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DIFFERENTIAL ROLE OF FLUORODEOXYGLUCOSE
(FDG)-POSITRON EMISSION TOMOGRAPHY [PET)/
COMPUTED TOMOGRAPHY [CT) IN THE DIAGNOSIS
OF BENIGN AND MALIGNANT PLEURAL EFFUSION

EL PAPEL DIFERENCIAL DE LA FLUORODESOXIGLUCOSA-TOMOGRAFIA POR
EMISION DE POSITRONES/TOMOGRAFIA COMPUTARIZADA [FDG-TEP/CT] EN EL
DIAGNOSTICO DE DERRAMES PLEURALES BENIGNOS Y MALIGNOS
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ABsTRACT

Objective. Even though many nuclear medicine techniques exist in the diagnosis and investigation
of pleural diffusion, nowadays the fluorodeoxyglucose-positron emission tomography/computed
tomography (FDG-PET/CT) is the scanning method most frequently used in this field. In this study,
we have aimed to establish the diagnostic power of FDG-PET/CT to define the pleural effusions
malignant or benign pattern. Material and methods. With the permission granted from the ethi-
cal committee, this study was conducted based on retrospective patient records. The study in-
cluded 106 patients, who underwent FDG-PET/CT scanning for having pleural effusion between
01.06.2014 and 01.06.2015. The pleural fluid maximum standard uptake value (SUVmax), the
pleural fluid standard uptake value mean (SUVmean), pleural SUVmax and pleural SUVmean, pleu-
ral thickness have been statistically compared between benign and malignant groups. A receiver
operating characteristic (ROC) analysis was performed for pleural fluid SUVmax, pleural fluid SUV-
mean, pleural SUVmax, pleural SUVmean and determined cut-off value. Results. 37 were female
and 69, male. The average age of the patients was 65.1 + 11.6 and the range of patients’ age was
from 14 to 86. Of the patients, 69 had malignant and 37, benign pleural effusion thickness of the
pleural fluid. Pleural thickness was found statistically significant between the benign and malignant
groups (p <0.05). The cut-off value calculated was 4.26 for pleural thickening SUVmax and sensi-
tivity: 756%, specificity: 73.9%, positive predictive value (PPV): 88.8% and negative predictive value
(NPV): 51.5% were determined for this value. The cut-off value calculated was 3.08 for pleural
thickening SUVmean with 71.9% sensitivity, 70.8% specificity, 86.8% PPV and 48.6% NPV de-
termined for this value. The cut-off value calculated was 1.96 for pleural fluid SUVmax (sensitivity:
43.5%, specificity: 43.2%, PPV: 58.8%, NPV: 29.1%). The cut-off value calculated was 1.66 for
pleural fluid SUVmean and had 44.9% sensitivity, 43.2% specificity, 59.6% PPV and 29.6% NPV
determined for this value. Conclusion. The FDG-PET/CT scanning has respective sensitivity, spe-
cificity and PPV but not NPV for malign pleural thickness diagnosis. Negative findings under FDG-
PET/CT should be confirmed through further tests. Besides, FDG-PET/CT alone has no diagnostic
value to detect malign pleural effusions.
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REesumen

