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Abstract

Objectives To evaluate the clinical implications of lymph
node (LN) density on '"®F-FDG PET/CT for mediastinal LN
characterization in non-small cell lung cancer (NSCLC).
Methods One hundred and fifty-two patients with 271 medi-
astinal LNs who underwent PET/CT and endobronchial
ultrasound-guided transbronchial needle aspiration for staging
were enrolled. Maximum standardized uptake value
(SUVmax), short axis diameter, LN-to-primary cancer ratio
of SUVmax, and median Hounsfield unit (HU) based on CT
histogram were correlated to histopathology.

Results Of 271 nodes, 162 (59.8 %) were malignant.
SUVmax, short axis diameter, and LPR of malignant LNs were
higher than those of benign nodes. Among malignant LNs,
71.0 % had median HU between 25 and 45, while 78.9 % of
benign LNs had values <25 HU or >45 HU. Using a cutoff
value of 4.0, SUVmax showed the highest diagnostic ability for
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detecting malignant LNs with a specificity of 94.5 %, but

showing a sensitivity of 70.4 %. Using additional density

criteria (median HU 25-45) in LNs with 2.0< SUVmax <4.0,

the sensitivity increased to 88.3 % with the specificity of

82.6 %.

Conclusions LN density is useful for the characterization of

LNs with mild '"®F-FDG uptake. The risk of mediastinal LN

metastasis in NSCLC patients could be further stratified using

both '"*F-FDG uptake and LN density.

Key Points

* SUVmax showed the highest diagnostic ability for detecting
malignant LN.

* LN density was useful in characterization of LNs with mild
FDG uptake.

* SUVmax and LN density together could stratify the risk of
LN metastasis.

Keywords Lung cancer - '*F-FDG - Positron-Emission
Tomography - Cancer staging - Lymph node

Abbreviations
ROC Receiver operating characteristics
AUC Area under the curve
CCRT Concurrent
chemoradiotherapy
CERR Computational Environment
for Radiotherapy Research
EBUS-TBNA Endobronchial ultrasound-guided
transbronchial needle aspiration
LN Lymph node
LPR Lymph node-to-primary cancer ratio
of SUVmax
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Introduction

In patients with non-small cell lung cancer (NSCLC), medias-
tinal lymph node (LN) metastasis is a significant prognostic
factor for clinical outcome and crucial for operability [1,2].
Hence, an accurate diagnosis of mediastinal LN involvement
is essential for NSCLC staging. Currently, in addition to con-
ventional contrast-enhanced chest computed tomography (CT),
¥F_fluorodeoxyglucose ('*F-FDG) positron emission tomog-
raphy (PET)/CT is widely used for mediastinal LN staging.
Previous studies reported a sensitivity of 50-79 % and speci-
ficity of 72-94 % for '*F-FDG PET/CT in mediastinal LN
metastasis diagnosis [3—7]. Because inflammatory changes in
LNs can induce increased '*F-FDG uptake, underlying lung
disease can cause false-positive findings, resulting in a low
diagnostic accuracy for 8F_FDG PET/CT [3,8,9]. To reduce
false-positive findings, a high standardized uptake value (SUV)
threshold was proposed; however, a high SUV threshold is
associated with a greater number of false-negative findings
[10-12]. In addition, various methods of interpreting '*F-
FDG PET/CT, including the use of the ratio of the SUV of
the LN to that of the primary cancer and consideration of
Hounsfield unit (HU) values, have been used to enhance diag-
nostic accuracy for mediastinal LN metastasis [3,11,13].
Recently, CT histogram analysis was introduced for the im-
provement of detecting mediastinal LN metastasis on '°F-
FDG PET/CT, but few studies have been performed to validate
the use of CT histogram analysis in lung cancer patients [14].
In the present study, we investigated whether the combina-
tion of '"®*F-FDG uptake and LN density based on CT histo-
gram analysis can be used to further enhance the ability of '*F-
FDG PET/CT to characterize mediastinal LNs in NSCLC pa-
tients. We only enrolled mediastinal LNs that were clearly
allocated to one specific LN on '®F-FDG PET/CT and
endobronchial ultrasound guided-transbronchial needle aspi-
ration (EBUS-TBNA) for an accurate comparison of the his-
topathological diagnosis and '*F-FDG PET/CT findings.

