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Pancreatic cyst fluid glucose in differentiating mucinous from nonmucinous
pancreatic cysts: a systematic review and meta-analysis

SUMMARY

ABSTRACT

Background and Aims: Recently, low levels of intracystic glucose acquired via EUS-
guided pancreatic cyst fluid sampling have been shown to help to differentiate mucinous
from nonmucinous cystic neoplasms. The aim of this study was to perform a systematic
review and meta-analysis to evaluate the diagnostic characteristics of pancreatic cyst
fluid glucose compared with carcinoembryonic antigen (CEA) for pancreatic cystic
lesions.

Methods: Individualized searches were developed in accordance with PRISMA and
MOOSE guidelines and meta-analysis analyzed according to Cochrane Diagnostic Test
Accuracy working group methodology. A bivariate model was used to compute pooled
sensitivity and specificity, likelihood ratio, diagnostic odds ratio, and summary receiver
operating characteristics curve for intracystic glucose or CEA alone or combination
testing.

Results: Eight studies (n=609 lesions; mean age 63.56 + 2.75 years; 60.36% female)
were included. The pooled sensitivity for pancreatic cyst fluid glucose was significantly
higher compared with CEA alone (91% [95% ClI, 88-94; 1°=0.00] versus 56% [95% ClI,
46-66]; 1°=537.14; P<0.001) with no difference in specificity (86% [95% CI, 81-90;
1°=24.16] versus 96% [95% Cl, 90-99]; 1°=38.06; P>0.05). Diagnostic accuracy was
significantly higher for pancreatic cyst fluid glucose versus CEA alone (94% [95% ClI,

91-96] vs 85% [95% CI, 82-88]; P<0.001). Combination testing with pancreatic cyst fluid



glucose and CEA did not improve the diagnostic accuracy compared with glucose alone
(97% [95% Cl, 95-98] vs 94% [95% CI, 91-96]; P>0.05).

Conclusions: Low pancreatic cyst fluid glucose was associated with a high sensitivity
and specificity with significantly improved diagnostic accuracy compared with CEA

alone for the diagnosis of mucinous versus nonmucinous pancreatic cystic lesions.

Keywords: Pancreatic cystic lesions; Intraductal papillary mucinous neoplasm (IPMN);
Mucinous cystic neoplasm (MCN); Pancreas; Intracystic glucose; Carcinoembryonic

antigen (CEA); Endoscopic ultrasound (EUS); Fine-needle aspiration (FNA)

INTRODUCTION

The ability to differentiate benign from premalignant or malignant pancreatic
cystic neoplasms remains challenging for gastroenterologists, underscored by a host of
potential tests available to aid in the clinical diagnosis. Currently, providers may use a
variety of potential diagnostic methods including detailed history taking and physical
examination findings, high-resolution computed tomography (CT) or magnetic
resonance imaging (MRI), endoscopic ultrasound (EUS)-assisted imaging
characterization, as well as EUS-acquired ancillary fluid studies.® Although traditional
EUS sampling includes measurement of carcinoembryonic antigen (CEA), using a
threshold of 2192 mg/dL to aid in the diagnosis of mucinous cystic neoplasms, CEA
alone remains a less than ideal test with a modest sensitivity and diagnostic accuracy of

63% and 79%, respectively.?



Given the increased identification rate of pancreatic cystic lesions, most
commonly due to improvements in high-resolution cross-sectional imaging, effective
measures to determine the clinical characteristics of these lesions have become
increasingly needed.*’ Although a vast majority of these lesions are benign, or
associated with a low rate of malignant potential, the last decade has seen a shift in
focus to testing to differentiate mucinous versus nonmucinous pancreatic cystic
neoplasms.®° More recently, sampling of pancreatic cystic lesions and measurement of
pancreatic cyst fluid glucose levels have been shown to potentially distinguish mucinous
from nonmucinous lesions.***®

As such, the primary aim of this study was to perform a structured systematic
review and meta-analysis to evaluate the diagnostic performance of intracystic glucose

sampling of EUS-acquired fluid to differentiate mucinous from nonmucinous pancreatic

cysts.

