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Clinical utility of 18-fluorodeoxyglucose positron
emission tomography/computed tomography
in malignant pleural mesothelioma
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Abstract. Malignant pleural mesothelioma (MPM) is an
aggressive malignant tumor of mesothelial origin associ-
ated with asbestos exposure. MPM has a limited response
to conventional chemotherapy and radiotherapy, thus early
diagnosis of MPM is extremely critical. CT scans have limited
accuracy in the differentiation between benign and malignant
pleural disease. Several studies have reported that 18-fluoro-
deoxyglucose (FDG) positron emission tomography (PET)
plays an important role in the assessment of thoracic malig-
nancy such as lung cancer. Here, we investigated the clinical
utility of PET in patients with MPM. The maximum SUV
(SUVmax) of 18F-FDG was measured in 47 MPM patients and
29 non-MPM patients including those with pleural thickening.
We demonstrated that patients with MPM had significantly
higher SUVmax levels than a population with non-malignant
pleural disease. The Kaplan-Meier method revealed significant
differences in overall survival between groups with SUVmax
levels lower and higher than the assumed cut-off. Our data
suggest that SUVmax levels are useful as an aid for diagnosis
and prognosis of MPM.
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Introduction

Malignant pleural mesothelioma (MPM) is an aggressive
malignant tumor of mesothelial origin associated with
asbestos exposure (1-3). Although asbestos usage has recently
been banned in Western countries and Japan, the incidence
of MPM is expected to markedly increase over the next few
decades since there is a long latency period (20-40 years)
between asbestos exposure and tumor development (4). MPM
shows limited response to conventional chemotherapy and
radiotherapy. Although multi-targeted anti-folate pemetrexed
has been approved as a first-line agent in combination with
cisplatin for MPM treatment, overall survival remains very
poor (5) with median survival durations of 8-18 months (6).
In several centers, potentially curative surgery combined with
some form of adjuvant therapy has been performed. Such early
therapeutic intervention appears to be more beneficial than late
intervention. Diagnosing MPM is critical (1) since the general
conditions of these patients such as a poor performance status
may hinder adequate therapy. However, diagnosis may be
extremely difficult in histological studies.

Computed tomography (CT) plays a role in identifying the
location and dissemination of malignant pleural tumors (7),
however, it is not always able to differentiate between malig-
nant and benign pleural lesions (8). Pleural biopsies such as
video-assisted thoracic surgery (VATS) are required to enable
definite diagnosis of MPM. However, these are invasive proce-
dures; therefore, new non-invasive techniques for assessment
of MPM are required to judge whether those procedures
should be practiced for diagnosis of MPM.

Currently, 18-fluorodeoxyglucose (FDG) positron emis-
sion tomography (PET) is an important imaging tool for the
diagnostic assessment of patients with cancer (9). PET is
useful for detecting malignant lung nodules (10,11). There
have been several reports concerning the uptake of FDG in
MPM and clinical assessment such as diagnostic and prog-
nostic information of MPM using PET (12-15). However, its
clinical utility in MPM has not been fully investigated. In this
study, we evaluated the diagnostic and prognostic role of PET
in Japanese MPM patients.
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Materials and methods

Patients. This study was performed using 76 patients who
presented at the Department of Respiratory Medicine of
Hyogo College of Medicine Hospital from September 2009
to April 2011. Forty-seven individuals had malignant plural
mesothelioma (MPM); 43 individuals were diagnosed using
histopathological samples and 4 were diagnosed using cytolog-
ical samples by pathologists skilled in the diagnosis of MPM.
Thirty-two patients had a documented history of asbestos expo-
sure. All 47 patients were classified using the staging system
of the International Mesothelioma Interest Group (IMIG) (16).
Patients with MPM were treated according to our therapeutic
guidelines; combination chemotherapy including multi-target
anti-folate pemetrexed or pemetrexed alone was administered
to patients with PS 0-1, and the best supportive care was chosen
for the remaining patients. Surgical and radiation treatment
was performed on 3 patients in the present study. Twenty-nine
individuals, including 3 cases with benign asbestos pleurisy,
had non-malignant pleural effusion. We verified asbestos expo-
sure by interview. Thirteen patients had a documented history
of asbestos exposure. Informed consent was obtained from all
patients. This study was approved by our ethics committee in
accordance with the 1975 Declaration of Helsinki.

FDG-PET imaging. 18F-FDG PET/CT imaging was
performed at the PET Center of Hyogo College of Medicine
Hospital. All patients fasted for at least 6 h before PET/CT
examination and their blood glucose concentrations were
measured. Patients were scanned on a PET/CT scanner
(GEMINI GXL 16; Philips Medical System, Eindhoven, The
Netherlands) 60 min after injection of 18F-FDG depending on
the patient's weight. CT was performed from head to foot at
a 5.0-mm slice thickness. For semi-quantitative assessment,
regions of interest (ROIs) were examined. The maximum SUV
(SUVmax) of 18F-FDG was measured from ROI according to
the standard formula. PET and CT datasets were reported by
two independent readers.