Objetivo. Aunque existen muchas técnicas de la medicina nuclear en el diagnostico y la
investigacion del derrame pleural, hoy en dia la fluorodesoxiglucosa-tomografia por emision de
positrones/tomografia computarizada (FDG-PET/CT, por sus siglas en inglés) es la exploracion
utilizada con mas frecuencia en este campo. En este estudio, nuestro objetivo fue establecer
el poder diagnostico de la FDG-PET/CT para definir derrames pleurales malignos o benignos.
Material y métodos. Después de obtener el permiso del comité de ética, este estudio se llevd
a cabo sobre la base de registros retrospectivos de pacientes. El estudio incluyd 106 pacientes
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a los que se les realizd una FDG-PET/CT por derrame pleural entre el 01-06-2014 y el 01-06-
2015. El valor maximo estandarizado de captacion (standard uptake value, SUV) (SUVmax, su
sigla en inglés) del liquido pleural, la media del SUV (SUVmedia) de liquido pleural, el SUVmax y la
SUVmedia pleurales y el grosor pleural se compararon estadisticamente entre grupos benignos
y malignos. Se realizd un analisis de curvas de eficacia diagnostica (ROC) para el SUVmax del
liquido pleural, la SUVmedia del liquido pleural, el SUVmax y la SUVmedia pleurales y el valor
de corte determinado. Resultados. Treinta y siete pacientes eran mujeres y 69, varones. La
edad promedio de los pacientes fue de 65,1 + 11,6 y el rango de edad, de 14 a 86. Sesenta y
nueve pacientes tenian malignidad y 37 presentaban un grosor del derrame pleural benigno del
liquido pleural. El grosor pleural fue estadisticamente significativo entre los grupos benignos y
malignos (p <0,05). El valor de corte se calculd en 4,26 para el SUVmax del grosor pleural, y se
determinaron para este valor una sensibilidad del 75%, una especificidad del 73,9%, un valor
predictivo positivo (VPP) del 88,8% y un valor predictivo negativo (VPN) del 51,5%. El valor de
corte calculado fue de 3,08 para el SUV del grosor pleural, con una sensibilidad del 71,9%, una
especificidad del 70,8%, un VPP del 86,8% y un VPN del 48,6%. El valor de corte calculado fue
de 1,96 para el SUVmax del fluido pleural (sensibilidad: 43,5%, especificidad: 43,2%, VPP: 58,8%
y VPN: 29,1%). El valor de corte calculado fue de 1,66 para la SUVmedia del fluido pleural, con
una sensibilidad del 44,9%, una especificidad del 43,2%, un VPP del 59,6% y un VPN del 29,6%.
Conclusion. La FDG-PET/CT brinda sensibilidad, especificidad, VPP pero no VPN respectivos
para diagnosticar el grosor pleural maligno. Los hallazgos negativos en una FDG-PET/CT deben
confirmarse mediante pruebas adicionales. Ademas, la FDG-PET/CT no tiene valor diagnostico

independiente para derrames pleurales malignos.
PALABRAS CLAVE. Liquido pleural, malignidad, FDG-PET/CT.

Introduction

Pleural effusion may occur not only due to local pleural disea-
ses but also due to systemic diseases such as cardiac insu-
fficiency and renal insufficiency, infections and drug use (1).
Fluorodeoxyglucose-positron emission tomography/compu-
ted tomography (FDG-PET/CT) is a powerful method for the
detection and diagnosis of pleural pathologies (2). FDG-PET/
CT systems can monitor both metabolic functions and anato-
mic details in one session (3). As a result of using this techni-
que, glucose metabolisms of lesions are evaluated and hyper-
metabolic lesions are reported in favor of malignancy (2). The
aim of this study is to determine the efficiency and reliability of
the fluorine-18 (F-18) FDG-PET/CT in differential diagnosis of
benign and malignant pleural effusion.

Material and methods

This retrospective study was conducted with the approval
of the ethical committee at Ankara Kegioren Training and
Research Hospital. The study analysed 106 patients who
underwent FDG-PET/CT for having pleural effusion between
01.06.2014 and 01.06.2015. Pleural fluid histopathology
samples of all patients were available. Patients with transu-
date fluid quality were excluded from the study. Patients with
pulmonary malignancy and pleural fluid were not included in
the study unless their pleural fluid proved to be malignant.
Pleural fluid maximum standard uptake value (SUVmax),

