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Abstract 

Background  Early, non-invasive identification can generally enhance the survival rate for asymptomatic pancreatic 
cancer (PC). This systematic review and meta-analysis is conducted to evaluate the precision of diagnosing PC using 
serum and duodenal fluid exosomes.

Methods  Following the guidelines of PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses), 
searches were conducted in the PubMed, Embase, Cochrane Library, and Web of Science databases in April 2024. 
A study was considered appropriate if it provided diagnostic precision and accuracy for patients with pancreatic 
cancer. The combined diagnostic impact was assessed by calculating the area beneath the aggregated SROC curve, 
and the quality of the studies included was evaluated using the QUADAS-2 checklist. All statistical evaluations 
and graphical representations utilized STATA 14.0.

Results  Employing the terms “exosomes” and “pancreatic cancer” along with the search methodology, research 
was conducted across PubMed, Web of Science, Cochrane, and Embase databases. A total of 1202 studies were 
extracted from the databases, out of which nine were ultimately selected based on specific inclusion and exclu-
sion standards. Across eight studies, exosomes were isolated from serum, while in a different one, they were taken 
from duodenal fluid. This document conducts subgroup analyses focusing on various types of exosome biomarkers, 
their origins, isolation techniques, and methods for analyzing biomarkers. Within the subset of exosome biomarker 
types, the group with exosomal cell surface proteoglycan exhibited the greatest combined sensitivity (0.96 (95% 
CI = 0.81–0.99) and specificity (0.90 (95% CI = 0.83–0.95)). Additionally, the set of exosomal cell surface proteo-
glycans showed the highest aggregated diagnostic ratio (215.92), combined positive likelihood ratio (9.96), area 
under the curve (0.93), and kombiniertes negative Likelihood-Ratio (0.05). The combined sensitivity of serum-derived 
exosomes stood at (0.86 (95% CI = 0.77–0.92)), the collective specificity at (0.83 (95% CI = 0.77–0.89)), the aggre-
gate positive likelihood ratio at (5.22), the combined diagnostic ratio at (31.48), the overall area beneath the curve 
at (0.91), and the combined negative likelihood ratio at (0.17). Within the subgroup examination of exosome isola-
tion techniques, ultracentrifugation emerged as the most sensitive method (0.90 (95% CI = 0.74–0.97)), the most 
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specific method (0.89 (95% CI = 0.83–0.93)), the top positive likelihood ratio (8.35), the highest diagnostic ratio (76.48), 
the largest combined curve area (0.92), and the smallest negative likelihood ratio (0.11) in the aggregated data. 
Within the subset of biomarker analysis methods, the aggregate sensitivity via qRT-PCR was (0.84 (95% CI = 0.74–
0.90)), the collective specificity (0.78 (95% CI = 0.64–0.87)), the aggregate diagnostic ratio (18.11), the aggregate area 
under the curve (0.88), the aggregate positive likelihood ratio (3.77), and the combined negative likelihood ratio (0.21).

Conclusion  Overall, exosomes are still valuable in the diagnosis of pancreatic cancer. In subgroup analyses, the pro-
teoglycan found on exosomal cell surfaces is highly valuable for diagnosing pancreatic cancer. The more frequent 
separation method used in the nine included studies was ultracentrifugation, and it did demonstrate good data. 
Nonetheless, to verify their practicality and usefulness in clinical environments, a significant amount of clinical trials 
are still necessary.

Keywords  Pancreatic cancer, Exosomes, Diagnostic significance, Biomarkers, Meta-analysis

Introduction
PC, a deadly type of cancer, frequently presents with 
symptoms such as jaundice, abdominal discomfort, 
weight reduction, steatorrhea, and the aggravation of 
existing or new diabetes. Around 90% of pancreatic can-
cers fall under the category of pancreatic ductal adeno-
carcinomas (PDAC) [1], placing PDAC as the world’s 
seventh most common cancer cause and fourth in the 
West, following lung, colorectal, and breast cancers. 
Worldwide cancer data for 2020 revealed close to 496,000 
fresh instances of PDAC and over 466,000 related fatali-
ties, with the death rate for PDAC almost coinciding with 
its occurrence [2]. Factors contributing to the risk of pan-
creatic cancer include smoking, diabetes mellitus, body 
mass index, alcohol dependence, pancreatitis, microbial, 
environmental, and occupational origins, familial cancer 
history [3], and stature [4].

