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Simple Summary

Pancreatic ductal adenocarcinoma, one of the deadliest tumors, is often diagnosed too late
for effective treatment. While limited as a tool for early detection, the blood biomarker
CA19-9 excels in tracking tumor progression and monitoring treatment response. This
review delves into the production and clearance mechanisms of CA19-9, revealing how
its fast, dynamic changes can signal therapeutic effectiveness well before radiological
imaging. Overshadowed by its known limitations as a diagnostic marker, CA19-9 remains
underutilized in clinical practice. Yet, we believe this tumor biomarker can play a greater
role in guiding treatment decisions.

Abstract

Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal malignancies,
largely due to late-stage diagnosis and limited therapeutic efficacy. The carbohydrate anti-
gen 19-9 (CA19-9) is the most widely used serum biomarker in the management of PDAC.
While CA19-9 has significant limitations as a screening or diagnostic tool, including low
sensitivity for early-stage disease and a lack of expression in the Lewis antigen-negative
population, its value in the post-diagnostic setting is well established. This review examines
the production and clearance dynamics of CA19-9. It critically evaluates how these factors
impact its role as a biomarker for prognosis, assessment of resectability, and real-time mon-
itoring of therapeutic response and recurrence in patients with PDAC. We explore how the
relatively short half-life and correlation with tumor burden make CA19-9 a dynamic tool for
tracking disease progression and treatment efficacy, often providing insights that precede
radiographic changes. This review concludes that, despite its limitations, CA19-9 remains
an important, cost-effective, and widely accessible biomarker for the longitudinal manage-
ment of patients with established pancreatic cancer. Its dynamic changes allow continuous
real-time disease monitoring providing critical information for clinical decision-making.
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1. Introduction

In 2022, it is estimated that globally there were 510,992 new cases of pancreatic cancer
and 467,409 deaths making it the 12th most commonly diagnosed cancer and the 6th most
common cause of cancer-related deaths [1]. Pancreatic ductal adenocarcinoma (PDAC)
accounts for more than 90% of all pancreatic malignancies [2] and remains one of the
most formidable challenges in modern oncology, characterized by a particularly aggressive
biology, late-stage diagnosis, and profound resistance to conventional therapies [3,4]. The
5-year overall survival rate lingers at 12%, a figure that has seen only marginal improvement
despite decades of research [5]. This grim outlook is primarily due to the aggressive biology
of the tumor and the fact that most patients are diagnosed at an advanced, metastatic stage
when curative treatment options are no longer available [6,7].

Given these challenges, it is widely accepted that the most impactful strategy to
improve patient outcomes is to detect the disease at an earlier stage when curative-intent
surgery is still possible [8-10]. The urgent need for novel, more accurate, and non-invasive
biomarkers for the early detection of pancreatic cancer has spurred research efforts with a
strong focus on liquid biopsies and exosomes, that could enable earlier and less invasive
detection of pancreatic malignancy [10-12].

With ongoing efforts to improve early diagnosis, radiological imaging continues to
play a key role in both the diagnosis and management of pancreatic cancer and is currently
considered the gold standard for decision making by clinicians. The European Society of
Medical Oncology (ESMO) guidelines recommend the use of computed tomography (CT) as
the main modality for diagnosis; magnetic resonance imaging (MRI) is only recommended
in the event that the CT is inconclusive [13]. CT is preferred based on its widespread
availability and high diagnostic accuracy (sensitivity of 89-97%) [14]. Unless otherwise
indicated, CT is also the imaging modality used for patient management. Imaging consti-
tutes a major expense in cancer management [15]. Consequently, there is an urgent and
unmet need for effective biomarkers that can aid in early detection, prognostication, and
monitoring of treatment response [6]. Ideally, this would be a biomarker that is reliable
relative to radiological imaging, cost-effective to allow for repeat tests at shorter intervals
and readily accessible in the clinical setting.

Among the vast array of identified markers, Carbohydrate Antigen 19-9 (CA19-9)
stands out as one of the most extensively studied and clinically utilized, in particular for
PDAC [16,17]. First identified in 1979 from a human colorectal cancer cell line, CA19-9
is a carbohydrate antigen whose clinical utility was quickly recognized to be greatest in
pancreatic adenocarcinoma [17]. For decades, it has remained the gold-standard serological
marker for this devastating disease.

Studies indicate that, while CA19-9 is unsuitable for population screening, its levels
correlate well with tumor burden and change rapidly in response to therapy, making it
an invaluable tool for longitudinal patient management [18]. This review examines how
the production and clearance dynamics of CA19-9 affect its validity and reliability as a
tumor biomarker for assessing prognosis and therapeutic efficacy in pancreatic cancer.
Most importantly, we will examine its overall performance as a monitoring biomarker for
therapeutic efficacy compared to the gold standard, radiological imaging.

2. Production, Clearance, and Pathophysiological Role of CA19-9

The biochemical and biological mechanisms underlying CA19-9 production, secretion,
and clearance are fundamental to its clinical utility as a tumor biomarker and form the
framework within which this review should be interpreted. These processes have direct
clinical implications for the interpretation of CA19-9 levels, particularly for understanding
the dynamic behavior of the marker over time, including false-positive elevations in
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cholestasis, false-negative results in Lewis-negative individuals, inter-patient variability,
and treatment-related fluctuations.

2.1. Production

CA19-9 is the sialylated form of the Lewis A (Le?) antigen, a tetrasaccharide epi-
tope, with the sequence Neu5Aca2,3Galp1,3(Fucal,4)GIcNAc, which is carried on high-
molecular-weight glycoproteins, primarily mucins [19]. Its production is a multi-step
process that begins with the synthesis of mucin glycoproteins, such as MUC1 and MUC16,
which serve as protein backbones [16]. The key enzymatic step is the addition of a fucose
residue to a precursor oligosaccharide chain by fucosyltransferase 3 (FUT3), which creates
the Le® antigen. Subsequently, a sialic acid molecule is added by sialyltransferases (STs),
completing the CA19-9 epitope (Figure 1). This pathway explains why individuals with
a homozygous recessive Lewis genotype (le/le) lack the necessary FUT3 enzyme and
are unable to produce CA19-9 [16]. This genotype is present in approximately 5-10% of
the Caucasian population and up to 22% in other populations, leading to false-negative
serum CA19-9 levels even in the presence of advanced pancreatic cancer [19]. This genetic
requirement is the basis for a major limitation of CA19-9 as a biomarker.
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Figure 1. Schematic overview of CA19-9 biosynthesis on mucin-type glycoproteins through sequential
glycosylation, involving fucosyltransferases and sialyltransferases. Loss of FUT3 activity results in

Le? Antigen CA19-9 Epitope

absent CA19-9 production in Lewis-negative individuals.

