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Abstract
Aim: The aim of this study was to assess the utility of dual time point 18F-fluorodeoxyglucose positron
emission tomography (18F-FDG-PET) imaging in differentiating benign frommalignant pleural disease.
Methods: Fifty-five consecutive patients of suspected malignant pleural mesothelioma (MPM)
and recurrence of MPM who were referred for the evaluation underwent two sequential 18F-
FDG-PET scans (dual time point imaging). The average percent change in the maximum
standardized uptake values (Δ%SUVmax) of the lesion/lesions between time point 1 (SUVmax1)
and time point 2 (SUVmax2) was calculated. All PET results were correlated with the histo-
pathological or cytopathology results. Patients were divided into three principal groups (A=newly
diagnosed MPM, B=recurrent MPM, and C=benign pleural disease). The parameters of 18F-
FDG uptake (SUVmax values and its changes over time) were compared among groups.
Results: Among the 55 patients who had undergone dual time point 18F-FDG-PET studies, 44
were diagnosed with MPM (28 newly diagnosed and 16 had recurrence). The PET studies
demonstrated 229 malignant pleural lesions in these patients. The remaining 11 patients were
proven to have benign pleural disease. The mean±SD of the SUVmax1, SUVmax2, and the Δ%
SUVmax of the all lesions of each patient in groups A, B, and C were 5.0±2.2%, 5.8±2.8%, and
12.8±8.4%; 4.6±1.7%, 5.3±2.0%, 13.8±9.2%; and 1.6±0.4%, 1.4±0.3%, and–9.6±19.1%,
respectively. The mean±SD of the SUVmax1, SUVmax2, and Δ%SUVmax in patients with both newly
diagnosed and recurrent MPM were significantly higher than those of benign pleural disease group
(pG0.0001). For each patient, the most intense (hottest) lesion’s SUVmax1, SUVmax2, and Δ%
SUVmax were also compared among the aforementioned groups, and these results again confirmed
that MPM lesions had significantly higher values than those of benign pleural lesions (pG0.0001).
Conclusions: There is an increasing uptake of 18F-FDG over time in pleural malignancies, whereas the
uptake in benign pleural disease generally stays stable or decreases over time. Therefore, dual timepoint
imaging appears to be an effective approach in differentiating benign from malignant pleural disease,
which increases the sensitivity and is also helpful in guiding the biopsy site for a successful diagnosis.
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Introduction
18F-fluorodeoxyglucose positron emission tomography

(18F-FDG-PET) has been proven to be valuable in
diagnosis, staging, detecting early recurrences, and assessing
response to therapy in a multitude of malignant disorders
[1]. Despite its proven utility, the application of PET is
limited by its variable sensitivity and specificity estimates.
One of the most common reasons for this is that many
inflammatory lesions also demonstrates increased 18F-FDG
uptake and thereby results in false-positive 18F-FDG-PET
study [2, 3]. On the other hand, some types of cancers, for
example, well-differentiated and lobular carcinomas of the
breast, thyroid, bronchoalveolar carcinomas, and epithelial
mesotheliomas, have significantly low 18F-FDG uptake,
which is well below the diagnostic threshold for 18F-FDG
uptake in malignant lesions [4–6]. This causes false-negative
18F-FDG-PET study and results in a lower sensitivity of PET
in detecting these malignancies.

Malignant pleural mesothelioma (MPM) is a relatively rare
(incidence of 2,000–3,000 cases per year) neoplasm of the
mesothelial cells of the pleura with a poor prognosis [7].
Exposure to asbestos can cause thickening and fibrosis of the
pleura and can result in an increased risk of developing MPM.
The latency period between asbestos exposure and mesothe-
lioma development is 35–40 years, and as a result, the number
of mesothelioma patients has continued to rise despite
decreased asbestos production [8]. Early diagnosis and
aggressive surgical extirpation are considered important for
optimal long-term survival since distant metastases occur
later in the course of the disease. Imaging plays an essential
role in the evaluation of MPM. These pleural changes can be
detected by noninvasive anatomical imaging techniques, such
as chest radiography, ultrasound, computed tomography (CT)
and magnetic resonance (MR). However, the differentiation
of malignant from benign pleural lesions is often difficult and
sometimes unreliable with currently available imaging tech-
niques. There is a significant overlap between the radiological
appearances of benign and malignant pleural disease [9, 10].
Diffuse pleural thickening, the hallmark of MPM, is not a
specific finding on cross-sectional imaging and may be
caused by asbestos exposure, as a consequence of hemor-
rhagic effusion, or by a number of infectious processes, such
as tuberculosis [11]. Therefore, the anatomical imaging
modalities cannot reliably differentiate benign from malig-
nant pleural thickening. Since neither CT nor MR imaging
provides a definitive diagnosis of mesothelioma, tissue biopsy
is frequently required for a definitive diagnosis [12].
Thoracentesis, thoracoscopic biopsy, and open biopsy are
the invasive methods of tissue sampling, which have many
potential complications such as pneumothorax, persistent air
leaks, hemorrhage, subcutaneous emphysema, wound infec-
tions, and the seeding of tumor along the chest wall [13, 14].

