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Summary
Introduction. - Positron emission tomography (PET) now plays a clear role in oncology, especially in chest tumours. We discuss the value of metabolic imaging in characterising pleural pathology in the light of our own experience and review the literature. 
Background. - PET is particularly useful in characterising malignant pleural pathologies and is a factor of prognosis in mesothelioma. Metabolic imaging also provides clinical information for staging lung cancer, in researching the primary tumour in metastatic pleurisy and in monitoring chronic or recurrent pleural pathologies.
Conclusions. - PET should therefore be considered as a useful tool in the diagnosis of liquid or solid pleural pathologies.
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Introduction
Pleural disorders occur frequently in pulmonology and include a variety of inflammatory, infectious and industrial diseases and also malignancies. One of the most common presentations is pleural thickening or pleurisy. Researching the aetiology of pleural disease involves a very broad range of differential diagnoses, sometimes complicated by the fact that there are no criteria that are truly specific to malignancies on the conventional imaging exploration techniques such as plain radiographs, CT-scans and MRI [1,2]. It is true that the chemistry, bacteriology and cytology of the pleural fluid can make a significant contribution to the diagnosis [3,4]. However, although thoracocentesis is an essential examination, its sensitivity in the diagnosis of pleurisy caused by tuberculosis or malignancies is only 28 and 62% respectively [5]. In both these aetiologies the sensitivity of pleural needle aspiration biopsy, performed blind, is only 51 and 44% [5-7]. Thoracoscopy is therefore often essential and in some cases unavoidable to research an accurate aetiological diagnosis and remains the gold standard for exploring pleural disorders. Its diagnostic yield is above 95% [5], although it is an invasive procedure and can sometimes be difficult to perform, especially in elderly patients whose cardiopulmonary status is poor. Pleuroscopy can also be technically complicated, particularly when there are multiple adhesions in the pleura or in cases of isolated pleural thickening; in some cases it can even be contraindicated (coagulation disorders, serious heart disorders, patient with only one lung...) [8]. It also requires a medical team that is highly skilled in the technique and lastly, pleurisies that are potentially malignant tend to recur and repeated thorascopic examinations can be an extra burden for the patient. Although pleural metastases usually arise from lung (41%) and breast (18%), cancer, researching the primary tumour can sometimes be a long, complicated process, entailing numerous complementary examinations that are often costly and do not always identify the primary disease. In over 10% of pleural malignancies the primary tumour is never found [9-11].

18 fluorodeoxyglucose (18FDG) labelled metabolic imaging by positron emission tomography (PET) is frequently used in oncology today, especially in pulmonary tumours [12-15]. It has many indications: characterising a single pulmonary nodule [16], mediastinal staging [17,18] and it can also be useful in the screening and surveillance of extrathoracic non small-cell lung carcinoma (NSCLC) metastases [19,20], and for monitoring their treatment [21]. Because pleural diseases are difficult to diagnose and the conventional exploration techniques are not very effective, 18FDG labelled metabolic PET imaging has gradually demonstrated its value in contributing clinically useful input to the decision-making algorithm for exploring these disorders [22]; PET now has an acknowledged role to play, especially in assessing isolated lymphocyte-rich exudative disorders or when the clinical picture alone does not provide an explanation.
The contribution of metabolic imaging in identifying malignant pleural diseases
Several studies [23-32] give details of the performance of PET in the differential diagnosis of primary or secondary pleural malignancies and benign pleurisy. The distinction between benign and malignant disorders is based on a visual analysis made by a skilled physician in these studies. The sensitivity is excellent (89-100%), and the specificity is acceptable (67-100%), with a negative predictive value between 67 and 100% and an accuracy of diagnosis above 80%, which is higher than the cytology results for thoracocentesis (Table 1). Three of these studies were carried out on a significant number of patients [24,26,29] and are well worth closer scrutiny.
Table 1     Data in the literature giving details of the performance of PET in the differential diagnosis between malignant and benign pleural disease.
	
	n
	Histology
	Sensitivity (%)
	Specificity
(%)
	Positive predictive
(%)
	value (%)
	Accuracy (%)

