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Abstract
Background: There are still diagnostic issues with lung cancer and mediastinum lymphadenopathy.
Endobronchial ultrasound (EBUS) is a state of the art equipment for the diagnosis of lymphadenopathy
and central lesions.
Objective: To investigate the sample size with one pass.
Patients and Methods: 248 Stage IV patients were included in our study. All patients had a CT of the
thorax with either lymphadenopathy or lyphadenopathy plus pulmonary lesions. Patients had a biopsy
with endobronchial ultrasound with 22G Mediglope, 22G Mediglope Sonotip, 21G Olympus and 19G
Olympus needle. We collected information regarding the cancer type, cell block, tissue, age, sex, lesion
size and needle type.
Results: The cancer type diagnosis was associated with the needle diameter. The number of cell-blocks
were associated with the lesion size and needle diameter. Slices from the tissue and cell-blocks were again
associated with the lesion size and needle diameter.
Conclusion: One pass is enough for cancer diagnosis, however; careful selection has to be made among
patients regarding the needle diameter. In the case of lymphoma suspicion we should use 19G needle.
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Introduction
Lung cancer is usually diagnosed at advanced
stage and therefore systemic treatment is necessary.
There are several mathods to obtain biopsy samples
either from peripheral lesions or central lesions.
Regaring peripheral lesions we can use computed
tomography guided biopsies and transthoracic
ultrasound biopsies with convex probe ultrasound.
Usually for these two methods we use 18G needles
which aqcuire tissue [1]. We can also use endoscopic
techniques with radial endobronchial ultrasound,
with or without the assistance of fluoroscopy [2-4].
There are also novel electromagnetic navigation
systems such as the superdimensionTM and the
ARCHEMEDES® [5]. Regarding these techniques we
can use 25G, 22G, 21G and 19G needles which aqcuire
both tissue and cells. We also use biopsy forceps and
cryobiopsy catheters. Another radiologic equipment
for real time biopsy is the Cios Spin 3D by Siemens
and other companies such as Philips [6-9]. Regarding
central lesions next to vessels we can use the convex
probe endobronchial ultrasound (EBUS) from three
different companies such as; PENTAX, OLYMPUS
and FUJI. Through these endoscopes we can use 25G,
22G, 21G and 19G needles and small biopsy forceps
[10-14]. Moreover; regarding needle biopsies we use
the cell block technique in order to create a paraffin
block. In all these techniques we perform molecular
investigation for epidermal growth factor (EGFR),
anaplastic lymphoma kinase (ALK), Proto-oncogene
tyrosine-protein
kinase
(ROS-1),
proto-oncogene (BRAF) programmed death-ligand 1 (PD-L1) ,
part of the RAS/MAPK pathway (KRAS), abnormal
neurotrophic tyrosine receptor kinase (NTRK),
tyrosine-protein kinase Met (MET), proto-oncogene
RET (RET), and erythroblastic oncogene B (HER2)
[15-18]. In inoperable patients it is absolutely
necessary to have the molecular profile of the
malignancy in order to administer targeted treatment.
Elastography is another tool that has been
investigated as a surrogate tool for initial diagnosis
however; currently it is not widely used [19-21]. In our
current study we will evaluate four different needle
types with EBUS-transbronchial needle aspiration
(TBNA) 22G Mediglope, 22G Mediglope Sonotip, 21G
Olympus and 19G Olympus needle for mediastinal
lymphadenopathy. We will evaluate the diagnostic
value of a single pass with the different needle types.

