
Abstract. Background/Aim: In patients with soft tissue
sarcoma (STS), distinguishing small metastatic pulmonary
nodules from benign ones remains difficult. This study aimed
to determine the accuracy of 18F-fluorodeoxyglucose
positron emission tomography/computed tomography (FDG-
PET/CT) in detecting pulmonary metastasis and identify
factors affecting sensitivity with STS. Materials and
Methods: The clinical records and chest CT and FDG-
PET/CT scans of 102 patients with STS were reviewed to
determine the presence of pulmonary nodules. Results: A
significant relationship was observed between nodule size
and maximum standardized uptake value (SUVmax). For
nodules smaller than 5 mm, only 10 out of 76 metastatic
pulmonary nodules exhibited FDG accumulation, showing a
weak correlation between nodule size and SUVmax.
Conclusion: The role of FDG-PET/CT in differentiating
metastatic from benign pulmonary nodules was
unsatisfactory, especially for small nodules. Careful follow-
up using CT scan may still be appropriate for diagnosing
pulmonary nodules smaller than 5 mm.

Pulmonary nodules are commonly detected in patients with
soft tissue sarcoma (STS) (1, 2), among which 20-30%
develop pulmonary metastatic disease (3, 4). The detection
of small pulmonary nodules has improved because of
advancements in computed tomography (CT). Determining
whether the pulmonary nodule is malignant or benign is
important to evaluate the need for additional treatment such
as surgical resection, chemotherapy, and radiotherapy.
However, pulmonary nodules smaller than 5 mm are usually

too small for obtaining sufficient material for an accurate
pathological diagnosis, even if these nodules were detected
(1). Particularly, the detection of pulmonary metastases
smaller than 5 mm remains a problem due to difficulty in
diagnosis (5, 6).

Recently, positron emission tomography (PET) with 18F-
fluorodeoxyglucose (FDG), a glucose analog, has also been
increasingly used for screening patients. The sensitivity of
CT, FDG-PET, and FDG-PET/CT in diagnosing pulmonary
nodules has been 93%, 69%, and 97%, respectively (7).
However, Fortes et al. reported that only 44% of metastatic
pulmonary nodules could be detected positively by FDG-
PET/CT (8). FDG-PET sensitivity can also be affected by the
size of the metastatic pulmonary nodule (9). In patients with
STS, the accuracy of FDG-PET/CT in detecting metastatic
pulmonary nodules remains unclear. Therefore, this study
aimed to elucidate the accuracy of FDG-PET/CT for
pulmonary nodules in patients with STS.

Materials and Methods
Patients. A total of 102 patients, who had both chest CT and FDG-
PET/CT scans and had primary STS that was treated with surgical
resection at our institution between April 2001 and December 2014,
were retrospectively reviewed. Their clinical records and chest CT
and FDG-PET/CT scans were reviewed to determine the presence
of pulmonary nodules. If pulmonary nodules were present, the
number, size, and distribution were determined. Patients with either
hydrothorax or atelectasis were excluded from further analysis
because it was difficult to evaluate the nodules in such conditions.
This study was approved by the institutional review board of our
institution. Informed consent was waived because of the nature of
retrospective study. The design and procedures were carried out in
accordance with the principles of the Declaration of Helsinki. 

FDG-PET/CT. All patients with pulmonary nodules were evaluated
by PET/CT scans (Discovery PET/CT 690, GE Healthcare Bio-
Sciences, Pittsburgh, PA, USA, and Toshiba Aquiduo, Toshiba,
Tokyo, Japan). PET/CT images of the head, neck, chest, and
abdomen to at least the level of the iliac crest were obtained 60 min
after intravenous injection of 3.7 MBq/kg FDG. The images were
independently reviewed by experienced oncologists and radiologists
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(T.H., T.N., K.A., and Y.S.). The nodules were first examined
visually for FDG accumulation, and the standardized uptake value
(SUV) of all nodules was determined. Maximum SUV (SUVmax)
was defined as the peak SUV on 1 pixel with the highest count
within the region of interest.

Diagnosis of pulmonary nodules. The pulmonary nodules were
carefully categorized into two groups. Group A included metastatic
pulmonary nodules, and Group B benign pulmonary nodules.
Primary lung cancer was detected in one patient with STS; thus, the
patient was also excluded from the study. The clinical decision on
diagnosing the pulmonary nodules was based on the following
criteria (10). A “metastatic pulmonary nodule” was defined when
one or more of the following were satisfied: the histological
diagnosis of a metastatic nodule was confirmed using specimens
obtained by either CT-guided needle biopsy or surgical resection, or
the nodules showed an obvious progression in number and/or size
within 6 months. Typical findings of metastatic pulmonary nodules
with and without FDG accumulation are shown in Figures 1 and 2,
respectively. A “benign pulmonary nodule” was defined when one
or more of the following were satisfied: the histological diagnosis
of a benign nodule was confirmed using specimens obtained by CT-
guided needle biopsy or surgical resection, or the nodules showed
no progression for at least 6 months or disappeared.