pleural fluid mean standard uptake value (SUVmean), pleu-
ral SUVmax, pleural SUVmean of patients were compared
between benign and malignant groups. A receiver opera-
ting characteristic (ROC) analysis was performed in terms
of pleural fluid SUVmax, pleural fluid SUVmean, pleural SU-
Vmax, pleural SUVmean and the cut-off value was determi-
ned. The Hounsfield Unit (HU) for density measurement in
CT and SUV in PET images was used. While the SUVmean
is the mathematical mean value of all pixels at the region
of interest (ROI), minimum and maximum values show the
lowest and the highest pixel values in ROI. The PET/CT
images were being evaluated, and the highest SUV deter-
mined in pleural fluid or pleural thickening was included in
the evaluation. A SUV over 2.5-3.0 can be accepted as sen-
sitive and specific in terms of malignancy. However, recent
studies show that the SUV does not have diagnostic value
for differentiating malignant and benign patterns (4-7). The
FDG-PET/CT images were taken at Ankara Ataturk Pulmo-
nary Diseases and Thoracic Surgery Training and Research
Hospital. A Siemens Biograph-6-HI-REZ (Siemens Medi-
cal Solutions, Knoxville, Tennessee, USA) integrated PET/
CT was used for monitoring. The patients had fasted for six
hours before the imaging. All patients who undertook mo-
nitoring had a fasting blood glucose value under 200 mg/
dl. The images were taken in 6 to 8 bed positions, from
the skull base to the upper femoral, after the patients were
administered 370-555 MBq (10-15 mCi) FDG intravenously.
For attenuation adjustments of the PET images, CT para-
meters were employed. The PET, CT and PET/CT fusion
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Figure 1. ROC analysis curve between pleural thickening SUVmax and diagnosis groups.

images were taken at trans-axial, coronal and sagital planes
through whole body projection, and then patients were eva-
luated. Quantitative analyses of the images were performed.
Patients were staged through PET/CT and other imaging
techniques. The size of pleural effusion, thickness of pleu-
ral leaves, FDG uptakes (SUV) of pleural fluid and pleural
thickening areas were identified in the qualitative evaluation.
Parameters obtained in the study were analyzed through
the SPSS 20 packet-program. The Shapiro-Wilk test was
also used for the number of variable units. When examining
the differences between the groups, the independent T-test
was used for variables from normal distribution. When it was
perceived that variables did not come from normal distri-
bution, the Mann-Whitney U Test was applied. Since num-
bers of units were more than 20, a standardized z value was
given for Mann-Whitney U test. A chi-square analysis was
applied during the examination of the nominal variables’ re-
lations between the groups. At 2x2 tables, when expected
values at cells do not have adequate volume, the Fisher’s
exact test was used. At rows and columns (RxC) tables,
Pearson’s chi-square analysis was applied with Monte Carlo
simulation. The relationships between the variables which
did not come from normal distribution were examined with
Spearman’s correlation coefficient. For the variables coming
from normal distribution, Pearson correlation coefficient was
used. The cut-off point was determined through a ROC
analysis. Statistical significance for all analyses was set at a
probability value of less than 0.05.

Results

Of the patients, 34.9% (n = 37) were female and 65.09%
(n = 69) were male. Though they were not significant,
59.4% of the males and 75.7% of the females had a diag-
nosis of malignant pleural effusion (p = 0.144). The age of
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Figure 2. ROC analysis curve between pleural fluid SUVmax and diagnosis groups.

the patients ranged from 14 to 86, and the average age
was 65.1 + 11.6. Sixty-nine patients had malignant, and
37, benign pleural effusions.

The SUVmax pleural thickening of the benign group is signi-
ficantly lower than that of the malignant group (p <0.05). The
pleural thickening SUVmean of the benign group is significantly
lower when compared to the malignant one (p <0.05) (Table 1).
Pleural thickening SUVmax, pleural thickening SUVmean,
pleural fluid SUVmax, and pleural fluid SUVmean ROC
analysis results (Table 2): there is a statistically significant
relation between the pleural thickening SUVmax which were
determined with the PET/CT and diagnosis groups. With
the ROC analysis, a cut-off value of 4.26 for SUVmax was
calculated as 75%, 73.9, 88.9%, and 51.5% for sensitivity,
specificity, positive predictive value (PPV) and negative pre-
dictive value (NPV), respectively.