18F-FDG-PET imaging is a unique, noninvasive modality
that has been successfully used to evaluate several pleural
diseases [5, 15–18]. The 18F-FDG-PET technique has been

shown to be highly sensitive in detecting both malignant and
inflammatory processes. However, there is still a need for
decreasing the false positive rate in the technique. The
concept of performing dual time point 18F-FDG-PET scans
may be helpful for this purpose. Studies in literature have
demonstrated that the uptake of FDG continues to rise in
malignant tumors for several hours after the administration
of FDG [4, 19–23]. This may be explained by the increased
glucose uptake through the glucose transporter proteins and
low concentration of glucose-6-phosphatase activity in
malignant cells. Knowing that such prolonged period of
18F-FDG uptake is rare in inflammatory lesions and normal
tissues, the dual time point approach may be helpful to
differentiate them from malignant [2]. Thus, dual time point
18F-FDG-PET imaging (imaging at two time points follow-
ing one single dose administration of 18F-FDG) has been
shown to differentiate benign processes from malignant
tumors [2–4, 20, 21, 23–25]. Therefore, despite being very
sensitive, single time point SUV analysis may not be the
best method in assessing pleural diseases. The aim of this
study was to assess whether 18F-FDG uptake and its change
over time can be helpful in differentiating benign from
malignant pleural disease.

Materials and Methods
Patient Population

Fifty-five patients (mean age=61.4 years, seven female, 48 male)
who were referred to the Hospital of the University of Pennsylvania
between 2000 and 2007 for the evaluation of suspected MPM and
suspected recurrences of known MPM by 18F-FDG-PET imaging
were analyzed. The disease was suspected on the basis of clinical
symptoms and chest radiograph or CT scan results: effusion,
pleural masses, or pleural thickening. All patients had a prior
history of asbestos exposure in the past. Informed consent was
obtained in all patients before the procedure. This study was Health
Insurance Portability and Accountability Act compliant and
approved by the Institutional Review Board.

FDG-PET Imaging and Assessment

Patients fasted for at least 4 h before the PET scan and had blood
glucose levels less than 140 mg/dL at the time of injection. FDG
(5.2 Mbq/kg of body weight) was administered intravenously
through an indwelling catheter inserted into an antecubital vein.
Two sets of PET imaging were performed in all patients using a
dedicated whole-body PET scanner (Allegro Philips Medical
System, Philadelphia, PA, USA). The first scan was performed
as a whole-body image, which included the entire trunk (from
neck to the groin). Immediately following the whole-body scan a
second set of images of the chest were acquired. The mean time
interval between the injection of 18F-FDG and the first and
second scans were approximately 60 and 90 min, respectively.
Using a Cesium-137 point source, transmission scans were
performed to provide attenuation correction. The patients did not
leave the scanning table between the two acquisitions, minimizing
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patient motion artifacts. The ordered subsets–expectation maximi-
zation method was used to reconstruct all of the PET images [26].

Image Analysis

Two nuclear medicine physicians analyzed the data together for this
study. There was no inter-observer variability. Regions of interest
(ROIs) were carefully drawn around the sites of active lesions on the

consequent four to six PET scan slices (slice thickness and interval were
both =4 mm). The maximum standardized uptake values (SUVmax)
were measured for each ROI on both time points PET scans (SUVmax1

and SUVmax2). When there was linear increased FDG uptake pattern at
the pleura, the most active site was found, and SUVmax was calculated
from there. This pattern was counted as one lesion. Only pleural lesions
were analyzed for the purpose of the study. All results were correlated
with histopathology results and clinical follow-up.

