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INTRODUCTION

POSITRON EMISSION TOMOGRAPHY (PET) with 2-[fluorine-
18]fluoro-2-deoxy-D-glucose (FDG) has been accepted as
a useful imaging modality that is completely noninvasive
and available for obtaining information on the nodal status
and distant metastasis.1–7 Although FDG-PET is highly
sensitive to detect malignant foci, particularly in patients
with poorly-differentiated tumor,8 increased accumula-
tion to benign lesions such as inflammation, infection, and
granulation has produced some serious problems in evalu-
ating lung cancer staging.9,10

Until the 1950’s, tuberculosis was quite common all
over Japan and the disease rate was as high as over 500 per

100,000 people.11 At the present time, many aged patients
with lung cancer in our country have a past history of
pulmonary tuberculosis. Thus, we suspected that these
old granulomatous diseases might affect the accuracy of
FDG-PET for diagnosing nodal status, due to high accu-
mulation of FDG in benign as well as malignant lesions.
In this study we report a limitation of FDG-PET for nodal
staging in lung cancer patients living in a region with a
high incidence of a past tuberculosis.

SUBJECTS AND METHODS

Patients
Of all 60 patients with thoracic diseases who underwent
FDG-PET at our institution between November 1998 and
December 2000, 20 patients (13 males and 7 females;
aged 53–79 years; mean age, 68 years) were diagnosed to
have N3 disease and were enrolled in this study. We
reviewed imaging and clinical findings in all of these
patients retrospectively. Although all patients were
initially considered to have lung cancer, 7 proved to have
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benign disease later; 2 each had inflammation, granu-
loma, and tuberculosis, and one had sarcoidosis. The
other 13 patients had a primary lung cancer. Of them, 8
had adenocarcinoma, 3 had squamous cell carcinoma, and
one each had large cell carcinoma and simultaneous
adenocarcinoma and squamous cell carcinoma. Later, 2
patients proved to have N3 disease, whereas eleven proved
to have N0 disease. All 2 N3 and 2 N0 patients had
confirmation of their nodal status by careful follow-up
using CT and the other nine N0 patients were diagnosed
both clinically using CT and pathologically using speci-
mens of lymph nodes resection except for contralateral
hilar nodes. The follow-up period of the N0 patients
ranged from 30 to 52 months, mean 40 months.

FDG-PET
FDG-PET was performed using a PCT3600W unit (Hitachi
Medical Co., Kashiwa, Japan). The PCT3600W unit
produced 6.0-mm-thick image planes (8 direct planes and
7 cross planes). The resolution of the scanner at full width
at half maximum was 6.5 mm and longitudinal field view
was 10.5 cm. Image processing and reconstruction were
performed with a computer system (HARP, Hitachi Ad-
vanced Radionuclide Processor, Kashiwa, Japan).

All patients fasted for at least 6 hours before imaging.
Transmission scan at 20 minutes was obtained before
emission scan by using a rotating germanium 68 pin
source. One transverse emission scan at 30 minutes in-
cluding hilar and mediastinal region was then obtained
starting 50 minutes after administration of 300 MBq
FDG.

FDG accumulation within the regional lymph nodes on
attenuated corrected images was evaluated independently
on hard copy images and reviewed by 3 experienced
radiologists (M.H., A.I., N.S.), and consensus scores were
recorded. Lymph nodes were considered to be positive
when 1) increased uptake as compared with that of the
surrounding mediastinum was visually observed, or 2) the
mean standardized uptake ratio (SUR) was more than 2,
2.5, or 3. The nodes were judged to be negative if 1) the
activity was equal to or less than that of the adjacent
mediastinum, or 2) the mean SUR was 2, 2.5, and 3 or less.
A circular region of interest was placed on the emission
image with maximum FDG uptake. Nodal status was
classified as N1 if the positive node was located in the
ipsilateral hilum, N2 if it was in the ipsilateral medias-
tinum, and N3 if it was in the contralateral hilum or
mediastinum. SUR was calculated as follows:

SUR =
mean ROI uptake (MBq/ml)

injected dose (MBq)/weight (kg)

CT
Thoracic CT examinations were performed using a
HiSpeed Advantage SG scanner (GE Medical Systems,
Milwaukee, USA) or Somatom Plus 4 (Siemens Medical

Instrumentation, Erlangen, Germany). All 20 patients
underwent enhanced helical CT 50 seconds after intrave-
nous administration of 100 ml of non-ionized contrast
material at a rate of 1.2–1.5 ml/sec with 2–7 mm collima-
tion (most commonly 5 mm) at pitch 1, from the apex to
just below the inferior pulmonary vein. On CT, lymph
nodes exceeding 1 cm in the shortest diameter were
regarded as positive for metastasis. All CT images were
reviewed until a consensus was reached by 3 experienced
radiologists (M.H., N.S., H.O.), and the nodal stage was
diagnosed.