ROC analysis between pleural thickening SUVmax and
diagnosis groups (Figure 1): a cut-off value of 3.08 for pleu-
ral thickening SUVmean was calculated as 71.9%, 70.8%,
86.8%, and 48.6% for sensitivity, specificity, PPV and NPV,
respectively. A cut-off value of 1.96 for pleural fluid SUVmax
was calculated as 43.5%, 43.2, 58.8%, 29.1% for sensitivi-
ty, specificity, PPV and NPV, respectively.

According to ROC analysis between pleural fluid SUVmax
and diagnosis groups (Figure 2), there is no statistically sig-
nificant relation between SUVmean diagnosis groups deter-
mined with the PET/CT. A cut-off value of 1.66 for pleural
fluid SUVmean was calculated as 44.9%, 43.2%, 59.6%,
29.6% for sensitivity, specificity, PPV and NPV, respectively.
Some PET/CT figures of the patients were given.

Discussion

Pleural effusions are common findings of pulmonary, heart
and infectious diseases. Although the most common reason
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of pleural effusions is congestive heart failure and parapneu-
monic effusion, studies showed that 29%-43.8% of exudate
effusions were diagnosed as malignant effusions (8-10). Pleu-
ral involvement is not an uncommon finding in patients with
lung carcinoma. However, differentiation between benign
and malignant effusion has a key role for accurate determi-
nation of a lung tumor. However, the differentiation of a ma-
lignant pleural effusion is difficult with conventional imaging
modalities. Despite all imaging and invasive diagnostic mo-
dalities, only 36% of pleural effusions can be diagnosed (11).
Several studies showed that FDG-PET/CT has an important
role in the diagnosis of malignant pleural diseases and dis-
tance metastasis (2). Besides, FDG-PET/CT can be a guide
to biopsy areas which are decided with an increased FDG
uptake of pleural or pulmonary masses or lymph nodes (12).
FDG-PET/CT imaging may be more accurate and reliable

(sensitivity 88.8-100%, specificity 94.1-94.4%, respectively)
than repeated thoracentesis (13-15). Our study showed
that the FDG uptake was significantly higher at malignant
pleural thickness than benign thickness (SUVmean: 3.085,
sensitivity 71.9%, specificity 70.8%, PPV 86.8% and NPV
48.6%, p <0.005, respectively). Nevertheless, the SUVmax
cut-off value was determined as 4.26 by the ROC analysis.
It showed sensitivity, specificity, PPV and NPV, respectively,
as 75%, 73.9%, 83.9%, and 51.5%.

Liao et al. have reported similar results to ours in a 33-patient
study (16). However, Kramer et al. and Orki et al. have reported
a FDG-PET/CT NPV of 92% and 100% at malignant pleural
diseases (17,18). They also showed a higher sensitivity, spe-
cificity and PPV (95% and 100%, 92% and 94.8%, 95% and
95.6%) than our study. Kramer et al. and Orki et al. analyzed
32 patients and 83 patients (17,18). Their studies had a higher

TABLE 1. THE SUVMAX PLEURAL THICKENING OF THE BENIGN GROUP IS SIGNIFICANTLY LOWER WHEN COMPARED TO THE MALIGNANT GROUP (p <0.05).

THE PLEURAL THICKENING SUVMEAN OF THE BENIGN GROUP IS SIGNIFICANTLY LOWER WHEN COMPARED TO THE MALIGNANT ONE (p <0.05)

