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assess fundamental alterations in the cellular metabolism of
glucose that are common to all neoplasms, and 18F-FDG PET/
CT has become the most commonly used radiopharmaceutical
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Abstract: Fluorine 18-fluorodeoxyglucose positron emission tom-

ography/computed tomography (18F-FDG PET/CT) imaging has been

widely used to diagnose many types of tumors. However, many factors

can affect the accuracy of standardized uptake values (SUVs). In this

study, we aimed to explore the applications of corrected SUVs in the

diagnosis of peripheral solitary pulmonary lesions.

A retrospective study was undertaken in 69 patients with peripheral

solitary pulmonary lesions. Whole-body PET/CT was acquired approxi-

mately 60 min after 18F-FDG injection. The lesions were found to be

malignant in 57 cases and benign in 12 cases. Of the 69 cases, 68 were

correctly diagnosed, and only 1 was misdiagnosed by the corrected

SUVs. The diagnostic accuracy rate was 98.5%. The sensitivity, speci-

ficity, positive predictive value, and negative predictive value of the

corrected SUV were 100%, 91.7%, 98.3%, and 100%, respectively.
18F-FDG PET/CT with corrected SUVs is of great value for

improving diagnostic accuracy in peripheral lung lesions.

(Medicine 94(6):e531)

Abbreviations: 18F-FDG = fluorine 18-fluorodeoxyglucose, CT =

computed tomography, GLUT1 = glucose transporter type 1, PET =

positron emission tomography, PET/CT = positron emission

tomography/computed tomography, ROC = receiver-operator

characteristic, ROI = region of interest, SUV = standardized

uptake value, SUVave = average standardized uptake value,

SUVmax = maximal standardized uptake value.

INTRODUCTION

P ositron emission tomography (PET) with integrated com-
puted tomography (CT) imaging is the most advanced

functional imaging technique at the current time. 18F-fluoro-
deoxyglucose (18F-FDG) can be used as an imaging agent based
on the principle of elevated glucose metabolism in malignant
tumors.1 Fluorine 18-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) can
, DaCheng Li, MS MS,
S, and Wei Xue, MS

for PET studies of cancer. Most lung cancers are FDG-avid,
except for some low-grade malignant tumors such as tumors
that are part of well-differentiated lung cancer and bronchio-
loalveolar cancer. Some benign diseases, such as tuberculosis,
granuloma, inflammation, and fungal infections, can also show
different degrees of 18F-FDG metabolism. The standardized
uptake value (SUV) of FDG-PET is a semiquantitative simpli-
fied measurement of the FDG accumulation rate in tissues, and
the maximum SUV (SUVmax) in the target lesion is widely
used because of its simplicity.2 The most commonly used
SUVmax cutoff value for benign and malignant lung lesions
is 2.5.3 FDG-avid lesions with a SUVmax of �2.5 have been
previously associated with a higher probability of malignancy.4

However, many factors can affect the accuracy of SUV, such as
weight, plasma glucose level, length of uptake period, partial-
volume effects, and the recovery coefficient.5–8 The liver SUV
is thought to remain stable over time, and some research has
shown that all of the SUVs in the mediastinum and most of the
SUVs in the liver remain stable over time.9 The liver SUV has
also been previously described as remaining constant between
patients.7,10 In this research, the corrected SUV, which was
defined as the lesion SUVmax divided by the liver SUVmax,
was used to diagnose the peripheral lung lesions.

MATERIALS AND METHODS

Patient Population
Sixty-nine patients (44 males, 25 females; age range:

39–81 years; mean age: 60 years) with peripheral solitary
pulmonary lesions were enrolled in this study. All of the patients
had a definitive diagnosis based on biopsy results. Each patient
received a whole-body 18F-FDG scan described below. This
study was approved by the ethics committee of our institution.

Patient Preparation and Scanning
All of the patients fasted with no sugary drink for at least

6 hours before the PET/CT examination. The blood glucose
concentration was controlled <11.1 mmol/L. Intravenous 18F-
FDG was injected at a dose of 0.2 mCi/kg. After resting for
60 min, the patients were given 300–500 mL of pure drinking
water followed by bladder emptying before the examination. A
GE Discovery VCT PET/CT was used for the scan. While
breathing calmly, the full-body CT scanning was conducted
from the skull base to the middle of the femur with the following
scanning parameters: voltage, 120 kV; current, 130 mA; slice
thickness, 3.75 mm; and interlayer spacing, 3.27 mm. For the
diagnostic chest CT scan, the patient was trained to breathe
correctly before the examination, and the scanning was con-
ducted from the thoracic inlet to the adrenal level using the
arameters: voltage, 120 kV; current,
512; slice thickness, 5 mm; interlayer

ckness of a reconstructed slice, 2.5 mm,
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TABLE 1. Comparisons of benign and malignant lesions