Preliminary assessments for suspected PC patients 
involve serological examinations and abdominal scans 
[5], and the urgent requirement for early pancreatic 
cancer detection is clear, yet hindered by the absence of 
distinct symptoms and efficient screening techniques. 
The sole serum biomarker sanctioned by the US Food 
and Drug Administration (FDA), Carbohydrate antigen 
19 − 9 (CA19-9) [6], due to its low sensitivity (0.80, 95% 
CI = 0.72–0.86) and specificity (0.75, 95% CI = 0.68–0.80), 
it is unable to meet the requirements of clinical diagnosis, 
which highlights the urgency of adopting new methods.

Lately, the focus on liquid biopsies has intensified due 
to their minimally invasive nature and their capacity for 
ongoing tracking of cancer development. Presently, liquid 
biopsies may target circulating tumor cells (CTC), circu-
lating tumor DNA (ctDNA), noncoding RNA (ncRNA), 
messenger RNA (mRNA), and extracellular vesicles 
(EV), offering insights into tumor genomics, transcrip-
tomics, and proteomics [7]. All cells generate exosomes, 
which are extracellular vesicles that transport nucleic 

acids, proteins, lipids, and metabolites. Under typical 
physiological or pathological conditions, they serve as 
intermediaries in cell-to-cell communication and influ-
ence different facets of cellular biology [8]. Growing 
research indicates the vital involvement of tumor-derived 
exosomes (TEX) in the development of cancer. Exosomes 
and their contents may serve as indicators of cancer 
outlook, targets for treatment, or even transporters of 
anti-cancer medications [9]. Consequently, employing 
exosomes as an indicator for diagnosing pancreatic can-
cer shows potential.

As far as we are aware, there hasn’t been a publication 
of a systematic review on exosomal biomarkers used in 
diagnosing pancreatic cancer in the past three years. To 
assess the effectiveness of exosomal biomarkers (such as 
surface proteins, miRNAs, and circRNAs) in diagnosing 
pancreatic cancer, this study embarked on an in-depth 
review and analysis of crucial research in relevant diag-
nostic areas.

Methods
Our team formulated a methodical assessment protocol, 
grounded in the PRISMA standards and the Diagnostic 
Test Accuracy Assessment Program [10]. Before being 
published, the systematic assessment was recorded on 
PROSPERO under the identifier CRD42024552283 and 
the link is https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​
record.​php?​ID=​CRD42​02455​2283.

Strategy for search
By April 30, 2024, an extensive search plan was formu-
lated to guarantee the discovery of all pertinent litera-
ture pertinent to the research’s goals. Employing these 
keywords, our extensive search encompassed all data-
bases: Utilizing text terms and subject headings (Mesh 
or equivalent terms), we executed detailed, methodical 
searches, subsequently incorporating them into these 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024552283
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024552283
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online databases with Boolean operators: PubMed, Web 
of Science, Cochrane, and Embase. Utilizing data from 
the Emtree and Mesh databases, we conducted a search 
in these databases for “exosomes” and “pancreatic can-
cer,” identifying all pertinent keywords. A pair of inves-
tigators, Xu and Li, independently explored various 
literature sources. Through an extensive review of exist-
ing literature on the topic, we guaranteed that all rel-
evant articles were considered. Furthermore, to ensure 
the inclusion of all pertinent literature on the diagnos-
tic precision of exosomes for early pancreatic cancer 
detection, we manually reviewed the references in each 
paper and systematically examined the online database 
contents. Table S1 offers an extensive methodology for 
searching the PubMed, Web of Science, Cochrane, and 
Embase databases.

Criteria for inclusion/exclusion
A summary of the past three years’ research on the diag-
nostic significance of exosomes in pancreatic cancer 
patients is provided, encompassing studies on exosomes 
extracted from bodily fluids (such as serum and duodenal 
fluid) and those exploring various exosome types.

Criteria for Inclusion: Study group (P): individuals 
identified with pancreatic cancer; Intervention (I): assess-
ment of exosome biomarkers’ diagnostic precision for 
pancreatic cancer; Control (C): individuals in good health 
without pancreatic cancer OR patients with chronic pan-
creatitis; Outcome indicators (O): total count of true 
positives (TP), false positives (FP), false negatives (FN), 
and true negatives (TN) as shown in a 2 × 2 league table 
or deducible through study computations; Study category 
(S): observational research focusing on the precision of 
exosome biomarkers in diagnosing pancreatic cancer. For 
detailed information on inclusion and exclusion criteria, 
see Table 1.

