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ABSTRACT

Background and study aims Endoscopic ultrasound

(EUS)-guided fine-needle aspiration (EUS-FNA) has limita-

tions of inadequate sampling and false-negative results for

malignancy. It has been performed using conventional

smear (CS) cytology with rapid on-site evaluation (ROSE)

with reasonable diagnostic accuracy. An alternative to

ROSE is liquid-based cytology (LBC). Commonly used LBC

techniques include precipitation-based (SurePath™) and fil-

tration-based (ThinPrep®, CellPrep®). Data regarding the

diagnostic efficacy of LBC compared with CS are limited.

Methods Multiple databases were searched through

March 2020 to identify studies reporting diagnostic yield

of EUS-guided CS and LBC in pancreatic lesions. Pooled di-

agnostic odds and rates of performance for the cytologic

diagnoses of benign, suspicious, and malignant lesions

were calculated. Diagnostic efficacy was evaluated by

pooled rates of accuracy, sensitivity, specificity, positive

predictive value (PPV) and negative predictive value (NPV).

Results Nine studies with a total of 1308 patients were in-

cluded in our final analysis. Pooled diagnostic odds of CS cy-

tology were 1.69 (CI 1.02–2.79) and 0.39 (CI 0.19–0.8) for

malignant lesions when compared to filtration-based and

precipitation-based LBC techniques, respectively. For CS,

precipitation-based and filtration-based LBC, pooled diag-
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Introduction
Endoscopic ultrasound (EUS)‐guided fine‐needle aspiration
(FNA) was first described in 1992 and remains a safe, well‐es-
tablished, and first‐line diagnostic tool for the evaluation of so-
lid pancreatic lesions [1]. With regard to diagnosing solid pan-
creatic lesions, its sensitivity and specificity has been reported
to be 86.8% and 95.8%, respectively [2]. The most common so-
lid pancreatic lesions are pancreatic adenocarcinoma (PAC) fol-
lowed by neuroendocrine tumor (NET) and solid pseudopapil-
lary tumor (SPT) [3]. PAC is the seventh leading cause of global
cancer deaths in industrialized countries and the third most
common in the United States. PAC remains one of the most le-
thal malignancies, with a dismal prognosis and mortality/inci-
dence ratio of 94% [4, 5]. Therefore, establishing early and ac-
curate diagnosis remains paramount.

EUS-guided pancreatic sampling can be performed by ob-
taining fine-needle aspiration (EUS-FNA) as well as core fine-
needle biopsy samples (EUS-FNB). Some of the limitations of
EUS-FNA include risks of inadequate sampling and false-nega-
tive results for malignancy in up to 20% to 40% of cases [6, 7].
EUS-FNB needles, on the other hand, allow sampling of a larger
amount of tissue and better preservation of cell architecture
than an aspirate. Several studies have shown comparable diag-
nostic accuracy of EUS-FNA and EUS-FNB in solid pancreatic le-
sions, with the exception of fewer needle passes needed to ob-
tain an adequate sample using the EUS-FNB technique [8–11].
Recently Sweeney et al also showed comparable diagnostic
yield of EUS-FNA, FNB, and combined FNA and FNB in solid pan-
creatic lesions [12].

To overcome the limitations of EUS-FNA, ROSE has gained
popularity across health centers, especially in the United
States. This technique involves evaluation of direct smears ob-
tained at the point of care in the endoscopy suite by an in-house
cytopathologist [13]. Studies have suggested a 3.5% increase in
adequacy rates [14] and 8% increase in sensitivity [15] for EUS-
FNA of solid pancreatic lesions with the addition of this tech-
nique. Other factors that influence the diagnostic yield of EUS-
guided sampling include operator experience or expertise, tu-
mor location as well as size and characteristics of the lesion
[16].

An alternative to ROSE is LBC in which FNA samples are col-
lected in a liquid medium. This technique makes samples less
vulnerable to contamination or artifacts and allows for optimal
cell preservation as there is immediate fixation and storage of
collected samples at room temperature. In addition, no special
technical training or skills are required for collecting the mate-

rial in the fixative solution, which can solve the problem of sam-
ple assessment in the absence of ROSE [17]. The LBC technique
is further divided into filtration-based (ThinPrep®, CellPrep®)
and precipitation-based (SurePath™) [18].