Statistical analysis. Accuracy was calculated as the sum of true-
positive or true-negative pulmonary nodules divided by the total
number of pulmonary nodules. Statistical associations between
clinicopathological factors were evaluated using the Mann-Whitney
U-test and Kruskal-Wallis test for quantitative data. Correlations
between pulmonary nodule size and SUVmax were tested using
Spearman’s rank correlation analysis. A significant Spearman’s ρ
implied a correlation in the population. Receiver operating
characteristic (ROC) curve analysis was performed to determine the
threshold size of pulmonary nodules and SUV for the assessment of
malignant pulmonary nodules. A value of p<0.05 was considered
significant in all statistical analyses. All statistical analyses were
performed using the EZR graphical user interface (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) for R (The R
Foundation for Statistical Computing, Vienna, Austria), which is a
modified version of R Commander designed to add statistical
functions frequently used in biostatistics.

Results

Identifying the clinical characteristics of pulmonary nodules
to distinguish metastatic from benign nodules. In 36 out of
102 patients (35.3%) with STS, 212 pulmonary nodules were
detected on CT scan alone. Among them, 35 patients had
high-grade tumors and 1 had a low-grade malignant
peripheral nerve sheath tumor. The median size of the 212
pulmonary nodules was 7.2 mm (range=0.7-46 mm). A total
of 176 nodules were categorized under Group A, and 36
nodules under Group B. In Group A, 33 nodules were
histologically diagnosed as metastatic nodules, while 143
showed an obvious progression in size within 6 months. In
Group B, 8 nodules were histologically diagnosed as benign
nodules, while 28 showed no progression for at least 6

months or disappeared. Correlations between histological
diagnosis and characteristics of pulmonary nodules are
shown in Table I. In the 176 metastatic nodules, FDG-
PET/CT was positive in 105 nodules (59.7%) and negative
in 71 (40.3%). In the 36 benign pulmonary nodules, FDG-
PET/CT was positive in 1 (2.8%) and negative in 35
(97.2%). Larger pulmonary nodules were likely to be
metastatic (p<0.0001, Table II). The mean size of metastatic
nodules was 7.9 mm (range=0.7-46.0 mm), compared with
3.8 mm (range=1.0-21.3 mm) for benign nodules. SUVmax
was significantly related to the diagnosis of nodules (benign
vs. metastasis) (p<0.0001). The mean value of SUVmax in
metastatic nodules was 2.4 (range=0-19.5), compared with
0.1 (range=0-5) in benign nodules. Pulmonary nodule size
was strongly correlated with SUVmax based on Spearman’s
rank correlation test (Spearman’s ρ=0.771, p<0.0001). The
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Table I. The relationship between histology and characteristics of
pulmonary nodules.

Histology                                                       Pulmonary nodule

                                                            Metastasis                   Benign
                                                          (nodule with            (nodule with 
                                                         FDG positive)          FDG positive)

Leiomyosarcoma                                  66 (49)                        6 (0)
UPS                                                       94 (47)                        5 (0)
Synovial sarcoma                                 10 (4)                          6 (0)
MPNST                                                   1 (1)                          6 (1)
Dedifferentiated liposarcoma                 3 (3)                          6 (0)
Clear cell sarcoma                                  0 (0)                          3 (0)
Myxofibrosarcoma                                  0 (0)                          3 (0)
Epithelioid sarcoma                                2 (1)                          0 (0)
Hemangioendothelioma                          0 (0)                          1 (0)
Total                                                     176 (105)                    36 (1)

UPS: Undifferentiated pleomorphic sarcoma; MPNST: malignant
peripheral nerve sheath tumor.

Table II. Relationships between the size of pulmonary nodules and
diagnosis.

Clinical details    Final diagnosis of pulmonary nodules           p-Value

                                   Metastatic                     Benign 
                                  pulmonary                  pulmonary
                              nodules (n=176)          nodules (n=36)                  
   
Nodule size                                                                                          
   >5 mm                          100                                4                             
   1-5 mm                          76                                32                            
   Range                    0.7-46.0 mm               1.0-21.3 mm                   
   Average                     7.9 mm                       3.8 mm                 <0.0001



one nodule with a size of 11.7 mm that was categorized as
benign in the patient with malignant peripheral nerve sheath
tumor had an SUVmax of 5.0. The benign pulmonary nodule
in the patient with malignant peripheral nerve sheath tumor
showed no progression in size for 5 years.

On ROC curve analysis, the optimal threshold for
identifying a nodule at risk for a diagnosis of metastatic
pulmonary nodule was 4.7 mm. The area under the curve
(AUC) was 0.782 (95% confidential interval [CI]=0.699-
0.865). At this threshold, pulmonary nodule size exhibited a
sensitivity and specificity of 63.1% and 88.9%, respectively,
for predicting metastasis. Concerning the analysis of
SUVmax, the optimal threshold for identifying a nodule at
risk for a diagnosis of metastatic pulmonary nodule was 0.9.
The AUC was 0.781 (95%CI=0.732-0.83). At this threshold,

the SUVmax of the pulmonary nodule exhibited a sensitivity
and specificity of 59.7% and 97.2%, respectively, for
predicting malignancy.

