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mens have recently emerged. Inadequate samples, classified as "nondiagnostic," raise
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challenges in determining the threshold of cell numbers and the risk of malig-

Methods: The study retrospectively reviewed 248 endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) samples: 46 insufficient samples,
60 low cellularity samples, and 142 adequate samples. Characteristics as cellularity,
number of benign and malignant cells, and background features were assessed.
Receiver operating characteristic curve analysis was performed to establish cell suffi-
ciency thresholds for the diagnosis.

Results: Out of the 248 samples analyzed, 108 were classified as benign, 94 as malig-
nant, and 46 as insufficient. The study found that the cellularity thresholds for diag-
nosis in cell blocks and cytological samples were 250 cells and 2100 cells,
respectively. The thresholds for tumor cell counts were 21 — 10 cells for both types
of cells, respectively. Considerably, some low cellularity samples were initially classi-
fied as insufficient despite meeting the diagnostic thresholds upon revision. The
ROM varied across sample categories, with insufficient samples having a ROM of
10.9%, benign samples 15.7%, suspicious samples 92.0%, and malignant
samples 100%.

Conclusion: Insufficient EBUS-TBNA samples raise challenges in diagnosis and man-
agement. This study identified the root cause of insufficient samples, including factors
related to humans, diagnostic methods, sampling, and laboratory processing. By
understanding the root causes, diagnostic recommendations can be developed to
improve the diagnostic process. The findings emphasize the importance of standard-

ized classification and terminology systems for clear communication among
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healthcare professionals and institutions, ultimately improving patient care and

enabling quality assurance measures.
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1 | INTRODUCTION

Lung cancer is the most common cause of cancer mortality globally*?
and approximately 70% of lung cancer patients are diagnosed by small
samples either cytological or small biopsies.®

Endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA,) is increasingly popular due to its minimal invasiveness.
It allows sampling of the pulmonary parenchymal lesions and medias-
tinal and hilar lymph nodes with high accuracy and specificity and with
a low incidence of procedural complications.*~°

There are few reporting systems available for cytopatholo-
gists to categorize pulmonary cytology specimens. The Japan
Lung Cancer Society (JLCS) published the reporting system for
lung carcinoma in Japan in 1978 and the system has been widely
used in Japan. It consists of three steps, the first of which deter-
mines the sample to be either adequate or inadequate, and from
which the sample proceeds to the second step if adequate.'?
The Papanicolaou Society of Cytopathology (PSC) has proposed
a six-tier classification system for respiratory cytology.'? The
WHO Reporting System for Lung Cytopathology has designed
five categories for all lung cytopathological specimen types, the
first of which is the insufficient/inadequate/nondiagnostic
category. 1314

Generally, criteria for sample adequacy are poorly defined,
vary among used reporting systems, and should be both tech-
nique and specimen type specific.!! Having a standardized classi-
fication and terminology system ensures clear and consistent
communication among departments and institutions about diag-
nostic, prognostic, and management information necessary for
proper patient care. Uniform diagnostic criteria, structured report-
ing, and categories with the associated risk of malignancy (ROM)
improve treatment, and follow-up, and enables quality assurance,
and control measures. %

The term "nondiagnostic" refers to a specimen that is either insuf-
ficient or contains technically inconclusive material, or to cases where
the benign cytological material does not align with the clinical and/or
imaging findings. This fact has an enormous impact on the ROM.**

According to the literature review, the ROM is about 40%-60%
in the insufficient/inadequate/nondiagnostic category, which
increases the importance of uniform definitions and adequate sample
characterisation.

Concerns regarding sufficient samples obtained by EBUS-TBNA
are common in the literature and there are several potential reasons
for specimens to be classified as insufficient.2>~*” Understanding the

root cause of insufficient samples is essential to improve the whole

diagnostic process chain and end up with sufficient diagnostic
material.

Management of insufficient EBUS-TBNA samples depends both
on the specific cause of the inadequacy and the clinical context. Some
possible options for treatment management include repeating EBUS-
TBNA, use of alternative diagnostic tests, and clinical follow-up. By
immediately assessing the adequacy of the sample by rapid on-site
evaluation (ROSE), new bronchoscopies and biopsies can be
avoided.'8-2

The present study retrospectively analyzed EBUS samples classi-
fied as insufficient. Randomly selected 60 low cellularity samples and,
142 adequate samples served as a control group. The samples were
diagnosed at the Pathology Department of Fimlab Laboratories, Tam-
pere, Finland during a 2-year period.?? In addition to analysis, we
aimed to identify the determinants of nondiagnostic results and per-
form a root cause analysis of the human-related, the diagnostic
method-related, the sampling-related, the laboratory processing-
related pitfalls, and from the lesion point-of-view to develop diagnos-

tic recommendations.

2 | MATERIALS AND METHODS

A total of 486 patients underwent the EBUS-TBNA procedure in Tam-
pere University Hospital (TAYS) from January 2017 to December
2018. The EBUS-TBNA was performed by TAYS pneumologists with
19 gauge-22 gauge needles. Samples were taken from a mediastinal
mass detected by computed tomography (CT) and/or positron emis-
sion tomography/computed tomography (PET/CT). ROSE was per-
formed by pneumologists. The total amount of samples were 1176
out of which 46 samples (3.9%) were insufficient, 357 samples
(30.4%) were malignant/suspicious for malignancy, 182 samples
(15.5%) were inflammatory, and 591 samples (50.3%) were normal/
reactive.??

All EBUS samples were fixed in 50% ethanol and cytospin slides
were stained with Papanicolaou-stain. Cell blocks (CB) were made
from each specimen. The samples with blood were haemolyzed with
BD RBC Lyse solution (Becton, Dickinson and Company BD Biosci-
ences, San Jose, CA, USA).2® Material for the CBs was triaged and
processed either by an in-house method,?® plasma thrombin,2* the
Shandon™ Cytoblock™ (Shandon, Thermo Fisher Scientific, Waltham,
MA, USA) Preparation, or filtration, when visible fragments were pre-

sent.2

After processing 2.5 um thick sections were cut and stained
with haematoxylin-eosin. During the diagnostic work-up the cytopa-

thologist requested additional immunohistochemical stains. The
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immunohistochemistry was done by Ventana Lifesciences Benchmark
XT© Staining module (Ventana Medical Systems, Inc., Tucson,
AZ, USA).