Table 1. SUVmax Values and their changes over time in patients with newly diagnosed malignant pleural mesothelioma (Group A)

Case
number

Sex Age Number of
malignant
lesions,
N=136

The mean
of SUVmax1

The mean
of SUVmax2

Δ%SUVmax SUVmax1 of
hottest lesion

SUVmax2 of
hottest lesion

Δ%SUVmax of
hottest lesion

1 M 75 2 4.0 4.4 10.0 4.7 5.3 12.8
2 M 65 5 4.7 5.7 21.3 7.9 9.5 20.3
3 M 73 1 4.5 5.4 20.0 4.5 5.4 20.0
4 M 69 1 5.0 6.3 26.0 5.0 6.3 26.0
5 M 63 1 5.0 5.6 12.0 5.0 5.6 12.0
6 M 60 8 4.4 4.8 9.1 7.7 9.1 18.2
7 M 63 1 6.2 6.5 4.8 6.2 6.5 4.8
8 M 69 8 6.9 7.7 13.0 7.9 9.7 22.8
9 M 63 6 5.2 6.2 20.4 7.1 8.6 21.1
10 M 61 1 9.2 10.6 15.3 9.2 10.6 15.2
11 M 78 5 3.5 3.6 2.7 3.6 4.0 11.1
12 M 65 17 5.0 5.6 12.3 7.9 8.7 10.1
14 F 69 6 2.8 3.1 10.8 3.5 4.1 17.1
15 F 68 17 11.1 15.2 36.8 15.6 22.1 41.7
16 F 67 6 5.7 6.5 14.0 11.1 11.9 7.2
17 M 82 1 2.2 2.7 22.7 2.2 2.7 22.7
18 M 79 4 3.7 3.8 2.70 5.0 5.6 12.0
19 M 79 2 3.6 4.3 19.4 4.1 4.2 2.4
20 M 43 5 7.7 9.0 16.9 12.4 13.5 8.9
21 M 43 8 8.1 9.4 16.4 11.4 11.6 1.8
22 F 40 3 5.2 5.1 −1.91 5.9 6.1 3.4
23 M 70 2 2.0 2.1 5.00 2.0 2.2 10.0
24 F 68 7 6.5 7.3 12.31 8.3 9.2 10.8
25 M 61 1 2.8 3 7.14 2.8 3.0 7.1
26 M 62 5 3.2 3.4 6.2 4.3 4.9 14.0
27 M 75 2 2.7 2.8 3.70 3.0 3.0 0.0
28 M 60 11 4.8 5.2 8.3 7.7 8.1 5.2
The mean±SD 5.0±2.2 5.8±2.8 12.8±8.4% 6.5±3.3 7.5±4.2 13.3±9.1%

Table 2. SUVmax values and changes over time in patients with recurrence of MPM (group B)

Case number Age Sex Number of
total malignant
lesions, N=93

The mean±SD
of SUVmax1

The mean±SD
of SUVmax2

The mean±SD
of Δ%SUVmax

SUVmax1 of most
intense lesion

SUVmax2 of Most
intense lesion

The mean±SD of
Δ%SUVmax of most
intense lesion

1 65 M 7 6.7 7.8 16.4 10.6 12.1 14.2
2 73 M 2 3.6 4.6 27.8 4.6 5.7 23.9
3 74 M 2 3.3 4.3 30.3 3.5 4.8 37.1
4 72 M 2 2.8 3.2 14.3 2.9 3.3 13.8
5 73 M 2 2.9 3.0 3.4 3.0 3.2 6.7
6 72 M 6 3.6 3.9 8.3 4.8 5.1 6.3
7 43 M 8 8.1 9.4 16.0 12.4 13.5 8.9
8 63 M 1 7.0 7.6 8.6 7.0 7.6 8.6
9 79 M 4 3.6 4.3 19.4 5.0 5.6 12.0
10 70 M 11 4.8 5.2 8.3 7.7 8.1 5.2
11 71 M 11 4.5 4.9 8.9 6.0 6.2 3.3
12 71 M 11 6.6 7.3 10.6 8.8 8.9 1.1
13 70 M 11 5.0 5.2 4.0 6.5 6.6 1.5
14 68 F 2 3.1 3.3 6.5 3.4 3.6 5.9
15 67 M 8 5.3 7.0 32.1 6.6 8.4 27.3
16 64 M 5 3.2 3.4 6.2 4.3 4.9 14.0
The mean±SD 93 4.6±1.7 5.3±2.0 13.8±9.2% 6.1±2.7 6.7±3.0 11.9±10.0%

