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ABSTRACT 

Introduction 

Malignant pleural effusion (MPE) can complicate most cancers, causing significant morbidity 

and mortality. Breathlessness is the most common symptom, and it frequently impairs quality 

of life (QoL) and necessitates hospital admission. The overarching goal of MPE management 

is to achieve symptom relief with minimal intervention and hospitalisation. 

 

Aims 

The studies presented in this thesis aim to address key questions in MPE and malignant 

mesothelioma management and to provide novel, high-quality data to support improvements 

in patient care. 

1. PLeural Effusion And Symptom Evaluation (PLEASE) study. 

To provide insight into the factors leading to breathlessness in cases of pleural effusions and 

potentially help to identify individuals who would benefit from pleural fluid drainage. 

2. Australasian Malignant PLeural Effusion (AMPLE-2) trial. 

To establish the optimal indwelling pleural catheter (IPC) regime for individuals with MPE to 

improve patient relevant outcomes. 

3. Breathlessness and survival in malignant pleural effusion 

To determine if breathlessness (measured using the visual analog scale [VAS]) is associated 

with survival in individuals with MPE. 

4. Comparison of outcomes following a cytological or histological diagnosis of 

malignant mesothelioma. 
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To examine differences in survival rate between patients with epithelioid subtype malignant 

mesothelioma diagnosed by cytology only and other subtypes diagnosed by histology. 

 

Results 

1. The PLEASE study provided a large and comprehensive prospective dataset of 150 

participants. Drainage of the effusion (median volume 1.68 L) significantly improved 

breathlessness across all three measurements of breathlessness used. Exercise capacity 

was also increased in most participants. After drainage, only modest absolute changes 

were seen in lung volumes, heart rate and respiratory rate. More obvious changes in the 

shape and movement of the ipsilateral diaphragm were observed; this may be due to the 

more compressible or distortable nature of the diaphragm. Abnormalities in diaphragm 

movement were common and their presence, as well as the baseline level of 

breathlessness, were found to serve as independent predictors of the likelihood of 

symptom relief after fluid drainage.  

2. The AMPLE-2 randomised controlled trial compared two drainage methods in 87 

participants with MPE treated with IPC. Both aggressive (daily) and symptom-guided 

drainage approaches provided similar breathlessness control over the first 60 days post-

IPC insertion. There were no significant differences between the groups in terms of 

pain levels, days spent in hospital or survival rates. Aggressive drainage, however, was 

associated with a higher rate of pleurodesis and better QoL scores (using EQ-5D-5L). 

Serious adverse events were uncommon in both groups. 

3. This study included five randomised controlled trials involving 553 participants 

undergoing interventions for MPE. There was a significant negative correlation 

between breathlessness measured by VAS and survival at baseline and post-procedure 



 xxv 

This relationship between breathlessness and survival was independent of other factors 

known to predict survival in individuals with MPE. 

4. This study of 2,024 individuals with malignant mesothelioma demonstrated that cases 

of epithelioid subtype of mesothelioma diagnosed by cytology only had similar survival 

outcomes to those with a histological diagnosis; both groups had similar survival 

advantage over biphasic subtype of mesothelioma diagnosed by histology.  

 

Conclusions 

1. Breathlessness and exercise tolerance improved in most participants with only a small 

mean improvement in spirometry and no change in oxygenation. Breathlessness 

improvement was similar in participants with and without trapped lung. Abnormal 

hemidiaphragm shape and movement were both found to be independently associated 

with relief of breathlessness post-drainage. Further work is needed to continue to 

decipher the physiological mechanism of breathlessness associated with pleural 

effusions. 

2. Daily and symptom-guided IPC drainage provided similar benefits in breathlessness 

control. Pain scores, days spent in hospital and mortality rates did not differ between 

patients managed on the different regimes. However, daily IPC drainage was more 

effective in promoting spontaneous pleurodesis and in improving QoL. 

3. There is a strong association between breathlessness and survival in individuals with 

MPE. This data demonstrates that breathless individuals with MPE have a worse 

survival compared to those who are not breathless 

4. There was no difference in survival rates between cases of epithelioid malignant 

mesothelioma diagnosed by cytology and those diagnosed by histology. A diagnostic 
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tap should thus be considered adequate for diagnosing epithelioid malignant 

mesothelioma without the need for further tissue sampling. 

 

The results of this thesis provide novel information regarding the management of individuals 

with suspected or proven malignant pleural disease. These studies have increased the 

understanding of breathlessness resulting from pleural effusions, the relationship with survival 

and have also disproved some misconceptions. In cases of individuals with MPE treated with 

IPC where early catheter removal is an important goal, daily drainage should be employed for 

at least 60 days. For individuals with MPE whose primary management aim is palliation, the 

data show that symptom-guided drainage offers an effective means of breathlessness control 

without the burden and cost of daily drainage.  A cytological diagnosis of mesothelioma 

established from pleural fluid cytology is as valid as a histological diagnosis and can avoid the 

invasive interventions of pleural tissue biopsy. These data provide a platform for further studies 

to delineate important aspects of the management of individuals with MPE.
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CHAPTER 1: INTRODUCTION AND LITERATURE 
REVIEW 

 

Part I. Incidence of malignant pleural effusion 

 

Malignant pleural effusion (MPE) is a collection of fluid within the pleural space caused by an 

underlying malignancy. It is one of the three most common causes of pleural effusion and is a 

presenting feature in approximately 20% of individuals with lung cancer as well as in more 

than 90% of individuals with mesothelioma (1, 2). Post-mortem examination of individuals 

who have died from cancers have shown occurrence of MPE in 15% of cases (1, 3). In Europe 

and the United States (US), the annual incidence of MPE is approximately 600 cases per 

million of population (4, 5).  

 

Most malignancies can metastasise to the pleura. Lung cancer is the most common origin of 

metastatic MPE, with reported incidence rates of 25% to 52% (6, 7). As many as 25% of 

individuals with lung cancer have an MPE on initial presentation (8). This is followed by breast 

cancer (50% of individuals with disseminated breast cancer will develop an MPE (9)]) and 

lymphoma/leukemia, 16%  (10). 

 

Hospitalisation is often required to manage the treatment of individuals with MPE. Taghizadeh 

et al. (11) estimate that there are 125,000 hospital admissions of individuals with MPE each 

year in the US alone, and the estimated healthcare costs are over $5 billion annually. Recently, 
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Shafiq et al. (12) studied trends of hospital-based resource utilisation among individuals with 

MPE in the US between 2004 and 2014, and their results show encouraging reductions in terms 

of rates of hospitalisation (from 0.017% to 0.010%) and healthcare costs (reduced by $140 

million annually). However, inpatient utilisation of healthcare services by individuals with 

MPE continues to represent a substantial burden. 

 

For Australia, there are no robust data available regarding incidence of MPE and the utilisation 

of hospital-based resources by individuals with this condition. However, it is estimated that 

more than 10,000 Australians suffer from an MPE annually, and the incidence is expected to 

increase each year due to factors such as improvement in cancer treatments as well as the ageing 

population. 

 

Section I.1 – Prognosis of individuals with malignant pleural effusion 

 

The presence of MPE reflects incurable progression of an underlying malignancy (13) and is a 

poor prognostic indicator. Median survival ranges from three to twelve months depending on 

the underlying malignancy (6, 14, 15). Individuals with good performance status  (Karnofsky 

≥70) show median survival ten times longer than that of individuals with poor performance 

status (Karnofsky ≤30) (16). 

 

The LENT score, published in 2014 (14), is a validated measure of prognosis that combines 

previously known predictors of survival (performance status and tumour type) with certain 

disease markers from the pleural fluid. The LENT score includes pleural fluid Lactate 
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dehydrogenase (LDH), Eastern Cooperative Oncology Group (ECOG) performance status, 

Neutrophil-to-lymphocyte ratio in the blood and Tumour type. It divides patients into three 

categories, low, moderate, and high risk, which in turn predicts survival. The LENT score 

approach may not be applicable in all cases as some malignancies are not homogenous (e.g. 

non-small-cell lung cancer [NSCLC], which made up 27% of the LENT cohort (14)) and it 

does not address the important advances in cancer therapy in the last five years. 

 

Based on a Singaporean cohort, Abisheganaden et al. (17) report that the LENT score 

underestimates prognosis for selected individuals with MPE related to lung cancer. The high 

LENT risk score that was attributed to lung cancer (2) had to be substituted with a risk score 

of 0 in the present study by Abisheganaden et al. (17), in order to match the predicted prognosis. 

This could be related to the different histological subtypes and the higher prevalence of 

epidermal growth factor receptor (EGFR) mutation in the Asian cohort (55.7% in 

Abisheganaden et al.’s cohort compared to 12%–15% in the LENT study (14)). 

 

More recently, the PROMISE study (18) investigated five independent datasets from 

randomised trials to discover, validate and prospectively assess biomarkers of survival and 

pleurodesis response in MPE. This is the first study to have prospectively validated scores by 

combining biological and clinical parameters to estimate three-month mortality rates. The 

resulting survival score includes eight variables: haemoglobin, C-reactive protein, white blood 

cell count, ECOG performance status, cancer type, pleural fluid tissue inhibitor of 

metalloproteinases 1 (TIMP1) concentrations (optional), and previous chemotherapy or 

radiotherapy. The individuals are divided into four groups depending on the scores obtained. 
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A score of 0–20 indicates a three-month mortality risk of 25%, a score of 21–27 shows a <50% 

risk, a score of 28–35 shows a 50%–75% risk and any score >35 indicates a risk of >75%.  

 

The clinical course of MPE does not always run-in tandem with predicted survival, and fluid 

re-accumulation can vary during the course of an individual’s limited life span. Therefore, 

despite the poor survival rate, readmission to hospital is common and the symptom burden is 

high. More importantly, given the short period of survival, the need for even just a week of 

hospitalisation may represent up to 10% of the individual with MPE remaining lifespan, which 

is substantial. 

 

Section I.2 – Aetiology of malignant pleural disease 

 

There are four mechanisms that are thought to cause malignant pleural disease: 

a. Tumour emboli at lung parenchyma extending to lung periphery and invading 

visceral pleura. 

b. Direct pleural invasion from adjacent tumour in lung/breast or chest wall. 

c. Parietal pleura being secondarily affected by haematogenous/lymphatic spread. 

d. Primary de novo pleural malignancy, most commonly mesothelioma. 

 

Based on post-mortem studies (3), all individuals with MPE from metastatic malignancies 

display visceral, but not always parietal pleural involvement. Tumour embolisation to the 

visceral pleural with subsequent seeding to the parietal pleural is believed to be the most 

common route causing malignant effusion. In a post-mortem series (N = 191), 29% of 

individuals with one or more known malignancy were found to have pleural metastases, and at 
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least half of those had a pleural effusion (3). Visceral pleura is almost always involved if the 

parietal pleura is involved. 

 

Virtually all malignancies can metastasise to the pleura. Histologically, most metastatic cancers 

to the pleura are carcinomas (~75%), especially adenocarcinomas (~47%). Large cell 

undifferentiated carcinomas account for 14.3% of cases, and lymphoma/leukemia account for 

15.0% (10). No primary site is found in ~10% of cases (10). 

 

Lung and breast cancers are the most common causes of MPE worldwide; up to 50% of cases 

with disseminated disease will develop an MPE during the disease course (8, 9). Mesothelioma 

is the most common form of primary pleural malignancy. Individuals with mesothelioma 

generally present with a malignant effusion in more than 90% of cases (19). Mesothelioma is 

more prevalent in specific geographical pockets (e.g., Australia, the Netherlands, South Africa, 

and the United Kingdom [UK]). 

 

Section I.3 – Pathophysiology of malignant pleural effusion 

 

Malignant cells establish themselves in the pleura by adhering to the mesothelium, which is 

facilitated by removing the mesothelial cell glycocalyx via the secretion of sialidase. These 

cancer cells have immune-inhibitory properties (to evade the immune system) as well as the 

ability to access micronutrients and growth stimuli, facilitating unchecked tumour growth. 

Defective recruitment, activation and cytotoxicity of CD8+ cells and inhibition of tumour cell 

apoptosis due to malfunctioning macrophages are distinctive to malignant pleural disease (20).  
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The development of MPE is related to pleural fluid overproduction secondary to a complex 

tumour–host interplay that triggers pleural inflammation, tumour angiogenesis and increased 

fluid extravasation from permeable capillaries in the pleural or within the tumour. Malignant 

infiltration into lymphatics slows the drainage of pleural fluid. Post-mortem study has shown 

that mediastinal nodal infiltration of malignant cells predicts the presence of effusion rather 

than the extent of parietal pleura involvement (1, 21).  

 

In some cases of underlying malignancy, pleural effusion can be attributed to something other 

than the direct consequence of neoplastic infiltration. Para-malignant effusion is defined as the 

absence of malignant cells from the pleural in cases where other causes of pleural effusion have 

been ruled out (2). It may arise because of the local or systemic effects of the underlying 

malignancy.  

 

Section I.4 – Clinical presentation of malignant pleural effusion 

 

The symptoms of MPE are frequently debilitating and may be the reason of healthcare 

presentation for individuals with underlying malignancy (22, 23). The primary symptoms of 

MPE include exertional breathlessness, pain and/or cough. Breathlessness related to pleural 

effusion is distressing and is the most common presenting symptom. However, some 

individuals can be asymptomatic, with pleural effusion detected incidentally.  
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Chest pain is often either pleuritic or dull in nature and may imply involvement of the parietal 

pleura and/or the chest wall. Patients often display constitutional symptoms such as anorexia, 

weight loss and, less commonly, fever. A post-mortem study found a low body mass index in 

19.8% of a sample of 318 individuals with mesothelioma (24). 

Clinical history is unreliable for predicting whether an effusion is malignant or benign. 

However, symptoms associated with a higher likelihood of an underlying malignancy include 

dull (rather than pleuritic) chest pain, exposure to carcinogens at work, a relatively short history 

of disease symptoms, severe breathlessness, absence of fever and a personal history of cancer 

(25). 

