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The cytological features of pancreatic cancer in LBC are similar to those observed in conventional smears, with a necrotic background
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Background: Despite the increasing use of liquid-based cytology (LBC) for pancreatic cancer diagnosis, relatively few studies have directly ex-
amined such research. This study analyzed the cytopathological features of pancreatic cancer in LBC and demonstrated the utility of cell blocks
in diagnosing pancreatic lesions. Methods: A retrospective review identified LBC from 254 pancreatic fine-needle aspirations (FNAs) (221 pa-
tients). FNAs were categorized into five subgroups based on cytopathological, clinical, and histopathological findings. Two pathologists evaluat-
ed cytological features in LBC samples, cell blocks, and tissue slides. Comparative analysis assessed differences between groups. Results: Com-
pared to benign lesions, LBC of pancreatic cancer more frequently showed a necrotic background, intermediate to high cellularity, mixed archi-
tecture, nuclear/cytoplasmic ratio >0.8, anisonucleosis >4:1, irregular and thick nuclear membranes, multinucleated tumor cells, hyperchromatic
nuclei, coarse to clumped chromatin, and a prominent single nucleolus. In cases of conventional pancreatic ductal adenocarcinoma, the pallia-
tive treatment subgroup showed a higher incidence of necrotic background than the resection subgroup. In the cell block analysis, tumor cells
not identified in LBC slides were detected in 16 FNAs. Additionally, 13 FNAs contributed to differential diagnosis: ancillary tests aided diagnosis
in 12 FNAs, while histopathological evaluation of the cell block slide alone was helpful in one case. Conclusions: The cytological features of pan-
creatic cancer in LBC are similar to those observed in conventional smears, with a necrotic background suggesting advanced (unresectable) dis-

ease. The cell block methodology minimizes tumor cell loss and facilitates differential diagnosis by enabling ancillary testing.
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INTRODUCTION

According to global statistics, pancreatic cancer ranks 11th in
cancer incidence and seventh in cancer-related deaths, with a
tive-year survival rate of approximately 10% and is one of the
most lethal malignant neoplasms. Although surgical resection
is the only potentially curative treatment, most patients with
pancreatic cancer are inoperable at the time of diagnosis [1,2].
Therefore, accurate pathological diagnosis is essential for suc-
cess of (neoadjuvant) chemotherapy in the treatment of pancre-
atic cancer, for which the utility of cytopathological diagnosis
through endoscopic ultrasound-guided fine-needle aspiration

(FNA) has been demonstrated [3-5]. In addition, as approxi-
mately 90% of pancreatic neoplasms in adults are histopatho-
logically classified as pancreatic ductal adenocarcinoma and
its subtypes [6], the importance of cytopathological diagnosis
of pancreatic ductal adenocarcinoma in diagnosing pancreatic
malignancies can be easily inferred.

Traditionally, FNA specimens are prepared as smear slides for
cytopathological diagnosis. However, smear slides have several
limitations, including difficulty in evenly spreading cellular ma-
terial on the slide, a relatively high possibility of cellular degen-
eration/artifacts due to air-drying, and diagnostic challenges
when tumor cells are obscured by necrotic debris or blood. To
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overcome these issues, liquid-based cytology (LBC) has been
developed and is now widely used [7-9]. Several studies have
compared the diagnostic rates of smear cytology and LBC for
pancreatic FNA, demonstrating diagnostic value and providing
evidence for the use of LBC in the cytopathological diagnosis of
pancreatic lesions [10-12].

Therefore, the number of institutions using LBC for cyto-
pathological diagnosis of pancreatic lesions is increasing. How-
ever, compared to the relatively well-known cytological findings
of pancreatic ductal adenocarcinoma in conventional smear
cytology, there are fewer studies on the cytological features of
LBC, especially those analyzing cell blocks [11,13-16]. There-
fore, in this study, we investigated the cytological characteristics
of pancreatic ductal adenocarcinoma in LBC through a review
of FNA samples of pancreatic lesions. Additionally, we analyzed
the cytological characteristics of pancreatic cancer at advanced
stages, where surgical resection was not possible. Furthermore,
we demonstrated the usefulness of cell blocks, an advantage of

LBC, in diagnosis.

