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Abstract

Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal malignancies, with a poor
prognosis. This poor prognosis is largely attributed to a late-stage diagnosis. Recent advancements in
metabolomics have emerged as a promising avenue for biomarker discovery in PDAC. This systematic review
evaluates the potential of metabolite biomarkers for early detection of PDAC. Four studies meeting the
inclusion criteria were analyzed, encompassing experimental, case-control, and prospective cohort designs.
Key findings include the identification of distinct metabolic subtypes in PDAC with varying sensitivities to
metabolic inhibitors. A biomarker signature comprising nine metabolites plus CA19-9 showed high accuracy
in distinguishing PDAC from chronic pancreatitis, outperforming CA19-9 alone. Another study identified a
five-metabolite signature demonstrating high diagnostic accuracy for pancreatic cancer, differentiating it
from type 2 diabetes mellitus. A two-metabolite model (isoleucine and adrenic acid) showed superior
performance in detecting stage-I PDAC compared to CA19-9. These studies consistently demonstrate altered
metabolic pathways in PDAC patients compared to healthy controls and those with benign pancreatic
conditions. Integrating metabolomic data with other molecular profiling approaches has become a powerful
strategy for improving diagnostic accuracy. However, challenges remain, including the influence of
confounding factors, the need for large-scale validation studies, and the standardization of metabolomic
methods. The potential of artificial intelligence in interpreting complex metabolomic data offers promising
avenues for future research. This review highlights the significant potential of metabolite biomarkers in
early PDAC detection while emphasizing the need for further validation and refinement of these approaches.
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Introduction And Background

Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal malignancies, with a dismal five-
year survival rate of less than 10% [1]. This poor prognosis is largely attributed to the late-stage diagnosis of
the disease, as early-stage PDAC is often asymptomatic or presents with vague, nonspecific symptoms. By
the time most cases are detected, the cancer has typically progressed to an advanced stage, limiting
treatment options and effectiveness. Therefore, there is an urgent need for reliable early detection methods
to improve patient outcomes and survival rates.

In recent years, the field of metabolomics has emerged as a promising avenue for biomarker discovery in
various cancers, including PDAC [2]. Metabolomics involves the comprehensive study of small molecule
metabolites in biological systems, providing a snapshot of cellular processes and physiological states. The
metabolome is highly sensitive to pathological changes, making it an ideal target for identifying potential
biomarkers of early-stage cancer [3].

Several studies have explored the use of metabolite biomarkers for early PDAC detection, focusing on
various biological fluids such as blood, urine, and pancreatic juice. These investigations have revealed
altered metabolic profiles in PDAC patients compared to healthy controls and those with benign pancreatic
conditions. For instance, Mayerle et al. [4] identified a plasma metabolite signature that could distinguish
PDAC from chronic pancreatitis and healthy controls with high accuracy. Similarly, Fukutake et al. [5]
reported a urinary metabolite panel capable of detecting early-stage PDAC with promising sensitivity and
specificity.

The potential advantages of metabolite biomarkers for early PDAC detection are numerous. Firstly,
metabolites represent the end products of cellular processes, reflecting the overall physiological state more
directly than genomic or proteomic markers. Secondly, metabolomic profiling can be performed on easily
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accessible biological fluids, enabling non-invasive screening [6]. Thirdly, advances in analytical
technologies, such as mass spectrometry and nuclear magnetic resonance spectroscopy, have significantly
improved the sensitivity and specificity of metabolite detection.

Despite these promising developments, the field of metabolite biomarkers for early PDAC detection faces
several challenges. These include the heterogeneity of PDAC tumors, the influence of confounding factors
such as diet and medication on metabolomic profiles, and the need for large-scale validation studies.
Additionally, the integration of metabolomic data with other molecular profiling approaches, such as
genomics and proteomics, may be necessary to develop robust, multi-modal early detection strategies [7].

Given the rapidly evolving nature of this field and its potential impact on PDAC management, a
comprehensive review of the current literature is warranted. This systematic review aims to evaluate the
potential of metabolite biomarkers in the early detection of PDAC by synthesizing and critically appraising
the available evidence. We will assess the diagnostic performance of various metabolite biomarkers, examine
the analytical platforms and methodologies employed, and identify knowledge gaps and future research
directions. By consolidating the current state of knowledge on metabolite biomarkers for early PDAC
detection, this review seeks to inform future research efforts and contribute to the development of effective
screening strategies. Ultimately, the goal is to improve early diagnosis rates and, consequently, the prognosis
for patients with this devastating disease.

Review
Materials and methods

This systematic review is designed and reported following PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) and AMSTAR (Assessing the Methodological Quality of Systematic
Reviews) guidelines, ensuring a methodologically rigorous and comprehensive evaluation of the included
studies.