 

Section I.5 – Pathophysiology of breathlessness in pleural effusion 

 

Pleural effusion is recognised as a form of restrictive lung disease causing reduced respiratory 

system compliance and diminished capacity of the respiratory muscles to inflate the lungs. 

Therefore, during exertion, individuals with pleural effusion experience increased 

breathlessness, impaired exercise capacity and a rapid shallow breathing pattern. Individuals 

with MPE often require invasive drainage procedures to relief breathlessness. The 

pathophysiologic mechanisms of breathlessness associated with pleural effusions are complex, 

multifactorial, and poorly defined (26). There are several pathophysiologic processes that 

contribute to breathlessness; these are summarised in the Table 1. 
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Table. 1 Pathophysiologic processes causing breathlessness in thoracic disease (27) 

Pathophysiologic process Example cases 

Increased ventilatory drive Increase lactic acidosis at lower exercise 

intensity (deconditioning) or hypoxia. 

Physiologic dead space ventilation that 

increases minute ventilation to maintain 

alveolar ventilation. 

Respiratory muscle abnormalities Neuromuscular disease, sarcopenia, poor 

nutrition. 

Mechanical inefficiency, e.g., shortening of 

diaphragm due to hyperinflation.  

Ventilatory impedance abnormalities Airway disease due to increased airway 

resistance. 

Reduced chest wall or lung compliance. 

Central nervous system processing Anxiety and/or depression 

 

Previous studies investigating cardiorespiratory physiology in individuals with pleural effusion 

have predominantly examined small cohorts of selected groups of individuals with pleural 

disease, researching physiologic parameters in isolation and in various settings (29-42). In 

these studies, post-drainage physiologic parameters including lung volume (28-36), respiratory 

muscle strength (34, 36, 37) and gas exchange (29, 36, 38-41) are evaluated at various 

timepoints (from immediately post-drainage to two weeks).  

 

Lung volumes 

Lung volumes in individuals with pleural effusion tend to be reflective of a restrictive lung 

disease (i.e., normal forced expiratory volume in 1 second [FEV1]/forced vital capacity [FVC] 
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ratio and reduced FVC) (42). The FVC of individuals with pleural effusion ranges widely from 

47% to 81% predicted (43, 44) in reported studies. Post-drainage improvement in lung volumes 

is typically small and variable (31, 45, 46). 

 

In the small studies published, only modest improvement in FEV1 and FVC (~200 ml for every 

litre of pleural fluid removed) and pulmonary mechanics have been found following 

thoracentesis (3, 4) and do not explain the degree of improvement noted by many individuals 

with pleural effusion. In human (30, 37, 47) and animal models (48-50) with pleural effusion, 

instillation of fluid into the pleural space results in external displacement of the chest wall. The 

external displacement of the rib cage causes shortening of the diaphragm, reducing its capacity 

to develop tension. Higher neural activation is thus required to develop equivalent tension, 

which makes the process of translating tension to trans-diaphragmatic pressure during 

inspiration to expand the rib cage less effective. In addition, the smaller area of diaphragmatic 

apposition reduces the capacity for increases in abdominal pressure during inspiration to help 

expand the rib cage. 

 

These changes in diaphragm shape are likely to render the diaphragm less effective and 

efficient and are thus postulated to be the cause of breathlessness. However, little evidence 

exists to confirm or disprove this claim.  

 

Gas exchange 

Agusti et al. (40) suggest that intrapulmonary shunt is the main mechanism causing hypoxemia 

in individuals with pleural effusion. In individuals with pleural effusion, the alveolar–arterial 

gradient is mildly increased and arterial pO2 is mildly reduced at baseline; this is likely due to 
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shunting through the atelectatic lung associated with pleural effusion (40). Most studies, 

however, report only a small improvement in post-drainage oxygenation, indicating uncertain 

clinical significance (36, 39, 40, 46).  

 

The effects of pleural effusion on gas diffusion are uncertain due to paucity of data. Agusti et 

al. (40) (N = 9) report no post-drainage change in diffusion of carbon monoxide, while Zerahn 

et al. (46) (N = 15) demonstrate a small but non-significant increase post-drainage diffusion 

capacity. 

 

Drainage of pleural effusion has no significant effect on the ratio of physiologic dead space to 

tidal volume (Vd:Vt) at rest (39). Some individuals with pleural effusion may have paradoxical 

diaphragm movement on the side of the pleural effusion, which may cause cross ventilation 

between the ipsilateral and contralateral lung, resulting in a physiologic dead space (26). No 

studies have systematically analysed these effects for large cohorts of individuals with pleural 

effusion. 

 

Respiratory muscle strength 

The effect of pleural effusion is external displacement of the chest wall, which causes the chest 

wall volume to increase despite a reduction in total lung capacity (51). The force developed by 

inspiratory and expiratory muscles increases as their length increases. As the chest wall volume 

increases, inspiratory muscles shorten and expiratory muscles lengthen (51). 
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The ipsilateral hemidiaphragm in individuals with pleural effusion are affected by the reduced 

length and efficiency of the hemidiaphragm caused by its displacement and changing contours 

(32, 37). The space-occupying effect of pleural effusion may displace the hemidiaphragm 

inferiorly and change the hemidiaphragm contour by flattening or everting, which may in turn 

reduce hemidiaphragm length (32). This reduction in length can reduce both the 

hemidiaphragm’s capacity to develop tension and its capacity to convert a given tension into 

transdiaphragmatic pressure (32, 33). Therefore, by increasing diaphragm length, pleural 

effusion drainage may improve hemidiaphragm efficiency and function. 

 

Intercostal muscles or expiratory muscles may also be affected. Studies investigating 

expiratory muscle strength using maximum mouth pressures have shown results below the 

predicted values (34). Meanwhile, two studies (36, 37) showed no significant difference in 

maximum inspiratory and expiratory pressure from baseline to two weeks post-drainage.  

 

These findings (34, 36, 37) suggest that additional factors, other than effusion-related changes 

in respiratory muscle, may also contribute to respiratory muscle weakness. 

 

Respiratory mechanics 

There is limited data available for determining whether there is a reduction in chest wall 

compliance. The only existing study of mechanics in spontaneously breathing individuals 

found mean lung compliance substantially below predicted levels and a transpulmonary 

pressure–lung volume curve that was consistent with either atelectasis or a reduction in lung 

compliance associated with altered surfactant function due to breathing at a lower lung volume 
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(37). Drainage of pleural effusion improves lung and total respiratory system compliance (37, 

52, 53).
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Table 2. Summaries of studies investigating cardiorespiratory physiology in individuals with pleural effusion. 

Author 
(publication 
year)  

Participant 
characteristics  

Drainage type 
and volume  

Measurements  Measurement 
times  

Baseline measurements  Post-drainage  

measurement  

P value*  

Lung Volumes 

Brown 

(1978) (29)  

Unilateral 

pleural effusion  

N=9  

(N=4 MPE)  

Thoracentesis  

1.11±0.34 L **  

Spirometry  

Lung volumes 

(Body 

plethysmograph)  

Baseline  

3 hours  

SVC: 2.14±0.84 L  

SVC: 61±15% predicted  

TLC: 4.19±1.10 L  

TLC: 78±12% predicted  

EELV: 2.63±0.61 L  

EELV: 86±18% predicted  

SVC: 2.26±1.03 L  

SVC: 64±18% predicted  

TLC: 4.57±1.17 L  

TLC: 85±11% predicted  

EELV: 2.95±0.61 L  

EELV: 97±15% predicted  

>0.05  

NR  

<0.05  

<0.02  

Estenne 

(1983) (37)  

Unilateral 

pleural effusion  

N=9  

(N=7 MPE)  

Thoracentesis  

1.8±0.2 L  

(mean ± SE)  

Spirometry  

Lung 

compliance 

(oesophageal 

balloon)  

Lung volumes 

(body 

plethysmograph)  

Baseline  

2 hours  

SVC: 1.59±0.20 L  

(Range 22–51% predicted)  

TLC: 3.24±0.34 L  

(Range 31–63% predicted)  

EELV: 2.00±0.19 L  

(Mean 61% predicted)  

(mean ± SE)  

SVC: 1.89±0.23 L  

% predicted NR  

TLC: 3.88±0.35 L  

% predicted NR  

EELV: 2.46±0.15 L  

% predicted NR  

(mean ± SE)  

<0.02  

<0.01  

<0.005  

Gilmartin 

(1985) (30)  

Pleural effusion 

(not specified if 

unilateral)  

N=7          

Thoracentesis  

Range  

0.8–2.5 L  

Spirometry  

Lung volumes 

(body 

plethysmograph)  

Baseline  

24 hours  

SVC: 52% predicted**  

(SD not reported)  

TLC: 70% predicted**  

(SD not reported)  

SVC: 60% predicted**  

(SD not reported)  

TLC: 82% predicted**  

(SD not reported)  

<0.02  

<0.05 
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(N=5 MPE)  

Light  

(1986) (31)  

Pleural effusion 

(not specified if 

unilateral)  

N=26  

(N=19 MPE)  

Thoracentesis  

1.74±0.90 L 

Spirometry  Baseline  

24 hours  

FVC: 2.06 L  

(SD not reported)  

FVC: 2.47 L  

(SD not reported)  

 

ΔFVC: 0.41±0.08 L  

(mean ± SE)  

ΔFVC: 21% volume 

drained 

 

<0.001  

Liu 

(1991) (44)  

Pleural effusion 

(not specified if 

unilateral)  

Small§: N=7  

Medium§: N=37  

Large§: N=16  

(N = NR with 

MPE)  

No drainage 

intervention  

Spirometry  Single time-

point  

FVC  

Small§: 3.1±0.7 L (81.3% predicted)  

Medium§: 2.5±0.7 L (73.5% predicted)  

Large§: 2.0±0.6 L (56.9% predicted)  

 

Romero 

(1995) (43)  

Unilateral 

pleural effusion 

in pre-specified 

cohorts  

Small§: N=12 

No drainage 

intervention  

Spirometry  

Lung volumes 

(body 

plethysmograph)  

Single time-

point  

FVC 

Small§: 75.7±18.9% predicted  

Medium§: 63.1±24.0% predicted  

Large§: 46.7±15.0% predicted  
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Medium§: N=10  

Large§: N=8  

(N=8/30 MPE)  

TLC 

Small§: 76.3±14.6 % predicted  

Medium§: 72.0±19.2% predicted  

Large§: 59.0±15.9% predicted  

 

EELV NR 

Small§: RV 86.6±20.2% predicted  

Medium§: RV 86.0±23.0% predicted  

Large§: RV 74.9±24.3% predicted  

 

Wang  

(1995) (32)  

Pleural effusion 

(not specified if 

unilateral) with 

inverted 

diaphragm  

N=21  

(N=4 MPE)  

Thoracentesis  

1.6±0.5 L  

Spirometry  Baseline  

24 hours  

FVC: 1.91±0.34 L  

FVC: 63±10% predicted  

FVC: 2.23±0.41 L  

FVC: 77±10% predicted  

<0.001  

Zerahn 

(1999) (46)  

Unilateral 

pleural effusion  

N=15  

(N=8 MPE)  

Thoracentesis  

Median 1.25 L 

Range 0.13–2.3  

Spirometry  

Lung volumes 

(body 

plethysmograph)  

Baseline  

1–2 hours  

FVC: 1.86 (1.03–4.00) L  

TLC: 4.85 (2.56–7.84) L  

Median (range)  

FVC: 2.05 (1.50–4.24) L  

TLC: 5.11 (2.67–7.75) L  

Median (range)  

 

ΔFVC: 0.42 (0.02–0.98) L  

ΔTLC 0.26  

<0.01  

<0.01  
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(−0.09–1.49) L  

Median (range)  

ΔFVC: 21% volume 

drained  

ΔTLC: 58% volume 

drained 

Spyratos 

(2007) (45)  

Unilateral 

pleural effusion  

N=21  

(N=13 MPE)  

Thoracentesis  

1.58±0.59 L  

Spirometry  Baseline  

≤24 hours  

FVC: 1.77±0.59 L  

(49% predicted)  

IC: 1.52±0.53 L  

FVC: 2.15±0.70 L  

(61% predicted)  

IC: 1.82±0.60 L  

ΔFVC: 27% volume 
drained 

<0.001  

<0.001  

Wang 

(2007) (33)  

Pleural effusion 

in pre-specified 

cohorts  

PDM†: N=21 

(N=4 MPE)  

NDM†: N=41 

(N=8 MPE)  

Thoracentesis  

PDM:  

1.22±0.31 L  

NDM: 

1.11±0.29 L  

Spirometry  Baseline  

24 hours  

PDM 

FVC: 1.87±0.48 L  

(67% predicted)  

NDM 

FVC: 2.06±0.46 L  

(74% predicted)  

PDM 

FVC: 2.13±0.47 L (77% 

predicted)  

NDM 

FVC: 2.11±0.45 L (76% 

predicted) 

<0.05  

>0.05  

Froudarakis 

(2010) (34)  

Pleural effusion 

(not specified if 

unilateral)  

N=29  

(N=21 MPE)  

Medical 

thoracoscopy  

2.3±1.2 L  

Spirometry  Baseline  

Day 1 

Day 2 

Day 7  

Day 14  

FVC: 57 ± 7% predicted**  FVC: 67±9% predicted**  

(Day 14)  

0.029  
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Cartaxo 

(2011) (35)  

Large (>50% 

hemithorax) 

unilateral 

pleural effusion  

N=25  

Thoracentesis  

1.56±0.70 L  

Spirometry  Baseline  

48 hours  

FVC: 1.9±0.6 L  

FVC: 54±13% predicted  

FVC: 2.2±0.7 L  

FVC: 65±14% predicted 

0.001  

Formenti 

(2014) (54)  

Intensive care 

patients 

requiring 

mechanical 

ventilation. 

Unilateral 

pleural effusion 

ultrasound 

volume ≥0.4 L  

N=15  

(N=0 MPE)  

Chest tube  

Drain volume 

NR  

Ultrasound 

volume:          

0.63 ± 0.23 L  

Lung volume 

(helium dilution)  

Oesophageal 

balloon  

Baseline  

2 hours  

EELV: 1.70±0.50 L  EELV: 1.97±0.54 L  0.12  

Razazi  

(2014) (53)  

Intensive care 

patients 

requiring 

mechanical 

ventilation.  

