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Abstract 
Computed tomography (CT) and positron emission tomography (PET) are the most commonly used methods for diagnosis and 
staging in both malignant and benign diseases of the lung parenchyma and mediastinum. Endobronchial ultrasonography (EBUS) 
guided transbronchial needle aspiration biopsy (TBNA) has become widespread in recent years because it allows minimally 
invasive tissue sampling. PET-CT has high sensitivity in the diagnosis of malignancy but has low specificity. The false positive rate 
is high with the SUVmax 2.5 cutoff value, which is widely used in studies about malignancy. In our study, we evaluated lymph 
nodes with high F18-fluorodeoxyglucose (FDG) uptake on PET/CT and sampled by EBUS-TBNA. We aimed to calculate the new 
SUVmax cutoff values in the differentiation of malignancy. Our study included 103 patients who were examined for any reason 
and who underwent biopsy with EBUS-TBNA due to mediastinal or hilar lymph node enlargement on PET-CT. The relationship 
between PET-CT findings and EBUS findings, EBUS-TBNA results was evaluated. Biopsies were taken from 140 lymph nodes in  
103 patients included in our study, and 39 (27.8%) were diagnosed as malignant. In our study, when the SUVmax cutoff value 
in PET-CT is taken as 2.54, the sensitivity is 98%, but the specificity remains at the level of 12%. When the SUVmax cutoff value 
in PET-CT was taken as 4.58, the sensitivity was 92% and the specificity was 49%. When this value was accepted as 5.25, and 
6.09 the sensitivity was respectively 90% and 85%, the specificity was respectively 52% and 60%. In evaluations, we conducted 
in order to determine different SUVmax cutoff values that can be used for higher sensitivity and specificity in malignancy studies, 
the cutoff values were 4.58, 5.25, and 6.09. It is thought that these cutoff values will be useful both for diagnosing malignancy 
and for distinguishing benign pathologies.

Abbreviations: CT = computed tomography, EBUS = endobronchial ultrasonography, FDG = F18-fluorodeoxyglucose, PET = 
positron emission tomography, SUVmax = maximum standardized uptake value, TBNA = transbronchial needle aspiration biopsy.
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1. Introduction
Early and accurate diagnosis is very important for the treat-
ment of lesions in the lung parenchyma and diseases involv-
ing lymph nodes in the mediastinum. Malignant diseases such 

as primary lung cancer, metastases, lymphomas and various 
benign diseases such as sarcoidosis, tuberculosis and infec-
tions may present with involvement in both the lung paren-
chyma, mediastinal and hilar lymph nodes. Cancer staging is 
the basis of the choice of lung cancer treatment scheme.[1–4] 
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The mostly used methods for diagnosis and staging are com-
puted tomography (CT) and positron emission tomography 
(PET), which are noninvasive imaging methods.[1,3,5] The addi-
tion of histopathological evaluation to these imaging meth-
ods increases the diagnostic accuracy.[1,2,6] Surgery is the gold 
standard method in staging by histopathological evaluation.[1] 
The use of minimally invasive methods in staging reduces 
the need for surgical intervention.[1,6] Endobronchial ultra-
sound-guided transbronchial needle aspiration (EBUS-TBNA) 
stands out as it is a minimally invasive method. The low risk 
of major complications also allows it to be used safely.[1,4] 
Increasing the diagnostic accuracy of EBUS will help reduce 
major surgical interventions. Increasing the predictive prop-
erties of the parameters used in CT and PET methods used 
as a guide before EBUS-TBNA will increase the accuracy of 
EBUS. PET-CT has high sensitivity in the diagnosis of malig-
nancy. However, the specificity is lower.[1,6,7] The reason for 
this is that benign pulmonary, mediastinal, hilar lesions and 
inflammatory processes that cause high metabolic activity can 
cause false positives in PET.[7,8] PET positivity is determined 
based on the maximum standardized uptake value (SUVmax) 
of F18-fluorodeoxyglucose (FDG). The malignancy rate is 
high in lymph nodes with large size and high FDG uptake in 
PET-CT. The SUVmax cutoff value which is commonly used 
to detect malignancy, is 2.5. When the SUVmax cutoff value 
is accepted as 2.5, false positivity is at a rate that should be 
taken into account.[9]