METHODS
Literature Search

Individualized literature search strategies were performed in effort to identify
published manuscripts and abstracts evaluating the diagnostic performance of
intracystic glucose sampling of cysts and ability to diagnosis mucinous versus
nonmucinous pancreatic lesions. Systematic searches of PubMed, EMBASE, Web of
Science, and the Cochrane Library databases were performed from available literature
from inception through December 15, 2020. The following medical subject heading

(MESH) terms included intracystic glucose or pancreatic cyst glucose. For articles



related to intracystic glucose or pancreatic cyst fluid glucose, subject heading search
terms and title and abstract were reviewed for pancreatic cystic lesions, intraductal
papillary mucinous neoplasm (IPMN), and mucinous cystic neoplasm.

All relevant English language full-text articles regardless of year of publication
were included in this systematic review and meta-analysis. From the initial search
results, duplicate articles were extracted, and then the titles and abstracts of all
potentially relevant studies were screened for eligibility. The reference lists of studies of
interest were then manually reviewed for additional articles by cross checking
bibliographies as shown in the flow diagram (Fig. 1). Two reviewers (T.R.M. and R.G.)
independently screened the titles and abstracts of all the articles according to
predefined inclusion and exclusion criteria. In the case of studies with incomplete

information, contact was attempted with the principal authors to obtain additional data.

Study Selection Criteria

This study was prospectively submitted in PROSPERO, an international
database of prospectively registered systematic reviews in health and social care. The
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement outline and Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) reporting guidelines for reporting systematic reviews and meta-analyses was
used to report findings (Appendix 1 and Appendix 2).**% Full-text manuscripts as well
as abstracts were considered for inclusion in this meta-analysis. Studies were only

included if there were data available for the construction of a 2 x 2 contingency tables.



The number of true positives (TP), true negatives (TN), false positives (FP), and false
negatives (FN) were retrieved.

Studies were required to include EUS-acquired sampling of pancreatic cystic
lesions and measurement of intracystic glucose. Included studies were also required to
have confirmatory testing based upon history or surgical histology/pathology as a
reference standard. If surgical resection was not performed (expected for nonmucinous
lesions), the diagnosis was based upon additional clinical criteria including established
consensus criteria used by the study authors (Supplementary Table 1). Given the
novelty of intracystic glucose sampling, a definitive glucose cutoff or threshold was not
determined a priori though low intracystic glucose levels (typically <50 gm/dL) are
believed to be associated with mucinous cystic lesions.

Given this was a diagnostic methods meta-analysis, only studies involving
human subjects were enrolled. Animal studies were excluded given limited relevance to
clinical outcomes. Additionally, a study was also excluded if deemed to have insufficient
data, as were review articles, editorials, and correspondence letters that did not report
independent data. Case series and reported studies with <10 cysts were excluded to
minimize selection bias. Multiple published work from similar authors was evaluated for

overlapping enroliment times to preserve independence of observations.

Outcome Measures
The primary outcome measurement in this study was to assess the diagnostic
performance of intracystic glucose sampling of pancreatic cystic lesions to differentiate

mucinous versus honmucinous etiologies. Diagnostic evaluation of individual pancreatic



cyst glucose measurements included diagnostic sensitivity, specificity, positive and
negative likelihood ratio, diagnostic odds ratio, and accuracy. Additionally, comparison
of intracystic glucose sampling to traditional CEA measurement alone as well as
combination testing for either low levels of intracystic glucose (typically <50 mg/dL
and/or CEA above threshold (=192 mg/dL) was performed. Other measured outcomes
relevant to the study included patient and pancreatic cyst characteristics, as well as
threshold cutoffs used to determine accuracy of pancreatic cyst glucose and CEA.

These were abstracted manually from the included studies.

Statistical Analysis

This systematic review and meta-analysis was performed according to the
Cochrane Diagnostic Test Accuracy working group methodology.??* Two-by-two
contingency tables were conducted separately for intracystic glucose, CEA, and
combination testing to calculate diagnostic performance (sensitivity, specificity,
diagnostic odds ratio, and diagnostic accuracy) for differentiation of mucinous versus
nonmucinous lesions. Data on test accuracy and disease prevalence as well as TP, TN,
FP, and FN allowed for calculation of diagnostic performance with measures of
statistical uncertainty (ie, 95% confidence intervals [CI]). All calculated P values were 2-
sided, and P < 0.05 was considered statistically significant. Diagnostic performance was
analyzed using the STATA 15.0 software package (Stata Corp LP, College Station, Tex,
USA) with midas user-written command.