Analysis of pulmonary nodules smaller than 5 mm using
FDG-PET/CT. As shown in Table II, there were 76
metastatic pulmonary nodules and 32 benign pulmonary
nodules smaller than 5 mm. Here, pulmonary nodule size
smaller than 5 mm was weakly correlated with SUVmax
based on Spearman’s rank correlation test (Spearman’s
ρ=0.394, p<0.0001). Regarding nodules smaller than 5 mm,
only 10 out of 76 metastatic pulmonary nodules (13.2%)
showed FDG accumulation, and none of the accumulations
were shown in benign pulmonary nodules. Relationships
between FDG accumulation of pulmonary nodules and
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Figure 1. Typical findings of pulmonary nodules (arrow) with FDG accumulation. The nodules increased in number and/or size and thus were
diagnosed as metastatic. Left: CT scan; Right: ΡΕT.

Figure 2. Typical findings of pulmonary nodules (arrow) without FDG accumulation. Nodule size did not change for 1 year; thus, the nodules were
diagnosed as benign. Left: CT scan; Right: ΡΕT.



diagnosis are shown in Table III. FDG accumulation exhibited
a sensitivity, specificity, and accuracy of 59.7%, 97.2%, and
66.0%, respectively, for all pulmonary nodules regardless of
diagnosis. Meanwhile, for the diagnosis of nodules smaller
than 5 mm, FDG accumulation exhibited a sensitivity,
specificity, and accuracy of 13.2%, 100.0%, and 38.9%,
respectively. For the diagnosis of nodules larger than 5 mm,
FDG accumulation exhibited a sensitivity, specificity, and
accuracy of 95.0%, 75.0%, and 94.2%, respectively (Table IV).

Discussion

The lung is the most common site of metastasis of STS (8),
and several studies have shown that CT scan is the most
appropriate technique to detect pulmonary metastases. In this
study, nodule size was a predictive factor for diagnosis. The
malignancy rate was higher in patients with nodules larger
than 5 mm, and the optimal threshold for identifying
metastasis was 4.7 mm. Meanwhile, the detection of
metastatic pulmonary nodules smaller than 5 mm remains a
problem because of difficulty in diagnosis (5, 6).

Recent attention has focused on FDG-PET as a diagnostic
tool for pulmonary nodules (11). Several reports have
suggested that FDG-PET/CT examinations reduce the number
of patients with indeterminate nodules undergoing unnecessary
surgical biopsy (12, 13). Therefore, here, the accuracy of
FDG-PET/CT was evaluated as a possible tool for diagnosing
pulmonary nodules in patients with STS. The degree of FDG
activity is directly associated with glucose metabolism, which
is increased in malignant cells (14). Pulmonary nodules have
been shown to overexpress glucose transporter protein type 1
and hexokinase II (15). SUVmax was used in this study, which
is the most widely used semiquantitative parameter in
measuring the radioactivity of the imaging agent in the tumor
(16). Metabolic tumor volume is another semiquantitative
parameter that integrates metabolism and volume (17), while
total lesion glycolysis represents the tumor’s malignant
transformation (16). However, SUVmax is regarded as a
limited parameter that can only represent the tumor activity
but fails to signify the whole tumor volume (18). In the
present study, the mean value of SUVmax in metastatic nodules
was 2.4 (range=0-19.5), which was significantly higher than
that in benign nodules (0.1; range=0-5). Furthermore, this
study demonstrated a strong correlation between pulmonary
nodule size and SUVmax. The accuracy of FDG accumulation
for all pulmonary nodules was 66.0%, with a sensitivity of
59.7%. Regarding pulmonary nodules smaller than 5 mm, the
accuracy was only 38.9%, with a sensitivity of 13.2%,
although for nodules larger than 5 mm, the accuracy was
94.2%, with a sensitivity of 95.0%. This suggests that FDG-
PET/CT is not sufficient to diagnose pulmonary metastasis of
STS, especially with small nodules. Therefore, FDG-PET/CT
may be limited in making a differential diagnosis between

metastatic and benign nodules when the nodule size is smaller
than 5 mm. The results further suggest that CT scan remains
the standard diagnostic tool for detecting and diagnosing small
pulmonary lesions. Further study is necessary to validate it.

This study has certain limitations. Firstly, a misdiagnosis
may occur for pulmonary lesions that are clinically diagnosed
as benign. Some small pulmonary nodules with extremely
long tumor doubling time, which were diagnosed as benign,
might be metastatic sarcomas, although the doubling time of
high-grade sarcomas is usually short (19). Secondly, SUV
varies with several factors. FDG uptake may differ from the
interval between tracer injection and the start of the scan,
although our institution standardized 60 min as the time
interval; otherwise, the blood glucose level might influence
the results. Lastly, this study has a retrospective nature.

In conclusion, the role of FDG-PET/CT in differentiating
metastatic from benign pulmonary nodules was
unsatisfactory, especially for small nodules. Careful follow-
up using CT scan may still be appropriate in diagnosing
pulmonary nodules smaller than 5 mm.
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