Since the false positivity is high with the SUVmax value 
of 2.5 which is used as cutoff in malignancy studies in 
PET-CT, investigations are carried out for using differ-
ent cutoff values. Recent studies have suggested findings 
showing that the acceptance of SUVmax as 4, 4.31, and 
5.2 increases the sensitivity and specificity in the diagno-
sis of malignancy.[3,7,10] However, a clear cutoff that can be 
used in malignancy studies regarding SUVmax value has 
not been determined yet. In this study, we aimed to calcu-
late the malignant/benign ratio of biopsies taken by EBUS-
TBNA from mediastinal and hilar lymph nodes with high 
FDG uptake in PET/CT and to calculate the SUVmax cutoff 
value in malignant cases.

2. Methods

2.1. Patient selection

All patients (n = 103) who had enlarged mediastinal or hilar 
lymph nodes on PET-CT (SUVmax value of 2.5 and above), 
giving informed consent, no contraindication to receive general 
anesthesia/deep sedation and underwent EBUS-TBNA between 
March 2019 and June 2020 were included in the study. Patients 
who do not accept the procedure or are not at the level of con-
sciousness to give consent, are not suitable for anesthesia, have 
uncontrolled coagulopathy or bleeding diathesis, have uncon-
trolled heart failure, have uncontrollable angina or severe 
arrhythmia, and have had myocardial infarction or cerebro-
vascular accident in the last 6 months were excluded from the 
study.

Demographic data of the patients, evaluations made before 
the procedure, imaging findings, characteristics of the lesion that 
was taken biopsy during the EBUS procedure and ultrasound 
images were recorded prospectively.

This study was carried out in accordance with the Declaration 
of Helsinki and was approved by the Ethics Committee of our 
university with the decision dated 05.03.2019 and numbered 
05. Before the procedure, “Information and Consent Form” 
giving detailed information about the interventional procedure 
and their acceptance of the procedure and “Voluntary Consent 
Form” indicating that they agreed to use the data in the study 
were obtained from all patients.

2.2. EBUS procedure

Patients whose PET-CT imaging was performed and EBUS was 
planned were informed before the procedure and their consent 
was obtained, bleeding drugs and food intake were stopped 6 
hours before the procedure. Preoperative evaluation was made 
in terms of suitability for anesthesia. For this purpose, complete 
blood count, biochemistry and coagulation values were mea-
sured; chest x-ray and electrocardiogram were taken.

In our study, Funion Fujifilm EB-530US Convex Ultrasound 
Bronchoscope EBUS device and SU-1 Ultrasound Processor 
device were used. The COOK ECHO-HD-22-EBUS-O-C 
ultrasonic biopsy needle was chosen for the aspiration biopsy. 
A single-use aspiration biopsy set with a proximal aspiration 
mechanism and a 22-gauge needle in a flexible catheter was 
used for each patient.

Local anesthesia with lidocaine and premedication and deep 
sedation using metoclopramide, midazolam, propofol, fentanyl 
were applied to eligible patients under operating room condi-
tions. A mouthpiece was placed in the mouth after sedation. 
With the bronchoscope of EBUS, the tracheobronchial system 
was entered through the glottic space and appropriate areas 
were detected with the bronchoscopic view. When it came to the 
area to be examined, the image was taken by leaning the ultra-
sound probe against the wall. If necessary, during the proce-
dure, the balloon was filled with sterile saline and the ultrasonic 
image became clear. During the procedure, the lesion diam-
eter was measured and its localization was recorded. Before 
the biopsy, the tip of the bronchoscope was straightened and 
the needle sheath was removed. The length of the needle was 
adjusted and the lesion was inserted through the intercartilage 
space. In the meantime, to make sure that the needle was inside 
the lesion, the stylet inside the needle was pushed forward inside 
the lesion and its location was determined and then removed. 
Then, an injector was placed behind the needle, applying neg-
ative pressure. Aspiration biopsy was taken with negative pres-
sure applied while the needle was moved back and forward. 
Vascular structures and vascularization characteristics of the 
lesion were evaluated using the Doppler mode when necessary 
during the procedure.