A bivariate model was used to compute combined weighted sensitivity,

specificity, positive likelihood ratio (LR), negative LR, diagnostic odds ratio (OR), and



summary receiver operating characteristic curve (SROC) and corresponding 95% CI.
Overlapping Cls were used to identify nonsignificant differences between diagnostic
yield outcomes. If there was no evidence of overlapping Cls, 2-sample t-tests for
binomial proportions were used to compare diagnostic characteristics. A random effects
model was used based upon heterogeneity inherent to diagnostic accuracy meta-

analyses.

Sensitivity and Subgroup Analyses

Additional sensitivity analyses were performed for only prospective studies,
excluding retrospective observations studies. Given variable thresholds used for
pancreatic cyst fluid glucose measurement, pooled diagnostic results were calculated
for only studies using a glucose cutoff of <50 mg/dL. Further analyses were performed
based on type of glucose measurement (ie, laboratory testing, glucometer testing, and
reagent strip testing). This was done in attempt to standardize the data, reduce the

possibility of selection bias, and limit heterogeneity of results.

Appraisal of Clinical Utility

In effort to determine the meaningfulness or clinical utility of glucose testing, a
probability modifying plot and Fagan nomogram were constructed. To put the results
into context with Bayes’ theorem, a Fagan plot with pre- and post-test probability was
generated. Briefly, the Fagan nomogram is a graphical tool for estimating how much the
result of a diagnostic test changes the probability that a patient has a disease.?®

Furthermore, a probability modifying plot was constructed as a graphical sensitivity



analysis of predictive value across a continuum (ie, low to high prevalence defining low-
to high-risk populations).?* This was performed for studies evaluating cyst fluid glucose

sampling alone, CEA alone, or combination testing of pancreatic cystic lesions.

Assessment of Methodologic Quality

To evaluate for methodologic quality of individual studies, quality assessment of
diagnostic accuracy studies (QUADAS-2) was performed using Review Manager 5
(RevMan 5.3) to summarize assessments.> This is an evidence-based tool for
assessment of quality in systematic reviews of diagnostic accuracy studies with each
key domain using a set of signaling questions to assess bias and applicability.
Disagreement among raters (T.R.M. and R.G.) was resolved by consensus with the

third author (T.R.).

Investigation of Heterogeneity

Within diagnostic test accuracy reviews, heterogeneity is presumed to exist.
Therefore, random effects models were fitted by default.”®> Heterogeneity was assessed
1> >50%.2%%’ Further quantification of heterogeneity was categorized based upon I with
values of 25%, 50%, and 75% indicating low, moderate, and high amounts of
heterogeneity, respectively. To further investigate heterogeneity, a bivariate boxplot was
used to demonstrate the degree of interdependence of the sensitivity and the specificity,
including the identification of any outliers. Potential sources of between-study
heterogeneity were explored by univariable meta-regression and subgroup

analyses.?®*?° Covariates were determined a priori and included year of study, sample



size, mean age of included patients, mean cystic lesion size, type of glucose testing

(defined as only laboratory testing or other testing), and glucose threshold <50 mg/dL.

Publication Bias

As proposed by The Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy, assessment of publication bias was performed using Deeks’ funnel plot
asymmetry testing.*® Deeks’ funnel plot asymmetry testing was specifically developed
for test accuracy reviews and plots the diagnostic odds ratio against the inverse of the
square root of the effective sample size. It is the preferred method for diagnostic

accuracy meta-analyses.®

RESULTS
Study and Lesion Characteristics

A total of 8 studies (n=609 lesions) were included in this systematic review and
meta-analysis.***® The protocolized search results and PRISMA flow diagram is shown
in Figure 1. Full-text and published abstracts were included in this analysis with
publications from 2014 to 2020. Four studies were prospective in design with the
remaining studies being retrospective in nature. No randomized controlled trials were
included. Mean age of included patients was 63.56 + 2.75 years, with no difference in
patient age between patients with mucinous versus nonmucinous lesions (P=0.594). A
majority of patients were female (60.36%). The mean size of pancreatic cystic lesions
was 36.47 = 5.60 mm. Two studies included only lesions that had pancreatic cyst

diagnosis confirmed on surgical pathology.'®** In these studies by Zaikos et al** and