N=20  

(N=0 MPE)  

Chest tube  

Drain volume  

1.58±0.68 L  

(24 hours) 

Lung volume 

(nitrogen 

washout)  

Baseline  

3 hours  

24 hours  

EELV: 1.26±0.64 L  EELV: 1.75±0.68 L  

ΔEELV  

39±51% of volume drained  

(24 hours) 

0.005  

 

Michaelides 

(2017) (36)  

Unilateral 

pleural effusion 

in pre-specified 

cohorts  

Thoracentesis  

Small:             

0.67±0.40 L  

Spirometry  Baseline  

30 minutes  

48 hours  

FVC  

Small†: 2.91±0.99 L  

 

FVC  

Small†: 3.08±0.99 L  

(48 hours)  

<0.001  
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Small†: N=56  

Large†: N=34  

(N=33 with 

MPE)  

Large:             

1.14±0.38L  

Large†: 2.38±1.01 L  Large†: 2.58±1.04 L 

(48 hours)  

 

Garske 

(2018) (55) 

Unilateral 

exudative 

pleural effusion 

N=34  

(N=14 with 

MPE) 

Pleuroscopy 

1.74±1.04L  

Spirometry 

Lung volumes 

(Body 

plethysmograph) 

Baseline FEV1: 1.57±0.45 L 

FVC: 2.22±0.65 L 

TLC: 4.06±0.86 L 

FRC: 2.29±0.52 L 

RV: 1.72±0.28 L 

IC: 1.77±0.54 L 

ERV: 0.57±0.32 L 

  

Values: mean ± SD unless otherwise stated.  

MPE: malignant pleural effusion. FVC: forced vital capacity. ΔFVC: change in FVC from baseline to post-drainage. SVC: slow vital capacity. TLC: 

total lung capacity. FRC: functional residual capacity. ERV: expiratory reserve volume. EELV: end expiratory lung volume. RV: residual volume. 

IC: inspiratory capacity. NR: not reported.  

* P value reported for comparison between baseline and after drainage.  

** Estimated from figures in publication.  
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Author 
(publication 
year)  

Participant 
characteristics  

Drainage type 
and volume  

Measurements  Measurement times  Baseline 
measurements  

Post-drainage  

measurement  

P value*  

Respiratory Muscle Strength 

Estenne 

(1983) (37) 

Unilateral 

pleural effusion 

N=9  

(N=7 with 

MPE) 

Thoracentesis 

1.8±2.0 L 

Oesophageal 

balloon  

Pleural pressure 

during MIP 

Baseline and at 2 hours MIP: −41±6 cmH2O MIP:  −52±8 cmH2O <0.05 

†Effusion size based on chest X-ray. Small: meniscus of effusion inferior to 6th rib anteriorly. Large: meniscus of effusion superior to sixth rib 

anteriorly.  

§ Effusion size based on chest X-ray. Small: effusion does not completely obscure diaphragm. Medium: <50% of hemithorax. Large: ≥50% of 

hemithorax.  

‡ PDM: Paradoxical diaphragm movement ipsilateral to effusion, with superior movement of diaphragm on inspiration as determined by ultrasound. 

NDM: normal diaphragm movement, with no superior movement on inspiration. IQR: interquartile range. 

 



 20 

Froudarakis 

(2010) (34) 

Unilateral 

pleural effusion 

N=29  

(N=21 with 

MPE) 

Medical 

thoracoscopy 

2.3±1.2 L  

MIP, MEP Baseline  

Day 1 

Day 2 

Day 7  

Day 14 

MIP: 45±18.2% 

predicted 

MEP: 47.3±17.8% 

predicted  

(Day 14) 

MIP: 52±19% 

predicted 

MEP: 51.3±19.1% 

predicted  

(Day 14) 

0.46 

 

 

0.48 

Michaelides 

(2017) (36) 

Unilateral 

pleural effusion 

in pre-specified 

cohorts 

Small†: N=75 

Large†: N=47 

(N=33 with 

MPE) 

 

Thoracentesis 

Small: 

0.71±0.45L 

Large: 

1.02±0.41L 

MIP, MEP Baseline 

30 minutes 

48 hours 

Small†: 

MIP: 68±16 cmH2O 

MEP: 94±21 cmH2O 

Large†: 

MIP: 65±10 cmH2O 

MEP: 90±17 cmH2O 

Small†: 

MIP: 75±16 cmH2O 

MEP: 104±23 

cmH2O 

(48 hours) 

Large†: 

MIP: 71±9 cmH2O 

MEP: 102±17 

cmH2O 

(48 hours) 

 

 

 

<0.001 

 

<0.001 

 

 

 

NR 

 

<0.001 

Garske (2018) 

(55) 

Unilateral 

exudative 

pleural effusion 

N=34  

(N=14 with 

MPE) 

Pleuroscopy 

1.74±1.04L  

MIP, MEP Baseline MIP: 59±31 cmH2O 

MEP: 89±33 cmH2O 
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Values: mean ± SD unless otherwise stated.  

MIP: Maximum inspiratory mouth pressure. MEP: Maximum expiratory mouth pressure. MPE: malignant pleural effusion. NR: not reported.  

* P value reported for comparison between baseline and after drainage.  

** Estimated from figures in publication.  

†Effusion size based on chest x-ray. Small: meniscus of effusion inferior to sixth rib anteriorly. Large: meniscus of effusion superior to sixth rib 

anteriorly. 

 

Author 
(publication 
year)  

Participant 
characteristics  

Drainage type 
and volume  

Measurements  Measurement 
times  

Baseline 
measurements  

Post-drainage  

measurement  

P 
value* 

Gas Exchange 

Michaelides 

(2017) (36) 

Unilateral 

pleural effusion 

in pre-specified 

cohorts  

Small†: N=75  

Large†: N=47  

(N=33/90 had 

MPE) 

Thoracentesis  

Small:  

0.71±0.45 L  

Large:  

1.02±0.41 L 

PaO2 mmHg 

PaCO2 mmHg 

Alveolar–

arterial  

(A–a) gradient 

Baseline 

30 minutes 

48 hours 

Small: 

PaO2: 74±12 

mmHg 

PaCO2: 37±7 

mmHg 

A–a gradient: 

37±12 

30 min 

Small 

PaO2: 74±11 mmHg 

PaCO2: 36±6 mmHg 

A–a gradient: 29±10 

 

 

48 hrs 

Small: 

PaO2: 76±10 

mmHg 

PaCO2: 38±6 

mmHg 

 

 

0.009 

 

0.002 

 

<0.001 
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Large: 

PaO2: 69±10 

mmHg 

PaCO2: 36±7 

mmHg 

A-a gradient: 

43±10 

 

Large 

PaO2: 64±10 mmHg 

PaCO2: 36±7 mmHg 

A–a gradient: 48 ± 10 

 

A–a gradient: 

34±11 

 

 

Large 

PaO2: 71±10 

mmHg 

PaCO2: 36±6 

mmHg 

A–a gradient: 

42±11 

 

 

 

 

<0.001 

 

0.167 

 

<0.001 

Agusti 

(1997) (40) 

Unilateral 

pleural effusion 

N=9 

Thoracentesis 

0.69±0.42L 

PaO2 mmHg 

PaCO2 mmHg 

Alveolar–

arterial (A–a) 

gradient 

Diffusion of 

carbon 

monoxide 

(DLCO) was 

only measured 

at baseline 

 

Baseline 

3 hours 

PaO2: 82±10 

mmHg 

PaCO2: 35±2 

mmHg 

A–a gradient: 

29±10 

DLCO: 69.4±5.4 

ml min−1 mmHg−1
 

PaO2: 83±9 mmHg 

PaCO2: 34±4 mmHg 

A-a gradient: 29±11 

NR 

 

NR 

 

NR 
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Zerahn 

(1999) (46) 

Unilateral 

pleural effusion  

N=15 (2 did not 

complete 

testing) 

 

(N=8/15 had 

MPE) 

Thoracentesis 

1.25 L (range: 

0.33–2.3 L) 

Diffusion of 

carbon 

monoxide 

(DLCO) 

Baseline 

2 hours 

DLCO: 

Median 12.1 

(range 7.3–26.6) 

ml min−1 mmHg−1 

DLCO: 

Median 14.1 (range 10.3–29.9) ml min−1 

mmHg−1 

 

DLCO: 

Median change 

1.09 (range: −1.60–6.81) ml min−1 

mmHg−1 

0.05 

Perpina 

(1983) (39) 

Unilateral 

pleural effusion 

N=33 

 

(N=13/33 had 

MPE) 

Thoracentesis 

1.30±0.5 L 

PaO2 mmHg 

PaCO2 mmHg 

Alveolar–

arterial  

(A–a) gradient 

Baseline 

20 minutes 

2 hours 

24 hours 

PaO2: 66±9 

mmHg 

PaCO2: 34±8 

mmHg 

A–a gradient: 

43±11 

 

20mins: 

PaO2: 73±13 

mmHg 

PaCO2:33±9 

mmHg 

A–a 

gradient: 

35±14 

2 hrs: 

PaO2: 73±8 

mmHg 

PaCO2: 

33±5 

mmHg 

A–a 

gradient 

37±8 

24 hrs: 

PaO2: 77±8 

mmHg 

PaCO2: 

32±5 

mmHg 

A–a 

gradient: 

33±10 

 

 

<0.001 

 

 

 

NR 

 

 

<0.001 

Garske 

(2018) (55) 

Unilateral 

exudative 

pleural effusion 

N=34  

(N=14 with 

MPE) 

Pleuroscopy 

1.74±1.04L  

Diffusion of 

carbon 

monoxide 

(DLCO) 

Carbon 

monoxide 

Baseline DLCO: 

14.1±4.6 

ml min−1 mmHg−1 

KCO: 

4.26±0.90 
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transfer co-

efficient 

ml min−1 

mmHg−1L−1 

 

Dead space ventilation 

Perpina 

(1983) (39) 

Unilateral 

pleural effusion 

N=13 

 

Thoracentesis 

1.30±0.5 L 

Physiological 

shunt 

Anatomical 

shunt 

Dead space to 

tidal volume 

(VD/VT) 

Baseline 

2 hours 

 

Physiological 

shunt: 

21.9±5.3 % 

Anatomical shunt: 

14.6±2.3% 

Dead space to 

tidal volume 

(VD/VT): 

44.7±9.5% 

Physiological shunt: 

15.4±2.1% 

Anatomical shunt: 

12.1±1.9% 

Dead space to tidal volume (VD/VT): 

43.1±7.9 

 

 

<0.001 

 

<0.001 

 

NR 

Respiratory mechanics 

Estenne 

(1983) (37)  

 

Unilateral 

pleural effusion  

N=6  

(N=NR, MPE)  

Thoracentesis 

1.8 ± 0.2 L 

Lung 

compliance 

Baseline 

2 hours 

Static lung 

compliance: 

Static lung compliance: 

0.138±0.030 L.cm H2O
−1 

>0.05  
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(oesophageal 

balloon)  

Lung volumes 

(body 

plethysmograph

y) 

0.117±0.018 L.cm 

H2O
−1 

(Mean 40% 

predicted) 

Doelken 

(2006) (56) 

Intensive care 

patients 

requiring 

mechanical 

ventilation  

N=8  

(N=0 MPE)  

 

Thoracentesis 

1.5±0.15 L 

Peak/plateau 

airway pressures  

 

Baseline 

Immediately 

after drainage 

Compliance 

respiratory 

system:  

0.042±0.04 L.cm 

H2O
−1  

Compliance respiratory system:  

0.040±0.004 L.cm H2O
−1 

0.22 

Walden 

(2010) (52)  

 

Intensive care 

patients 

requiring 

mechanical 

ventilation 

 

Unilateral 

pleural effusion 

 

N=15  

Chest drainage 

1.7 ± 1.0L 

Peak/plateau 

airway pressures  

 

Baseline 

4 hours 

8 hours  

24 hours  

48 hours 

Compliance 

respiratory 

system:  

0.035±0.019 L.cm 

H2O
−1 

Compliance respiratory system:  

0.049±0.026 L.cm H2O
−1 

 

 

 

<0.05 
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Formenti 

(2014) (54) 

Intensive care 

patients 

requiring 

mechanical 

ventilation 

Unilateral 

pleural effusion 

ultrasound 

volume ≥0.4 L  

 

N=15  

(N=0 MPE)  

Chest tube  

Drain volume: 

NR  

Ultrasound 

volume:  

0.63± 0.23 L  

Oesophageal 

balloon  

 

Baseline 

2 hours 

Compliance 

respiratory 

system:  

0.050 [0.043–

0.060] L.cm 

H2O
−1 

Compliance lung:  

0.068 [0.064–

0.113] L.cm 

H2O
−1 

Compliance respiratory system:  

0.058 [0.045–0.063] L.cm H2O
−1 

Compliance lung:  

0.085 [0.068–0.131] L.cm H2O
−1 

  

 

0.46 

 

 

0.42 

Razazi 

(2014) (53) 

Intensive care 

patients 

requiring 

mechanical 

ventilation  

N=20  

(N=0 MPE)  

Chest tube  

Drain volume  

1.58±0.68 L  

(24 hours)  

Peak/plateau 

airway pressures  

 

Baseline  

3 hours  

24 hours  

Compliance 

respiratory 

system:  

0.032±0.013 L.cm 

H2O
−1 

Compliance respiratory system:  

0.036±0.011 L.cm H2O
−1 (24 hours)  

 

 

 

0.026 
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Values: mean ± SD or median [IQR] unless otherwise stated.  

MPE: malignant pleural effusion. NR: not reported.  

* P value reported for comparison between baseline and after drainage.  

IQR: interquartile range. 
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Section I.6 – Breathlessness in malignant pleural effusion 

 

Breathlessness is a subjective experience of breathing discomfort (27, 57). It derives from 

interactions among multiple physiological, psychosocial, and environmental factors, but it can 

only be perceived and reported by the individual experiencing it. It also induces secondary 

behavioural and physiologic responses (27). Breathlessness is a complex phenomenon and is 

now recognised to encompass qualitatively different sensations (including air hunger, 

respiratory muscle work and chest tightness), which may vary in intensity (27). However, any 

one of these distinct sensations does not generally occur in isolation from other signs of 

breathlessness (27, 57). Pain shares many similarities with breathlessness; they are both 

characterised based on intensity, quality, and an affective component (unpleasantness and 

emotional response) (58-60). The unpleasantness of breathlessness may be independent of its 

intensity (61, 62). 