Materials and methods
Patients

The institutional review board of our medical centre approved
this retrospective study, and the need for written informed con-
sent was waived. We retrospectively reviewed the electronic
medical records of 473 consecutive patients with lung cancer
who underwent both staging '"*F-FDG PET/CT and EBUS-
TBNA before any treatment at our medical centre between
2010 and 2013. From those records, we enrolled 152 patients
who 1) were diagnosed with NSCLC, 2) had undergone
EBUS-TBNA of at least one mediastinal LN, and 3) had either
apositive EBUS-TBNA result for mediastinal LN metastasis or
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a negative EBUS-TBNA result with histopathologic confirma-
tion by subsequent LN dissection without neoadjuvant treat-
ment. We excluded patients from the study if they 1) were
diagnosed with small cell lung cancer, 2) had a prior history
of another malignancy or synchronous malignancy, 3) had re-
ceived any kind of treatment before '*F-FDG PET/CT or
EBUS-TBNA, 4) had a negative EBUS-TBNA result without
confirmation by surgical resection, or 5) only showed atypical
cells or poor cellularity on EBUS-TBNA. From 152 patients,
we recruited 298 mediastinal LNs for which locations were
based on staging chest CT or '*F-FDG PET/CT according to
the EBUS reports of internal medicine physicians; hence, all of
the 298 LNs were clearly allocated on both '*F-FDG PET/CT
and EBUS-TBNA. Among these nodes, the LNs that showed
1) metastasis on EBUS-TBNA or 2) negative EBUS-TBNA
findings, but, metastasis on subsequent mediastinal LN dissec-
tion were enrolled in the study as metastatic LNs. Further, the
LN that revealed no evidence of metastasis on EBUS-TBNA
and were confirmed on subsequent mediastinal LN dissection
were enrolled as benign LNs. Given the consideration of false-
negative result of EBUS-TBNA, negative LN stations on
EBUS-TBNA without further surgical confirmation were ex-
cluded from the study. According to the inclusion criteria of
metastatic and benign LN, a total of 271 mediastinal LNs in
152 patients were finally enrolled in the present study. The
mean interval between '*F-FDG PET/CT and EBUS-TBNA
was 3.0 £ 4.0 days. All patients also underwent pretreatment
contrast-enhanced chest CT for staging work-up along with
'SF-FDG PET/CT.

BE_FDG PET/CT

All "SF-FDG PET/CT scans were performed on a dedicated
PET/CT scanner (Discovery STe, GE Healthcare or Biograph
40 TruePoint, Siemens Medical Systems). All patients fasted
for at least 6 hours prior to the PET/CT scan and a blood
glucose level of less than 150 mg/dL was confirmed before
the examination. The '*F-FDG PET/CT scan was performed
60 min after the intravenous administration of 5.5 MBgq/kg of
"E-FDG. First, CT scanning was performed at 30 mA and
130 kVp on the Discovery STe scanner, or at 36 mA and
120 kVp on the Biograph TruePoint scanner without contrast
enhancement. Afterwards, a PET scan was performed from
the skull base to the proximal thighs with an acquisition time
of 3 min per bed position in three-dimensional mode. PET
images were reconstructed using an ordered-subset expecta-
tion maximization algorithm with attenuation correction.

EBUS-TBNA
Mediastinal staging with EBUS-TBNA was performed for

patients who fulfilled one or more of the following criteria:
(1) central tumours, (2) enlarged (>0.5 cm) mediastinal LNs
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on CT, or (3) PET-positive LNs. EBUS-TBNA examinations
were performed with a linear-array ultrasound bronchoscope
(BF-UC260F; Olympus Ltd, Tokyo, Japan) and a 22-gauge
needle (NA-200H-8022; Olympus Ltd, Tokyo, Japan) under
conscious sedation using intravenous midazolam. Two to six
punctures were performed for each LN, beginning with the
highest node staging level in cases with multiple suspicious
LN stations. The core tissues were obtained from the LNs by
EBUS-TBNA, fixed with 10 % formalin, prepared on slides,
and reviewed by pathologists. The remainder of the aspirated
materials were smeared on glass slides and fixed with 95 %
alcohol for cytology examinations.

