testing to complement CA19-9 in
diagnosing PDAC.

Gal-3 is a pro-tumoral lectin localized to epithelial tumor
cells and plays a similar role as Gal-1 through autocrine
and paracrine signaling in tumor cell growth, migration,
invasion, and immune escape. Notably, Gal-3 is not
detected in normal pancreas but is overexpressed in around
85% of PDAC samples (71). A meta-analysis by Sun et 4i.
established diagnostic value in the use of Gal-3. The pooled
sensitivity of serum Gal-3 was 64% and specificity was
76%. Studies included in the meta-analysis proposed serum
Gal-3 as a potential diagnostic biomarker for pancreatic
cancer, and demonstrated that Gal-3, CA19-9, and CA-125
provided complementary diagnostic value for pancreatic
cancer with a diagnostic sensitivity of 97.5% (12). However,
other studies report mixed results when using Gal-3 as a
diagnostic marker. A study by Coppin ez 4/. argues that
many previous studies failed to account for patients with
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pancreatic or liver fibrosis despite the well-studied role of
galectins in inflammation and collagen production. The
study demonstrates Gal-3 levels are similarly elevated in
PDAC as well as in non-malignant pancreatic diseases,
such as CP. The authors conclude that measuring Gal-
3 provides little diagnostic value as it does not effectively
discriminate PDAC versus other non-malignant pancreatic
diseases (72). A study by Jiang e 4l. demonstrated FNA and
cell-staining for Gal-3 was able to differentiate PDAC from
non-neoplastic pancreatic tissue with a sensitivity of 95.7%
and specificity of 87.5%. The study demonstrates that Gal-
3 is uniquely and highly expressed in specimens of PDAC,
but not pancreatic neuroendocrine neoplasm (PNEN) and
gastrointestinal stromal tumors (GIST), proposing a role
for Gal-3 in differentiating PDAC from other tumors such
as PNEN and GIST. While preliminary evidence supports
Gal-3 as a potential diagnostic biomarker, its usefulness in
practical clinical application requires further study (73).
Gal-9 is a pro-tumoral protein localized to tumor
epithelial cells that has been linked to immune
reprogramming and evasion (74,75). The ligation of Gal-
9 by dectin-1, an innate immune receptor expressed on the
surface of macrophages, can drive macrophages into pro-
tumorigenic and immunosuppressive M2 phenotype (76).
A study by Seifert er 4l. including 70 PDAC, 18 CP, 18
intraductal papillary mucinous neoplasm (IPMN), and 28
healthy-individuals found that serum Gal-9 levels did not
differ between healthy patients (median 6.68 ng/mL) and
those with benign pancreatic disease (CP, median 6.44 ng/mL;
IPMN, median 7.53 ng/mL), but subjects with PDAC had
significantly higher serum Gal-9 (median 9.13 ng/mL).
Notably, Gal-9 did not yield higher accuracy than CA19-9,
but outperformed carcinoembryonic antigen (CEA) for the
discrimination from benign pancreatic disease (77).

Thrombospondin-2 (THBS2)

THBS?2 is a glycoprotein from the greater thrombospondin
family that mediates cell-to-cell and cell-to-matrix interactions
during tissue genesis and remodeling (78). Thrombospondins
have important functions in immune responses, inflammation,
cancer, growth, and development (79). Previous work
suggests that THBS2 may promote cancer progression by
remodeling the tumor microenvironment and enhancing
matrix metalloproteinase expression (80). Kim et a/.
developed an induced pluripotent stem cell model from
human PDAC cells that generated pancreatic intraepithelial
neoplasia (PanIN) precursors that progressed to an invasive

© HepatoBiliary Surgery and Nutrition. All rights reserved.

