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Abstract

Background: Staging of mediastinal lymph nodes in non-small cell lung cancer (NSCLC) is mandatory. The
maximum Standard Uptake Value (SUVmax) obtained using F-18 fluorodeoxyglucose positron emission tomography
(FDG-PET) is the best non-invasive technique available for this evaluation, but its performance varies from center to
center. The aim of the present study was to identify FDG-PET predictors of mediastinal malignancy that are able to
minimize intercenter variability and improve the selection of subsequent staging procedures.

Method: A multicenter study of NSCLC patients staged through FDG-PET and endobronchial ultrasonography with
needle aspiration (EBUS-NA) was performed using therapeutic surgery with systematic nodal dissection as gold
standard. Intercenter variability and predictive power for mediastinal malignancy of different FDG-PET measures
were assessed, as well as the role of these measures for selecting additional staging procedures.

Results: One hundred and twenty-one NSCLC patients, of whom 94 (72%) had ≥1 hypermetabolic spots in the
mediastinum, were included in the study. Mean SUVmax of the primary tumor was 12.3 (SD 6.3), and median
SUVmax of the highest hypermetabolic spots in the mediastinum was 3.9 (IQR 2.4-7). Variability of FDG-PET
measures between hospitals was statistically significant (p = 0.016 and p < 0.001 respectively), but lost significance
when SUVmax in the mediastinum was expressed as a ratio or a subtraction from the primary tumor (SUVmax
mediastinum/tumor, p = 0.083; and SUVmax mediastinum - tumor, p = 0.428 respectively). SUVmax mediastinum/
tumor showed higher accuracy in the ROC analysis (AUC 0.77 CI 0.68-0.85, p < 0.001), and showed predictive power
for mediastinal malignancy when using a 0.4 cutoff (OR 6.62, 95%CI 2.98-14.69). Sensitivities and negative predictive
values of clinical staging through EBUS-NA attained values ranging between 57% and 92% after FDG-PET, which
improved with additional techniques when the tumor had a diameter >3 cm and/or a SUVmax mediastinum/tumor
ratio >0.4.

Conclusion: The SUVmax mediastinum/tumor ratio is a good predictor of regional tumor extension in NSCLC. This
measure is not influenced by intercenter variability and has an accuracy of over 70% for the identification of
malignancy when using a 0.4 cutoff.

Keywords: FDG-PET, F-18 fluorodeoxyglucose positron emission tomography, Lung cancer, NSCLC, EBUS-NA,
Endobronchial ultrasonography with needle aspiration
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Background
An accurate lymph node evaluation is mandatory in pa-
tients with lung cancer (LC) who do not present distant
metastasis at their first examination. The implementa-
tion of F-18 fluorodeoxyglucose positron emission
tomography (FDG-PET) has improved non-invasive LC
staging, because this technique adds metabolic informa-
tion to thoracic imaging and optimizes mediastinal sam-
pling by improving targeting accuracy in comparison
with computed tomography (CT) [1–7].
The maximum Standard Uptake Value (SUVmax)

provides information on the metabolic activity of the
primary tumor and its regional lymph nodes. It is usually
increased in the mediastinum when lymph nodes show
malignant infiltration, although high FDG uptake may
also be observed in inflammatory diseases. Several stud-
ies have assessed the predictive power of SUVmax for
identifying malignant extension of LC to lymph nodes in
the mediastinum, and various cutoffs for mediastinal
malignancy have been proposed, ranging from 2.5 to 5.3
[8–10]. The extensive use of these cutoffs, however, is
limited by the variability in the SUVmax values recorded
at different FDG-PET centers, which is reported to range
between 10% and 15% [11, 12]. The use of ratios be-
tween SUVmax values in the mediastinum and the
tumor has been proposed as a way of homogenizing the
results obtained at different centers and allows the defin-
ition of cutoffs that may not be influenced by intercenter
variability [13–15].
Although the sensitivity and specificity of imaging

techniques for LC staging have improved with the intro-
duction of FDG-PET, the technique lacks sufficient ac-
curacy to guide treatment after the procedure, mainly
because its sensitivity and negative predictive value
(NPV) for malignancy have shown figures below 80% in
most studies [6, 16–18]. Therefore, in accordance with
current guidelines a biopsy is still needed to confirm
lymph node involvement, except in peripheral lung
cancers below 3 cm in diameter and negative results of
imaging studies of the mediastinum in which case the
probability of malignancy is very low [19–21]. Endo-
scopic techniques like endobronchial ultrasonography
with needle aspiration (EBUS-NA) are used to confirm
FDG-PET results. However, the NPV of this technique
after FDG-PET has not been determined, and current
guidelines recommend the performance of invasive tech-
niques such as cervical mediastinoscopy after a negative
EBUS-NA before therapeutic surgery, regardless of the
FDG-PET imaging results.
The aim of the present study was to identify optimal

predictors of mediastinal malignancy from a PET exam
which are able to minimize the variability between
hospitals and improve the selection of subsequent sam-
pling procedures such as EBUS-NA. First, the variability

and predictive power of absolute and relative SUVmax
values obtained from the primary tumor and the medias-
tinum by FDG-PET were assessed in a multicenter LC
study; then, the sensitivity and NPV of EBUS-NA were
calculated according with FDG-PET results.