Search Strategy

A thorough and comprehensive literature search was performed in March 2024 across several electronic
databases, including PubMed, the Cochrane Central Register of Controlled Trials (CENTRAL), and
ScienceDirect. The search strategy was meticulously crafted in collaboration with a medical librarian,
utilizing a combination of relevant keywords and subject headings pertinent to "metabolite biomarkers,"
"early detection," and "pancreatic ductal adenocarcinoma." These terms were chosen to encapsulate the
primary focus of the review, ensuring that studies exploring biomarkers for the early detection of PDAC were
comprehensively identified. The search was limited to studies published from the inception of the respective
databases up until February 2024 to include a broad range of historical and contemporary research.
Additionally, manual searches of the reference lists of relevant systematic reviews and the included studies
were conducted to identify further pertinent studies that may have been overlooked in the initial database
search.

Eligibility Criteria

To ensure relevance and quality, studies were deemed eligible for inclusion if they comprised original
research utilizing observational (such as cohort and case-control) or experimental (including randomized
controlled trials and quasi-experimental designs) methodologies. The focus was on studies involving
patients diagnosed with PDAC. Crucially, eligible studies are needed to assess metabolites as potential
biomarkers for the early detection of this type of cancer. Studies were required to report quantitative data
demonstrating the association between metabolite biomarkers and early detection of PDAC. Studies were
excluded if they concentrated on biomarkers for conditions other than PDAC, were limited to animal models
without corresponding human data, or were categorized as case reports, reviews, editorials, or
commentaries. Furthermore, only studies published in English were considered to maintain consistency in
the language of the research being reviewed.

Study Selection

The process of study selection was rigorous and systematic. Initially, two independent reviewers screened
the titles and abstracts of all records retrieved from the literature search to identify potentially eligible
studies. This initial screening was critical in filtering out studies that clearly did not meet the eligibility
criteria. Following this, full-text versions of all potentially relevant records were obtained and subjected to a
detailed assessment by the same two reviewers. Each study was carefully evaluated against the predefined
eligibility criteria. Any discrepancies between the reviewers regarding study inclusion were resolved through
discussion and, if necessary, by consulting a third reviewer to reach a consensus. This multi-step selection
process was designed to minimize bias and ensure that only the most relevant and high-quality studies were
included in the review.
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Data Extraction

Data extraction was carried out systematically to ensure the consistency and accuracy of the information
gathered from each included study. One reviewer used a standardized data extraction form to collect
detailed information from each study, including study characteristics (such as author, year of publication,
country, and study design), biomarkers studied, and reported outcomes. This form was designed to capture
all relevant data necessary for a thorough analysis of the included studies. After the initial extraction, a
second reviewer checked the extracted data for accuracy and completeness, ensuring that any discrepancies
or errors were identified and corrected. This dual-review process was implemented to enhance the reliability
of the data extraction and to ensure that the synthesis of the studies would be based on accurate and
comprehensive data. By adhering to these rigorous methods, this systematic review aims to provide a robust
and comprehensive synthesis of the evidence on metabolite biomarkers for the early detection of PDAC.

Results

Study Selection Process

Our comprehensive database search initially identified 47 articles. After removing 10 duplicates, we
screened the titles and abstracts of the remaining 37 publications. This initial screening led to the selection
of seven potentially relevant studies, which underwent full-text review for eligibility assessment. Following
this thorough evaluation, four articles met our predefined inclusion criteria and were included in the final
analysis. A manual search of the reference lists of these selected articles did not yield any additional eligible
studies. The entire selection process is illustrated in the PRISMA flowchart (Figure I).

Identification of new studies via databases and registers

c
o
§ Records identified from: Records removed before screening:
:'E Databases (n =47) Duplicate records (n = 10)
3
Records screened Records excluded
(n=37) (n=13)
2 , .
s Reports sought for retrieval Reports not retrieved
§ (n =24) (n=17)
Reports assessed for eligibility Reports excluded:
(n=7) (n=3)
3 New studies included in review
©
-8 (n=4)
£

FIGURE 1: PRISMA diagram illustrating the study selection process.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

This systematic review included four studies that investigated metabolite biomarkers for the early detection
or characterization of PDAC. The studies were published between 2015 and 2022 in high-impact journals,
including Proceedings of the National Academy of Sciences (PNAS), Gut, International Journal of
Endocrinology, and Frontiers in Oncology. The research designs varied across studies, encompassing
experimental, case-control, and prospective cohort approaches (Table I).

2024 Eze-odurukwe et al. Cureus 16(11): €74528. DOI 10.7759/cureus.74528 30f9


javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1115428/lightbox_1d6f02c041e711ef93ca792009075db5-prisma-metabolite-PDAC.png
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Author

Daemen

etal. [8]

Mayerle
etal. [4]

Xu et al.
[9]

Cao et
al. [10]

TABLE 1: Summary of the main findings of the included studies.