Benign (n¼ 12) Malignant (n¼ 51) t Value P Value

Maximum diameter (cm) 1.89� 0.87 2.70� 0.91 2.824 0.006
Volume (cm3) 7.32� 0.88 15.22� 16.34 2.367 0.025
Lesion SUVmax (g/mL) 3.63� 2.89 7.52� 4.22 3.874 0.001
Lesion SUVave (g/mL) 2.23� 1.37 4.59� 2.36 4.171 0.000
Liver SUVmax (g/mL) 2.40� 0.60 2.41� 0.65 0.078 0.938
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with the interlayer spacing at 2.5 mm. Using standardized
algorithms, the lung window width was 1000 Hu at a window
level of �700 Hu, and the mediastinal window width was
350 Hu at a window level of 40 Hu. The PET scanning con-
ditions were as follows: under modest quiet breathing, the
imaging acquisition range was consistent with the full-body
CT scanning. The scanning time for each bed position was
3 min.

Data Analysis and Processing
The region of interest (ROI) was drawn on the slice that

showed clear radioactivity aggregation. The SUVmax of
segment 6 of the liver was measured. The corrected SUV
was defined as the lesion SUVmax divided by the liver SUV-
max. The scanning images were reviewed by physicians profi-
cient in clinical PET/CT imaging diagnosis. The diagnostic
results were judged by two senior radiologists to achieve
consensus. In cases of disagreement, the whole department
participated in a discussion to reach a final conclusion.

Statistical Analysis
Statistical Package for Social Science (SPSS Inc, Chicago,

IL, USA) software (version 13.0) was used for the statistical
analysis. Count data and measurement data were analyzed using
the chi-squared test and t test, respectively. The diagnostic
efficiency of the corrected SUV was analyzed using the chi-
squared test. The correlation between tumor size and the
corrected SUV was assessed using correlation analysis.

RESULTS

Pathologic Results
The diameters of the lesions ranged from 0.7 to 4.7 cm,

Corrected SUV 1.55� 1.25

SUV¼ standardized uptake values.
with an average diameter of 2.6 cm. Fifty-seven of the 69 cases
were found to be malignant by pathologic testing, and these
included 34 cases of adenocarcinoma, 16 cases of squamous cell

TABLE 2. Comparison of the CT signs of benign and malignant

Benign (n¼ 12) Ma

Quasi-circular 4 (33.3%)
Spicule sign 3 (25%)
Lobulation sign 3 (25%)
Pleural indentation 3 (25%)
Calcification 7 (67.9%)

CT¼ computed tomography.
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carcinoma, 2 cases of bronchioloalveolar carcinoma, 3 cases
of neuroendocrine carcinoma, 1 case of adenosquamous
carcinoma, and 1 case of metastatic tumor of papillary carci-
noma. In addition, there were 12 benign lesions, which
included organizing pneumonia, cryptococcus infection and
tuberculosis.

Comparisons of Benign and Malignant Lesions
The maximum diameter, volume, SUVmax, average stan-

dardized uptake value (SUVave), and corrected SUV of the
benign lesions were significantly different from the malignant
lesions (P< .05), and there was no significant difference in the
liver SUVmax between the 2 groups (P¼ .938) (Table 1). The
CT signs (shape, margin, lobulation, pleural indentation) of the
benign lesions were significantly different from the malignant
lesions (P< .05), and the calcification did not show a significant
difference between the 2 groups (P¼ .531) (Table 2).

Diagnostic Efficiency of Corrected SUV
The receiver operator characteristic (ROC) curve of the

corrected SUV showed that the area under the ROC curve was
0.781 (Fig. 1). The corrected SUV of 1.1 was used as the cutoff
point to achieve optimal sensitivity and specificity. Sixty-eight
cases were correctly diagnosed, and only 1 case was misdiag-
nosed by corrected SUV. The diagnostic accuracy rate was
98.5%. The sensitivity, specificity, positive predictive value,
and negative predictive value of the corrected SUV were 100%,
91.7%, 98.3%, and 100%, respectively. The diagnostic
accuracy rate using an SUVmax of 2.5 as the threshold was
88.7%, and the sensitivity, specificity, positive predictive value,
and negative predictive value were 94.7%, 58.3%, 90.2%, and
70.0%, respectively. The difference in accuracy between using
an SUVmax of 2.5 and a corrected SUV of 1.1 as the threshold