Methods
Design and patients
A prospective, multicenter study including patients with
a diagnosis of non-small cell lung cancer (NSCLC) was
conducted at five university hospitals between 2010 and
2012. Patients with suspected NSCLC were referred by
their general practitioner to one of the participating
hospitals for diagnosis and staging. Non-invasive staging
examinations included a CT scan of the lung, mediasti-
num and upper abdomen using a multidetector-row
spiral CT scanner, considering nodes in the mediastinum
as abnormal when their short-axis diameter was greater
than 10 mm, and a FDG-PET in patients with no sus-
pected distant metastasis at first examination. Non-
surgical pathological staging was performed by EBUS-NA,
and patients with an EBUS-NA procedure negative for
malignancy in the mediastinum were staged by esophageal
ultrasound with needle aspiration (EUS-NA) and/or cer-
vical mediastinoscopy when their thoracic imaging sug-
gested mediastinal malignancy and/or their primary
tumor was central or over 3 cm in diameter [19, 20]. All
staging procedures were performed 1-3 weeks after the
first hospital visit, to proceed to treatment not later that
one month after that visit, according with fast-track proto-
cols for lung cancer. Patients with hemorrhagic diseases
or coagulation disorders were excluded from staging by
EBUS-NA. Operability was assessed by physical examin-
ation, blood tests and lung function. Only patients with a
diagnosis of NSCLC who were staged by CT, FDG-PET
and EBUS-NA and treated surgically when staging results
were negative were included in the study. Therapeutic sur-
gery with systematic nodal dissection was performed after
EBUS and mediastinoscopy negative for malignancy, and
was considered the gold standard for the present study.
The research protocol was approved by the reference re-
gional ethics committee for the project (Institut de
Recerca en Ciències de la Salut Germans Trias i Pujol,
reference: FIS PS09/01612) and by the local ethics
committees of all participating centers. Written informed
consents were obtained from all participating patients.

F-18 fluorodeoxyglucose positron emission tomography
FDG-PET with a integrated CT equipment (FDG-PET/CT)
(4 hospitals) or performed just after CT (1 hospital) (Phillips,
Amsterdam, The Netherlands; or General Electric, Fairfield,
Connecticut, United States of America), was used to stage
the mediastinum at each hospital in patients with no
suspected distant metastasis at first examination. Prior to
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18 F-FDG administration, patients fasted for at least six
hours and plasma glucose level was confirmed to be inferior
to 175 mg/dL. The patient received intravenously standard
activity 3,7 MBq of 18 F-FDG per kg of weight and rested
60 minute for the scheduled uptake period. FDG-PET im-
ages were acquired from mid-skull to the mid-thigh with
the patient supine, reconstructed with a standard iterative
algorithm, and reformatted into axial, coronal, and sagital
views. Administered activity, time of administration, and
patient's body weight were recorded for calculation of max-
imum standardized uptake values (SUV max). Recovered
images were interpreted by a nuclear medicine physician
who evaluated both the appearance of the primary lung
tumor and the hypermetabolic lymph nodes in the mediasti-
num. Standard uptake values of examined regions were
assigned by the software of the equipment used in each hos-
pital. To quantify the maximal metabolic activity of lymph
nodes in the mediastinum their highest SUVmax was mea-
sured, as an absolute value, as a ratio between this value and
the SUVmax of the primary tumor, and after the subtraction
of this second value from this highest SUVmax in the medi-
astinum [13–15]. Homogeneity of FDG-PET between
hospitals was assessed through comparisons of the SUVmax
values of primary lung tumors and of lymph node regions
with the highest SUVmax in the mediastinum, both as abso-
lute and as relative values.

Cytopathologic staging
EBUS-NA was performed in an outpatient setting using
a flexible bronchoscope with a linear scanning trans-
ducer (BFUC180F, Olympus Optical Co Ltd., Tokyo,
Japan). The bronchoscope has a convex distal probe cap-
able of producing linear parallel scans of the mediastinal
and peribronchial tissues and a working channel suitable
for the performance of NA under direct ultrasound
guidance. Local anesthesia and sedation were achieved
using topical lidocaine spray and intravenous midazolam,
propofol and/or fentanyl in accordance with standard rec-
ommendations [22]. Regional lymph node stations of the
mediastinum and hilar regions (stations 2, 4, 7, 10 and 11)
were systematically imaged and measured, and all nodes
with a short-axis diameter of 5 mm or more were sampled
with a 22-gauge needle (NA-201SX-4022, Olympus
Optical Co Ltd.).
Samples were categorized according to whether they

had been extracted from a normal node, showing lym-
phocytes and no neoplastic cells, or from a metastatic
node, with groups of neoplastic cells. Aspirates contain-
ing only bronchial or blood cells, non-diagnostic atypical
cells or insufficient material were considered inadequate.
Every identified node was sampled at least three times,
unless rapid on-site evaluation performed by a patholo-
gist during the procedure confirmed the adequacy of the
sample after the first or the second aspiration [23, 24].