	Benard et al. [23]
	28
	MPM and MP
	91
	100
	-
	-
	92

	Duysinx et al. [24]
	98
	MPM and MP
	96.8
	88
	94
	94
	-

	Kramer et al. [25]
	32
	MPM and MP
	95
	92
	95
	92
	94

	Schaffler et al. [26]
	92
	MP in NSCLC
	100
	71
	63
	100
	80

	Carretta et al. [27]
	14
	MPM and MP
	92
	-
	-
	-
	92

	Erasmus et al. [28]
	25
	MP in NSCLC
	95
	67
	95
	67
	92

	Gupta et al. [29]
	35
	MP in NSCLC
	88.8
	94.1
	94
	88
	91.4

	Bury et al. [30]
	25
	MP
	100
	78
	89
	100
	-

	Toaff et al. [31]
	31
	MP
	95
	80
	91
	89
	90

	Balagova et al. [32]
	16
	MPM and MP
	100
	-
	-
	-
	-


MPM: Malignant pleural mesothelioma; MP: Metastatic pleurisy, whatever the primary tumour site; MP in NSCLC: Metastatic pleurisy in non small-cell bronchopulmonary carcinoma.
Our team published a prospective study [24] on 98 patients (67 males and 31 females, mean age 60.9 years) who presented with a pleural disease for which no precise aetiology had been confirmed after a chest x-ray and thoracocentesis. Each of these patients had PET combined with a conventional CT-scan before any invasive exploration. In a secondary stage the final histological diagnosis was made by pleural needle aspiration biopsy (n = 17), pleuroscopy (n = 62), or surgical biopsy by thoracotomy (n = 5). In 14 patients, the diagnosis was based on radiological and clinical follow-up of the pleural disorder alone. In 67 cases the pleural disorder presented as an isolated fluid effusion, as a thickening of the pleura in 12 cases and as a combination of both anomalies in 19 cases. For the 35 benign pleural disorders diagnosed (12 cases of parapneumonia, three of tuberculosis, eight inflammatory, six asbestos-related and three post-radiation disorders, three benign tumours), metabolic imaging identified 31 of the benign pleural disorders correctly with no significant increase in pleural uptake. The four false positives were two cases of pleural effusion due to parapneumonia, one case of tuberculous pleurisy and one case of uraemia-related pleurisy. All the cases of benign asbestos-related and post-radiation pleurisy were correctly classified by PET. In the 63 cases of malignant pleural disease only two did not show an increased uptake of the tracer in the pleura (a « low-grade » lymphoma and a metastasis of a prostate neoplasm). All the cases of metastatic pleurisy of pulmonary malignancies and mesothelioma featured increased FDG uptake in the pleura. On the basis of these results we were able to report a sensitivity of 97%, a specificity of 88%, and negative and positive predictive values of 94% and 94% respectively. Our study confirmed previous data published by Schaffler et al. Their retrospective study [26] included 92 patients with NSCLC who presented with a pleural anomaly. The authors reported three CT-scan categories of pleural involvement:
•  pleurisy with destructive bone lesions of the rib cage adjacent to a pleural mass, which was considered to be malignant;
•  a pleural lesion was considered to be benign if the density of the pleurisy was below 10 HU, and there were no pathological fractures of the ribs;
•  a CT scan anomaly was considered as non-specific if the density of the pleurisy was above 10 HU and/or if there was a solid pleural anomaly with no destructive bone lesions.
The final diagnosis was obtained by ultrasound-guided thoracocentesis or biopsy or video-assisted surgery if the cytology was negative and confirmed 30 cases of malignant pleurisy and 62 benign cases. On conventional imaging, using the criteria described above, 29% of the pleural pathologies were considered to be benign on the CT scan and 71% were not interpretable. PET identified 30 pleural malignancies correctly versus only 44 of the 62 benign pleural disorders; three fractured ribs and 15 cases of empyema were false positives. These authors once again reported that PET was 100% sensitive in identifying pleural malignancies with a specificity of 71%. Once again the negative predictive value was high (100%).