MATERIALS AND METHODS

FNA selection and specimen processing

Through a retrospective electronic medical record search, we
collected a list of 273 FNA-LBC specimen (239 patients) who
underwent FNA for pancreatic lesions at a single institution
(Korea University Guro Hospital, Seoul, Republic of Korea)
between January 2016 and June 2023. FNA samples were cy-
topathologically diagnosed in four categories: ‘malignant cell
present (MCP), ‘suspicious for malignancy (SFM), ‘atypical cell
present (ACP), or ‘negative for malignancy (NFM). Specimens
inadequate for diagnosis were reported as ‘Insufficient for diag-
nosis. All diagnoses of NFM from this institution in this time
period were included in the study. To minimize false positives,
we excluded FNA samples that met all the following criteria: (1)
diagnosed as ACP or higher, (2) no histopathological diagnosis,
and (3) fewer than 6 months of follow-up. FNA samples from
which there were damaged slides and those reported as ‘Insuf-
ficient for diagnosis’ were also excluded, resulting in analysis of
254 FNAs (221 patients) in the study. Among the 221 patients,
190 (86.0%) underwent FNA once, 29 (13.1%) underwent FNA
twice on the same lesion, and two (0.9%) underwent FNA three
times on the same lesion. LBC samples were prepared using
the ThinPrep non-gynecological sample preparation protocol
with a ThinPrep 2000 or 5000 processor (Hologic Inc., Marl-
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borough, MA, USA) and were stained with Papanicolaou stain.
Cell blocks for pancreatic FNA were prepared during routine
diagnostic processing, following institutional protocols. Aspi-
rated material was initially collected in a tube containing Cy-
tolyt solution (Hologic Inc.). Upon receipt in the laboratory, the
specimens were centrifuged at 3,000 rpm for 5 minutes. After
centrifugation, the supernatant was discarded. If a visible pellet
(cellular sediment) was present, a cell block was prepared; if
no visible pellet was observed, cell block preparation was not
possible due to insufficient cellular material. The pellets were
processed similarly to surgical specimens: they were forma-
lin-fixed, paraffin-embedded, sectioned, and stained with he-

matoxylin and eosin for histological evaluation.

Classification of FNAs

Cytopathological diagnoses of MCP or SFM were assigned to
group 1 (161 FNA samples; 132 MCP and 29 SFM), and those
of NFM or ACP were assigned to group 2 (93 FNA samples;
61 NFM and 32 ACP). Group 1 was further subdivided based
on histopathological confirmation into three subgroups: group
1-1 (41 FNA samples; 33 MCP and 8 SFM), consisting of histo-
pathologically confirmed conventional pancreatic ductal adeno-
carcinoma; group 1-2 (12 FNA samples; 10 MCP and 2 SFM),
consisting of histologically confirmed malignant neoplasms
other than conventional pancreatic ductal adenocarcinoma,
such as adenosquamous carcinoma, squamous cell carcinoma,
and sarcomatoid carcinoma, as well as neuroendocrine tumor
and lymphoma; and group 1-3 (108 FNA samples; 89 MCP and
19 SEM), consisting of cases cytopathologically suspicious for
pancreatic ductal adenocarcinoma without histopathological
confirmation. FNA samples in group 2 were further divided
into group 2-1 (benign, 17 FNAs), including cytopathological
diagnoses of NFM with no neoplasm detected during at least 6
months of follow-up and group 2-2 (probable benign, 76 FNA
samples; 44 NFM and 32 ACP) for the remaining (Fig. 1).

Clinical information collection and slide review

Clinical information of sex, age, radiological features of the
lesion, FNA method, FNA site, and histopathological results
was collected from an electronic medical record review. Two
pathologists (BHK and JM) independently reviewed the LBC
slides and compiled cytological features without considering
the original diagnostic interpretations. The following cytologi-
cal features were examined from each FNA-LBC: ‘background,

‘gastrointestinal contaminants, ‘cellularity, ‘architecture, ‘nu-
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273 FNAs identified through electronic
medical record searching

19 FNAs excluded:

- FNAs with damaged slides
- FNAs reported as 'Insufficient for diagnosis'

A

- FNAs met all of the following 3 criteria:
(1) cytologically diagnosed as ACP or higher,
(2) no histological diagnosis, and

254 FNAs are classified according to
cytopathologic diagnosis

(3) less than 6 months of follow-up

Y

7
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(161 FNAs) (93 FNAs)
MCP/SFM: NFM/ACP:
132/29 61/32
4 \ 4 v y !
Histologicall Histologically Suspicious for Benign
conﬂrgmed ¥ confirmed PDAC (NFM with no neoplasm Probable benign

conventional PDAC

non-conventional
PDAC malignancy

(No histological
confirmation)

detected during at least (remaining FNAs)

6 months of follow-up)

v v v A4 v
Group 1-1 Group 1-2 Group 1-3 Group 2-1 Group 2-2
(41 FNAs) (12 FNAs) (108 FNAs) (17 FNAs) (76 FNAs)
MCP/SFM: MCP/SFM: MCP/SFM: NFM/ACP: NFM/ACP:

33/8 10/2 89/19 17/0 44/32

Fig. 1. Classification of study fine-needle aspiration (FNA) samples. MCP, malignant cell present; SFM, suspicious for malignancy; ACP,
atypical cell present; NFM, negative for malignancy; PDAC, pancreatic ductal adenocarcinoma.