Patients with negative EBUS-NA results were staged
through EUS-NA, in left-sided tumors with abnormal lymph
nodes by CT and/or FDG-PET in mediastinal regions 7, 8
or 9 [25–28]. Samples obtained through this procedure were
categorized with the same criteria used for EBUS-NA. Pa-
tients with negative results in all the endoscopic procedures
underwent cervical mediastinoscopy in accordance with
guidelines [19, 20]. Systematic nodal dissection was per-
formed during therapeutic surgery as the gold standard pro-
cedure for mediastinal staging.

Statistical analysis
Statistical analyses were performed using the SPSS stat-
istical software package version 18 (SPSS Inc., Chicago,
IL, USA). Results obtained from categorical variables are
expressed as absolute and relative frequencies, and
results for continuous variables as means and standard
deviations (SD) when the distribution was normal, or as
medians and interquartile ranges (IQRs) when the distri-
bution was not normal.
First, absolute SUVmax values for the primary tumor and

the mediastinal node with highest FDG-PET uptake were
measured, and the variability between hospitals assessed
using one way ANOVA. Relative values of SUVmax in
mediastinum (using SUVmax of the primary tumor as the
reference) were calculated, both as a ratio (SUVmax medias-
tinum/SUVmax tumor) and as a subtraction (SUVmax
mediastinum - SUVmax tumor), and the intercenter vari-
ability of these values was measured (one way ANOVA).
Second, the predictive power of absolute and relative

SUVmax values for mediastinal malignancy was
assessed, using pathology results as gold standard and
applying logistic regression. The accuracies of different
measures of SUVmax in the mediastinum were exam-
ined using ROC analyses and area under the curve
(AUC). SUVmax cutoffs with maximal accuracy for the
identification of mediastinal malignancy were defined,
and their predictive powers for the identification of ma-
lignancy were calculated through univariate and multi-
variate logistic regression analyses. The results obtained
in these analyses were expressed as crude and adjusted
odds ratios (OR), with 95% confidence intervals (CI). All
variables showing an association with the outcome vari-
able (p < 0.10) in the univariate analysis were included in
the multivariate models.
Finally, to determine the need for additional staging

techniques after negative results in EBUS-NA, the
sensitivity and NPV of this endoscopic technique for the
diagnosis of mediastinal malignancy were assessed in pa-
tients at high and low risk according to their SUVmax
values. Results were compared using the chi-square test.
All tests used in the analyses were two-sided, and a
p value of 0.05 or less was reported as statistically
significant.
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Results
One hundred and twenty-one patients from five hospi-
tals with a diagnosis of NSCLC were enrolled in the
study over two years. Their median age was 65.7 years;
adenocarcinoma was the most frequent tumor (52.9%),
and a FDG-PET showed one or more hypermetabolic
lymph nodes in the mediastinum in 77.7% of patients.
The mean SUVmax of the primary tumor was 12.3 (SD
6.3) and the median SUVmax of the mediastinal node
with the highest FDG-PET uptake was 3.9 (IQR 2.4-7.0).
Mediastinal malignancy was diagnosed in 65 patients
(53.7%), with EBUS-NA being the procedure which
attained this diagnosis most frequently. Mediastinal
lymph node involvement was confirmed through sys-
tematic nodal dissection performed during therapeutic
surgery in six patients with negative endoscopic proce-
dures and cervical mediastinoscopies (Table 1).
Between-center FDG-PET variability in absolute SUV-

max obtained from the tumor and the hypermetabolic

image with the highest FDG uptake in the mediastinum
was statistically significant (p = 0.016 and p < 0.001 re-
spectively; one way ANOVA) (Figs. 1a and 1b). This vari-
ability in the mediastinum values disappeared when the
SUVmax of the image with highest FDG uptake was ad-
justed for the SUVmax of the tumor, either as a ratio
(SUVmax mediastinum/tumor) or as a subtraction (SUV-
max mediastinum – tumor) (p = 0.083 and p = 0.428 re-
spectively; one way ANOVA) (Figs. 2a and 2b).
SUVmax of the primary tumor did not show predictive

power for identifying mediastinal extension of the dis-
ease (OR 0.98, 95%CI 0.92-1.04), but SUVmax in the
mediastinum was clearly associated with malignancy
when attaining values above the median (3.9). Equivalent
results were found for the median values of the ratio be-
tween SUVmax in the mediastinum and SUVmax of the
tumor (0.4) and the subtraction of this latter value from
the SUVmax in the mediastinum (-6.1) (Table 2). Areas
under the curve at ROC analysis for SUVmax in the
mediastinum (AUC 0.77 CI 0.69-0.86, p < 0.001) (Fig. 3a)
and for the ratio between this value and the SUVmax of
the tumor (AUC 0.77 CI 0.68-0.85, p < 0.001) (Fig. 3b)
were equivalent, confirming that the two measures were
equally useful. The result of subtracting the SUVmax of
the tumor from the highest SUVmax in the mediastinum
showed a lower figure, still statistically significant (AUC
0.74 CI 0.6-0.83, p < 0.001). Cutoffs of 4 for SUVmax in
the mediastinum and of 0.4 for the ratio between the
SUVmax in the mediastinum and the tumor showed
similar sensitivities, specificities and accuracies over 70%
for the identification of mediastinal malignancy (Table 3).
Accordingly, these two measures of SUVmax in the
mediastinum may be considered equivalent, with the ad-
vantage of a greater homogeneity between centers when
using the SUVmax mediastinum/tumor ratio.
Younger age and adenocarcinoma type were predictors