MPM malignant pleural mesothelioma
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From these ROIs, the SUV was calculated according to the
formula described below:

Mean ROI activity MBq=qð Þ
Injected dose MBqð Þ=Bodyweight gð Þ

where ‘MBq’=mega-Becquerel and ‘g’=grams.
The maximum standardized uptake value (SUVmax) of FDG was

measured from ROI, which was placed at the site of the lesion
clearly visualized or appeared suspicious on the PET scans from
first time point (SUVmax1) and second time point (SUVmax2). The
percent change in SUVmax (Δ%SUVmax) between SUVmax1 and
SUVmax2 was calculated.

Statistical Analysis

Conventional methods were used to generate descriptive statistical
results. Groups were compared by using Student’s t test. p values of
less than 0.05 were considered to represent significant differences
among populations sets examined.

Results
Among 55 patients, 44 were diagnosed with MPM according
to histopathological and cytopathology results (28 newly
diagnosed and 16 had recurrent disease). The final diagnosis
was established by thoracoscopic biopsy specimen, pleural
biopsy specimen, and pleural fluid cytology. The remaining
11 patients were proven to have benign pleural disease.
These patients were followed up clinically for 2 years.
Patients were divided into three groups according to
histopathology results: group A=MPM (newly diagnosed),
group B=recurrent MPM, group C=benign pleural disease.

MPM patients had a total of 44 dual time point PET
studies, which resulted in detecting of 229 malignant pleural
lesions. The lesions showed different patterns such as linear
or focal, sometimes multiple. Some patients had more than
one lesion. Therefore, for each patient, average SUVmax of
all numbers of malignant lesions were calculated. The
benign pleural disease patients (group C) had a total of 11
dual time point PET studies. The mean±SD of the SUVmax1,
SUVmax2, and the Δ%SUVmax of groups A, B, and C were
5.0±2.2%, 5.8±2.8%, and 12.8±8.4% (Table 1); 4.6±1.7%,
5.3±2.0%, and 13.8±9.2% (Table 2); and 1.6±0.4%, 1.4±
0.3% and −9.6±19.1% (Table 3), respectively. The mean±
SD of the SUVmax1, SUVmax2, and Δ%SUVmax in both newly
diagnosed and recurrent MPM were significantly higher than
those of benign pleural disease group (pG0.0001). There was
no significant difference between the comparisons of mean
SUVmax of groups A and B (p90.05) patients.

For each patient, we also calculated SUVmax1, SUVmax2,
and Δ%SUVmax of the most intense (hottest lesion) and
compared the three groups with regard to this parameter
(Fig. 1). The mean±SD of SUVmax1, SUVmax2, and Δ%

Table 3. SUVmax measurements and changes over time in patients with benign pleural disease (group C)

Case number Sex Age Histopathology The mean±SD
of SUVmax1

The mean±SD
of SUVmax2

The mean±SD
of Δ%SUVmax

1 M 61 Acute and chronic inflammation 1.8 1.6 −11.1
2 M 59 Acute and chronic inflammation 1.8 1.2 −33.3
3 M 47 No malignancy 1.4 1.4 0.0
4 M 54 Reactive mesothelial cells 1.4 1.6 14.3
5 M 67 Reactive mesothelial cells 1.3 1 −23.1
6 M 58 Pleuritis 2.4 2.2 −8.3
7 M 74 Acute and chronic inflammation ,reactive mesothelial cells 1.5 1.2 −20.0
8 F 56 Pleuritis 1.7 1.6 −5.9
9 M 74 Acute and chronic inflammation, reactive mesothelial cells 1.1 1.0 −9.1
10 M 78 No malignancy in pleural fluid 1.1 1.4 27.3
11 M 69 Chronic inflammation, reactive mesothelial proliferation 1.9 1.2 −36.8
The mean±SD 1.6±0.4 1.4±0.3 −9.6±19.1%