clear/cytoplasmic ratio, ‘cytoplasm, ‘anisonucleosis, ‘nuclear
membrane irregularity; ‘nuclear membrane thickness, ‘mul-
tinucleated cells’ (not multinucleated histiocytic giant cells),
‘hyperchromatic nuclei, ‘chromatin pattern, ‘number of nucle-
oli; ‘prominent nucleoli, and ‘nuclear inclusion’ For cytologic
evaluation, the threshold of anisonucleosis >4:1 was adopted
based on previously reported standards [13,14]. Large nuclei
and macronucleoli have been frequently observed in malig-
nant pancreatic cytology in previous studies [11,13,14,16]. To
enhance reproducibility, we replaced the assessment of nuclear
enlargement with a semi-quantitative evaluation of the nuclear/
cytoplasmic ratio, categorized into three groups (<0.5, 0.5-0.8,
and >0.8) based on visual estimation. Nucleolar prominence
was assessed separately according to its visibility at different
magnifications. When there were discrepancies in cytological

findings, a consensus was reached through discussion between

https://doi.org/10.4132/jptm.2025.05.27

the two pathologists (BHK and JM). Cell block slides, tissue
slides, and their respective immunohistochemical and special
stain slides were reviewed when available. The following char-
acteristics were compiled for the cell block slide review: ‘im-
munohistochemical/special stains, ‘molecular tests, ‘detection
of malignant cells missed on the LBC slide, ‘aid in differential

diagnosis, and ‘potential for standalone diagnosis.

Statistical analysis

All statistical analyses were performed using SPSS ver. 27 (IBM
Corp., Armonk, NY, USA). Clinical information was analyzed
on a per-patient basis. Among them, age was analyzed using
one-way analysis of variance, and post-hoc comparisons were
conducted using Tukey’s honestly significant difference test.
Other clinical variables, as well as cell block status, were sum-

marized descriptively without statistical testing. Cytological and
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histological findings were collected as categorical data on a for
each FNA sample. To assess differences in cytological features
between groups, Pearson’s chi-square test, Fisher’s exact test, or
Fisher-Freeman-Halton exact test were applied as appropriate.
Statistical significance was defined as p < .05.

RESULTS

Characteristics of the study patients

The clinical characteristics of the 221 patients included in the
study are summarized in Table 1. Male patients accounted for
a higher proportion (58.4%) than female patients (41.6%). Age
differed significantly among diagnostic groups, with post-hoc
analysis revealing a significantly lower mean age in group 2-1
than in group 1-1 (p = .001), group 1-2 (p = .022), group 1-3 (p
<.001), and group 2-2 (p = .001). Among the total 221 patients,
endoscopic ultrasound-guided FNA was performed in 219
(99.1%), ultrasound-guided percutaneous FNA in one patient,
and intraoperative FNA in one patient. According to imaging
findings, 87.3% of the lesions were solid, with this proportion
being higher in group 1. In contrast, 12.7% of the lesions were
cystic or solid-cystic, with a higher proportion in group 2. The
cytopathological diagnoses of the 31 patients (64 FNAs) who
underwent FNA two or more times are summarized in Supple-
mentary Table S1. For 10 patients (32.3%), the cytopathological

Table 1. Characteristics of the study patients’

Liquid-based cytology in pancreatic FNA

diagnosis was consistent between the first and subsequent FNA.
However, 17 patients (54.8%) were diagnosed with a higher
grade on a subsequent FNA than the initial cytopathological
diagnosis, while the remaining four patients (12.9%) were diag-
nosed with a lower grade in subsequent FNA.

Cytological features of pancreatic ductal adenocarcino-
ma in LBC

The comparison of cytological characteristics between group 1
and group 2 is presented in Table 2. FNA samples assigned to
group 1 showed a more frequent necrotic background and gas-
tric contaminants than those in group 2. Additionally, the fol-
lowing cytological features were observed at significantly high-
er frequencies in group 1 than in group 2: intermediate to high
cellularity; mixed architectural pattern; nuclear/cytoplasmic
ratio of 0.8 or higher; anisonucleosis of 4:1 or greater; irregular,
thick nuclear membrane; multinucleated cells other than his-
tiocytic giant cells; hyperchromatic nuclei; coarse to clumped
chromatin pattern; and prominent single nucleoli. Comparison
of the features between group 1-1 and group 2-1 are summa-
rized in Supplementary Table S2. They showed patterns similar
to previous findings, but there were no significant differences
between the groups in terms of background, architecture, and
multinucleated cells. The presence of nuclear inclusions was

also investigated for all FNA samples, but none were identified.