Nodal Stage and Radiological-Histopathological or
-Clinical Correlation
The nodal status was confirmed by nodal dissection dur-
ing thoracotomy (n = 8 [40%]), or determined from the
clinical course (n = 12 [60%]) in all 7 patients with benign
diseases and 5 with lung cancers (3 patients with marked
lymph node enlargement and 2 with no marked interval
change at least for 2 years on CT). Ipsilateral hilar and
mediastinal dissection was performed during thoracotomy.

The accuracy of PET staging of the N3 disease using
the visual and the SUR criteria was compared with that of
enhanced CT. In addition, the association between the
false-positivity rate of PET in diagnosing N3 and the size
of the primary lesion, smoking history, or past history of
pulmonary disease was evaluated.

RESULTS

CT Stage
In all 20 patients, CT finding was true positive (TP) in 2
patients, false positive (FP) in 9 patients, and true negative
(TN) in 9 patients with an overall accuracy (OA) of 55%,
sensitivity of 100%, specificity of 50%, positive predic-
tive value (PPV) of 18%, and negative predictive value
(NPV) of 100% (Table 1). In 13 patients with cancer,
CT result was TP in 2, FP in 5, and TN in 6 and accuracy
was elevated with an OA of 62%, sensitivity of 100%,
specificity of 55%, PPV of 29%, and NPV of 100%
(Table 2).

FDG-PET Stage
Using visual criteria in the 20 patients, PET result was FP
in 18 and TP in only 2, yielding a low OA and PPV of 10%.
In 13 patients with malignant disease, PET result was TP
in 2 patients and FP in 11, with an OA and PPV of 15%
(Tables 1, 2). Both results were far inferior to those of
contrast-enhanced helical CT.

Among benign nodes in this study, calculated mean
SURs for contralateral lymph nodes were distributed from
1.6 to 3.1 (mean; 2.3). In two metastasized cases, mean
SURs of contralateral lymph nodes were 2.9 and 3.0.

Using an SUR cut-off value of 2, the diagnosis was TP
in 2 patients, FP in 10, and TN in 8, with an OA of 50%,
sensitivity of 100%, specificity of 44%, PPV of 17%, and
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Table 1   Accuracy of nodal staging (n = 20)

PET (visual) PET (SUR > 2) PET (SUR > 2.5) CT

True Positive 2 2 2 2
True Negative 0 8 15 9
False Positive    18 (85%) 10 (50%)   3 (15%)  9 (45%)
False Negative 0 0 0 0

Positive Predictive Value 2/20 (10%)   2/12 (17%)   2/5 (40%) 2/11 (18%)

Overall Accuracy 2/20 (10%) 10/20 (50%) 17/20 (85%) 11/20 (55%)

Table 2   Accuracy of nodal staging in patients with lung cancer (n = 13)

PET (visual) PET (SUR > 2) PET (SUR > 2.5) CT

True Positive 2 2 2 2
True Negative 0 5 10 6
False Positive    11 (77%)   6 (46%) 1 (38%) 5 (38%)
False Negative 0 0 0 0

Positive Predictive Value 2/13 (15%)   2/8 (25%)     2/3 (67%)   2/7 (29%)

Overall Accuracy 2/13 (15%) 7/13 (54%) 12/13 (92%) 8/13 (62%)

Fig. 1   A 79-year-old man with well-differentiated adenocar-
cinoma in the right upper lobe. A: Transverse CT image shows
a 1.5 × 1.0 cm nodule with spiculations on a background of
severe emphysema. B: Enhanced CT at the level of the carina
shows numerous tiny mediastinal nodes less than 1 cm in
diameter with (arrows) or without (arrowheads) calcification.
C. Transverse PET scans through the same region as in A show
areas of higher FDG uptake than the background mediastinum
level both in the upper lobe nodule and lymph nodes regardless
of calcification with SURs of 1.9 and 1.2–1.7, respectively. A
partial resection and sampling of the subcarinal nodes revealed
well-differentiated adenocarcinoma in the nodule with no
lymph nodes metastases histopathologically. There has been
no recurrence and no lymphadenopathy on CT performed 30
months later. This represents a false-positive study with the
visual criteria but a true-negative study using the SUR criteria.
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NPV of 100%. In 13 patients with malignancy, PET result
was TP in 2, FP in 6, and TN in 5 with an OA of 54%,
sensitivity of 100%, specificity of 45%, PPV of 25%, and
NPV of 100%, similar to those of contrast-enhanced
helical CT (Tables 1, 2).