PET image evaluation and CT histogram analysis

All "®F-FDG PET/CT images were reviewed by two nuclear
medicine physicians without knowledge of the histopatholog-
ical results of enrolled mediastinal LNs. All enrolled medias-
tinal LNs were classified into nine stations according to the
International Association for the Study of Lung Cancer
(IASLC) LN map [15]: station 1, low cervical, supraclavicular
and sternal notch; station 2, upper paratracheal; station 3,
prevascular and retrotracheal; station 4, lower paratracheal;
station 5, subaortic; station 6, paraaortic; station 7, subcarinal;
station 8, paraesophageal; and station 9, pulmonary ligament.
With the use of CT images, a region of interest (ROI) was
drawn for the primary cancer lesion and mediastinal LNs for
each patient and the maximum standardized uptake value
(SUVmax) was measured. The SUVmax was calculated as
(decay-corrected activity/tissue volume)/(injected dose/body
weight). Furthermore, the length of the short axis of the me-
diastinal LNs was measured using CT images on the axial
plane with the largest short axis.

CT histogram analysis was performed on the basis of non-
contrast enhanced CT images from a PET/CT scan. CT images
were reconstructed at a slice thickness of 5.0 mm and a recon-
struction increment of 2.5 mm with a standard soft-tissue re-
construction kernel (B30). All CT images were transferred
using the Digital Imaging and Communications in Medicine
protocol to Computational Environment for Radiotherapy
Research (CERR) software [16—18]. ROIs were than manual-
ly drawn on transaxial CT images for each mediastinal LN
with side-by-side correlations with preoperative contrast-
enhanced CT images. Using the ROIs of the mediastinal
LNs, cumulative CT histogram was calculated for each LN
and the HU value of the 50th percentile of the LN voxels
(median HU value) was measured.

Statistical analysis
Four parameters from '*F-FDG PET/CT were used for the

evaluation of mediastinal LNs: SUVmax, short axis diameter,
median HU value of the LN, and the LN-to-primary cancer

ratio of SUVmax (LPR). Comparisons of these four parame-
ters according to the histopathological results were performed
using generalized estimating equations for clustered data to
adjust for potential correlation between LNs assessed within
the same individual. The sensitivity, specificity, positive pre-
dictive value, negative predictive value, and accuracy of the
parameters were also determined. The diagnostic accuracies
of parameters were evaluated on the basis of the area under the
receiver operating characteristic (ROC) curve (AUC). To
compare AUCs, the bootstrap method was used with resam-
pling done 1000 times. p values were computed on the basis of
1,000 bootstrap samples, and afterwards, Bonferroni correc-
tion was performed to adjust for multiple comparisons.

All statistical analyses were performed using SAS version
9.3 (SAS Institute, Cary, NC, USA) and p values less than
0.05 were considered statistically significant.

Results
Characteristics and histopathological findings of the LNs

The characteristics of the enrolled 152 patients are shown in
Table 1 and Fig. 1. Of the 152 patients, 97 showed metastatic
mediastinal LNs on EBUS-TBNA. Among these 97 patients,
96 underwent neoadjuvant chemotherapy with subsequent
surgical resection, concurrent chemoradiotherapy, chemother-
apy, or targeted therapy; one patient underwent surgical resec-
tion with mediastinal LN dissection. The remaining 55 pa-
tients showed negative results on EBUS-TBNA, and all of
these patients underwent surgical resection of lung cancer,
including mediastinal LN dissection. Of the 55 patients, 49