In the bloodstream, the CA19-9 epitope was initially believed to be primarily as-
sociated with high-molecular-weight, mucin-like glycoproteins [17]. However, research
has identified that CA19-9 is also present on glycolipids embedded in the membranes
of secreted vesicles [20]. These carriers include exosomes, small extracellular vesicles in-
volved in intercellular communication [21], and a novel type of larger vesicle, bile globular
membranes (BGMs) [20]. The elevated serum levels seen in cancer patients are thought
to result from a combination of increased production by tumor cells and an abnormal
secretion mechanism that allows these carriers to enter the circulation [20]. This distinction
between mucin-bound and vesicle-bound CA19-9 may hold future diagnostic potential, as
vesicle-mediated secretion could be more specific to malignant processes.

In healthy individuals, CA19-9 is synthesized in small amounts by the ductal epithelial
cells of various organs, including the pancreas, biliary tract, stomach, colon, endometrium,
and salivary glands [19]. Its levels in the bloodstream are typically low.

2.2. Elevation in Malignant Conditions

PDAC is the malignant condition most strongly and consistently associated with
markedly elevated serum CA19-9 levels. In PDAC, the overexpression of the enzymes
involved in this glycosylation pathway [22] leads to the abundant production and shedding
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of CA19-9 into the bloodstream. Single-cell RNA sequencing studies have identified specific
cancer cell subtypes as primary producers of CA19-9, contributing to variability in serum
levels [22]. This heterogeneity in production may contribute to the variable CA19-9 levels
observed among patients with similar tumor burdens. The marker is also found in high
concentrations in pancreatic juice [23,24].

CA19-9 is also elevated in bile duct carcinoma (cholangiocarcinoma) and is used in
diagnostic and prognostic assessment of intrahepatic cholangiocarcinoma (ICC) [25].

Elevated CA19-9 can be seen in patients with colorectal and gastric cancers, though
with lower sensitivity and specificity compared to PDAC. In these contexts, it is more often
used as a secondary marker alongside carcinoembryonic antigen (CEA) for monitoring
disease rather than for primary diagnosis [26,27].

Less pronounced CA19-9 elevations are reported in a variety of other cancers, includ-
ing hepatocellular carcinoma, ovarian cancer, endometrial cancer, and lung adenocarci-
noma [27,28], with limited clinical utility.

2.3. Elevation in Benign Conditions

A major confounding factor in the clinical use of CA19-9 is its elevation in a wide
array of non-malignant conditions. These benign elevations are often transient and related
to inflammation, obstruction, or tissue injury, which can lead to the leakage of CA19-9
into the bloodstream. The most common benign causes of elevated CA19-9 are diseases of
the pancreas [27,29-31], biliary tree [27,32], and liver [27,33], the same organs where the
antigen is physiologically produced. Other benign conditions that elevate CA19-9 include
pulmonary diseases like bronchiectasis and interstitial fibrosis, gynecological disorders
such as endometriosis and benign ovarian cysts, and even systemic conditions like diabetes
mellitus [27,28]. This underscores the need for caution when interpreting an isolated high
CA19-9 value.

2.4. Clearance Mechanism

The clearance of circulating CA19-9 is not fully elucidated but is thought to occur
primarily in the liver. Early studies revealed that CA19-9 follows a biphasic elimination
pattern from the circulation [34,35]. A seminal study by Adachi et al. (1990) [34] using
rats injected with CA19-9-bearing molecules from different sources demonstrated a rapid
initial phase of clearance followed by a much slower second phase. The half-life of the
rapid phase was approximately 1.3 min, while the slow phase had a half-life of 9.8 min for
molecules derived from a colon cancer cell line supernatant [34]. Subsequent research in
patients following radical resection of intrathoracic malignancies confirmed this biphasic
pattern in humans, with a half-life of approximately 0.5 days for the first compartment
and 4.3 days for the second [35]. The mechanism underlying this biphasic clearance is
believed to be dependent on the degree of sialylation of the CA19-9-bearing molecules [34].
Most circulating glycoproteins are cleared by hepatic lectins after the terminal sialic acid
residues are removed. The CA19-9 antigen (sLe?) is a sialylated form, while its de-sialylated
precursor is the Lewis? (Le?) antigen (Figure 2).

Adachi demonstrated that molecules expressing a high level of the Le? epitope were
cleared rapidly, corresponding to the first phase. In contrast, molecules with low Le?
expression were cleared slowly, corresponding to the second phase. This suggests that
the rapid phase represents the removal of partially or fully de-sialylated glycoproteins
by the liver, while the slow phase reflects the clearance of intact CA19-9 molecules. The
clearance of CA19-9 in the liver is further supported by the clinical observation that
benign hepatobiliary diseases, especially those causing cholestasis or biliary obstruction,



Cancers 2025, 17, 3902

50f22

can lead to markedly elevated CA19-9 levels due to impaired clearance, complicating its
interpretation [36].

Slow phase clearance with a Rapid phase clearance
half-life of 4.3 days with a half-life of 0.5 days
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Figure 2. Schematic representation of CA19-9 de-sialylation through enzymatic cleavage of sialic
acid by neuraminidases (sialidases). The sialylated form is cleared slowly from the circulation
(half-life ~ 4.3 days), whereas the de-sialylated form is cleared more rapidly (half-life ~ 0.5 days).

The serum half-life of CA19-9 is estimated to be relatively short, in the range of days,
which is a critical property that underpins its utility as a dynamic marker of tumor activity.
This rapid turnover means that changes in tumor burden, whether due to progression or
response to therapy, can be reflected in serum CA19-9 levels in a timely manner.

2.5. Role in Cancer Pathophysiology

The epidemiological link between pancreatitis and pancreatic cancer is robust and
has been recognized for decades [37,38]. Elevated CA19-9 levels in pancreatitis were long
considered a consequence of inflammation-induced ductal damage and leakage. However,
a landmark study by Engle et al. (2019) fundamentally inverted this cause-and-effect
relationship [30].

In a mouse model, the induced expression of CA19-9 alone was sufficient to rapidly
trigger severe pancreatitis [30]. This finding provided the first direct evidence that CA19-9
is not just a marker of pancreatic inflammation but a causative agent in its etiology [39]. It
remains unclear what pathophysiological events would trigger the increased production of
CA19-9 in the first place.