 

Very few existing studies have measured and compared breathlessness in individuals with 

pleural effusion before and after drainage (33, 35). Some research has focused on whether 

physiological changes after drainage (see Table 3) are sufficiently large to explain 

improvement in breathlessness, while only one small-scale study (55) has reported on 

associations between the intensity and physiologic parameters of breathlessness. 

 

Lung volumes are unlikely to be the main mechanism of improvement in breathlessness with 

drainage of pleural effusion, given that they show only a small improvement (26). No studies 

have reported an association between breathlessness and lung volumes at baseline or post-

drainage.  
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In individuals with malignant pleural diseases, the diaphragm is affected by pleural effusion as 

well as by the malignant deposits on the diaphragmatic pleura and/or within the hemi-

diaphragm muscle. In individuals with pleural effusion causing paradoxical ipsilateral 

diaphragm movement, breathlessness is more severe at baseline and shows a greater 

improvement in symptoms post-drainage (33). In a review conducted in 2015, Thomas et al. 

(26) propose that the predominant cause of dyspnoea may be neuro-mechanical dissociation 

due to impaired diaphragm efficiency that increases neural drive to the respiratory muscles 

relative to ventilatory output (26). However, to date, no research has directly examined the 

efficiency of the respiratory muscles in the presence of pleural effusion due to the invasive 

nature of the measurements (63).  

 

Cases of MPE commonly have underlying pulmonary and pleural pathologies that could 

contribute to breathlessness and impaired physiology (26). Pleural pathologies such as pleural 

thickening or metastatic deposits on the pleura can reduce respiratory system compliance.  

 

Breathlessness in individuals with MPE can be complex and multifactorial. Individuals with 

this condition undertake markedly low levels of physical activity and show increased sedentary 

behaviour (64), leading to significant deconditioning. Travers et al. (65) demonstrate that 

reduced maximum inspiratory pressure is associated with reduced aerobic exercise capacity 

and increased breathlessness in individuals with cancer. The systemic effects of malignancy 

may impair skeletal muscle function and contribute to breathlessness (66-68); thus, systemic 

effects on respiratory muscle function may also contribute to breathlessness in the presence of 

pleural effusion.  
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Pleural effusion does not generally impair cardiac output (26), but it may impair increased 

cardiac output during exercise (69). Haemodynamic compromise is exceedingly rare in 

individuals presenting to the emergency department with a pleural effusion; however, large 

bilateral effusions can mimic the physiological changes of pericardial tamponade. Upon 

bilateral instillation of saline into the pleural space of dogs, pulmonary artery occlusion 

pressure and central venous pressure have been shown to increase initially, followed by a 

significant reduction in cardiac output after the introduction 40–80 mL.kg−1 of fluid (70). The 

effects of increased pressure on the heart due to a pleural effusion are mitigated by the flattening 

of the diaphragm and a mediastinal shift to accommodate the fluid.  

 

Anxiety may be an additional contributing factor to breathlessness in individuals with MPE as 

it is also known to impact breathlessness in individuals with chronic respiratory diseases (57). 

 

In summary, MPE causes physiologic impairments such as reduced lung volumes, impaired 

respiratory muscle strength and mild hypoxemia. In MPE, there are also potential systemic 

effects on skeletal muscle that can result in impairment of respiratory muscle strength. The 

pathophysiologic mechanisms of breathlessness associated with MPE are complex, 

multifactorial, and poorly understood. Existing studies such as those discussed above have 

small numbers of participants and show modest improvements in lung function following 

drainage of effusions that correlate poorly with the volume drained and any changes in 

breathlessness. This suggests that loss of lung volume is unlikely to be the basis for 

breathlessness in individuals with pleural effusion. Only limited information is available on the 

effects of pleural effusions and pleural drainage on cardiorespiratory physiology and breathing 

mechanics (including diaphragmatic function) and the associated impact on breathlessness. 
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Section I.7 – Breathlessness and survival in malignant pleural effusion 

 

Despite the poor survival in MPE, a significant variation in survival exists. For example, a 

randomised trial comparing drainage methods demonstrated an interquartile range for survival 

of 2 to 11 months (71). Determining survival is important as it influences choice of treatment, 

for example in an individual with a MPE who has a prognosis of less than 28 days, palliation 

of breathlessness with therapeutic aspiration alone may be most appropriate (15). However, in 

individuals with a better prognosis, an IPC or a chest drain with sclerosant pleurodesis to give 

prolonged breathlessness relief and prevent need for further pleural procedures is more 

appropriate. Therefore, accurate determination of prognosis is important to guide treatment, as 

well as to inform patients.  

 

Previous studies have identified baseline variables associated with prognosis, such as serum 

albumin, C-reactive protein (CRP) and performance status (72-74). Two prognostic scores, the 

LENT score, and the PROMISE score, can be used to predict prognosis at baseline (14, 18). 

The disadvantage of these scores is that they require invasive pleural fluid and blood sampling 

and may be misleading in some subgroups of patients and at an individual level (17, 75, 76). 

 

Increased breathlessness has been shown to be predictive of poor survival, as noted in other 

chronic respiratory and cardiac diseases, where poor survival is associated with breathlessness. 

In individuals with idiopathic pulmonary fibrosis, breathlessness assessed using the Medical 

Research Council (MRC) breathlessness scale is associated with poor survival (77, 78). In 

individuals presenting with acute congestive cardiac failure, subacute breathlessness is 

predictive of poor 1-year mortality (79). Individuals with a malignancy presenting to the 
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emergency department with breathlessness have a mean survival of only 12 weeks (80). The 

BODE index, a validated prognostic score for individuals with chronic obstructive pulmonary 

disease (COPD) includes breathlessness as well as body mass index, airflow obstruction and 

exercise capacity (81). A previous systematic review has demonstrated that breathlessness is 

an predictor of mortality in the general population (82). This demonstrates that in a wide range 

of conditions and in the healthy population, breathlessness is associated with poor survival. 

 

As noted in the previous section breathlessness in MPE can be multifactorial. Breathlessness 

often leads to a downward cycle of decreased activity, deconditioning and worsening 

breathlessness (83).  Current prognostic scores (e.g., LENT and PROMISE) uses variables that 

reflect systemic and inflammatory factors rather than those specific to the pleural effusion. This 

may suggest that it is the individual’s overall condition that predicts mortality rather than the 

characteristics of the pleural effusion. The strength of using breathlessness as a predictor of 

survival is that it is a representation of the individual’s overall condition. 

 

Section I.8 – Patient-reported outcome measures in malignant pleural 

effusion 

 

Patient-reported outcomes are measurements of parameters directly reported by the individual 

patient without interpretation of the individual’s response by a clinician or any other party. The 

relevant parameters pertain to the individual’s health, quality of life or functional status in 

relation to their healthcare or treatment (84). 
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Recent landmark studies in MPE (71, 85-88) have focused on outcomes of clinical relevance 

to individuals with MPE, including the following: 

• Quality of life (QoL) 

• Length of hospital stay 

• Breathlessness and pain 

• Procedural re-intervention 

• Healthcare costs 

 

As MPE is incurable, treatment goals should be tailored to improving individuals’ symptoms 

and QoL. The individual with an illness is the best judge of the impact of an illness on their 

own symptom. 

 

Section I.9 – Measurement of breathlessness in malignant pleural effusion 

 

Given the multifactorial nature of breathlessness in MPE, the use of objective measures such 

as oxygen saturations to assess this subjective sensation is futile. Instead, patient-reported 

outcome measures (PROMs), i.e., questionnaires answered directly by the individual, are 

employed to quantify breathlessness. A suitable measuring tool must be appropriate, 

acceptable, feasible, interpretable, precise, reliable, valid, and responsive (89, 90). 

 

Breathlessness is a sensation experienced by an individual, and it is important to ensure that it 

can be reliably measured. This can be approached from three different perspectives (57): 

• Sensory–perceptual domain 
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• Affective distress 

• Symptom impact (burden) 

 

The sensory–perceptual domain is used to rate the intensity and/or quality of breathlessness, 

while that of affective distress measures how distressing breathing feels for the individual and 

rates the unpleasantness of and/or the emotional response to the sensation. Measurement of 

these two dimensions can be focused on a discrete period. Functional ability and/or QoL are  

generally applied to daily life across a longer time period (57), and they can be rated by 

considering the domain of symptom impact. No single measurement tool for breathlessness has 

been endorsed. The optimal measurement tool must be individually selected for the specific 

research question and population (57).  

 

Some scales can measure breathlessness across multiple domains. The visual analogue scale 

(VAS) for breathlessness, Dyspnoea-12 (D-12) and the Modified Borg scale for Dyspnoea 

(MBD) score of breathlessness intensity, measure the domains of sensory–perceptual 

experience, affective distress, and symptom impact. These scales are validated instruments and 

are usually used in studies to examine the mechanism of breathlessness as they can compare 

the effect of an intervention or change in experimental conditions on breathlessness intensity 

at a particular moment (57). The scales used in this thesis are noted in Table 3. 

 

The VAS consists of a 100 mm line (either vertical or horizontal) anchored at 0 mm with “not 

breathless at all” and at 100 mm with “worst possible breathlessness”. A script is used to 

instruct the individual to draw a vertical line crossing the VAS at a point that represents their 

level of breathlessness. The 100 mm line can be unmarked, divided by markers, or marked with 



 35 

numbers. The score is then calculated by measuring in millimetres from 0 mm to the 

individual’s line. The timing of the breathlessness can represent their current level of 

breathlessness or an average level over a defined period.  

 

The outcome measure of the two clinical trials included in this thesis was based on the VAS 

score for breathlessness. Therefore, the minimal clinical important difference (MCID) was 

important for assessing the clinical significance of the trial results as well as determining the 

sample size. Only one previous study has determined the MCID for individuals with 

symptomatic MPEs requiring therapeutic pleural drainage: Mishra et al. (91) determined the 

MCID for VAS score for breathlessness anchored to a seven-point Likert scale. They defined 

the MCID as the mean decrease in the VAS score in individuals experiencing a “small but just 

worthwhile” improvement in breathlessness. Participants (N = 123; mean age = 70; 44% males) 

with symptomatic MPE needing a pleural procedure (diagnostic or therapeutic thoracentesis, 

chest drain insertion, indwelling pleural catheter [IPC] and/or drainage or pleuroscopy) was 

selected. Measurements based on the VAS score for breathlessness and the seven-point Likert 

scale were taken before and 24 hours after the procedure. The majority of the participants (88%) 

underwent a therapeutic procedure with mean volume of 1200 mL drained within 24 hours. 

Participants with MPE experiencing a “small but just worthwhile improvement” had a 19-mm 

mean decrease in VAS for breathlessness (SD = 11 mm; 95% confidence interval [CI] = 14–

24 mm), while the mean for participants with benign effusions was 21 mm (95% CI = 15–26 

mm) (91). 

 

The VAS for breathlessness has been used to demonstrate that 84% of individuals’ experience 

a worthwhile or greater improvement in breathlessness following a pleural procedure (91). This 
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scale is clearly appropriate for measuring breathlessness and has shown face validity in other 

prospective trials (71, 86, 88, 92, 93). Davies et al. (71) reported a high response rate and low 

levels of missing data, demonstrating that it is acceptable to the individual. It requires minimal 

staff and individual training, and can be completed by the individual without assistance, 

demonstrating that it is feasible for use in this context. It allows precise recording of the 

intensity of breathlessness, and it is not subject to ceiling or floor effects because the scale 

spans the complete range of symptom intensity. The MCID for the VAS for breathlessness in 

individuals with MPE has been found to be 19 mm (95% CI = 14–24mm), demonstrating that 

the results are interpretable in this population (91). Furthermore, the VAS for breathlessness is 

responsive to pleural interventions (89) and demonstrates construct validity (91).  

 

Despite being the only validated tool with an MCID, the VAS for breathlessness in individuals 

with MPE has some limitations. The validity of assessment of what is a meaningful 

improvement in breathlessness in the current thesis, i.e., the determination of a meaningful 

relief of breathlessness, is based on an arbitrary level of change in VAS (14 mm), a cut-off 

selected arbitrarily from a single paper by Mishra et al. that explored the MCID (80). The 

suggested MCID values of 19 and 21 mm (malignant and benign, respectively) represent 20% 

of the possible scale, which is a much larger proportion of possible scale than the MCID levels 

usually accepted for various other thoracic diseases. This relatively large MCID may be due to 

the highly invasive nature of the pleural interventions undertaken, with individuals having to 

weigh up the discomfort of the procedure to decide whether the improvement in breathlessness 

has been worthwhile (91). However, Mishra et al. used heterogeneous drainage procedures, 

and these procedures can vary significantly in invasiveness (e.g., thoracentesis versus 

thoracoscopy). There was a very wide scatter of VAS improvement, with marked overlap for 

all Likert-scale categories used to determine improvement. Similarly, Psallidas et al. (89) did 
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not make assessments based on a threshold change in VAS; rather, they used a Likert scale to 

decide whether the improvement in breathlessness was clinically meaningful and noted a large 

scatter and overlap of VAS breathlessness change scores for each Likert scale in that cohort 

(see Supplementary Figure 2 in [77]). Rating of “meaningful” improvement is a more complex 

task than just rating breathlessness in isolation. It requires members of an often relatively frail 

population to weigh up the degree of improvement in breathlessness against an overall feeling 

of distress, inconvenience, and morbidity to decide if the experience of their procedure was 

worth undergoing.  

 

It is not clear what period or situation individuals are referring to when rating breathlessness 

using questionnaires (e.g., typical breathlessness during any physical activity for that day, 

breathlessness during more strenuous exertion for that day, typical breathlessness at rest for 

that day or breathlessness at rest at the time of completing the questionnaire). Therefore, when 

using breathlessness as a primary outcome, a consistent script should be used for explaining to 

each individual what constitutes the breathlessness sensation and how they should rate this. 