stage (81). They found that these PanIN organoids secreted
proteins that fell into linked pathways for transforming
growth factor beta (TGF-p) and integrin signaling. One
such protein was THBS2, which is detectable via serum
ELISA, making it an attractive potential diagnostic marker.
In another study, Kim and colleagues assessed the
diagnostic role of THBS2 for PDAC utilizing patient
samples from those with early- and late-stage PDAC,
benign pancreatic diseases, and healthy subjects. Elevated
THBS2 differentiated PDAC (n=197) from healthy
subjects (n=140) with an area under the receiver operating
characteristics curve (AUC) of 0.875. When THBS2 and
CA19-9 were combined, the AUC increased to 0.970,
indicating improved ability of the two biomarkers to
differentiate PDAC from healthy controls. They then
analyzed patients with early- and advanced-stage PDAC and
found that THBS2 and CA19-9 together identified patients
with resectable PDAC with an AUC of 0.960 and patients
with locally-advanced or metastatic PDAC with an AUC
of 0.980 when compared to healthy controls. The same
authors performed an independent phase 2b validation study
with an increased sample size of 537 patients with PDAC.
They determined that using 42 ng/mL and 55 U/mL cutoff
points for THBS2 and CA19-9, respectively, resulted in a
specificity of 98% and a sensitivity of 87% to detect PDAC
compared to healthy controls. The combination panel
differentiated PDAC from IPMN with an AUC of 0.952
and PDAC from CP with an AUC of 0.867, while CA19-
9 or THBS2 alone were not able to reliably differentiate
patients with PDAC from those with IPMN or CP (14). A
panel of THBS2 and CA19-9 may enable the early-stage
detection of resectable PDAC while still maintaining the
ability to distinguish PDAC from benign pancreatic disease.
Multiple other studies have redemonstrated the potential
role of THBS2 ELISA in conjunction with CA19-9 to
detect and diagnose PDAC (15-17). Simpson ez al. extended
this analysis and measured circulating levels of THBS2 in 164
patients with IPMN and to determine if changes in THBS2
elevation correlated to surgical dysplasia grade. Circulating
THBS2 was greater in high-grade IPMN (26.6 ng/mL) than
in low/moderate-grade IPMN (20.4 ng/mL), indicating that
THBS2 may be useful as a marker to identify patients with
high-grade dysplasia during normal IPMN surveillance (18).

Osteopontin (OPN)

OPN is a secreted phosphorylated glycoprotein that was
originally isolated from bone and is an important factor
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in bone remodeling, anchoring osteoclasts to the mineral
matrix of bones (82). However, its distribution is wider
and it is upregulated at sites of inflammation and tissue
remodeling (83). Recent studies demonstrated that OPN
plays a role in numerous pathways that allow for tumor
progression and metastasis in multiple solid tumors,
including esophageal, gastric, liver, and pancreas cancers
(84-87). Initial work demonstrated that OPN mRNA was
increased in PDAC and CP tissues compared to normal
pancreatic tissue, and immunohistochemical analysis found
OPN staining in 60% of primary PDAC and 72% of lymph
node and liver metastases (88). The same study measured
circulating OPN levels via ELISA in PDAC (n=70), CP
(n=12), and healthy donors (n=20) and found that serum
OPN was increased 1.6-fold and 1.9-fold over healthy
subjects, respectively. These authors concluded that while
serum OPN was increased in PDAC, its use as a diagnostic
marker may be limited given that serum levels were similar
in CP. This study, however, was limited by CP sample size.

Subsequent studies have confirmed elevated serum
OPN levels in PDAC but also demonstrated the ability to
discriminate PDAC from CP using serum OPN, in contrast
to prior findings (19-21). Poruk et 4/. analyzed serum OPN
levels of patients with PDAC (n=86), CP (n=48), and healthy
controls (n=86). They found a mean circulating OPN level
of 77.6 ng/mL in patients with PDAC, which was significantly
elevated compared to patients with CP (mean OPN
41.8 ng/mL) or healthy controls (mean OPN 39.5 mg/mL,
P<0.0001). Serum OPN was not significantly different
in patients with CP compared to healthy controls (20).
Further analysis revealed that patients with resectable
PDAC had significant elevation in serum OPN compared to
CP and healthy controls (mean OPN 62.4 ng/mL, P=0.01),
indicating the utility of OPN as an early diagnostic marker
for PDAC. Another study examined OPN levels in PDAC
(n=64), CP (n=71), type-1I diabetes mellitus (I2DM, n=67),
and healthy controls (n=48) and produced similar results,
noting that circulating OPN was significantly higher in
patients with PDAC compared to all other groups (P<0.001).
Additionally, they found that patients with metastatic PDAC
had significantly elevated OPN compared to patients with
stage II or III disease. These authors proposed a cutoff level
of 102 ng/mL OPN in conjunction with elevated serum
levels of CA19-9 above 29 U/mL and found that AUC
reached 0.88 with a sensitivity of 83% and specificity of
89% to discriminate patients with PDAC compared to CP,
healthy controls, and T2DM (21).