Studies have reported higher accuracy of LBC over CS cytol-
ogy in diagnosis of cervical, gallbladder, and biliary cancers;
however, data regarding its applicability in pancreatic lesions
are limited [19, 20]. We evaluated the diagnostic accuracy of
filtration-based and precipitation-based LBC compared to CS
cytology in pancreatic lesions using meta-analysis.

Methods
Search strategy

The literature was searched by a medical librarian for publica-
tions regarding the concepts of liquid-based or smear-based
cytology for EUS-guided fine-needle aspiration of pancreatic le-
sions. The search strategies were created using a combination
of keywords including “SurePath”, “ThinPrep”, “conventional
Papanicolaou smear”, “endoscopic ultrasonography-guided
fine-needle aspiration”, “liquid-based cytology”, “pancreatic
lesion” and standardized index terms. Searches were per-
formed during March 2020 in ClinicalTrials.gov, Ovid EBM Re-
views, Ovid Embase (1974+), Ovid Medline (1946+ including
epub ahead of print, in-process & other non-indexed citations),
Scopus (1970+) and Web of Science (1975+). Results were lim-
ited to English language. The full search strategy is available in
Supplementary Appendix A. The MOOSE checklist was fol-
lowed and is provided as Supplementary Appendix B [21, 22].
Reference lists of evaluated studies were examined to identify
other studies of interest.

Study selection

We included studies that evaluated the diagnostic efficacy of
conventional smear-based cytology with LBC in EUS-guided
FNA sampling of pancreatic lesions. Studies were included irre-
spective of inpatient/ outpatient setting, study sample size, fol-
low-up time, and geography as long as they provided the ap-
propriate data needed for the analysis.

Our exclusion criteria were studies performed in the pedia-
tric population (age <18 years) and studies not published in
English language. In cases of multiple publications from a single
research group reporting on the same patient, same cohort
and/or overlapping cohorts, data from the most recent and/or
most appropriate comprehensive report were retained. Au-
thors did not need to be contacted for clarification of possible
study-cohort overlap, as all included studies were published as

nostic accuracy was 79.7%, 85.2%, 77.3%, sensitivity was

79.2%, 83.6%, 68.3%, and specificity was 99.4%, 99.5%,

99.5%, respectively.

Conclusions The precipitation-based LBC technique (Sur-

ePath™) had superior diagnostic odds for malignant pan-

creatic lesions compared with CS cytology in the absence

of ROSE. It showed superior accuracy and sensitivity, but

comparable specificity and PPV. Diagnostic odds of CS cy-

tology in the absence of ROSE were superior to the filtra-

tion-based LBC technique (ThinPrep®, Cellprep®) for diag-

nosing malignant pancreatic lesions.
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full manuscripts. The retained studies were decided by two au-
thors (BPM, SC) based on the publication timing (most recent)
and/or the sample size of the study (largest). In situations
where a consensus could not be reached, overlapping studies
[23, 24] were included in the final analysis and any potential ef-
fects were assessed by sensitivity analysis of the pooled out-
comes by leaving out one study at a time. Studies reporting
outcomes of LBC were also reviewed separately by another au-
thor (SM) with expertise in pathological sciences prior to inclu-
sion in our final analysis,

Data abstraction and quality assessment

Data on study-related outcomes from the individual studies
were abstracted independently onto a standardized form by at
least three authors (BPM, SRK, AS). Authors SC, ARS, ASD, NB
cross-verified the collected data for possible errors and two au-
thors (SRK, SC) did the quality scoring independently. The New-
castle-Ottawa scale for cohort studies was used to assess the
quality of studies [25]. This quality score consisted of eight
questions, the details of which are provided in Supplementary
Table1.