Lastly, Gupta et al. [29] reported the value of PET in screening pleurisy caused by pleural metastases in patients with proven lung cancer and pleural anomalies suspected to be malignant on the thoracic CT-scan (pleural nodules, pleural thickening greater than one centimetre, irregular thickening of the pleura, or thickening associated with pleural effusion). The final diagnosis showed 18 cases of malignant and 17cases of benign disease. On the PET scan, 18 of the pleural disorders showed a high FDG uptake and 16 were true positives. Sixteen out of the 17 benign pleural disorders were negative in terms of FDG uptake. The sensitivity, specificity and negative predictive value of metabolic imaging were respectively 89%, 94% and 89%.

In the light of these results, we feel that PET metabolic imaging is clearly helpful in distinguishing benign pleural diseases from malignancies. It could be especially useful in a number of difficult settings in chest oncology because metastatic pleurisy caused by lung cancer and mesothelioma can be discriminated on metabolic imaging (Fig. 1). In view of its excellent negative predictive value PET can be particularly helpful in identifying malignant pleural disease when there is no increase in FDG uptake in the pleura. The absence of pleural hypermetabolism after radiotherapy also contributes information that can be useful in the restaging, treatment and follow-up of NSCLC. Although PET should not be seen as a replacement for pleuroscopy there is no doubt that it is now part of the diagnostic process in pleural disease; it can also be a way of avoiding an escalation of invasive explorations, especially if pleuroscopy seems risky. In the case of isolated thickening of the pleural tissue PET can also be useful to guide a surgical biopsy in the hypermetabolic area (Fig. 1).

Figure 1.     Transversal and frontal metabolic imaging slices of a patient with desmoplastic mesothelioma of the right pleural cavity at the metastatic stage.
[image: image1.png]



The value of semi-quantitative PET analysis in lymphocyte exudative pleurisy
The various studies that assess the value of PET in pleural disease are based on a visual analysis of the metabolic imaging. One might suppose that a semi-quantitative analysis of the images obtained by PET scan would be more objective than a visual interpretation, increasing the diagnostic accuracy. We attempted to support this assumption [33] on a cohort of 79 consecutive patients who presented with lymphocyte exudative pleural effusion for which no aetiology had been found after a CT-scan and thoracocentesis. As previously, all patients had PET before any invasive procedure was envisaged, but in this case the pleural metabolic images were processed using a semi-quantitative method based on SUV (Standard Uptake Value).
Six SUV parameters were calculated: SUVbw, SUVbsa, SUVlbm and correlated respectively to body weight, body surface area and lean body mass; these three SUV parameters were then corrected for glycaemia [34]. A formal histological diagnosis, obtained for each patient by thoracoscopy enabled us to discriminate between 28 cases of benign pleurisy (five cases were related to parapneumonia, three to tuberculosis, 12 were inflammatory, two asbestos-related, five consecutive to radiotherapy and one to uraemia) and 51 malignancies. In the latter group we found 18cases of metastatic pleural involvement related to extrathoracic cancer, 25 cases of metastatic pleurisy related to lung cancer and eight cases of mesothelioma. The ROC (Receiver Operating Curve) analysis showed areas under the curve between 0.803 and 0.863 in the distinction between benign and malignant pleurisy and between 0.763 and 0.818 when we compared the metastatic pleurisy of primary extrathoracic tumours with the metastatic pleurisy of thoracic tumours. From the methodological standpoint the SUVbw parameter was the most discriminatory for distinguishing the benign cases of pleurisy in the various sub-groups of tumoral pleurisy. The mean value of SUVbw was significantly higher in the malignant pleurisy group compared to the benign group (4.7 vs 1.9). The same was true of each sub-group of tumoral pleurisy in comparison to the benign group. Lastly, although no significant difference was found in the mean SUV values for the metastases of lung tumours and mesothelioma groups, both showed mean SUVbw values that were significantly higher than those of the pleural metastases of the extrathoracic cancer sub-group (5.5 et 5.6 vs 3.1). We researched a cut-off value and this showed us that a SUVbw of 2.2 was sufficient to differentiate malignant from benign pleurisy with a sensitivity, specificity and accuracy, of respectively 86%, 75% and 82%. The most accurate threshold value for dividing the metastatic pleurisies into groups on metabolic imaging (extrathoracic vs thoracic primary tumour) was 2.6 with a sensitivity of 94%, a specificity of 56% and an accuracy of 80%.