of mediastinal involvement in NSCLC. The observation
of a single hypermetabolic image in the mediastinum
during FDG-PET did not reach statistical significance as
a predictor of mediastinal malignancy (OR 2.34, 95% CI
0.89-6.22), but multiple FDG-PET hypermetabolic lymph
nodes were significantly associated with the spread of
NSCLC to the mediastinum (OR 3.87, 95% CI 1.40-
10.66). SUVmax in the mediastinum above 4 and SUV-
max mediastinum/tumor ratio above 0.4 showed similar
predictive power for mediastinal malignancy (OR 10.68,
95% CI 4.55-25.10 and OR 6.62, 95% CI 2.98-14.69 re-
spectively) (Table 4), which did not change significantly
after adjusting for age, uni- and multilevel positive FDG-
PET in the mediastinum and type of tumor in the multi-
variate analysis (OR 10.81, 95% CI 4.32-27.07 and OR
5.75, 95% CI 2.49-13.29 respectively).
EBUS-NA confirms an extension of NSCLC to the

mediastinum in more that 15% of the cases

Table 1 Patient characteristics (n = 121)

Sociodemographic data

Age (years), mean (SD) 65.7 (9.2)

Gender (female), n (%) 17 (14.0)

Tumor characteristics

Pathology, n (%)

Squamous-cell carcinoma 46 (38.0)

Adenocarcinoma 64 (52.9)

Large cell carcinoma 4 (3.3)

Non-specified non-small
cell lung cancer

7 (5.8)

Tumor size, n (%):

≤ 3 cm 46 (38.0)

> 3 cm and ≤7 cm 57 (47.1)

> 7 cm 18 (14.9)

F-18 fluorodeoxyglucose Positron
emission tomography (FDG-PET)

SUVmax tumor, mean (SD) 12.3 (6.3)

Single hypermetabolic image in
the mediastinum, n (%)

50 (41.3)

Multiple hypermetabolic images
in the mediastinum, n (%)

44 (36.4)

SUVmax mediastinum, median (IQR) 3.9 (2.4-7.0)

Staging of the mediastinum

Malignancy extended to mediastinal
lymph nodes

65 (53.8)

Technique diagnosing mediastinal malignancy

EBUS-NA 53 (43.8)

EUS-NA or mediastinoscopy 6 (5.0)

Surgical lymphadenectomy 6 (5.0)
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independently of FDG-PET results in our study. Sensi-
tivities and negative predictive values of EBUS-NA for
the diagnosis of mediastinal malignancy, however, did
not attain values above 90% for most of the subgroups
categorized according to SUVmax in the mediastinum,
with equivalent figures for SUVmax in the mediastinum
and SUVmax mediastinum/tumor ratios (p > 0.05, chi
square test) (Table 5). This finding supports the use of

additional staging techniques such as EUS-NA and/or
cervical mediastinoscopy to achieve accurate medias-
tinal staging previous to therapeutic surgery. In tu-
mors with a SUVmax below the cutoff and diameters
of 3 cm or less, however, the use of additional
techniques in clinical staging in our study did not in-
crease the presurgical sensitivity and negative predict-
ive value, with equivalent results when there is none

Fig. 1 a Variability of FDG-PET between hospitals (absolute values): Maximum Standard Uptake Value (SUVmax) of the tumor (p =0.016, one way
ANOVA). b Variability of FDG-PET between hospitals (absolute values): Highest maximum Standard Uptake Value (SUVmax) in the mediastinum
(p < 0.001, one way ANOVA)

A B

Fig. 2 a Variability of FDG-PET between hospitals (relative values): Ratio highest maximum Standard Uptake Value (SUVmax) in the mediastinum/
SUVmax tumor (p = 0.083; one way ANOVA). b Variability of FDG-PET between hospitals (relative values): Highest maximum Standard Uptake Value
(SUVmax) in the mediastinum minus SUVmax tumor (p = 0.428; one way ANOVA)
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or one single hypermetabolic lymph node in the
mediastinum, or multiple FDG-PET hot spots (p >
0.05, chi square test). These results suggest that in
this clinical situation it may be possible to proceed to
therapeutic surgery and systematic nodal dissection
after a negative EBUS-NA exam.