If CA19-9 directly drives disease, then targeting it could be a therapeutic strat-
egy [30,39]. Approaches aimed at inhibiting CA19-9 are being explored, with preclinical
studies showing potential for reducing disease severity and progression [40].

By inducing a chronic inflammatory state, CA19-9 fosters a pro-tumorigenic microen-
vironment. The study by Engle et al. demonstrated that when CA19-9 expression was
combined with the presence of the oncogene Kras©!?P (a mutation found in over 90% of
PDAC:S), the mice developed highly aggressive and invasive pancreatic cancer [30]. This
is consistent with immunohistochemical studies showing that CA19-9 is expressed not
only in invasive adenocarcinoma but also in its precursor lesions, pancreatic intraepithelial
neoplasia (PanIN), suggesting its involvement from the early stages of the disease [41].

In another study, a subgroup of PDAC patients with normal CA19-9 levels exhibited
indolent disease and longer survival [42]. The group had lower circulating glucose levels. In
both animals and humans, glucose control measures led to reduced CA19-9 and improved
survival, suggesting metabolic interventions as a potential adjuvant therapy for aggressive
PDAC [42].
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CA19-9 as a ligand for E-selectin, which is expressed on endothelial cells, can mediate
the adhesion of circulating tumor cells to the vascular endothelium, a crucial step in the
metastatic cascade [16]. The presence of CA19-9 appears to shape the tumor microenvi-
ronment. Studies have shown that CA19-9-positive tumors have a higher proportion of
mature, M2-like tumor-associated macrophages, which are known to promote an immuno-
suppressive environment that facilitates tumor growth and immune evasion [22].

3. CA19-9 as a Biomarker

A landmark systematic review of pooled data from over 2200 patients established a
median sensitivity of 79% and a median specificity of 82% for the diagnosis of pancreatic
cancer [43].

These figures show why CA19-9 cannot be used for diagnosis. However, a critical
aspect of CA19-9’s performance is its strong correlation with tumor burden. Serum levels
tend to increase with advancing tumor stage and size [43,44]. This means that very elevated
levels at diagnosis can suggest the presence of metastatic disease in patients otherwise
presumed to have resectable disease [17]. For this reason, conventional imaging using
CT, Endoscopic Ultrasound (EUS) and/or MRI outperforms CA19-9 in initial diagnosis of
pancreatic cancer (Table 1). It has been shown that of the three main imaging modalities,
MRI is superior [45].

Table 1. Performance of Conventional Imaging in Diagnosing Pancreatic Adenocarcinoma.

Imaging Modality Sensitivity Specificity Diagnostic Accuracy
MRI 93% (95% CI = 88-96) 89% (95% CI = 82-94) 90% (95% CI = 86-94)

CT 90% (95% CI = 87-93) 87% (95% CI = 79-93) 89% (95% CI = 85-93)

EUS 91% (95% CI = 87-94) 86% (95% CI = 81-91) 89% (95% CI = 87-92)

Adapted from Toft et al., 2017 [45].

Due to its insufficient reliability, CA19-9 is also not recommended as a screening tool
for pancreatic cancer in the general asymptomatic population [43]. Given these diagnostic
limitations, contemporary interest in CA19-9 has shifted from its role as a screening or
diagnostic marker to explore its utility in predicting outcomes, monitoring treatment
response, and improving prognostic assessment. The following sections therefore focus
on the prognostic, predictive, and dynamic roles of CA19-9, and on how its value can be
enhanced through integration with other biomarkers and imaging modalities.

3.1. Prognostic Role of CA19-9

CA19-9 functions as an independent prognostic biomarker. A strong correlation exists
between elevated CA19-9 and more advanced pathological features. Patients with T3
tumors have significantly higher median CA19-9 levels than those with T1/T2 tumors
(162 U/mL vs. 41 U/mL). A similar trend is observed for patients with lymph node
metastases (N1) compared to node-negative (NO) patients [46]. This relationship extends to
the clinical presentation, where patients with locally advanced pancreatic cancer (LAPC)
have lower baseline CA19-9 than those with de novo metastatic disease, suggesting distinct
biological entities [47].

A high pretreatment or preoperative CA19-9 is an independent predictor of poor
overall survival (OS) in patients across all stages of pancreatic cancer. Patients with re-
sectable disease and normal or near normal preoperative CA19-9 levels (<37 U/mL) have a
significantly better prognosis compared to those with elevated levels, with median survival
times that can be more than doubled [48,49].
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In the advanced or metastatic setting, the prognostic value of pretreatment CA19-9 is
equally strong. A pooled analysis of six prospective trials of patients receiving gemcitabine-
based chemotherapy found that those with baseline CA19-9 levels below the median had
a median OS of 8.7 months, compared to just 5.2 months for those with levels above the
median [18]. Similarly, a retrospective study separated patients into groups with base-
line CA19-9 < 1000 U/mL and >1000 U/mL, finding a stark difference in median OS
(14.9 months vs. 7.4 months, respectively), underscoring the marker’s ability to stratify
patients into different risk categories from the outset [50]. This prognostic information is
independent of other clinical factors like performance status and the presence of metas-
tases [51,52].

3.2. Predictive Role of CA19-9

While CA19-9 serves as a prognostic marker independent of treatment, a limited body
of data suggests it may also have a potential predictive role that indicates the likelihood
of therapeutic response to specific treatments, especially surgical resection. However, it is
important to emphasize that most data supporting this application derive from retrospective
and observational studies.

The correlation with tumor burden makes CA19-9 a useful tool for assessing the
likelihood of resectability. An elevated preoperative CA19-9 level, often cited with a
threshold of >100 U/mL in the absence of bile duct obstruction and cholestasis, is frequently
associated with occult metastatic disease or local unresectability, even when imaging
appears favorable [19,48]. This has led to the incorporation of CA19-9 levels into clinical
decision-making, particularly for patients with resectable or borderline-resectable disease.
Some guidelines suggest that a “markedly elevated” CA19-9 level may favor the use of
neoadjuvant therapy rather than upfront surgery [53]. However, the precise cutoff for
what constitutes “markedly elevated” remains a subject of debate, with various studies
proposing different thresholds [54].

In advanced pancreatic cancer, a lower baseline CA19-9 (e.g., <1000 U/mL) was corre-
lated with improved survival on first-line gemcitabine-based chemotherapy, suggesting
that baseline levels may help stratify risk or inform clinical suspicion [55]. However,
randomized trial evidence testing baseline CA19-9 as a true predictive biomarker for differ-
ential treatment benefit remains lacking, with available interaction analyses showing no
significant modification of treatment effect by baseline CA19-9 levels [53].