Since the same needle will be used in cases where sampling 
will be made from more than 1 station in the same patient, 
attention was paid to the order of application. A separate eval-
uation was made for each patient according to the location of 
the lesions and sampling was performed in the order of N3, N2, 
and N1.

Samples taken by aspiration biopsy were placed in a solu-
tion (red solution) approved by the pathology unit. The tissue 
was fixed and the cell block was made and it was prepared for 
pathological evaluation. Some of the tissue samples taken in 
cases with a preliminary diagnosis of tuberculosis or for the dif-
ferential diagnosis of granulomatous disease were sent to the 
microbiology laboratory in sterile saline for culture.

2.3. Statistical analysis

The data were analyzed with the SPSS 25.0 package program. 
Continuous variables are given as mean ± standard deviation, 
median (minimum-maximum values) and categorical vari-
ables are given as numbers and percentages. The convenience 
of the data to the normal distribution was examined with 
Kolmogorov–Smirnov and Shapiro–Wilk tests. When the para-
metric test assumptions were met, the significance test of the 
difference between the 2 means was used in the comparison of 
independent group differences; when parametric test assump-
tions were not met, Mann–Whitney U test and Kruskal–Wallis 
analysis of variance were used to compare independent group 
differences. Differences between categorical variables were ana-
lyzed by Chi-square analysis. ROC analysis method was used 
to examine the method performances. As a result of the ROC 
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analysis, Youden Index value was used to determine the most 
appropriate cutoff point. Youden Index is obtained by subtract-
ing 1 value from the sum of the sensitivity and selectivity values. 
The highest Youden Index value shows the cutoff point with the 
highest predictive power. As a result of the examinations made 
with the most appropriate cutoff points obtained from Youden 
Index values, sensitivity and selectivity values were obtained 
and the performance results were examined. P < .05 was consid-
ered statistically significant.

3. Results
The majority (71.8% (n = 74)) of the patients in our study were 
male and 28.2% (n = 29) were female. Median age for female 
(min-max) 62 (38–89); male were 61 (32–80). The median age 
of all patients was 61 (32–89). Male had a mean smoking his-
tory of 39.5 ± 29.1 pack-years, while female had a smoking his-
tory of 1.1 ± 5.5 pack-years. All patients had a mean smoking 
history of 28.68 ± 30.3 pack-years and a median of 20 (0–120) 
pack-years.

Sampling was performed with EBUS-TBNA from 140 lymph 
node stations in 103 patients who participated in our study. The 
characteristics of all lymph nodes sampled with EBUS-TBNA 
are shown in Table 1.

Thirty-nine (27.8%) of 140 lymph node biopsies were evalu-
ated as malignant and the remaining 101 lymph nodes (72.2%) 
were evaluated as benign. Seven lymph nodes (5%) were eval-
uated as granulomatous inflammation and 94 lymph nodes 
(67.2%) as malignant negative. The characteristics of those 
evaluated as malignant negative are shown in Table 2. Among 
the lymph nodes evaluated as negative for malignancy in EBUS-
TBNA, 34 lymph nodes in a total of 20 patients were evaluated 
with advanced surgery. Seventeen of these patients underwent 
mediastinoscopy; lobectomy/resection/lymph node excision 
with video-assisted thoracic surgery was performed directly 
in 3 patients and after mediastinoscopy in 1 patient (Table 3). 
The results after further examination or follow-up of 94 lymph 

nodes that were evaluated as malignant negative in EBUS-TBNA 
are shown in Table 4.