Outcomes assessed

Two outcomes were assessed: (1) pooled odds of CS cytology
compared with LBC techniques in diagnosing benign, suspi-
cious and malignant pancreatic lesions with analysis of out-
comes of CS cytology with both precipitation-based and filtra-
tion-based methods of LBC; and (2) pooled diagnostic perform-
ance in terms of accuracy, sensitivity, specificity, PPV and NPV
of CS and LB cytology.

Statistical analysis

We used meta-analysis techniques to calculate the pooled esti-
mates in each case following the methods suggested by DerSi-
monian and Laird using the random-effects model [26]. When
the incidence of an outcome was zero in a study, a continuity
correction of 0.5 was added to the number of incident cases be-
fore statistical analysis. [27]. We assessed heterogeneity be-
tween study-specific estimates by using Cochran Q statistical
test for heterogeneity, 95% confidence interval (CI), which
deals with the dispersion of the effects, and the I2 statistics
[27–29]. In this, values < 30%, 30% to 60%, 61% to 75%, and
> 75% were suggestive of low, moderate, substantial, and con-
siderable heterogeneity, respectively. We reported our primary
outcomes as pooled odds ratio (OR) between CS cytology and
LBC techniques where OR denotes the proportional probability
of diagnosing a malignant and/or benign and/or a suspicious le-
sion with one technique as compared to the other.

Publication bias was ascertained, qualitatively, by visual in-
spection of funnel plot and quantitatively, by the Egger test
[28]. When publication bias was present, further statistics
using the fail-Safe N test and Duval and Tweedie’s ‘Trim and
Fill’ test was used to ascertain the impact of the bias [30]. Three
levels of impact were reported based on the concordance be-
tween the reported results and the actual estimate if there
were no bias. The impact was reported as minimal if both ver-
sions were estimated to be same, modest if effect size changed

substantially but the final finding would still remain the same,
and severe if basic final conclusion of the analysis is threatened
by the bias [31]. P<0.05 was used “a-priori” to define signifi-
cance between the groups compared.

All analyses were performed using Comprehensive Meta-A-
nalysis (CMA) software, version 3 (BioStat, Englewood, New Jer-
sey, United States).

Results
Search results and population characteristics

From an initial pool of 756 studies, 454 records were screened
and 48 full-length articles were assessed. A total of nine studies
(including 1308 patients) were included in the final analysis
[18, 32–39]. None of the included studies used ROSE. Four
studies originated in Korea, two in China, and one each from
the Netherlands, the United States, and Japan. Three studies
used the precipitation-based technique of LBC [32–34]
whereas six used the filtration-based technique (five studies
used ThinPrep® and one used CellPrep® [18]). The schematic
diagram demonstrating our study selection is shown in Supple-
mentary Fig. 1.

Baseline population characteristics were comparable be-
tween the CS and LBC cohorts. The mean and/or median age
ranged from 54.9 to 74 years. The majority of the final diagno-
sis were reported as pancreatic ductal adenocarcinoma (PDAC)
in 544 cases. Further details along with the population charac-
teristics are listed in ▶Table 1a, b.

Characteristics and quality of included studies

Six studies were prospective in design, [18, 23, 32, 35, 39, 40]
and the remaining were retrospective. The detailed study qual-
ity evaluation is presented in Supplementary Table1. Based on
the New-Castle Ottawa scoring system, seven studies were con-
sidered to be of high quality and two studies were considered
to be of medium quality. There were no low-quality studies.

Definition of cytological diagnosis

Cytologic diagnoses in the techniques were made according to
the Papanicolaou Society of Cytopathology (PSC) guidelines
and classified into three categories: (1) benign, defined as the
presence of sufficient cellularity for making diagnoses of be-
nign tumors; (2) suspicious for malignancy, meaning there
were some typical features of a specific malignant neoplasm,
but quantity was insufficient; and (3) malignant, a group of tu-
mors that clearly show malignant cytologic features.

