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ÖZET

Akciğer kanserinin evrelemesinde PET/BT ile kombine edilen transbronşiyal iğne
aspirasyon biyopsisinin yeri

Bu çalışmada pozitron emisyon tomografi/bilgisayarlı tomografi (PET/BT) incelemesi rehber alınarak uygulanan transbronşi-
yal iğne aspirasyonu (TBİA) işleminin akciğer kanseri evrelemesindeki yerini saptamayı amaçladık. Mart 2006-Mart 2008 ta-
rihleri arasında prospektif olarak, Gaziantep Üniversitesi Tıp Fakültesi Göğüs Hastalıkları Kliniğine başvuran, akciğer kanseri
ön tanısı düşünülen, toraks BT’de 1 cm’den büyük lenfadenopati saptanan ve PET/BT tetkikinde SUVmax ≥ 2.5 olan 25 has-
ta çalışmaya dahil edildi. Toplam 43 lenf nodu istasyonundan TBİA örneklemesi yapıldı. Mediasten değerlendirmesinde me-
diastinoskopi sonucu altın standart olarak kabul edildi. TBİA yönteminin mediastinal evrelemedeki duyarlılık, özgüllük, po-
zitif prediktif, negatif prediktif ve doğruluk değerleri sırasıyla; %67, %100, %100, %76 ve %84 olarak bulundu. Yeterli TBİA ör-
neklemesi yapılan 19 olgunun; 13 (%69)’ünde  başlangıç klinik evresi TBİA sonrası gerilemiş, mediastinoskopi sonrası 17
(%89)’sinin  evrelemesinin doğru olarak yapıldığı saptanmıştır. Yirmi beş olgunun 6 (%24)’sında  TBİA ile mediastinoskopi ih-
tiyacı ortadan kalkmıştır. Pozitif TBİA sonucunu öngörebilecek klinik faktörlerden sadece PET SUVmax değerinin TBİA pozitif-
liğini etkilediği saptandı [OR= 1.27 (1.004-1.610), p= 0.046]. PET SUVmax ≥ 5’in TBİA pozitifliğini yaklaşık 11 kat artırdığı gös-
terilmiştir [OR= 10.68 (1.91-59.62), p< 0.01]. Sonuç olarak; akciğer kanseri olgularının doğru olarak evrelendirilmesinde me-
diastinoskopiye kıyasla daha az invaziv ve komplikasyonu daha az bir işlem olan TBİA’nın kullanılabileceği, PET/BT tetkiki
ile birlikte uygulanmasının TBİA’nın duyarlılığını artırdığı, özellikle SUVmax ≥ 5 olan lenf nodlarında TBİA pozitifliğinin an-
lamlı oranda yükseldiği ve TBİA’nın mediastinoskopi ihtiyacını azalttığı sonucuna varılmıştır.
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The appropriate treatment of patients with lung cancer
depends on accurate staging. If there are no distant
metastases, the staging of mediastinal lymph nodes is
critical. Resection is not considered for lung cancer pa-
tients with mediastinal lymph node involvement (1). 

Various diagnostic tools are used for pre-operative sta-
ging of lung cancer. Positron emission tomography
(PET) has shown substantial promise during the past
decade, as a tool for non-invasive pre-operative sta-
ging of lung cancer (2). Integrated PET and computed
tomography (PET/CT) has proven to be more accura-
te than CT or PET alone for pre-operative mediastinal
staging (3,4). However, the frequency of false positive
results with integrated PET/CT has not been determi-
ned; therefore confirmation by tissue histology is often
required (5). 

Mediastinoscopy is still the “gold standard“ method for
staging of mediastinal lymph nodes (6). However, me-
diastinoscopy is performed under general anesthesia,
resulting in higher costs and increased morbidity and
mortality as compared with fiberoptic bronchoscopy. In
order to avoid these problems, transbronchial needle
aspiration (TBNA) in conjunction with fiberoptic bronc-
hoscopy was developed in 1983, and diagnostic yield
improved after lymph node mapping was completed
(7,8). There have only been a few studies investigating
the utility of TBNA and PET/CT for mediastinal staging
of lung cancer (9). The aim of this study was to deter-
mine whether combined TBNA and PET/CT increases

the sensitivity of TBNA, and has the potential to allow
adequate mediastinal staging of lung cancer and redu-
ce the need for mediastinoscopy.