Carr and colleagues,™ all surgical pathology specimens were reviewed by a pancreatic
pathologist. All additional studies used additional sampling techniques or consensus
criteria as the reference standard (Supplementary Table 1). Individual study and

patient characteristics are highlighted in Table 1.

Diagnostic Yield of Pancreatic Cyst Fluid Glucose

All included studies reported the diagnostic yield of intracystic glucose to
differentiate between mucinous versus nonmucinous cystic neoplasms. Mean intracystic
glucose for mucinous lesions was 15.92 + 6.20 gm/dL and nonmucinous lesions was
94.03 + 12.23 gm/dL (P<0.001). Five of the 8 studies used an intracystic glucose
threshold cutoff of <50 mg/dL with additional studies adopting a threshold even lower
than 50 mg/dL to be associated with mucinous cystic lesions. Based on the literature,
the pooled sensitivity and specificity of EUS-acquired pancreatic cyst fluid glucose was
91% (95% CI, 88 - 94; 1°=0.00) and 86% (95% CI, 81 - 90; 1°=24.16) (Fig. 2A).
Intracystic glucose sampling alone demonstrated a diagnostic accuracy of 94% (95%
Cl, 91 to 96) (Fig. 3A). A complete breakdown of diagnostic yield for pancreatic cyst
fluid glucose measurement is shown in Table 2.

Sensitivity analyses limiting data to that only reported in prospective studies was
not statistically different and is highlighted in Table 3. Of the 8 included studies, a total
of 5 studies used a glucose threshold of < 50 mg/dL, finding a sensitivity of 91% (95%
Cl, 86 - 94), specificity of 87% (95% CI, 80 - 92), and diagnostic accuracy of 94% (95%
Cl, 92 - 96). When subgroup analyses were performed based upon type of glucose

testing, 6 studies reported laboratory testing, 3 studies reporting glucometer testing, and
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one study reporting glucose reagent strip testing (Table 1). There was no difference in
diagnostic characteristics between different glucose testing modalities based upon
overlapping Cls (Table 3). The one study by Zikos et al*? that reported outcomes of
glucose reagent strip testing found a sensitivity of 81% (95% CI, 66 - 91) and specificity

of 74% (95% Cl, 52 - 90).

Diagnostic Yield of CEA

The mean CEA level for mucinous lesions was significantly higher compared with
nonmucinous lesions (997.32 + 776.38 versus 5.99 + 3.15 gm/dL; P<0.001). Comparing
the results of pancreatic cyst fluid glucose to traditional CEA alone, revealed that CEA
was associated with a lower sensitivity (56% [95% Cl, 46 - 66; 1°=57.14] versus 91%
[95% ClI, 88 - 94; 1°=0.00]; P<0.001) (Fig. 2B). Specificity on the other hand, was not
different between CEA alone (96% [95% CI, 90 — 99]; 1°=38.06) compared with
intracystic glucose specificity (86% [95% CI, 81 - 90; 1°=24.16]). However, intracystic
glucose outperformed CEA alone with regard to diagnostic accuracy (94% [95% ClI, 91 -
96] versus 85% [95% CI, 82 — 88]; P<0.001) (Fig. 3B). Sensitivity analyses limited to
only prospective studies demonstrated a significantly lower diagnostic accuracy for CEA
(73%; 95% CI, 69 - 76) compared with all included study data, though no difference in

sensitivity or specificity (Table 3).