3.3. Dynamic Role of CA19-9 in Monitoring Pancreatic Cancer

Beyond its baseline utility as a diagnostic, prognostic, or predictive marker, the true
strength of CA19-9 lies in its rapid turnover, which allows it to serve as an immediate
indicator of changes in tumor burden. Consequently, it provides a robust surrogate for
treatment efficacy and residual disease, with applications in both the detection of recurrence
and the assessment of therapeutic outcomes.

3.3.1. CA19-9 for Early Detection of Pancreatic Cancer Recurrence

CA19-9 utility in monitoring for recurrence is debated due to limitations, including
imprecision and unreliability when using singular static cut-off values of CA19-9 to de-
termine the absence or presence of recurrence, and its absence in Lewis antigen-negative
individuals. Clinical practice guidelines often recommend surveillance with a combination
of imaging and CA19-9 monitoring [56]. However, the reliance on a static CA19-9 cut-off
(typically >37 U/mL) is hampered by suboptimal sensitivity and specificity. False-positive
elevations can occur in benign conditions such as cholangitis or pancreatitis, while some
true recurrences do not elicit a significant CA19-9 response [57]. Consequently, a confirmed
diagnosis of recurrence typically requires radiological evidence.
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Current practice mandates confirmation with imaging modalities such as CT or
MRI [58]. However, imaging has its own limitations. Post-surgical anatomical changes,
scarring, and inflammatory tissue can make it difficult to distinguish between benign post-
operative changes and early local recurrence, especially around the surgical bed and major
vessels [57]. Furthermore, small-volume peritoneal or distant metastases may be below the
resolution limit of standard imaging techniques [59]. This often results in a critical delay
between the biochemical signal of recurrence and the initiation of salvage therapy.

A critical consequence of this paradigm is the phenomenon of “biochemical recurrence”
preceding “radiological recurrence.” Multiple studies have reported that a rise in CA19-9
levels may occur months before recurrent disease becomes visible on imaging. A study by
Azizian et al. found a median lead time of 96 days between a significant CA19-9 elevation
and the detection of recurrence by imaging [57]. Similarly, several studies support that
CA19-9 elevation can precede clinical or radiological recurrence by 2-6 months [60-62].
While in some cases the lead time might have been overestimated due to the standard
time interval between imaging, in most cases imaging was performed simultaneously with
CA19-9 elevation and failed to detect the recurrence. This lead time represents a potential
missed opportunity for earlier therapeutic intervention. However, the anxiety created for
patients by the long diagnostic uncertainty is clearly problematic.

To overcome the limitations of a single static cut-off value, recent research has focused
on analyzing the dynamics (absolute or percentage changes) of CA19-9 levels over time
and how this relates to clinical outcomes for PDAC patients [57,63,64]. Analysis of CA19-
9 dynamics has proven more valuable than absolute values at a single timepoint as an
indicator of disease status.

While the current evidence highlights the potential of CA19-9 as an early adjunctive
indicator of recurrence, isolated CA19-9 elevation in the absence of radiological progression
represents a common clinical dilemma, as premature treatment escalation must be weighed
against the risk of delayed intervention. Current clinical guidelines do not yet support the
use of CA19-9 alone for management decisions, and biochemical changes must always be
interpreted in conjunction with imaging and clinical assessment. In this setting, a reason-
able management strategy is repeat CA19-9 testing, exclusion of confounding conditions,
and alternating or advancing cross-sectional imaging rather than immediate treatment
escalation [65].

3.3.2. CA19-9 for Dynamic Evaluation of Therapeutic Response

Following surgical resection, the change in CA19-9 is highly predictive of long-term
outcomes. A significant decrease or normalization of postoperative CA19-9 levels is as-
sociated with prolonged survival, whereas the failure of CA19-9 to normalize suggests
the presence of residual microscopic disease and portends a poor prognosis [48,66]. One
study found that the postoperative CA19-9 level was a significant predictor of survival in a
multivariate model, independent of preoperative levels and pathologic stage [46]. Another
study demonstrated that the failure to normalize preop or postop CA19-9 was associated
with a 2.77-fold and 4.03-fold increased risk of death, respectively [67].

Similarly, in patients undergoing chemotherapy for advanced disease, CA19-9 re-
sponse is a critical prognostic indicator. A pooled analysis of six prospective trials by Bauer
et al. (2012) found that a decline in CA19-9 after just two cycles of gemcitabine-based
chemotherapy was a significant predictor of improved overall survival [18]. This finding
is further supported by other studies that showed patients with an increase of CA19-9 or
with a decrease <20% following chemotherapy had a poor prognosis [68].

Stemmler et al. (2003) further demonstrated that patients with disease response based
on CA19-9 had a significantly longer median survival than those who did not (295 vs.
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174 days; p = 0.022) [69]. Even among patients whose tumors were progressing according
to imaging, those who experienced a CA19-9 reduction survived significantly longer than
those who did not (247 vs. 142 days). This highlights that a CA19-9 response, is a more
robust predictor of survival than anatomical changes on a CT scan. Subsequent work by
Koom et al. (2009) corroborated a strong correlation between CA19-9 decline and radiologic
response, with radiologic responders exhibiting greater reductions (93% vs. 72%) than non-
responders [70]. More recently, Hahn et al. (2023) showed a significant correlation between
the absolute CA19-9 change and both the absolute and relative tumor size reduction on
imaging [15].

These findings were further validated in the phase IIl MPACT trial, which established
nab-paclitaxel plus gemcitabine as a standard of care, provided compelling evidence sup-
porting a role for CA19-9 in the metastatic setting [71]. The MPACT trial compared the
efficacy and safety of the combination of nab-paclitaxel plus gemcitabine versus gemc-
itabine monotherapy in patients with metastatic pancreatic cancer [72]. In this analysis,
patients who experienced any decrease in CA19-9 at week 8 had a significantly improved
median OS compared to those who did not (11.1 vs. 8.0 months; p = 0.005). The benefit was
particularly striking and statistically significant in the combination therapy arm, where
patients with a CA19-9 decline at 8 weeks had a median OS of 13.2 months, versus only
8.3 months for those without a decline/any increase [71]. This study demonstrated that
a CA19-9 response could identify patients deriving a substantial survival benefit early
in the treatment course. However, it must be noted that these are results in cohorts of
patients and that any individual patient may have data confounded by any one of the
benign explanations for CA19-9 elevation.