Study Title

Metabolite
profiling stratifies
pancreatic ductal
adenocarcinomas
into subtypes
with distinct
sensitivities to
metabolic

inhibitors

Metabolic
biomarker
signature to
differentiate
pancreatic ductal
adenocarcinoma
from chronic

pancreatitis

Metabolomics
Identifies
Biomarker
Signatures to
Differentiate
Pancreatic
Cancer from
Type 2 Diabetes
Mellitus in Early

Diagnosis

Potential
Metabolite

Biomarkers for

Early Detection of

Stage-|
Pancreatic Ductal

Adenocarcinoma

Biomarker(s)
Studied

Journal Year Study Type Sample Size

Proceedings

of the Twenty-hundred
National and fifty-six
2015 Experimental 38
Academy of metabolites, gene
Sciences expression
(PNAS)
Metabolomic
profiles of 477
metabolites
914 (271 with "
identified by gas
PDAC, 282
chromatography—
with CP, 100
mass
with liver
spectrometry and
cirrhosis, 261 o
Gut 2017  Case-control liquid
healthy and
chromatography—
non-
. tandem mass
pancreatic
spectrometry. The
disease
final biomarker
controls) . .
signature included
nine metabolites
plus CA19-9
Metabolites
detected by ultra-
Seventy-six performance liquid
participants chromatography
International (26 PC coupled with
Journal of 2021 Case-control patients, 27 tandem mass
Endocrinology DM patients, spectrometry,
23 healthy including:
volunteers) LysoPCs, FAs,
peptides, and
other metabolites
Ninety serum
samples (28
stage-|
PDAC, 62
healthy
controls) and  Serum and tissue
Frontiers in Prospective
2022 53 tissue metabolites,
Oncology Cohort
samples (13 CA19-9
stage-|
PDAC, 40
distal
noncancerous
tissues)

Main Findings

Identified three metabolic subtypes in PDAC: slow
proliferating, glycolytic, and lipogenic. The glycolytic
subtype was sensitive to inhibitors of glycolysis,
glutamine metabolism, and redox balance. The
lipogenic subtype was sensitive to inhibitors of lipid
synthesis. Glycolytic subtype associated with
mesenchymal features, lipogenic with epithelial
features. Metabolic subtypes and sensitivities to
metabolic inhibitors validated in ~200 non-PDAC cell

lines.

The biomarker signature distinguished PDAC from CP
with high accuracy: (a) Training set: AUC 0.96,
sensitivity 94.9%, specificity 85% (b) Test set: AUC
0.94, sensitivity 89.9%, specificity 91.3%. Performed
significantly better than CA19-9 alone. Detected 98% of
resectable PCs. Reduced false positives from 23% with
CA19-9 to 9% with the biomarker signature. Reduced
false negatives from 25% with CA19-9 to 11% with the

biomarker signature

Identified 16 differential metabolite ions between PC
patients and healthy controls, highlighting 4 (lysoPC
16:0, lysoPC 16:1, lysoPC 22:6, lysoPC 20:3) that could
distinguish pancreatic cancer from DM. A biomarker
signature of five metabolites (lysoPC 16:0, catelaidic
acid, cerebronic acid, nonadecanetriol, asparaginyl-
histidine) demonstrated high diagnostic accuracy for
pancreatic cancer, with 89% sensitivity and 91%
specificity. This metabolite biomarker signature
outperformed CA19-9 in differentiating pancreatic
cancer from DM, offering potential biomarkers for early

diagnosis and differentiation from DM.

A 2-metabolite model (isoleucine and adrenic acid) was
constructed for detecting stage-I PDAC. The model
showed better diagnostic performance (AUC = 0.93 in
the discovery set, 0.90 in the validation set) than CA19-
9 (AUC = 0.79). The combined model of 2 metabolites
and CA19-9 showed the best performance (AUC = 0.95

in the discovery set, 0.97 in the validation set).

PDAC: Pancreatic ductal adenocarcinoma; CP: chronic pancreatitis; PC: pancreatic cancer; DM: diabetes mellitus; lysoPC: lysophosphatidylcholine

Daemen et al. [8] conducted an experimental study published in PNAS, focusing on metabolite profiling to
stratify PDAC into subtypes. They analyzed 38 samples, examining 256 metabolites and gene expression
patterns. This comprehensive approach led to the identification of three distinct metabolic subtypes in
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Study

Daemen et al. [8]
Mayerle et al. [4]
Xu et al. [9]

Cao et al. [10]

PDAC: slow-proliferating, glycolytic, and lipogenic. Each subtype showed unique sensitivities to metabolic
inhibitors. The glycolytic subtype demonstrated sensitivity to inhibitors of glycolysis, glutamine
metabolism, and redox balance, while the lipogenic subtype was sensitive to lipid synthesis inhibitors.
Interestingly, the glycolytic subtype was associated with mesenchymal features, whereas the lipogenic
subtype exhibited epithelial characteristics. The researchers validated these metabolic subtypes and their
sensitivities to metabolic inhibitors in approximately 200 non-PDAC cell lines, reinforcing the broader
applicability of their findings.