Combination Testing

Given the improved sensitivity and diagnostic accuracy of pancreatic cyst fluid

glucose to CEA alone, combination testing with both strategies was also examined.
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Sampling that revealed a low glucose or elevated CEA was reported in 4 studies (n=348
lesions) and resulted in a combined sensitivity and specificity of 97% (95% CI, 90 — 99;
12=0.00) and 72% (95% ClI, 47 - 88; 1°=68.85), respectively (Fig. 2C). The diagnostic
accuracy associated with combination testing was 97% (95% Cl, 95 - 98; 1°=0.00) (Fig.
3C). Although the sensitivity and diagnostic accuracy of glucose and CEA combination
testing was significantly improved compared with CEA alone (P<0.001), combination
testing did not improve the testing characteristics compared with pancreatic cyst fluid

glucose sampling alone (based upon the presence of overlapping ClIs) (Table 2).

Clinical Utility

Given the available sampling strategies (ie, independent or combination testing)
to differentiate between mucinous versus nonmucinous pancreatic cystic lesions, Fagan
plots as well probability-modifying plots for positive and negative results were
constructed to determine the clinical meaningfulness. Clinical utility and probability
modifying plots for pancreatic cyst fluid glucose measurement, CEA level, and
combination testing are shown in Figure 4A-C. Assuming a pretest probability of 40%
for a mucinous lesion, if the intracystic fluid glucose alone is <50 mg/dL, the post-test
probability that the patient truly has mucinous lesion would be approximately 82%. For a
similar pretest probability, CEA testing alone >192 mg/dL would produce a post-test
probability of approximately 91%. Combination testing, again assuming a 40% pretest
probability, would be associated with a post-test probability of 69% for the lesion being
mucinous. Alternatively, if a glucose, CEA, or combination test was negative (ie,

glucose >50 mg/dL and/or <192 mg/dL), the post-test probability that the patient has a

12



mucinous pancreatic lesion would be approximately 6%, 23%, and 2%, respectively.
Informativeness of independent and combination testing, represented graphically by

likelihood ratio scattergrams, is shown in Supplementary Figure 1.

Assessment of Heterogeneity and Meta-Regression

A bivariate boxplot for all included studies assessing intracystic glucose revealed
2 studies to be outliers (ie, providing indirect evidence of the threshold variability)
(Supplementary Figure 2).***" However, exclusion of these outlier studies did not
significantly change the diagnostic characteristics for intracystic glucose (Table 3).
Quantitatively, univariable meta-regression for a priori covariates did not reveal any
significant sources of heterogeneity for pancreatic cyst fluid glucose measurement

(Supplementary Figure 3).

Study Quality and Publication Bias

The quality of the eligible studies assessed by QUADAS-2 criteria is reported in
Figure 5. In a majority of studies, there was a low risk of bias for patient selection with
no bias issues or concerns regarding applicability of the selection of patients. There was
no significant risk of bias regarding the index test as defined by the studies as well. In
several studies, however, flow and timing in regard to the use of the reference standard
was found to have an unclear risk of bias (Supplementary Table 1). The risk of bias in
all but two studies was unclear given lack of confirmatory surgical pathology for all
included lesions. With regard to publication bias, Deeks’ funnel plot was used and

demonstrated no evidence of publication bias (P>0.05) (Fig. 6A-C).
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DISCUSSION

Based on the results of this systematic review and meta-analysis, pancreatic fluid
cyst glucose measurement provided a significantly improved diagnostic accuracy
compared with CEA alone for the differentiation of mucinous versus nonmucinous
pancreatic cystic neoplasms. In this study, the pooled sensitivity, specificity, and
accuracy associated with intracystic glucose testing was 91%, 86%, and 94%,
respectively. There was no difference noted in specificity between pancreatic cyst fluid
glucose versus traditional CEA testing; however, the sensitivity and diagnostic accuracy
was improved for intracystic glucose. Furthermore, combination testing with cyst fluid
glucose and CEA did not appear to improve diagnostic accuracy of mucinous pancreatic
cystic neoplasms.