This study retrospectively reviewed 248 EBUS samples from
99 patients. The samples consisted of 46 insufficient samples and ran-
domly selected 60 low cellularity samples. The 142 adequate samples
served as a control group. The data were collected from the C5Lims-
laboratory information system.

All cytological samples and CBs were microscoped by Olympus
BX51 (Olympus America, Inc., Center Valley, Pa, USA) by an expert
cytopathologist and the following characteristics were gathered from
both Papanicolaou stained cytospin smear cytologic samples
(n = 140) and CBs (n = 136): (i) cellularity, (ii) amount of benign epi-
thelial cells, (iii) amount of tumour cells, (iv) haemorrhagic background,
(v) inflammatory background, (vi) amount of macrophages,
(vii) amount of lymphocytes, (viii) amount of neutrophils, and
(ix) artefacts. Data for the (x) needle passes obtained, (xi) sample loca-
tion, (xii) number of cytological slides, (xiii) reason for referral, and
(xiv) immunohistochemistry were also collected.

Cytological cytospin samples and CBs cellularities were catego-
rized as “no cells”, “1-10”, “10-50~, “50-100", “100-500", and “over
500 cells”. Haemorrhagic and inflammatory background, macro-
phages, lymphocytes, and neutrophils were grouped as 0, +1, +2,
and +3.

The cell sufficiency threshold for diagnosis was defined with non-
parametric receiver operating characteristic (ROC)-curve from which
area under the ROC Curve (AUC) value were calculated and Youden
index were used for the optimal cut-off point. Sensitivity and specific-
ity alone do not give an accurate picture of the classification ability, as
the output is based on the use of only one cut-off value, as if a cut-off
value is chosen so that the sensitivity is good, the specificity may suf-
fer and vice versa. With the ROC curve, the sensitivity and specificity
of the cell threshold at all conceivable thresholds is better described,
and thus better demonstrated.

For categorical variables, a 2-tailed Fisher's exact test or chi-
squared test was used. The ROM was defined for each category as
the number of cases confirmed as malignant by sufficient tumour cell
threshold divided by the total number of cases in the category.

Microsoft® Excel® for Microsoft 365 64-bit (Microsoft, Redmond,
WA) was used for data processing and IBM® SPSS® Statistics version
29 64-bit (IBM Corp, Armonk, NY) for statistical analyses.

The study was conducted in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of the Pirkanmaa
Hospital District (R17174). Informed consent was not required from

patients.

3 | RESULTS
In total, there were 248 EBUS-TBNA samples from 57 males (57/99,
57.6%) and 42 females (42/99, 42.4%) with a mean age of 65.7 years,

SD 13.3 years with an age range from 20 to 90 years as shown in

Table 1. The type of needle used was not recorded in 75 (75/99,
75.8%) cases. The reason for referral to EBUS-TBNA was lymphade-
nopathy in 33 cases (33/99, 33.3%) and staging previously diagnosed
malignancy in 67 cases (67/99, 67.7%). Eleven cases (11/99, 11.1%)
had a second opinion asked by other pathologists.

Out of the 248 samples, 108 samples (43.5%) were categorized
as benign and 94 samples (37.9%) as malignant (Table 1). In total,
20 samples (20/248, 8.0%) had only cytological samples prepared and
2 samples (2/248, 0.8%) had only CB prepared. Thirty-four samples
(34/248,13.7%) had one additional cytological slide.

When tested to determine whether there was a difference
between the adequate, low cellularity, and insufficient groups as
shown in Table 2, differences were observed in CB cellularity, the
quantity of benign epithelial cells, tumour cells, inflammatory back-
ground, and lymphocytes (p < .05 for all). In cytological smear sam-
ples, differences were found between the groups in terms of
cellularity, the amount of benign epithelial cells, tumour cells, inflam-
matory background, macrophages, and lymphocytes (p < .05 for all).

The CB cellularity threshold for final diagnosis were equal or to
more than 50 cells (AUC .769, 0.696-0.843 (95% Cl), p < .001), and
the cytological sample cellularity threshold were equal or to more than
100 cells (AUC .794, 0.722-0.865 (95% Cl), p < .001), respectively,
(Figure 1. (A)). The tumour cell threshold for malignancy in both CBs
and cytological samples were equal or more than 1-10 tumour cells
(AUC .867, 0.811-0.922 (95% Cl), p <.001, and AUC .907, 0.860-
0.954 (95% ClI), p < .001), respectively, (Figure 1. (B)). Among all CBs,
202 (202/228, 88.6%) and 192 cytological samples (192/246, 78.0%)
contained cells above the defined diagnostic threshold. Twenty-four
(24/228, 10.5%) CBs and 25 (25/246, 10.2%) cytological samples
leading to a diagnosis were defined as low cellularity samples even
though the cellularity and threshold were found to be sufficient for
diagnosis after revision.

The ROM for the insufficient samples were 10.9% (5/46), for the
benign samples 15.7% (17/108), for the suspicious of malignancy sam-
ples 92.0% (23/25), and the ROM for the malignant samples were
100% (69/69).

3.1 | Insufficient group
In the insufficient group, there were 46 samples from 12 males
(13/17, 76.5%) and 4 were females (4/17, 23.5%) with a mean age of
69.4 years, SD 15.5 with an age range from 35 to 85 years. The rea-
son for referral was lymphadenopathy in 10 cases (10/17, 58.8%) and
staging previously diagnosed malignancy in 7 cases (7/17, 41.2%).
Seven cases (7/17, 41.2%) had previously diagnosed malignancy. Four
cases (4/17, 23.5%) had a second opinion asked by other pathologists.
Thirteen samples (13/46, 28.3%) had one additional cytological
(10/46, 21.7%)

cytological cytospin smear prepared without a corresponding

slide prepared. Ten samples had only a
CB. However, none of these ten samples were the only sample in the