Meta-analysis outcomes

1. Pooled odds of CS cytology compared with LBC in diagnosing
benign, suspicious and malignant lesions:
a) CS cytology performed comparably to LBC in diagnosing

benign and suspicious pancreatic lesions [OR=1.1 (0.7–
1.75); P=0.7, 1.23 (0.96–1.59); P=0.1] when combining the
data from both the filtration and precipitation-based meth-
ods for LBC.
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b) CS cytology performed significantly better than filtration-
based LBC technique in diagnosing suspicious, and malig-
nant pancreatic lesions [OR=1.69 (1.02–2.79); P=0.04, OR
=0.47 (0.27–0.8); P=0.006]. For benign lesions, outcomes
of the two techniques were comparable.

c) Precipitation-based LBC performed significantly better than
CS cytology in diagnosing malignant pancreatic lesions [OR
=0.39 (0.19–0.8); P=0.01], but this effect
was not seen with respect to benign lesions.

Pooled rates of performance in terms of final diagnosis (malig-
nant, suspicious or benign) of CS cytology and LBC techniques
and pooled odds are summarized in ▶Table 2 and ▶Fig. 1,

▶Fig. 2, ▶Fig. 3, ▶Fig. 4, ▶Fig. 5 and ▶Fig. 6.
2. Pooled diagnostic performance of CS, Precipitation-based

and Filtration-based LBC techniques
Precipitation-based LBC had higher pooled accuracy (85.2%)

and sensitivity (83.6%) compared to CS (79.7% and 79.2%,
respectively) and filtration-based LBC (77.3% and 68.3%,

Group by  Study name Statistics for each study Odds ratio and 95% CI
LBC method  Odds ratio Lower limit Upper limit p-Value 

Filtration De Luna, 2004 1.358 0.653 2.825 0.413
Filtration Lee, 2016a 3.182 1.206 8.398 0.019
Filtration Lee, 2016b 2.143 0.376 12.197 0.390
Filtration Qin, 2014 0.848 0.383 1.879 0.685
Filtration Lee, 2011 4.578 1.987 10.545 0.000
Filtration Van Riet, 2020 0.783 0.341 1.798 0.564
Filtration  1.687 1.021 2.787 0.041
Precipitation Chun, 2020 0.659 0.107 4.045 0.652
Precipitation Zhou, 2020 0.252 0.178 0.357 0.000
Precipitation Hashimoto, 2017 0.575 0.286 1.156 0.121
Precipitation  0.387 0.187 0.799 0.010

Overall  1.048 0.693 1.583 0.824

0.1

Favours LBC Favours CS

0.2 0.5 1 2 5 10

▶ Fig. 1 OR malignant.

▶Table 2 Pooled performance of CS and LBC techniques.

Malignant Benign Suspicious

Pooled odds ratio (95% confidence interval)

Conventional smear vs Liquid based cytology (LBC) NA OR=1.1 (0.7–1.75)
P =0.7
I2 = 2; 8 studies

OR=1.23 (0.96–1.59)
P =0.1
I2 = 76; 5 studies

Conventional smear vs Precipitation-LBC (SurePath) OR=0.39 (0.19–0.8)
P =0.01
I2 = 60; 3 studies

OR=1.1 (0.6–2.1)
P=0.7
I2 = 48; 3 studies

-NA-

Conventional smear vs Filtration-LBC
(ThinPrep, CellPrep)

OR=1.69 (1.02–2.79)
P =0.04
I2 = 56; 7 studies

OR=1.1 (0.54–2.17)
P = 0.8
I2 = 0; 5 studies

OR=0.47 (0.27–0.8)
P =0.006
I2 = 0; 4 studies

Pooled proportions (95% confidence interval)

Conventional smear 64.9% (43.4–81.7)
I2 = 96; 10 studies

26.4% (8.2–58.8)
I2 = 94; 8 studies

22.8% (10.4–42.7)
I2 = 93; 5 studies

Liquid-based cytology subtypes

Precipitation-LBC (SurePath) 84.1% (50.9–96.4)
I2 = 98; 3 studies

23.2% (3.3–72.5)
I2 = 98; 3 studies

NA

Filtration-LBC (ThinPrep) 48.6% (24.2–73.7)
I2 = 84; 7 studies

29.1% (6.7–70.3)
I2 = 85; 5 studies

27.5% (11.9–51.5)
I2 = 18; 4 studies

CS convetional smear; LBC, liquid-based cytology.
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respectively). Specificity and PPV were comparable in all three
techniques. NPV was found to be higher with filtration-based
LBC technique (50.9%) as compared with CS (46.2%) and preci-
pitation-based LBC techniques (35.4%). Details are summarized
in ▶Table 3 and Supplementary Fig. 1 to 5