Criteria for Exclusion: Studies involving animals; Insuf-
ficient data for creating a 2 × 2 league table; Case stud-
ies, meta-analyses, reviews, or commentaries; Review 
articles lacking peer review, book chapters, and frequent 
citations.

Extracting data
Our meta-analysis will incorporate these details from 
each research: lead author, publication year, coun-
try of origin, count of researchers involved, origins 
of exosomes, techniques for isolating and purifying 
exosomes, identified relevant biomarkers, procedures for 
extracting exosome biomarkers, methods for analyzing 
biomarkers, and various types of false positives (FP), false 
negatives (FN), true positives (TP), and true negatives 
(TN). The FP, FN, TP, and TN data, derived from 2 × 2 
tables, were calculated based on sensitivity and specific-
ity, except in cases where these were excluded from the 
study. Should additional details be needed, the authors of 
the study were reached out to.

Evaluation of quality
A pair of investigators (Xu and Li) separately assessed 
the methodological soundness of the studies in ques-
tion, focusing on bias risk and relevance, utilizing the 
revised QUADAS-2 tool, recommended by the Cochrane 
Collaboration [11]. To assess bias risk, questions across 
four areas were evaluated: (1) choosing cases (consider-
ing potential bias in patient selection), (2) assessing tri-
als (the bias in the execution or interpretation of the 
trials), (3) establishing a gold standard (the bias in the 
implementation or interpretation of the trials), and (4) 

Table 1  Detailed reporting of inclusion/exclusion criteria

Criteria for Inclusion Study group (P): individuals identified 
with pancreatic cancer

Intervention (I): assessment of exosome 
biomarkers’ diagnostic precision for pan-
creatic cancer

Control (C): individuals in good health 
without pancreatic cancer

Outcome indicators (O): total count of true 
positives (TP), false positives (FP), false 
negatives (FN), and true negatives (TN) 
as shown in a 2 × 2 league table or deduc-
ible through study computations

Study category (S): observational research 
focusing on the precision of exosome 
biomarkers in diagnosing pancreatic 
cancer(More credibility; avoidance of con-
founding factors; applicability and gener-
alisability)

Criteria for Exclusion Studies involving animals(Clinical applica-
bility issues)

Insufficient data for creating a 2 × 2 league 
table(Insufficient data for analysis)

Case studies, meta-analyses, reviews, 
or commentaries(Case studies: sample 
sizes too small; meta-analyses, reviews, 
commentaries: duplication of inclusion, 
lack of independence, can affect accuracy, 
potential for bias)

Review articles lacking peer review, book 
chapters, and frequent citations(Review 
articles lacking peer review: cannot be 
quality assured, lacks credibility; book 
chapters: uncertainty in study design 
and methodology, data may be incom-
plete, lack of peer review; frequently 
citations: duplication of inclusion, lack 
of independence, affects accuracy, pos-
sible bias)
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examining case progression and timing (the bias in pro-
cesses like patient inclusion and exclusion, the time gap 
between trials, and other procedures). Furthermore, in 
evaluating issues of clinical appropriateness, the initial 
three domains will be mentioned. The risk levels for each 
region were categorized as low, high, or indeterminate, 
with the two researchers collaborating to clarify these 
classifications.

Analysis of statistics
For every analysis conducted, the statistical software 
STATA 14.0, developed by Stata Corporation in Uni-
versity City, TX, USA, was employed. The computation 
of sensitivity, specificity, and both positive and negative 
likelihood ratios, along with diagnostic superiority ratios, 
was performed using TP, FP, FN, and TN data, derived 
from meta-analysis outcomes of diagnostic accuracy data 

Table 2  Bibliographic information included primary studies

Title First author Year County Ref.