case, but there were other slides to be interpreted. One case had only
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TABLE 1 Clinical characteristics of 99 patient cases and their 248 EBUS samples.
Al Cases Adequate sample Low cellularity sample Insufficient sample
Patient cases cases cases cases
n=99 n=53 n=29 n=17
n % n % n % n %
Sex, no (%)
Male 57 57.60 29 56.7 15 51.7 13 76.5
Female 42 42.40 24 433 14 48.3 4 235
Age,y
Mean (£ SD) 65.7 (13.3) 63.8 (12.8) 66.9 (12.8) 69.4 (15.5)
Range 20-90 20-90 35-86 35-85
EBUS Samples
Sample category Detailed sample diagnosis
Malignant Adenocarcinoma 17 6.9 16 11.3 1 1.7 0 0
Squamous cell carcinoma 16 6.5 15 10.6 1 1.7 0 0
Small cell carcinoma 18 7.3 15 10.6 3 5.0 0 0
Extra pulmonary metastasis 5 2.0 3 2.1 2 33 0 0
Non-small cell lung cancer 13 5.2 6 4.2 7 11.7 0 0
Suspicious Suspicious for malignancy 25 10.1 11 7.7 14 233 0 0
Benign Reactive lymphadenopathy 33 13.3 20 14.1 13 21.7 0 0
.'\r‘]%:n::;z:ng granulomatous 20 8.1 14 9.9 6 10.0 0 0
Normal lymph node 55 22.2 42 29.6 13 21.7 0 0
Nondiagnostic 46 18.5 0 0 0 0 46 100
Insufficient material for diagnosis
Total 248 100 142 100 60 100 46 100

Adequate sample IHC

Sample diagnosis Ak1[TTF-1]PoL1]p16  [p40 [p63 [ck7[ck-pan [cox2 [cpse [syp [cga  [insm1
Adenocarcinoma (IHC n =9) +| 1 8 2 1 1 1 2 1
-] 7 2 2 3
Squamous cell carcinoma (IHCn=6) | + 2 2
-] 5 3
Small cell carcinoma (IHC n = 6) + 4 2 6 3
-] 3 1
Normal lymph node (IHC n = 2) > 1 1
-] 1
Total 13 22 6 1 12 1 2 7 2 2 6 1 3

Abbreviations: CgA, chromogranin A; EBUS, endobronchial ultrasound; IHC, immunohistochemistry; Syp, synapthophysin.

one sample, which was diagnosed as insufficient, but it had a thresh-
old value over in both cellularity and tumour cell count of CB and
cytological sample for diagnosis. Unfortunately, no stainings were
ordered nor other experts were consulted. One insufficient case
showed no malignancy in the CB, but the cytological sample had cellu-
larity and tumour cell count over the threshold value for diagnosis. In
this case, neither stainings were ordered nor another expert were
consulted (Figure 2A). Three cases had cellularity and tumour cell
count over threshold value but were diagnosed as insufficient but in
these cases, there were other better slides taken at the same session
feasible for the diagnosis (Figure 2B,C).

Insufficient samples were mainly sampled from subcarinal location
(13/46, 28.3%), and percentages were higher than other lymph node
location as shown in Table 4.

3.2 | Cytomorphological characteristics

The cytomorphological characteristics of the cases are summarized in
Table 2. The most frequent for the insufficient sample CB cellularity
in total were “10-50 cells”, and respectively, for the benign epithelial
cells the most frequent were “1-10 cells”. For the tumour cells, the
most frequent were “no cells”. For the CB haemorrhage the most fre-
quent was “+2”. For the inflammatory background, the macrophages,
and the neutrophils the most frequent were “0”, respectively, for the
lymphocytes the most frequent was “+1”. With the insufficient sam-
ple cytological samples, the most frequent for cellularity were “10-50
cells”, benign epithelial cells were “1-10 cells”, and tumour cells were
“no cells”. For the insufficient cytological sample haemorrhage, the

most frequent was “+27, respectively, the most frequent for
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FIGURE 1 The receiver operating (A)
characteristic (ROC) curve for cell 10
threshold determination with sensitivity
as the y-axis andspecificity (= false
positive rate) as the x-axis at all cut point 08
values measured from the results. (A) A
ROC-curve for cellularity threshold and z 06
(B) a ROC-curve for tumour cell threshold. E CB Cellularity
c
& 04 —e—CYT Cellularity
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
(B)
1.0 -0
0.8
> 06
E CB Tumour Cells
2
& 04 —@— CYT Tumour Cells
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

the inflammatory background the lymphocytes were “+1”. For the
neutrophils and the macrophages, the most frequent was “0”. Insuffi-
cient sample CBs and Insufficient cytological smear cellularity, amount
of benign epithelial cells, haemorrhagic and inflammatory background,
macrophages, and lymphocytes were likely to be seen in samples.
Tumour cells were likely to be seen in insufficient cytological smears
but with insufficient CBs tumour cells had no significant correlation.
Neutrophils did not correlate with insufficient CBs or insufficient

cytological smears.

3.3 | Low cellularity group
In the low cellularity group based on the original diagnostic evaluation,
there were 60 samples from 15 males (15/29, 51.7%) and 14 females
(14/29, 48.3%) with a mean age of 66.9 years, SD 12.8 years with an
age range from 35 to 86 years. Reason for referral was lymphadenop-
athy in 8 cases (8/29, 27.6%) and staging previously diagnosed malig-
nancy in 21 cases (21/29, 72.4%). Nine cases (9/29, 31.0%) had
previously diagnosed malignancy. Four cases (4/29, 13.8%) had a sec-
ond opinion asked by other pathologists.

Four samples (4/60, 6.7%) had only a cytological cytospin
smear prepared without a corresponding CB. There were no dis-

crepancy with diagnoses between low cellularity CBs and low

cellularity cytological samples. The subcarinal location revealed low
cellularity in 17 low cellularity samples (17/60, 28.3%) as shown in
Table 4.

3.4 | Cytomorphological characteristics

The cytomorphological characteristics of the cases are summarized in
Table 2. With the low cellularity CB samples, the most frequent for
cellularity in total were “50-100 cells”, for the benign epithelial cells
the most frequent were “1-10 cells”, and for the tumour cells the
most frequent were “no cells”. For the CB haemorrhage, the most fre-
quent was “+2”, and respectively, for the lymphocytes and the inflam-
matory background the most frequent were “+1”, and for the
macrophages and neutrophils the most frequent were “0”. The most
frequent for the cytological sample cellularity were “50-100 cells”,
respectively, the most frequent for the benign epithelial cells “10-50
cells”, and for the tumour cells “no cells”. For the cytological sample
haemorrhage, the most frequent was “+2”, and respectively, the most
frequent for inflammatory background, macrophages and lymphocytes
were “+1”. For the neutrophils the most frequent was “0”. Low cellu-
larity sample CBs and low cellularity cytological smear cellularity,
amount of benign epithelial cells, tumour cells, haemorrhagic and

