Effect of histological examination on the diagnosis
of pancreatic mass using endoscopic ultrasound fine-needle aspiration
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Abstract

Background. Endoscopic ultrasound-quided fine-needle aspiration (EUS-FNA) is a well-established method
for the diagnosis of solid pancreatic lesions. However, the diagnostic yield of EUS-FNA for pancreatic lesions
varies at around 70—90%. Samples from EUS-FNA consist of cells and tissues that can be analyzed separately,
and the results can be combined for a final diagnosis.

Objectives. Toinvestigate the effect of cytological and histological analysis of EUS-FNA samples on the final
diagnosis, and identify factors that may affect the accuracy of the cytological, histological, and overall analysis.

Materials and methods. A single-center prospective observational study was conducted at a tertiary
university hospital from July 2018 to June 2019. Patients who underwent EUS-FNA for pancreatic solid lesions
with a 22-gauge EUS-FNA needle were included in our study. Liquid-based cytological analysis of the speci-
men and histological analysis of the whitish core were performed, and factors that affected the diagnostic
accuracy of each analysis were evaluated.

Results. In 63 EUS-FNA samples, the overall diagnostic accuracy was 87.3%, which was significantly higher
than the cytological accuracy of 73.8% (p=0.031) and the histological accuracy of 69.8% (p = 0.001). Factors
that affected the results differed in each group: 1) cytological analysis: size, location, and approach method;
2) histological analysis: specimen weight; and 3) overall analysis: size, location, and approach method.

Conclusions. Histologic evaluation of core material obtained from EUS-FNA improved diagnostic accuracy,
and factors that affected each result were analyzed. Further studies with prospective randomized trials are
recommended to support our data.

Key words: endosonography, diagnosis, pancreatic neoplasms, endoscopic ultrasound-quided fine-needle
aspiration
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Background

Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) is a well-established and safe method for
tissue acquisition from solid pancreatic lesions. Ever
since Vilmann et al. first reported the use of EUS-FNA
in a solid pancreatic lesion, it has become one of the most
important endoscopic procedures in the diagnosis of be-
nign and malignant tumors, as well as in the staging
of malignancies of the gastrointestinal tract and adjacent
structures, including the pancreas.! However, the diag-
nostic yield of the procedure varies at around 70-90%,
and is affected by several factors such as lesion loca-
tion or size, characteristics of the target lesion, various
procedural techniques and devices, tissue-processing
method, the availability of cytology staff or rapid on-site
evaluation (ROSE), and the experience of the endosonog-
rapher.?? The fact that the diagnostic yield is sometimes
as low as 70% in expert hands can result in high medical
costs from extra procedures and/or imaging studies,
and the uncertainty in diagnosis can also cause treat-
ment delay.

Many studies have been performed to overcome the limi-
tations of EUS-FNA and improve diagnostic yield. The de-
velopment of diagnostic techniques, such as the fanning
technique and the slow-pull technique, and new endo-
scopic ultrasound-guided fine-needle biopsy (EUS-FENB),
have brought a certain degree of success in this regard. 24>
Even though recent meta-analysis results have not been
consistent enough to confirm the superiority of EUS-FNB
over EUS-FNA, its ability to provide core tissue specimens
with preserved architecture provides advantages, espe-
cially in diagnosing lymphoma, gastrointestinal stromal
tumors (GIST) and autoimmune pancreatitis, as well as
in molecular and genetic analyses for precision medi-
cine.>®” However, the EUS-FNB needle has several techni-
cal disadvantages compared to the EUS-FNA needle due
to its stiffness and targeting difficulties, especially during
the transduodenal approach, and an ideal technique for
EUS-FNB has not yet been established.??

Although it is easy to think otherwise due to the no-
menclature, biopsy specimens can also be obtained from
EUS-FNA, and several articles have shown no difference
between EUS-FNA and EUS-FNB in histologic core pro-
curement.®!%!! In EUS-FNA without ROSE, the number
of EUS-FNA passes and the end of the procedure are de-
cided by the endosonographer on the basis of macroscopic
evaluation of the FNA specimen.!!