Mayerle et al. [4] published a case-control study in the gut that aimed to develop a metabolic biomarker
signature to differentiate PDAC from chronic pancreatitis (CP). This large-scale study included 914
participants: 271 with PDAC, 282 with CP, 100 with liver cirrhosis, and 261 healthy and non-pancreatic
disease controls. The researchers analyzed the metabolomic profiles of 477 metabolites using advanced
techniques such as gas chromatography-mass spectrometry and liquid chromatography-tandem mass
spectrometry. Their final biomarker signature comprised nine metabolites plus CA19-9. This signature
showed impressive diagnostic accuracy in distinguishing PDAC from CP, with area under the curve (AUC)
values of 0.96 and 0.94 in the training and test sets, respectively. Notably, the biomarker signature
outperformed CA19-9 alone, detecting 98% of resectable pancreatic cancer and significantly reducing both
false positives and false negatives compared to CA19-9.

Xu et al. [9] conducted a case-control study published in the International Journal of Endocrinology,
focusing on identifying biomarker signatures to differentiate pancreatic cancer from type 2 diabetes mellitus
(DM) in early diagnosis. The study included 76 participants: 26 pancreatic cancer patients, 27 DM patients,
and 23 healthy volunteers. Using ultra-performance liquid chromatography coupled with tandem mass
spectrometry, they detected various metabolites, including lysophosphatidylcholines (lysoPCs), fatty acids
(FAs), peptides, and other metabolites. The researchers identified 16 differential metabolite ions between
pancreatic cancer patients and healthy controls, highlighting four lysoPCs (16:0, 16:1, 22:6, and 20:3) that
could distinguish pancreatic cancer from DM. A biomarker signature comprising five metabolites (lysoPC
16:0, catelaidic acid, cerebronic acid, nonadecanetriol, and asparaginyl-histidine) demonstrated high
diagnostic accuracy for pancreatic cancer, with 89% sensitivity and 91% specificity. This metabolite
biomarker signature outperformed CA19-9 in differentiating pancreatic cancer from DM, offering the
potential for early diagnosis and differentiation from DM.

Cao et al. [10] published a prospective cohort study in Frontiers in Oncology, investigating potential
metabolite biomarkers for early detection of stage-I PDAC. The study analyzed 90 serum samples (28 stage-I
PDAC, 62 healthy controls) and 53 tissue samples (13 stage-I1 PDAC, 40 distal noncancerous tissues). The
researchers constructed a two-metabolite model (isoleucine and adrenic acid) for detecting stage-I PDAC.
This model demonstrated superior diagnostic performance (AUC = 0.93 in the discovery set, 0.90 in the
validation set) compared to CA19-9 (AUC = 0.79). Combining the two-metabolite model with CA19-9 yielded
the best performance (AUC = 0.95 in the discovery set, 0.97 in the validation set), highlighting the potential
of this approach for early PDAC detection.

Quality Assessment

The methodological quality of the four included studies was evaluated using standardized assessment tools
appropriate for their respective study designs. The experimental study by Daemen et al. was assessed using
an adapted version of the Cochrane Risk of Bias Tool, while the case-control and cohort studies were
evaluated using the Newcastle-Ottawa Scale (NOS). Overall, the studies demonstrated good methodological
quality, with scores ranging from 7 to 8 out of 9 stars on the NOS for the observational studies, and a rating
of good quality for the experimental study (Table 2).

Study Design Quality Assessment Tool Score/Rating
Experimental Adapted Cochrane Risk of Bias Tool Good quality
Case-control Newcastle-Ottawa Scale 8/9 stars
Case-control Newcastle-Ottawa Scale 7/9 stars
Prospective cohort Newcastle-Ottawa Scale 8/9 stars

TABLE 2: Quality assessment table of the included studies.

Daemen et al. showed strengths in its comprehensive metabolite profiling and use of diverse PDAC cell lines,
with low risk of selection, detection, and reporting biases [8]. However, there was some unclear risk of
performance bias due to limited details on metabolic inhibitor treatments. Mayerle et al. scored highly (8/9
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stars) on the NOS, benefiting from a large sample size and validation in an independent cohort [4]. Its main
limitation was the lack of reported non-response rate. Xu et al. received 7/9 stars on the NOS, with its
strength lying in the comparison of PDAC with both healthy controls and diabetes patients [9]. However, it
was limited by a relatively small sample size and unclear control selection process. Cao et al. scored 8/9 stars
on the NOS, with notable strengths in its focus on stage-I PDAC and use of both serum and tissue samples,
though it was unclear if additional factors were controlled for beyond the primary variables of interest [10].