Patients and Methods
Two hundred and fourty eight patients were
included in our retrospective study that was
approved by our investigational review board (IRB)
14/2019 3rd University Surgery Department, AHEPA
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HOSPITAL, Thessaloniki, Greece. Inclusion criteria: 1)
All patients were stage IV, 2) were ≥18years old and 3)
had previously Positron emission tomography-CT
(PET-CT). Moreover; 4) all patients were fit to
undergo anesthesia for endoscopy, 5) performance
status ECOG ≤3 and 6) oxygen saturation ≥60%. We
performed endobronchial ultrasound (EBUS) in all
our patients. All patients included had lymphadenopathy of the mediastinum with or without a lung
cancer lesion inside the lung parenchyma. All
hospitals included had the same equipment and
needles. Our study was multicenter and all involved
departments used a PENTAX EB-1970UK endobronchial system. We used the following needles: 1) 22G
Mediglobe®, 22G Upgraded Mediglobe (MNediSonotip)®, 3) 21G Olympus® and 4) 19G Olympus®.
The difference between needles number 1 and 2 is the
differentiation of the tip. Figure 1-3. Exclusion criteria:
1) Patients with lymphadenopathy that had
previously been diagnosed with a cancer and had a
high probability being diagnosed with a relapse
disease, 2) had severe heart condition and were not
able to receive anesthesia for endoscopy, 3) patients
with ECOG ≥3, and 4) patients with oxygen saturation
≤60%. It has been observed in a previous study that
although we have the same needle diameter needle
type number 2 acquires more tissue sample [10]. The
data that we will present are from one single pass in
an effort to present solid data regarding the number of
passes which are necessary for diagnosis. In two
hundred patients we had a diagnosis with a single
pass. In two hundred and eight patients we
performed next generation sequencing (NGS) for gene
investigation.

Statistical Analysis
Materials and Methods
The lesion size (cm) was considered as the
key-variable. The lesion size potentially determines
the use of different needle size and also the type of
cancer. Moreover; the lesion size is associated with the
number of slices, formation or not of cell blocks and
tissue sample size. All aforesaid parameters were
scheduled to predict the right needle size for every
lesion. Thus, to relate the predictors with the response
variable, a partition model was applied via JMP 14.3
(SAS Inc, 2017) statistical software. The partition
algorithm repeatedly attempts all possible bifid splits
of predictors in order to end up with the best decision
tree model, conforming to some important
assumptions, such as the least permitted number of 5
observations in the final nodes after data splitting. For
categorical parameters the fitted value is a probability
per level of each response at every split and the main
goal is to maximize the difference between the two
https://www.jcancer.org
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nodes of the split. For continuous predictors, such as
the number of slices, the split creates a cutting value
leading to two different nodes. The G2 statistic
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(likelihood-ratio chi-square) is used for categorical
responses and lower values indicate a better fit.

Figure 1. PENTAX EBUS EB-1970UK.

Figure 2. Left: 19G Olympus® and Right: the sample which is tissue.

Figure 3. Left: 22G Mediglobe®, Middle: 22G Mediglobe® upgraded needle and Right: the sample which is like a ``pus`` material.
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To increase the validity of the splitting
technique, the sample was randomly divided into two
sets, the training, that is the part used to estimate
model parameters (70% of patients) and the validation
set (30%), useful for assessing the predictive ability of
the model. Additionally, a random 10-fold
cross-validation was attempted in the training sample
and comparison was made between the total folded
and the overall R2 coefficient of the best model
determination. The reliability of data partitioning was
checked by examining the confusion matrix produced
by the training and validation set, which actually calls
for misclassification rates.

Results
Categories that prevail in each parameter of the
study were male patients in a 3:2 ratio, lesion size 1-2
cm (41.9%), 19G Olympus needle (35.9%), nsclc cancer
(51.6%) tissue material (62.9%) and present cell blocks
(71.8%), Table 1.
The age of patients was not normally distributed
(Figure 4), mostly represented by ages >60 y.o., that is
60,9% (151*100/248). The number of cell block slices
were skewed to the right in the size frequency
distribution (Figure 4) revealing a median value and
node of 9 slices.
The partition report of lesion size is shown in
Supplementary Figure 5, in which successive splits
led to 13 adequately classified nodes with different
predictive category representatives.
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This splitting diagram was judged quite efficient
according to the statistical information shown in
Supplementary Figure 6.
Table 1. Numerical and percentage tabulation of the parameters
under study from a sample of 248 patients.
Parameter
gender
male
female