The mean dimensions of lymph nodes measured on PET-CT 
were calculated as 21.95 ± 12.74 (6.7–90). The mean size of 
lymph nodes measured during the EBUS procedure was eval-
uated as 18.79 ± 6.70 (8–40). The mean size of 101 (72%) 
benign lymph nodes measured on PET-CT was calculated as 
19.19 ± 8.89 mm (6.7–70). The mean size was calculated as 
29.10 ± 17.69 mm (10.9–90) in 39 (28%) malignant lymph 
nodes. When the dimensions measured during the EBUS pro-
cedure were evaluated, the mean size in benign lymph nodes 
(72%, n = 101) was calculated as 17.34 ± 6.01 mm (8–33). The 
mean size was calculated as 22.55 ± 7.01 mm (11–40) in malig-
nant lymph nodes (28%, n = 39).

When the relationship between lesion size and being malig-
nant or benign was evaluated, it was found that both the dimen-
sions of the malignant lymph nodes measured on PET-CT and 
the dimensions measured during the EBUS procedure were sig-
nificantly higher than the benign lymph nodes. (respectively, P = 
.0001, P = .0001).

The mean SUVmax value of 101 (72%) lymph nodes with 
negative EBUS-TBNA results was calculated as 5.63 ± 3.57 
(0–19). The mean SUVmax value of 39 (28%) lymph nodes 
evaluated as malignant by EBUS-TBNA was calculated as 
7.87 ± 2.67 (1.9–14). Accordingly, SUVmax value measured in 
PET-CT was found to be higher in lymph nodes that were eval-
uated as malignant as a result of pathology, compared to benign 
ones. (P = .0001).

When we examined the relationship between the rates of 
malignant and benign results of EBUS-TBNA and the SUVmax 
value measured in PET-CT, important points to be considered 
were determined. The excitatory threshold value of SUVmax 
cutoff value in PET-CT is accepted as 2.50 in malignancy stud-
ies. In our study, when the SUVmax cutoff value in PET-CT is 
taken as 2.54, the sensitivity is 98% but the specificity remains 
at the level of 12%. Although this value is appropriate and 
highly accurate for recognizing the patient group, it is extremely 
insufficient to distinguish benign conditions. The relationship 
between sensitivity and specificity according to the SUVmax 
cutoff value measured in PET-CT is shown in Table 5.

4. Discussion
When the pathology results of 140 lymph nodes were evaluated 
from which biopsies were taken, 39 (28%) lymph nodes were 
diagnosed as malignant as a result of EBUS-TBNA. In these 
lymph nodes, 14 (10%) are small cell carcinoma, 13 (9.3%) 
are adenocarcinoma, 4 (2.9%) are squamous cell carcinoma, 2 
(1.4%) are non-small cell carcinoma of the lung, 2 were breast 
carcinoma metastasis (1.4%) and one of them was carcinoma 
metastasis of pancreaticobiliary system origin. When compared 
in terms of the distribution of malignant results, our study shows 
a great deal of similarity with the studies in the literature.[7,11] 
Although adenocarcinoma is mostly located peripherally as a 
primary tumor, its prevalence is high among malignancies in the 
community.[12] The high incidence of adenocarcinoma diagnosis 
among malignancies in our study group is thought to be related 
to the prevalence of lung adenocarcinoma in the community. 
In addition, although adenocarcinoma is mostly a peripheral 
tumor, it can metastasize to mediastinal and hilar lymph nodes 
and tumors can be seen in more than 1 metastatic focus in the 
lung parenchyma. Therefore, the diagnosis can be made from 
lymph node metastasis or an accessible metastatic nodule.[12–14]

In our study, when the data of 94 lymph nodes were eval-
uated which were reported as negative as malignancy in the 
pathology result of the biopsy taken with EBUS-TBNA; 7 
lymph nodes (7.5%) were found to be malignant after further 
examination with surgical biopsy and 21 lymph nodes (22.3%) 
were found to be malignant in the EBUS-TBNA/ percutaneous 

Table 1

Characteristics of lymph nodes performed EBUS-TBNA.