Common limitations across studies included relatively small sample sizes (with the exception of Mayerle et
al.) and potential selection bias due to single-center designs. The lack of standardization in metabolomic
techniques across studies also presents a challenge for direct comparisons. Despite these limitations, the
consistent findings across studies with different designs and populations strengthen the overall evidence for
the potential of metabolite biomarkers in early PDAC detection. Future large-scale, multi-center studies
with standardized metabolomic protocols would further enhance the quality of evidence in this field.

Discussion

This systematic review evaluates the potential of metabolite biomarkers for early detection of PDAC.
Analysis of four key studies reveals promising avenues for metabolomic-based screening strategies while
also highlighting challenges and areas for future research.

A significant finding across the studies is the consistent alteration of specific metabolic pathways in PDAC
patients compared to healthy controls and those with benign pancreatic conditions. A biomarker signature
comprising nine metabolites plus CA19-9 showed high accuracy in distinguishing PDAC from chronic
pancreatitis, outperforming CA19-9 alone [4]. This signature's ability to detect 98% of resectable pancreatic
cancer while reducing false positives and negatives underscores the potential of metabolite biomarkers in
early PDAC detection. These findings align with other research identifying panels of metabolites associated
with future pancreatic cancer risk in large prospective cohort studies [11]. Integrating metabolomic data
with other molecular profiling approaches has emerged as a powerful strategy for improving diagnostic
accuracy. Combining metabolite profiling with gene expression analysis can stratify PDAC into distinct
metabolic subtypes with varying sensitivities to metabolic inhibitors [8]. This multi-omics approach
addresses the heterogeneity of PDAC and offers a more comprehensive screening method. Integrating
metabolomics with transcriptomics and proteomics provides deeper insights into PDAC biology and
potential therapeutic targets [12].

Recent studies have highlighted the potential of metabolite biomarkers in differentiating PDAC from type 2
diabetes mellitus, a significant finding given the increased risk of PDAC in diabetic patients [9]. A five-
metabolite signature demonstrated high diagnostic accuracy, offering a potential solution to distinguishing
new-onset diabetes due to PDAC from type 2 diabetes. This work is further supported by research identifying
distinct metabolic signatures in pancreatic cancer-associated diabetes, providing additional biomarkers for
early detection [13].

Research on early detection of stage-1 PDAC is up-and-coming. A two-metabolite model (isoleucine and
adrenic acid) showed superior performance in detecting stage-I PDAC compared to CA19-9 [10]. This finding
is crucial, as early detection remains the most effective strategy for improving PDAC outcomes. The
importance of early detection is further emphasized by studies demonstrating that metabolomic profiling
could detect pancreatic cancer up to 60 months before clinical diagnosis [14].

However, several challenges remain in translating these findings into clinical practice. The influence of
confounding factors such as diet, medication, and comorbidities on metabolomic profiles presents a
significant hurdle. Standardizing pre-analytical procedures and considering these confounding factors in
study designs is crucial [15]. Future studies must address these confounders to ensure reproducibility and
clinical applicability. Standardized workflows for metabolomics studies in epidemiology have been
proposed, which could be adapted for PDAC research to improve consistency and reliability [16]. The
analytical platforms used for metabolomic profiling have evolved significantly, with recent advancements in
mass spectrometry techniques expanding the depth and breadth of metabolite detection. However,
standardization of metabolomic methods across different laboratories remains a challenge. Consistent
protocols and data reporting are needed to facilitate large-scale validation studies and clinical
implementation [17,18].

Recent advancements in artificial intelligence and machine learning offer new avenues for interpreting
complex metabolomic data in PDAC detection. These computational approaches have the potential to
enhance the sensitivity and specificity of metabolite-based screening tools by identifying novel metabolite
patterns that traditional statistical methods might overlook [19,20]. Future research should focus on
validating these biomarker signatures in diverse populations, exploring their performance in high-risk
individuals, and evaluating their cost-effectiveness in large-scale screening programs. Integrating
metabolomics with other emerging technologies, such as liquid biopsies and circulating tumor DNA analysis,
may further enhance early detection strategies for PDAC [21,22].
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Additionally, investigating the role of the tumor microenvironment and its metabolic interactions could
provide new insights into PDAC progression and potential therapeutic targets. Understanding metabolic
reprogramming in PDAC is crucial for developing more effective diagnostic and treatment strategies [23,24].
The gut microbiome's influence on PDAC development and progression is an emerging area of research that
could impact metabolite biomarker discovery. Gut microbiome modulation could enhance the efficacy of
immunotherapy in PDAC, suggesting potential microbial metabolites as biomarkers [25]. This line of
investigation opens up new possibilities for integrating microbiome data with metabolomics for improved
PDAC detection and management.