FIRST TIME
POINT (Early)

SECOND TIME 
POINT (Delayed)

Early SUVmax1=3.5 

Delayed SUVmax2=4.8

Fig. 1. Early and delayed images of a patient with MPM.
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SUVmax of the most intense (hottest) lesions of groups A, B,
and C were 6.5±3.3%, 7.5±4.2%, and 13.3±9.1% (Table 1);
6.1±2.7%, 6.7±3.0%, and 11.9±10.0% (Table 2); and 1.6±
0.4%, 1.4±0.3%, and −9.6±19.1% (Table 3), respectively. In
group C (benign pleural disease group), since every patient
had only one lesion, their most intense lesion was the same
lesion. The SUVmax calculation and its change over time of
MPM patients in groups A and B were significantly higher
than those of benign pleural disease group (pG0.0001). In our
study, dual time point 18F-FDG-PET imaging has proven to
be useful in localizing the areas involved with MPM.

We visually observed that, especially the patients who
had more than one malignant lesion, some of their lesions
were not very intense (SUVmax1 were low) at the first time
point image, but at the second time point, these lesions
became more intense. Those lesions were small sized.
However, since we calculated the average of all malignant
lesions of a patient, the result of mean SUVmax1 of these
patients were higher than the known malignancy thresh-
old. Therefore, by employing this method despite the low
initial SUV of small MPM lesions, the intensity of the
uptake was higher on delayed images, and this resulted in
higher detectability. We made another observation that
mediastinal lesions that had focally increased FDG uptake
at the first time point image (early) also became more
intense at the second time point image (delayed).

Discussion
MPM carries a poor prognosis and the median survival for
patients after diagnosis is between 12 and 18 months [27].
The disease is frequently staged with the tumor, node,
metastases based system introduced by the International
Mesothelioma Interest Group [28]. Patients with local
extension of the tumor into mediastinum, chest wall, or
diaphragm and those with hematogeneous dissemination are
considered inoperable [29] and are treated with aggressive
combined-modality therapeutic intervention. Thus, accurate
detection of local spread and systematic dissemination of the
tumor is important in selecting the appropriate treatment mo-
dalities. Chemotherapy, radiotherapy, surgery, and combined
modality approaches are utilized in the treatment of MPM;
however, these techniques are generally unsuccessful [30].

Although structural imaging techniques are essential for
evaluating pleural diseases, they have certain limitations in
reliably diagnosing the disease. For example, many infec-
tious disorders such as tuberculosis or emphysema cannot be
differentiated from pleural malignancies with this approach
alone. Benign and malignant pleural diseases have similar
appearances on conventional imaging techniques, such as
CT, ultrasound, and chest radiography. CT is useful in lo-
calizing the areas of thickening but tends to underestimate the
extent of the disease process [11]. Especially, it has been
shown that CT is inefficient to differentiate pleural fibrosis
following therapy from active benign or malignant diseases

[31]. MR imaging has limited value in evaluating pleural dis-
eases because of cardiac and respiratory motion artifacts [32].

Several studies have documented the superiority of PET
over CT in differentiating benign from MPM and in detecting
extrathoracic and medistinal nodal metastasis [5, 33]. In one
study, 18F-FDG-PET correctly identified the presence or
absence of metastatic sites in 89% of patients and, therefore,
prevented inappropriate thoracotomy [33]. Other studies have
directly compared 18F-FDG-PET with CT, mediastinoscopy,
thoracoscopy, and pathological examination and have found
that PET is useful in determining the true nature of doubtful CT
findings, especially when lymph node involvement and distant
metastases are of concern on actual scans [34].

Benign pleural disorders such as inflammatory asbestos
reaction, pleuritis of various causes (e.g., bacterial infection,
tuberculosis, parapneumonic effusion, sarcoidosis, and fun-
gal infection), recent surgery, and radiotherapy can cause
detectable FDG uptake. Sometimes, this increased metabolic
activity in the pleura can have an SUV, which may exceed
2.5 that results in false-positive 18F-FDG-PET findings [5, 16,
29, 35]. Conversely, the researchers described the cause of
false-negative findings on 18F-FDG-PET as a slow-growing
epithelioid subtype of mesothelioma with a low mitosis rate,
which also has a relatively better survival than other types
[36]. Supporting this finding, it was shown that the degree of
FDG uptake of tumor is predictive of patient survival [37].