Lymph node stations, n (%)  
2R 6 (4.3)
4R 35 (25)
4L 6 (4.3)
7 41 (29.3)
10R 22 (15.7)
10L 16 (11.4)
11R 8 (5.7)
11L 6 (4.3)
Total 140 (100)
Lymph node size (PET-CT measurement), mm (mean ± SD) 21.95 ± 12.74
Lymph node size (EBUS measurement), mm (mean ± SD) 18.79 ± 6.70
SUVmax value of lymph nodes in PET-CT (mean ± SD) 6.28 ± 3.45
Pathology results of lymph nodes, n (%)  
 � Small cell carcinoma 14 (10)
 � Adenocarcinoma 13 (9.2)
 � Squamous cell carcinoma 4 (2.9)
 � Non-small cell carcinoma (NOS) 2 (1.4)
 � Cytology with suspicious malignancies* 3 (2.1)
 � Other** 3 (2.1)
 � Malignant negative cytology 94 (67.1)
 � Granulomatous inflammation 7 (5)
 � Total 140 (100)

CT = computed tomography, EBUS = endobronchial ultrasonography, PET = positron emission 
tomography, SUVmax = maximum standardized uptake value.
*Squamous cell carcinoma by bronchoscopic biopsy, malignant epithelial tumor metastasis by 
mediastinoscopy, reactive lymph node by mediastinoscopy but lymphoma involvement by clinical 
follow-up.
**Breast carcinoma metastasis (2), pancreaticobiliary carcinoma metastasis.
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transthoracic aspiration biopsy/bronchoscopic biopsy per-
formed simultaneously from another station or due to a known 
malignancy diagnosis. In our study, a total of 28 lymph nodes 

(29.8%) whose EBUS-TBNA result was initially negative for 
malignancy were then evaluated as malignant. In an analysis 
by Marchand and Medford, data of 284 patients who under-
went EBUS-TBNA were analyzed retrospectively. In this study, 
it was seen that 10 of 60 lymph nodes that were reported as 
negative for malignancy as a result of EBUS-TBNA were eval-
uated as malignant as a result of further investigations.[3] In a 
study by Demirdöğen et al in which EBUS-TBNA was applied 
to mediastinal and hilar lymph nodes and 406 lymph nodes 
in 109 patients were examined, the result of EBUS-TBNA in 
93 patients was evaluated as nonmalignant. 84 of these lymph 
nodes were evaluated as reactive lymph nodes and surgical 
biopsy was performed in 9 patients. Malignancy was found in 
5 of 9 patients who underwent surgical biopsy.[15] In the study 
conducted by Öztürk and Güllü with 483 patients, in which 
1017 lymph nodes were evaluated, 465 lymph nodes were eval-
uated with surgical biopsy that were found to be benign with 
EBUS-TBNA. Among these lymph nodes, 15 were reported as 
malignant as a result of surgical biopsy.[10] When the data of 
our study and the studies in the literature are examined, it is 
seen that some of the lesions that were evaluated as benign as a 
result of biopsy taken by EBUS-TBNA were evaluated as malig-
nant as a result of surgical biopsy or in the follow-up. This sit-
uation shows that even if the EBUS-TBNA result is considered 
as benign in patients examined with suspicion of malignancy, 
further investigations should be performed without delay in 
necessary patients with high suspicion of malignancy as recom-
mended in the guidelines.[1]

In our study, the mean size of 101 (72%) benign lymph 
nodes measured on PET-CT was calculated as 19.19 ± 8.89 mm 
(6.7–70). The mean size was calculated as 29.10 ± 17.69 mm 
(10.9–90) in 39 (28%) lymph nodes with malignancy. In the 
study conducted by Wang et al, in which 124 lymph nodes of 70 
patients were evaluated, the lesions were examined according 
to the dimensions measured in PET-CT and it was determined 
that 64 of the lymph nodes were malignant and 60 of them 
were inflammatory lymph nodes. The sizes of the lymph nodes 
were compared according to whether they were malignant or 
inflammatory. It has been reported that the mean long diam-
eter of malignant lymph nodes is 18.7 ± 6.4 mm and the mean 
long diameter of inflammatory lymph nodes is 10.7 ± 3.8 mm. 
As a result of this study, it was observed that both long diame-
ter and short diameter, and short-long diameter ratio of malig-
nant lymph nodes were larger compared to inflammatory lymph 
nodes.[16] According to the data of our study, the size measured 
on PET-CT of the lymph nodes evaluated as malignant as a 
result of EBUS-TBNA is significantly higher than the benign 
ones. (P = .0001).