MATERIALS and METHODS

A prospective study was performed on 25 patients ha-
ving lymphadenopathies greater than 1 cm on thorax
CT and maximum standardized uptake value (SUV-
max) ≥ 2.5 on PET/CT with suspected lung cancer at
the  Pulmonary Diseases Department of Gaziantep Uni-
versity, between March 2006 and March 2008. Forty-
three lymph node stations were sampled by using
TBNA. The study was approved by the ethics commit-
tee of the hospital.

Subjects

Patients were included in this prospective study if they
had no evidence of distant metastases as assessed by
CT and PET/CT. All patients were considered to be
candidates for curative thoracic surgery. 

PET-CT Scanning

Whole-body PET-CT imaging was performed on a Si-
emens Biograph 2 PET-CT system. Whole-body acqu-
isition was performed one hour after intravenous admi-
nistration of 18F-2-fluoro-2-deoxyglucose (FDG) (11-
16 mCi) and images were obtained from the vertex to
the upper thigh region. High-quality images were acqu-
ired and semi-quantitative measurements of glucose
metabolism were obtained. All patients fasted for at le-
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In this study, we aimed to evaluate the performance of transbronchial needle aspiration (TBNA) combined with positron
emission tomography/computed tomography (PET/CT) for the staging of lung cancer. Twenty-five patients having lympha-
denopathies greater than 1 cm on thorax CT and maximum standardized uptake value (SUVmax) ≥ 2.5 on PET/CT were
included in this prospective study performed between March 2006 and March 2008. Forty-three lymphnode stations were
sampled by using TBNA. Surgical histology, as confirmed by mediastinoscopy, was accepted as the “gold standard”. The
sensitivity, specificity, positive predictive value, negative predictive value and accuracy of combined TBNA and PET/CT for
correct lymph node staging were 67%, 100%, 100%, 76% and 84%; respectively. The initial clinical staging was downstaged
after TBNA in 13/19 (69%) patients with adequate TBNA samples, whereas staging was correct in 17/19 (89%) patients as-
sessed by combined TBNA and PET/CT. Staging was completed by TBNA, without mediastinoscopy, in 6/25 (24%) pati-
ents. Among the clinical factors that were assessed, only the PET SUVmax was associated with positive TBNA results [odds
ratio (OR) 1.27, 95% CI 1.004-1.61, p= 0.046]. A PET SUVmax ≥ 5 was eleven times more likely in patients with positive
TBNA results [OR 10.68, 95% CI 1.91-59.62, p< 0.01]. In conclusion, the combination of TBNA with PET/CT increased the
sensitivity of TBNA. Combined TBNA and PET/CT may also allow adequate mediastinal staging of lung cancer in most pa-
tients with enlarged lymph nodes, and reduce the need for mediastinoscopy. The SUVmax cut off point for a positive TBNA
result was ≥ 5.
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ast four hours before imaging and fasting blood gluco-
se levels were within the normal range. None of the pa-
tients received insulin to bring blood glucose levels
back to normal. The SUVs of the hilar lymph nodes and
mediastinal lymph nodes were determined from trans-
verse views by the nuclear medicine physician. Coro-
nal-sagittal images and their correlation with CT were
used whenever the exact location was uncertain. Regi-
ons of interest (ROI) were drawn on the images and
SUVmax was semi-quantitatively defined as the regi-
onal tissue concentration of radioactivity normalized
for the injected dose and body weight of the patient.
The PET-CT scan was considered to be positive in the
mediastinum and hilar area that was separate from the
primary mass, if the SUVmax in patients with suspec-
ted lymph node metastases was > 2.5.