Validation of meta-analysis results

Sensitivity analysis

To assess whether any one study had a dominant effect on the
meta-analysis, we excluded one study at a time and analyzed its
effect on the main summary estimate. In the pooled OR analy-
sis, we noted a significant change to the pooled rates for CS vs
LBC by precipitation, when the studies by Lee et al 2011 and
Yeon et al 2018 were removed (pooled OR=1.4, P=0.1 and
pooled OR=1.7, P=0.1; respectively). No changes to the final
pooled rates were noted in the analysis of benign and/or suspi-

cious lesions. In the analysis of proportions, we did not notice
any changes to the pooled rates when any one study was re-
moved at a time in the diagnosis of any of the lesions.

Heterogeneity

We assessed dispersion of the calculated rates using the CI and
I2 percentage values. The CI gives an idea of the range of the
dispersion and I2 tell us what proportion of the dispersion is
true vs chance [29]. Overall, a considerable to substantial de-
gree of heterogeneity was noted in the analysis. Based on our
analysis, the types of LBC method (precipitation, filtration),
brand of LBC medium (SurePath™, ThinPrep®, CellPrep®) and fi-
nal diagnosis of the lesion (benign, suspicious, or malignant)
seemed to explain the observed heterogeneity to some extent.
Other possible variables that might have contributed to the
heterogeneity, which were not amenable to analysis, were the
number of needle passes performed, FNA needle gauge used

Group by  Study name Statistics for each study Odds ratio and 95% CI
LBC method  Odds ratio Lower limit Upper limit p-Value 

Filtration Lee, 2016a 0.113 0.006 2.215 0.151
Filtration Lee, 2016b 1.000 0.117 8.559 1.000
Filtration Qin, 2014 1.000 0.055 18.085 1.000
Filtration Lee, 2011 1.947 0.610 6.212 0.260
Filtration Yeon, 2018 1.000 0.444 2.251 1.000
Filtration  1.084 0.542 2.166 0.820
Precipitation Chun, 2020 1.518 0.247 9.324 0.652
Precipitation Zhou, 2020 0.597 0.262 1.361 0.220
Precipitation Hashimoto, 2017 1.739 0.865 3.497 0.121
Precipitation  1.120 0.601 2.087 0.721

Overall  1.104 0.695 1.753 0.676

0.1

Favours LBC Favours CS

0.2 0.5 1 2 5 10

▶ Fig. 2 OR benign.

Group by  Study name Statistics for each study Odds ratio and 95% CI
LBC method  Odds ratio Lower limit Upper limit p-Value 

Filtration De Luna, 2004 0.399 0.144 1.104 0.077
Filtration Lee, 2016a 0.758 0.269 2.133 0.599
Filtration Lee, 2016b 0.455 0.036 5.813 0.544
Filtration Lee, 2011 0.383 0.165 0.891 0.026
Filtration  0.469 0.274 0.804 0.006
Precipitation Zhou, 2020 1.617 1.217 2.150 0.001
Precipitation  1.617 1.217 2.150 0.001

Overall  1.234 0.959 1.587 0.102

0.1

Favours LBC Favours CS

0.2 0.5 1 2 5 10

▶ Fig. 3 OR suspicious.
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Group by  Study name Statistics for each study Event rate and 95% CI
cytology type  Event rate Lower limit Upper limit  

