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Early discrimination between benign and malignant pleural dis-
eases is vital for the treatment and prognosis of a patient.
Imaging is traditionally performed with CT or MRI, with an
accuracy of 50%–75%. PET has proven to be superior as a
diagnostic tool in several malignancies. In this prospective
study, PET results in patients with pleural abnormalities on CT
were compared with histologic results. Methods: Eligible pa-
tients had pleural thickening on CT and were medically fit for
surgical diagnostic procedures. All patients underwent PET.
Qualitative assessment led to a PET score of 1 (definitely nor-
mal), 2 (probably normal), 3 (probably abnormal), or 4 (definitely
abnormal). PET scores of 1 or 2 indicated a negative PET
finding, whereas PET scores of 3 or 4 indicated a positive PET
finding. Pathologic verification techniques included thoracocen-
tesis, thoracoscopy, or open pleural biopsy at thoracotomy.
Results: Thirty-two patients were enrolled, 19 with malignant
and 13 with benign pleural disease. PET was true positive in 18
and true negative in 12 patients, with an accuracy and negative
predictive value of 94% and 92%, respectively. PET was false
negative in a patient with a slowly growing malignant solitary
fibrous tumor and false positive in a patient with infectious
pleuritis. Median standardized uptake values calculated for 7
patients with malignant and benign pleural diseases were 6.28
and 1.69, respectively. Patients with a PET score of 1 or 2
survived significantly longer than patients with a PET score of 3
or 4. Conclusion: Qualitative assessment of pleural thickening
with PET accurately discriminates between malignant and be-
nign pleural thickening, with a high accuracy and negative pre-
dictive value.
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Determining the etiology of pleural thickening remains a
challenging clinical problem. Early discrimination between
benign and malignant pleural diseases is vital for treatment
and prognosis. In particular, malignant pleural mesotheli-

oma (MPM) has to be distinguished from other causes of
pleural thickening. MPM has an unfavorable median sur-
vival of 4–12 mo, because of a usually long interval be-
tween presentation and diagnosis and the local aggressive-
ness of the tumor (1). However, a few selected patients may
benefit from chemotherapy or trimodality treatment (2).

Traditionally, pleural diseases can be imaged by chest
radiography, CT, and MRI. CT is more accurate than chest
radiography (3) and has been used for the assessment of
MPM for more than 15 y. In several studies, CT and MRI
performed equally well in the staging of MPM, with an
overall staging accuracy of 50%–75% (3–5).

Whole-body PET with18F-FDG is a noninvasive meta-
bolic imaging technique and an accurate diagnostic and
staging tool for several types of malignant disease (6). In
particular, PET has proven accuracy in the diagnosis of
solitary pulmonary nodules and the preoperative staging of
non–small cell lung cancer (7,8). A few reports are available
on PET in the evaluation of malignant pleural diseases
(9–13). These reports show an overall accuracy of 88%–
92% for PET. Only 2 limited studies could be found that
evaluated PET in the differential diagnosis of pleural dis-
eases (9,14). Therefore, we prospectively evaluated the fea-
sibility of PET in the diagnosis of pleural thickening on CT,
with pathologic results as the gold standard.

MATERIALS AND METHODS

Patients
Consecutive patients who had pleural abnormalities and pre-

sented at the pulmonary outpatient department of the Groningen
University Hospital were evaluated by history, physical exam-
ination, complete blood cell count, renal and liver function
tests, chest radiography, chest CT, and bronchoscopy. Eligibil-
ity criteria for this study were pleural thickening on chest CT,
medical fitness for surgical diagnostic procedures (thoracos-
copy, open pleural biopsy, thoracotomy), and an age of at least
18 y. Patients were excluded if they had hyperglycemia (serum
glucose� 10 mmol/L) (15).