Objectives

In this study, we aimed to compare the results of liquid-
based preparation (LBP) cytology alone and LBP cytology
with histopathological study, to assess whether histologic

S.J. Choi et al. Histological evaluation in EUS-FNA

evaluation of core tissue obtained from EUS-FNA using
a 22-gauge needle could improve the diagnostic accuracy
of EUS-FNA for solid pancreatic lesions in the absence
of ROSE. The influence of the characteristics of the lesion
and core tissue derived from EUS-FNA on diagnostic yield
was also evaluated.

Materials and methods
Patient eligibility

In this prospective observational study, we collected data
from 70 consecutive patients who underwent EUS-FNA
for solid pancreatic lesions from July 2018 to June 2019.
Eligible individuals were patients older than 20 years with
a suspected solid pancreatic tumor measuring =10 mm.
Exclusion criteria were as follows: 1) previous history of in-
tra-abdominal surgery or cancer; 2) bleeding tendency
(platelet count <50,000, prothrombin time-international
normalized ratio (PT-INR) >1.8); 3) no confirmed final
diagnosis; 4) cystic lesion on EUS; 5) repeated procedures
due to inadequate samples; 6) pregnancy; and 7) refusal
to participate. Patient demographics, laboratory test results
and follow-up clinical data were collected. The lesion size
and location (head/body/tail), approach method (trans-
duodenal/transgastric), needle device, number of needle
passes, depth of the needle from the margin, suction
technique (syringe/slow-pull), the weight of the specimen,
cytology results, histology results, and the final diagnosis
were recorded with regard to the procedure. The study was
conducted in accordance with the Declaration of Helsinki
and was approved by the Korea University Anam Hospital
Institutional Review Board (approval No. 2019AN0406).
Written informed consent was obtained from all patients
before the procedure.

EUS-FNA procedure and sample handling

The EUS-FNA procedures were performed by 2 ex-
perienced endosonographers at Korea University Anam
Hospital, Seoul, South Korea, from July 2018 to June 2019.
The procedures were performed using an electronic cur-
vilinear echoendoscope (GF-UCT 240; Olympus Corp.,
Tokyo, Japan), a standard endoscopic system (EVIS
LUCERA ELITE CV-260/CLV-260, CV-290/CLV-290SL;
Olympus Medical Systems, Co. Ltd.) and the ProSound
al0 premier (ALOKA, Co. Ltd., Tokyo, Japan). The EUS-
FNA needles used for the procedure were either 22-gauge
Expect™ Slimline FNA needles (Boston Scientific, Bos-
ton, USA) or 22-gauge EchoTip® Ultra FNA needles
(Cook Medical, Bloomington, USA), as per the prefer-
ence of the endosonographer. The precision balance used
in our study was the FX-200i Precision Balance (A&D
Medical, Chicago, USA). Endoscopic procedures were
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performed under a moderate degree of procedural seda-
tion using intravenous injection of propofol.

The lesion and the surrounding structures were closely
reviewed under EUS and color Doppler mode. All lesions
at the head were approached in a transduodenal man-
ner, and all lesions in the body and tail were approached
in a transgastric manner. Under real-time EUS imaging,
the EUS-FNA needle was inserted through the working
channel of the echoendoscope, where it punctured the tar-
get lesion. The mean lesion diameter and the maximum
puncture depth of the needle from the surface of the le-
sion were measured. Once the needle was advanced into
the target lesion, a suction technique, either application
of a 10-milliliter syringe with negative pressure or slow
withdrawal of the stylet, was decided by the endosono-
grapher. An assistant nurse applied the suction and 10 to-
and-fro movements using a fanning technique, with a max-
imum of 3 passes, for sample collection were performed
under the endosonographer’s discretion.