© HepatoBiliary Surgery and Nutrition. All rights reserved.

61

Multiplex protein panels

Given the limited ability of single circulating biomarkers
to identify early-stage PDAC, there is increasing interest
in the use of multiplex protein biomarker panels. Multiple
groups have described the use of such panels and have
demonstrated superiority over CA19-9 alone in the
diagnosis of early PDAC.

In a cohort study, a biomarker panel consisting of
CA19-9, leucine-rich alpha-2-glycoprotein 1 (LRGI), and
transthyretin (T'TR) was developed with mass spectrometry
and ELISA (22). LRG1 is a protein that directly binds to the
TGF-p accessory receptor and promotes the pro-angiogenic
Smad1/5/8 signaling pathway (89). Elevated levels of LRG1
have been found in the blood of patients with non-small
cell lung cancer, colorectal cancer, and PDAC (90). TTR
is a functional protein found in the pancreatic B-cell and is
involved in promoting insulin release and protecting against
B-cell death. TTR can enter the pancreatic duct system
due to hyperplasia and architectural destruction in PDAC
tissues (91). Researchers found that levels of CA19-9 and
LRGTI increased, while levels of TTR declined in patients
with PDAC compared to healthy controls. The three-
marker panel had a sensitivity and specificity of 82.5%
and 92.1%, respectively, in distinguishing PDAC patients
(n=80) from healthy subjects (n=89). The use of this panel
for the early detection of PDAC was assessed using sera
from patients with stage I or II PDAC (n=50) compared to
healthy subjects (n=89). CA19-9 had an AUC value of 0.792
(sensitivity =64.0%), whereas the combined biomarkers
improved the AUC value to 0.907-0.914 with a sensitivity
of 76.0% and a specificity of 78.0%. Compared to CA19-
9 alone (AUC =0.812), the panel of CA19-9, LRG1, and
TTR discriminated PDAC from IPMN with an AUC value
of 0.895 (specificity =85.7%; sensitivity =82.5%) (22). This
retrospective study demonstrated the panel’s high diagnostic
accuracy and ability to complement CA19-9 in detecting
early-stage PDAC.

A panel consisting of TFF1, TFF2, and TFF3 (trefoil
factors 1, 2, and 3, respectively) was evaluated in 80 patients
with early-stage PDAC (I and II), 47 patients with CP,
and 104 healthy controls (23). TFFs are stable mucin-
associated proteins expressed in the gastrointestinal mucosa.
They protect the gastric mucosa from inflammation and
accelerate epithelial healing after injury (92). Their role
as oncogenes was observed in multiple malignancies,
including colon, breast, prostate, and ovarian cancers (93).
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A combination of all TFFs and CA19-9 had a sensitivity of
85% and a specificity of 92% for the detection of stages I
and II PDAC compared to healthy controls with an AUC of
0.93. This panel also was superior over CA19-9 alone in its
ability to differentiate CP from early-stage PDAC, with a
sensitivity and specificity of 92% and an AUC of 0.94 (23).

Buoyed by results indicating that the use of biomarkers
in conjunction with CA19-9 improves the detection of
PDAC, Song et 4l. used magnetic bead sorting to develop
an immunoassay of six circulating biomarkers. The use
of magnetic beads improves throughput and allows for the
measurement of multiple proteins from one sample. They
chose to measure macrophage inhibitory cytokine-1 (MIC-1),
carcinoembryonic antigen cell adhesion molecule-1
(CEACAM-1), OPN, melanoma inhibitory activity (MIA),
spondin-1 (SPON1), and heat shock protein 27 (HSP27)
to attempt to detect early PDAC compared to CA19-9
alone (24). These biomarkers were chosen based on
previous research implicating their role in the pathogenesis
of PDAC and prior studies demonstrating elevation in the
sera of patients with PDAC (19,21,86,94-96). This panel
was evaluated in patients with PDAC (n=188), IPMN (n=63),
CP (n=68), and healthy controls (n=89). They found that
SPONI and HSP27 were not able to discriminate PDAC
from healthy controls and were not included in their final
analysis. They found that a two-marker panel of CA19-
9 and MIA significantly improved the differentiation of
early-stage PDAC from CP with an AUC of 0.86. In
addition, they reported that CA19-9 and MIC-1 together
could distinguish early-stage PDAC from IPMN with an
AUC of 0.81. A panel consisting of CA19-9, MIC-1, and
OPN was more successful than the individual biomarkers
in the differentiation of IPMN from CP, with an AUC of
0.81. A three-marker panel of CA19-9, CEACAM-1, and
MIA differentiated patients with PDAC from CP, with an
AUC of 0.86. These results demonstrate the feasibility of
multiplex assay technology in the diagnosis of PDAC (24).