Table 1  Characteristics of the enrolled patients (n = 152)
Characteristics Number (%)
Age Median, 66 y (range, 34-84 y)
Male : Female 98 (64.5 %) : 54 (35.5 %)
Histopathology ~Adenocarcinoma 98 (64.5 %)

Squamous cell carcinoma 48 (31.5 %)

Pleomorphic carcinoma 2 (1.3 %)

Adenosquamous 2 (1.3 %)

carcinoma

Large cell carcinoma 1 (0.7 %)

Sarcomatoid carcinoma 1 (0.7 %)
T stage T1 30 (19.7 %)

T2 54 (35.5 %)

T3 29 (19.1 %)

T4 39 (25.7 %)
N stage NO 39 25.7 %)

N1 10 (6.6 %)

N2 55(36.2 %)

N3 48 (31.5 %)
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Fig. 1 Clinical courses of the
enrolled patients. (CCRT,
concurrent chemoradiotherapy)

EBUS-TBNA positive

n=97

EBUS-TBNA, n=152

EBUS-TBNA negative
n=55

h

Neoadjuvant treatment
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Palliative treatment
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were confirmed to have no mediastinal LN metastasis; how-
ever, six patients showed mediastinal LN metastasis on surgi-
cal resection. Of those six patients, three patients with three
lymph nodes had false-negative EBUS-TBNA findings and
included in the analysis. The remaining three patients with
four lymph nodes had LN metastases at station 5 or 6, which
could not be examined with EBUS-TBNA, and excluded from
the study. The mean interval between '*F-FDG PET/CT and
surgical resection was 11.0 £ 6.3 days.

The characteristics of the enrolled 271 mediastinal LN sta-
tions are Table 2. Metastatic LNs were found at 162 stations
(59.8 %), and the remaining 109 stations (40.2 %) showed no
evidence of metastasis on EBUS-TBNA and were confirmed
by mediastinal LN dissection. Of the 162 metastatic LN sta-
tions, 129 (79.6 %) were adenocarcinoma, 30 (18.5 %) were
squamous cell carcinoma, two (1.2 %) were adenosquamous
carcinoma, and the remaining one (0.6 %) was sarcomatoid
carcinoma. The mean values of SUVmax, short axis diameter,
and LPR of the metastatic LNs were higher than those of the
benign ones (Fig. 2A—C), whereas the mean HU value of the
metastatic LNs was similar to that of the negative LNs
(Fig. 2D). However, the median HU values of metastatic
LNs were mainly distributed around 25-45 HU, and 71.0 %
of metastatic LNs (115/162) had a median density between 25
and 45 HU; meanwhile, 78.9 % of the median HU values of
benign nodes (86/109) were lower or higher than 2545 HU.

Diagnostic value of "*F-FDG PET/CT

SUVmax [0.890; 95 % confidence interval (CI), 0.852—
0.925] had a significantly higher AUC value than short axis
diameter (0.764; 95 % CI, 0.706-0.820; p < 0.001) or LPR
(0.812; 95 % CI, 0.747-0.869; p = 0.03; Fig. 3). Further,
there was no significant difference of AUC value between
short axis diameter and LPR (p = 0.4). Using the optimal
SUVmax cutoff value of 4.0, the sensitivity, specificity, pos-
itive predictive value, negative predictive value, and accuracy
were 70.4 % (114/162), 94.5 % (103/109), 95.0 % (114/120),
68.2 % (103/151), and 80.1 % (217/271), respectively. In
contrast, the short axis diameter (cutoff value, 0.75 c¢cm) and
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LPR (cutoff value, 0.40) showed sensitivities of 63.0 % (102/
162) and 81.5 % (132/162), specificities of 79.8 % (87/109)
and 79.2 % (80/101), positive predictive values of 82.3 %
(102/124) and 86.3 % (132/153), negative predictive values
of 59.2 % (87/147) and 72.7 % (80/110), and accuracies of
69.7 % (189/271) and 78.2 % (212/271), respectively.