The study also revealed that CA19-9 decline was a more sensitive predictor of survival
benefit than early radiographic response. At week 8, 82% of assessable patients in the
combination arm had a CA19-9 decrease, and among patients with stable disease by
imaging, those who had a concurrent CA19-9 decrease had a markedly better median OS
(13.2 months) than those with stable disease and no CA19-9 decrease (8.3 months) [71].
These findings suggest that CA19-9 response can reflect anti-tumor activity early in a
clinical trial. Similar findings have been reported in other studies, where a stabilization or
decrease in CA19-9 after 6-8 weeks of treatment correlated with significantly better survival
than an increase, which was indicative of emerging drug resistance and early treatment
failure [50].

3.3.3. CA19-9 for Dynamic Evaluation of Preoperative Chemotherapy

A significant proportion of patients are diagnosed with borderline resectable (BRPC)
or locally advanced pancreatic cancer (LAPC), where the tumor has extensive involvement
with major blood vessels, making upfront surgery suboptimal or technically unfeasible [73].
This clinical challenge has catalyzed changes in the management of localized pancreatic
cancer, moving away from an “upfront surgery” approach towards the increasing use of
preoperative, or neoadjuvant, therapy [73].

CA19-9 dynamics during (neo)adjuvant therapy are a significant prognostic factor for
patients with pancreatic cancer [74]. A significant drop in CA19-9 can indicate a favorable
biological response to treatment, potentially identifying patients who are more likely to
achieve a complete resection and have better long-term outcomes. Persistently high or
rising CA19-9 may suggest aggressive, resistant disease, prompting a re-evaluation of the
surgical strategy [53]. Specifically, the normalization of an initially elevated CA19-9 level
(to <37 U/mL) following neoadjuvant therapy has been shown to be a robust predictor
of prolonged overall survival [67,75]. Similarly, a large percentage reduction in CA19-9
(e.g., >95%) has also been independently associated with favorable survival [76]. This
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“serological response” offers a critical advantage over imaging, as it can reflect the biological
behavior of the tumor and its sensitivity to systemic therapy.

The CA19-9 level measured after the completion of all neoadjuvant therapy, just
prior to planned surgery, is arguably one of the most critical data points. An elevated
pre-resection CA19-9, especially one that fails to normalize from a high baseline, is a strong
negative prognostic marker, portending a high risk of early recurrence and poor survival,
even if a complete resection is achieved [67]. This information can be integrated into
prognostic scoring systems, such as the PANAMA-score, which combines pre-resection
CA19-9 with pathological parameters to improve risk stratification for patients undergoing
surgery after preoperative chemotherapy [77].

However, despite the accumulating evidence supporting the utility of CA19-9, its
application in the preoperative setting is not yet standardized, and several key questions
remain unanswered. The optimal CA19-9 cutoff values for predicting resectability and
prognosis are still debated, with different studies proposing various thresholds [78,79].
Furthermore, the precise definition of a “meaningful” serological response is unclear,
whether normalization is superior to a specific percentage decline or if the nadir value or
rate of decline holds more prognostic weight [67]. Clinical guidelines and practices also
vary considerably regarding how to integrate CA19-9 kinetics with imaging and clinical
performance status to make the final decision for surgery [73]. Therefore, there is a clear
need to refine the clinical application of CA19-9 to optimize patient selection for surgery
and improve outcomes in the era of preoperative therapy for pancreatic cancer.

4. CA19-9 Enhanced Uses: COMBINATION with Other Markers,
Imaging and Genetic Testing

The limitations of CA19-9 as a standalone marker are driving research toward in-
tegrated approaches that combine CA19-9 with complementary biomarkers, imaging
modalities, and novel genetic testing to provide more comprehensive and accurate
disease assessment.

4.1. CA19-9 Paired with Other Markers

The most traditional combination is with Carcinoembryonic Antigen (CEA). While
CEA itself has poor sensitivity (45%) for pancreatic cancer [80], the simultaneous elevation
of both CA19-9 (>75 U/mL) and CEA (>5 ng/mL) dramatically increases the specificity
for pancreatic cancer to as high as 99%, albeit at the cost of reduced sensitivity [17]. This
combination is also widely tested in other cancers, such as colorectal [81] and gastric
malignancies [82].

Macrophage Inhibitory Cytokine-1 (MIC-1) has in some studies shown superior per-
formance to CA19-9 in distinguishing patients with cancer from healthy controls [83,84].
Adding MUC5AC, another mucin, to CA19-9 improved diagnostic accuracy in a large
multi-center study [41]. A panel consisting of TIMP1, LRG1, and CA19-9 was shown to
better detect early-stage PDAC [85], while IGFBP2 and IGFBP3 have been identified as
potential compensatory biomarkers for CA19-9, particularly in early-stage disease [86].

Beyond protein markers, systemic inflammatory markers have gained attention. The
combination of CA19-9 with the neutrophil-to-lymphocyte ratio (NLR) and the systemic
immune-inflammatory index (SIRI) has been shown to increase diagnostic accuracy for
pancreatic cancer compared to any single marker alone [44]. This reflects a growing
understanding that the host’s immune response is an integral part of the tumor microen-
vironment and can be harnessed for diagnostic purposes. A recent diagnostic model for
early-stage pancreatic cancer successfully integrated CA19-9 with serum bilirubin levels,
demonstrating strong discrimination and clinical utility [87].
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The field of liquid biopsy has introduced new classes of biomarkers such as circulating
tumor DNA (ctDNA), extracellular vesicles (EVs), and circulating tumor cells (CTCs). These
markers offer the potential for high specificity, as they can detect tumor-specific mutations
(e.g., KRAS in ctDNA) or carry tumor-derived cargo (e.g., microRNAs in EVs). Studies have
shown that monitoring mutant KRAS ctDNA can be comparable to CA19-9 for tracking
treatment response in patients who are ctDNA-positive [88].

Similarly, microRNA signatures from small extracellular vesicles (sEVs), when com-
bined with CA19-9, performed better than either modality alone [89]. Exosomal surface
proteins, such as CD40 and CD25, are also being explored as complementary markers
for both diagnosis and prognosis [7]. However, these advanced tests are currently more
complex, costly, and less widely available than the standard CA19-9 immunoassay.

Alterations in metabolism are a hallmark of cancer, and metabolomic profiling has
identified biomarker signatures that can distinguish PDAC from chronic pancreatitis with
high accuracy, especially when combined with CA19-9 [90].