After the sampling procedure, the whole needle was
removed from the echoendoscope, and the content in-
side the needle was directly placed into a translucent
bottle with a cellular preservative fluid (CytoRichRed;
Becton Dickinson, Franklin Lakes, USA) for primary rins-
ing, inspection, weight measurement, and subsequent
LBP cytology. The specimen obtained from the proce-
dure was slowly pushed out of the needle, using a needle
stylet. Before the placement of the specimen, the preci-
sion balance was rescaled to zero with the preservative
bottle, so only the weight of the specimen was measured.
The endosonographer carefully assessed the specimen
macroscopically, and if thread-like, tan-pink/red, thick,
and granular material was observed, it was considered
avisible histologic core, which was harvested and placed
into a formalin bottle for subsequent histologic evalua-
tion. For the confirmation of adequate sampling, mac-
roscopic examination of the specimen was performed
by the endosonographer who performed the procedure,
along with another endosonographer who had not par-
ticipated in the procedure. The ROSE was not available
in any of the cases.

Cytologic and histologic analyses

The collected remnant samples in the cellular preser-
vative fluid were sent for LBP cytology and preparation
of a cell block. The slide was prepared by a completely
automated preparation technique for LBP cytology, and
cell blocks were prepared using residual samples. The sec-
tions were stained with hematoxylin and eosin (H&E), and
both slides were reviewed by a pathologist for cytological
analysis. The core specimens transferred from the pre-
servative fluid into the 20% buffered formalin bottle were
embedded in paraffin, and these sections were also stained
with H&E, which were reviewed by a pathologist for his-
tologic analysis.
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Data analyses

The adequacies of both samples were determined by pa-
thologists. Overall, samples were considered adequate
if either the cytology or histology was considered ade-
quate. Both cytologic and histologic results were reported
as: 1) definite malignancy; 2) suspicious of malignancy;
3) atypical cells present; 4) benign cytology/histology;
or 5) inadequate. We considered patients as having a malig-
nancy when their results were either 1) or 2).12 The final di-
agnosis was confirmed according to the following criteria:
1) positive cytologic or histologic results of EUS-FNA with
compatible clinical features; 2) histologic diagnoses from
other sources like surgery or biopsy; or 3) negative EUS-
FNA results with clinical follow-up of at least 6 months
with compatible benign clinical features.

Statistical analyses

Descriptive statistics for continuous variables are pre-
sented as means and standard deviations (SD) or medians
and ranges. Categorical variables are presented as counts
and percentages. Continuous and categorical variables were
analyzed using the Student’s t-test and X test, respectively.
The diagnostic sensitivity, specificity, accuracy, positive
predictive value (PPV), and negative predictive value (NPV)
were measured, and the diagnostic accuracies of the sam-
ples were compared using McNemar’s test. Potential fac-
tors that might have affected the diagnostic accuracy were
evaluated. A p-value <0.05 was considered statistically sig-
nificant. The IBM SPSS Statistics for Windows v. 21.0 (IBM
Corp., Armonk, USA) was used for all analyses.

Results

Among the 70 patients who were eligible for our study,
7 were excluded: 3 patients with cystic lesions, 2 patients
without confirmation of final diagnosis, and 2 patients
with re-study. After the exclusion, 63 patients who under-
went EUS-FNA for pancreatic solid lesions were analyzed.
Thirty-three males (52.4%) were included in the study, and
the mean age of patients was 70.2 £10.7 years. The mean
lesion size was 3.9 +1.6 ¢cm, and the lesions were located
in the head (n = 21, 35.9%), body (n = 30, 47.6%) or tail
(n = 20, 33.3%). The final diagnoses included 2 focal
chronic pancreatitis and 61 adenocarcinomas. Table 1
shows the baseline characteristics of the participants.
Procedure-related characteristics are listed in Table 2.
Twenty-one procedures were performed using the trans-
duodenal approach and 42 procedures were performed us-
ing the transgastric approach. Two different needle devices
were used: Expect™ Slimline (n = 35, 55.6%) and Echo-
Tip® Ultra (n = 28, 44.4%). The median number of needle
passes was 2 (range 1-3), and the mean needle depth was
15.6 +4.1 mm. Two suction techniques were used: negative
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Table 1. Baseline characteristics of the participants