3.18� 1.76 3.784 0.001
was significant (P< .05). The 3 cases, that is, 2 cases of
adenocarcinoma and 1 case of chronic organizing pneumonia,
that were misdiagnosed using an SUVmax of 2.5 as the

lesions

lignant (n¼ 57) x2 Value P Value

4 (7%) 6.6 0.026
39 (68%) 7.775 0.008
39 (68%) 7.775 0.008
40 (70%) 5.610 0.022
26 (90.0%) 0.644 0.531
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threshold were correctly diagnosed using the corrected SUV of
1.1 as the threshold (Figs. 2–4).

Correlation Analysis of the SUV and the Lesion
Volume

There was a significant positive correlation between the
corrected SUV and the lesion volume (Fig. 5). SUVmax,

FIGURE 1. Receiver operator characteristic curve of corrected
standardized uptake value.
SUVave, and corrected SUV were positively correlated with
lesion volume (Table 3), and with the volume of adenocarci-
noma (Table 4).

Min: 0.5 SU
Max: 2.0 S
Mean: 1.2 
StdDEV: 0

FIGURE 2. Male, 57 years’ old. Suffered from pulmonary tuberculosis
in the superior lobe of right lung 40 days ago. Fluorine 18-fluorodeo
SUVmax was 1.7, and corrected SUV was >1.1. Needle biopsy indi
uptake values.
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DISCUSSION
The incidence of lung cancer has rapidly increased, and

this disease currently represents the main cause of cancer
mortality worldwide.11 It is difficult to make a differential
diagnosis between benign and malignant peripheral isolated
lung lesions in the clinic.12 18F-FDG is the most commonly used
radiotracer at the present time, and SUVmax is a semiquanti-
tative indicator. Because of the uncontrolled proliferation of
tumor cells, more energy is required, and their glucose metab-
olism is significantly increased. Scheepers et al13 showed that
increased FDG uptake was related to the upregulation of
glucose transporter type 1 (GLUT1). GLUT1 is the main carrier
involved in the transmembrane transport of glucose and is
closely related to glucose metabolism. Some studies have
shown that increased GLUT1 expression is a characteristic of
many malignant cells.14–16

The SUV is a semiquantitative simplified measurement of
the rate of FDG accumulation in tissues, and FDG-avid lesions
with an SUVmax of �2.5 have been previously associated with
a higher probability of malignancy.4 However, many factors can
affect the accuracy of SUV, including patient weight, blood
glucose level, length of uptake period, partial-volume effect,
recovery coefficient, and type of ROI.6–8 Many studies have
shown that an SUVmax cutoff value of 2.5 has low specificity.17

Tuberculosis, fungal infections, sarcoidosis, and rheumatoid
nodules are known causes of false-positive results. Small
tumors and some other types of tumors (neuroendocrine carci-
noma and bronchoalveolar carcinoma) can lead to false-nega-
tive results.18 It has been reported that SUVs in normal tissues
are usually not stable over time,19 except for the liver SUV,
which is quite stable over time and therefore can be used for
comparisons with suspected malignant lesions.20

The SUVmax of the liver background was selected as the
denominator, and the SUVmax of peripheral solitary pulmonary

Corrected SUVs and Peripheral Lung Lesions
lesions was selected as the numerator to calculate the corrected
SUV. Correcting the SUV decreased the effects of individual
differences and systemic errors to some extent.21 An analysis of

V
UV
SUV
.3 SUV

7 years ago but cured. A mass with air bronchogram was observed
xyglucose uptake was slightly increased. SUVmax was 2.0, liver

cated poorly differentiated adenocarcinoma. SUV¼ standardized
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Min: 0.2 SUV
Max: 1.7 SUV
Mean: 0.7 SUV
StdDEV: 0.42 SUV