In a study of 28 patients by Benard et al. [5], 18F-FDG-PET
achieved a sensitivity of 91% and specificity of 100% in
differentiating benign frommalignant disease, using an SUV of
2.0 as a cutoff threshold, and they reported that PET was more
sensitive than CT scan in determining the extent of the disease
process. Another group later evaluated 106 patients with cancer
in whom the degree of 18F-FDG uptake was examined in
pleura, and similarly, when an SUV threshold of 2.0 was
chosen to separate malignant and benign disease, they reported
that the sensitivity and specificity of 18F-FDG-PET for
malignant pleural disease were 90% and 72%, respectively
[38]. Several reports indicate that the degree of 18F-FDG uptake
in the pleura and qualitative assessment of pleural thickening
can accurately differentiate benign pleural plaques and inflam-
matory conditions from malignant pleural involvement
[15–18], and therefore, 18F-FDG-PET is accurate noninvasive
imaging technique in differentiating benign from malignant
diseases and more accurately stage MPM. In addition,
18F-FDG-PET images provide excellent information about the
active tumor sites especially in patients who are surgical
candidates [39]. PET imaging has been used to detect MPM,
which appears as a linear area of intense 18F-FDG uptake
surrounding the lungs [5]. However, in our study, we observed
that this is not always such typical and easy to decide. In our
study, some of our patients had multiple focally increased
18F-FDG uptake on their pleura despite their having continuous
thickening on their corresponding CT slices. These malignant
lesions showed focally increased 18F-FDG uptake on pleura,
which had become more intense on second time point image
(delayed) (Fig. 2a–c) and showed appropriate biopsy site.
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Despite that these results suggest that 18F-FDG-PET
should have a growing role in the evaluation of mesotheli-
omas, dual time point imaging may be of value in reliably
distinguishing intense uptake of 18F-FDG in benign inflam-
matory disease from that noted in the malignant disorders.
The concept of performing dual time point 18F-FDG-PET
scans in differentiating malignant from inflammatory pro-
cesses was first described by Alavi, Zhuang. and their
colleagues from the University of Pennsylvania [2, 3].
However, still in literature, there is a very few knowledge
about the role of dual time point imaging in differentiating
infection and/or inflammation from malignant disease [2, 3,
25]. The advantages of dual time point imaging in head and
neck, lung, pancreatic, and breast malignancies demonstrat-
ed that imaging at two different time points reveal
substantially higher SUV’s on delayed scans compared to
those measured on the initial scans [2–4, 21–24, 40]. In
these studies, this approach also improved the sensitivity of
the technique for both the primary and metastatic sites. In
the present study, we performed dual time point 18F-FDG-

PET studies to the 55 consecutive patients who were referred
for the evaluation of pleural disease. We analyzed a total
number of 55 dual time point studies. In 44 dual time point
studies, we detected 229 malignant mesothelioma lesions,
and in the remaining 11 dual time point studies, we detected
11 benign pleural lesions. The average SUVmax values and
changes over time of all malignant lesions of each patient
were calculated. Our results were the mean±SD of the
SUVmax1, SUVmax2, and the Δ%SUVmax of MPM patient
groups A, B, and C were 5.0±2.2%, 5.8±2.8%, and 12.8±
8.4%; 4.6±1.7%, 5.3±2.0%, and 13.8±9.2%; and 1.6±0.4%,
1.4±0.3%, and −9.6±19.1%, respectively. The mean±SD of
the SUVmax1, SUVmax2, and Δ%SUVmax in both newly
diagnosed and recurrent MPM were significantly higher than
those of benign pleural disease group (pG0.0001). There was
no significant difference between the comparisons of mean
SUVmax of patients in group A and B (p90.05). Our other
analyses were calculating SUVmax of the most intense lesion
of each patient in three groups and comparing the results
among them. The mean±SD of SUVmax1, SUVmax2, and Δ%
SUVmax of the most intense (hottest) lesions of groups A, B,
and C were 6.5±3.3%, 7.5±4.2%, and 13.3±9.1%; 6.1±
2.7%, 6.7±3.0%, 11.9±10.0% and 1.6±0.4%, 1.4±0.3%, and
−9.6±19.1%, respectively. The SUVmax calculations and its
change over time of MPM patients in groups A and B were

First time point

Second time point

A

B

C

Early

Delayed

SUVmax1= 1.8

SUVmax2= 1.6
∆%SUVmax = – %11.1

Fig. 3. Benign pleural disease.