The ideal future approach will likely involve a multi-analyte panel that integrates the
dynamic, quantitative information from CA19-9 with the high-specificity data from genetic,
proteomic, and exosomal markers to provide a more holistic and accurate picture of the
patient’s disease status [91]. While these combinations are promising, further validation in
large-scale studies and clinical trials is essential to fully realize their potential and translate
them into routine clinical practice.

4.2. CA19-9 Paired with Imaging Modalities

The effective management of patients with PDAC hinges on accurate diagnosis, pre-
cise staging, and timely assessment of treatment response. Historically, this has been
accomplished through two principal modalities: anatomical imaging, primarily computed
tomography (CT), and the measurement of the serum tumor marker CA19-9.

Compared to anatomical imaging such as CT or MRI, CA19-9 offers a more dynamic
and functional assessment of tumor activity (Table 2). As discussed, changes in CA19-9
levels can signal treatment response or failure weeks before corresponding changes in
tumor size are measurable by RECIST criteria on a CT scan [57,60-62,92], While these
changes generally need to be validated on anatomical imaging before treatment decisions
are made, CA19-9 trends can provide an important early indication of disease progression
and guide clinical suspicion.

A pivotal study by Azizian et al. systematically investigated this concept in a cohort
of resected PDAC patients [57]. Instead of a fixed threshold, they analyzed the relative
change in postoperative CA19-9 values. Using receiver operating characteristic (ROC) curve
analysis, they determined that a 2.45-fold elevation from the postoperative baseline value
could predict recurrence with 90% sensitivity and 83% specificity in their validation cohort.
This approach demonstrated a high positive predictive value (PPV) of 90%, suggesting that
a patient with such an increase is highly likely to have recurrent disease, even if imaging is
negative. In approximately 60% of patients who relapsed, this significant CA19-9 elevation
occurred before imaging could detect the recurrence, with a median lead time of 96 days,
equivalent to a typical restaging interval [57].

The clinical significance of this lead time is profound. The same study observed that
patients who had a CA19-9 elevation prior to imaging evidence of recurrence had a signif-
icantly shorter progression-free survival (PFS) during first-line palliative chemotherapy
compared to those whose CA19-9 rose concurrently with imaging findings (median PFS of
97 days vs. 280 days). This suggests that the delay in initiating treatment while waiting
for radiological confirmation may allow the disease to progress to a more advanced and
less responsive state [57]. Other studies have corroborated the importance of postoperative
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CA19-9 dynamics. A recent retrospective study highlighted the diagnostic impact of these
dynamic changes on predicting recurrence [63], and longitudinal monitoring has also been
shown to be predictive of therapeutic responses [64].

To further refine this dynamic approach, Azizian et al. applied a joint model, a
sophisticated statistical tool that combines a longitudinal model for the repeated CA19-9
measurements with a survival model for the time-to-recurrence event. This model allows
for the estimation of a patient’s individual, real-time probability of remaining recurrence-
free, which is updated with each new CA19-9 measurement. In their validation set, this
model demonstrated excellent accuracy, with an area under the curve (AUC) of 0.98 for
predicting a recurrence event within a two-month interval [57]. Such a model could
revolutionize postoperative surveillance by moving away from a one-size-fits-all schedule
to a personalized, risk-adapted follow-up. Patients with a low and stable predicted risk of
recurrence could have less frequent imaging, while those with a rising risk profile could be
monitored more intensively.

Recent advances have moved beyond simple correlations to apply mathematical
models to quantify tumor kinetics. Yeh et al. (2023) applied a novel growth and regression
model to a large dataset of over 3000 PDAC patients from clinical trials and real-world
cohorts [93]. This model estimates a tumor growth rate constant, g, using either serial
radiographic measurements or CA19-9 values.

This modelling approach provides a sophisticated framework for interpreting serial
data, transforming discrete measurements into a continuous variable (g) that encapsulates
tumor biology and sensitivity to therapy. It reinforces the idea that CA19-9 and imaging
are measuring related, but not identical, aspects of tumor progression.

The integrated understanding of how radiological imaging and CA19-9 correlate has
several practical implications. First, it allows for earlier assessment of treatment efficacy.
A significant CA19-9 decline within the first 4-8 weeks of therapy can provide early
reassurance to the patient and clinician, whereas a failure to decline or a rise in CA19-9 can
trigger an earlier re-evaluation of the treatment plan. Second, it opens the door to more
rational and cost-effective surveillance strategies. The financial burden of cancer care is
substantial, and imaging studies are a major contributor. The pilot data from Hahn et al.
(2023) [15] provides a rationale for future prospective studies to test an imaging-sparing
strategy, where patients with a stable or declining CA19-9 might undergo less frequent
CT scans, reducing costs and radiation exposure without compromising care. Third, the
prognostic stratification afforded by CA19-9 kinetics and quantitative modelling can help
in patient counselling and the design of clinical trials, allowing for the enrichment of study
populations or the use of CA19-9 response as an early endpoint [93].

This integrated approach is not without limitations. The inherent biological con-
straints of CA19-9, particularly its absence in Lewis-negative individuals and its con-
founding by hyperbilirubinemia, false positives through inflammation and bile duct ob-
struction/cholestasis must always be considered. There is also a need to standardize
the definition of a “CA19-9 response,” with various studies using different thresholds
for decline.

4.3. CA19-9 Paired with FUT Gene Test

Recent research has investigated the role of fucosyltransferases (FUTs) in enhancing the
diagnostic accuracy of CA19-9, revealing a promising approach with significant potential.
Although not yet clinically implemented due to the need for extensive validation, this
strategy holds the promise of transforming CA19-9 into a more reliable and personalized
diagnostic tool. FUTs play a pivotal role in CA19-9 biosynthesis [94]. The final steps are
controlled by two key enzymes: the FUT3 enzyme (Lewis enzyme) and the FUT2 enzyme
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(Secretor enzyme). FUT3 is directly responsible for creating the Lea precursor, while FUT2
competes for the same substrate to produce the H antigen, a precursor for the ABO blood
group antigens. The functional status of the genes encoding these two enzymes, FUT3 and
FUT2, therefore dictates an individual’s innate ability to synthesize and secrete CA19-9 and
provides a rationale for the observed inter-individual variations in CA19-9 levels [95-97]:

1.  Lewis-negative (le/le): No functional FUT3. No CA19-9 production;

2. Secretors (Se/Se or Se/se) with functional FUT3: FUT2 and FUT3 compete. “Normal”
CA19-9 production;

3. Non-secretors (se/se) with functional FUT3: No FUT2 competition. All substrate is
available for FUT3, leading to higher baseline CA19-9 levels.