When comparing the lesions evaluated as benign and 
malignant in lymph nodes for SUVmax values measured in 
PET-CT; the mean SUVmax value of 101 lymph nodes with 
negative EBUS-TBNA results for malignancy was calculated 
as 5.63 ± 3.57 (0–19). The mean SUVmax value of 39 lymph 
nodes evaluated as malignant by EBUS-TBNA was calculated 

Table 2

Further examination/follow-up/council evaluation status of 
malignant negative lesions in lymph nodes performed by 
EBUS-TBNA.

 Lymph nodes, n (%) 

Undergone surgical biopsy 34 (36.2)
Concurrently diagnosed with malignancy by 

EBUS from another focus
5 (5.3)

Diagnosed by concurrent bronchoscopic 
biopsy or PTAB

6 (6.4)

Diagnosed as metastatic malignancy due to a 
diagnosis of malignancy in another focus

9 (9.6)

Surgical biopsy was recommended but could 
not performed

17 (18.1)

Thorax CT follow-up 16 (17)
Considered as tuberculosis 4 (4.2)
Considered as benign 3 (3.2)
Total 94 (100)

CT = computed tomography, EBUS = endobronchial ultrasonography, PTAB = percutaneous 
transthoracic aspiration biopsy.

Table 3

Distribution of pathology results in patients with further 
examination by surgical biopsy.

Pathology result Lymph nodes, n (%) 

Chronic granulomatous inflammation 19 (55.9)
Lymphoma* 6 (17.7)
Reactive lymph nodes 5 (14.7)
Lymph nodes with the signs of anthracosis 2 (5.9)
Malignant epithelial tumor metastasis 1 (2.9)
Non-diagnostic** 1 (2.9)
Total 34 (100)

*Four patients from 6 lymph nodes, 2 nodular sclerosing type Hodgkin lymphoma, 1 mixed cellular 
type Hodgkin lymphoma, 1 diffuse large B-cell lymphoma.
**Considered malignant due to progression and diagnosis of lung adenocarcinoma in CT follow-up.

Table 4

Distribution of lymph nodes evaluated as malignant negative 
cytology by EBUS-TBNA according to further examination or 
follow-up results.

Pathology/radiology/clinical evaluation result n (%) 

Granulomatous inflammation 19 (20.2)
Reactive changes 5 (5.3)
Anthracosis findings 2 (2.1)
Lymph nodes evaluated as malignant after further examination* 7 (7.5)
Lymph nodes found to be malignant in concomitant biopsy or 

considered malignant due to a known diagnosis of malignancy**
21 (22.3)

Stable and benign lymph nodes in thorax CT follow-up 17 (18.1)
Lymph nodes for which further examination was recommended but 

could not be performed
17 (18.1)

Unable to evaluate due to failure to perform control imaging 2 (2.1)
Lymph nodes considered as tuberculosis 4 (4.3)
Total 94 (100)

CT = computed tomography.
*Six lymphomas, 1 malignant epithelial tumor metastasis.
**Patients diagnosed with malignancy from another focus by concurrent EBUS/bronchoscopic 
biopsy/transthoracic biopsy, patients with a previous diagnosis of known malignancy and a patient 
with a previous diagnosis of known malignancy, whose progression was observed although the 
surgical biopsy result was not diagnostic, were also included in this group.

Table 5

The relationship between sensitivity and specificity according to 
the SUVmax cut-off value measured in PET-CT.