Semi-quantitative analysis of PET scan imaging of the pleura therefore confirms the previous results of visual analysis in this indication but because it identifies a cut-off value the interpretation becomes more objective. Calculating the SUV value also seems to afford guidance when seeking the primary tumour site if the patient has metastatic pleurisy. This suggests that metabolic imaging could therefore be a way of avoiding a substantial number of explorations if the patient's pleural SUVbw is less than 2.2.

Can semi-quantitative PET analysis be a factor of prognosis in mesothelioma?
Some studies [35,36] suggest that PET SUV values are an independent factor of prognosis in NSCLC [37]. A SUV above 4 may even indicate that the histology of a malignancy is more aggressive and thus be a factor of adverse outcome in NSCLC with only 3% surviving at 40 months against 88% with a SUV value below this threshold. FDG uptake may also be a factor of prognosis in mesothelioma, a primary pleural tumour: Benard et al. [38] suggested this hypothesis in 1999 when they reported on a cohort of 18 mesotheliomas, with a median survival of 5.3 months vs 15.6 months for patients with mean SUV values of respectively 6.6 vs 3.2. In this study, the Kaplan-Meier analysis confirmed a cumulative survival at 12 months of 17 vs 86% according to whether the pleural SUV value was above or below the median value of 4.03. A more recent study grouping 137 cases of mesothelioma [39], identified the SUV value as an independent predictive factor of survival, on a par with mixed cell-type and advanced stage. The risk of morality was 1.9 times higher with a very elevated pleural SUV value above 10. However, further studies must be carried out to definitively confirm the prognostic value of PET in mesothelioma.
The value of PET in staging non small cell lung cancer
One patient in three suffering from NSCLC presents at diagnosis with pleural metastases [40]. Fifteen percent of the patients with a diagnosis of NSCLC present with pleurisy [41]. Identifying a malignant pleural infiltration of NSCLC is of paramount importance because this information contributes to the prognosis and defines whether the case is amenable to surgical resection. The NSCLC classification T4 includes the presence of malignant pleurisy, which means that the tumour has spread and defines its local and regional extension, thereby excluding any possible surgical option. In the two cohorts we have reported from the literature [24,33], all the metastatic pleurisies related to lung cancer were correctly identified by PET. Any NSCLC with little or no FDG uptake (particularly if SUVbw is < 2.2) should be considered as potentially amenable to resection without necessarily having to resort to more invasive explorations. This is corroborated by the negative predictive value of various studies including pleurisy in a NSCLC setting [24,26,28-30]. Conversely, when there is increased uptake on the PET scan showing pleural hypermetabolism, histological proof should be obtained to make sure that a patient is not wrongly refused curative surgery. We feel that pleural PET analysis can contribute substantially to the staging, the decision to treat and the prognosis of NSCLC, just as a mediastinal or extrathoracic evaluation does. In all cases it should be part of the basic decision making processes in lung cancer.
Radiotherapy-related pleurisy
It is not always easy to identify a recurrence in lung disease after radiotherapy. PET would seem to have an indication in the follow-up of patients who have received radiotherapy for NSCLC [21]. When pleurisy occurs during radiotherapy once again the issue of whether the condition is caused by the radiotherapy or metastases is raised. In the articles published to date [24-32], post radiotherapy pleurisy has never shown signs of pleural hypermetabolism. We therefore feel that PET study of the pleura is a way of avoiding the more invasive explorations in when following up patients with NSCLC treated by radiotherapy (Fig. 2).