Subgroup analysis with CT histogram
Although SUVmax showed the highest AUC among the '*F-

FDG PET/CT parameters, the sensitivity and negative predic-
tive value of SUVmax were moderate, and 48 metastatic

Table2 The characteristics of the examined mediastinal LNs (n=271)

Total Metastasis No metastasis P value®
(n=271) (n=162) (m=109)
Number of patients, n 152 100 52
Number of LNs
per patient, n
1 50 15*
2 39 25
3 10 12
4 1 2
LN station, n
2 2489 %) 12(74 %) 12 (11.0 %)
4 147 (54.2 %) 88(54.3 %) 59 (54.1 %)
7 100 (36.9 %) 62(38.3 %) 38 (34.9 %)
SUVmax 5.0+3.6 6.6+3.8 25+1.1 <0.001
Short axis 0.9+0.8 1.0+0.6 0.6 +0.2 <0.001
diameter (cm)
LPR 0.6+0.5 0.7+04 04+0.5 <0.001
HU 351+150 363+98 334+203 0.2

Values are presented as number (%) or mean + standard deviation.

LN lymph node, SUVmax maximum standardized uptake value, LPR
lymph node-to-primary cancer node ratio of SUVmax, HU Hounsfield
unit

* Two patients had each of both metastatic and benign LNs

® Statistical differences between metastasis and no metastasis groups
were compared with generalized estimating equations (GEE)
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Fig. 2 Distributions of the SUVmax (A), short axis diameter (B), LPR (C), and median HU value (D) of the mediastinal LNs according to the

histopathology

mediastinal LNs (29.6 % of the metastatic nodes) showed an
SUVmax <4.0. Because the distributions of median HU values
were different between metastatic and benign nodes, a further
analysis was performed using the median HU value to enhance
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Fig. 3 ROC curves for SUVmax, short axis diameter and LPR for
detecting mediastinal LN metastasis

the detection ability in subgroup LNs with low '*F-FDG up-
take. Of the 271 examined LNs, 120 LNs (metastasis, 114; no
metastasis, six) were > 4.0; meanwhile, the remaining 151 LNs
(metastasis, 48; no metastasis, 103) were < 4.0 (Fig. 4). Of 48
metastatic LNs with < 4.0, only four nodes were < 2.0 and the
remaining 44 nodes were >2.0. With reference to the distribu-
tion of median HU values according to the SUVmax cutoff
value (Fig. 5A), we found a possible cutoff value of 2545
HU for 151 mediastinal LNs with "*F-FDG uptake < 4.0. Of
the 55 LNs with a median HU value between 25 and 45 HU,
58.2 % (32/55 LNs) were metastatic LNs. In contrast, 83.3 %
(80/96 LNs) of 96 LNs with a median HU value of <25 HU or
> 45 HU were benign. Of note, all LNs with median HU values
< 10 HU or > 60 HU were confirmed as benign LNs among the
subgroup LNs with an SUVmax < 4.0. In addition, even in the
subgroup of 120 LNs with an SUVmax > 4.0, all the LNs with
a density of 25-45 HU were malignant (Fig. 5B).

By using both SUVmax and median HU information,
we set a new diagnostic criteria for detecting mediasti-
nal LN metastasis; 1) LNs with SUVmax > 4.0 or 2)
LNs with a median HU value between 25 and 45 HU in
case with 2.0 < SUVmax < 4.0. Using new diagnostic
criteria, the sensitivity and accuracy for detecting

@ Springer
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Fig. 4 Evaluation of mediastinal LN metastasis by 'F-FDG uptake and
a volumetric CT histogram. (A) A 59-year-old male patient with
adenocarcinoma. An LN at the 4R station shows increased 'SF-FDG
uptake with SUVmax of 5.2 and median density of 37.9 HU, and was
confirmed as a metastatic lesion. (B) A 59-year-old male patient with
adenocarcinoma. An LN at station 7 shows mild '*F-FDG uptake with
SUVmax of 2.3 and median density of 39.0 HU, and was confirmed as a
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metastatic lesion. (C) A 76-year-old male patient with pleomorphic
carcinoma. An LN at the 4R station shows increased '*F-FDG uptake
with SUVmax of 5.9 and median density of 78.9 HU, and was confirmed
as a benign LN. (D) A 57-year old male patient with adenocarcinoma. An
LN at the 4R station shows minimal '®F-FDG uptake with SUVmax of
1.3 and median density of 0.1 HU, and was confirmed as a benign LN
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Fig. 5 Scatter plots for SUVmax and the median HU value in LNs with an SUVmax < 4.0 (A) and in LNs with an SUVmax > 4.0 (B)