CS Chun, 2020cs 0.965 0.896 0.989
CS Zhou, 2020cs 0.148 0.116 0.187
CS Hashimoto, 2017cs 0.821 0.739 0.882
CS De Luna, 2004cs 0.507 0.390 0.625
CS Lee, 2016acs 0.694 0.528 0.822
CS Lee, 2016bcs 0.750 0.448 0.917
CS Qin, 2014cs 0.700 0.573 0.802
CS Lee, 2011cs 0.517 0.390 0.642
CS Van Riet, 2020cs 0.662 0.545 0.762
CS Yeon, 2018cs 0.500 0.362 0.638
CS  0.649 0.434 0.817
Filtration De Luna, 2004 0.431 0.304 0.569
Filtration Lee, 2016a 0.417 0.269 0.581
Filtration Lee, 2016b 0.583 0.308 0.815
Filtration Qin, 2014 0.917 0.587 0.988
Filtration Lee, 2011 0.086 0.036 0.191
Filtration Van Riet, 2020 0.714 0.561 0.830
Filtration Yeon, 2018 0.417 0.287 0.559
Filtration  0.486 0.242 0.737
Precipitation Chun, 2020 0.976 0.911 0.994
Precipitation Zhou, 2020 0.408 0.360 0.458
Precipitation Hashimoto, 2017 0.889 0.829 0.930
Precipitation  0.841 0.509 0.964

– 1.00 – 0.50 0.00 0.50 1.00

▶ Fig. 4 PR malignant.

Group by  Study name Statistics for each study Event rate and 95% CI
cytology type  Event rate Lower limit Upper limit  

CS Chun, 2020cs 0.035 0.011 0.104
CS Zhou, 2020cs 0.809 0.714 0.878
CS Hashimoto, 2017cs 0.179 0.118 0.261
CS Lee, 2016acs 0.014 0.001 0.187
CS Lee, 2016bcs 0.167 0.042 0.477
CS Qin, 2014cs 0.962 0.597 0.998
CS Lee, 2011cs 0.155 0.083 0.272
CS Yeon, 2018cs 0.417 0.287 0.559
CS  0.264 0.082 0.588
Filtration Lee, 2016a 0.111 0.042 0.261
Filtration Lee, 2016b 0.167 0.042 0.477
Filtration Qin, 2014 0.962 0.597 0.988
Filtration Lee, 2011 0.086 0.036 0.191
Filtration Yeon, 2018 0.417 0.287 0.559
Filtration  0.291 0.067 0.703
Precipitation Chun, 2020 0.024 0.006 0.089
Precipitation Zhou, 2020 0.876 0.790 0.960
Precipitation Hashimoto, 2017 0.111 0.070 0.171
Precipitation  0.232 0.033 0.725

– 1.00 – 0.50 0.00 0.50 1.00

▶ Fig. 5 PR benign.
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(19G, 22G, 25G), location of pancreatic lesion (head, uncinate,
body, tail) and study design (retrospective, prospective). Over-
all, considerable heterogeneity was noted in the analysis.

Publication bias

Publication bias was not evaluated as the number of studies in
our analysis was less than 10.

Discussion
We found that EUS-guided FNA using conventional smear (CS)
cytology was superior to filtration-based LBC for diagnosing
malignant as well as suspicious pancreatic lesions. On the other
hand, precipitation-based LBC was superior to CS cytology, in
particular, for diagnosing malignant pancreatic lesions. We
found no significant difference in the diagnostic odds of the
three techniques in terms of diagnosing benign pancreatic le-
sions.

In terms of overall diagnostic performance, EUS-guided fine-
needle aspiration using precipitation-based liquid cytology
technique had higher accuracy and sensitivity compared to CS
and filtration-based liquid cytology techniques (85.2% and
83.6%, respectively).

EUS-guided FNA is a safe, cost-effective and widely accepted
method for evaluating and sampling solid pancreatic lesions
[41]. For decades, the CS technique has been used and has
demonstrated a diagnostic sensitivity for pancreatic malignan-
cy as high as 96% [42, 43]. CS involves the FNA sample being
smeared directly onto a glass slide and then either air-dried for
Diff-quick staining or wet-fixed with an ethanol-based fixative
for Papanicolaou staining, although other stains can be em-
ployed.