Furthermore, the role of extracellular vesicles (EVs) in PDAC progression and their potential as a source of
metabolite biomarkers is gaining attention. EVs derived from pancreatic cancer cells carry distinct metabolic
signatures that could be exploited for early detection [26]. Integrating EV metabolomics with other
biomarker approaches could provide a more comprehensive and sensitive screening strategy for PDAC.
Lastly, the application of metabolomics in monitoring treatment response and predicting outcomes in PDAC
patients is an important area for future research. Serum metabolomic profiles could predict survival in
pancreatic cancer patients undergoing treatment [27]. Such approaches could not only aid in early detection
but also personalized treatment strategies and prognosis assessment.

It is important to acknowledge several limitations in the current body of research. The studies reviewed had
relatively small sample sizes, which may limit the generalizability of their findings. Additionally, most
studies were conducted in single centers or specific populations, potentially introducing selection bias. The
lack of standardization in metabolomic techniques across studies makes direct comparisons challenging.
Furthermore, the influence of confounding factors such as diet, medication, and comorbidities on metabolic
profiles was not consistently addressed across all studies.

Implementing metabolite-based screening strategies for PDAC could have significant economic implications.
While the initial costs of developing and implementing these technologies may be substantial, the potential
for earlier detection and intervention could lead to considerable long-term cost savings in healthcare. Early-
stage PDAC is more amenable to curative treatments, potentially reducing the need for expensive palliative
care associated with late-stage disease. However, comprehensive cost-effectiveness analyses are needed to
fully understand the economic impact of these screening strategies.

To summarize, metabolite biomarkers show significant promise for the early detection of PDAC. While
challenges remain, ongoing advancements in analytical technologies, bioinformatics, and our
understanding of cancer metabolism continue to drive the field forward. The integration of metabolomics
with other emerging technologies and multi-omics approaches offers exciting possibilities for improving
PDAC detection and management. As research progresses, metabolite-based screening strategies have the
potential to significantly improve early detection rates for PDAC, ultimately leading to better patient
outcomes in this devastating disease. However, continued research addressing current limitations, economic
considerations, and ethical implications is crucial for the successful translation of these promising findings
into clinical practice.

Conclusions

This systematic review underscores the promising potential of metabolite biomarkers for early detection of
PDAC. The studies analyzed consistently demonstrate altered metabolic profiles in PDAC patients, offering
new avenues for non-invasive screening strategies. Metabolite signatures, either alone or in combination
with existing biomarkers like CA19-9, have shown improved diagnostic accuracy compared to traditional
methods. However, several challenges remain before these findings can be translated into clinical practice.
These include the need for large-scale, prospective validation studies, standardization of metabolomic
methods, and consideration of confounding factors such as diet and comorbidities. The integration of
metabolomics with other molecular profiling approaches and advanced technologies like artificial
intelligence presents exciting opportunities for enhancing diagnostic accuracy. Future research should focus
on validating these biomarker signatures in diverse populations, exploring their performance in high-risk
individuals, and evaluating their cost-effectiveness in large-scale screening programs. As the field
progresses, metabolite biomarkers hold the potential to significantly improve early detection rates for PDAC,
ultimately leading to better patient outcomes in this devastating disease.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Muhammad Kamran, Anthony Eze-odurukwe, Lois
Ayinla, Ramsha Shahid, Nabila N. Anika

Drafting of the manuscript: Muhammad Kamran, Abdur Rehman, Anthony Eze-odurukwe, Amarachi L.

2024 Eze-odurukwe et al. Cureus 16(11): e74528. DOI 10.7759/cureus.74528 7 of 9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Ugwuoru , Ramsha Shahid, Muzafar Mansoor, Nabila N. Anika
Concept and design: Abdur Rehman, Anthony Eze-odurukwe, Amarachi L. Ugwuoru , Muzafar Mansoor

Critical review of the manuscript for important intellectual content: Anthony Eze-odurukwe, Lois
Ayinla