Group 1 (n = 159) Group 2 (n = 62)

Variable (nT=ot2312I1) Group 1-1 Group 1-2 Group 1-3 Group 2-1 Group 2-2
(n=41) (n=12) (n=106) (n=13) (n=49)

S—— m sy oo mey  dme )
Age (yr) 67.0+ 11.8 66.6 = 10.7 66.0 + 13.8 69.6 + 9.8 52.4 + 155 65.8 £ 125
Radiologic feature®

Solid 193 (87.3) 39 (95.1) 12 (100) 99 (93.4) 7 (53.8) 36 (73.5)

Solid-cystic 12 (5.4) 2 (4.9) 0 4(3.8) 1(7.7) 5(10.2)

Cystic 16 (7.3) 0 3(2.8) 5(38.5) 8(16.3)
Specimen collection (EUS-guided/other)® 219 (99.1)/ 41 (100)/ 12 (100)/ 106 (100)/ 11 (84.6)/ 49 (100)/

2(0.9) 0(0) 0(0) 0(0) 2(15.4) 0(0)

Site of FNA

Head and neck (including uncinate process) 101 (45.7) 16 (39.0) 6 (50.0) 43 (40.6) 6 (46.1) 30(61.2)

Body 82 (37.1) 18 (43.9) 5(41.7) 42 (39.6) 2(15.4) 15 (30.6)

Tail 38(17.2) 7(17.1) 1(8.3) 21(19.8) 5(38.5) 4(8.2)

Values are presented as number (%) or mean + standard deviation.
EUS, endoscopic ultrasound; FNA, fine-needle aspiration.

“To prevent duplication of clinical information, data were analyzed per patient; for those with multiple FNAs assigned to different groups, classifi-
cation was based on the group with the most severe cytological diagnosis; "Based on the findings of computed tomography scan andfor magnetic

resonance imaging; 1 percutaneous ultrasound-guided and 1 intraoperative.
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Table 2. Comparison of cytological features between group 1 and
group 2
. Group1  Group2 . Group1  Group2
Cytological feature (n=161) (n=093) p-value Cytological feature (n=161) (n=093) p-value
Background <.001 Chromatin pattern® <.001
Non-necrotic® 126 (78.3) 89(95.7) Fine 8(5.0) 45(61.7)
Necrotic 35(21.7)  4(4.3) Coarse 72 (44.7) 22 (30.1)
Gastrointestinal contaminants 045 Clumped 76 (47.2)  3(4.1)
Not identified 59 (36.7) 45 (48.4) Smudged 5(3.1) 3(4.1)
Gastric 54 (33.5) 17(18.3) No. of nucleoli <.001
Duodenal 48(29.8) 31(33.3) No visible nucleoli 58 (36.0) 53 (72.6)
Cellularity <.001 Single 93(57.8) 20 (27.4)
No pancreatic ductal component® 0 20 (21.5) Multiple 10 (6.2) 0
Low cellularity 61(37.9) 56(60.2) Prominent nucleoli <.001
Intermediate cellularity 46 (28.6) 13 (14.0) No visible nucleoli 58 (36.0) 53(72.6)
High cellularity 54 (33.5)  4(4.3) Visible at 400x magnification 9 (5.6) 7 (9.6)
Architecture <.001 Visible at 200x or 100x 93(57.8) 13(17.8)
Mixed pattern 76(47.2)  15(20.5) magnification
Mainly single cells 14 (8.7) 2(2.7) Visible at 40x or lower 1(06) 0
: magnification
Mainly small clusters 66 (41.0) 51(69.9) Vil | ber (06
. alues are presented as number (%).
Uil LGRS she.ets . 5(3.1) 5(69) *Group 1 (99 clear, 23 inflammatory, 4 mucinous and no bloody back-
Nuclear/cytoplasmic ratio <001 ground); group 2 (73 clear, 14 inflammatory, 2 mucinous and no bloody
<0.5 0 4 (5.5) background); °This category encompasses fine-needle aspirations (FNAs)
0.5-0.8 53(32.9) 50 (68.5) where no cellular components were observed and FNAs where only
>0.8 108 (67.1) 19 (26.0) inflammatory cells were observed; “The 20 FNAs in which a pancreatic
¢ ductal component is not observed are excluded from the analysis; ‘Mul-
Cytoplasm 127 . A
] tinucleated histiocytic giant cells are excluded.
Fine 150 (93.2) 71(97.2)
Clear 1(0.6) 0
Foamy 0 1(1.4)
Bubbly 1062 1014 Cytological features of advanced (unresectable) pancre-
Anisonucleosis <001 atic cancer in LBC
<211 7(43) 55(753) Group 1-1 contained five FNA samples (12.2%) from patients
2:1-411 33(205) 14(19.2) who underwent radical resection of a primary lesion without
>4:1 121(75.2)  4(5.5) neoadjuvant chemotherapy, 14 FNA samples (34.1%) from
Nuclear membrane irregularity® <.001 patients who underwent radical resection after neoadjuvant
Smooth 7(43)  42(57.9) chemotherapy, and 22 FNA samples (53.7%) from patients who
Irregular 147(914)  31(425) received palliative chemotherapy/radiotherapy. To investigate
e e A3 0 the cytological characteristics of advanced pancreatic cancer, a
Nuclear membrane thickness* <.001 . . .
. comparative analysis was conducted between the findings from
Inconspicuous 3(1.9) 17 (23.3) ) ) )
. the 19 samples from patients who underwent radical resection
Thin 75(46.6) 53 (72.6) o _
Thick and prominent 83515 3 (41) and the findings from the 22 FNA samples from patients who
Multinucleated cells®® <001 received palliative chemo/radiotherapy (Table 3). A necrotic
Not identified 129 (80.1) 72 (98.6) background was observed at a significantly higher frequency
Present 32(19.9) 1(1.4) in the subgroup that received palliative treatment than in the
Hyperchromatic nuclei® <.001 subgroup that underwent radical resection (p = .004), whereas
Not identified 16(99) 43 (589 no significant differences were observed for other cytological
Present 145(90.1) 30 (41.1)