SUVmax cut-off value Sensitivity (%) Specificity (%) 

2.54 98 12
3.74 96 30
4.58 92 49
5.25 90 52
6.09 85 60
6.89 74 68
7.41 61 71

SUVmax = maximum standardized uptake value.
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as 7.87 ± 2.67 (1.9–14). Accordingly, SUVmax value mea-
sured in PET-CT was found to be higher in lymph nodes 
that were evaluated as malignant when compared to benign 
ones. (P = .0001) In a study conducted by Minami et al, the 
data of 50 patients diagnosed with lung cancer and under-
went EBUS-TBNA were evaluated retrospectively. In this 
study, the mean SUVmax value of lymph nodes evaluated 
as malignant as a result of EBUS-TBNA was determined as 
11.35 and the mean SUVmax value was found to be 4.75 in 
those evaluated as benign.[7] In the study conducted by Gan 
et al, 2267 lymph nodes that underwent EBUS-TBNA were 
evaluated and SUVmax values were examined in the groups 
evaluated as malignant and benign in 577 lymph nodes that 
PET-CT positive. According to the data of this study, the mean 
SUVmax value of malignant lymph nodes was 10.5 and the 
mean SUVmax value of benign lymph nodes was 5.99.[11] In 
these studies in the literature, there is a significant difference in 
SUVmax values between benign and malignant lymph nodes 
as a result of pathology. In this respect, the data obtained from 
our study show similarities with the existing studies.

Remarkable results were obtained when the results obtained 
from the lesions examined in our study and the specificity and 
sensitivity relationship of the SUVmax cutoff value measured in 
PET-CT were evaluated. First of all, in our study, in lesions eval-
uated as malignant as a result of EBUS-TBNA, both lesion sizes 
and SUVmax values in PET-CT were found to be significantly 
higher than benign ones. (respectively P = .0001, P = .0001) The 
fact that the lesions have a high SUVmax value showing FDG 
uptake in PET-CT and that the size of the lesion has a signifi-
cant relationship with malignancy is consistent with the studies 
in the literature. SUVmax value and lesion size are among the 
primary criteria considered in malignancy evaluations.[17–19] The 
data obtained from our study is also in line with other studies in 
this respect, as expected.

The cutoff value of SUVmax in PET-CT is considered to be 
2.50, which is used in malignancy studies and is significant in 
terms of malignancy.[20–22] According to the results of our study, 
when the SUVmax cutoff value in PET-CT is taken as 2.54, the 
sensitivity is 98%, but the specificity remains at the level of 
12%. Although this value has a high accuracy for recognizing 
the patient group, it is seen that it is extremely insufficient to 
distinguish benign conditions.

In our study, when the SUVmax cutoff value in PET-CT was 
evaluated as 3.74, the sensitivity was 96% and the specificity 
was 30%. When the SUVmax cutoff value was taken as 4.58, 
the sensitivity was 92% and the specificity was 49%. Although 
there is minimal loss in sensitivity, the specificity is relatively 
higher at this cutoff value. Therefore, a cutoff value of 4.58 
should be considered. In our study, when the SUVmax cutoff 
value in PET-CT was accepted as 5.25, the sensitivity was 90% 
and the specificity was 52%. With this cutoff value, the sensitiv-
ity as high as 90% and the specificity exceeding 50% show that 
the 5.25 cutoff value can be considered as an important cutoff 
value that can be used in malignancy studies. When the SUVmax 
cutoff value in PET-CT was taken as 6.09, the sensitivity was 
85% and the specificity was 60%. When the SUVmax cutoff 
value in PET-CT is taken as 6.89, the sensitivity is 74%, the 
specificity is 68%; When the SUVmax cutoff value was taken 
as 7.41, the sensitivity was 61% and the specificity was 71%. 
It is observed that the specificity is increased in distinguishing 
benign pathologies, but there is a decrease in sensitivity when 
high cutoff values are used. When working with low cutoff val-
ues, false positive PET-CT results can be seen in many patients 
because the specificity rate is very low. When low threshold val-
ues such as the generally accepted SUVmax cutoff value of 2.5 
are selected, many benign and inflammatory pathologies can 
cause FDG uptake at this level. These patients are also consid-
ered as PET-CT positive and evaluated as suspicious in terms of 
malignancy and further investigations are performed.