Bronchoscopic Procedures

To determine the location of lymph node aspiration,
Wang’s lymph node mapping system was used after
PET/CT scanning (8). Patients received midazolam as
premedication for bronchoscopy, with 0.1% pantocaine
as the local anesthetic agent. TBNA was performed
from lymph node stations localized by PET/CT, using
an Olympus BF Type P20D bronchoscope with a 22G
cytology needle and sampling from endobronchial or
endotracheal locations, as previously described by
Wang (10,11). Cytological samples were obtained from
one to three sites, with four passes for each patient. In
patients with more than one lymph node site to be
sampled with TBNA, lymph nodes were sampled in the
following order, starting from N3 to N1.  In order to avo-
id cytological contamination TBNA was performed be-
fore other bronchoscopic procedures. All procedures
were performed by one bronchoscopist. Transbronchi-
al needle aspirates were smeared onto four to six sli-
des, immediately fixed in %95 alcohol and transported
to the pathology laboratory. All specimens were evalu-
ated by the same pathologist. TBNA specimens were
accepted as adequate if numerous benign lymphoid
cells were present, indicating that the sample had been
obtained from a lymph node. Cytological analysis was
considered positive only when a sufficient number of
cells that were definitely malignant were observed. All
other results were considered negative.

Mediastinoscopy

Surgical histology, as confirmed by mediastinoscopy,
was considered the “gold standard”. The decision to
perform mediastinoscopy or curative surgical resection
with complete lymph node dissection was taken at the
weekly multidisciplinary meeting of the pulmonologist,
radiologist, thoracic surgeon, pathologist, oncologist,

and nuclear medicine physician. Mediastinoscopy was
performed in all patients with negative results for TBNA
of lymph nodes.

Statistical Analysis

Surgical histology, as confirmed by mediastinoscopy,
was considered the “gold standard”. The sensitivity,
specificity, positive predictive value, negative predicti-
ve value, and diagnostic accuracy for prediction of
lymph node staging using PET/CT combined with
TBNA were calculated. 

Descriptive statistics were expressed as mean ± stan-
dard deviation (SD), interquartile range (IQR) or per-
centages depending on the type of data. The clinical
factors that might be associated with a positive
TBNA result, including lymph node location, PET
SUVmax, late PET SUV, TBNA results, and tumor cell
type, were assessed using a logistic regression mo-
del. The association between the clinical factors and
the positive TBNA results were expressed as odds ra-
tios (OR) with 95% confidence intervals (CI). Statis-
tical analyses were performed using SPSS 13.0 for
Windows and p values < 0.05 were deemed to be sta-
tistically significant.

RESULTS

Twenty-five patients having lymphadenopathies gre-
ater than 1 cm on thorax CT and SUVmax ≥ 2.5 on
PET/CT were included in this study. The characteristics
of these patients are summarized in Table 1. 

All 43 enlarged mediastinal lymph nodes were samp-
led. The sites of the sampled lymph nodes were right
paratracheal 23 (53%), subcarinal 11 (26%), and right
hilar 9 (21%). Among these 43 lymph node stations
that were sampled by TBNA, 10 TBNA samples (23%)
from six patients were inadequate as no lymphocytes
were found, and 33 TBNA samples (77%) from 19 pa-
tients were adequate (Table 2). 
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Table 1. Characteristics of the patients.

Patient

Gender (M/F) 25/0

Age (years, mean ± SD) 58.7 ± 7.6       

Smoker (%) 100

Smoking (pack-year) (median, IQR) 40 (30-55)

Karnofsky performance 80.4 ± 10.6
score (mean ± SD) 

ECOG (mean ± SD) 0.9 ± 0.6    



The sensitivity, specificity, positive predictive value, ne-
gative predictive value and accuracy of TBNA combi-
ned with PET/CT for correct diagnosis of lymph node
staging among the 43 sampled lymph node stations
were 67%, 100%, 100%, 76% and 84%; respectively.
The initial clinical staging was changed after TBNA in
13/19 (69%) patients, whereas the staging was correct
with TBNA and PET/CT in 17/19 (89%) patients with
adequate TBNA samples. Furthermore, the staging
was correct with TBNA and PET/CT in 17 of the 25 pa-
tients (68%) enrolled in the study. Staging was comple-
ted by TBNA, without mediastinoscopy, in 6/25 (24%)
patients. Minor bleeding after the TBNA procedure was
observed in 7 (28%) patients. Details of the procedures
performed on all patients enrolled in the study are
shown in Figure 1. 

Logistic regression analysis showed that among the clini-
cal factors assessed, only the PET SUVmax was associ-
ated with positive TBNA results [OR 1.27, 95% CI 1.004-
1.610, p= 0.046]. A PET SUVmax ≥ 5 was eleven times
more likely to be associated with positive TBNA results
[OR 10.68, 95% CI 1.91-59.62, p< 0.01] (Table 3). 