metastatic LNs increased to 88.3 % (143/162) and 86.0 %
(233/271) with specificity 0f 82.6 % (90/109). The AUC value
of the new diagnostic criteria was 0.852 (95 % CI, 0.809—
0.893), showing no significant difference of AUC values be-
tween SUVmax and the new diagnostic criteria (p = 0.2).

Discussion

In the present study, SUVmax on '*F-FDG PET/CT showed
high specificity but moderate sensitivity for detecting medias-
tinal LN metastasis, and 29.6 % of metastatic LNs revealed
low 'F-FDG uptake of less than the cutoff value of 4.0. The
median HU value on CT histogram improved the characteri-
zation of LNs with mild '*F-FDG uptake; 58.2 % of LNs
between 25 and 45 HU were malignant; meanwhile, only
16.7 % of LNs < 25 HU or > 45 HU were metastases. By
using the LN density in LNs with low '*F-FDG uptake, the
sensitivity and accuracy for detecting mediastinal LN metas-
tases can further increase.

Mediastinal LN evaluation is crucial for treatment selection
in NSCLC. Although '"®F-FDG PET/CT is considered a non-
invasive and effective imaging modality for detecting medias-
tinal LN metastasis, false-positive findings due to inflamma-
tory and granulomatous conditions and false-negative find-
ings due to small node size and microscopic metastasis are
still significant problems. In the present study, SUVmax
showed better diagnostic ability than the short axis diameter
of the nodes or LPR, and by using a cutoff SUVmax value of
4.0, the sensitivity and specificity for detecting malignant LNs
were 70.4 % and 94.5 %, respectively, which are similar to the
results of previous studies, showing high specificity but mod-
erate sensitivity using a high SUV threshold [3,6].

To improve the diagnostic ability of '*F-FDG PET/CT for
detecting mediastinal LN metastasis, several previous studies
have made an attempt to use information on non-contrast en-
hanced CT images on PET/CT. Previous studies asserted that
mediastinal LNs with high attenuation (>70 HU) should be

considered as benign LNs, even though the nodes showed
increased 'F-FDG uptake, especially in endemic areas of
chronic granulomatous disease [3,4,13,19]. These nodes show
follicular hyperplasia in the cortex, anthracotic pigmentation,
and macrophage infiltration with or without fibrotic
micronodule formation in the medulla, and these inflammato-
ry changes could induce an increase in '*F-FDG uptake in the
nodes [13]. By considering highly attenuated LNs as benign,
previous studies demonstrated an improvement in the speci-
ficity of "8E_FDG PET/CT [3,13]. In contrast to the results of
these studies, a previous study by Flechsig et al. showed that
the median CT density of metastatic LNs was significantly
higher than that of benign LNs [14]. They also showed that
77 % of LNs with a density of > 20 HU were malignant;
meanwhile, 82 % of LNs with a density of < 20 HU were
benign. A higher density is expected in metastatic LNs be-
cause of the loss of the fatty hilar architecture that is generally
used as an indicator of benignancy of a LN [14,20].