Accumulating data show that combinations of biomarkers
are more effective and accurate than single biomarkers in
the diagnosis of PDAC. Serum biomarker panels reach
sensitivity, specificity, and overall accuracy levels unlikely
for a single biomarker such as CA19-9. The combination
of markers might improve early diagnosis of patients with
PDAC. However, these studies are limited by small sample
sizes and require more investigation.

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Prognostic protein biomarkers
CA19-9

Previous studies demonstrate that CA19-9 is limited in its
utility to diagnose PDAC, but several studies show that
changes in CA19-9 can predict response to neoadjuvant
therapy and overall prognosis. Authors of a large
retrospective study examined correlations between CA19-
9 levels and prognosis in patients diagnosed with PDAC.
They found that patients with normal as compared to
increased CA19-9 levels had an associated hazard ratio (HR)
for death between 0.68 (advanced stages III-IV) and 0.77
(stages I-IT) (97). Results from another study of 152 patients
with unresectable PDAC showed that OS and progression-
free survival (PFS) were shorter in PDAC patients with
CA19-9 290 U/mL than in a group with a CA19-9 of
<90 U/mL (PES 4.4 vs. 17.0 months, respectively, P<0.001;
OS 7.4 vs. 26.1 months, respectively, P<0.001) (98).

In patients with localized PDAC treated with a surgery-
first approach, multiple investigators demonstrated that
preoperative CA19-9 levels correlate with tumor stage,
resectability, and risk of recurrence and survival (25-29).
Ferrone et al. examined 176 patients with localized PDAC
and found that CA19-9 correlated with the American Joint
Committee on Cancer (AJCC) pathological stage, as well as
post-resection survival. Patients with preoperative CA19-
9 values greater than 1,000 U/mL had a median OS of only
12 months compared to 28 months for patients with CA19-
9 values <1,000 U/mL (25). Hartwig et al. observed a strong
inverse relationship between preoperative CA19-9 levels
and both RO resection rates and OS. In their study, 312
patients had a pre-treatment CA19-9 level >1,000 U/mL
and in this subgroup, there were no 5-year survivors and the
median OS after resection was approximately 12 months.
As a result, the authors concluded that patients with CA19-
9 levels >1,000 are at a high risk for the development
of recurrence or metastatic disease and a neoadjuvant
treatment approach should be considered (27). Bergquist et .
demonstrated in their analysis of patients in the National
Cancer Database (NCDB) that elevation of CA19-9 is
associated with decreased stage-specific survival, with the
greatest difference in early stages. They suggest that patients
who present with elevated CA19-9 levels at diagnosis have
biologically borderline resectable pathology, regardless of
anatomic resectability on imaging and recommend these
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patients undergo neoadjuvant chemotherapy (NAC) prior
to surgical intervention (10). This data is bolstered by
similar studies showing that CA19-9 may be prognostic of
resectability in patients with PDAC. It has been reported
that patients with a median CA19-9 level of <130 U/mL
are more likely to have resectable tumors than patients with
higher levels (30).