inflammatory background, macrophages, and lymphocytes were likely
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FIGURE 2 Microphotograph panel of sample cellularity and morphology. (A) A case diagnosed as “insufficient material for diagnosis” despite
the cell threshold was adequate. Clustered cells in thick fragment complicate the diagnosis. (Papanicolaou stain, x200). (B) A case originally
diagnosed as “insufficient material for diagnosis”. The sample cellularity was over threshold level for diagnosis. (Haematoxylin and eosin stain,
x100). (C) A case originally diagnosed as “suspicious for malignancy” and marked as low cellularity sample by pathologists even though the
tumour cell count was over threshold level for diagnosis. Squamous cells with hyperchromasia and nuclear membrane irregularities fulfill
malignancy criteria. (Papanicolaou stain, x400). (D) A case diagnosed as “adenocarcinoma”. Haematoxylin and eosin staining of the lung
adenocarcinoma sections with atypical epithelial cells forming glandular structures. (Haematoxylin and eosin stain, x 100). (E) A case diagnosed as
“squamous cell carcinoma”. Haematoxylin and eosin staining of the atypical epithelial cells of the lung with squamous differentiation.
(Haematoxylin and eosin stain, x100). (F) A cluster of epithelial cells with a cartilage contamination. Case originally diagnosed as benign.

(Papanicolaou stain, x400)

to seen in samples. Neutrophils did not correlate with low cellularity
CBs or low cellularity cytological smears.

The comparison of cytomorphological features of the ade-
quate and the low cellularity samples are shown in Table 3. Of
the low cellularity CB sample characteristics evaluated, the
tumour cells were the only characteristics associated with malig-
nancy (p <.001). When evaluating the cytological sample charac-
teristics, the benign epithelial cells and tumour cells were only
associated with malignancy (p =.020 and p = <.001, respec-
tively). Additional findings in low cellularity group CBs were
crushed artefacts (n = 1), and necrosis (n = 1). The low cellularity
cytological samples had thick fragments (n = 4), chondroid frag-
ment (n = 1), necrosis (n = 1), and epithelial degeneration (n = 1).

There were no statistical significance nor correlation with addi-
tional findings between groups.

3.5 | Adequate sample group

In the adequate sample group, there were 142 samples from 57 males
(57/68, 83.8%) and 11 females (11/68, 16.2%) with a mean age of
66.6 years and SD of 10.6 with an age range from 38 to 90 years. The
samples consisted of 16 adenocarcinoma samples from which 6 sam-
ples were epidermal growth factor receptor (EFGR) tested, 15 squa-
mous cell carcinoma samples (Figure 2D,E), 15 small cell carcinoma

samples, 3 extrapulmonary metastasis samples, 6 non-small cell lung



279

WILEY

VUORISALO ET AL.

(sanunuo))

¥'1e 9 9'¢1 S 8T€ 1T €0C &1
eyl 14 9'qT S 16 9 g6 L
06¢C LYE
00 0 00 0 00 0 9¢C C
00 0 12 1 8Te 1T 9¢C 4
eyl 14 00 0 6.8 ST 6L 9
9'8C 8 00 0 L6 €T 6€ €
€6e 11 00 0 90T L 6€ €
1L 4 00 0 00 0 00 0
L0T € 696 1€ 00 0 68L 09
100> 100>
00 0 00 0 00 0 9¢C &
00 0 00 0 (0X 4 00 0
00 0 9'¢T S 8Te Tz S¥Yl 1T
¥'1c 9 €1e 01 60y LT VYTt LT
6ty T1 69v Gl Zlc ¥l 6T SC
L0T € Te T 00 0 6 L
0'sc L e T 0€ ¢ ¥8l VI
020’ 100>
00 0 00 0 00 0 9¢C &
00 0 Te T 6.8 ST 9¢C 4
vor €1 9o €1 0€s G€ 6€S I
Lse 01 g/e Tl Sy € vec [T
6LT S 88T 9 8% € 99 S
00 0 00 0 00 0 6L 9
00 0 00 0 00 0 6€ €
66L° 100>
o % u % u od % u % u
jueusijen usiuag jueusijen uSiuag

sa|dwes Ajuien|[2d moT

sa|dwes ajenbapy

+1
0

punoudxoeq
J13eysiowseH

Aluo s|dwes x20|q ||9D
006<

00S-00T

00T-09

05-0T

0T-1

s||22 ON

s||92 Jnowin.

Ajuo sjdwes 20|q |[3D
006<

005-00T

00T-0S

05-0T

01-T

s||92 oN

192 [eljayds
usiuaq 4o Junowy

Ajuo sjdwes »20|q |[3D
006<

005-00T

00T-09

05-0T

01-1

s||22 oN

Aeiniied

a|dwes |e2180]03AD)

4" S €er 14 86 L1 T/LT TT
61T S L91 S 19 ¥ 67T 6
€16’ ar
1L 4 €9 c 00 0 6L 9
00 0 00 0 [ YA 4 €T T
00 0 00 0 €/ 81 €9 14
9'¢ T 00 0 YA A ]" 99 S
00s 1 00 0 ¢81T 1 9T 4
6'LT S 00 0 00 0 o) 1
¥'1C 9 8'¢c6 0¢ 90T L 0SL /LS
100> 100>
T/ 4 €9 & 00 0 6L 9
00 0 00 0 ST 1 00 0
9'¢ T 00 0 9L S 9T c
1L 4 v'6 € 871¢ 1T GO1 8
9'8C 8 vve 11 ¥y 8¢ 80V 1€
6LT S ST ¥ Y € C6 L
£s€ 01 WA 1x4% 8 68C ¢
€6L 900°
T/ 4 €9 & 00 0 6L 9
00 0 00 0 L61 €1 €T T
L0T © 1€ T sy 0€ ¥ L1
£6e 0T 8ty V1 L2c ST 9Lt 1C
L6 0T 1'8C 6 T6 9 T¥e 92T
9'¢ T v'é6 € 00 0 €T T
T/ 4 143 € o€ & €ig 14
csL 100>
od % U % U od % U % U
jueusijeln uSiuag jueusien usiuag

sa|dwes Ajlie[n||2d moT

sa|dwes ajenbapy

+1
0

punoudoeq
o13eysiowseH

Ajuo
9|dwes |es130|01AD
00S<
005-00T
00T-0S
05-0T
01-T
s||22 oN
s||92 Jnowin .
Ajuo
a|dwes |eai130]03AD)
006<
005-00T
00T-0S
05-0T
01-T
s||22 oN