1 CD63-positive extracellular vesicles are potential diagnostic biomarkers 
of pancreatic ductal adenocarcinoma.

Haruki Odaka 2022 Japan [12]

2 Glypican1 identifies cancer exosomes and facilitates early detection 
of cancer.

Sonia A. Melo 2022 USA [13]

3 Highly Sensitive Exosome Detection for Early Diagnosis of Pancreatic 
Cancer Using Immunoassay Based on Hierarchical Surface-Enhanced 
Raman Scattering Substrate

Juan Li 2022 China [14]

4 Exosomal circular RNA hsa_circ_0006220, and hsa_circ_0001666 as bio-
markers in the diagnosis of pancreatic cancer

Lu Hong 2022 China [15]

5 Exosomal glypican-1 discriminates pancreatic ductal adenocarcinoma 
from chronic pancreatitis.

P.Moutinho-Ribeiro 2022 Portugal [16]

6 Serum exosomal miR-451a acts as a candidate marker for pancreatic 
cancer

Jia Chen 2022 China [17]

7 Circulating cancer-associated extracellular vesicles as early detection 
and recurrence biomarkers for pancreatic cancer

Yusuke Yoshioka 2022 Japan [18]

8 Dual Tumor Exosome Biomarker Corecognitions Based Nanoliquid 
Biopsy for the Accurate Early Diagnosis of Pancreatic Cancer

Zhiguo Yu 2023 China [19]

9 MicroRNA-20a in extracellular vesicles derived from duodenal fluid 
is a possible biomarker for pancreatic ductal adenocarcinoma.

Takashi Taniguchi 2024 Japan [20]

Table 3  The workflow data from the included studies

No. First author Exosomes Source Type Exosome Isolation Biomarker Extraction Biomarker Analysis

1 Haruki Odaka Serum Platelet-derived EVs MagCaptureTM Exosome 
Isolation Kit

/ ELISA

2 Sonia A. Melo Serum Cell surface proteoglycan Ultracentrifugation / Western Blots

3 Juan Li Serum Cell surface proteoglycan Ultracentrifugation / H-SERS substrate, 
magnetic beads @ 
exosomes 
@ SERS detection 
probes (MEDP)

4 Lu Hong Serum Exosomal circular RNA Total Exosome Isolation 
Kit

TRIzol LS qRT-PCR

5 P. Moutinho-Ribeiro Serum Cell surface proteoglycan Ultracentrifugation ELISA flow cytometry

6 Jia Chen Serum exomiR exoEasy Maxi Kit TRIzol qRT-PCR

7 Yusuke Yoshioka Serum G protein-coupled recep-
tor, epidermal growth 
factor

Ultracentrifugation M-PER Mammalian 
Protein Extraction Rea-
gent, Thermo Scientific

Western Blots

8 Zhiguo Yu Serum Cell surface proteoglycan Ultracentrifugation / flow cytometry, ELISA

9 Takashi Taniguchi DF exomiR Ultracentrifugation miRNeasy Mini Kit qRT-PCR
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via the ‘midas’ command. Utilizing the “midas” feature 
of the random-effects model, estimations were made for 
combined sensitivity, specificity, SROC curves, combined 
positive and negative likelihood ratios, and diagnos-
tic advantage ratios, varying with biomarker types (like 
platelet-derived EVs, cell surface proteoglycan, Exocet), 
surface proteoglycan, exosomal circular RNA, exomiR, 
exosome source, exosome isolation method, and bio-
marker analysis approach. Results are presented using a 

forest plot that illustrates the respective 95% confidence 
intervals. Spearman’s rho was employed in our assess-
ment of the threshold impacts. To assess the diversity 
among studies, Cochran’s Q-test and Zhou & Denduku-
ri’s I 2 statistic were employed.

Analysis of subgroups
Analyses of subgroups for Sen, Spe, PLR, NLR, SROC, 
and DOR were conducted based on the type of exosome 

Fig. 1   Conducting a literature review and choosing studies systematically as per PRISMA standards

Fig. 2  Evaluation of the studies’ quality in the meta-analysis was conducted through the QUADAS-2 checklist
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Table 4  Diagnostic accuracy data from nine studies of exosomal biomarkers