FIGURE 3. Female, 75 years’ old, with cough, chest distress, shortness of breath for 2 weeks. Chest computed tomography showed a
ago
>1.
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our study showed that the corrected SUV was significantly
higher in malignant cases than in benign cases (P< 0.05), which
suggests that a high corrected SUV value in a solitary peripheral
pulmonary lesions may indicate malignancy. Using a corrected
SUV of 1.1 as the threshold, the sensitivity, specificity, positive
predictive value, and negative predictive values were higher
than when using an SUVmax of 2.5 as the threshold. The

nodule with irregular shape in inferior lobe of right lung 1 week
SUVmax was 1.7, liver SUVmax was 1.4, and corrected SUV is
SUV¼ standardized uptake values.
accuracy rate using an SUVmax of 2.5 as the threshold was
88.7% in this study; in addition, 3 malignant cases were
misdiagnosed as benign, and 5 benign cases were misdiagnosed

Min: 0.3 S
Max: 2.6 S
Mean: 1.1 
StdDEV: 0

FIGURE 4. Female, 69 years’ old, with cough, expectoration accomp
burrs was observed in superior lobe of the left lung. Fluorine 18-fluorod
SUVmax was 3.2, and corrected SUV was <1.1. Needle biopsy indica

4 | www.md-journal.com
as malignant. The accuracy rate using the corrected SUV of 1.1
as the threshold was 98.5%, with only 1 case being misdiag-
nosed as malignant. The difference between the accuracy using
an SUVmax of 2.5 and a corrected SUV of 1.1 as the threshold
was significant (P< 0.05). These results suggest that the cor-
rected SUV may be valuable for diagnosing pulmonary lesions
in clinical practice.

. Fluorine 18-fluorodeoxyglucose uptake was slightly increased.
1. Needle biopsy indicated grade II peripheral adenocarcinoma
It has been demonstrated in many prior studies that the size
of the primary lesion is correlated with SUV.18,22–25 As pro-
posed by Vesselle et al,25 glucose metabolism reflects the

UV
UV
SUV
.6 SUV

anied by hemoptysis for half a month. A mass with thin and long
eoxyglucose uptake was slightly increased. SUVmax was 2.6, liver
ted organizing pneumonia. SUV¼ standardized uptake values.
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FIGURE 5. Correlation of the corrected SUV and the lesion

TABLE 4. Correlation between the SUV and the volume of
adenocarcinoma

Diameter Volume

r Value P Value r Value P Value

SUVmax 0.507 0.006 0.565 0.001
SUVave 0.555 0.002 0.621 0.000
Corrected SUV 0.601 0.001 0.656 0.000
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activity of tumor cell proliferation, and a lesion’s SUV is
positively correlated with its proliferation rate. In this study,
the results indicate that lesion size is indeed positively corre-
lated with SUV, that is, the bigger lesion, the larger the SUV.
Port et al26 reported that the pathologic type of lung cancer is
also an important predictive factor of SUV. Thus, our study
aimed to clarify the correlation between SUV and lesion size in
lung adenocarcinoma, and the correlation factor was larger
when other types of lung cancer were excluded.

Studies have shown that respiratory movements can poten-
tially result in the underestimation of pulmonary lesion SUV.27

Several methods have been investigated to manage this respir-
atory motion problem, including the respiratory gating tech-
nique,28 CT protocol-based methods,29–32 and breathing
instructions.33 Due to various reasons, we did not adopt the
respiratory gating technique or CT protocol-based methods.
However, to minimize the impact of respiratory motion on
SUV, we encouraged the patients to adopt modest, quiet breath-
ing to minimize the respiratory motion. In addition, we avoided
lesions at the bottom of the lung because they are markedly
affected by respiratory motions.34

The diagnosis of a peripheral lung lesion is one of the
challenges in clinical practice. For peripheral lung lesions that
do not show significant changes on long-term follow-up obser-
vations, clinicians are hesitant about whether to perform

volume. L-SUV represents the liver- corrected SUV. SUV¼ stan-
dardized uptake values.
surgery. Because early diagnosis and early treatment are very
important for improving prognosis, radiologists have always
made efforts to increase diagnostic efficiency in peripheral lung

TABLE 3. Correlation between the SUV and the lesion volume

Diameter Volume

r Value P Value r Value P Value

SUVmax 0.616 0.000 0.536 0.000
SUVave 0.644 0.000 0.617 0.000
Corrected SUV 0.609 0.000 0.523 0.000

SUVave¼ average standardized uptake value, SUVmax¼maximum
standardized uptake value.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
lesions. Our study suggests 2 important points. First, because
there are many factors influencing SUVmax, the diagnosis of
benign and malignant lesions cannot be based on the lesion’s
SUVmax alone, but the corrected SUV can be utilized to
increase diagnostic accuracy. Second, lung lesion SUV is
positively correlated with lesion size, that is, the larger the
lesion, the larger the SUV.
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