Using an SUR cut-off value of 2.5, the diagnosis was
TP in 2 patients, FP in 3, TN in 15, and FN in 0, with an
OA of 85%, sensitivity of 100%, specificity of 83%, PPV
of 40%, and NPV of 100%. In 13 patients with malig-
nancy, PET result was TP in 2, FP in 1, and TN in 10 with
an OA of 92%, sensitivity of 100%, specificity of 91%,
PPV of 67%, and NPV of 100%, superior to those of
contrast-enhanced helical CT (Tables 1, 2).

Using an SUR cut-off value of 3.0, the diagnosis was
TP in 0 patients, FP in 1, TN in 17, and FN in 2, with an
OA of 85%, sensitivity of 0%, specificity of 94%, PPV of
0%, and NPV of 94% with increasing FN result. In 13
patients with malignancy, PET result was TP in 0, FP in

1, TN in 10, and FN in 2, with an OA of 77%, sensitivity
of 0%, specificity of 91%, PPV of 0%, and NPV of 83%.
On this setting all metastasized nodes resulted in FN.

In 18 patients without lymph node metastases, the
mean SUR for FDG was 2.2 (range 1.2–3.1) with a
smoking history and 2.0 (1.4–2.7) with no smoking his-
tory, showing no marked difference (p = 0.34, Mann-
Whitney U test). In 11 patients with malignant disease,
the mean SUR for FDG was 2.2 (range 1.2–3.1) with a
smoking history and 1.7 (1.4–2.0) with no smoking his-
tory, a showing slightly high SUR scores in the former,
but without statistical significance (p = 0.083). The mean
SUR in patients with and without a history of pulmonary
disease was 2.3 (1.7–2.9) in 13 lymph nodes and 2.1 (1.2–
3.1) in 18 lymph nodes, respectively, showing no signifi-
cant difference (p = 0.22). There was no significant differ-
ence either in the SUR between patients with lymph node
calcification (mean SUR 1.9, 1.7–2.2, n = 2) and those
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Fig. 2   A 64-year-old woman with a left lower lobe nodule that was incidentally detected on low-dose
screening CT for lung cancer. A: Transverse CT image shows a 1.3 × 1.0 cm nodule with air
bronchogram and irregular margin. B: The nodule had regressed spontaneously on CT 5 months later.
C: CT of the hilum shows only small nodes less than 1 cm in short axis. D: Transverse PET scans at the
level of the hilum show areas of increased FDG uptake compared to the background level with the SURs
between 2.0 and 2.7. This represents a false-positive study with both the visual and SUR criteria.
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without (mean 2.2, 1.2–3.1, n = 29) (p = 0.52).

DISCUSSION

Accurate diagnostic staging is essential for choosing an
appropriate treatment for primary lung cancers. However,
diagnostic accuracy for hilar and mediastinal nodal status
has been problematic. The limitation of CT and MRI is
owing to its morphological basis of diagnosis; there exist
large reactive benign nodes as well as small metastasized
nodes. Preliminary evaluation using MR short inversion
time inversion recovery (STIR) sequence has also been
reported to show a high positive predictive value of 81%.
However, it has not yet been performed in general prac-
tice.12 For these reasons, diagnostic mediastinoscopy is
still an indispensable tool to determine whether the patient
is a candidate for surgical resection or not. PET with FDG
has been considered to be a noninvasive technique that
provides metabolic information appropriate for evaluat-
ing malignant lesions.1–7 Initially several excellent results
were reported,1–7 but further investigation revealed a
problem, namely, a considerably high rate of false positiv-
ity.13–15 In this study we focused on the accuracy of PET
N3 diagnosis, which essentially affects the clinical man-
agement of the patients.