https://doi.org/10.4132/jptm.2025.05.27

features. Additionally, the 161 FNA samples assigned to group 1
were divided into a ‘pure solid subgroup’ of 152 (94.4%) without
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Table 3. Comparison of cytological features between the curative
treatment and palliative treatment subgroups of group 1-1

Liquid-based cytology in pancreatic FNA

Cytological feature ((fnufc;\g F(’ﬁ”fg;f p-value Cytological feature ((Inur=at1|\$ Tﬁ”fggf p-value

Background 004 Coarse 6(31.6) 9(409)
Non-necrotic® 18 (94.7) 12 (54.5) Clumped 12 (63.1) 12 (54.6)

Necrotic 1(5.3) 10 (45.5) Smudged 0 0

Gastrointestinal contaminants 21 No. of nucleoli 737
Not identified 6(31.6) 11(50.0) No visible nucleoli 6(31.6) 8 (36.4)

Gastric 7 (36.8) 9 (40.9) Single 12 (63.1) 14 (63.6)
Duodenal 6(31.6) 2(9.1) Multiple 1(5.3) 0

Cellularity .785 Prominent nucleoli >.999
Low cellularity 10 (52.6) 9 (40.9) No visible nucleoli 6(31.6) 8(36.4)
Intermediate cellularity 5(263) 8(36.4) Visible at 400x magnification 1(5.3) 1(4.5)

High cellularity 4(21.1) 5(22.7) Visible at 200x or 100x 12 (63.1) 13 (59.1)

Architecture 214 .m_agnlﬂcatmn
Mixed pattern 1(579) 10(455) V'zg'gen?%é%’;r?r lower 0 0
Ma!nly single cells i) Values are presented as number (%).

Mainly small clusters 6(31.6) 11(50.0) “Curative treatment subgroup (15 clear, 2 inflammatory, 1 mucinous
Mainly large sheets 0 1(4.5) and no bloody background); Palliative treatment subgroup (9 clear, 3 in-

Nuclear/cytoplasmic ratio .138 flammatory, no mucinous and no bloody background); "Multinucleated
0.5-0.8 3(158) 8(36.4) histiocytic giant cells are excluded.
>0.8 16 (84.2) 14(63.6)

Cytoplasm 463 cystic components observed on imaging and a ‘non-pure solid
ili2 18(947)  22(100) subgroup’ of nine (5.6%) with cystic components. Comparison
Clear 0 0 of the cytological features between these subgroups showed no
;zab?::/ : (2'3) 2 significant differences (Supplementary Table S3).

Anisonucleosis 592
<211 1(53) Utility of cell block in LBC for pancreatic lesions
2:1-4:1 5(263) 5(22.7) Cell blocks were successfully prepared in 230 of the 254 FNA
>4:1 13(684) 17(77.3) samples (90.6%). By subgroup, cell blocks were produced in 40

Nuclear membrane irregularity 490 of 41 FNA samples in group 1-1 (97.6%), 12 of 12 in group 1-2
Smooth 0 2(9.1) (100%), 102 of 108 in group 1-3 (94.4%), 13 of 17 in group 2-1
Irregular 19(100) 20 (90.9) (76.5%), and 63 of 76 in group 2-2 (82.9%). Among these, five
Spiculate 0 0 cell blocks could not be reviewed due to poor slide quality or

Nuclear membrane thickness A77 insufficient material, resulting in 225 evaluable cell blocks. The
Inconspicuous 0 0 . . . .

X use of cell blocks for cytopathological diagnosis is summarized
::_-ﬁ::k and prominent 13 Eg;g 1;’ Eg?;]) in Table 4. In group 1, 112 FNA samples (74.2%) allowed a cy-

Multinucleated cells® 588 topathological diagnosis using cell block slides alone. Also, for
Not identified 17 (89.5) 21 (95.5) 16 FNA samples (10.6%), malignant cells were identified only
Present 2(105) 1(45) in the cell block slides, leading to a diagnosis of SFM or higher.