The final diagnoses and treatment for the 25 patients
were as follows: 23 patients (92%) were diagnosed with
non-small cell lung carcinoma (NSCLC) and two (8%)
were diagnosed with small cell lung carcinoma (SCLC);
14 patients (56%) underwent curative resection, seven
(28%) received neoadjuvant chemoradiotherapy, three
(12%) received chemotherapy and one (4%) received
chemoradiotherapy. 

DISCUSSION

The objective of this investigation was to show that the
combination of TBNA and PET/CT increases sensitivity
of TBNA, and has the potential to allow adequate me-
diastinal staging of lung cancer in most patients with
enlarged lymph nodes.

Non-invasive lung cancer staging was substantially
improved with the use of PET. Many prospective series
and six meta-analyses have reported the superiority of
PET versus CT for primary staging of the mediastinal
LN’s (12-16). Current fusion scanners now acquire su-
perimposed PET and CT images. Studies show incre-
ased diagnostic accuracy of integrated PET/CT relative
to PET scan alone (13). Cerfolio reported that when
evaluating N2 disease, the PET-CT scan was more ac-
curate than PET alone (96% versus 93%) (4). A study
by Kelly et al. concluded that adding a PET scan to a
CT scan in the clinical staging of NSCLC patients wo-
uld improve the identification of N2 disease in the pre-
operative period (sensitivity, specificity, and accuracy
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rates were improved; 70%, 98%, and 91%; respectively)
(17). However, PET/CT  is not infallible as certain non
neoplastic processes, including infectious, granuloma-
tous, and other inflammatory diseases, may result in
positive PET findings. This is especially the case in po-
pulations with a high prevalence of tuberculosis, or a
high rate of inorganic dust exposure. All suspicious and
decisive areas observed on PET should be biopsied so
that patients are not precluded from having potentially
curative surgery (18). 

TBNA is a minimally invasive approach that provides
histological or cytological confirmation of nodal tumor
involvement. TBNA has been shown to be a valuable

tool for diagnosing and staging bronchogenic carcino-
ma, and also diagnosing benign mediastinal or hilar
lymph nodes, although the yield varies widely from
65% to 80% for bronchogenic carcinoma, 60% to %85
for benign mediastinal or hilar lymph nodes (19-26).
Adding TBNA to conventional diagnostic methods (for-
ceps biopsy, bronchial washing, bronchial brushing)
increases the diagnostic success in lung cancer (25-
27). TBNA is usually combined with CT, and in recent
years with PET and PET/CT, to increase sensitivity and
specificity. In a meta-analysis done by Holty et al. the
median sensitivity and specificity of TBNA combined
with CT were 36% and 98%; respectively, while the po-
oled sensitivity was 39%, and the pooled specificity was
99% (28). In a previous study performed in our clinic
before the availability of PET/CT, we found that the
sensitivity, specificity, posistive predictive value, nega-
tive predictive value, and accuracy of TBNA combined
with CT in the diagnosis of lung cancer patients was
58%, 100%, 100%, 37% and 66%; respectively (29).
There have only been a small number of studies on
TBNA combined with PET, and PET/CT.  Bernasconi
and colleagues reported that, the sensitivity, specificity,
positive predictive value, negative predictive value and
accuracy for detecting malignant lymphadenopathy
with combined TBNA and PET was 100%, 94%, 100%,
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Table 3. The clinical factors that might effect positi-
ve TBNA result.

Factor p

Lymph node location 0.18

PET SUVmax ≥ 5 < 0.05*

Adequate or inadequate TBNA sampling 0.09

Tumor cell type 0.37

* Regression analysis.

* Two right lower paratracheal lymph nodes that had TBNA (-) result were not sampled since mediastinoscopy
procedure were ended due to  positive frozen result of subcarinal lymph node.

LAPs on CT ≥ 1 cm
PET SUVmax ≥ 2.5

TBNA
n= 25, LNs= 43

Positive
n= 5, LNS= 5

Surgical Treatment
n= 14

Negative
n= 14, LNs= 22

Negative
n= 13, LNs= 19

Inadequate
n= 6, LNs= 10

Mediastinoscopy
n= 19, LNs= 27*

Positive
n= 6, LNs= 14

Positive
n= 5, LNs= 5

Multimodality Treatment, n= 11
• 7 neoadjuvant chemotherapy
• 3 chemotherapy
• 1 chemoradiotherapy

Figure 1. The flow chart of all patients enrolled in the study (n= Number of patients, LNs= Number of lymph).