Thirty-two patients were included. All patients gave informed
consent before enrollment. The study was approved by the Medical
Ethics Committee of the Groningen University Hospital.
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PET
Patients had to fast for 6 h before PET scanning, but they were

allowed to drink water and take their usual medications. 18F-FDG
was synthesized according to the method of Hamacher et al. by an
automated computer-controlled synthesis module (16,17). Whole-
body PET was performed 90 min after intravenous injection of
400–600 MBq of 18F-FDG, with either an ECAT 951/31 or an
ECAT HR� camera (Siemens/CTI). Fields of view were 10.8 and
15.0 cm, respectively, with respective resolutions of 6 and 5 mm
in full width at half maximum. Attenuation correction of the
18F-FDG activity was obtained by transmission scanning with a
68Ge/68Ga source, to enable calculation of a standardized uptake
value (SUV) for semiquantitative measurement of the 18F-FDG
activity. PET images were reconstructed into coronal, sagittal, and
transverse sections and a rotating projection. 18F-FDG uptake was
qualitatively assessed by 2 experienced physicians unaware of
clinical data. A hot spot was defined as focally increased 18F-FDG
uptake in comparison with the background and not related to
physiologic processes. The PET hot spots were assigned a PET
score indicating the hot-spot intensity per patient: 1 (definitely
normal), 2 (probably normal), 3 (probably abnormal), or 4 (defi-
nitely abnormal). PET findings were considered negative if the
PET score was 1 or 2 and positive if the score was 3 or 4.

SUV was calculated in the transaxial plane in which the hot spot
had the highest activity. To minimize variability in SUV due to
body composition, SUV was calculated using the lean body mass
(18). Regions of interest for SUV measurement were drawn using
the isocontour tool adjusted to 70% of the peak counts of the hot
spot. Because of time constraints, only 11 of the 32 patients
underwent transmission scanning. In 4 of those 11 patients, no
PET hot spot was detected. ECAT/CAPP software (Siemens/CTI)
was used for analysis.

Pathologic Examination
The study was performed on an intention-to-diagnose basis; that

is, all necessary procedures for a pathologic diagnosis were per-
formed, and patients with benign pleural diseases were followed
up for at least 1 y. Diagnostic procedures for pathologic verifica-
tion included thoracocentesis for cytologic and chemical analysis
of pleural effusion, thoracoscopy, or open pleural biopsy at thora-
cotomy. No treatment was started until all pathologic examinations
had been finished. Depending on the diagnosis and the diagnostic
procedure, pathologic examination methods consisted of cytology,
histology, and immunohistochemistry.

Statistical Analysis
Statistical analysis was performed with SPSS 10 software

(SPSS Inc.). Continuous variables are reported as medians and
ranges. Operating characteristics are reported with a 95% confi-
dence interval. Differences in SUV were calculated with the
Mann–Whitney U test. Survival was measured in months after the
day of the admission related to the pleural abnormalities. Survival
was analyzed with the Kaplan–Meier method and the log-rank test.
Reported P values are 2 sided, and P � 0.05 was considered to
indicate significance.

RESULTS

Patients
Thirty-two patients were enrolled from January 1996 to

September 2001 (Table 1). Malignant pleural disease was

diagnosed in 19 patients, and benign pleural disease in 13
patients.

A pathologic diagnosis was obtained in 27 patients, by
either thoracocentesis (n � 3), thoracoscopy (n � 6), closed
pleural biopsy (n � 7), or open pleural biopsy at thoracot-
omy (n � 11). A pathologic diagnosis was not obtained in
5 patients (1 patient with suspected MPM and 4 with benign
diseases). The patient with suspected MPM died 11 mo after
his first presentation, because of progressive disease. The
diagnoses in the 4 patients with benign diseases were infec-
tious pleuritis (1 patient, with positive cultures), asbestosis
(1 patient, with typical radiologic abnormalities), and pleu-
ral fibrosis of unknown origin (2 patients). During a mini-
mum follow-up of 22 mo, their pleural abnormalities re-
mained stable.