Positive results were seen in 47 cytologic samples and

Variables | FNA (n = 63) 44 histologic samples, and 55 patients showed positive
o ——— 702+10.7 results on the final diagnosis. For evaluation, 96.8% of cy-
Lesion size [cm], mean £5D 30416 tology samples, 85.7% of histology samples ar‘ld 98.4%
o of the overall samples were adequate. Most diagnostic
discrimination values for the cytologic analysis were
Male. n (%) 33624) slightly higher than those for the histologic analysis:
Female, n (%) 30 (47.6) sensitivity 73.8% compared to 68.9%; specificity 100%
Location compared to 100%; accuracy 74.6% compared to 69.8%;
Head, n (%) 21(35.9) PPV 100% compared to 100%; and NPV 11.1% compared
Body, n (%) 22 (30.8) to 9.5%. Overall results were the combined cytologic and
Tail, n (%) 20 (33.3) histologic analyses showing: sensitivity 86.9%; specific-
Final diagnosis ity 100%; accuracy 87.3%; PPV 100%; and NPV 20.0%
Benign, n (%) 2(3.2) (Table 3)'

' Table 4 summarizes the comparison of the diagnostic

Adenocarcinoma, n (%) 61 (96.8) . . .
accuracies; the overall accuracy was significantly higher

FNA - fine-needle aspiration; SD — standard deviation.

Table 2. Procedure-related characteristics

than the accuracy of cytology (p = 0.031) and that of his-
tology (p = 0.001). The accuracy of cytology was higher
than the accuracy of histology, but the difference was not
significant (p = 0.332).

RS | AN Univariate analysis was performed to evaluate the fac-

Approach method tors affecting the results in different specimen types

Transduodenal, n (%) 21333 (Table 5). With cytology, the positive group was signifi-

Transgastric, n (%) 42(66.7) cantly larger than the negative group (p = 0.02), and there

Needle device were differences related to the location (p = 0.02), such

Expect™ Slimline, n (%) 35 (55.6) that the diagnostic accuracy was in the following order:

EchoTip® Ultra, n (%) 28 (44.4) body (86.4%), tail (75.5%), and head (52.4%). The approach

I — 24405 method was also significant (p = 0.00). With histology,

Needle depth [mm], mean 5D (56 specimens that showed posiFive results tended to weigh

Ep—— more than those with negative results (199.8 £129.6 mg

compared to 145.7 £85.5 mg; p = 0.04). Overall, the size

Syringe, n (%) 29(460) and location of the lesion significantly affected obtaining
Slow-pull, n (%) 34 (540) positive results from EUS-FNA (both p = 0.04).

Specimen weight [mg], mean +SD 183.5+120.0

FNA - fine-needle aspiration; SD - standard deviation.

suction with a 10-mL syringe (n = 29, 46.0%) and the slow-
pull technique (n = 34, 54.0%). The mean specimen weight
was 183.5 +120.0 mg.

Discussion

Because pancreatic cancer has a dismal prognosis, accu-
rate diagnosis is crucial for patients to receive adequate
treatment without delay. The EUS-FNA is a safe, accurate

Table 3. Cytology, histology and overall outcomes of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA)

Samples Positive, n Negative, n | Adequacy (%) | Sensitivity (%) | Specificity (%) | Accuracy (%) PPV (%) NIRYACH)
Cytology 47 16 96.8 (61/63) 73.8 (45/61) 100.0 (2/2) 74.6 (47/63) 100.0 (45/45) 11.1(2/18)
Histology 44 19 85.7 (54/63) 68.9 (42/61) 100.0 (2/2) 69.8 (44/63) 100.0 (42/42) 9.5 (2/21)
Overall 55 8 984 (62/63) 86.9 (55/61) 100.0 (2/2) 87.3 (55/63) 100.0 (53/53) 20.0 (2/10)

PPV — positive predictive value; NPV- negative predictive value.