Healthy individuals within specific FUT groups can exhibit varying baseline CA19-9
levels, where higher levels in some groups are not necessarily indicative of disease.

Based on the known biochemistry and analysis of large patient cohorts, four distinct
functional groups were defined, each associated with significantly different CA19-9 levels.
Consequently, rather than applying a single diagnostic threshold, genotype-specific cut-off
values should be considered [98] as summarized in Table 2 below.

Table 2. FUT Groups and Upper Cut-Off Values.

Gene Variant Population Share Cut-Off Value
FUT3-null 10% <3U/mL
FUT-low 34% 349U/mL
FUT-intermediate 34% 41.8U/mL
FUT-high 22% 89.2U/mL

Adapted from Dbouk et al., 2023 [98].

When applying the standard uniform cutoff of <36 U/mL, the test achieved a sensi-
tivity of 68.8% but with a relatively low specificity of 91.4%. This means that nearly 9 out
of every 100 healthy individuals would have a false-positive result, a rate too high for a
screening or early detection setting.

In contrast, when applying the personalized, FUT-stratified cutoffs, the diagnostic
specificity soared to 98.9%, meaning only about 1 in 100 healthy individuals would test
false-positive. Critically, this massive gain in specificity was achieved with almost no loss
in sensitivity, which remained high at 66.7% in the testing set and 65.7% in the validation
set of PDAC cases. Note that these studies are performed in healthy populations and do not
include “false positive assessment” in patients with biliary or pancreatic ductal obstruction.
This remains the major problem in evaluating patients with PDAC.

In high-risk surveillance programs, individuals with a strong family history or genetic
predisposition to PDAC undergo regular imaging. A reliable blood test could serve as a
valuable adjunct. The high specificity (~99%) of the FUT-stratified could minimize the rate
of false-positives that can lead to a cascade of costly and potentially harmful downstream
testing [97].

A personalized CA19-9 interpretation has significant prognostic implications. Prelimi-
nary evidence from a lung cancer study suggests that when preoperative CA19-9 levels
are evaluated using FUT-stratified cutoffs, they have greater power to predict recurrence
and mortality after surgery [99]. This FUT-driven approach has the potential to refine risk
stratification and inform critical therapeutic decisions.

The FUT gene test represents a promising strategy to potentially refine the clinical inter-
pretation of CA19-9. However, it remains experimental, with limited real-world validation,
and no current clinical guidelines recommend routine FUT genotyping. Importantly, while
FUT genotyping may explain false-negative CA19-9 results in Lewis-negative individuals,
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it does not address the most frequent source of false-positive elevations in clinical practice,
namely biliary obstruction. Accordingly, the clinical utility of FUT-based stratification
requires further validation through prospective and multicenter studies involving larger,
more diverse cohorts and real-world clinical applications before it can be adopted for
widespread use.

4.4. €19-9 as a Substitute for CA19-9

A recent study by Kothari et al. (2025) [100] developed an Al-derived electronic tumor
marker, €19-9. This marker, generated from 38 routinely collected serum laboratory values,
is designed to predict expected CA19-9 level, serving as a surrogate for patients with
non-informative CA19-9. The study evaluated the ability of these 38 laboratory values,
determined at diagnosis and after treatment, to predict key clinical outcomes.

A decline in 19-9 of at least 50% and a post-treatment e19-9 < 100 were both predictors
of completing therapy and surgery. In multivariable analysis, a post-treatment €19-9 < 100
was independently associated with 19.3-fold increased odds of completing treatment and
surgery. Furthermore, €19-9 dynamics also predicted development of metastatic disease
prior to surgery. Patients who progressed to metastatic disease experienced a median
increase in €19-9 of 26.4%, while those who did not had a median decrease of 52.7% [100].

The €19-9 marker demonstrated a profound correlation with survival. Patients with
a post-treatment €19-9 < 100 had dramatically improved median OS (60 vs. 16 months).
This prognostic power held even among the subset of patients who successfully underwent
surgery. In multivariable Cox proportional hazards models, a post-treatment e19-9 < 100 is
an independent predictor of improved survival (HR 0.49, p = 0.04) [100].

From a biological standpoint €19-9 does not reflect direct tumor-specific antigen
production, but rather likely captures a systemic host-response, integrating features of
inflammation (e.g., neutrophil-to-lymphocyte ratio), nutritional status (e.g., albumin), and
organ function (e.g., bilirubin, renal function), which collectively paint a more comprehen-
sive picture of a patient’s physiological response to their cancer and its treatment than any
single marker could Accordingly, its correlation with tumor burden is indirect and medi-
ated through the physiological effects of malignancy rather than through tumor-derived
glycan expression [100].

The current evidence supporting e19-9 is derived from a single retrospective study, and
independent external validation is lacking. Although e19-9 requires no specialized testing
beyond routinely collected laboratory data and could be readily integrated into electronic
health record systems, its clinical use remains experimental. Prospective, multicenter
studies are required to confirm its real-world performance, assess any potential bias or
performance drift over time.

Nevertheless, the potential clinical impact is substantial. For patients with non-
informative CA19-9, e19-9 could enable longitudinally monitoring of treatment response,
enabling the kind of adaptive therapy strategies that are currently reserved for CA19-9 pro-
ducers. The primary advantage of €19-9 over other emerging biomarkers is its unparalleled
accessibility and cost-effectiveness.

5. Discussion

The clinical journey of a patient with pancreatic cancer is marked by critical decision
points, from diagnosis and staging to treatment selection and surveillance. Throughout this
journey, both imaging and biomarkers play a pivotal role in guiding management. This
review has synthesized the available body of evidence surrounding CA19-9, highlighting
its dual identity: a sub-optimal biomarker for initial diagnosis but an exceptionally valuable
one for the longitudinal monitoring of established disease.
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Imaging provides the essential anatomical roadmap for staging and assessing re-
sectability, while CA19-9 kinetics offer a dynamic, real-time window into the tumor’s
biological response to therapy. The synergy between the two modalities is evident when
their findings align. A partial response on imaging accompanied by a precipitous drop in
CA19-9 is a clear signal of treatment efficacy. However, it is in the instances of discordance
where the integrated approach is most valuable. As demonstrated by Stemmler et al.
(2003) [69], a falling CA19-9 in the face of stable or even slowly progressing disease on
CT is not a contradictory finding but rather a positive prognostic indicator. It suggests
that while the therapy may not be cytotoxic enough to shrink the bulky, fibrotic tumor
mass, it is effectively controlling the biologically active component of the cancer, leading to
improved survival. Conversely, a rising CA19-9 despite stable imaging is an ominous sign,
often heralding imminent clinical and radiologic progression, and should prompt earlier
imaging, although a change in therapy based on CA19-9 alone cannot be recommended due
to the high rates of CA19-9 elevation in patients with biliary and pancreatic duct anomalies.