First author Biomarker name Type Sen (%) Spe (%) PLR NLR DOR

Haruki Odaka CD63+-EVs Platelet-derived EVs 0.821 0.846 5.33 0.21 25.20

CD41+-EVs Platelet-derived EVs 0.718 0.744 2.80 0.38 7.40

CD61+-EVs Platelet-derived EVs 0.718 0.641 2.00 0.44 4.55

CD63+-EVs & CA19-9 Platelet-derived EVs 0.897 0.872 7.01 0.12 59.33

Sonia A. Melo GPC1+ crExos Cell surface proteoglycan 1.000 1.000 / 0.00 /

Juan Li LRG1-Exos Cell surface proteoglycan 0.743 0.933 11.09 0.28 40.48

GPC1-Exos Cell surface proteoglycan 0.800 0.933 11.94 0.21 26.14

LRG1-Exos & GPC1-Exos Cell surface proteoglycan 0.914 0.867 6.87 0.10 69.46

Lu Hong hsa_circ_0006220 Exosomal circular RNA 0.774 0.726 2.82 0.31 9.08

hsa_circ_0001666 Exosomal circular RNA 0.968 0.516 2.00 0.06 31.95

hsa_circ_0006220 & hsa_
circ_0001666

Exosomal circular RNA 0.742 0.871 5.75 0.30 19.42

P. Moutinho-Ribeiro GPC1+crExos Cell surface proteoglycan 0.983 0.862 7.12 0.02 361.19

Jia Chen miR-451a exomiR 0.801 0.867 6.01 0.23 26.17

Yusuke Yoshioka GPRC5C+EV G protein-coupled receptor 0.519 0.889 4.68 0.54 8.64

EPS8+EV Epidermal growth factor 0.667 0.833 3.99 0.40 9.99

Zhiguo Yu GPC1+EV Cell surface proteoglycan 1.000 0.909 10.99 0.00 /

Takashi Taniguchi MicroRNA-20a exomiR 0.820 0.860 5.86 0.21 27.98

Fig. 3  Forest plot showing the pooled sensitivity and specificity of exosomes for distinguishing pancreatic cancer patients from controls
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(serum), method of isolation (either commercial kit or 
ultra-rapid), type of biomarker (such as cell surface pro-
teoglycan or RNA), and the method of biomarker analy-
sis (qRT-PCR).

Bias in publication
The Deeks funnel plot and the asymmetry test were 
employed to examine publication bias. P values below 0.1 
were deemed indicative of potential bias in publication.

Results
Results of the search
Utilizing an online database search method, 1202 articles 
were obtained, encompassing PubMed 77, Web of Sci-
ence 338, Cochrane 0, and Embase 787. After pinpoint-
ing and eliminating 299 repeated publications, we kept 21 
records, omitting 560 articles due to their document type 
and 322 based on their title and abstracts. After review-
ing the complete texts of all 21 records, we discarded 
12 articles, adhering to our set criteria for inclusion and 
exclusion. Ultimately, this comprehensive assessment 
and meta-analysis encompassed nine pertinent studies 

[12–20] from four countries—China, the US, Portugal, 
and Japan (see Tables  2 and 3). Figure  1 illustrates the 
methodology for the literature review and selection stud-
ies following PRISMA standards.

Evaluation of quality
The outcomes of our quality evaluation employing the 
QUADAS-2 checklist are depicted in Fig. 2 and Table S2. 
In the area of the reference standard, most studies were 
rated as unclear, which may be because the original stud-
ies were not detailed enough in describing the reference 
standard used and failed to fully explain the reasonable-
ness and accuracy of the reference standard, which made 
it difficult for us to judge their risk of bias in this area. 
There was a little lack of clarity in this study regarding ref-
erence standards and indexing tests, which is one of the 
limitations of this study. Future studies should describe 
the selection of reference standards and the implementa-
tion process of indexing tests in more detail to reduce the 
risk of bias and improve applicability. Most of the studies 
in key areas such as flow and timing were rated as low 
risk, which indicates that our study was more reliable in 

Fig. 4  Forest plot showing the pooled sensitivity and specificity of exosomal cell surface proteoglycan for distinguishing pancreatic cancer patients 
from controls
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terms of process and time control, which guarantees the 
accuracy of the study results. Generally, Sonia, Yu, and 
Takashi published three articles [13, 19, 20] that satisfied 
the criteria and evaluation criteria for each segment of 
the risk of bias and applicability assessment section.

Comprehensive review of diagnostic precision
Various biomarkers such as Sen, Spe, PLR, NLR, and 
DOR, and various indicators related to their diagnos-
tic significance, are presented in Table 4 and S3. And we 
summarised the key results in Table S4.

Enhancing diagnostic precision, a comprehensive 
meta-analysis was conducted on 17 pieces of data from 
nine different studies, encompassing 820 individuals 
(518 with pancreatic cancer and 302 without), focus-
ing on five types of biomarkers. This included six bio-
markers for exosomal cell surface proteoglycan, five for 
exosomal RNA, three for platelet-derived EVs, G pro-
tein-coupled receptors, and biomarkers for epidermal 
growth factors.