Table 4. Comparison of the diagnostic yield of cytology and histology with overall result

Cytology Histology
Result p-value Result
positive, n negative, n positive, n negative, n
positive 47 8 positive 44 1
Overall 0.031* 0.001*
negative 0 8 negative 0 8

* statistically significant (McNemar's test).
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Table 5. Univariate analysis of factors affecting the results in different types of specimen

Cytology
Variables positive negative positive negative positive negative
(n=47) (n=16) (n=44) (n=19) (n=15) (n=28)

Sex

male, n 25 8 23 10 29 4

female, n 22 8 s 21 9 e 26 4 g
Age [years], mean +SD 707493 | 689+128 | 053 | 696+11.1 | 718478 043 | 701+103 | 715+100 072
Size [mm], mean +SD 4074164 = 313497 003 | 379+161 @ 394+143 | 071 398+158 | 283484 004
Location, n (head/body/tail) | 11/19/17 10/3/3 002* | 1217715 9/5/5 034* | 15/21/19 6/1/1 0.04*
APIBCEERIMENIECR 11/36 10/6 000 12/32 9/10 0.15 15/40 6/2 005
(transduodenal/transgastric)
Needle device, n
Bxpec™Echalio®) 28/19 7/9 028 23/21 12/7 043 30/25 5/3 076
Needle passes, n,
median (ange) 2(1-5) 2(1-5) 1.00 2(1-5) 2(1-5) 1.00 2(1-5) 2(1-5) 1.00
Needie depth {mm, 156 +4.7 16.1 428 064 152 +45 167 +34 024 155 +42 1655 +3.0 040
mean +SD
SUEHON T i 22/25 7/9 084 19/25 10/9 050 25/30 4/4 081
(syringe/slow-pull)
fﬂp:acr:”lesgwe'ght (mg), 1896+1039 | 1814+1260 082 | 1998+1296  1457+855 = 004 | 180041203 | 2020+1228 = 055

SD - standard deviation; * statistically significant.

and cost-effective diagnostic modality for pancreatic tu-
mors, especially in providing specimens for cytological
evaluation. However, it is sometimes difficult to distin-
guish adenocarcinoma from reactive changes on cyto-
logic evaluation because of their overlapping features.!?
It is widely accepted that the presence of ROSE during
EUS-ENA improves diagnostic yield, but the total proce-
dure time and costs increase, and more importantly, this
method is not available in many centers.!* Special needles
for biopsy were developed and they showed promising
results in many studies by obtaining adequate histologic
cores. Yet, they have limitations, including the tip hard-
ness, cost and the lack of any set standard technique.
We conducted a prospective observational study of EUS-
ENA to evaluate the effects of cytological and histological
examination on diagnostic accuracy, and the factors that
affected each sample.

In our study, the diagnostic accuracy of cytology was
higher than that of histology but the difference was not
significant (74.6% compared to 69.8%), and the diagnos-
tic accuracy of the final result of combined cytology and
histology was significantly higher than that of cytology
or histology alone. Even though the histologic evalua-
tion alone yielded fewer results than cytologic evaluation,
both cytology and histology specimens were important
in EUS-ENA, as their results were complementary towards
the diagnosis of the lesion. These results are consistent
with those of previous studies.!>1®

Because acquiring cytohistologic specimens is criti-
cal for diagnosis, many studies have been performed
to evaluate the factors that affect the diagnostic accuracy
of EUS-FNA. Though there is a lack of consensus over

the findings of the reports, the presence of ROSE and size
and location of the tumor are widely accepted factors that
influence diagnostic accuracy.>*17-2° In our study, tumor
size, location and the approach method were significant
factors that affected the rendering of positive cytologic
results, and the specimen weight was a significant factor
for positive histologic results. With combined analysis,
the tumor size and location of the lesion were significant
factors for a positive diagnosis.