Supervision: Anthony Eze-odurukwe

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A: Cancer Statistics, 2021. CA Cancer J Clin. 2021, 71:7-33.
10.3322/caac.21654
2. Wishart DS: Emerging applications of metabolomics in drug discovery and precision medicine . Nat Rev
Drug Discov. 2016, 15:473-84. 10.1038/nrd.2016.32
3. Beger RD: A review of applications of metabolomics in cancer . Metabolites. 2013, 3:552-74.
10.3390/metabo3030552
4. Mayerle J, Kalthoff H, Reszka R, et al.: Metabolic biomarker signature to differentiate pancreatic ductal
adenocarcinoma from chronic pancreatitis. Gut. 2018, 67:128-37. 10.1136/gutjnl-2016-312432
5. Fukutake N, Ueno M, Hiraoka N, et al.: A novel multivariate index for pancreatic cancer detection based on
the plasma free amino acid profile. PLoS One. 2015, 10:e0132223. 10.1371/journal.pone.0132223
6. ChengY, Xie G, Chen T, et al.: Distinct urinary metabolic profile of human colorectal cancer. ] Proteome
Res. 2012, 11:1354-63. 10.1021/pr201001a
7. Mayers JR, Wu C, Clish CB, et al.: Elevation of circulating branched-chain amino acids is an early event in
human pancreatic adenocarcinoma development. Nat Med. 2014, 20:1193-8. 10.1038/nm.3686
8. Daemen A, Peterson D, Sahu N, et al.: Metabolite profiling stratifies pancreatic ductal adenocarcinomas into
subtypes with distinct sensitivities to metabolic inhibitors. Proc Natl Acad Sci U S A. 2015, 112:E4410-7.
10.1073/pnas.1501605112
9. XuH, Zhang L, Kang H, Liu ], Zhang ], Zhao ], Liu S: Metabolomics identifies biomarker signatures to
differentiate pancreatic cancer from type 2 diabetes mellitus in early diagnosis. Int ] Endocrinol. 2021,
2021:9990768. 10.1155/2021/9990768
10. CaoY, Zhao R, GuoK, et al.: Potential metabolite biomarkers for early detection of stage-I pancreatic ductal
adenocarcinoma. Front Oncol. 2021, 11:744667. 10.3389/fonc.2021.744667
11.  Fest], Vijthuizen LS, Goeman J], et al.: Search for early pancreatic cancer blood biomarkers in five European
prospective population biobanks using metabolomics. Endocrinology. 2019, 160:1731-42. 10.1210/en.2019-
00165
12. Karasinska JM, Topham JT, Kalloger SE, et al.: Altered gene expression along the glycolysis-cholesterol
synthesis axis is associated with outcome in pancreatic cancer. Clin Cancer Res. 2020, 26:135-46.
10.1158/1078-0432.CCR-19-1543
13.  Sharma A, Smyrk TC, Levy MJ, Topazian MA, Chari ST: Fasting blood glucose levels provide estimate of
duration and progression of pancreatic cancer before diagnosis. Gastroenterology. 2018, 155:490-500.e2.
10.1053/j.gastro.2018.04.025
14.  Al-Shaheri FN, Alhamdani MS, Bauer AS, Giese N, Biichler MW, Hackert T, Hoheisel ]D: Blood biomarkers
for differential diagnosis and early detection of pancreatic cancer. Cancer Treat Rev. 2021, 96:102193.
10.1016/j.ctrv.2021.102193
15.  Dunn WB, Broadhurst DI, Atherton HJ, Goodacre R, Griffin JL: Systems level studies of mammalian
metabolomes: the roles of mass spectrometry and nuclear magnetic resonance spectroscopy. Chem Soc Rev.
2011, 40:387-426. 10.1039/b906712b
16.  Scalbert A, Brennan L, Manach C, et al.: The food metabolome: a window over dietary exposure . Am J Clin
Nutr. 2014, 99:1286-308. 10.3945/ajcn.113.076133
17.  Spicer R, Salek RM, Moreno P, Cafiueto D, Steinbeck C: Navigating freely-available software tools for
metabolomics analysis. Metabolomics. 2017, 13:106. 10.1007/s11306-017-1242-7
18. Emwas AH, Roy R, McKay RT, et al.: NMR spectroscopy for metabolomics research . Metabolites. 2019,
9:10.3390/metabo9070123
19. Beger RD, Dunn W, Schmidt MA, et al.: Metabolomics enables precision medicine: ‘A White Paper,
Community Perspective’. Metabolomics. 2016, 12:149. 10.1007/s11306-016-1094-6
20. Peiris-Pageés M, Martinez-Outschoorn UE, Pestell RG, Sotgia F, Lisanti MP: Cancer stem cell metabolism.
Breast Cancer Res. 2016, 18:55. 10.1186/s13058-016-0712-6
21. Cohen]D, Li L, WangV, et al.: Detection and localization of surgically resectable cancers with a multi-
analyte blood test. Science. 2018, 359:926-30. 10.1126/science.aar3247
22. Bettegowda C, Sausen M, Leary R], et al.: Detection of circulating tumor DNA in early- and late-stage
human malignancies. Sci Transl Med. 2014, 6:224ra24. 10.1126/scitranslmed.3007094
23.  Halbrook CJ, Lyssiotis CA: Employing metabolism to improve the diagnosis and treatment of pancreatic