79%, and 95%; respectively (30). Hsu and his colleagu-
es showed that the accuracy and sensitivity of TBNA
combined with PET/CT for subcentimetre nodes was
88.9% and 87.5%; respectively. In our study the sensi-
tivity, specificity, positive predictive value, negative
predictive value and accuracy of the combination of
TBNA with PET/CT for the correct diagnosis of lymph
node staging was 67%, 100%, 100%, 76% and 84%,
respectively. The 84% accuracy ratio of  is not so high
compare to the result of studies without PET/CT, 78%
is reported in study of Bilaceroglu et al., 82% is in Us-
kul et al. 79% in Caglayan et al. 75.8% in Kacar et al.,
which may be due to difficulties in obtaining adequate
lymph node sample (19,25-27).

A potential direct clinical impact of the combined app-
roach of using TBNA and PET is the reduced need for
mediastinoscopy by diagnosing N2 and N3 involve-
ment at the time of diagnosis (30). Bernasconi and col-
leagues estimated that based on an approach of com-
bining a negative TBNA and a negative PET, mediasti-
noscopy could  potentially be obviated in 57% of pati-
ents. The percentage of patients who can avoid medi-
astinoscopy may be further increased with the use of
endobronchial  ultrasound-guided transbronchial need-
le aspiration (EBUS-TBNA),  or esophageal ultraso-
und-guided fine needle aspiration,  plus a rapid, on si-
te cytology on adequate sampling (30). EBUS-TBNA is
an effective invasive method following PET/CT scan-
ning in the mediastinal staging of potentially operable
NSCLC (31). Recently, Hwangho and his colleagues re-
ported that the sensitivity, specificity, positive predicti-
ve value, negative predictive value, and accuracy of
EBUS-TBNA for detecting mediastinal metastases was
90%, 100%, 100%, 96.7%, and 97.4%; respectively
(31). Similarly, Yasufuku and colleagues showed that,
the sensitivity of EBUS-TBNA for diagnosing mediasti-
nal and hilar lymph node staging was 92.3%, specificity
was 100%, and diagnostic accuracy was  98.0% (32).
We found that staging was correct with TBNA and
PET/CT in 17/19 (89%) patients with adequate TBNA
samples. Furthermore, staging was correct with TBNA
and PET/CT in 17 of the 25 patients (68%) enrolled in
the study. Staging was completed by TBNA, without
mediastinoscopy, in 6/25 (24%) patients. 

PET is considered positive for lymph nodes if the SUV
> 2.5 (33). Recently, Bauwens et al. reported that pati-
ents without malignant lymph node involvement sho-
wed a lower SUVmax (respective median values of 3.7
and 10.0; p< 0.0001) (34). Furthermore, there is no
study showing a relationship between the SUVmax cut
off point and a positive TBNA. In our study clinical fac-
tors that may affect a positive TBNA result were analy-

sed and we found that only PET SUVmax affected a po-
sitive TBNA result [OR= 1.27 (1.004-1.610), p=
0.046]. We found that the cut off point for  SUVmax was
≥ 5 to have a positive TBNA result  [OR= 10.68 (1.91-
59.62), p< 0.01]. 

Our study had several limitations: the sample size is
small, the ratio of inadequate material (10, 23%) is
high, it may be better to use EBUS-TBNA, or esopha-
geal ultrasound-guided fine needle aspiration and a ra-
pid, on site cytology for adequate sampling, it may al-
so be better to take SUVmax < 2.5 and include the ac-
tual diameter of the lymph node (instead of > 1 cm), to
enable calculation of the mean ± SD lymph node size.
A further limitation of this study, is the lack of compa-
rison of the group with no PET/CT combination. 

In conclusion, a combination of TBNA and PET/CT has
the potential to allow adequate mediastinal staging of
lung cancer in most patients with enlarged lymph no-
des, and can reduce the need for mediastinoscopy. The
SUVmax cut off point for a positive TBNA value was fo-
und to be ≥ 5.
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