192 [elayyds
usiuaq Jo unowy

Ajuo
s|dwes |e2130|01AD)
0065<
005-00T
00T-0S
05-0T
01-T
s||92 oN
Aueinsd
32019 12D

‘s9|dwies Ajl4e|n||92 MO| pue 31enbape Jo sainiesy |edi3ojoydiowolAd Jo uospedwod € 379V.L



VUORISALO ET AL

WILEY

280

00 00 0
00 00 0
L0T € 00 0
€68 GC 0001 ¢€

o o

00 0 00 0
ST T 00 0
154 14 194 €
vece 19 696 1L

LS50 S8’
L0T € 6 S 9'€l 6 TT¢ €T
1'ce 6 sLe 1 8v¥e €¢ Tty €
00s 1 00s 91 00s €€ €vc 8l
1L 4 Te T ST T 1 T

688’ 600°
00 0 00 0 0 4 00 0
L0T € Te T c¥e 91 681 V1
€9 81 8L SC 9¢€9 ¢ 809 ¥
0'sC L 881 9 16 9 ¢€0c G

9LE oeT
L0T € 7’6 © 91T 11 ¥8C 1¢C
0'sc L WA AN vey 87T SOy 0
Yoy €1 69v ST v6€ 9T 0Lc 0T
6LT S €9 4 ST T 134 €

LLY 60C
€6e 11 6TC L L27C ST 8¢ ST
0'sC L 69v Gl ¥9e vT S9¢ [T
o % u % u od % u % u
jueusijen uSiuag jueusijen uSiuag

sa|dwes Ajuien|[22 mo7

sa|dwes ajenbapy

+€

+C

+1

0
siydoJnanN
+€

+C

+1

0
sa3Ad0ydwA]
+€

+C

+1

0
so3eydouoe|n
T

+C

+1

0

punoudyoeq
Alojewweyu|

+€
+C
a|dwes |e2180]03AD)

"juedyiusis aJe pjog ul sanjeA-d,

00 0 00 0 00 0 00 0
00 0 00 0 00 0 00 0
00 0 00 0 19 14 1534 €
000T 9¢ 000T O€F 6€6 C9 LS6 L9
VN or9”
00 0 00 0 ST T 9'8 9
61 S L'9¢C 8 €0 0C¢ ['Ss€ SC
VAVABE ] L9% V1 909 Ov VIS 9¢
Tee 9 £'9C 8 9L S 1534 €
769’ €61’
00 0 €e T 00 0 15374 €
L'L 4 eer ¥ T6 9 LSt 8T
69¢C L (0)014 9 oLy 1€ VI€ CC
¥s9 LT €€9 61 6y 6T 98¢ [T
G99 STO
00 0 e T (0X c 9'8 9
4" S €ee L €0e 0C *Vvie <¢
00s €T €ee o1 909 Ovr T/LE 9C
8'0¢ 8 oor ¢1 19 ¥ 6¢C 91
ces L00°
L'L 4 (0)0) € ¢81 T1 9'8 9
8¢es ¥I 009 8T 00s € v19 ¢gv
od % u % u o % u % u
jueusijeln uSiuag jueusien usiuag

sa|dwes Ajlie[n|j@d moT

sa|dwes ajenbapy

(panunuo))

+€

+C

+1

0
sjiydoainaN
+€

+C

+1

0
s93A00ydwAT
+€

+C

+7

0
sadeydouoelp
+€

+C

+1

0

punoudoeq
Alojewiwepju|

+€
+C

04 [13D

€ 3718vl



VUORISALO ET AL.

WILEY_| 2t

TABLE 4 The topography?® distribution between samples.

All % of Adequate % of Low cellularity % of Insufficient

samples total samples total samples total samples % of total
Topography n =248 n =142 n =60 n=46
2R 5 2.0 4 2.8 0 0.0 1 22
4R 40 16.1 26 18.3 10 16.7 4 8.7
4L 12 438 10 7.0 3.3 0 0.0
5 3 1.2 2 14 0 0.0 1 22

66 26.6 36 254 17 28.3 13 28.3

1 0.4 1 0.7 0 0.0 0 0.0
10R 13 52 4 2.8 6 10.0 3 6.5
0L 11 44 6 4.2 2 33 3 6.5
11R 24 9.7 15 10.6 3 5.0 6 13.0
11L 20 8.1 12 8.5 7 11.7 1 22
12R 5 2.0 2 14 2 33 1 22
12L 7 2.8 5 3.5 1 1.7 1 2.2
13R 4 1.6 2 14 1 1.7 1 22
NA 25 10.1 12 8.5 4 6.7 9 19.6
Tumour 12 4.8 5 35 5 8.3 2 43

sample

*The most frequently occurring topography values are in bold.

cancer samples, 11 suspicious of malignancy samples, 20 reactive
lymphadenopathy samples, 14 non-necrotizing granulomatous inflam-
mation samples, and 42 normal lymph node samples (Table 1). The
non-small cell lung cancers (NSCLC) were grouped by the authors and
consisted of the diagnoses of “NSCLC, not otherwise specified
(NOS)”, “NSCLC, favouring adenocarcinoma” and “NSCLC, favouring
squamous cell carcinoma”. IHC stains are specified in Table 1. In nine
adenocarcinoma samples (9/16, 70.0%), six small cell carcinoma sam-
ples (6/15, 40.0%) and six squamous cell carcinoma samples (6/15,
40.0%) there were IHC stains applied (Table 1), and they confirmed
diagnosis. Two different normal samples (2/42, 4.8%) were IHC
stained but the final diagnosis was not made from these normal lymph
nodes but were made from the samples of the same set.

Six samples (6/142, 4.2%) had only a cytological cytospin smear
prepared without a corresponding CB. Three samples (3/142, 2.1%)
with no cells in CB nor cytological sample were diagnosed as “normal
lymph node”. These three samples were from the same case with a
total of five samples, one of which had enough cells for diagnosis.
There were no other discrepancies with diagnosis between adequate

CBs and adequate cytological samples.