Since PET-CT has been an important method in malignancy 
research for a long time, studies are carried out to evaluate the 
sensitivity and specificity of PET-CT in patients who are exam-
ined for malignancy. In 2 previous studies by Hellwig et al and 
Bryant et al, 4.5 and 5.3 values were reported to be prominent 
as SUVmax cutoff values, especially in terms of distinguishing 
mediastinal lymph node metastases with higher accuracy.[23,24] In 
different recent studies, findings showing that the SUVmax value 
of 4, 4.31, and 5.2 increases the sensitivity and specificity in 
the diagnosis of malignancy.[3,7,10] In a retrospective analysis by 
Marchand and Medford, data of 284 patients who underwent 
EBUS-TBNA were retrospectively analyzed. In this study, when 
the SUVmax cutoff value in PET-CT was accepted as 4; the sen-
sitivity for EBUS-TBNA was 33% in lesions with an SUVmax 
value of <4 and a sensitivity of 78% for EBUS-TBNA in lesions 
with an SUVmax value of more than 4.[3] Minami et al reported 
that the most appropriate SUVmax cutoff value was 4.31 in 
50 patients diagnosed with lung cancer and underwent EBUS-
TBNA. When the SUVmax cutoff value was accepted as 4.31, 
the sensitivity was evaluated as 89.80% and the specificity as 
58.33%. A point mentioned about this study is that these values 
may be more valid for patients with adenocarcinoma. Because 
36 out of 50 patients who participated in the study were diag-
nosed with adenocarcinoma and constitute the majority of the 
patient group.[7] In a comprehensive study conducted recently 
by Öztürk and Güllü, the diagnostic accuracy and performance 
of EBUS-TBNA and PET-CT in non-small cell lung carcinoma 
were compared. A total of 1017 lymph nodes were evaluated 
in the study, in which the data of 483 patients were examined. 
When the SUVmax cutoff value in PET-CT is accepted as 2.5, 
the sensitivity is 90.1% and the specificity is 29.2%; when the 
SUVmax cutoff value was accepted as 5.2, the sensitivity was 
evaluated as 74.8% and the specificity as 84.5%.[10]

As a result, in our study, 41 of 103 patients were diagnosed 
with EBUS-TBNA. The rate of diagnosis with only EBUS-
TBNA was calculated as 39.8%. Among these, malignancy was 
detected in 38 patients (36.9%) and 3 patients (2.9%) were 
diagnosed as sarcoidosis whose pathologies were reported as 
granulomatous inflammation. After EBUS-TBNA, patients still 
in need of diagnosis were evaluated separately and further 
examination was performed on necessary patients. We analyzed 
the malignant and benign biopsy results of EBUS-TBNA lymph 
nodes in patients with enlargement and FDG uptake in medias-
tinal and hilar lymph nodes on PET-CT and the SUVmax value 
which shows the FDG uptake characteristics of these lesions. 
Considering the sensitivity and specificity rates, the cutoff values 
were 4.58, 5.25 and 6.09, according to the data we obtained in 
our investigations in order to determine different SUVmax cut-
off values that can be used for higher sensitivity and specificity 
in malignancy studies.

Although the use of EBUS in diagnosis and staging continues 
to increase, it is still the gold standard surgical pathology. One 
of the limitations of our study may be that it was not performed 
with surgical pathology, but surgical samplings lag behind due 
to difficulties in patient tolerance, risk of complications, and 
cost, and the use of EBUS is becoming widespread. In addition, 
in our study, surgical biopsy results or follow-up data were tried 
to be evaluated in patients who could not be diagnosed with 
EBUS or whose diagnosis was suspected. Another limitation of 
our study is the single center data. This study may lead to the 
planning of multicenter studies involving more patients.

In conclusion, SUVmax cutoff values, which were prominent 
in our study, may be useful both in the diagnosis of malignancy 
and in the differentiation of benign pathologies. However, 
although the examinations performed in patients with malig-
nancy are predictive in many cases, it remains an important issue 
to be considered in order to be able to make detailed patient-
based evaluations for each patient and to carry out advanced 
diagnostic tests without delay. suspicion of malignancy is high.
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