The results of our study could suggest a solution to the
contradictory results of the previous studies. In the present
study, benign LNs showed not only low density, but also high
density, and 71.0 % of the metastatic nodes had a median
density between 25 and 45 HU irrespective of '*F-FDG up-
take, suggesting that the contradictory results of both previous
studies held true findings. A previous study by Nambu et al.
also used both nodular calcification and intranodal fat tissue as
benign criteria for the visual analysis of a mediastinal LN [20].
Hence, the average HU of metastatic LNs showed a similar
value to benign LNs, as shown in the present study and the
previous study [7]. The use of information regarding LN den-
sity improved the risk stratification of metastasis, especially in
LNs with an SUVmax < 4.0, so-called mildly-positive nodes.
Among the LNs with an SUVmax <4.0, 58.2 % of LNs with a
density between 25 and 45 HU were malignant, and the sen-
sitivity increased to 88.3 % by using information of LN den-
sity in LNs with 2.0 < SUVmax < 4.0. Mediastinal LNs with a
density between 25 and 45 HU should be further confirmed by
an invasive procedure such as EBUS-TBNA or
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mediastinoscopy, even if the LNs show only mild '*F-FDG
uptake. In contrast, only 16.7 % of LNs with a density of < 25
HU or > 45 HU were malignant. Furthermore, although the
number of cases was small, benign LNs with an SUVmax >
4.0 also showed a tendency for a low or high density, suggest-
ing that the density of LNs could be helpful for differentiating
not only false-negative nodes, but also false-positive nodes.

In the present study, we enrolled patients who underwent
"F_FDG PET/CT and EBUS-TBNA for mediastinal LN stag-
ing. Many of the previous studies enrolled patients who
underwent preoperative '*F-FDG PET and subsequent surgi-
cal resection [3,4,12,13,19-21]. However, in patients with
multiple LNs in the same mediastinal station, an accurate cor-
relation between the histopathological results and '*F-FDG
PET/CT findings could not be achieved in the retrospective
study because the exact location of the malignant LN is not
always clearly identified in the reports [14]. In addition, be-
cause of the low prevalence of metastatic mediastinal nodes in
patients with resectable NSCLC, the evaluation of the charac-
teristics of malignant nodes could also be limited. In contrast,
we enrolled mediastinal LN that were clearly allocated to one
specific LN on both '*F-FDG PET/CT and EBUS-TBNA in
the study, and could more accurately correlate the histopatho-
logical diagnosis and '*F-FDG PET/CT findings. EBUS-
TBNA allows access to bilateral paratracheal, subcarinal,
and pulmonary hilar LNs, and has shown high diagnostic
value for mediastinal LN staging [22—24]. Furthermore, be-
cause patients with advanced stages of N2 or N3 were also
enrolled in the study, resulting in a high incidence rate of
positive nodes, an evaluation and comparison of the charac-
teristics between metastatic and benign LNs could be
performed.

There are several limitations in the present study. First, our
study was a retrospective single centre study, and a further
prospective study is needed to evaluate whether LN density
information from PET/CT can change the diagnostic work-up.
Furthermore, only diagnostic ability was evaluated in the pres-
ent study, and the effect of PET/CT LN density on treatment
changes should be further evaluated. Second, 27 LNs, which
revealed negative result on EBUS-TBNA but were not con-
firmed on surgical resection, were excluded from the study,
which could lead to verification bias and affect the sensitivity
and specificity. Third, because of the retrospective assessment,
there might be limitation in exact correlation between PET/CT
findings and EBUS-TBNA results. Fourth, patients enrolled
in the study underwent EBUS-TBNA for positive findings on
"F_FDG PET/CT or CT images, resulting in a comparatively
high incidence of positive LNs and a lack of false-negative
LNs. Lastly, only mediastinal LNs accessible by EBUS-
TBNA were enrolled, and LNs at stations 5 and 6 were ex-
cluded from the analysis.

In conclusion, LN density based on CT histogram analysis
provides useful information for the diagnosis of mediastinal

@ Springer

LN metastasis in patients with NSCLC, especially in patients
with mild "®F-FDG uptake, and complements the moderate
sensitivity of SUVmax. By using both '*F-FDG uptake and
LN density, we could stratify the risk of malignant involve-
ment of the mediastinal LN to determine further diagnostic
work-ups and perform treatment planning. Further prospec-
tive study with more patients is needed to validate the results
of the present study and assess the effect of the diagnostic
criteria using '*F-FDG uptake and LN density on therapeutic
strategies.
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