3.6 | Cytomorphological characteristics

The cytomorphological characteristics of the cases are summarized
in Table 2. The most frequent for the adequate sample CB cellular-
ity in total were “50-100 cells”, and respectively, for the benign

epithelial cells and for the tumour cells, the most frequent were

“10-50 cells”. For the adequate CBs the haemorrhage, the most
frequent was “+2”, respectively, the most frequent for the inflam-
matory background, the macrophages and the lymphocytes were
“+1”. For the neutrophils, the most frequent was “0”. With the
adequate sample cytological samples, the most frequent for cellular-
ity were “100-500 cells”, benign epithelial cells were “50-100
cells”, and tumour cells were “50-100 cells”. For the cytological
samples, the haemorrhage, the inflammatory background, and the
lymphocytes, the most frequent was “+2”, respectively, for the
macrophages the most frequent was “+1”, and for the neutrophils,
the most frequent were “0”. Adequate sample CBs and adequate
cytological smear cellularity, amount of benign epithelial cells,
tumour cells, haemorrhagic and inflammatory background, macro-
phages, lymphocytes, and neutrophils were likely to be seen in
samples.

The comparison of cytomorphological features of the adequate
and the low cellularity samples are shown in Table 3. Of the
adequate sample CB and cytological sample characteristics evaluated,
the cellularity, the amount of benign epithelial cells, and the tumour
cells were associated with malignancy (p < .05 for all). With the CBs
inflammatory background and the presence of macrophages were
associated with malignancy as well with cytological sample the pres-
ence of lymphocytes was associated with malignancy (p < .05 for all)

Additional findings of the adequate group CBs were cartilage con-
tamination (n = 28) (Figure 2F), fibrosis (n = 2), and anthracosis
(n = 2). Respectively with adequate cytological samples, there were
thick fragments (n = 7), necrosis (n= 1), epithelial degeneration

(n=1), and samples with hemosiderin (n = 2). There were no
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TABLE 5 The comparison of cytomorphological features of adequate and low cellularity inflammatory samples.

Cell block

Cellularity

No cells

1-10

10-50

50-100

100-500

>500

Cytological sample only
Amount of benign epithelial cell
No cells

1-10

10-50

50-100

100-500

>500

Cytological sample only
Tumour cells

No cells

1-10

10-50

50-100

100-500

>500

Cytological sample only
Haemorrhagic background
0

1+

2+

3+

Inflammatory background
0

1+

2+

3+

Macrophages

0

1+

2+

3+

Lymphocytes

0

1+

2+

3+

Low
Adequate cellularity
samples samples
n % n %
0 (0.0) 0 00
0 (0.0) 0 00
& 214 1 16.7
5 35.7 4 66.7
5 35.7 1 16.7
0 0.0 0 0.0
1 7.1 0 00
7 50.0 5 83.3
0 0.0 0 00
5 357 1 16.7
1 7.1 0 00
0 0.0 0 00
0 0.0 0 00
1 7.1 0 00
13 929 6 100.0
0 0.0 0 00
0 0.0 0 0.0
0 0.0 0 00
0 0.0 0 00
0 0.0 0 00
1 7.1 0 00
1 7.7 0 00
1 7.7 0 00
11 8446 3 50.0
0 0.0 3 50.0
1 7.7 0 00
2 154 2 333
7 53.8 3 50.0
& 23.1 1 16.7
0 0.0 1 16.7
2 15.4 1 16.7
9 69.2 3 50.0
2 15.4 1 16.7
0 0.0 0 00
4 30.8 4 66.7
7 53.8 2 33.3
2 154 0 00

.786

726

NA

.031

.876

.661

375

Cytological sample
Cellularity

No cells

1-10

10-50

50-100

100-500

>500

Cell block sample only
Amount of benign epithelial cell
No cells

1-10

10-50

50-100

100-500

>500

Cell block sample only
Tumour cells

No cells

1-10

10-50

50-100

100-500

>500

Cell block sample only
Haemorrhagic background
0

1+

2+

3+

Inflammatory background
0

1+

2+

3+

Macrophages

0

1+

2+

3+

Lymphocytes

0

1+

2+

3+

Low
Adequate cellularity
samples samples
n % n % p?
732
0 0.0 0 00
0 0.0 0 00
1 7.1 0 00
4 28.6 3 50.0
9 64.3 3 50.0
0 0.0 0 0.0
0 0.0 0 00
0.0 0.0 .320
3 214 0 00
0 0.0 0 00
3 21.4 4 66.7
5 35.7 2 33.3
3 214 0 00
0 0.0 0 00
0 0.0 0 00
NA
14 1000 6 100.0
0 0.0 0 00
0 0.0 0 00
0 0.0 0 00
0 0.0 0 00
0 0.0 0 00
0 0.0 0 00
.075
0 0.0 0 00
4 28.6 1 16.7
8 571 1 16.7
2 14.3 4 66.7
.185
0 0.0 0 00
4 28.6 3 50.0
6 429 0 00
4 28.6 3 50.0
.103
1 71 2 333
8 571 4 66.7
5 35.7 0 00
0 0.0 0 00
1.000
0 0.0 0 00
6 429 2 333
3 21.4 1 16.7
5 35.7 3 50.0
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TABLE 5 (Continued)
Low

Adequate cellularity

samples samples
Cell block n % n % p?
Neutrophils NA
0 13 1000 6 100.0
1+ 0 0.0 0 00
2+ 0 0.0 0 00
3+ 0 0.0 0 00

@p-values in bold are significant.

statistical significance nor correlation with additional findings between

groups.

3.7 | Inflammatory samples

There were 14 adequate samples (14/142, 9.9%) and 6 low cellular-
ity samples (6/60, 10.0%) diagnosed as non-granulomatous inflam-
mation with cytomorphological features shown in Table 5. Adequate
sample CBs and cytological smear cellularity, amount of benign epi-
thelial cells, haemorrhagic and inflammatory background, macro-
phages, and lymphocytes were more likely to be seen in
inflammatory cases. There were no tumour cells nor neutrophils pre-
sent when viewing inflammatory samples of adequate CBs or ade-
quate cytological samples.

Low cellularity sample CBs and cytological smear cellularity, hae-
morrhagic and inflammatory background, macrophages, and lympho-
cytes were more likely to be seen in inflammatory cases. The amount
of benign epithelial cells were not significant when viewing low cellu-
larity CBs but with low cellularity cytological samples benign epithelial
cells were more likely to be seen. There were no tumour cells nor neu-
trophils present when viewing inflammatory samples of low cellularity

CBs or low cellularity cytological samples.