Discussion
A highest SUVmax value in the mediastinum of over 4
proved to be a good predictor of mediastinal dissemin-
ation in patients with LC in our study. However, this
FDG-PET measure showed variability between centers, a
finding that limits its use a marker in staging for a spe-
cific hospital. This variability was corrected when the
highest SUVmax value in the mediastinum was adjusted
by the SUVmax of the primary tumor, either as a ratio

(SUVmax mediastinum/tumor) or as a subtraction
(SUVmax tumor - mediastinum). The ratio between the
SUVmax in the mediastinum and the primary tumor
emerged as the best relative predictor of nodal involve-
ment by LC when attaining values over 0.4, showing a
similar accuracy to SUVmax in the mediastinum
expressed as an absolute value, without its intercenter
variability.
The presence of significant intercenter differences in

SUVmax values obtained from FDG-PET in LC patients
is confirmed in our study, that shows that these differ-
ences can be corrected if the SUVmax of the primary
tumor is used to adjust mediastinal values. Intercenter
variability in SUVmax in the tumor and mediastinum
has been reported in previous studies, depending on the
scanner, reconstruction protocols [11, 12], and time

Table 2 SUVmax values as a predictor of mediastinal malignancy

Quartile categories OR (95% IC) p

SUVmax tumor 11.4 (SD 5.3) 0.98 (0.92-1.04) 0.469

SUVmax mediastinum 3.9 (IQR 2.4 - 7.0) 1st Q (reference)
2nd Q
3rd Q
4th Q

1
0.67 (0.22-2.01)
4.44 ( 1.49-13.26)
18.00 (4.38-74.01)

0.471
0.007
<0.001

SUVmax Mediastinum
SUVmax Tumor 0.4 (IQR 0.1 - 0.7) 1st Q (reference)

2nd Q
3rd Q
4th Q

1
1.06 (0.36-3.14)
3.89 (1.35-11.21)
18.52 (4.42-77.60)

0.919
0.012
<0.001

SUVmax Mediastinum
minus
SUVmax Tumor

[-6.1] (IQR [-11.7] – [-2.0]) 1st Q (reference)
2nd Q
3rd Q
4th Q

1
2.58 (0.88-7.54)
3.57 (1.17-10.04)
23.15 (6.00-95.71)

0.083
0.016
<0,001

A B

Fig. 3 a Prediction of metastasis in the mediastinum in lung cancer by FDG-PET: Area under the curve (AUC) at ROC analysis for the maximum Standard
Uptake Value (SUVmax) in mediastinum. Area under de curve (AUC 0.77 CI 0.69-0.86, p< 0.001). b Prediction of metastasis in the mediastinum in lung cancer
by FDG-PET: Area under the curve (AUC) at ROC analysis for the maximum Standard Uptake Value (SUVmax) in mediastinum divided by the SUVmax of
tumor (AUC 0.77 CI 0.68-0.85, p< 0.001)
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between dose injection and imaging [14]. The use of the
ratio between the SUVmax in the mediastinum and
tumor (SUVmax mediastinum/tumor) was first pro-
posed by Cerfolio and cols. as a way of correcting
intercenter variability [13], and this relative value has
been used successfully by other authors to identify
mediastinal malignancy [14, 15]. Our study confirms
the utility of the adjustment of SUVmax in the medi-
astinum using the SUVmax of the tumor, either as a
ratio or as a subtraction, in order to avoid intercenter
variability, allowing the comparison of results between
centers.
The SUVmax mediastinum/tumor ratio emerged as

the best predictor of mediastinal involvement in LC.
This measure was not affected by intercenter variabil-
ity, and attained a high AUC value, equivalent to the
figure obtained by SUVmax when expressed as an ab-
solute value and higher than the subtraction SUVmax
mediastinum - tumor. The SUVmax mediastinum/
tumor ratio showed an OR 6.62 (2.98-14.69) for me-
diastinal malignancy when above 0.4, similar to the
OR of 10.68 (4.55-25.10) found for absolute values of
SUVmax in the mediastinum when above 4. This
SUVmax mediastinum/tumor ratio cutoff attained a
sensitivity of 70.8 and an accuracy of 71.9% for the
identification of malignancy, similar to the results
achieved using absolute values. The cutoffs proposed
in previous studies for SUVmax mediastinum/tumor
ratios for attaining a sensitivity above 70% have
ranged between 0.28 and 0.56 [13–15], and our re-
sults confirm that the use of a 0.4 cutoff, inside this
range, attains a sensitivity above this figure. To attain

an equivalent sensitivity for the identification of ma-
lignancy, absolute SUVmax values in the mediastinum
ranging between 2.5 and 5.3 have been proposed [8–
10, 17], but they remain unsuitable for intercenter
comparisons.
Adenocarcinoma type, younger age and multiple FDG-

PET hypermetabolic lymph nodes, were significantly as-
sociated with extension to the mediastinum of NSCLC
in the present study, but the predictive power of the
SUVmax mediastinum/tumor ratio for malignant exten-
sion did not change after adjustment for these variables.
However, in spite of its usefulness for the identification
of mediastinal extension in LC, FDG-PET did not obtain
an accuracy above 80%, and sampling of the lymph
nodes in the mediastinum is required for the
confirmation of positive imaging results and the identifi-
cation of malignancy in patients who have negative
FDG-PET exams but are at a high risk of regional exten-
sion [4, 5, 7, 17]. EBUS-NA is the first approach for me-
diastinal sampling after FDG-PET, and in the present
study it increased the accuracy of clinical staging inde-
pendently of the FDG-PET results. EBUS-NA only
attained a sensitivity over 80% when FDG-PET value was
above the cutoff, however, and showed a NPV below
70% in this subgroup of patients. These results are not
high enough to obviate the need for additional staging
procedures before surgery such as EUS-NA and medias-
tinoscopy in order to minimize understaging, except in
patients with tumors with a diameter of 3 cm or below,
where the NPV of clinical staging with EBUS-NA did
not increase with additional sampling through EUS and/
or mediastinoscopy. These findings support the recom-
mendation in current guidelines of mediastinal sampling
using EBUS-NA after FDG-PET in NSCLC [19, 20], and
suggest that this endoscopic technique may be enough
for presurgical staging in patients with lung tumors up
to 3 cm in diameter, when the highest SUVmax medias-
tinum/tumor ratio was below 0.4.