Statistical analysis. The nonparametric Mann-Whitney U-test
was used to compare two groups. In all tests, a p-value <0.05
was considered to indicate statistical significance. In order to
estimate the significance of SUVmax, receiver operating char-
acteristic (ROC) curves, area under the ROC curves (AUC),
and their 95% confidence intervals (95% CI) were calculated
using standard techniques. To obtain appropriate SUVmax level
cut-off values, we calculated the total sensitivity and specificity
for each cut-off value and then chose the cut-off values that
maximized the sum of sensitivity plus 1-specificity. Estimates
of the probability of survival were calculated using the Kaplan-
Meier method and compared using the log-rank test. In order
to evaluate SUVmax prognostic significance on the survival
of patients with MPM, Cox's proportional hazards regression
analysis (backward) was carried out as multivariate analysis.

Results
SUVmax levels in patients with MPM and patients with

non-MPM. We recruited a total of 76 subjects. Of them, 47 had
confirmed MPM and 29 had non-malignant pleural effusion.
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Table I. Characteristics of the study groups.

A, MPM patients (n=47)

Patient characteristics n (%)
Age (mean age + SD), in years 65.2+9.6
Gender
Male 38 (80.9)
Female 9(19.1)
Histology
Epithelioid 31 (66.0)
Sarcomatoid 6 (12.8)
Biphasic 4 (8.5)
Desmoplastic 1 2.1
Unknown 5 (10.6)
Stage
I 9(19.2)
I 10 (21.3)
1T 9(19.2)
v 19 (40.3)
B, Non-malignant patients (n=29)
Patient characteristics n (%)
Age (mean age + SD), in years 70.1x11.1
Gender
Male 22 (75.9)
Female 7(24.1)
CT findings
Benign asbestos pleurisy 3(10.3)
Plaque 5(17.2)
Tuberculosis (TB) pleurisy 1 (35)
Infectious (non-TB) pleurisy 1 (3.5)
Chronic pleurisy 6 (20.7)
Pleural thickening 12 (41.3)
Pleural effusion 1 (35

MPM, malignant pleural mesothelioma.

Their characteristics are shown in Table I. Of the 47 patients
with MPM, 31 were of epithelioid histology, 6 sarcomatoid,
4 biphasic, 1 desmoplastic and 5 unknown.

The ROC curves for SUVmax levels demonstrated that
patients with MPM had an AUC of 0.803 which differed from
those with non-MPM (95% CI, 0.722-0.885). At the optimal
cut-off value of 3.5, the diagnostic sensitivity was 59.6%, and
the specificity was 93.1% (Fig. 1A). The positive predictive
value (PPV) was 93.3%, and the negative predictive value
(NPV) was 58.7%. The SUVmax level of patients with MPM
was significantly higher (5.3+4.4) than that of the non-MPM
patients including those with benign asbestos pleurisy (1.2+1.8)
(p<0.01) (Fig. 1B). Differences in SUVmax levels between
the various MPM histological groups were significant (non-
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Figure 1. SUVmax levels in patients with MPM and non-MPM patients. (A) Sensitivity and specificity of SUVmax levels for distinguishing patients with MPM
from non-MPM patients (ROC curve). An analysis that included 47 MPM patients and 29 non-MPM subjects revealed an AUC of 0.803 (95% CI, 0.722-0.885).
At a cut-off value of 3.5, the diagnostic sensitivity was 59.6%, and the specificity was 93.1%. (B) SUVmax levels in non-MPM patients and MPM patients were
measured as described in Materials and methods. (C) SUVmax levels between the different MPM histological groups were measured as described in Materials
and methods. Sar, sarcomatoid subtype. (D) SUVmax levels for MPM patients divided into four stages are shown. The nonparametric Mann-Whitney U-test
(B and C) or the nonparametric Kruskal-Wallis test followed by the Mann-Whitney U-test (D) was used. p<0.05 was considered significant. Horizontal bars
represent the mean value of each group. The cut-off value is shown as a horizontal line.

sarcomatoid, 4.6+3.9 and sarcomatoid, 10.2+5.4, respectively)
(p=0.01) (Fig. 1C). Moreover, scatter plots of SUVmax levels
in MPM demonstrated tendencies to increase with increasing
stage (stage I, 1.5+2.2; stage II, 3.5+3.4; stage 111, 6.3+2.8;
and stage IV, 7.6+4.9) (p<0.01 by the nonparametric Kruskal-
Wallis test followed by the Mann-Whitney U-test) (Fig. 1D).
However, there were no significant differences in SUVmax
levels by gender (male, 5.2+4.4 and female, 5.5+4.7) and age
(=65, 5.5+4.3 and >65 years, 5.1+4.7). There were no signifi-
cant differences in SUVmax levels between patients with
benign asbestos pleurisy and those with non-MPM (1.8+1.5
and 1.1£1.8, respectively).