The method that is used to educate the individual in reporting breathlessness should also be 

reported. Yet, the script for VAS breathlessness rating in MPE population has not been 

standardised. Furthermore, multicentre studies need to consider inconsistencies in length of the 

VAS line (100 mm) that can result from reproductions of the tool such as by photocopying or 

faxing copies of questionnaires. 

 

There are no existing studies assessing advantages for any rating scale (e.g. MBD scores or 

VAS) in the MPE population; however, several researchers have suggested that VAS is less 

repeatable than numeric scores in other populations (94, 95). Boshuizen et al. (93) found that 
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VAS for breathlessness is less repeatable than MBD score in a pleural effusion 

population. Numeric ratings or MBD scores provide an easily applied opportunity for the 

individual to reflect on previous instances in their daily life of milder or more severe 

breathlessness and to keep in mind a numeric score that corresponds to those experiences when 

rating new breathlessness experiences. This improved “self-calibration” of breathlessness 

rating might explain why numeric scores appear to exhibit improved repeatability compared to 

VAS. Breathlessness scores usually have only moderate repeatability in other clinical 

populations, even with careful attention to the written instruction. 

 

The MBD has been used to measure breathlessness in individuals with MPE both at rest and 

after walking (85, 96). The MBD is a self-administered scale, graded 0 to 10, where the 

numbers are linked to descriptions of the current level of breathlessness (95). This is the only 

PROM that has been used to measure breathlessness on exertion in individuals with other 

chronic respiratory diseases, although the VAS could also be used for this purpose. The MBD 

is an appropriate and valid tool to use in this situation, and these studies (85, 96)  demonstrate 

that it is responsive to fluid drainage. The MCID for the MBD has not been identified for the 

MPE cohort, which limits the interpretability of this questionnaire. The MBD allows answers 

across a full range of levels of breathlessness, but there is some evidence that healthy subjects 

use a narrower range of responses on the MBD in comparison to the VAS, suggesting the 

former may be less precise (95). Putnam et al. (85) reported numbers of participants responding 

to the MBD at various time points both at rest and after exertion, with 99/99 – 43/46 (100% – 

93%) of participants responding to both. This demonstrates that using MBD is an acceptable 

measurement tool for breathlessness in most individuals with MPE.  
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The D-12 questionnaire is used to assess the quality of and emotional response to 

breathlessness. This tool has primarily been used and validated in individuals with chronic 

obstructive pulmonary disease (COPD). It measures the current level of an individual’s 

breathlessness severity, incorporating both physical and affective aspects, and it does not 

depend on activity limitation. This multicomponent breathlessness model consists of 12-items 

that contribute reliably to the measurement of overall breathlessness severity.  

 

Table 3: Different domains of breathlessness that can be assessed by VAS, D-12 and a 
numeric rating scale (adapted from Parshall et al. (57)) 

 Sensory–perceptual 
domain 

Affective domain Impact domain 

Instrument Intensity Sensory 
quality 

Distress 
(unpleasantness, 
emotions) 

Functional 
performance/ 
activity 

Quality of life 

VAS (97) √  √ √ √ 

Numeric 

Rating Scale 

(94) 

 

√  √ √ √ 

D-12 (98, 99) 

 

√ √ √  √ 
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Breathlessness is a subjective sensation of breathing discomfort, which includes different 

qualitative sensations. Intensity of breathlessness can be quantitatively and repeatably 

measured with a variety of instruments. It can be more accurately quantified with continuous 

rather than intermittent measurements. Unpleasantness of breathlessness can also be measured, 

and it can be distinguished from intensity. In the absence of experimental intervention, exercise 

intensity and ventilation are generally closely correlated with increased intensity of 

breathlessness in an individual. There may also be an additional small effect of duration of 

exercise, with a longer duration of exercise increasing breathlessness intensity. 

 

A key challenge in measuring breathlessness in individuals with MPE is the wide variability in 

intensity depending on the volume of pleural fluid and the individual’s level of exertion on a 

given day. Any breathlessness measurement tool should be used in a way that can assess this 

wide variation in sensation. The factors that need to be considered in applying a breathlessness 

measurement tool are thus as follows: 1) using more than one questionnaire to provide a more 

comprehensive assessment, 2) time period for assessment, and 3) frequency of measurement.  

 

Section I.10 – Diagnosis of malignant pleural effusion 

 

Imaging is the cornerstone for confirming the presence of a pleural effusion, with chest X-ray 

(CXR) generally being the initial imaging technique of choice. Approximately 70% of massive 

effusions are malignant (100). Parenchymal and mediastinal abnormalities may be difficult to 

appreciate on chest radiographs until the fluid is removed. Additionally, pathology may mimic 

appearance of a pleural effusion on CXR (e.g. lobar collapse, pleural or parenchymal mass or 

elevated diaphragm) (101). 
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Thoracic ultrasound is a highly sensitive and specific when utilised by an experienced hand in 

detecting pleural effusions (101-104). It is useful for differentiating pleural effusion from other 

potential causes as seen on CXR, and it can also help to localise pleural tumours. The presence 

of certain indicators in ultrasounds increases the positive predictive value of an effusion being 

malignant (e.g. “swirl sign”) (104), and findings of pleural thickening and diaphragm pleural 

nodularity are supportive of a malignant aetiology for pleural effusion (105). The British 

Thoracic Society guidelines recommend that all pleural procedures should be performed with 

ultrasound guidance (102). 

 

Computed tomography (CT) of the chest can be performed to gain further information for 

individuals with MPE (106). This allows more detailed examination of the mediastinum, chest 

wall and lymph nodes for evidence of extra-pulmonary metastasis (101, 107). A pleural-phase 

contrast CT scan technique has two main advantages over standard CT scans:   

• 10% of MPE cases show pleural enhancement (108); and  

• presence of pleural nodularity, irregularity, mediastinal pleural thickening and 

pleural thickness >1 cm are highly suggestive of malignant pleural disease 

(106). 

 

Thoracentesis 

Thoracentesis is the simplest definitive investigation technique to help confirm MPE. It can be 

used as a diagnostic as well as a therapeutic intervention depending on symptoms at 

presentation. Most cases of MPE are exudate (109), and almost 50% are haemoserous (110, 

111) on visual inspection upon aspiration of pleural effusion.  
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Cytology 

Pleural fluid cytological examination has variable yield (range: 62% – 90%) (7, 112). When 

initial fluid cytology is non-diagnostic, a second fluid aspiration for cytology provides a 

diagnosis in another 27% of cases, but additional aspirations after this will not improve yield 

further (113). The optimal amount of fluid needed for cytological diagnosis is unknown, but 

studies have shown that the diagnostic yield plateaus after 50 to 60 ml (114, 115). A larger 

volume maybe useful for cell block preparation whereby the pathologist is able to carry out 

more extensive ancillary studies (10). 

 

Pleural biopsy 

If cytology is non-diagnostic, a pleural tissue biopsy can be attempted in the form of closed 

needle biopsy, radiological guided biopsy, pleuroscopy or surgical pleural biopsy (102, 107). 

The yield of a closed needle pleural biopsy is operator-dependent (116). This technique has a 

sensitivity of 27% to 60% in cases of malignancy due to the irregular distribution of malignant 

deposits on the parietal pleura (102). With radiological guidance (either ultrasound or CT), the 

diagnostic sensitivity increases between 77% to 88%, and if pleura thickening exceeds 1 cm, 

sensitivity increases to 90% (similar to medical thoracoscopy) (102, 117). 

 

Pleuroscopy or video-assisted thoracoscopic surgery (VATS) allow for performing a pleural 

biopsy under direct visual guidance. The false negative rate is in the order of 5% to 10% (118). 

If pleuroscopy is non-diagnostic or not feasible, a surgical biopsy by VATS can be considered. 

This technique has sensitivity of 95%, specificity of 100% and negative predictive value of 

94% (119). It has a small additional yield to pleuroscopy and may be considered if risks are 

acceptable. 
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Section I.11 – Management of malignant pleural effusion 

 

Management of MPE is directed towards palliation of symptoms associated with the pleural 

disease as well as the underlying malignancy (15, 120). Individuals with MPE often 

experience disabling breathlessness, which causes significant morbidity and impairs QoL (2). 

Management of MPE in many individuals is still not ideal, and its impact is significant.  

 

MPE may not respond to systemic treatment and may thus require pleural intervention 

procedures for symptom control, including therapeutic thoracentesis, pleurodesis, indwelling 

pleural catheter (IPC), surgery and pleuro-peritoneal shunt (15, 120). The goal of MPE 

management is to achieve symptom relief with minimal intervention and minimal 

hospitalisation. 

 

Therapeutic thoracentesis 

Therapeutic thoracentesis is considered a short-term measure for symptomatic relief. It is 

suitable for individuals with poor performance status or short expected survival (15, 120). 

Unfortunately, there are no effective predictors of in which cases or at what time point the 

effusion will recur after initial therapeutic drainage.  

 

Sclerosant pleurodesis 

Pleurodesis has been the most established pleural intervention and the mainstay of therapy in 

MPE for several decades (15, 120). It involves instillation of a sclerosant through a chest drain 

or during thoracoscopic surgery. The sclerosant instilled into the pleural space causes pleuritis. 

The resultant pleuritis, if sufficiently intense, will lead to pleural fibrosis and obliterate the 

pleural cavity (12). The aim is for iatrogenic induction of pleural symphysis to prevent further 
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re-accumulation of the pleural effusion. 

 

Multiple sclerosant agents have been proposed for effectively inducing pleurodesis (121), but 

talc is the most commonly used agent worldwide (122). It has been shown in comparative trials 

to be more effective than bleomycin (123-126), tetracycline derivatives (127, 128) and 

applying no sclerosant control (129). A Cochrane network meta-analysis (121) of 41 studies 

(N = 2,345) studying 16 pleurodesis methods supports the use of talc as a preferred agent. Talc 

can be delivered either as a slurry via a chest tube or as a dry powder (poudrage) during 

pleuroscopy or VATS (121).  

 

There has been a great deal of debate around the optimal pleurodesis method over the last three 

decades. Talc poudrage was first introduced almost nine decades ago and was conventionally 

believed to be more effective than talc slurry (119). However, the largest randomised controlled 

trial (RCT) to date (N = 484) shows that the success rate of talc-slurry pleurodesis at 30 days 

was not significantly different to that of talc poudrage (130). Two smaller studies have also 

shown no statistically significant difference (131, 132). This is further supported by the 

Cochrane network meta-analysis, which found only weak evidence to suggest that talc slurry 

was less effective at pleurodesis (odds ratio [OR] = 1.31; 95% CI = 0.92–1.85) (121). 

 

More recently, Bhatnagar et al. (133) performed an open-label RCT across 17 hospitals in the 

UK (N = 330) comparing talc poudrage (4 g) during thoracoscopy (N = 166) with talc slurry 

(4 g) administered via an intercostal catheter (N = 164) in individuals with MPE. At baseline, 

the treatment groups were well matched. In both group, one third of participants had either 

breast or lung cancer. No significant difference was seen in pleurodesis failure rates (i.e., 
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participants undergoing an ipsilateral pleural procedure, or a pleural procedure being deemed 

necessary by the treating physician but not being carried out as the participants declined or 

died) between the two groups (22% vs 24%; adjusted OR = 0.91; 95% CI = 0.54–1.55; p = 

0.74). Mortality rates before pleurodesis failure in the talc poudrage and talc slurry groups 

(17% and 21%, respectively) did not affect the primary results. No significant difference was 

seen in breathlessness (using VAS), chest pain or QoL between the groups. 

 

However, pleurodesis is far from perfect. Various randomised trials have shown that 

pleurodesis provides adequate fluid control for 70% to 90% of individuals at 30 days and, the 

longer the individual with MPE lives, the more likely it is for effusion to recur (approaching 

50% by six months) (71, 85-87, 130, 133). This is irrespective of whether the sclerosant is 

administered as a dry powder by poudrage (medical or surgical) or as a slurry at the bedside 

using a chest tube. Pleurodesis failure necessitates further invasive pleural procedures and 

hospitalisation in individuals with an already limited lifespan.  

 

Pleurodesis also involves hospitalisation (four to twelve days) and has significant adverse 

effects (71, 85[Thomas, 2017 #718, 86, 133). Chest pain and fever are common after 

pleurodesis (134). Although rare, a more serious complication is lung inflammation induced 

by talc (87, 134). Among the 484 participants studied by Dresler et al. (130), talc-induced acute 

respiratory distress syndrome occurred in 8%, with a mortality rate of 2.3%. Other 

complications include transient hypoxia, acute pneumonitis, and respiratory failure (130). Use 

of large-particle-size talc or a graded talc preparation (lower levels of systematic absorption) 

reduces this particular side effect (134). 
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Medical management 
Breathlessness does not improve in every individual after fluid evacuation (91). No existing 

studies have explored predictors for which individuals will improve with pleural fluid drainage. 

Furthermore, none of the current literature specifically addresses medical management of 

symptoms in individuals with MPE; instead, it focuses primarily on symptom relief and QoL. 

Studies in advanced malignancy in individuals with MPE and other co-morbidities primarily 

targets the central perception of breathlessness. Opioids are thought to be effective in 

controlling symptoms; however, benzodiazepines by themselves do not significantly reduce 

breathlessness (135). Two prospective RCTs (136, 137) comparing midazolam with morphine 

have found inconsistent results. 

 

Supplemental oxygen has been found to be no more effective than airflow (138) in individuals 

who are not hypoxemic. Data is lacking regarding other non-pharmacological interventions 

such as relaxation techniques, breathing exercises and cognitive behavioural therapy; however, 

there may be a role for these in individuals with days to weeks to live. 