Figure 3 illustrates the aggregate sensitivity and speci-
ficity, along with the respective 95% confidence inter-
vals for all exosomes differentiating pancreatic cancer 

patients from healthy individuals, as well as the com-
bined sensitivity and specificity and 95% confidence 
intervals for the exosomes’ cell surface proteoglycans 
(Fig. 4), the combined sensitivity and specificity, and the 
respective 95% confidence intervals for the RNA of the 
exosomes and the exosomes. Graphical representation of 
the forest (circular exosome RNA, exomiR, Fig. 5). Com-
bined sensitivity stood at 0.86 (95% CI = 0.77–0.91), while 
the overall specificity was 0.84 (95% CI = 0.77–0.88). The 
cell surface proteoglycan exosome group exhibited the 
greatest collective sensitivity (0.96 (95% CI = 0.81–0.99)), 
coinciding with their peak collective specificity (0.90 
(95% CI = 0.83–0.95)). Figure  6 depicts the combined 
sensitivity and specificity of serum-derived exosomes. 
The combined sensitivity and specificity of various exo-
some isolation techniques (kit, ultracentrifugation) are 
depicted in Figs. 7 and 8, where ultracentrifugation leads 
in combined sensitivity (0.90 (95% CI = 0.74–0.97) and 
highest overall specificity (0.89 (95% CI = 0.83–0.93)). 
Figure  9 displays the aggregate sensitivity and specific-
ity of biomarkers analyzed through qRT-PCR, revealing 
a combined sensitivity of 0.84 (95% CI = 0.74–0.90) and a 
specificity of 0.78 (95% CI = 0.64–0.87).

Fig. 5  Forest plot showing the pooled sensitivity and specificity of exosomal RNA for distinguishing pancreatic cancer patients from controls
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Figure 10 illustrates the aggregated Summary Receiver 
Operating Characteristic Curves (SROC) for assessing 
the precision of biomarker diagnoses. The SROC curves, 
showing an area under the curve (AUC) of 0.91 (95% 
CI = 0.88–0.93) for biomarker pooling, also concurred 
with the earlier stated results. Upon methodically omit-
ting each research, the absence of comparative variances 
indicated a consistency in our results (Fig. 11).

The summarized SROC curves for various subgroups 
(exosome biomarker type, source, isolation method, 
and biomarker analysis method) are depicted in Fig-
ures  S1-S4. The forest diagrams in Figures  S5-S9 illus-
trate the combined positive likelihood ratios (PLR) 
and negative likelihood ratios (NLR) for the aggregate 
PLR and NLR, including various subgroups and their 
respective 95% confidence intervals. The pooled PLR 
stood at 5.20 (95% CI = 3.61–7.49) and NLR (0.17 (95% 
CI = 0.10–0.28)). Within these, Figures  S10-S14 depict 
the aggregated Diagnostic Odds Ratio(DOR) for various 
subgroups, including exosomal biomarker type, source, 
isolation method, and biomarker analysis method. The 
combined DOR stood at (30.58 (95% CI = 14.62–63.97)).

Bias in publication
The Deeks funnel plot was employed to investigate 
potential biases in publication. Figure S15 in the meta-
analysis reveals an absence of noticeable bias in the publi-
cation of biomarkers (P > 0.1).

Discussion
Consequently, there’s a need for innovative, faster, and 
more accurate diagnostic techniques due to the ongo-
ing difficulty in detecting cancer early. The stagnation in 
conventional cancer detection methods results in numer-
ous cases being identified too late for effective therapy. 
Prompt and delicate detection is crucial for successful 
cancer therapy [21]. Pancreatic cancer, a malignant diges-
tive system tumor, often leads to a bleak outlook, plac-
ing it third globally in cancer-related fatalities, with a 
mere 12% five-year survival rate [22], and causing around 
227,000 deaths annually worldwide. Nearly every individ-
ual suffering from pancreatic cancer succumbs to metas-
tasis, with a significant number exhibiting mutations 
in the K-ras oncogene and the deactivation of several 
tumor suppressor genes [23]. Despite the intricate and 

Fig. 6  Forest plot showing the pooled sensitivity and specificity of exosomes isolated from serum for distinguishing pancreatic cancer patients 
from controls
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varied causes of pancreatic cancer, factors like smoking 
and familial history play a significant role. Around 20% 
of pancreatic tumors result from smoking, with smokers 
having a higher mutation rate than nonsmokers [24]. The 
carbohydrate antigen 19 − 9 (CA19-9), also called sialyl 
Lewis a (sLea), stands as the most frequently utilized and 
presently employed benchmark biomarker for pancre-
atic cancer [25]. Additional biomarkers include circulat-
ing tumor cells (CTC), circulating tumor DNA (ctDNA), 
non-coding RNA (ncRNA), and extracellular vesicles 
(EVs) or exosomes [7].