PET
Typical CT and PET images of a patient with MPM and

a patient with pleural fibrosis are shown in Figures 1 and 2,
respectively. PET results were positive in 19 patients (9
patients with a PET score of 3 and 10 patients with a score
of 4) and negative in 13 patients (7 patients with a PET
score of 1 and 6 patients with a score of 2). Qualitative
assessment of PET resulted in a high sensitivity, specificity,
accuracy, positive predictive value, and negative predictive
value (Table 2.) PET correctly identified 18 of the 19
patients with malignant pleural disease and 12 of the 13
patients with benign disease. PET was false negative in a
patient with a slowly growing malignant solitary fibrous
tumor and false positive in a patient with infectious pleuri-
tis. Unfortunately, no SUVs could be calculated for the
patients with the false-negative and false-positive PET re-
sults.

TABLE 1
Characteristics of the 32 Consecutive Patients with

Pleural Thickening on CT

Characteristic

Patients

n %

Sex
Male 27 84
Female 5 16

Malignant diagnoses (19 patients)
Malignant pleural mesothelioma 10 31
Sarcoma of chest wall 2 6
Large cell carcinoma 2 6
Malignant solitary fibrous tumor 1 3
Adenocarcinoma 1 3
Clear cell carcinoma 1 3
Undifferentiated carcinoma 1 3
Metastasis of colon carcinoma 1 3

Benign diagnoses (13 patients)
Fibrosis 6 19
Reactive pleuritis 3 9
Infectious pleuritis 2 6
Benign solitary fibrous tumor 1 3
Asbestosis 1 3

996 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 45 • No. 6 • June 2004



SUV could be calculated in 7 patients, 2 with a PET score
of 1 or 2 (both patients had reactive pleuritis) and 5 with a
PET score of 3 or 4 (3 patients with MPM, 1 with large cell
carcinoma, and 1 with chest wall sarcoma). Patients with a
PET score of 1 or 2 had a median SUV of 1.69 (range,
1.37–2.01), whereas patients with a PET score of 3 or 4 had
a median SUV of 6.28 (range, 2.46–6.94) (P � 0.053).

Survival
Patients with a PET score of 1 or 2 (group A) had

significantly better survival than patients with a PET score
of 3 or 4 (group B) (P � 0.0005). One-year survival was
100% in group A and 42% in group B, whereas both 2- and
3-y survivals were 100% in group A and 18% in group B.
At the September 2003 analysis, 14 of the 19 patients with
malignant pleural disease had died, with a median survival
of 9 mo (range, 1–22 mo). Five patients were still alive with
a median follow-up of 36 mo (range, 13–46 mo). The
diagnoses in these patients were adenocarcinoma of the lung
with pleural metastasis, slowly growing malignant solitary
fibrous pleural tumor, sarcoma of the chest wall (2 patients),
and undifferentiated pleural tumor of unknown origin.

Of the 13 patients with benign pleural disease, 1 had died
because of sepsis from diabetic ulceration of his right foot
(survival, 4.5 mo). Twelve patients with benign pleural
disease were still alive at a median follow-up of 37 mo
(range, 16–59 mo), with no signs or symptoms of malig-
nancy.

DISCUSSION

Differentiating MPM and pleural metastases of extrapul-
monary malignancies from benign pleural thickening is

difficult. Therefore, we examined the feasibility of 18F-FDG
PET for evaluation of pleural thickening. We found PET to
have a high sensitivity and specificity in the diagnosis of
pleural thickening. The high sensitivity is in line with stud-
ies examining the diagnostic value of PET in pleural thick-
ening (9,10,12,14). These studies together included 65 pa-
tients with malignant pleural disease, mostly MPM. Bénard
et al. showed that PET was sensitive for identifying MPM
and for determining the extent of disease (10). A disadvan-
tage of their study was that almost all (86%) patients had
malignant pleural disease and only 4 (14%) had benign
disease, making a comparison of PET in malignant and
benign pleural diseases inappropriate. The operating char-
acteristics of PET in the present study (Table 2) are higher,
with overall smaller 95% confidence intervals because of a
more equal distribution of malignant (59%) and benign
(41%) diseases.