Diagnosis Mann Whitney U Test
n Mean Median Min Max ss Mean rank z P
Extent of Benign 36 428 345 11 200 336 43.79
pleural effusion Malignant 68 70.3 525 8 215 56.4 5711
(mm) Total 104 60.8 4 8 215 512 -2.143 0.032
Pleural Benign 35 5.1 5 2 10 24 33.39
thickness Malignant 66 122 9 2 40 95 60.34
(mm) Total 101 9.7 7 2 40 85 -4.42 0.001
Pleural Benign 23 39 34 134 11.69 21 25.39
thickening Malignant 64 84 6.8 1.39 29.73 53 50.69
SUVmax Total 87 72 56 134 29.73 51 -4119 0.001
Pleural Benign 24 2.8 2.8 0.86 5.54 09 2552
thickening Malignant 64 43 4 1.39 11.23 18 51.62
SUVmean Total 88 39 34 0.86 11.23 17 -4.268 0.001

TABLE 2. PLEURAL THICKENING SUVMAX, PLEURAL THICKENING SUVMEAN, PLEURAL FLUID SUVMAX, AND PLEURAL FLUID SUVMEAN ROC ANALYSIS RESULTS

Cut-off Sensitivity % Specificity %
PPV% NPV% AUC
Pleural thickening SUVmax 4.26 75.00 73.90 88.90 51.50 0.791
Pleural thickening SUVmean 3.085 71.90 70.80 86.80 48.60 0.797
Pleural fluid SUVmax 1.96 43.50 43.20 58.80 29.10 0.425
Pleural Fluid SUVmean 1.665 4490 4320 59.60 29.60 0.431

PPV: positive predictive value. NPV: negative predictive value. AUC: area under the curve.
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TABLE 3. DIAGNOSTIC VALUE OF FDG-PET/CT AT PLEURAL THICKNESS: SUMMARY OF LITERATURE

Ref. Authors, Patient Parameters Sensitivity Specificity PPV NPV
No publication year number (n) % % % %
18 Orki et al, 2009 83 SUVmax >3 100 94.8 95.6 100
17 Kramer et al, 2004 32 SUVmax >2 9% 92 9 92

Pleural uptake on PET
19 Kimetal, 2011 33 L/Prim*=*>0.17 79 56 83 50
Pleural uptake on PET
21 Toaff et al, 2005 31 SUVmax >1.7 43 70 75 37
Pleural uptake on PET
1 Nakajima et al, 2015 36 TNR* (Th12**) >0.95 57 91 80 4
Pleural uptake on PET
16 Liao etal, 2012 33 SUVmax >2.5 815 83.3 95.7 50
Pleural uptake on PET
22 Alkhawaldeh et al, 2011 61 SUVmax >2.4 100 94 % 100
13 Letovanec et al, 2012 47 SUVmax >2.2 53 91 75 79
23 Duysinx et al, 2006 79 SUV normalized body weight >2.2 86 75 86 75
QOur study 106 SUVmax >4.26 75 739 839 515

B Figure 3. Adenocarcinoma
- infiltration in a 69-year-old man.

Figure 4. Pleural fluid

- inflammation in an 83-year-
old man.
=
g
: 3 i
E Figure 5. Chronic pleuritis in an

83-year-old man.
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NPV and PPV because they had an inferior number of pa-
tients and they did not use a ROC curve to standardize the
SUVmax cut-off value (Table 3). These results suggest that
FDG-PET/CT can play a significant role in diagnosing lung
cancer patients with pleural thickness with a low false-po-
sitive rate but negative findings under FDG-PET/CT should
be confirmed by further tests. Our study also showed that a
pleural effusion FDG uptake is not a good criterion for a ma-
lignant potential of the effusion. After the ROC curve analy-
sis, we defined the SUVmax cut-off value as 1.96 and sen-
sitivity, specificity, PPV and NPV as 43.5%, 43.2%, 58.8%,
and 29.1%. Kim et al. found that the SUVmax values that
were normalized for pleural effusion FDG uptake showed
diagnostic values in the ROC analysis similar to those in
our study (19). Porcel et al. have published a meta-analysis
based on 14 studies with more than 600 patients and, as in
our results, it suggests that FDG-PET/CT imaging does not
seem to be sufficient in the routine workup for determining
the cause of pleural effusion (20).
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