Hyperchromatic nuclei >.999 Among the 225 cell blocks, special stains and immunohisto-
Not identified 4(21.1)  4(18.2) chemical stains were performed in 14 cases (6.2%), and molec-
Present 15(78.9) 18(81.8) ular tests in three cases (1.3%). Overall, differential diagnosis

Chromatin pattern 869 was aided by cell block analysis in 13 FNA samples (5.8%): 12
Fine 1(5.3) 1(4.5)

254

benefited from ancillary staining or molecular testing and one

from histopathological evaluation of the cell block slide alone

https://doi.org/10.4132/jptm.2025.05.27
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Table 4. Utilization of cell blocks in cytopathological diagnosis

Min J et al.

Group 1 (n = 151) Group 2 (n = 74)

. Total
Variable  omE Group 1-1 Group 1-2 Group 1-3 Group 2-1 Group 2-2
(n =225%
(n=40) (n=11) (n=100) (n=13) (n=161)
Assistance in diagnosis
Cytopathological diagnosis can be made 123 (81.59) 37 (92.5) 2(18.2) 84 (84.0) N/A N/A
without a cell block
Cell block helps in determining the presence 16 (10.6°) 3(7.5) 0 (0.0) 13 (13.0) N/A N/A
of malignant cells®
Cell block helps in differential 13 (5.8) 0 (0.0) 9 (81.8) 3(3.0) 1(7.7) 0
histopathological diagnosis
With the cell block alone
Cytopathological diagnosis can be made 112 (74.29 27 (67.5) 1(9.1) 84 (84.0) N/A N/A
Cytopathological diagnosis cannot be made 39 (25.89 13 (32.5) 10 (90.9) 16 (16.0) N/A N/A
IHC/Special staining
Neither was performed 211 (93.8) 39(97.5) 3(27.3) 96 (96.0) 12 (92.3) 61 (100)
Only IHC performed 7 (3.1) 0 5 (45.4) 2 (2.0) 0 0
Only special staining performed 2(0.9) 1(2.5) 0 0 1(7.7) 0
Both were performed 5(2.2) 0 3(27.3) 2 (2.0) 0 0
Molecular testing
Not performed 222 (98.7) 39 (97.5) 10 (90.9) 100 (100) 12 (92.3) 61 (100)
Performed 3(1.3) 1(2.5) 1(9.1) 0 1(7.7) 0

Values are presented as number (%).
IHC, immunohistochemistry; N/A, not applicable.

*0f the 254 fine-needle aspirations (FNAs), 24 FNAs where cell blocks were not produced and five FNAs that could not be reviewed were excluded
from the analysis; "With only the liquid-based cytology slide, a diagnosis is equivalent to or below ‘atypical cell present’. However, when considering
the cell block slide, a diagnosis of ‘suspicious for malignancy' or higher can be made; These are the percentages calculated based on the 151 FNAs of

group 1.

(nine from group 1-2, three from group 1-3, and one from
group 2-1). These analyses led to the diagnoses of neuroendo-
crine tumors, lymphomas, metastatic carcinomas, and Myco-
bacterium tuberculosis infection, in addition to rare histologic
subtypes of pancreatic ductal adenocarcinoma. The detailed

results are provided in Supplementary Table S4.

DISCUSSION

In this study, we evaluated the cytological characteristics of
pancreatic cancer in LBC by extensively reviewing the slides
obtained from pancreatic FNA samples. Furthermore, by
correlating cytological findings with clinical information, we
present the cytological features of advanced pancreatic cancer
in LBC. Additionally, we compiled and reported our single-in-
stitution experience with the use of cell blocks in the diagnosis
of pancreatic lesions. Although cell blocks are an advantage of
LBC, there have been few studies on their application in pan-

creatic lesions [17-19].

https://doi.org/10.4132/jptm.2025.05.27

The cytological characteristics of pancreatic ductal adenocar-
cinoma in LBC identified in this study (Table 2, Fig. 2) gener-
ally aligned with the features observed on the smear slides and
those reported in other LBC studies [11,13-16]. Supplementary
Table S2 further supports these findings by directly comparing
cytological features between histologically confirmed conven-
tional pancreatic ductal adenocarcinoma and definitively be-
nign lesions. In this analysis, the malignant group consistently
exhibited features such as high nuclear/cytoplasmic ratio, hy-
perchromatic nuclei, nuclear pleomorphism, and coarse chro-
matin—characteristics that have also been repeatedly reported
in previous studies. This concordance reinforces the diagnostic
value of these features in differentiating pancreatic malignancy
from benign conditions in LBC preparations.