Work by Aldakkak et al. suggests that CA19-9 levels
at initial presentation are not entirely predictive of how
a patient will respond to NAC (31). Instead, researchers
postulate that CA19-9 kinetics, rather than overall level can
be useful for measuring the response after NAC and predict
outcomes should a patient undergo surgery. A multicenter
study included 274 PDAC patients who received NAC
with 5-fluorouracil, folinic acid, oxaliplatin, and irinotecan
(FOLFIRINOX) (FLX) or gemcitabine/nab-paclitaxel
(GNP) followed by curative-intentioned pancreatectomy.
The authors analyzed the clinical and biochemical response
to NAC. The results showed that a biochemical response
characterized by decrease in the overall level of CA19-9
by greater than 50% was associated with better OS,
recurrence-free survival (RFS), and metastasis-free survival
(MFS) rates compared to patients whose CA19-9 decreased
by less than 50% after NAC (OS: 42.3 vs. 24.3 months,
P<0.001; RFS: 27.3 vs. 14.1 months, P=0.042; MFS:
29.3 vs. 13 months, P=0.047). This study suggests that a
biochemical response after NAC is predictive of increased
survival (32). Recently, the results of a retrospective analysis
regarding the usefulness of multiple assessments of CA19-9
levels after NAC and subsequent resection were published.
It was concluded that a CA19-9 level of <103 U/mL, tumor
size of <27 mm, and the lack of lymph node metastasis and
RO resection were significant predictors of survival benefits.
Moreover, PDAC patients with elevated CA19-9 levels of
>37 U/mL before NAC with normalization of CA19-9 to
<37 U/mL after NAC were associated with a lower risk of
hepatic recurrence (18%) compared to patients with CA19-
9 >37 U/mL after NAC (31%). The authors suggested that
CA19-9 monitoring could be used to assess the efficiency of
NAC therapy (33).

Current guidelines recommend that patients with
borderline resectable (BRPC) and locally advanced
pancreatic cancer (LAPC) undergo NAC prior to evaluation
for surgical resection (34). The decision about which
patients are qualified for potential resection following
NAC is clinically difficult because 40% or more of patients
with BRPC or LAPC who receive NAC do not reach
resection (35). Heger et al. investigated CA19-9 levels of
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318 patients during NAC to predict tumor resectability.
CA19-9 levels were analyzed at diagnosis and before and
after FLX or GNP NAC in patients with BRPC and
LAPC. The study showed that a decrease in the CA19-9
concentration to a value lower than 91.8 U/mL after FLX
NAC could independently predict tumor resectability in
patients with BRPC or LAPC and correlated to a median
OS of 23 months. For patients with a post-NAC CA19-9
level above 91.8 U/mL, resection did not improve median
OS compared to patients who underwent exploration only.
The authors suggested that a decrease in CA19-9 levels
after NAC may predict tumor resectability and should be
included as one of the qualifying factors for surgical decision
making (36). In patients with unresectable disease, Yang ez a/.
measured CA19-9 levels before and after chemoradiation
therapy (CRT). Following CRT, patients with a decrease of
>90% from their baseline CA19-9 level had a significantly
improved median survival than those that did not (16.2 wvs.
7.5 months, P=0.01). The median survival of patients with
a CA19-9 level lower than the median post CRT value was
10.3 months, compared with 7.1 months for those with a
CA19-9 level greater than the median (P=0.03) (37).

Altogether, numerous studies have demonstrated that
CA19-9 level at diagnosis can not only provide prognostic
information, but changes in CA19-9 can predict response
to therapy. These studies are limited in that most are
retrospective in nature. Additionally, a standard cutoff value
has not been implemented, making comparison across
studies difficult. More prospective data is necessary to
establish widely-accepted guidelines regarding the use of
CA19-9 as a predictive biomarker.

CEA

CEA is a surface glycoprotein that facilitates cell adhesion.
Normally produced by the fetal gastrointestinal tract, its
production is halted before birth, with postnatal levels
declining to below 20 ng/mL in adults (99). It is commonly
used in the diagnosis of colon cancer, and it is elevated in
up to 60% of patients with PDAC (100). CEA is limited as
a diagnostic marker compared to CA19-9 because while it is
equally specific, it is less sensitive in detecting PDAC (101).
CEA can be a useful biomarker for prognostication as
well as a predictor of early recurrence after surgical
intervention. A retrospective analysis by Lee er al. (n=187)
demonstrated that patents with elevated CEA at diagnosis
had larger tumors and were more likely to present with
advanced stage disease (38). They also found that the
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median OS of the normal serum CEA group was longer
than that of the elevated serum CEA group (16.3 vs.
10.2 months, P=0.004) when a cutoff value of 5 ng/mL was
used, and was independently associated with poor survival on
multivariable analysis, regardless of tumor resectability (HR:
1.61, 95% CI: 1.07-2.42, P=0.022). These findings have
been reconfirmed in multiple studies, with CEA elevation
independently associated with poor survival following
resection in patients who underwent upfront surgical
resection or received neoadjuvant CRT (39-42). Recently, in
a retrospective review of 319 patients with localized PDAC,
Kato et al. found that high CEA level pre-neoadjuvant CRT
was the most significant independent predictor of poor post-
surgical disease-free survival (DFS) and OS (43).