 

Indwelling pleural catheter  

Indwelling pleural catheter (IPC) is an alternative that has considerable advantages over talc 

pleurodesis in the management of MPE (120). An IPC is a small-bore silicone tube (15.6-Fr 

silicone tube, 65 cm in length) (139) with a fenestrated proximal end and a capped one-way 

valve at the distal end (see Figure 1). The IPC is inserted into the pleura space using the 

Seldinger insertion technique and tunnelled under the skin (140). A special pro-fibrotic cuff on 

the catheter promotes fibrosis within the tunnelled portion to secure the IPC in place (140). The 

other end of the catheter is fitted with a one-way valve that is used for access to drain the pleural 
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space. Once inserted, IPCs are designed to remain in situ for the remaining lifespan of the 

individual, and they provide the capacity for ambulatory drainage outside the hospital by 

individuals’ carers or community nurses. 

 

Figure 1: Indwelling pleural catheter (adapted from Putnam et al. [(85)]).  

 

Figure 2: (Left) The IPC is placed 

between the ribs and tunnelled 

subcutaneously, ending with the one-

way valve. (Right) The patient can 

connect the IPC to the drainage 

devices when they are symptomatic. 

 

 

The use of IPCs in MPE management has seen exponential growth over the last two decades. 

Since its approval by the US Food and Drug Administration as a new device for the 

management of MPEs, the IPC use has surged significantly, with IPC sales doubling between 

2007 and 2009 to over 39,000 a year in the US alone (141). Reports from the UK also reveal a 

20% increase in IPC use each year.  
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Use of IPC is now a well-established management option for MPE and has been assimilated 

into leading guidelines for treatment of selected individuals with symptomatic MPE (15, 120, 

142). In 2018, the American Thoracic Society (ATS) released its official clinical practice 

guidelines in conjunction with the Society of Thoracic Surgeons and the Society of Thoracic 

Radiology (120). The recommendations for individuals with symptomatic MPE are either an 

IPC or sclerosant pleurodesis and this should be viewed as a first-line definitive management 

option. It is important to consider the individuals’ preferences and social circumstances in 

choosing one option over the other. These management options are also indicated in individuals 

with MPE who have failed pleurodesis and in patients with trapped lung (i.e., impairment of 

lung re-expansion by either thickened visceral tumour encasement or endobronchial 

obstruction, resulting in poor pleural apposition).  

 

Part II. Indwelling pleural catheter 

 

As discussed above, IPC is now an established management option for individuals with MPE 

(120). Earlier research in the management of MPE focused on preventing fluid recurrence by 

“normalising” the radiographic appearance in individuals within the first month; however, this 

tends to mean little to the individual with MPE, who are generally satisfied with the ease of 

use and symptomatic improvement offered by their IPC (143). 

 

More recently, the focus of MPE management has shifted to improving PROMs by the least 

invasive means possible. Recent MPE studies (71, 86-88, 92) have focused on alleviating 

breathlessness, improving QoL and reducing hospitalisation and re-intervention as well as 

healthcare costs.  
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Section II.1 – Indwelling pleural catheter compared to conventional talc 

pleurodesis 

 

Breathlessness and quality of life 

Breathlessness is an important measurement in assessing any therapy for MPE. Disabling levels 

of breathlessness in individuals with MPE often impair QoL. Various PROM tools have been 

used to measure breathlessness and QoL. These include the Medical Research  Council (MRC) 

Dyspnoea score, MBD (or Modified Borg Scale [MBS]), VAS scores, Dyspnoea index, Lung 

Cancer module 13 (LC13) dyspnoea score, functional class, general scale, Karnofsky 

Performance Scale, Condensed Memorial Symptom Assessment Scale, Dyspnoea Index, 

Guyatt Chronic Respiratory Questionnaire (CRQ), European Organization for Research and 

Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ)-C30, 36-Item Short Form 

Health Survey (SF-36), World Health Organisation Quality of Life (WHOQOL)–Bref scale 

and EQ-5D-5L. 

 

Data published to date (71, 86) suggest that IPC is at least as effective as pleurodesis in 

relieving breathlessness (using VAS) and QoL (using EQ-5D-5L). Two non-randomised 

observational studies have reported significant improvements in breathlessness (using VAS, 

LC13 and MRC Dyspnoea score) and QoL (VAS and EORTC QLQ-C30) in participants after 

IPC insertion (144, 145). The first RCT involving IPC was published by Putnam et al. (85) of 

in 1999 and randomised MPE patients (N = 144) to IPC (N = 99) or doxycycline pleurodesis 

(N = 45) therapy. It showed that IPC provided equivalent improvement in both breathlessness 

(using MBS) and QoL (Guyatt CRQ). Demmy et al. (146) randomised 57 participants with 

MPE; their results show better breathlessness scores (Dyspnoea Index) for participants in the 

IPC group than those who were treated by pleurodesis. In 2012, the Therapeutic Intervention 
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of Malignant Effusion (TIME)-2 study by Davies et al. (71) compared IPC with talc slurry 

pleurodesis in 106 individuals with MPE. The findings show comparable improvement in 

breathlessness (using VAS) and QoL (EORTC QLQ-C30) in the first 42 days after 

randomisation. For those participants who survived for longer than six months, breathlessness 

control was superior in the IPC group. The findings of a multicentre study (147) conducted in 

the Netherlands also show no significant difference in breathlessness (using MBS) at rest or 

during exercise between the two treatment pathways (talc pleurodesis vs IPC) and consistency 

at six weeks after treatment. 

 

Pain 
Pain measurement in individuals with MPE undergoing a definitive intervention can be 

difficult to quantify accurately as many individuals are on various levels of analgesia at 

baseline (i.e., prior to the procedure). Additionally, post-procedure analgesia use can vary 

between studies. Most RCTs (85, 86, 146, 147) comparing IPC and sclerosant pleurodesis have 

not reported on pain. One RCT (71) comparing IPC and sclerosant pleurodesis measured pain 

(using VAS) up to 42 days after the intervention, and the findings show no significant 

difference in reported pain. No evidence was found of differences between pain levels for most 

of the therapeutic methods in either a network meta-analysis of studies or in studies that were 

excluded from that meta-analysis (121). 

 

As shown by Rahman et al. in 2015 (87), the type of analgesia used does not affect pleurodesis 

outcomes. The TIME-1 study was a 2 x 2 open-label RCT that evaluated the effect of two chest 

tube sizes and two oral analgesics (opioid and non-steroidal anti-inflammatory [NSAID]) on 

pain (using VAS) during pleurodesis in individuals with MPE. Participants undergoing 

thoracoscopy (and receiving a 24F chest tube post-procedure) were randomised to receive 
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either NSAID (800 mg oral ibuprofen three times daily) or opioid (10 mg oral morphine four 

times daily) treatment, whereas participants undergoing non-thoracoscopic pleurodesis were 

randomised to a 24F or 12F chest tube as well as either NSAID or opioid treatment. There was 

no significant difference found in pleurodesis failure between the analgesia groups up to six 

months’ follow-up. Mean pain scores were significantly lower in participants with 12F (small-

bore) chest tubes than in those with 24F (large bore) chest tubes (p = 0.04). There was no 

significant difference between mean pain scores for the NSAID and opioid groups (p = 0.4); 

however, the NSAID group required more rescue analgesia (p = 0.003). 

 

Hospitalisation 

Another important outcome measure in individuals with MPE is hospitalisation. Individuals 

with MPE have limited life expectancy, and time in hospital should be kept to a minimum. 

 

Putnam et al. (148) retrospectively reviewed hospital stay duration for individuals with an 

inpatient chest drain (N = 68), IPCs inserted in hospital (N = 40) and IPCs inserted as a day 

procedure (N = 60). They found that individuals in the IPC group had a significantly shorter 

stay in hospital for the initial procedure (median 7 vs 0 days) (148). Fysh et al. (144) conducted 

a patient choice study where each participant was able to choose to receive either an IPC or 

pleurodesis. Participants who chose the IPC option had both significantly fewer days in hospital 

for admissions due to effusion-related reasons (median 3 vs 10 days; p < 0.001) and 

significantly fewer overall hospital days (6.5 vs 18 days; p = 0.002) from procedure until death 

compared with talc slurry pleurodesis (144). The TIME-2 study also showed that participants 

randomised to the IPC group spent a median of one day (vs 4.5 days) in hospital (p < 0.001) 

for the initial procedure (71). More recently, the Australasian Malignant PLeural Effusion 



 52 

(AMPLE)-1 study randomised 146 participants with MPE for treatment with IPC or bedside 

talc slurry pleurodesis and found that patients randomised to IPC spent 6% of their total 

remaining lifespan in hospital (vs 11.2% in the pleurodesis group; p < 0.001) (86). 

 

Section II.2 – Reducing pleural re-intervention 

 

Subjecting individuals with MPE to further invasive procedures during their limited lifespan 

are less than ideal. Further pleural intervention could be related to recurrence of pleural 

effusion-related symptoms or complication of therapy, e.g., IPC infection needing intervention. 

Reducing the need for ipsilateral pleural re-intervention is directly related to pleurodesis 

success/efficacy. 

 

In the TIME-2 study (71), there was less need for repeat procedures in the IPC group than in 

the pleurodesis group (6% vs 22%; p = 0.03). Thomas et al. (86) also reported similar findings 

in the AMPLE-1 study (3% vs 16%; p = 0.001). Over 90% of patients treated with an IPC did 

not require any further effusion-related pleural intervention (86, 144, 149). 

 

Cost 

Cost distribution for IPC and pleurodesis is different. IPC can be performed either as an 

outpatient procedure or with a short initial inpatient stay (median 1 day); therefore, the 

estimated initial cost is minimal. However, the long-term costs associated with IPC are related 

to the drainage supplies and nursing care time needed to help patients with drainage. In contrast, 
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for pleurodesis, the initial cost relates to the bed days required for the hospital admission for 

the procedure as well as subsequent bed days needed for re-intervention if the MPE recurs. 

Puri et al.’s (150) findings indicate that IPC is the optimal strategy at three months but that talc 

pleurodesis is more cost effective over twelve months. Olden et al. (151) found bedside talc 

pleurodesis to be more cost effective than IPC at six months; however, in their study, secondary 

interventions were not considered. In 2014, Penz et al. (152) conducted a post-hoc analysis on 

the TIME-2 (71) data to assess the overall mean cost over twelve months. They found no 

significant difference in overall mean cost between IPC and bedside talc pleurodesis (US$4,993 

vs $4,581, respectively; mean difference = $401; 95% CI = $1,387 to $2,261) (152). They also 

noted that IPC may be more cost effective than talc pleurodesis in individuals who survive for 

less than 14 weeks (152). However, they were considering data derived from the TIME-2 trial, 

which specifically excluded individuals with an expected survival of less than three months. 

Shafiq et al. (153) performed a cost–utility analysis of five therapeutic approaches to MPE with 

follow-up up to six months. Their findings indicate that IPC is the most cost-effective option 

and that quality-adjusted life years (QALY) estimates are similar for all the interventions with 

the exception of repeated thoracentesis (153). 

 

Section II.3 – Indwelling pleural catheter-related complications 

 

IPC-related complications are reported to occur between 4% to 20% of individuals with MPE 

(154). Table 4 lists the common complications and the associated incidence of each 

complication. 
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Table 4: Details and incidence of IPC complications. 

 

Complications Incidence 

IPC-related pleural infection (155, 156) 

• Treatable with appropriate antibiotics (156) and fluid evacuation; 

rarely fatal (mortality <0.3%) (156).  

• The IPC rarely needs to be removed (157). 

• Pleurodesis develops after IPC-related pleural infection in 62% of 

individuals (156).  

• Chemotherapy can resume when there are no further concerns of active 

infection (157, 158). 

0%–12% 

IPC site cellulitis (159) 

• Managed in the outpatient setting with empiric antibiotics directed to 

typical skin flora (157). 

<5% 

Catheter blockage or malfunction (160) 

• Patency should be checked at time of insertion of IPC. 

• Chest imaging prompted to determine the cause. 

• Flushing of IPC with saline or fibrinolytics should be attempted to re-

establish patency (157). 

<5% 

Symptomatic loculation (71, 86, 155, 161, 162) 

• Typically occurs 60 days post-insertion. 

• Intrapleural fibrinolytics is a safe and effective treatment option with 

symptomatic response in 83% of individuals treated (162-164). 

5%–14% 
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• May recur in 40% of patients needing further intervention (162). 

• Other options include pleural aspiration and/or insertion of a second 

catheter targeting the residual locule or removal of the ineffective IPC 

(157). 

Post-insertion pain (most common but transient) (89, 160) 

• Managed with analgesia. 

• Indication for catheter removal for severe pain is rare (<0.6%) (160).  

36% 

Catheter tract metastases (160, 165, 166) 

• Can complicate both mesothelioma and, less commonly, metastatic 

carcinomas.  

• Develops late after IPC insertion (median of 280 days) (165). 

• There is no role for prophylactic radiotherapy post-IPC insertion (167, 

168). 

• Treated with simple analgesia and external beam radiotherapy. 

• IPC removal is generally not needed. 

5%–10%  

Fracture of IPC on removal (169) 

• No complications from retained IPC. 

~10% 

Recurrence of pleural effusion after catheter removal (71, 86, 88) 

• Management decisions should be made on a case-by-case basis 

depending on symptoms, prognosis, and the individual’s preference. 

<10% 
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Cell and nutritional loss may be concerns in individuals draining their MPE regularly. The 

volume of suction bottle used for drainage can be either 600 mL or 1,000 mL. Each 500 mL of 

exudative fluid contains 30 g of protein (154). A subgroup analysis (88 cases with paired serum 

and pleural samples) from a longitudinal study assessing 103 individuals with MPE (82% 

males; 62% with mesothelioma) who were managed with an IPC showed no significant 

reduction in serum protein levels (0.75g/L/100days, p = 0.1068) (170). 

Most IPC complications are minor and easily treatable in the outpatient setting (157). However, 

IPC-related pleural infection and symptomatic loculation may require inpatient management. 

A systematic review on the efficacy and safety of IPC (including 19 studies totalling 1,370 

individuals with MPE) found that 90% individuals report no complications (155). 

 

In summary, IPC has been shown to be equivalent to talc slurry pleurodesis in fluid control in 

individuals with MPE (146, 171), and less than 10% of individuals with IPC for their MPE will 

need to undergo further pleural interventions (161, 172, 173). IPC placement involves 

significantly shorter hospitalisation than pleurodesis, with individuals spending fewer days in 

hospital (86, 173), and chemotherapy is safe in individuals with MPE with an IPC (174). 