code

N

%

1
2

153
95

61.7
38.3

lesion size (cm)
0.5-1.0
1.0-2.0
>2

1
2
3

90
104
54

36.3
41.9
21.8

needle type
22GMedi
22GMNedi
21Golympus
19Golympus

1
2
3
4

49
54
56
89

19.8
21.8
22.6
35.9

cancer type
nsclc
sclc
metastatic
non-hoghkin
Hoghkin

1
2
3
4
5

128
45
28
33
14

51.6
18.1
11.3
13.3
5.6

tissue
no
yes

0
1

92
156

37.1
62.9

cell blocks
no
yes

0
1

70
178

28.2
71.8

Figure 4. Summary statistics, box plot and size frequency distribution of age and number of slices of patients.
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Thirteen splits gave the best solution of data
partioning revealing the highest values of training
and validation determined R-squares (0,700 and 0,698
respectively). Values close to 1 show a perfect fit of the
model. Similar R2 results were obtained from the
10-folded and overall data consideration (0,681 and
0,750). Additional statistical measures, such as
Nagelkerke R2 (0,905), RMSE (root mean squared
error), and mean absolute deviations, ratify a valid
partition model (the lower the values the better fit).
The misclassification rates for the training and
validation sets appear exceptionally low, down to
11,52% and 16,87% respectively, thus strongly
supporting a reliable partioning. They are also
explicitly depicted in the confusion matrices of
training and validation sets as off-diagonal
frequencies.
Most important splitting variables were in
accordance, the cell blocks contributing 48,7%, cancer
type (19,92%), number of slices (15,78%), needle type
(11,08%) and tissue material (4,5%).
The decision tree in Supplementary Figure 5 is
more interpretably manifested in the leaf report of
Supplementary Figure 7. A single pathway (only one
split) determines the absence of cell blocks in 46
patients and corresponds uniquely (probability 0,986)
to the smallest lesion size (0,5-1 cm). The intermediate
size (1-2 cm) is best described by four pathways with
probability contribution >0,900 and also by three
pathways with probability >0,800. The largest size (>2
cm) is best explained by one pathway (0,958), a second
(0,8475) and a third one (0,768) [22, 23].

Discussion
The endobronchial ultrasound has the limitation
until today where fine needle aspiration (FNA)
needles are used for biopsy. Current needles are 22G,
21G and 19G. The best method to store and evaluate
the sample from the 22G, 21G and 19G needles is the
cytolite fluid and cell block technique [10]. Regarding
the 19Gneedle we can use formole since we aqcuire
more tissue sample and we can spare the cells from
the biopsy. A major problem in the biopsy setting is
the cost of the 19G needle and therefore we use it
mostly in cases where lymphoma is suspected. Rapid
on site evaluation (ROSE) is a techique that can be
used for the evalaution of our sample on site during
the biopsy procedure. The sample can be evaluated by
a chest physician with the proper training and from a
cytologist. In has been observed that the minimum
number of passes necessary for the ROSE technique
are two [24]. It has been previously investigated how
many passes are enough for lung cancer diagnosis,
and how many passes are necessary in order to have
enough sample size for next generation sequencing
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[25]. Moreover; it has been previously observed that it
is not only the needle size that matters regarding the
sample size but also the needle tip shape [10]. Also,
most of the genes necessary for lung cancer treatment
can be investigated from cell-blocks and smears [26].
In our study we focused on the sample size of one
single biopsy in different patients with different
needle FNA needles from lymphnodes. It was
observed as anticipated that lesions of 1≤cm had less
cell blocks due to the small size of the lesion and 19G
needle was used less for these lesions due to the
limitations of the size. In most patients cell blocks
were created (178/248). The number of slices from cell
blocks were associated with the size of the lesion. The
larger the lesion size ≥1cm the larger the number of
slices. 19G needle had tissue instead of cell blocks,
although cell-blocks could be created in some cases,
tissue is considered the best material for diagnosis
and we provided only this information. 22G needles
and 21G needle provided only smear samples
containing cells and tissue fragments. 19G needles
were used mostly when lesions were ≥1cm for safety
reasons and the diagnosis was strongly associated
with lymphomas. There was no major difference
regarding the number of slices between needles 22G
and 22G upgraded as observed in our previous study
[10].

Conclusion
Therefore we conclude that a single pass is
enough to make a diagnosis for lymphadenopathy,
however; 19G needle should be used for lesions ≥1cm
for safety reasons and in the case of suspected
lymphoma. Regarding the passes that are necessary
for next generation sequensing (NGS), at least two
passes are necessary.