4 | DISCUSSION

In our retrospective study, we found that the sample adequacy criteria
are poorly defined, several factors contribute to the nondiagnostic
rate, and understanding the root cause of insufficient samples is
essential to improve the diagnostic process chain.

As personalized medicine enables longer life expectancy, the
importance of cytology is highlighted, and there is also a need for
standardized cytology terminologies. There are few reporting systems
available for cytopathologists to categorize pulmonary cytology speci-
mens, each of which defines a diagnostic category but to date, there

has not been world widely accepted system for pulmonary cytol-

Ogy.11—13,25

Low

Adequate cellularity

samples samples
Cytological sample n % n % p?
Neutrophils NA
0 14 1000 6 100.0
1+ 0 0.0 0 00
2+ 0 0.0 0 00
3+ 0 0.0 0 00

The problem with current classification systems is that there are
no definitive criteria for inadequacy and a sample with only benign
elements can be classified as benign or inadequate. The category for
"insufficient/inadequate/nondiagnostic” in the WHO system is used
for cases where insufficiency is due to low cellularity, poor sample
processing and/or cells obscuration by blood, or inflammatory cells, or
other artefacts. The PSC classifies a respiratory sample as insufficient
if the cytological sample does not provide useful diagnostic informa-
tion from imaging studies. Inadequate samples include samples con-
taining only benign respiratory epithelium and structures and/or
macrophages when imaging studies show distinct respiratory nodules.
Cellular atypicality associated with inflammation or repair excludes an
inadequate diagnosis for any specimen. Assessment of adequacy
requires correlation with clinical and imaging findings. JLCS reporting
system firstly classifies samples as adequate or inadequate for diag-
nostic evaluation due to artefacts from processing and/or staining.
Only after the first stage the samples are classified as “negative for

2

malignancy”,

2 G,

atypical cells”, “suspicious for malignancy”, and “malig-
nancy”. The criterion for adequacy relies on the observers’ experi-
ence, therefore the sample with benign elements has a chance to be
classified as inadequate. The term "insufficient/inadequate/nondiag-
nostic" is used by certain cytopathologists to refer to situations where
there is inadequate material due to technical problems, or where the
tissue on the slides is benign but not indicative of a mass lesion or
lung nodule that can be seen on imaging.**"*® Each system has its
own approach to handling inadequate samples and considers various
factors including the emphasis on correlation with clinical and imaging
findings, and the role of observers' experience in the classification
process in addition to the presence of benign elements in the sample.

The diagnostic criteria of EBUS-targeted lymph nodes vary widely
in the literature from simply noticing the presence of lymphocytes to
quantitatively measured number, although no universal practice or
golden standard for lymphocyte specimen adequacy has been estab-
lished. No matter what criteria are used, some authors consider the
presence of microscopic anthracotic macrophages, pigment-laden
macrophages, biopsy material including malignant cells or granulomas
and germinal fragments as proof that lymph node sampling is

adequate.2¢-%?
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Diagnostic
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Human
related

Patient characteristics Imaging techniques

EBUS operator ——» Adjunctive technologies or

Nursing staff ————» techniques

Sampling procedure

Laboratory staff . L
duration and complications

Cytotechnologist
ROSE
Cytopathologist ———

Size

Localization ———»

Consistency

Laboratory
processing

FIGURE 3

The topographical findings of insufficient and low cellularity sam-
ples from subcarinal location in our study are higher (28.3% and
28.3%, respectively) than other lymph node location (Table 4). This
might be due to the anatomical difficulty for inexperienced operator
to position the scope against the bronchial wall with a small ultra-

sound window angle (50-60°).%°

Also, a previous study shows that
diagnostic accuracy for operator with less than 5 years of experience
is 88.89%.%! There were no studies of sampling accuracy of subcarinal
location published.

In our study, we concluded that the CB cellularity threshold for
final diagnosis were to be equal to or more than 50 cells (AUC .769,
0.696-0.843 (95% ClI), p < .001), and the cytological sample cellularity
threshold were to be equal or to more than 100 cells (AUC .794,
0.722-0.865 (95% Cl), p < .001), respectively. The tumour cell thresh-
old for malignancy in both CBs and cytological samples were equal or
to more than 1-10 tumour cell (AUC .867, 0.811-0.922 (95% Cl),
p <.001, and AUC .907, 0.860-0.954 (95% ClI), p < .001), respectively.
The number of cells sufficient for diagnosis was 202 (202/228,
88.6%) in CBs and 192 (192/246, 78.0%) in cytological samples. Previ-
ous studies with thyroid samples showed a minimum of 10 follicular
cells as the lower limit for adequacy.®?~3* But the standardisation, or
lack of it, associated with EBUS samples is an aspect that requires fur-
ther investigation. No defined criteria for determining whether tissues
are adequate in terms of quality have been established at present. If a
diagnosis can be made, a sample is generally considered to be ade-
quate, but this term leaves room for interpretation and is nonuniform.
Therefore, to allow for more consistent implementation in the clinical
and scientific community, efforts should be made to set up a standard
definition of “adequate” in regard to tissue sampling.3?

The ROM for the insufficient samples were 10.9% (5/46), for
the benign samples 15.7% (17/108), for the suspicious of malig-
nancy samples 92.0% (23/25), and the ROM for the malignant

Molecular technique

Special staining

Sampling
methods

EBUS probe size and type

FNA needle size and type ——»

Laboratory Triage ———»

wapyNsu|

Fixation

Preparation ——»

Cell block ——»

Fishbone diagram of root causes for insufficient sample. [Color figure can be viewed at wileyonlinelibrary.com]

samples 100% (69/69). The results differ slightly from the litera-
ture.?® The explanation is likely to be multifactorial and may in part
reflect differences in the clinical management guidelines between
the institutions. By examining the diagnostic challenges through a
root cause analysis, it has been possible to identify and categorize
the following features as shown in Figure 3 and Table 6. In sum-
mary, a multidisciplinary approach that includes standardized proto-
cols, extensive training, and the use of complementary diagnostic
techniques can improve the accuracy and diagnostic yield of EBUS-
TBNA. By addressing the root causes of potential issues both clini-
cians and pathologists can optimize patient outcomes and minimize
unnecessary procedures.