Conclusion
SUVmax mediastinum and the SUVmax mediasti-
num/tumor ratio are both good predictors of medias-
tinal malignancy in NSCLC, and both show
accuracies over 70% at values above 4 and 0.4 re-
spectively. When SUVmax is measured as a ratio it is
not influenced by intercenter variability, and allows
comparisons between hospitals without additional ad-
justments. The presence of multiple FDG-PET hyper-
metabolic lymph nodes in the mediastinum predicts
the regional extension of the tumor, but presents a
much lower OR than SUVmax, and thus has a lower
diagnostic power than the measurement of SUV.
However, most FDG-PET results obtained in the
mediastinum during LC staging would need to be

Table 3 Accuracy of cut-off SUVmax values for mediastinal
malignancy, expressed as absolute value or as a ratio

Sensitivity Specificity PPV NPV Accuracy

SUVmax mediastinum >4 72.3 80.4 81.0 71.4 76.0
SUVmax Mediastinum

SUVmax Tumor > 0:4 70.8 73.2 75.4 68.3 71.9

Table 4 Univariate analysis of predictors for mediastinal malignancy

OR (CI) p

Age 0.95 (0.92-0.99) .029

Gender (women) 2.31 (0.76-7.02) .140

Tumor size 0.81 (0.48-1.37) .435

Adenocarcinoma 2.45 (1.18-5.10) .017

Single hypermetabolic node 2.34 (0.89-6.22) .086

Multiple hypermetabolic nodes 3.87 (1.40-10.66) .009

SUVmax Mediastinum > 4 10.68 (4.55-25.10) <.001
SUVmax Mediastinum

SUVmax Tumor > 0:4 6.62 (2.98-14.69) <.001
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confirmed through semi-invasive techniques, given
that the predictive values of the technique remain
below 90%. EBUS-NA increases the accuracy of FDG-
PET, and may be enough for presurgical staging in
small tumors with low SUVmax mediastinum/tumor
values.
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Acknowledgements
The authors acknowledge Michael Maudsley for the correction of the
manuscript.

Funding
The study was funded by Ciber de Enfermedades Respiratorias - Ciberes, Fondo
de Investigación Sanitaria-FEDER PI12/02040, Sociedad Española de Neumología
y Cirugía Torácica - SEPAR and Fundació Catalana de Pneumologia.

Availability of data and materials
Raw data used in the present study were obtained from clinical records of
participating patients and were included in a central database after
anonimization according with confidentiality requirements. The dataset is under
custody by the corresponding author and may be available after a requirement
fulfilling the requirements reference ethics committee for approval.

Authors’ contributions
Data collection was performed by SM, GM, BLl, MC, VL, MMJ, FVA, BMI, CR,
GLR and CE. SM and ME were responsible of the creation of the database
and the analyses performed. SM, BLl and ME prepared the first version of the
manuscript that was modified by GM, MC, VL, MMJ, FVA, BMI, CR, GLR and
CE. The final version was readed and approved by all coauthors.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The research protocol was approved by the reference regional ethics
committee for the project (Institut de Recerca en Ciències de la Salut Germans
Trias i Pujol, reference: FIS PS09/01612) and by the local ethics committees of all
participating centers (Hospital Universitari Parc Taulí Ethics Committee;
Complexo Hospitalario Universitario de Vigo Ethics Comittee; Complejo
Asistencial de Salamanca Ethics Comittee; Hospital Universitario 12 de Octubre
Ethics Comittee; Hospital Universitari La Fe de Valencia Ethics Comittee)
Written informed consents were obtained from all participating patients.

Author details
1Hospital Universitari Parc Taulí, Sabadell, Spain. 2Departament de Medicina,
Universitat Autònoma de Barcelona, Bellaterra, Spain. 3Ciber de
Enfermedades Respiratorias - Ciberes, Madrid, Spain. 4Health Services
Research on Chronic Diseases Network- REDISSEC, Madrid, Spain. 5Complexo
Hospitalario Universitario de Vigo, Vigo, Spain. 6Complejo Asistencial de
Salamanca, Salamanca, Spain. 7Hospital Universitario 12 de Octubre, Madrid,
Spain. 8Hospital Universitari La Fe, Valencia, Spain.

Received: 9 August 2016 Accepted: 24 November 2016

References
1. Broderick S, Patterson G. Performance of integrated positron emission

tomography/computed tomography for mediastinal nodal staging in non-
small cell lung carcinoma. Thorac Surg Clin. 2013;23:193–8.