Supplementary Material
Supplementary figures.
https://www.jcancer.org/v13p2982s1.pdf

Acknowledgements
Investigational Review Board (IRB)
Two hundred and fourty eight patients were
included in our retrospective study that was
approved by our investigational review board (IRB)
14/2019 3rd University Surgery Department, AHEPA
HOSPITAL, Thessaloniki, Greece.

Participatory Consent
Participatory consent was obtained from all
patients involved in the study

https://www.jcancer.org

Journal of Cancer 2022, Vol. 13
Author Contributions
PZ, DP, DM, IB, IP, SB, WHS, HH, CB, BZ, LF,
NC, MA, CK all contributed equally in the writing,
study design, conception and execution.

Competing Interests
The authors have declared that no competing
interest exists.

References
1.
2.

3.

4.

5.
6.

7.

8.

9.
10.
11.

12.
13.

14.

15.
16.
17.
18.
19.

Hu H, Li C, Lv T, Li H, Hu Y, Shen Q, et al. Contrast-enhanced computed
tomography prior to percutaneous transthoracic needle biopsy reduces the
incidence of hemorrhage. Annals of translational medicine. 2021; 9: 288.
Huang Z, Huang H, Ning Y, Han J, Shen Y, Shi H, et al. Radial probe
endobronchial ultrasound assisted conventional transbronchial needle
aspiration in the diagnosis of solitary peribronchial pulmonary lesion located
in the segmental bronchi. Journal of Cancer. 2019; 10: 634-42.
Zaric B, Stojsic V, Carapic V, Kovacevic T, Stojanovic G, Panjkovic M, et al.
Radial Endobronchial Ultrasound (EBUS) Guided Suction Catheter-Biopsy in
Histological Diagnosis of Peripheral Pulmonary Lesions. Journal of Cancer.
2016; 7: 7-13.
Haidong H, Yunye N, Wei Z, Zarogoulidis P, Hohenforst-Schmidt W, Man
YG, et al. Multiple guided technologies based on radial probe endobronchial
ultrasound for the diagnosis of solitary peripheral pulmonary lesions: a
single-center study. Journal of Cancer. 2017; 8: 3514-21.
Zaric B, Stojsic V, Sarcev T, Stojanovic G, Carapic V, Perin B, et al. Advanced
bronchoscopic techniques in diagnosis and staging of lung cancer. Journal of
thoracic disease. 2013; 5 Suppl 4: S359-70.
Hohenforst-Schmidt W, Zarogoulidis P, Vogl T, Turner JF, Browning R,
Linsmeier B, et al. Cone Beam Computertomography (CBCT) in Interventional
Chest Medicine - High Feasibility for Endobronchial Realtime Navigation.
Journal of Cancer. 2014; 5: 231-41.
Hohenforst-Schmidt W, Banckwitz R, Zarogoulidis P, Vogl T, Darwiche K,
Goldberg E, et al. Radiation Exposure of Patients by Cone Beam CT during
Endobronchial Navigation - A Phantom Study. Journal of Cancer. 2014; 5:
192-202.
Keil H, Luxenhofer M, Vetter SY, Beisemann N, Grutzner PA, Franke J.
Evaluation of image quality and assessability of a new flat-panel 3D C-arm
compared to mobile and fixed computed tomography in posterior spinal
fixation. The international journal of medical robotics + computer assisted
surgery : MRCAS. 2021; 17: e2181.
Capostagno S, Sisniega A, Stayman JW, Ehtiati T, Weiss CR, Siewerdsen JH.
Deformable motion compensation for interventional cone-beam CT. Physics in
medicine and biology. 2021; 66: 055010.
Zarogoulidis P, Petridis D, Sapalidis K, Tsakiridis K, Baka S, Vagionas A, et al.
Lung cancer biopsies: Comparison between simple 22G, 22G upgraded and
21G needle for EBUS-TBNA. Journal of Cancer. 2020; 11: 6454-9.
Zarogoulidis P, Huang H, Zhou J, Ning Y, Yang M, Wang J, et al. Thyroid
cancer diagnosis with transdermal probe 22G U/S versus EBUS-convex probe
TBNA-B 22G and 19G: pros and cons. Expert review of medical devices. 2021;
18: 197-201.
Cheng G, Mahajan A, Oh S, Benzaquen S, Chen A. Endobronchial
ultrasound-guided intranodal forceps biopsy (EBUS-IFB)-technical review.
Journal of thoracic disease. 2019; 11: 4049-58.
Lim CE, Steinfort DP, Irving LB. Diagnostic performance of 19-gauge
endobronchial
ultrasound-guided
transbronchial
needle
aspiration
(EBUS-TBNA) in suspected lymphoma: A prospective cohort study. The
clinical respiratory journal. 2020; 14: 800-5.
Sood R, Alape D, Thakkar D, Shadchehr S, Acash G, Tronic BJ, et al.
Comparison of Sample Adequacy and Diagnostic Yield of the 21-G and 25-G
EBUS TBNA Needles. Journal of bronchology & interventional pulmonology.
2022; 29: 34-8.
Tsoulos N, Papadopoulou E, Metaxa-Mariatou V, Tsaousis G, Efstathiadou C,
Tounta G, et al. Tumor molecular profiling of NSCLC patients using next
generation sequencing. Oncology reports. 2017; 38: 3419-29.
Zarogoulidis K, Zarogoulidis P, Darwiche K, Boutsikou E, Machairiotis N,
Tsakiridis K, et al. Treatment of non-small cell lung cancer (NSCLC). Journal
of thoracic disease. 2013; 5 Suppl 4: S389-96.
Domvri K, Darwiche K, Zarogoulidis P, Zarogoulidis K. Following the
crumbs: from tissue samples, to pharmacogenomics, to NSCLC therapy.
Translational lung cancer research. 2013; 2: 256-8.
Domvri K, Zarogoulidis P, Darwiche K, Browning RF, Li Q, Turner JF, et al.
Molecular Targeted Drugs and Biomarkers in NSCLC, the Evolving Role of
Individualized Therapy. Journal of Cancer. 2013; 4: 736-54.
Zarogoulidis P, Sapalidis K, Fyntanidou V, Kosmidis C, Amaniti A, Koulouris
C, et al. Evaluating the use of elastography in endobronchial ultrasound
technique as a diagnostic approach for mesothorax lymphadenopathy. Expert
review of respiratory medicine. 2019; 13: 1153-9.