Fig. 2. a First time point image of a patient with MPM. b
Second time point image of a patient with MPM. Part c
images are the corresponding slices of CT of the same
patient.

R
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even more significantly higher than those of benign pleural
disease group (pG0.0001). We had only one patient who had
benign pleural lesion, which showed an increase in FDG
uptake over time, and we had one patient who had no change
in FDG uptake over time. The histopathology of the patient
who showed increase in uptake was reactive mesothelial cells.
However, we had another patients in this group who had a
decrease in uptake with the same pathological result. This
exceptional patient showed that further investigations are
needed in this area based on cellular level. The patient who

had no change in uptake over time had no pathological cells in
the specimen.

There are limitations that probably influenced the
sensitivity in this study. First, there was a considerable
degree of variation seen among patients with benign pleural
lesions. In our study, while the malignant tissues had
positive dual time changes in SUV, the benign pleural
disease generally showed either no or negative dual time
point changes (in nine patients among 11; Fig. 3). This
would suggest that dual time point imaging will improve the

Fig. 4. Top rows FDG-PET shows two foci (black arrows) of intense tracer uptake corresponding soft tissue masses on the CT
images. Note that there is no significant tracer uptake corresponding to the pleural effusion. Bottom rows Another patient’s CT
image shows nodular thickening of mediastinal pleura (white arrows). FDG-PET image of this patient shows mild FDG uptake
indicating benign nature of the lesion.

Fig. 5. CT scans show diffuse irregular pleural thickening with significant nodularity. Corresponding FDG-PET images shows
discontinuous areas of intense tracer uptake take, indicating malignant areas of pleural thickening.
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sensitivity of the test, since it is expected that normal tissue
would not accumulate 18F-FDG over an extended period of
time. However, the two benign lesions in the present study
and other findings in literature showed that some exceptional
benign lesions’ FDG uptake increases over time [2, 3, 25].
This can be explained by Zhuang et al. [2], as mentioned in
their study the uptake of 18F-FDG in benign lesions can be
influenced by underlying etiology (infection vs. inflamma-
tion) and state of inflammation (acute vs. chronic). Second-
ly, this can be explained by selecting the time interval
between the first and the second scans as approximately
30 min. As stated above, most cancers require several hours
to reach maximum level in 18F-FDG uptake. Since 18F-FDG
uptake by inflammatory cells reaches its peak at about
60 min [2], the time interval between the first scan and the
second scan is also likely to be a factor that may affect the
performance of this technique. Therefore, we believe that, if
the time interval between the two scans could have been
longer, our results would have been more striking. In our
study, dual time point 18F-FDG-PET imaging has been
proven to be useful in localizing the areas involved with
MPM and can be helpful in guiding biopsy site. Dual time
point imaging technique of 18F-FDG-PET in the diagnostic
algorithm may reduce the number of open pleural biopsies
and thoracotomies performed for benign pleural disease. We
believe that the change in the dual time point SUVs would
be a more valuable diagnostic tool than an early or a delayed
single time point alone. Further studies are warranted about
the utility of dual time point imaging technique and
quantifying SUV, since our study showed that dual time
point imaging technique can help in evaluating the stage and
response to therapy (differentiation of benign and malignant
activity), detecting disease recurrence, and pinpointing the
most appropriate biopsy site (Figs. 4 and 5).

Conclusion
Our study results indicate that 18F-FDG uptake increases
with time in MPM. On the other hand, the uptake of 18F-
FDG in benign pleural disease decreases with time.
Therefore, it can differentiate benign from malignant pleural
disease and also be helpful in guiding the biopsy site for an
accurate diagnosis. Dual time point imaging is a simple
and noninvasive method that may improve the sensitivity
and specificity of 18F-FDG-PET in detecting malignant
pleural disease. Although more research is needed in this
area, dual time point imaging appears to improve the
accuracy of the technique when existing techniques cannot
distinguish between inflammation and malignancy. There-
fore, this technique may allow appropriate therapeutic inter-
ventions to be initiated early in the course of the disease.
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