Beyond these diagnostic markers, compared to smear cy-
tology, LBC is significantly less affected by background inter-
ference. In this study, 99 FNAs (61.5%) in group 1, which pri-
marily consisted of pancreatic ductal adenocarcinomas (with a

small number of lymphomas, neuroendocrine neoplasms, and
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4

Fig. 2. Cytological findings in pancreatic fine-needle aspiration liquid-based cytology (A, B) Gastrointestinal contaminants. (A) Gastric
contaminants observed as clusters of columnar cells with distinct apical mucin caps (Pap). (B) A flat, cohesive monolayer sheet with a hon-
eycomb pattern. The scattered goblet cells within the sheet create a starry sky appearance, suggesting duodenal contaminants (Pap). (C-J)
Cytological findings of pancreatic ductal adenocarcinoma. (C, D) Tumor cell clusters with hyperchromatic nuclei and high nuclear/cytoplasm
ratios. Marked anisonucleosis is observed (Pap). (E) The nuclei are relatively round to oval in-shape, but there is moderate anisonucleosis.
Single prominent nucleoli are noted in each cell (Pap). (F) Cells with distinct nuclear membranes and marked membrane irregularities (arrows)
(Pap). (G, H) Tumor cells exhibiting a coarse chromatin pattern and distinct nuclear membranes (Pap), with the corresponding cell block. (1)
Mitotic figure (arrow) and intracytoplasmic mucin (arrowhead) (Pap). (J) Apoptotic bodies and necrotic debris are observed along with tu-
mor cells. The necrotic debris is the approximate size of several dozen cells (Pap).
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Fig. 3. Cytological findings and corresponding histological findings from patients who underwent surgery without neoadjuvant therapy.
(A, B) Well-differentiated pancreatic ductal adenocarcinoma. (A) A cell cluster with enlarged nuclei and irregular nuclear membranes. Mild
anisonucleosis is identifiable (Pap). (B) Tumor clusters with relatively preserved ductal structures are observed in the corresponding surgical
specimens. (C-E) Moderately differentiated pancreatic ductal adenocarcinoma. (C) A cell cluster with a high nuclear/cytoplasm ratio and
hyperchromatic nuclei is observed. There is moderate anisonucleosis (Pap). (D) Corresponding cell block slide and (E) tissue slide from the
surgical specimen. (F, G) Poorly differentiated pancreatic ductal adenocarcinoma. (F) A Cluster of tumor cells exhibiting distinct nuclear
membranes and nuclear membrane irreqularities. The orientation of the cells within the cluster is difficult to discern (Pap). (G) No duct-like
structures are observed in the corresponding surgical specimen.
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metastatic carcinomas), showed a clear background. In con-
trast, a mucinous background was observed in the slides from
only four FNAs (2.5%), and no bloody background was ob-
served. Considering all 254 FNAs, the percentage of slides with
clear backgrounds increased to 67.7%. This pattern was also
confirmed in a study by Chun et al. [11], who directly com-
pared smear cytology and LBC of the pancreas. In their study, a
bloody background was observed in 85.2% of the smear slides;
only 1.8% of our LBC slides showed this feature. Similarly,
the percentage with a mucinous background was significantly
reduced in LBC slides. This is due to the use of hemolytic pre-
servative solutions during specimen processing in LBC, along
with rotation/vortex processes that separate mucus, blood, and
other debris from the cells of interest and the use of a density
gradient or filters to separate these components. These features
are advantages of LBC [7].

While one report suggests that background necrosis is not
common in FNA cytology of well-differentiated pancreatic duc-
tal adenocarcinoma [13], it is generally recognized as a cytolog-
ical feature indicative of pancreatic ductal adenocarcinoma in
both smear and LBC preparations [14,16]. In our study, necro-
sis was significantly more frequent in group 1 than in group 2
(p < .001), with necrotic debris typically measuring several to
dozens of tumor cells (Fig. 2J). Comparing group 1-1 and group
2-1, although necrosis was more frequently identified in group
1-1 (26.8%) than in group 2-1 (11.8%), the difference was not
significant (p = .307), likely due to the small number of FNA
samples, particularly in group 2-1.

Further analysis within group 1-1 revealed that necrosis was
more frequent in the palliative subgroup than in those who
underwent radical resection (p = .004). Notably, all 41 FNA
samples in group 1-1 were derived from different patients, en-
suring that no clinical information was duplicated across cases.
Among the five FNAs from patients who underwent resection
without neoadjuvant chemotherapy, histopathological grading
revealed one well-differentiated, two moderately differentiated,
and two poorly differentiated adenocarcinomas (Fig. 3). In the
14 patients who underwent resection following neoadjuvant
chemotherapy, there were four well-differentiated, eight mod-
erately differentiated, and two poorly differentiated cases. In
other words, since moderately and poorly differentiated tumors
accounted for 73.7% of the resection (curative treatment) sub-
group, the low incidence of necrosis in this group is unlikely to
be explained by a predominance of well-differentiated cancers.

However, this counterargument has limitations, as histomor-
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phological changes induced by neoadjuvant therapy cannot
be excluded [20,21]. In addition, the number of FNAs in each
subgroup was relatively small, and the data originated from a
single institution. Taken together, these findings suggest that
the presence of necrosis in FNA-LBC is a cytological indicator
of advanced or unresectable pancreatic cancer. Nonetheless,
this feature should be interpreted cautiously, as it also might be
influenced by other clinical factors such as tumor size.