The quality and adequacy of the sample depend to a large extent
on the clinician taking the sample, and the sufficiency of sample mate-
rial is an important criterion for ancillary studies such as molecular
diagnostics and IHC. With molecular diagnostics, the major advantage
of next generation sequencing (NGS) is the ability to produce an enor-
mous volume of data compared to Sanger sequencing. The success of
different molecular techniques such as NGS, according to the data
available, is not based on tumour location or type but only on
the quality of nucleic acids and DNA vyields. Prior to DNA extraction, a
stained slides cellularity assessment should be performed as the DNA
yield is dependent on cell content. Samples with more than
300 tumour cells were found to show a higher average DNA vyield.
There is a high correlation between NGS success and the threshold of
input DNA.%®

Though it is challenging to compare adequacy rates between this
study and researched studies as the adequacy rates vary among insti-
tutions and as the number of diagnostically sufficient cells for NGS
has been expressed in nanograms and not in cell count. Therefore,
determining minimum adequacy criteria for NGS testing may also be

technically challenging in cytologic samples.®¢%”
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TABLE 6 Identified root cause analysis of insufficient sampling.

Problem
Human-related factors

Lack of experience and training among clinicians performing EBUS-
TBNA can lead to incorrect sampling or misdiagnosis.

Inconsistent interpretation of cytological or histological samples due
to inter-observer variability. Poor communication between the
operators and the pathologists.

Inadequate patient preparation and positioning.
Diagnostic methods

The diagnostic yield of EBUS-TBNA is affected by the type of
ultrasound equipment and technique used. Suboptimal image
quality due to technical difficulties in positioning the probe.

The limited depth of penetration of ultrasound can make it difficult to
visualize deeper or smaller lesions. Inadequate sampling of the
lesion due to difficulties in identifying the target area. Inability to
sample certain locations due to technical limitations of the
equipment.

Sampling methods

The selection of the appropriate needle size, suction pressure, and
number of needle passes can affect the quality and quantity of the
sample obtained.

False-negative results can occur due to inadequate sampling or
sampling of the wrong area. Contamination of the sample due to
improper handling or processing. Insufficient tissue for pathological
diagnosis due to inadequate sampling.

Lesion

Lesion size, location, and consistency can affect the diagnostic yield
of EBUS-TBNA.

Laboratory processing

Inadequate processing or preparation of samples can lead to false-
negative or inconclusive results.

IHC remains a very practical and cost-effective diagnostic and
prognostic method. The main limitations of IHC are that it can only be
performed on sufficient samples, as it must also be ensured that the
sample can be archived for future diagnostics if necessary; and IHC
cannot differentiate multiple markers in one tissue section, as the
complex immune microenvironment cannot be unravelled by this sin-

gle biomarker method. The problem is that one group of cells needs

Solution

Clinicians should undergo extensive training and regular practice to gain
expertise in EBUS-TBNA

Provide comprehensive training for operators and pathologists.

Establishing standard guidelines for interpretation and promoting
consensus among pathologists and clinicians can minimize variability.

Encourage effective communication between operators and pathologists.

Ensure adequate patient preparation and positioning.

High-quality ultrasound equipment and standardized techniques should be
used to enhance the accuracy of the procedure.

Combining EBUS-TBNA with other diagnostic techniques, such as
electromagnetic navigation bronchoscopy or computed tomography
(CT) guidance, can improve lesion visualization and diagnostic yield.

Develop and implement standardized guidelines for lesion targeting and
sampling.

Invest in new technologies that can improve diagnostic accuracy.

Establishing standardized protocols for needle selection, suction pressure,
and number of needle passes can improve the consistency and yield of
the samples obtained.

Develop and implement standardized guidelines for needle placement and
sampling.

Clinicians should perform multiple needle passes and sample multiple sites
to increase the diagnostic yield and minimize false-negative results.

Improve the quality control of the samples during processing and handling.

Investigate new technologies that can improve sampling accuracy.

Combining EBUS-TBNA with other diagnostic techniques, such as CT,
PET-CT, or MRI, can help identify lesions that may be difficult to
visualize or sample with EBUS-TBNA alone.

Investigate alternative sampling techniques for difficult-to-reach lesions.

Standardizing laboratory protocols for sample processing, preparation of a
CB, sample smearing and staining can improve the quality and
consistency of the results obtained.

Standardizing laboratory protocols for the solution fixation and how
solution is supplied.

Ensure that pathologists are trained to interpret the results accurately and
consistently.

Implement a system to monitor the quality of the diagnostic process, from
sample collection to interpretation.

to be identified by many different markers. These markers may be
predictive individually or in combination and therefore adequate cellu-
larity is relevant.3®

Multiplex immunohistochemistry/immunofluorescence (mIHC/IF)
helps with the problem where even one sample is borderline ade-
quate. In response to increased demands for better techniques,
mIHC/IF was introduced and adopted in both research and clinical
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settings allowing simultaneous detection of several markers on the
same tissue section.®®

In our study, there were a few cases where for some reason the
samples were interpreted as low cellularity, even though the cell
threshold were adequate for diagnosis. This may be caused by the
pathologists' urgency to make a diagnosis or if there were even one
adequate sample in a series, the accuracy of the other samples in the
series may have been reduced.

There are consequences of insufficient samples to the patients
and the institutions. Insufficient samples in a lung cancer diagnosis
not only affect patients' well-being and outcomes but also strain the
resources, the efficiency, and the reputation of healthcare institutions.
Delays in treatment and missed opportunities for clinical trials
increase workload and reduce efficiency.y"’42 Therefore, it is crucial
for the healthcare providers to continuously work on improving the
diagnostic techniques to minimize the occurrence of insufficient sam-
ples and ensure timely and accurate diagnoses.

As a retrospective study, our data has some limitations. Some cli-
nicians provided thorough referrals and lesions' locations, sampling
methods, and degree of malignancy suspicion were mostly available,
but others provided limited data. Also, interobserver variability is
known in cytopathology and may be one point for discrepancies
between original and revised interpretations.

Future studies should explore the establishment of standardized cri-
teria for sample adequacy, considering different reporting systems and
techniques. Developing universally accepted guidelines could enhance
consistency in diagnosing samples obtained through EBUS-TBNA. Multi-
disciplinary collaboration studies involving clinicians, radiologists, pathol-
ogists, and researchers can lead to the comprehensive understanding of
the challenges in EBUS-TBNA procedures. Research can also be con-
ducted to establish the quality control protocols. The potential of emerg-
ing diagnostic technologies, such as artificial intelligence and machine

learning, in evaluating sample adequacy may be studied.
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