This finding is supported by several key studies that concur that “biochemical re-
currence” as detected through changes in CA19 levels precedes “radiological recurrence”
confirmed by imaging with a lead time ranging from 2-6 months [18,57,60,61,63,64,70].
This is significant because it means that although current clinical guidelines do not yet
support this approach, in the future CA19-9 could potentially be used on its own in patients
with stable or declining CA19-9 levels post-treatment or post-operatively [15]. With the
development of the Al-derived e19-9 substitute for CA19-9, individuals incapable of natu-
rally producing CA19-9 can still be given the same level of care as those being monitored
using CA19-9 [100].

The fundamental properties of CA19-9—its correlation with tumor burden and its
rapid production and clearance dynamics—are what make it so effective in the post-
diagnostic setting. Unlike anatomical imaging, which provides static snapshots in time,
serial CA19-9 measurements offer a continuous, real-time assessment of the tumor’s biolog-
ical activity. This allows clinicians to gauge prognostic risk, assess the efficacy of systemic
therapy with greater sensitivity than imaging alone, and detect disease recurrence at its
earliest biochemical stages. The clinical implication is significant: by tracking the trend of
CA19-9, clinicians can make more informed and timely decisions, such as escalating care
for patients with a poor prognostic profile, continuing effective therapy, or switching to a
different regimen at the first sign of treatment failure, potentially before the patient suffers
irreversible clinical decline.

However, it is crucial to acknowledge the limitations of the existing evidence and the
nuances of clinical application. Many studies evaluating CA19-9 are retrospective, and
there is a lack of standardization in the cut-off values used to define a “significant” change
or a “high” level, which can lead to variability in interpretation [101]. In addition, intra-
individual biological variability, and the lack of standardized timing for blood sampling
may introduce further variability in CA19-9 measurements and should be considered when
interpreting longitudinal trends [102]. In routine clinical practice, the interpretation of
dynamic CA19-9 changes must always account for major confounders such as cholestasis,
biliary obstruction, and inflammatory conditions including pancreatitis, all of which can
cause substantial fluctuations independent of tumor burden and significantly limit day-
to-day interpretability. To mitigate these effects CA19-9 levels can be re-evaluated after
biliary decompression, which often leads to a parallel decrease in CA19-9 and bilirubin
levels, unrelated to tumor burden [103]. Establishing a post-drainage baseline provides
a more accurate reference for subsequent tumor-specific monitoring. To further correct
for cholestasis-related distortion without invasive procedures, biochemical normalization
strategies have been proposed, including ratios between CA19-9 and liver enzymes, which
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may help disentangle tumor-related production from obstruction-related elevation [104].
In conclusion, the most prudent clinical practice involves interpreting CA19-9 levels not
in isolation, but as part of a comprehensive assessment that includes the patient’s clinical
status, imaging results, and other laboratory data. The emphasis should always be on the
trend over time rather than on a single absolute value.

This review of available evidence highlights that the limitations of CA19-9 as a di-
agnostic marker have adversely impacted its clinical use, leading to its exclusion as a
registrational endpoint in clinical trials. While the limitations around its use in diagnosis of
PDAC are valid, new technologies are being developed to overcome these limitations. Of
particular interest is the FUT gene test which not only differentiates CA19-9 producers from
non-producers but applies genetically based personalized thresholds that improve CA19-9
diagnostic performance and enhance its established value as a monitoring biomarker [98].
Although the FUT genotype test is not currently available in clinical practice, its potential
to improve diagnostic accuracy by accounting for genetic variability in CA19-9 levels is
driving further research to move toward clinical implementation. Even as research is ongo-
ing on improving the diagnostic performance of CA19-9, there is sufficient and very strong
evidence to support the clinical significance and use of CA19-9 across the care continuum
for PDAC.

The future of biomarker-guided management in PDAC is moving towards person-
alization and integration. The limitations of CA19-9, particularly in the Lewis-negative
population and for early detection, are being actively addressed including through the
development of multi-analyte panels. The integration of CA19-9 with highly specific mark-
ers from liquid biopsies, such as ctDNA and EVs, holds the promise of a new paradigm
in patient care. Such panels could one day provide not only a measure of tumor burden
(from CA19-9) but also real-time information on the tumor’s genetic landscape, resistance
mechanisms, and metastatic potential. Prospective validation of these emerging biomarker
panels in large, well-designed clinical trials is the critical next step to bring them into
routine clinical practice.

6. Conclusions

In the challenging landscape of pancreatic ductal adenocarcinoma management, CA19-
9 remains an imperfect but important tool. Its well-documented limitations for screening
and diagnosis are counterbalanced by its proven utility as a dynamic biomarker for progno-
sis and therapeutic monitoring. The ability of CA19-9 to reflect real-time changes in tumor
activity provides clinicians with a cost-effective and widely accessible means to guide
treatment decisions, predict outcomes, and conduct surveillance for recurrence. These
insights highlight its potential to serve as a timely indicator of disease progression and
therapeutic efficacy in clinical trial research.

Beyond its clinical utility, emerging evidence highlights a broader biological signifi-
cance of CA19-9, reframing it from a passive biomarker to a potential therapeutic target.
While its role as a driver of inflammation and cancer progression is intriguing, the primary
focus remains its role in improving patient care. CA19-9’s dual capacity to inform thera-
peutic strategies and serve as a marker of disease activity ensures its continued relevance
in both clinical settings and research, paving the way for future innovations in pancreatic
cancer management.
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CA19-9 Carbohydrate Antigen 19-9

CEA Carcinoembryonic Antigen

CT Computer Tomography

CTC Circulating Tumor Cells

ctDNA  Circulating Tumor DNA

el9-9 Electronic 19-9

ESMO  European Society of Medical Oncology
EUS Endoscopic Ultrasound

EV Extracellular Vesicle
FUT Fucosyltransferases
LAPC Locally Advanced Pancreatic Cancer
Lea Lewisa Antigen
MRI Magnetic Resonance Imaging
NLR Neutrophil-to-Lymphocyte Ratio
OS Overall Survival
PDAC Pancreatic Ductal Adenocarcinoma
PFS Progression-Free Survival
PPV Positive Predictive Value
ROC Receiver Operator Characteristic
SIRI Systemic Immune-inflammatory Index
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