In the analysis of cell blocks, 16 FNA samples (10.6%) were
identified in malignant cell clusters, not observed in LBC
slides, on cell block slides. This suggests that LBC allows more
efficient and diagnostically useful slide preparation than the
somewhat wasteful sample preparation for smear cytology. Ad-
ditionally, the findings from the cell block slides, along with im-
munohistochemical and special stains, aided in the differential
diagnoses. In particular, cell blocks have been found to be help-
ful in the diagnosis of neuroendocrine tumors and lymphomas
in the pancreas, which require immunostains for accurate diag-
nosis (Fig. 4). For these reasons, we recommend that, if possi-
ble, cell blocks be routinely prepared in FNA-LBC of pancreatic
lesions. However, immunostaining in cell blocks might show
differences in staining quality compared to immunostaining in
formalin-fixed paraffin-embedded tissue. Additionally, there
are limitations in evaluating immunoarchitecture owing to the
random distribution of tumor cells within the cell block [22,23].

As shown in Table 4, molecular tests were performed using
cell blocks from three FNAs (1.3%). These included a peptide
nucleic acid-clamping real-time polymerase chain reaction test
for KRAS mutation detection (group 1-1), an Epstein-Barr vi-
rus—encoded RNA 1 in situ hybridization test (group 1-2), and
a real-time polymerase chain reaction test for detecting Myco-
bacterium tuberculosis/nontuberculous mycobacteria (group
2-1). These tests confirmed the KRAS codon 12 mutations and
Mycobacterium tuberculosis infection, respectively. The utility of
molecular testing using cell blocks has been reported previous-
ly [24-26]. Particularly in the current landscape, with ongoing
studies into drugs targeting KRAS-mutated pancreatic cancers
[27-30], the necessity for LBC and cell blocks in the diagnosis
of pancreatic cancer is expected to increase further.

While each LBC and cell block preparations offer distinct
advantages in cytological evaluation, certain differences and
limitations must be considered during interpretation. LBC
slides generally provide clearer nuclear detail due to a cleaner
background with minimal blood or necrotic debris, facilitating

the evaluation of nuclear features. However, they often lack the

https://doi.org/10.4132/jptm.2025.05.27
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Fig. 4. Utility of cell blocks in liquid-based cytology for pancreatic lesions. (A) Liquid-based cytology (LBC) showing very low cellularity,
with only a few cells exhibiting minimal nuclear pleomorphism (Pap). (B) The corresponding cell block slide reveals tumor clusters with hy-
perchromatic, enlarged, and irregularly shaped nuclei, along with anisonucleosis greater than 4:1, leading to a cytopathological diagnosis of
‘Malignant cell present.’ (C) LBC showing low cellularity, with cell clusters exhibiting hyperchromatic and enlarged nuclei and mild nuclear
pleomorphism (Pap). (D) The corresponding cell block slide shows cell clusters with characteristics similar to those observed in the LBC.
These cells are positive for synaptophysin immunostaining (E) and chromogranin A immunostaining (F), which allow differential diagnosis
of neuroendocrine neoplasms.
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architectural context necessary for assessing glandular forma-
tion or stromal invasion, which is better preserved in surgical
tissue sections. Although cell blocks can retain architectural
features and provide material for ancillary testing, differences
in specimen characteristics—such as smaller, fragmented cellu-
lar aggregates rather than intact tissue structures—can lead to
processing artifacts. As a result, cytologic atypia, such as nucle-
ar hyperchromasia and pleomorphism, can appear exaggerated
compared to formalin-fixed tissue sections. Therefore, cautious
interpretation of cell block slides is required to avoid overesti-
mation of atypia.

As a limitation of this study, owing to its retrospective nature,
there is a possibility of potential bias in the interpretation of
results. Additionally, as this was a single-institution study, there
was a shortage of FNAs, particularly those with benign find-
ings. Consequently, even if the results of multiple FNAs in the
same patient were contradictory, all were included in the study.
To overcome these limitations, an independent slide review
was conducted separate from the existing cytopathological di-
agnoses. Furthermore, to address the limited number of FNAs,
subgroups were systematically divided, and 17 FNAs confirmed
as negative (group 2-1) were used in the analysis.

In conclusion, the cytological features of pancreatic ductal
adenocarcinoma in LBC were similar to those in conventional
smear cytology, but with a dramatic reduction in the masking
effect caused by blood and mucin. In addition, scattered ne-
crotic debris was indicative of advanced (unresectable) pancre-
atic cancer. Moreover, cell blocks enabled the identification of
tumor cells not included in LBC slides; special stains, immuno-
histochemical stains, and molecular tests on these blocks aided
in differential diagnosis and are expected to play a role in future

targeted therapies for pancreatic cancer.
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