Furthermore, IPC complications (e.g., infection, symptomatic loculations and track metastases) 

are uncommon and can be easily managed with little impact on the QoL of the individual with 

MPE. 

 

Section II.4 – Optimising the use of indwelling pleural catheter  

 

Having established the benefits of IPC for individuals with recurrent symptomatic MPE, the 

next logical step is to optimise the use of this technique to deliver maximum benefits with 

regards to breathlessness control, minimising hospitalisation, and cost-effectiveness. In the era 
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of personalised and precision medicine, tailoring how clinicians approach the use of IPC in 

individuals with MPE to derive maximal benefits is crucial. MPE is a heterogenous disorder, 

and many factors (e.g., cancer type, underlying trapped lung, prognosis, PS, underlying co-

morbidities and social supports) need to be taken into consideration to achieve the desired 

outcome for individuals treated with IPC. 

 

Phenotyping individuals with MPE is challenging. No data exist on aiding clinicians to 

subcategorise individuals with MPE to guide IPC use. The ability to accurately predict survival, 

presence of trapped lung and likelihood of successful pleurodesis would help clinicians to tailor 

a drainage schedule for each individual with an IPC for their MPE. 

 

Prognosis 

The ability to predict survival accurately may influence the frequency of drainage procedures. 

In individuals with shorter life expectancy (less than four months), a symptom-guided approach 

may be the most cost-effective option (175); however, effective breathlessness control was not 

taken into account by the researchers who suggested this. Predicting survival is exceedingly 

difficult. Most prospective clinical trials of MPE enrol individuals with expected survival of 

more than three months, but one in three participants are reported deceased before this 

timepoint.  

 

Successful pleurodesis 

Spontaneous pleurodesis (or autopleurodesis) is defined as cessation of IPC fluid output (or, in 

some studies, reduction to <50 ml on three consecutive drainages) without radiographic or 

symptomatic recurrence of MPE (85, 161) throughout follow-up or death (whichever comes 
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first). The mechanism is unclear, but it is hypothesised that the presence of the IPC may 

provoke inflammation and, consequently, promote pleural fibrosis (i.e., pleurodesis). In 

addition, aggressive drainage keeps the pleural cavity dry, which permits approximation of the 

visceral and parietal pleura and may enhance symphysis of the visceral and parietal pleura.  

 

There are no robust data to support using clinical, biochemical, or radiological parameters to 

predict which individuals with IPC will achieve spontaneous pleurodesis. 

 

Trapped lung 

Definition of trapped lung is a matter of contention, and the best diagnostic method for this 

condition is still poorly understood. Some studies (88, 176) define trapped lung (or non-

expandable lungs) based on either <25% or <50% lung apposition to the lateral chest wall on 

chest radiographs. Individuals with trapped lung are significantly understudied; thus, its true 

incidence is difficult to determine. Historically, up to 20% of individuals with MPE have been 

reported to experience trapped lung (143). More recently, Martin et al. reported incidence rates 

of 17% and 34% in two tertiary units in the UK. Prognosis in individuals with MPE and trapped 

lung are poorer, potentially due to underlying advanced malignancy (176). 

 

Certain issues exist regarding individuals with MPE and trapped lung. First, individuals with 

trapped lung may not derive significant symptom benefit from thoracentesis; therefore, the 

condition excludes them from definitive treatment that may improve their QoL. Second, the 

lung may not remain trapped after drainage of pleural effusion and may re-expand with time. 

This may allow these individuals to subsequently develop spontaneous pleurodesis or be 

appropriate for instillation of a sclerosant via the IPC. 
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Pleural manometry (177, 178), thoracic ultrasonography (179) and the individual’s symptoms 

(180) during aspiration of the MPE are methods that have been proposed for predicting trapped 

lung. However, none have been proven to be useful, and further evidence is needed before their 

routine application in clinical practice can be implemented. The most recent American 

Thoracic Society (ATS) MPE guidelines (120) recommend IPC as the first-line definitive 

management option in individuals with trapped lung associated with MPE. 

 

Section II.5 – Drainage schedule for indwelling pleural catheter 

 

Impact of drainage schedule on breathlessness control in individuals with malignant pleural 

effusion 

Breathlessness in individuals with MPE is often multifactorial. Breathlessness improvement 

after drainage of an MPE can be highly variable, and radiological appearance is not a reliable 

guide to management. The ability to predict which individuals will derive benefits in 

breathlessness post-drainage would represent a major advance for individuals with MPE and 

forms the basis of the pleural effusion and symptom evaluation (PLEASE) study. Once the IPC 

is inserted, the clinician must determine the appropriate frequency of drainage by balancing 

effective symptom control with avoiding inflicting an unnecessary burden on the individual 

and their carer.  

 

There are two drainage approaches once IPC is inserted, which represent two opposing 

philosophies. The aggressive removal of fluid by performing drainage either daily or on 

alternate days is a standard practice in many medical centres in the US and Canada. A 

symptom-based approach, i.e., only performing drainage if and when the individual becomes 
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symptomatic from fluid accumulation, is standard practice in Australia, New Zealand, and the 

UK; under this approach, drainage is typically performed weekly. 

 

Advocates of the aggressive approach argue that it allows the best control of symptoms, 

maximising ability to perform exercise and physical activities and increasing the chance of 

spontaneous pleurodesis. Meanwhile, those supporting symptom-guided drainage hold that 

drainage of MPE is a palliative measure to improve symptoms and that, in this context, drainage 

in the absence of breathlessness is unlikely to improve well-being or QoL and is unnecessary. 

The disadvantages of daily draining include that it requires considerably more time and effort 

on the part of the individual and their caregivers. The consumable costs also need to be taken 

into account as daily drainage incurs consumables costs 14 times higher than fortnightly 

drainage. There is also the issue that frequent accessing of the IPC may theoretically increase 

the risks of complication, e.g., infection. 

 

To date, no studies have assessed the different drainage regimes in relation to breathlessness 

control in individuals with MPE needing an IPC. Establishing the optimal drainage approach 

that provides the best clinical outcome would impact clinical care for individuals with MPE 

worldwide. 

 

Impact of drainage schedule on spontaneous pleurodesis 

To establish the optimal drainage approach to provide the best clinical outcome, cost efficiency 

needs to be considered. Daily drainage involves considerably more time, manpower and 

consumables costs, costing 1,400% more than fortnightly drainage. However, achieving early 
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spontaneous pleurodesis can allow for earlier removal of the IPC, thus reducing long-term costs 

and complication rates.  

 

Reported rates of spontaneous pleurodesis vary from 26% to 76% across different studies (71, 

85, 86, 88, 141, 143, 144, 146-149, 159, 161, 181-200). The median time to spontaneous 

pleurodesis varies from one to three months. Tremblay et al. (181) have reported the highest 

rates, with up to 70% of individuals with IPC achieving spontaneous pleurodesis; however, 

they did not note the drainage regimen. A systematic review by Van Mater et al. (155) found 

that spontaneous pleurodesis following IPC was seen in 45.6% of the 943 cases studied. The 

rate is comparable to that of successful talc pleurodesis at six months (130). The average time 

to achieving spontaneous pleurodesis is 52 days. Requirement for further pleural intervention 

after catheter removal is low (<10%) (181). It is important to note that different researchers 

adhere to different definitions of spontaneous pleurodesis, and that type of drainage regime 

used, and frequency of drainage have been inconsistently reported. Many studies include few 

individuals with MPE and trapped lung, and definition of trapped lung vary between many of 

these studies. These factors may explain the high level of variation in spontaneous pleurodesis 

rates seen across these studies (summarised in Table 5). 
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Table 5. IPC drainage schedule and spontaneous pleurodesis in individuals with MPE. 

Author (year) 

No. of IPCs 

Country Inclusion of 

individuals 

with trapped 

lung (N=)  

Drainage  

schedule 

Drainage  

device 

Spontaneous 

pleurodesis 

rates 

Time to 

spontaneous 

pleurodesis 

Spontaneous pleurodesis 

definition 

Putnam et al. 

(1999) 

96 IPCs 

USA Yes (NS) Alternate day Vacuum 

bottle 

21% NR No drainage on 3 consecutive 

attempts. 

Putnam et al. 

(2000) 

109 IPCs 

USA Yes (NS) Alternate day Vacuum  

bottle 

46% Median = 29 days 

(Range: 8–223) 

No drainage on 3 consecutive 

attempts. 

Davies et al. 

(2012) 

51 IPCs 

UK Yes (3) 3 times weekly 

or symptom-

guided 

Vacuum  

bottle 

57% NR Cessation of drainage for at least 

4 weeks. 
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No radiological (CXR) evidence 

of significant fluid re-

accumulation. 

Thomas et al. 

(2017) 

73 IPCs 

Australasia Yes (3) Symptom-

guided 

Vacuum 

bottle or 

drainage 

bag 

29% NR Cessation of fluid accumulation 

as determined by treating 

clinician. 

Bhatnagar et al. 

(2018) 

70 IPCs 

UK No Variable (at 

least twice 

weekly) 

NS 

 

27% Within 70 days <50ml drainage per day on 3 

consecutive drainages. 

CXR showing <25% 

opacification of the appropriate 

hemithorax due to suspected 

fluid. 
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Suzuki et al. 

(2011) 

418 IPCs 

US NS Daily or 

alternate day 

Vacuum  

bottle 

26% Median = 60 days <50ml drainage per day on 3 

consecutive drainages. 

Removal without further 

procedure.  

No re-accumulation at 1 month 

after removal. 

Tremblay et al. 

(2006) 

250 IPCs 

Canada Yes (NS) 3 times weekly Vacuum  

bottle 

43% Median = 59 days 

(95% CI=46–72)  

<50mL drainage per day on 3 

consecutive drainages. 

No symptoms or CXR evidence 

of pleural effusion at 2 weeks. 

Warren et al. 

(2008) 

231 IPCs 

USA Yes (7) Daily for the 

first week, 

alternate days 

thereafter 

Vacuum  

bottle 

58% Mean = 29 days ≤50 mL per day (≤ 100mL every 

other day). 

Removal without clinically 

symptomatic pleural effusion. 
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Boshuizen et al. 

(2017) 

46 IPCs 

Netherlands No  Symptom-

guided 

Vacuum  

bottle 

NR NR NR 

Musani et al. 

(2004) 

27 IPCs 

USA Yes (2) Daily drainage Vacuum  

bottle 

53% Mean = 39 days  

(Range: 7–85)  

<50 mL drainage per day on 3 

consecutive drainages. 

 

Bertolaccini et 

al. (2012) 

97 IPCs 

Italy Yes (NS) Weekly 

drainage 

Vacuum  

bottle 

41% Median = 51 days  

(Range: 34–78)  

No drainage for 1 month 

CXR shows no significant pleural 

effusion. 

Bertolaccini et 

al. (2007) 

48 IPCs 

Italy Yes (NS) Symptom-

guided 

Vacuum  

bottle 

48% Mean = 43 days No drainage on 3 consecutive 

occasions. 

Frost et al. 

(2019) 

Germany NS Daily drainage 

(if <200 mL 

Drainage 

bags 

29% Median = 56 days <200 mL per week. 
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448 IPCs per day, then 

extended to 2-

day regimen) 

No further ipsilateral pleural 

intervention needed after 

removal. 

Fysh et al. 

(2012) 

34 IPCs 

Australia Yes (16) Symptom-

guided 

NS 41% Median = 81 days No drainage for >1 month or 

patient no longer derives 

symptomatic benefit from 

catheter drainage. 

Demmy et al. 

(2012) 

25 IPCs 

USA No Daily drainage Vacuum  

bottle 

65% Median = 31 days 

(Range: 2–286)  

<30 mL drainage per day on 3 

consecutive drainages. 

 

Tremblay et al. 

(2007) 

109 IPCs 

Canada No 3 times weekly Vacuum  

bottle 

70% Mean = 90 days <50 mL drainage per day on 3 

consecutive drainages. 

No symptoms or CXR evidence 

of pleural effusion at 2 weeks. 
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Pollak et al. 

(2001) 

31 IPCs 

USA NS At least every 

other day  

Vacuum  

bottle 

42% Median = 19 days  

(Range: 7–96) 

<20 mL of drainage on 3 

consecutive drainages. 

Chest imaging shows no residual 

fluid. 

Qureshi et al. 

(2008) 

52 IPCs 

UK Yes (52) 3 times a week 

for 3 weeks; 

thereafter, 

dependent on 

drainage 

volume 

NS 42 Mean = 94 days  

(Range: 30–255)  

Reduction in fluid drainage. 

Bazerbashi et 

al. (2009) 

125 IPCs 

UK Yes (125) 2–3 times 

weekly 

NS 76% Median = 87 days 

(Range: 5–434)  

No drainage on 2 occasions 

within a week. 

CXR shows no pleural effusion 

and good lung expansion. 
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Warren et al. 

(2008) 

295 IPCs 

USA Yes (25) Daily for the first 

week (alternate 

days thereafter) 

Vacuum  

bottle 

70% 

 

Mean = 27 days ≤50 mL per day (≤100 mL every 

other day). 

Sioris et al. 

(2009) 

51 IPCs 

Finland NS Daily (alternate 

days if <250 mL) 

Vacuum  

bottle 

22% NR No drainage for 2 weeks. 

CXR shows no pleural effusion. 

Faiz et al. (2017) 

208 IPCs 

USA NS Daily until <150 

mL of drainage 

on 3 consecutive 

drainages, then 

alternate days 

Vacuum  

bottle 

50% Median = 81 days  

(95% CI = 58–96) 

<150 mL of drainage on 3 

consecutive drainages. 

No radiological evidence of fluid 

accumulation. 

 

Abrao et al. 

(2017) 

19 IPCs 

Brazil NS Every 3 days Vacuum  

bottle 

42% Median = 31 days 

(Range: 21–126)  

<250 mL on 3 consecutive 

drainages. 

CXR shows no pleural effusion. 



 69 

Efthymiou et al.  