The frequency of false positivity among PET N3 pa-
tients reached 85% (11/13) in patients with malignant
disease using visual criteria. This accuracy is much lower
than that of previous reports,1–7 but is similar to that of a
recent report from eastern Asia in patients with esoph-
ageal cancer that showed a very low PPV of 3% (1/33) in
diagnosing hilar nodes metastasis.15 We speculated re-
garding some causes of such false positive result. First,
physiological, particularly, inhomogeneous FDG uptake
to the mediastinum resulted in the over-diagnosis of
nodal status.9 Second, reactive lymphadenopathy related
to peripheral malignancy such as sarcoid reaction and
secondary obstructive pneumonia should cause an in-
creased accumulation to hilar and mediastinal lymph
nodes.9,10 And the final and perhaps most important
reason could be presence of organized lymphadenopathy
due to old infection and/or the formerly widespread granu-
lomatous disease, such as tuberculosis, in the Japanese
population.11 It seems probable that there are abundant
macrophages even in reactive or organized lymph
nodes.10,15,16 The excellent sensitivity to glucose metabo-
lism of FDG-PET may worsen the accuracy of diagnosis
for nodal status. The report that even asymptomatic
inflammation or smoking could produce an increased
accumulation of FDG to the hilar and mediastinal lymph
nodes would support our results.16,17

The criteria for diagnosing nodal status have been
controversial. Visual criteria have been a usual meth-
od1–3,5–7 and semi-quantitative value such as standardized
uptake value (SUV) or SUR was reported not to be
superior to a visual one.13,17 Lymph nodes may be too

small to place ROIs and calculate reliable values.1 In
contrast, semi-quantitative analysis was reported to be
useful in reducing false-positive cases improving overall
accuracy. An appropriate setting of diagnostic criteria
using the maximum semi-quantitative analysis (a thresh-
old SUV of 4.2) has been reported to be useful to improve
overall accuracy,3 but a direct comparison with visual
criteria was not performed in that study. Mean SURs have
been reported to be more accurate than maximum ones
because of a relative increase in the contribution of noise
in regions of low average counts.18 Since in our series all
contralateral lymph nodes showed a less than maximum
semi-quantitative value of 4.2, we performed mean semi-
quantitative analysis step-by-step from 2.0. The accuracy,
in our series, improved using an SUR cut-off value of 2.5
as the criteria of malignancy. However, because the SURs
distributed within a narrow range with considerable over-
lap and the method of ROI calculation for small targets
essentially contains an operator-dependent bias to some
extent, we think that the criteria of SUR would have a
difficulty to differentiate benign from malignant nodes in
individual clinical cases. Although an SUR cut-off value
of 2.5 should decrease the number of false-positive cases,
it may result in worsening the negative predictive value
that has been one of the most outstanding advantages of
FDG-PET.

This result also suggests that in the lesions with a low
SUR such as well-differentiated adenocarcinoma FDG-
PET may carry a risk of underestimation as well as a risk
of over staging by increased accumulation in benign
lesions. The limitation of our study is the relatively high
frequency of clinical diagnosis for non-metastatic nodes,
performed in 2 (15%) of 13 patients with malignant
disease. Indolent metastasis might have been concealed
among the false-positive group and might have reduced
the accuracy in spite of the adequate follow-up period.

We agree that negative FDG-PET of the bilateral hilum
and mediastinum is the most reliable criteria for the
diagnosis of clinical N0 status except for less frequent
intranodal micrometastases.14,19 However, we suggest
that FDG N0 may be infrequent in the area permeated by
widespread granulomatous diseases such as tuberculosis
in the past and/or present, particularly, in patients with
thoracic diseases. Even though our series was too small to
make any conclusion, we believe that symmetrical and bi-
hilar accumulation higher than the background level in the
mediastinum should not be considered as positive using
visual criteria particularly in patients with a relatively low
FDG accumulation in the primary lesion. Experienced
nuclear medicine physicians may clinically diagnose like
this way, but this point has not been mentioned in the past
literature.

In this study we could not find any significant differ-
ence in the SUR between the benign and malignant nodes
with regard to smoking history, past history of pulmonary
diseases or degree of calcification within nodes. Although
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FDG accumulation in some intratumoral components
such as macrophages, granulation tissue and inflammatory
cells has been reported,20 larger and prospective studies
on radiological-pathological correlations are needed to
clarify the etiology of increased FDG uptake by non-
metastatic regional lymph nodes.

In summary, of 20 patients with the diagnosis of PET
N3, we found frequent over-diagnosis in nodal staging
using the visual criteria. In our series an SUR cut-off value
of 2.5 as the criteria of malignancy improved the accuracy
for nodal staging of N3, but it may result in reducing the
negative predictive value. We suggest that symmetrical
hilar and mediastinal accumulation only slightly higher
than the background mediastinum level should not be
considered to be positive, particularly with a background
of formerly widespread granulomatous disease.
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