Relationship between SUVmax levels and overall survival. We
were able to closely monitor all MPM patients for 700 days.
To study the relationship between SUVmax levels and patient
clinical course, we divided patients based on their SUVmax
levels at the time of the first measurement. The first group
included patients with SUVmax levels <3.5, the cut-off value
that was used. In this group of 19 patients, the mean SUVmax
level was 1.4+1.4. The other group included the remaining 28
patients with SUVmax levels =3.5, whose mean SUVmax level
was 8.0+3.7. The difference in overall survival between the
groups with SUVmax levels lower and higher than 3.5 was
significant (p=0.02) (Fig. 2).

Cox's regression analysis was carried out for all MPM
patients for whom data on age, gender, histology, performance
status, and SUVmax levels were available. An independent
significant prognostic effect on survival of age (<65 versus
>65; HR, 2.4; 95% CI, 1.07-5.23; p=0.03) was found.
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Figure 2. Survival of MPM subjects according to SUVmax levels (<3.5 or
>3.5). Estimates of the probability of survival were calculated using the
Kaplan-Meier method and compared using the log-rank test.

Discussion

Mesothelioma is a malignant transformation caused by the
exposure of mesothelial cells to asbestos, and has a limited
response to conventional therapy, and a very poor prognosis.
The lifetime risk of mesothelioma is associated with occupa-
tional and/or environmental asbestos exposure history. Due
to the long latency period (typically longer than 30 years)
between first asbestos exposure and the onset of the disease,
the diagnosis of mesothelioma remains difficult with an
increasing incidence worldwide (1-3).

Current imaging tools lack the ability to accurately detect
the distribution of MPM. Previous reports have shown that
CT and magnetic resonance imaging (MRI) provide anatomic
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information that is not precise in the preoperative staging and
resectability of MPM (17,18).

PET is a very useful imaging tool for the clinical assessment
of cancer patients (9). The uptake of 18F-FDG is commonly
higher in most types of cancer than that in most normal organs.
Bénard er al examined whether PET helps to distinguish
between benign and malignant pleural disease and revealed that
PET was a sensitive tool in 22 MPM patients. The main results
of their study were that differentiation of benign lesions from
malignant pleural diseases still required pathological confirma-
tion and that PET did seem to be useful in guiding surgical
biopsy (12). In the next report, they performed a survival
analysis of 17 MPM patients (13), however, its clinical utility
in MPM was not fully investigated. In this study, we examined
the diagnostic and prognostic role of PET in 47 Japanese MPM
patients. Our current study was more than double the size of
the prior study in a single institution. 18F-FDG uptake levels
are semi-quantitatively expressed as SUVmax levels in general
clinical institutions. Similarly to Bénard er al, we found that
patients with MPM had significantly higher SUVmax levels
than the non-MPM population containing patients with a
history of asbestos exposure and a group that had never
been exposed to asbestos. The difference in SUVmax levels
between the population with or without a history of asbestos
exposure was not significant, suggesting that not only asbestos
exposure, but also MPM growth is required for elevations in
SUVmax levels. Furthermore, we analyzed SUVmax levels
of MPM patients using histology and staging systems and we
found significant differences in SUVmax levels among MPM
histological groups and staging. Although pleural biopsies such
as VATS are often critical to the diagnosis of MPM, they are
invasive procedures. Therefore, new non-invasive techniques
for assessment of MPM are required to judge whether those
procedures should be practiced for diagnosis of MPM.

Although the diagnostic sensitivity and NPV of SUVmax
levels for MPM measured on a ROC curve were not high
(59.6 and 58.7%, respectively), its specificity and PPV was
fairly high (93.1 and 93.3%, respectively), suggesting that high
SUVmax levels are supportive of a differential diagnosis of
MPM, which is extremely difficult to obtain for individuals
with pleural disease.

Moreover, we also demonstrated a significant correlation
between SUVmax levels and survival in most MPM patients
using the Kaplan-Meier method, which suggested their useful-
ness as a tool to estimate prognosis. Since there is no clinical
useful imaging system of MPM and early distinction of MPM
patients from those with benign asbestos-related diseases is
necessary, we propose that measuring SUVmax levels is a
useful imaging tool for the clinical management of MPM.

In conclusion, we demonstrated that patients with MPM
had significantly higher SUVmax levels than a non-MPM
population with or without a history of asbestos exposure, and
the Kaplan-Meier method revealed a significant correlation
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between SUVmax levels of MPM patients and survival. It is
suggested that SUVmax levels are a novel useful diagnostic
and prognostic imaging tool for MPM.
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