Figure 2.    Transverse metabolic imaging slices of a patient with NSCLC of the right lower lobe treated by radiotherapy, showing no 18FDG uptake; the thoracoscopy proved that the pleurisy was consecutive to radiotherapy.
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The value of PET in researching the primary tumour
When secondary metastatic pleurisy is diagnosed, the primary tumour site must be found to determine which chemotherapy regimen will be the most appropriate, as it must when any isolated lymph node, bone, skin, or brain metastasis of an unknown primary tumour is discovered. This is not always easy and the patient is often given a series of examinations, some of which may be both invasive and costly (gastroscopy, colonoscopy...). Although pulmonary and mammary tumours are statistically the most frequent causes of pleural metastases, various other malignancies such as the ovary, the stomach, the colon, the thyroid gland and the blood can also be the site of the primary neoplasm [9,10]. Some articles in the literature suggest that metabolic imaging may have some value in researching the primary tumour site in cases of «unknown primary » (CUP), a category to which pleural metastases can belong. This hypothesis is tenuous and is based on a small number of patients [42-46]; however it does imply that PET could be helpful it identifying the primary site in 24 to 73% of the cases according to the series. As we suggested in our semi-quantitative study of pleural hypermetabolism [32], these studies tend to indicate that PET might provide guidance on whether the primary tumour is thoracic or extrathoracic and, if so, this could reduce the burden and cost of further investigations, particularly when choosing the initial exploration.
The value of PET in monitoring pleural thickening and recurrent pleurisy
Thoracoscopy is highly sensitive and specific for exploring pleural disease. However, it is difficult to offer it repeatedly in cases of recurrent inflammatory or occupational pleurisy, even if the disease is potentially carcinogenic. It is in particular difficult to monitor asbestos-related pleurisy and in patients exposed to asbestos fibres the difficult issue at stake is to exclude the emergence of a malignancy without systematically repeating invasive explorations. If we refer to the studies quoted above it is interesting to see that all the cases of benign, asbestos-related pleurisy were correctly identified on PET. PET also has a high negative predictive value in the differential diagnosis of mesothelioma vs benign pleural diseases. On a cohort of 30 patients exposed to asbestos who presented with pleural and/or pulmonary anomalies Melloni et al. [47] reported that metabolic imaging had a sensitivity of 89% and a specificity of 76% in showing the onset of malignant pleural (n = 7) or pulmonary (n = 2) disease. For this reason we feel that metabolic exploration of the pleura has a role to play in monitoring recurrent pleurisy without systematically having to resort to invasive exploration, especially if there is a potential risk of a malignancy developing. It is also possible that the surveillance of pleural thickening will also be justified in the future.
Talc pleurodesis
Pleural sclerosis with talc is an acknowledged symptomatic treatment in malignant pleurisy. It is method of treating recurrent pleurisy that alleviates the patient's dyspnoea, and eliminates the need for repeated pleural puncture [48]. Two studies [49,50] reported that talc pleurodesis induces a granulomatous inflammatory reaction that can be a source of false positives on the metabolic imaging. It can in fact simulate a malignant pleural disorder, sometimes with a mean SUV of 5.4 that can last as long as 22 months. Our personal experience in 15 patients (eight cases of malignant pleurisy, five benign cases, two cases of recurrent pneumothorax) agrees with the findings in the literature. We noted increased 18FDG uptake in all cases when PET was performed between 7 days and 42 months after talc pleurodesis. PET therefore does not seem to be suitable for assessing or monitoring the treatment of patients with malignancies whose symptoms are treated by talc pleurodesis.
Conclusion
PET can discriminate between benign and malignant pleural disorders. Far from replacing thoracoscopy, it is part of the process of exploring a pleural pathology. It has an excellent negative predictive value, which means that an escalation of invasive examinations can be avoided if there is no increase in 18FDG uptake in the pleura. A semi-quantitative analysis of pleural metabolism contributes a more objective approach and defines threshold values that discriminate benign pleural pathologies from malignancies on one hand and differentiate pleural metastases according to whether the primary tumour is intra or extra-thoracic. A semi-quantitative analysis of pleural metabolic activity is also a factor of prognosis in mesothelioma. The input of PET in the exploration and follow-up of recurrent pleurisy has a true clinical value, especially when it is asbestos-related. Lastly, pleural metabolism is of first-rate interest in the initial staging and in following up the treatment of pulmonary cancer.
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