CA-125

CA-125, also known as mucin-16 (MUC-16) is a mucin
glycoprotein that is widely expressed at cell surfaces and
plays a role in the barrier immunity of mucosal surfaces (99).
It primarily known as a useful serological marker for
the clinical management of ovarian cancer (102). It is a
commonly measured tumor marker during initial diagnosis
of PDAC, however its value in diagnosing PDAC has
been limited (103). Emerging data suggest that CA-125
plays a role in the metastasis of pancreatic neoplasms and
preoperative elevation in CA-125 may predict the presence
of metastatic disease that is undetectable by computed
tomography (CT) (44). One study retrospectively analyzed
the records of 905 patients and collected prospective
data from 142 patients with PDAC and found that serum
CA-125 levels were the most strongly associated with
metastasis. Patients with distant metastatic disease had
an average serum CA-125 level of 72.3 U/mL, compared
to patients with unresectable LAPC (27.0 U/mL) and
resectable PDAC (13.3 U/mL). In patients undergoing
resection, those with greater than three positive lymph
nodes on pathology had significantly higher baseline CA-
125 (30.1 U/mL) than those 1-3 positive lymph nodes
(18.7 U/mL) or no positive lymph nodes (13.1 U/mL).
High baseline CA-125 levels above a cutoff value of
18.4 U/mL predicted early distant metastasis within after
pancreatectomy compared to patients below the cutoff
(557165 vs. 6/108, P<0.001). These patients with elevated
baseline CA-125 also had shorter median OS (11.3 wvs.
25.3 months, P<0.001) and RFS (6.1 vs. 17.6 months,
P<0.001) after resection (45). These data suggest that CA-
125 can be used as a predictor of metastasis, however these
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studies were conducted solely in an Asian population. More
studies are necessary to examine the predictive value of CA-
125 in an expanded population.

Surveillance protein biomarkers
CA19-9

Following pancreatectomy for PDAC, close surveillance
is necessary to detect recurrence because at least 80% of
patients will develop local and/or distant disease recurrence,
often within two years (104,105). Without recurrence-
focused surveillance, disease recurrence may not be
identified until after the manifestation of symptoms, at
which point recurrence is usually advanced and is associated
with worse prognosis (106). The National Comprehensive
Cancer Network (NCCN) guidelines recommend
surveillance every 3—6 months for two years and then every
6—-12 months as indicated with clinic visit, cross sectional
imaging of the chest, abdomen, and pelvis, as well as
measurement of CA19-9 levels (34). CA19-9 can be used
to detect tumor recurrence and predict long-term survival.
Surveillance imaging may not be sufficient to detect small or
diffuse foci of metastasis located in the peritoneum, which
might lead to delays in starting relevant treatment (36).
Rieser er al. observed CA19-9 levels after pancreatectomy
and found that CA19-9 predicts RFS and may help
direct protocols of salvage chemotherapy. The study
included 525 patients undergoing surgery for PDAC.
The authors identified different patterns of CA19-9
behavior at baseline and after resection. Patients whose
CA19-9 remained persistently high from diagnosis
through treatment had significantly worse RFS and OS,
while CA19-9 normalization following treatment was an
independent predictor of RES and OS. Additionally, the
authors compared the increase of CA19-9 at 6-month
intervals and radiographic findings. The results showed
that for radiographic recurrence, elevated levels of CA19-
9 had poor positive predictive value (average: 35%) but
the normalization of CA19-9 had high negative predictive
value (average: 92%). The authors posited that normal
CA19-9 levels indicate no or very low risk of recurrence on
imaging, but elevated CA19-9 levels are frequently discordant
with recurrence seen on CT, and that a rise in CA19-9 may
precede radiologically significant recurrence by 6 months (46).
The connection between increases in CA19-9 and
radiological recurrence was investigated in a follow-
up study after PDAC resection. CA19-9 was measured
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at diagnosis, after surgery, after adjuvant chemotherapy,
and at a validation point in 134 patients and compared
against CT and MRI findings. The authors observed that
approximately 60% of the patients after resection had
significantly elevated CA19-9 values before the detection
of recurrence in imaging techniques. Additionally, in the
validation set, a CA19-9 level 2.45 times above normal was
found to indicate recurrence with a sensitivity of 90% and
a specificity of 83.33%, with an AUC of 0.95. Concomitant
CA19-9 elevation and CT recurrence detection was found
only in four patients. The authors suggested that CA19-
9 monitoring after PDAC resection could be helpful in
directing patient management even without imaging results.
Close CA19-9 observation could detect PDAC recurrence
or metastases, even several months before their clinical or
radiologic evidence. Therefore, these data suggest that the
routine monitoring of CA19-9 levels may improve patient
outcomes and survival (47).