There are some important differences between CS prepara-
tions, filtration-based LBC, and precipitation-based LBC that
deserve a mention. CS preparations have the advantage of the
pathologist knowing that the cellular material on the slide re-
presents a single pass (meaning that increased cellularity has

Group by  Study name Statistics for each study Event rate and 95% CI
cytology type  Event rate Lower limit Upper limit  

CS Zhou, 2020cs 0.543 0.493 0.592
CS De Luna, 2004cs 0.109 0.053 0.212
CS Lee, 2016acs 0.250 0.136 0.415
CS Lee, 2016bcs 0.083 0.012 0.413
CS Lee, 2011cs 0.190 0.108 0.311
CS  0.228 0.104 0.427
Filtration De Luna, 2004 0.235 0.139 0.370
Filtration Lee, 2016a 0.306 0.178 0.472
Filtration Lee, 2016b 0.167 0.042 0.477
Filtration Lee, 2011 0.379 0.264 0.509
Filtration  0.275 0.119 0.515
Precipitation Zhou, 2020 0.423 0.375 0.473
Precipitation  0.423 0.101 0.828

– 1.00 – 0.50 0.00 0.50 1.00

▶ Fig. 6 PR suspicious.

▶Table 3 Pooled accuracy/sensitivity/specificity/PPV/NPV of techniques.

Accuracy Sensitivity Specificity PPV NPV

CS 79.7% (72.2–85.6)
I2 = 86;
8 studies

79.2% (70.7–85.7)
I2 = 89;
8 studies

99.4% (98.4–99.8)
I2 = 0;
7 studies

99.5% (98.5–99.8)
I2 = 0;
6 studies

46.2% (27.2–66.4)
I2 = 96;
6 studies

Liquid based cytology sub-types

Precipitation-LBC
(SurePath)

85.2% (74.4–91.9)
I2 = 76;
3 studies

83.6% (70.7–91.5)
I2 = 85;
3 studies

99.5% (97.6–99.9)
I2 = 0;
3 studies

99.5% (97.6–99.9)
I2 = 0;
3 studies

35.4% (14.5–63.9)
I2 = 91;
3 studies

Filtration-LBC (ThinPrep) 77.3% (67.1–85)
I2 = 49;
5 studies

68.3% (55.3–79)
I2 = 64;
5 studies

99.5% (97.6–99.9)
I2 = 0;
4 studies

99.5% (97.6–99.9)
I2 = 0;
3 studies

50.9% (24.4–76.9)
I2 = 92
3 studies

CS, conventional smear; LBC, liquid-based cytology; PPV, positive predictive value; NPV, negative predictive value.
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more meaning and can better support an abnormality). On the
other hand, when LBC is used, often several passes are put into
the same vial, and therefore, cellularity becomes less informa-
tive. CS also better preserves extracellular material that may
be present in a lesion (eg, hyalinization that occurs in SPT). In
addition, it is generally understood that CS allows better evalu-
ation of cytomorphologic architecture; for example, loss of co-
hesion in carcinoma cells is often more evident on a CS. Finally,
it is helpful to have the option for different staining methods
(Diff-Quik™) and Papanicolaou stains with CS.

The major advantage of CS is the needed availability of a
ROSE where a cytopathologist is present during the procedure.
The rationale for using ROSE in EUS-FNA tissue acquisition is
that it allows real-time evaluation of sample adequacy and di-
agnostic yield. Additionally, on-site cytopathologists can deter-
mine whether additional sampling is required for further diag-
nosis or if specimen triage is necessary for additional studies
(eg, immunohistochemistry or flow cytometry) [44, 45]. De-
spite its proven advantage [46, 47], ROSE is not readily available
in all healthcare centers across the world. According to a study
on practice patterns in EUS-FNA published in 2016, ROSE was
available in only 48% of European and 55% of Asian centers,
but in almost all centers (98%) in the United States. The obsta-
cles to expanding ROSE include limited cytopathologist staff-
ing, cost-effective performance, and longer procedural dura-
tion [48].