Pancreatic cystic lesions have become increasingly detected as a result of high-
resolution cross-sectional imaging with an estimated 70% of lesions discovered
incidentally.®” Several alternative or complimentary sampling modalities exist, including
various need types (fine-needle aspiration [FNA] or fine-needle biopsy [FNB] sampling),
use of rapid on-site cytopathology examination (ROSE), addition of molecular analysis
including G-ras and K-ras mutations, use of EUS-guided confocal laser endomicroscopy
(nCLE), and through-the-needle (TTN) microforceps biopsy with goal to identify
premalignant neoplasms and avoid overtreatment of lesions with no malignant potential
30,32-40

The use of intracystic glucose sampling to assist in differentiating mucinous

versus nonmucinous cystic lesions was first described by Park and colleagues in
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2013.** In this initial study, glucose levels were significantly lower for mucinous cysts
when compared with nonmucinous cysts (5 vs 82 mg/dL; P=0.002). This study was
excluded from this systematic review and meta-analysis given overlapping patient

enroliment with the study by Zikos et al.*

Based upon this systematic review and meta-
analysis the mean intracystic glucose for mucinous lesions was 15.92 gm/dL versus
nonmucinous lesions at 94.03 gm/dL (P<0.001). This lower level of glucose within the
pancreatic cyst may reflect more metabolic activity mucinous lesions, thus allowing for
thresholds of <60 mg/dL to be considered a reasonable cutoff to identify mucinous
lesions. Furthermore, glucose measurement may be particularly useful in pancreatic
cystic lesions with CEA levels between 5 and 192 ng/mL and nondiagnostic cytology. In
the study by Fais et al, this represented 34.1% (28/82) of samples that may have been
erroneously classified as nonmucinous and excluded from the surveillance program.**
When intracystic glucose is compared with CEA testing, glucose measurements
offer several potential advantages. One important advantage relates to rapid on-site
availability and accessibility of testing. Fluid glucose testing is readily available in most
laboratories across healthcare institutions in the United States and around the globe,
without the need for the fluid sample to be sent to a reference laboratory. Although CEA
remains an important test for EUS sampling of cystic lesions, commercially available lab
testing remains highly variable with a lack of validated methods for measurement in
pancreatic cystic fluid (validated in serum or plasma).** Although cost-effectiveness
studies have not been performed to date, the low cost associated with glucose testing

compared with traditional CEA (U.S.$1.89 versus $142) likely translates into a more

cost-efficient diagnostic approach to EUS sampling.™
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Sampling also requires a much lower volume of pancreatic intracystic fluid for
glucose testing compared with CEA assay (50 pyL versus 500 pL) with some studies
reporting as litle volume of 2 pL needed for glucose measurement.’*'* This
requirement for a limited sample to effectively measure glucose is potentially very
meaningful for clinical practice as in some cases, very limited amount of fluid can be
obtained via EUS-FNA precluding standard biochemical analysis, making the small
amount of pancreatic cystic fluid required for glucometer analysis a major advantage.
Additionally, the glucose test (laboratory essay, reagent strip, or glucometer) possesses
a rapid turnaround time making it an immediate on-site test.

Yet, despite these potential advantages, variability in glucose testing remains a
limiting factor to more widespread adoption in clinical practice. In the study by Zikos and
colleagues,*? laboratory glucose <50 mg/dL was associated with a sensitivity of 95%
and a specificity of 57%, whereas glucometer glucose testing <50 mg/dL had a
sensitivity and specificity of 88% and 78%, respectively. Furthermore, reagent strip
glucose measurement demonstrated a sensitivity of 81% and a specificity of 74%
demonstrating a lack of standardization, but also underscoring easy universal
availability of glucose testing. Similar to CEA, varying glucose levels have varying
sensitivity and specificity and differ according to testing method used; however, on
subgroup analyses, there was no statistically significant difference in diagnostic
characteristics between the various glucose measuring tests.

Given the current limitations of CEA testing alone, combination testing is often
used with the addition of other biomarkers along with CEA to differentiate mucinous

versus nonmucinous pancreatic cystic lesions.**** Though again, the availability of
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these various biomarker tests, especially next-generation molecular analyses including
K-ras and G-nas mutations, may limit their use in clinical practice. In this systematic
review and meta-analysis, combination testing with CEA and pancreatic cyst fluid
glucose did outperform independent measurement of CEA alone; however, the
diagnostic characteristics were similar to pancreatic cyst fluid glucose testing alone.
Combining intracystic glucose with additional biomarkers such as cytology, imaging,
and/or molecular testing may further impact diagnostic performance and the ability to
differentiate between mucinous versus nonmucinous pancreatic cystic lesions; however,
no diagnostic algorithms yet exist, nor have studies been performed to date to assess
this clinically relevant question.