The clinically most important result of our study is the
92% negative predictive value of PET. This value implies
that patients with pleural thickening and negative PET find-
ings (PET score of 1 or 2) may be followed up using only
CT instead of pathologic diagnostic procedures. A positive
PET finding (PET score of 3 or 4) should always lead to a
procedure for tissue verification.

Two important studies have been performed for the stag-
ing of MPM by PET. Flores et al. examined 60 MPM
patients before surgical intervention (13). Although this
study did not indicate whether PET could differentiate be-
tween benign and malignant pleural disease, PET was able
to identify or exclude distant metastases (thus precluding
surgery for MPM in those patients). All patients in this
study showed 18F-FDG uptake by the MPM, with a mean
SUV of about 7.0, which is comparable with the median
SUV for malignant pleural disease in the present study.
Unfortunately, PET was not reliable for staging local tumor
growth and mediastinal lymph node metastases (13).
Schneider at al. performed a study on 18 patients with MPM
(11). They reported that PET failed to image chest wall
involvement by MPM, but mediastinal lymph nodes were
reliably staged.

FIGURE 1. Images of a patient with MPM. (A) CT shows a
thickened parietal and mediastinal pleura on the left side (ar-
rows). (B) The corresponding PET image shows 18F-FDG uptake
in the ventral parietal and mediastinal pleura, without apparent
involvement of mediastinal lymph nodes.

FIGURE 2. Images of a patient with pleural fibrosis. (A) CT
shows an abnormality of the left diaphragmatic pleura (arrow).
(B) The corresponding PET image shows no hot spot in that
region.

TABLE 2
Operating Characteristics of PET with Qualitative

Assessment of Pleural Thickening on CT

PET finding

Diagnosis

TotalBenign Malignant

Negative 12 1 13
Positive 1 18 19
Total 13 19 32

Sensitivity � 0.95 (95% CI, 0.85–1.00); specificity � 0.92 (95%
CI, 0.78–1.00); accuracy � 0.94 (95% CI, 0.85–1.00); positive pre-
dictive value � 0.95 (95% CI, 0.85–1.00); and negative predictive
value � 0.92 (95% CI, 0.78–1.00).
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A limitation of our study was the relatively small number
of patients included, which may hamper straightforward
extrapolation of the conclusions to the general MPM pop-
ulation. Furthermore, the number of calculated SUVs was
limited. Although SUVs may improve specificity and neg-
ative predictive value, there is still no general agreement
whether visual assessment of PET is inferior to SUV. In the
present study, the PET score was closely associated with
SUV, and we demonstrated a clear difference in survival
between patients with a high PET score and patients with a
low PET score. The SUV threshold of between 2.0 and 2.5
that we found for malignant pleural disease is in line with
the SUV threshold of 2.0 described by Bénard et al. (10)
However, the role of SUV in the differentiation of malig-
nant and benign disease is still undetermined.

The false-negative PET result in our study was due to a
slowly growing malignant solitary fibrous tumor. Three
patients with false-negative PET findings in previous stud-
ies had epithelioid-type MPM (10,12). Two of these patients
had an SUV � 2.0, indicating low tumor metabolism.
Epithelioid-type MPM is a slowly growing subtype with a
low mitosis rate and a better overall survival than other
subtypes of MPM (19,20). In the patient with a false-
positive PET result, infectious pleuritis was diagnosed. In
previous studies, the same diagnosis was made in 3 patients
with false-positive PET findings (9,10). Infectious diseases
are known causes of PET positivity in the absence of
malignancy (6), again emphasizing the need for pathologic
verification of positive PET results.

CONCLUSION

PET provides useful information for the assessment of
pleural thickening observed on CT. Qualitative assessment
with PET discriminates between malignant and benign pleu-
ral thickening with a high accuracy and a high negative
predictive value. A significant survival difference was
shown between patients with high 18F-FDG uptake and
patients with low 18F-FDG uptake. We recommend PET
assessment of pleural thickening seen on CT, with patho-
logic verification of positive PET results.
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