An extensive review and meta-analysis of relevant 
studies from January 1, 2022, to April 30, 2024, were 
conducted to assess exosomes’ effectiveness in diagnos-
ing pancreatic cancer (PC). The main objective of this 
research was to explore the capabilities of exosomes as a 
non-intrusive diagnostic technique for PC. A thorough 
exploration of the latest databases over the past three 
years was undertaken to identify all exosome biomarkers 
associated with PC. Our review encompassed research 
evaluating the diagnostic value of exosomes, such as 

platelet-derived EVs, cell surface proteoglycans, exoso-
mal cyclic RNA, and exomiR.

Initially, our evaluation encompassed nine studies’ 
diagnostic tests that employed exosomal biomarkers. The 
main purpose of this meta-analysis is to determine the 
diagnostic value of exosomes in pancreatic cancer; there-
fore, we believe that we should choose an observational 
study without external interventions to ensure the objec-
tivity of the data analysis and make the results more cred-
ible. Previous studies [26–28] indicate that the technique 
used for isolating and analyzing exosomes influences 
the outcomes of diagnostic assessments. Consequently, 
the research explored the progression from isolating 
exosomes to isolating and analyzing biomarkers. Lately, 
ultracentrifugation has become the favored technique 
for isolating exosomes [29]. The studies constituting 
this analysis utilized two distinct methods for isolating 
exosomes: ultracentrifugation and the use of commercial 
kits (Figs.  7 and 8). Indeed, each measurement derived 
from the ultracentrifugation technique in the data we 
examined exceeded those from standard commercial 
kits.

Fig. 7  Forest plot showing the pooled sensitivity and specificity of exosome isolation using ultracentrifugation for distinguishing pancreatic cancer 
patients from controls
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Our team conducted a comprehensive assessment and 
meta-analysis to determine the diagnostic significance of 
exosomal biomarkers in PC. The findings indicated that 
the overall exosomes’ sensitivity and specificity stood 
at 0.86 (95% CI = 0.77–0.91) and 0.84 (95% CI = 0.77–
0.88), in that order. The AUC is broadly acknowledged 
as a robust measure for evaluating the total precision of 
diagnostic examinations, A meta-analysis of 2022 [30] 
which data from studies from 2009 to 2020 were pooled 
and analyzed, and the AUC values of CA19-9 were com-
pared with the exosomal biomarkers evaluated in the 
corresponding studies, and the AUCs of the exosomal 
biomarkers in five of the studies were better than those 
of CA19-9, suggesting that exosomal biomarkers have a 
high diagnostic value for pancreatic cancer. A diagnostic 
efficiency is deemed high when the AUC exceeds 0.9 [31]. 
In the process of using exosomes to diagnose pancreatic 
cancer in this paper, the integrated area under the curve 
(AUC) of the detected PC reached 0.91, indicating a sig-
nificant diagnostic effect.

It has been documented that Glypican-1 (GPC1) iden-
tifies cancer exosomes and holds diagnostic significance 

in the initial stages of pancreatic cancer. It has been dem-
onstrated that the membrane-anchored protein GPC1 
is excessively expressed in various cancers, notably in 
the breast and pancreas. In certain breast and pancre-
atic cancer cell lines, levels of GPC1 transcripts and 
proteins are higher than in non-cancerous cells [32]. 
The protein known as Leucine-rich α−2-glycoprotein-1 
(LRG1) [33], belonging to the eight-repeat leucine-rich 
repeat sequence (LRR) protein family, has been shown 
in past research to play a role in tumor development by 
encouraging angiogenesis across multiple cancers such as 
pancreatic, lung, bladder, and colon cancer. The protein 
markers in these exosomes demonstrate notable sensitiv-
ity and specificity and have been employed in numerous 
research projects for the early detection of pancreatic 
cancer. Indeed, this research demonstrated unparalleled 
sensitivity and specificity in diagnosing pancreatic cancer 
compared to other studies in this paper. CD63 [34], ini-
tially discovered as a surface antigen prevalent in early-
stage melanoma cells, was found in various cancers (such 
as malignant melanoma, ovarian, lung adenocarcinomas, 
breast, and colon cancers) to have an inverse relationship 