2. Fischer B, Lassen U, Mortensen J, Larsen S, Loft A, Bertelsen A, Ravn J,
Celmentsen P, Ulrik L, Høgholm A, Larsen K, Rasmussen T, Keding S, Dirksen A,
Gerke O, Skov B, Steffensen I, Hansen J, Vilmann P, Jacobsen G, Backer V,
Maltbæk N, Pedersen J, Madsen H, Nielsen H, Højgaard L. Preoperative staging
of lung cancer with combined PET-CT. New England J Med. 2009;361:32–9.

3. Cerfolio R, Ojah B, Bryant A, Bass C, Bartalucci A, Mountz J. The Role of FDG-
PET scan in staging patients with nonsmall cell carcinoma. Ann Thorac Surg.
2003;76:861–6.

4. Cerfolio RJ, Buddhiwardham O, Bryant A, Raghuveer V, Mountz J, Bartolucci
A. The accuracy of integrated PET/CT compared with dedicated PET alone
for the staging of patients with non-small cell lung cancer. Ann Thorac
Surg. 2004;78:1017–23.

5. Harders SW, Madsen HH, Hjorthaug K, Arveschoug AK, Rasmussen TR,
Meldgaard P, Hoejbjerg JA, Pilegaard HK, Hager H, Rehling M, Rasmussen F.
Mediastinal staging in non-small-cell lung carcinoma: computed
tomography versus F-18-fluorodeoxyglucose positron-emission tomography
and computed tomography. Cancer Imaging. 2014;14:23.

6. Pak K, Partk S, Jeong Cheon G, Kang K, Kim I, Lee D, Lim E, Chung J. Update
on nodal staging in non-small cell lung cancer with integrated positron
emission tomography/computed tomography: A meta-analysis. Annals
Nuclear Med. 2015;29(5):409–19.

7. Cerfolio R, Ojha B, Bryant A, Bass C, Bartalucci A, Mountz J. The role of FDG-
PET scan in staging patients with nodal cell carcinoma. The Annals Thoracic
Surgery. 2003;76:861–6.

8. Bryant A, Cerfolio R, Klemm K, Ojha B. Maxium Standard uptake value of
mediastinal lymph nodes on integrated FDG-PET-CT predicts pathology in
patients with non-small cell lung cancer. Ann Thorac Surg. 2006;82:417–23.

9. Hellwig D, Graeter TP, Ukena D, Groeschel A, Sybrecht G, Schaefers H, Kirsch
C. 18F-FDG PET for mediastinal stagig of lung cancer: which threshold make
sense? J Nuclear Med. 2007;48:1761–6.

10. Lee BE, Redwine J, Foster C, Abella E, Lown T, Lau D, Follette D.
Mediastinoscopy might not be necessary in patients with non-small cell
lung cancer with mediastinal lymph nodes having a maximum standardized
uptake value of less than 5.3. J Thorac Cardiovasc Surg. 2008;135(3):615–9.

11. Adams MC, Turkington TG, Wilson JM, Wong T. A systematic review of the factors
affecting accuracy of SUV measurements. Am J Roentgenol. 2010;195:310–20.

12. Westerterp M, Pruim J, Oyen W, Hoekstra O, Paans A, Visser E, Van Lanschot
J, Sloof G, Boellaard R. Quantification of FDG-PET studies using standardised
uptake values in multi-centre trials: effects of image reconstruction,

Table 5 Ebus sensitivity and negative predictive value according to FDG-PET results

SUV
Cut-off

Tumor size n Mediastinal
malignancy
at EBUS

EBUS-NA
Sensitivity

EBUS-NA
NPV

Mediastinal malignancy
at EUS-NA or
mediastinoscopy

Mediastinal malignancy
at systematic
nodal dissection

SUVmax mediastinum ≤4 ≤3 cm 22 4 (18.2%) 57.1% 83.3% 0 (0%) 3 (13.6%)

≤4 >3 cm 41 8 (19.5%) 61.5% 84.8% 1 (2,4%) 4 (9.7%)

>4 all 58 41 (70.7%) 87.2% 64.7% 5 (8.6%) 1 (1.7%)
SUVmax mediastinum

SUVmax tumor ≤0.4 ≤3 cm 15 4 (26.7%) 66.7% 81.8% 0 (0%) 2 (13.3%)

≤0.4 >3 cm 45 10 (22.2%) 76.9% 91.4% 1 (2.2%) 2 (2.2%)

>0.4 all 61 39 (63.9%) 84.8% 68.2% 5 (8.2%) 2 (3.3%)

Serra Fortuny et al. BMC Pulmonary Medicine  (2016) 16:177 Page 8 of 9



resolution and ROI definition paràmetres. Eur J Nucl Med Mol Imaging.
2007;34:392–404.

13. Cerfolio R, Bryant A. Ratio of the maximum standardized uptake value on
FDG-PET of the mediastinal (N2) lymph nodes to the primary tumor may be
a universal predictor of nodal malignancy in patients with nonsmall-cell
lung cancer. Ann Thorac Surg. 2007;83:1826–30.