Even though the tumor size was important, the mean
needle depth from the margin of the lesion was not sig-
nificantly greater in the positive group, and was even
slightly lesser. The larger the tumor size, the more pos-
sible it is to insert the needle from various angles avoiding
nearby vascular structures. Alternatively, more vigorous
fanning techniques could be applied, and these factors
might be the cause of this result. Regardless of speci-
men, in our study, diagnostic accuracy was the highest
in the body, followed by the tail and then, the head. This
was largely affected by the approach method. The trans-
duodenal approach showed a significantly lower posi-
tive rate for cytology, and this may be due to disruption
of the needle from its original arrangement.?! Further re-
search is needed in this regard.

Among the 16 and 19 negative results from cytology and
histology, respectively, the ratio of atypical cells was higher
with histology (n = 15, 78.9%) than cytology (n = 10, 62.5%).
Atypical cells do not contribute to a definite diagnosis
for malignancy; however, they can help clinicians suspect
malignancy in false-negative cases and plan further more
aggressive diagnostic procedures or approaches, rather
than observation.!
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The length of the tissue core is reported to be a signifi-
cant factor for diagnosis in several studies, and our study
is the first to analyze the sample weight and its correla-
tion with diagnostic accuracy.'?2 The weight of cyto-
logic samples might not be accurate because of factors
such as blood contamination or tissue fragments, and
the result was not significant. The weight of the his-
tologic core was also measured and was significantly
higher in the positive group (p = 0.04). In particular, pa-
tients who underwent the slow-pull technique for suc-
tion showed significantly higher histologic core weight
compared to those who underwent the negative syringe
technique (201.3 £138.6 mg compared to 130.1 +61.8 mg;
p = 0.04). This result suggests that although the slow-
pull technique does not significantly improve the accu-
racy of EUS-FNA, positivity of histologic results can be
predicted in advance through the weight of the sample
in cases of EUS-FNA with the slow-pull technique. Fur-
ther validation and study of thresholds are needed to con-
firm our suggestion.

Our study evaluated cytology with LBP and cellblock-
processed samples. In our institute, the entire specimen
is placed in cellular preservative fluid for better visual-
ization of the core after rinsing. Although the diagnostic
outcome of the conventional smear method is reported
to be better than that of LBP cytology, it is not applicable
in some hospitals because of pathologists’ preferences
and hospital settings.?>?* However, our study results
were similar to those of a previous study using the smear
method.!’® To exclude the effects of various factors that
are still controversial in their influence on the diag-
nostic accuracy of EUS-FNA, variables such as needle
caliber (22-gauge), tissue acquisition method (fanning
technique) and presence of stylet were controlled in our
study.

Our study suggests that vigorous collection of tissue core
and its analysis would be a method of increasing the di-
agnostic yield in cases of pancreatic head lesions without
ROSE. In addition, EUS-FNA for collecting tissue samples
may be helpful, but further studies are needed, considering
the poor maneuverability of the needle in a bent, torqued
position.

Limitations

Our study has several limitations. First, the study
was performed in a single tertiary center. In addition,
the weight of the specimen may not exactly correlate with
the quantity of the specimen because of blood contamina-
tion or fibrosis, that may have been included. Other solid
pancreatic lesions, such as neuroendocrine tumors or cys-
tic pancreatic lesions were not evaluated. Also, the number
of true-negative lesions was small, resulting in a low NPV.
A larger prospective multicenter study is needed to provide
more evidence for our results.

S.J. Choi et al. Histological evaluation in EUS-FNA

Conclusions

Our findings suggest that histologic evaluation of core
material obtained from EUS-FNA improved diagnostic
sensitivity, accuracy and NPV. Previous studies have fo-
cused on improving diagnostic accuracy by analyzing its
factors, but our study shows that the factors influencing
the results of cytology and histology are slightly different.
Thus, overall diagnostic accuracy can be improved by im-
proving each factor. Measuring the weight of the sample
could be a method of obtaining sufficient samples during
EUS-FNA, along with the slow-pull technique to increase
histologic accuracy and, thus, the overall accuracy. Follow-
up studies with prospective randomized trials are recom-
mended to support our data.
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