Fig. 8  Forest plot showing the pooled sensitivity and specificity of using the kit to isolate exosomes for differentiating pancreatic cancer patients 
from controls
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between CD63 expression and tumor malignancy, poten-
tially aiding in cancer progression diagnosis. The extent 
of cancer cell invasion and metastasis can be assessed 
by observing CD63+ exosome levels.2023 Research [35] 
revealed that EVs in patients with severe COVID-19 
infection exhibited elevated CD41 platelet marker lev-
els, and this study indicated an increase in CD41 in PC 
patients, potentially hinting at the patient’s disease con-
dition and its severity. Growing research indicates that 
the imbalance in circular RNAs (circRNAs) is vital in the 
evolution and advancement of cancer [36]. This paper’s 
included article examined the diagnostic significance of 
hsa_circ_0006220 and hsa_circ_0001666 in pancreatic 
cancer, revealing a high expression of hsa_circ_0006220 
and hsa_circ_0001666 in the plasma exosomes of pancre-
atic cancer patients versus healthy individuals [15].

Despite conducting an extensive systematic review 
and meta-analysis adhering to the most recent diagnos-
tic standards, this research faces multiple constraints. 
Initially, the existing body of work on exosomal diagno-
sis of pancreatic cancer (PC) remains limited, even after 
thorough research. The limited quantity of studies and 

participants implies a need for additional research to ver-
ify the function of exosomes in diagnosing PC. In addi-
tion, most of the studies included in this analysis were 
conducted in Asia, and the differences in genetic back-
ground, living environment, and lifestyle between Asian 
populations and other populations lead to the fact that 
the applicability of our findings to different populations 
may be limited, and further validation may be needed in 
other populations, and it is hoped that in the future there 
will be more studies conducted on other populations to 
better expand the applicability of the findings. The third 
significant constraint lies in the diversity of biomarkers. 
Our findings were unavoidably influenced by the statisti-
cal diversity in the type of exosome, ethnic background, 
the size of the sample, and the methods of extraction. The 
findings of our study suggest that despite certain limita-
tions, exosome surface protein assays are highly predic-
tive of PC. Increasing evidence suggests that exosomal 
biomarkers could be an effective method for diagnosing 
cancer. We aspire for additional studies by fellow scholars 
to validate these results.

Fig. 9  Forest plot showing the pooled sensitivity and specificity of exosomal biomarkers analyzed using qRT-PCR for distinguishing pancreatic 
cancer patients from controls
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Currently, the prognosis for pancreatic cancer is poor, 
but scientists are actively searching for ways to treat it, 
and research has found that [37] Oncolytic viruses can 
be effectively targeted in tumor cells by systemic admin-
istration and have improved patient survival. Pancreatic 
cancer patients should also remain hopeful and actively 
cooperate with diagnosis and treatment.

Conclusion
This meta-analysis resulted in the inclusion of nine stud-
ies on exosomes and PC after reviewing 1,202 initial 
research papers based on inclusion and exclusion crite-
ria and after removing duplicates and excluding reviews, 
case studies, meta-analyses, unrelated articles, and stud-
ies with insufficient data. Among them, the exosomal 

Fig. 10  Summary of the SROC for the biomarkers studied

Fig. 11  Sensitivity analysis of exosomal biomarkers
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surface proteoglycan marker had the highest diagnostic 
value for pancreatic cancer. Enhanced diagnostic pre-
cision was noted in biomarkers of proteoglycan on the 
surface of exosomal cells. The results also revealed that 
the exosomal cell surface proteoglycan biomarker dem-
onstrated the greatest combined DOR, PLR, AUC, speci-
ficity, and sensitivity. Consequently, we deduced that 
employing exosomal cell surface proteoglycan biomark-
ers is the optimal approach for pancreatic cancer diag-
nosis. Of course, there are some limitations in this study 
(limited number of studies, limited study population, 
etc.), according to the consensus of diagnostic accuracy 
studies in the field, ideally, studies should be as low-risk 
as possible in each QUADAS-2 domain. The present 
study comes close to this standard in some respects, but 
further improvements are needed in reference standards 
and indexing tests. However the results of this paper 
indicate that the value of exosomes in the diagnosis of 
pancreatic cancer is still considerable, and we eagerly 
look forward to more relevant studies in the future to 
validate this result to advance the clinical work as well as 
to make it more broadly applicable to a wider population.
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