2024 Eze-odurukwe et al. Cureus 16(11): €74528. DOI 10.7759/cureus.74528 8of9


https://dx.doi.org/10.3322/caac.21654
https://dx.doi.org/10.3322/caac.21654
https://dx.doi.org/10.1038/nrd.2016.32
https://dx.doi.org/10.1038/nrd.2016.32
https://dx.doi.org/10.3390/metabo3030552
https://dx.doi.org/10.3390/metabo3030552
https://dx.doi.org/10.1136/gutjnl-2016-312432
https://dx.doi.org/10.1136/gutjnl-2016-312432
https://dx.doi.org/10.1371/journal.pone.0132223
https://dx.doi.org/10.1371/journal.pone.0132223
https://dx.doi.org/10.1021/pr201001a
https://dx.doi.org/10.1021/pr201001a
https://dx.doi.org/10.1038/nm.3686
https://dx.doi.org/10.1038/nm.3686
https://dx.doi.org/10.1073/pnas.1501605112
https://dx.doi.org/10.1073/pnas.1501605112
https://dx.doi.org/10.1155/2021/9990768
https://dx.doi.org/10.1155/2021/9990768
https://dx.doi.org/10.3389/fonc.2021.744667
https://dx.doi.org/10.3389/fonc.2021.744667
https://dx.doi.org/10.1210/en.2019-00165
https://dx.doi.org/10.1210/en.2019-00165
https://dx.doi.org/10.1158/1078-0432.CCR-19-1543
https://dx.doi.org/10.1158/1078-0432.CCR-19-1543
https://dx.doi.org/10.1053/j.gastro.2018.04.025
https://dx.doi.org/10.1053/j.gastro.2018.04.025
https://dx.doi.org/10.1016/j.ctrv.2021.102193
https://dx.doi.org/10.1016/j.ctrv.2021.102193
https://dx.doi.org/10.1039/b906712b
https://dx.doi.org/10.1039/b906712b
https://dx.doi.org/10.3945/ajcn.113.076133
https://dx.doi.org/10.3945/ajcn.113.076133
https://dx.doi.org/10.1007/s11306-017-1242-7
https://dx.doi.org/10.1007/s11306-017-1242-7
https://dx.doi.org/10.3390/metabo9070123
https://dx.doi.org/10.3390/metabo9070123
https://dx.doi.org/10.1007/s11306-016-1094-6
https://dx.doi.org/10.1007/s11306-016-1094-6
https://dx.doi.org/10.1186/s13058-016-0712-6
https://dx.doi.org/10.1186/s13058-016-0712-6
https://dx.doi.org/10.1126/science.aar3247
https://dx.doi.org/10.1126/science.aar3247
https://dx.doi.org/10.1126/scitranslmed.3007094
https://dx.doi.org/10.1126/scitranslmed.3007094
https://dx.doi.org/10.1016/j.ccell.2016.12.006

Cureus

Part of SPRINGER NATURE

24.

25.

26.

27.

cancer . Cancer Cell. 2017, 31:5-19. 10.1016/j.ccell.2016.12.006

Auciello FR, Bulusu V, Oon C, et al.: A stromal lysolipid-autotaxin signaling axis promotes pancreatic tumor
progression. Cancer Discov. 2019, 9:617-27. 10.1158/2159-8290.CD-18-1212

Pushalkar S, Hundeyin M, Daley D, et al.: The pancreatic cancer microbiome promotes oncogenesis by
induction of innate and adaptive immune suppression. Cancer Discov. 2018, 8:403-16. 10.1158/2159-
8290.CD-17-1134

Mayr M, Sidibe A, Zampetaki A: The paradox of hypoxic and oxidative stress in atherosclerosis . ] Am Coll
Cardiol. 2008, 51:1266-7. 10.1016/j.jacc.2008.01.005

Battini S, Faitot F, Imperiale A, et al.: Metabolomics approaches in pancreatic adenocarcinoma: tumor
metabolism profiling predicts clinical outcome of patients. BMC Med. 2017, 15:56. 10.1186/s12916-017-
0810-z

2024 Eze-odurukwe et al. Cureus 16(11): €74528. DOI 10.7759/cureus.74528

90f9


https://dx.doi.org/10.1016/j.ccell.2016.12.006
https://dx.doi.org/10.1158/2159-8290.CD-18-1212
https://dx.doi.org/10.1158/2159-8290.CD-18-1212
https://dx.doi.org/10.1158/2159-8290.CD-17-1134
https://dx.doi.org/10.1158/2159-8290.CD-17-1134
https://dx.doi.org/10.1016/j.jacc.2008.01.005
https://dx.doi.org/10.1016/j.jacc.2008.01.005
https://dx.doi.org/10.1186/s12916-017-0810-z
https://dx.doi.org/10.1186/s12916-017-0810-z

	Metabolite Biomarkers for Early Detection of Pancreatic Ductal Adenocarcinoma: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Materials and methods
	Results
	FIGURE 1: PRISMA diagram illustrating the study selection process.
	TABLE 1: Summary of the main findings of the included studies.
	TABLE 2: Quality assessment table of the included studies.

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