LBC was first introduced in 1991 and has been used exten-
sively in the analysis of fine-needle aspirations of the thyroid
[49–51] and cervical cytology [52–54]. Although tissue archi-
tecture and the determination of cellularity can be made more
difficult on LBC as compared to CS, LBC does allow for a reduc-
tion in artifacts related to sample drying and elimination of
blood contamination by lysing red blood cells thereby resulting
in a cleaner background. In addition, because the cellular ele-
ments are within a circle in the center of the slide, it can be
less time-consuming for the cytopathologist compared with
CS where the samples are irregularly distributed over multiple
glass slides [18, 55].

Filtration-based and precipitation-based are two types of
LBC methods. They have some similarities and few subtle differ-
ences. In general, the filtration method has flatter cell layer dis-

tribution, which is considered its main advantage over the pre-
cipitation method as cells can be easier to visualize over a larger
diameter area. The filtration method does suffer from the filter
itself getting clogged by interfering material (such as blood or
mucus) that increases the number of unsatisfactory results as
compared to the precipitation method. The nuclear features of
malignancy or benignity should be similarly evident in both LBC
preparations. Both methods have the advantage of being a sin-
gle slide for evaluation, compared to CS which usually has mul-
tiple slides per case [56]. Differences between the preparation
types outlined in ▶Table 4.

The strengths of this review are as follows: systematic litera-
ture search with well-defined inclusion criteria, careful exclu-
sion of redundant studies, inclusion of good quality studies
with detailed extraction of data and rigorous evaluation of
study quality. Our study included only those studies in which a
comparative analysis between CS and LBC was performed in
pancreatic lesions. We excluded studies in which either only
one technique was evaluated [57, 58] or non-pancreatic lesions
were evaluated [59, 60] There are limitations to this study as
well, most of which are inherent in any meta-analysis. We were
unable to evaluate the effect of lesion location, size, number of
passes, needle size, or operator experience on our results. We
included studies that were retrospective in nature contributing
to selection bias and our analysis has the limitation of non-cau-
sal comparison with significant heterogeneity. While a majority
of the lesions diagnosed in our study were pancreatic adeno-
carcinomas, we were unable to evaluate the efficacy of either
cytology techniques for other malignant and benign pancreatic
etiologies given their underrepresentation in included studies.
In one of the included studies, atypical and suspicious lesions
were grouped together [35]. Finally, our analysis included only
three studies that used the precipitation-based LBC technique,
which may have influenced our results.

Conclusion
Our study is the first in the literature to evaluate the diagnostic
performance of conventional smear in the absence of ROSE with
LBC in EUS-guided FNA sampling of solid pancreatic lesions. We
found that CS and LBC techniques have comparable efficacy in

▶Table 4 Advantages and disadvantages of CS and LBC techniques.

Conventional Smear (CS) LBC (Filtration) LBC (Precipitation)

Advantages Better gauge of cellularity No ROSE needed No ROSE needed

Preserved extracellular material Single slide Single slide

Preserved cytologic architecture Flatter cell distribution Improved satisfactory rate

Stain options

Disadvantages Requires ROSE Increased unsatisfactory rate More cell crowding/overlap

More slides to evaluate Loss of cellularity gauge, extracellular
material, cytologic architecture, and stain
options

Loss of cellularity gauge, extracellular
material, cytologic architecture, and stain
options

CS, conventional smear; LBC, liquid-based cytology; ROSE, rapid on-site evaluation.
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terms of characterizing pancreatic lesions as either malignant,
suspicious or benign. However, given the differences in prepa-
ration methods of LBC, comparative analysis with CS is inaccu-
rate. Hence, we decided to compare CS with both LBC tech-
niques and found that precipitation-based LBC (SurePath) out-
performs CS cytology without ROSE for diagnosing malignant
pancreatic lesions. However, CS cytology outperforms the fil-
tration-based LBC (ThinPrep, CellPrep) technique in diagnosing
both malignant and suspicious pancreatic lesions. In conclu-
sion, in the absence of ROSE, precipitation-based LBC should
be preferred over CS technique in EUS-guided sampling of pan-
creatic lesions. Finally, regardless of the cytologic preparation
method, EUS-FNA cytology continues to remain a useful and ac-
curate diagnostic tool for pancreatic lesions.
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