2987
20. Zarogoulidis P, Kosmidis C, Fyntanidou V, Barmpas A, Koulouris C, Aidoni
Z, et al. Elastography during convex-probe (endobronchial ultrasound) for
optimal biopsy sample and gene identification in non-small-cell lung cancer.
Biomarkers in medicine. 2019; 13: 1153-6.
21. Huang H, Huang Z, Wang Q, Wang X, Dong Y, Zhang W, et al. Effectiveness
of the Benign and Malignant Diagnosis of Mediastinal and Hilar Lymph
Nodes by Endobronchial Ultrasound Elastography. Journal of Cancer. 2017; 8:
1843-8.
22. Hawkins D.M. KGV. Automatic Interaction Detection. . Cambridge:
Cambridge University Press; 1982.
23. G.V. K. An exploratory technique for investigating large quantities of
categorical data. Applied Statistics. 1980; 29: 119-27.
24. Tang W, Plank C, Kiepura C, Bunting S, Waugh J, Coates M, et al. Rapid onsite
evaluation uses a very small proportion of total material aspirated at
endobronchial or endoscopic ultrasound in the investigation of suspected
thoracic malignancy. Cytopathology : official journal of the British Society for
Clinical Cytology. 2021; 32: 416-27.
25. Xie F, Zheng X, Mao X, Zhao R, Ye J, Zhang Y, et al. Next-Generation
Sequencing for Genotyping of Endobronchial Ultrasound-Guided
Transbronchial Needle Aspiration Samples in Lung Cancer. The Annals of
thoracic surgery. 2019; 108: 219-26.
26. Fielding D, Dalley AJ, Bashirzadeh F, Singh M, Nandakumar L, McCart Reed
AE, et al. Diff-Quik Cytology Smears from Endobronchial Ultrasound
Transbronchial Needle Aspiration Lymph Node Specimens as a Source of
DNA for Next-Generation Sequencing Instead of Cell Blocks. Respiration;
international review of thoracic diseases. 2019; 97: 525-39.

https://www.jcancer.org