14. Mattes MD, Moshchinsky AB, Ahsanuddin S, Rizk NP, Foster A, Wu AJ,
Ashamalla H, Weber WA, Rimner A. Ratio of Lymph Node to Primary Tumor
SUV on PET/CT Accurately Predicts Nodal Malignancy in Non-Small-Cell
Lung Cancer. Clin Lung Cancer. 2015;16(6):e253–8.

15. Iskesender I, Kadiogy S, Kosar A, Atasalihi A, Kit A. Is there any maximum
standardised uptake value variation among positron emission and
tomography scanners for lung cancer? Interact Cardiovasc Thorac Surg.
2011;12:965–9.

16. Terán MD, Brock MV. Staging lymph node metastases from lung cancer in
the mediastinum. J Thoracic Dis. 2014;6(3):230–6.

17. Schmidt-Hansen M, Baldwin DR, Hasler E, Zamora J, Abraira V, Roqué I,
Figuls M. PET-CT for assessing mediastinal lymph node involvement in
patients with suspected resectable non-small cell lung cancer. Cochrane
Database Syst Rev. 2014;11.

18. Murgu SD. Diagnosis and Staging lung cancer involving the mediastinum.
Chest. 2015;147(5):1401–12.

19. De Leyn P, Dooms C, Kuzdzal J, Lardinois D, Passlick B, Rami-Porta R, Turna A,
Van Schil P, Venuta F, Waller D, Weder W, Zielinski M. Preoperative mediastinal
lymph node staging for non-small cell lung cancer: 2014 update of the 2007
ESTS guidelines. Transl Lung Cancer Res. 2014;3(4):225–33.

20. De Leyn P, Lardinois D, Van Schil P, Rami-Porta R, Passlick B, Zielinski M,
Waller D, Lerut T, Weder W. ESTS guidelines for preoperative lymph node
staging for non-small cell lung cancer. Europeen J Cardio-thoracic Surg.
2007;32:1–8.

21. Silvestri GA, Gonzalez AV, Jantz MA, Margolis ML, Gould MK, Tanoue LT,
Harris LJ, Detterbeck FC. Methods for Staging Non-small Cell Lung Cancer.
Diagnosis and Management of Lung Cancer, 3rd ed: American College of
Chest Physicians. Evidence-Based Clinical Practice Guidelines. CHEST 2013
May; 143(5 Suppl):e211S–50S

22. Du Rand IA, Blaikley J, Booton R, Chaudhuri N, Gupta V, Khalid S, on behalf
of the British Thoracic Society Bronchoscopy Guideline Group. British
Thoracic Society guideline for diagnostic flexible bronchoscopy in adults.
Thorax. 2013;68:i1–i44.

23. Lee HS, Lee GK, Lee HS, Kim MS, Lee JM, Kim HK, et al. Real-time
endobronchial ultrasound-guided transbronchial needle aspiration in
mediastinal staging of nonsmall cell lung cancer. How many aspirations per
target lymph node station? Chest. 2008;134:368–74.

24. Nayak A, Sugrue C, Koening S, Wasserman PG, Hoda S, Morgenstern NJ.
Endobronchial ultrasound-guided transbronchial needle aspirate (EBUS-TBNA):
A proposal for on-site adequacy criteria. Diagn Cytopathol. 2010;40:128–37.

25. Sanz-Santos J, Serra M, Gallego M, Monton C, Cosio B, Salueda J, Fernández-
Villar A, García-Luján R, Cordovilla R, Varela G, Cases E, Andreo F, Monsó E.
Determinants of false-negative results in non-small-cell lung cancer staging
by endobronchial ultrasound-guided needle aspiration. Europeen J
Cardiothoracic Surg. 2015;47(4):642–7.

26. Wilmann P, Clementsen PF, Colella S, Siemsen M, De Leyn P, Dumonceau J,
Herth F, Larghi A, Vazquez-Sequeiros E, Hassan C, Crombag L, Korevaar D,
Konge L, Annema J. Combined endobronchial and esophageal
endosonography for the diagnosis and staging of lung cancer: European
Society of Gastrointestinal Endoscopy (ESGE) Guideline, in cooperation with
the Europeen Respiratory Society (ETS) and European Society of Thoracic
Surgeons (ESTS). Endoscopy. 2015;47:545–59.

27. Verhagen AF, Schuurbiers OCJ, Looijen-Salamon MG, Van der Heide SM, Van
Swieten HA, Van der Heijden EHFM. Mediastinal staging in daily practice:
endosonography, followed by cervical mediastinoscopy. Do we really need
both? Interact Cardiovasc Thorac Surg. 2013;2013(17):823–8.

28. Cerfolio R, Bryant A, Eloubeidi M, Frederick P, Minnich D, Harbour K,
Dransfield M. The true false negative rates of esophageal and
endobronchial ultrasound in the staging of mediastinal lymph nodes in
patients with non-small cell lung cancer. Ann Thorac Surg. 2010;90:427–34.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Serra Fortuny et al. BMC Pulmonary Medicine  (2016) 16:177 Page 9 of 9


	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Methods
	Design and patients
	F-18 fluorodeoxyglucose positron emission tomography
	Cytopathologic staging
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