Elevated postoperative CA19-9 levels were found to be
correlated with worse prognosis and hepatic recurrence after
surgery. A recent study enrolled 539 consecutive patients
with PDAC who underwent RO resection and stratified
them into two groups: patients with sustained high levels
of CA19-9 after surgery and patients with no postoperative
elevation of CA19-9. It was found that postoperative
sustained elevation was associated with a shorter median OS
compared to patients with normal levels of CA19-9 (17.1 vs.
35.4 months, respectively; P<0.0001). Postoperative CA19-
9 elevation was 2.6 times more consistent with hepatic
recurrence than in the group without elevation (45% uvs.
17%, respectively; P<0.0001) (107). Postoperative CA19-9
elevation after resection is a strong independent predictor
for survival and could indicate the presence of occult distant
metastasis in patients with PDAC. Furthermore, these
studies indicate that patients with increased postoperative
CA19-9 levels may require intensive adjuvant therapy.

In summary, CA19-9 serum measurement is becoming
more useful in assessing treatment efficacy and predicting
outcome, recurrence, and response to chemotherapy than
in the early diagnosis of PDAC. The routine monitoring
of CA19-9 levels after NAC or surgical intervention could
detect PDAC recurrence or metastases before their clinical
or radiologic evidence.

Non-protein molecular biomarkers of pancreatic

adenocarcinoma

Serum proteins are not the only class of circulating biomarker
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that is under exploration for use in patients with PDAC.
Circulating tumor cells (CTCs) and circulating tumor DNA
(ctDNA) exosomes not discussed have all emerged in recent
years as tools to diagnose, predict response to therapies, or
detect recurrence. CTCs are a rare subset of tumor cells
that are found in the bloodstream of patients with solid
tumors and are thought to be the “seeds” of metastasis (108).
CTC isolation allows for in-depth characterization of solid
tumor cells, including metabolomic and proteomic analysis,
and potential to culture for personalized treatments (109).
ctDNA is released into the bloodstream as unencapsulated
or partially encapsulated nucleic acids when PDAC cells
undergo apoptosis or necrosis (110). It can provide clinicians
information regarding PDAC as it harbors mutations or
epigenetic characteristics specific to the patient’s cancerous
process (111). These new biomarkers have the potential
to be combined with protein biomarkers like CA19-9 to
improve detection or devise individualized approaches
to therapy (112,113). These emerging technologies are
still in the early investigative phase, with few large studies
available, and robust prospective trials are required.

Conclusions

In recent years, many studies identifying novel PDAC
biomarkers and biomarker panels have emerged. However,
none of these biomarkers are currently established in clinical
practice. These biomarker studies were based on relatively
low case numbers and suffer from a lack of validation. With
further investigation, these novel biomarkers and biomarker
panels have the potential to increase our ability to detect
early-stage PDAC in conjunction with CA19-9.

Further understanding the complexities of cancer
biology can help develop clinically useful markers for the
early detection and prognosis of PDAC. Large prospective
studies are needed to investigate the clinical impact of
including these biomarkers in clinical decision making
to improve outcomes for this disease. The discovery
of accurate biomarkers may also allow for the better
stratification of patients and guide therapeutic choices.
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