Although this is the first systematic review and meta-analysis to investigate the
role of pancreatic cyst fluid glucose to accurately diagnose pancreatic mucinous cystic
lesions, this study is not without limitations. Most notably, this study included multiple
thresholds/cutoffs for glucose measurement and multiple modalities to measure
pancreatic cyst fluid glucose. Importantly, sensitivity and subgroup analyses, along with
univariable meta-regression did not reveal variable cutoffs to be a source of between-
study heterogeneity. Although multiple glucose testing strategies were included,
subgroup analyses performed did not reveal significant differences. Additionally, it is
important to acknowledge that surgical histopathology to confirm mucinous versus
nonmucinous pancreatic lesions were performed for a minority of samples with variation
in reference standard criteria used by individual study (Supplementary Table 1),
although surgical resection should ideally not occur for benign lesions with no features

to suggest malignant or premalignant potential.
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Despite these study limitations, our review has several strengths. This study was
performed in accordance with the Cochrane Diagnostic Test Accuracy handbook
methodology and included a systematic literature search with well-defined inclusion
criteria, careful exclusion of redundant studies, inclusion of high-quality studies with
detailed extraction of data, and rigorous evaluation of study quality. The pooled
sensitivity, specificity, and diagnostic accuracy of CEA as measured in this study in
similar to that reported in multiple previous studies, serving as an appropriate reference
when evaluating the true impact of pancreatic cyst fluid glucose measurement.?*">°
Furthermore, this study constructed Fagan plots as well as probability-modifying plots
for positive and negative results to determine the clinical utility or meaningfulness of
intracystic glucose sampling. Modifying plots and likelihood ratio scattergrams are able
to plot assessment over a spectrum of probabilities, making data more generalizability
to individual patient care scenarios.

In conclusion, pancreatic cyst fluid glucose is a valid, simple, less expensive, and
rapid test for differentiating mucinous from nonmucinous pancreatic cystic lesions.
Pancreatic cyst fluid glucose was found to be more accurate than measurement of CEA
level alone, currently the most widely used pancreatic cyst fluid biomarker. Future

larger, prospective, ideally randomized studies are needed before more widespread

clinical implementation.
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FIGURE LEGENDS
Figure 1. Preferred reporting items for systematic reviews and meta-analyses

(PRISMA) flow chart of literature search results

Figure 2. Forest plots of sensitivity and specificity of intracystic glucose, CEA, and
combination testing for pancreatic cystic lesions. A, Pancreatic cyst fluid glucose. B,

CEA. C, Intracystic glucose and/or CEA combination testing.

Figure 3. Diagnostic accuracy of intracystic glucose, CEA, and combination testing for
pancreatic cystic lesions. A, Pancreatic cyst fluid glucose. B, CEA. C, Intracystic

glucose and/or CEA combination testing.

Figure 4. Fagan nomogram and probability modifying plot of intracystic glucose, CEA,

and combination testing for pancreatic cystic lesions. A, Pancreatic cyst fluid glucose. B,

CEA. C, Intracystic glucose and/or CEA combination testing.

Figure 5. QUADAS-2 quality assessment of included studies.

Figure 6. Deeks’ funnel plot asymmetry testing for publication bias of intracystic

glucose, CEA, and combination testing for pancreatic cystic lesions. A, Pancreatic cyst

fluid glucose. B, CEA. C, Intracystic glucose and/or CEA combination testing
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Supplementary Figure 1. Likelihood ratio scattergram. A, Intracystic glucose testing alone. B,

CEA testing aone. C, Combination testing with intracystic glucose and CEA testing.

Supplementary Figure 2. Bivariate boxplot to investigate heterogeneity with most studies

clustering within the median distribution. Two studies were noted to be outliers.

Supplementary Figure 3. Forest plot of multiple univariable meta-regression and subgroup

analyses.
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