(2009) 

116 IPCs 

UK Yes (116) Symptom-guided Vacuum  

bottle 

NR NR NS 

Jimenez et al. 

(2007) 

10 IPCs for 

recurrent 

chylothorax 

USA Yes Daily until <150 

mL of drainage 

on 3 consecutive 

drainages, then 

alternate days 

 

Vacuum  

bottle 

55% Median = 26 days 

(Range: 13–77)  

<150 mL of drainage on 3 

consecutive drainages. 

No radiological evidence of fluid 

accumulation. 

 

van den Toorn et 

al. (2005) 

17 IPCs 

Netherlands NS Symptom-guided Vacuum  

bottle 

NR NR NS 

Hunt et al. (2012) 

59 IPCs 

USA Yes (NS) NS Vacuum  

bottle 

NR NR NS 
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Al-Halfawy et al. 

(2008) 

55 IPCs 

USA Yes (5) Twice daily (once 

<500 mL, pump 

was kept 

connected all 

day) 

Vacuum 

bottle 

(Surgivac 

pump) 

86% Mean = 19 days  

(Range: 12–26)  

No fluid drainage for 3 

consecutive days. 

Murthy et al. 

(2006) 

63 IPCs 

(83% had MPE) 

USA Yes (25) 1–2 times weekly Vacuum 

bottle 

NR NR NS 

Pien et al. (2001) 

13 IPCs 

USA Yes (11) Symptom-guided Vacuum 

bottle 

NR NR NR 

Wong et al. 

(2016) 

23 IPCs 

Hong Kong Yes (11) Daily or alternate 

day or symptom-

guided 

Vacuum  

bottle 

44% NR ≤50 mL on average and not 

related to IPC complications. 
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Diez-Porres et al. 

(2008) 

8 IPCs 

Spain NS Twice a week  NS 25% NR NS 

NR = not reported; NS = not specified.
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The ASAP (Impact of Aggressive versus Standard drainage regimen using a long-term 

indwelling pleural catheter) study (182) randomised 162 individuals with MPE in the USA to 

daily or alternate day drainage via their IPC. The findings indicate higher spontaneous 

pleurodesis rates in the daily drainage group than in the alternate day drainage group (47% vs 

24%; p = 0.003), with a mean time to spontaneous pleurodesis of 54 days in the daily drainage 

group (compared to 90 days) and no difference in complication rates between the two groups. 

However, a significant number of individuals did not complete the trial (50%); the majority of 

these were in the alternate drainage group (64%). With this taken into account, the difference 

in spontaneous pleurodesis rates between the groups becomes non-significant (74% vs 64%; p 

= 0.38) (201). The ASAP study also excluded individuals with trapped lung. The ATS MPE 

guidelines (120) recommend IPC as the first-line management option for individuals with 

trapped lung, and as many as one in three individuals with an MPE will have trapped lung. 

Therefore, questions remain regarding what the best drainage regime is to control 

breathlessness in individuals with MPE with trapped lung. 

 

Other ways to promote pleurodesis are also being studied, such as drainage regime and 

instillation of sclerosant via the IPC. In 2011, Reddy et al. (96) performed an observational 

study of 30 individuals with MPE. The participants underwent pleuroscopy with talc poudrage, 

and then concomitant IPC insertion. Daily drainages were performed for three days until fluid 

output reached <150 ml. The mean hospital stay was 1.79 days, and there was a 92% 

pleurodesis rate at six months (96).  

 

By inserting an IPC and instilling a sclerosant, hospital protocols can be modified to minimise 

hospital stay with a disregard to fluid output initially. Instilling sclerosant through the IPC is 
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safe, and it combines the benefits of both IPC and pleurodesis, as shown in the IPC-plus study 

in 2018 (88), which was a randomised, controlled, single-blind study involving 18 centres in 

the United Kingdom. The IPC-plus study randomised 154 participants to either receive 4g of 

talc slurry via IPC (n=71) or placebo (n=73) ten days after IPC insertion as an outpatient. At 

35 days, there was a higher proportion of participants (without substantial trapped lung), 

achieving pleurodesis in the talc group compared to placebo (43% vs. 23%, hazard ratio 2.2; 

95% CI 1.23-3.92, p=0.008). There were no significant differences in additional therapeutic 

procedure or adverse events between both groups. However, the pleurodesis rate in this case 

was not much greater than that of daily drainage by itself as reported in the ASAP study (182). 

This may be due to the drainage frequency in the IPC-plus study post-administration of talc 

was not standardized between sites and was determined by the local investigating team (at least 

twice a week for the duration of the trial).  

 

Instilling talc via the IPC and the individual then performs daily drainage may be the logical 

evolution in the management of MPE. The use of IPC is superior in minimising hospitalisation 

and pleurodesis increases the likelihood of early removal of the IPC, thus reducing 

inconvenience, costs, and complications from long-term IPC use.  

 

Another novel concept is coating the IPC with a sclerosant to hasten pleurodesis. Bhatnagar et 

al. (202) performed a phase 1 study (N = 10) using an IPC coated with silver nitrate (drug-

eluted IPC). They found that 89% of participants achieved pleurodesis, with a median time to 

pleurodesis of four days (interquartile range [IQR]: 2–6) (202), and eight out of nine participant 

(one patient excluded due to trapped lung) achieved persistent pleurodesis at 60-day follow-up 

(202). The researchers reported only one serious adverse event (chest pain) that was related to 
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the catheter (202). A randomised study of coated vs. uncoated IPC had been completed and 

results are awaited. 

 

In summary, individuals with MPE have generally been managed with pleurodesis as the 

primary outcome; however, it is uncertain how important this truly is. Treating the radiological 

appearance of individuals with MPE does not correlate with symptom improvement (93). 

Management of these individuals with a limited prognosis should focus on alleviating 

breathlessness, allowing individual autonomy and freedom from the healthcare system. The 

primary goal of MPE management is palliation; therefore, symptom control and improving 

QoL are essential. No previous studies have assessed breathlessness and QoL by comparing 

drainage schedules. This forms the basis of the AMPLE-2 study presented in this thesis, 

optimising drainage schedule and has the potential to enhance breathlessness control and 

promote pleurodesis and early catheter removal. 
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Part III. Malignant pleural mesothelioma  

 

Malignant pleural mesothelioma, as the most common form of primary pleural malignancy, 

requires special mention and consideration. Pleural effusion is the most common first 

presentation of malignant pleural mesothelioma; over 95% of individuals with malignant 

pleural mesothelioma will have a pleural effusion during their lifetime (19).  

 

Malignant pleural mesothelioma is classified as an occupational disease. When informing the 

individual of the clinician’s suspicion of malignant pleural mesothelioma, it can be devastating 

and often, leaves the individual anxious during the work-up process. Diagnosing an individual 

with malignant pleural mesothelioma is challenging and often invasive procedures are needed 

to confirm the diagnosis. It is common for individuals who are suspected to have malignant 

pleural mesothelioma to undergo multiple procedures during the work-up process to confirm 

the diagnosis and to determine the histological subtype as this has an influence on survival. 

The choice of biopsy technique will vary between the individual depending on the distribution 

and morphology of their disease, their suitability for surgery or invasive procedures and the 

availability of services (203). Often, a surgical biopsy may be needed and despite going through 

this invasive procedure it may not change the individual’s management. Therefore, is it 

imperative to determine if there is a clinical meaningful difference that exist identifying the 

mesothelioma pathological subtype. 

 

 

 



 76 

Section III.1 – Epidemiology 

 

Despite the ban on asbestos use, malignant pleural mesothelioma incidence continues to 

increase worldwide. In Australia, the incidence was between 2.2 and 2.9 per 100,000 

population between 2011 and 2018 (The Australian Mesothelioma Registry (204)). The UK 

and Australia are the two countries with the highest mortality rates from malignant pleural 

mesothelioma, where it kills ten people per day (19, 203).  

 

The incidence rates of malignant pleural mesothelioma in developed countries have continued 

to rise, with researchers not expecting them to peak until at least 2020 (205), but there has been 

a shift in asbestos exposure from more direct forms, as seen in the asbestos manufacturing 

industry, to renovators and bystanders, who are inadvertently exposed by directly or indirectly 

handling asbestos material (18). However, the unregulated use of asbestos in developing 

countries predicts a major global surge of malignant pleural mesothelioma deaths, especially 

in Asia, over the next few decades (206). This ensures that malignant pleural mesothelioma 

will continue to be a significant problem in many years to come. 

 

Four in ten individuals with malignant pleural mesothelioma in Australia are between the ages 

of 70 and 79. Malignant pleural mesothelioma is considered an aggressive and universally fatal 

cancer with a median survival of nine to twelve months (five-year survival rate: 5.5%) (207). 

The age-standardised mortality rate of malignant pleural mesothelioma in Australia has shown 

little change in the last two decades.  
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Section III.2 – Pathogenesis of mesothelioma 

 

Asbestos fibres are inhaled and migrate to the pleura, where they cause irritation and a repeated 

cycle of tissue damage, inflammation and repair that is linked to carcinogenesis. Intracellular 

DNA damage and abnormal repair are precipitated by oxygen free radicals, which are released 

by macrophages that have ingested the asbestos fibres. Damage of the mesothelial cells by 

asbestos fibres impairs mitotic activity, generates DNA mutations and alters chromosomal 

structure (208). The damaged mesothelial cells release various chemokines and cytokines, thus 

creating a favourable microenvironment for unrestricted tumour growth, with increased 

expression of proto-oncogenes and further promotion of abnormal cell proliferation from 

phosphorylation of various protein kinases. There is a low frequency of protein-altering 

mutations, reduce expression of p53 tumour suppressor gene pathway, deletion and mutational 

loss of Breast Cancer (BRCA)-associated protein (BAP 1), set domain containing 2, Unc-like 

autophagy activating kinases, Ryanodine receptor 2, cilia and flagella-associated protein 45 

and Set domain bifurcated 1 (209). 

 

Malignant pleural mesothelioma has three distinctive histological subtypes: epithelioid, 

sarcomatoid, and biphasic (composed of both epithelioid and sarcomatoid components) (19). 

The pathological subtype of malignant pleural mesothelioma has a strong influence on survival; 

the epithelioid type is associated with longer survival compared to the biphasic and sarcomatoid 

types (203, 210, 211). 
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Section III.3 – Aetiology 

 

The most common cause of malignant pleural mesothelioma is exposure to asbestos (212), but 

nearly 20% of individuals with malignant pleural mesothelioma report no known exposure, and 

this number can be as high as 60% in females (2). The condition has also been associated with 

irradiation (3), intrapleural thorium dioxide and inhalation of other fibrous silicates such as 

erionite (4, 5). Some studies suggest that simian virus 40 may act as a co-carcinogen in the 

development of malignant pleural mesothelioma (6), but recent epidemiological studies have 

been inconclusive in this regard (7, 8).  

 

Issues of long latency, insidious growth, delayed diagnosis (often at advanced stage) and 

refractoriness to even aggressive surgical and multimodal treatment mean that a cure for 

malignant pleural mesothelioma remains elusive (9). 

 

Section III.4 – Investigation 

 

Cases of malignant pleural mesothelioma are notoriously difficult to diagnose. One of the 

reasons for this is the different biological behaviours of the different pathological subtypes. 

Epithelioid malignant pleural mesothelioma (the most common form; 60% of cases) more 

readily sheds cells into the pleural or peritoneal space, and these can be identified on cytological 

examination. However, sarcomatoid malignant pleural mesothelioma cells generally do not 

shed into the pleural or peritoneal space, leading to a poor cytological diagnostic yield, as they 

are nested within the thickened pleural tissue. 
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The accurate diagnosis of malignant pleural mesothelioma depends on the presence of 

appropriate tumour morphology with concordant immunohistochemistry (IHC) in individuals 

with appropriate clinical and radiological findings (213). Current recommendations are that, in 

individuals with concordant clinical and morphological features, at least two mesothelial IHC 

markers and two epithelial markers with either sensitivity or specificity greater than 80% 

should be used (214). The choice of antibodies in any particular case depends on the 

histological pattern of malignant pleural mesothelioma, the likely differential diagnosis being 

considered and the experience of the laboratory. The most useful mesothelial markers are 

Calretinin, Wilms tumour-1 (WT-1), cytokeratin 5/6 (CK5/6) and podoplanin (D2-40) (215). 

However, sarcomatoid malignant pleural mesothelioma and sarcomatoid components of 

biphasic malignant pleural mesothelioma may lose immunoreactivity for most markers. A brief 

overview of the different markers used for malignant pleural mesothelioma diagnosis is 

presented in Tables 6 and 7 below. 

 

Table 6. Useful IHC markers for the diagnosis of malignant pleural mesothelioma. 
Adapted from Husain et al. (214), Chai et al. (215) and John et al. (216). 

Marker  Uses in malignant pleural mesothelioma diagnosis  Sensitivity (%) 

Markers of mesothelial differentiation and % mesothelioma positive 

Calretinin  Differentiate malignant pleural mesothelioma from lung 

adenocarcinoma (5%–10%), renal cell carcinoma (RCC) 

(~10%) and non-gynaecological adenocarcinomas in the 

peritoneum.  

82–100 

CK5/6  Differentiate malignant pleural mesothelioma from lung 

adenocarcinoma (2%–20%) and RCC (negative).  

75–100 
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WT1  Differentiate malignant pleural mesothelioma from lung 

adenocarcinoma (negative), SqCC (negative), RCC (2%), 

gastric adenocarcinomas (3%) and pancreatic 

adenocarcinomas.  

70–95 

D2-40 

(podoplanin)  

Differentiate malignant pleural mesothelioma from lung 

adenocarcinoma (15%) and RCC (negative). 

86–100 

Mesothelin  Differentiate malignant pleural mesothelioma from RCC 

(negative). 

75–100 

Epithelial markers and % carcinoma positive 

MOC31  Differentiate malignant pleural mesothelioma (2%–10%) 

from lung adenocarcinoma, lung SQCC, PSC and non-

gynaecological abdominal carcinomas. 

95–100 

CEA  Differentiate malignant pleural mesothelioma (<5%) from 

lung adenocarcinoma and non-gynaecological abdominal 

carcinomas. 

80–100 

Ber-EP4  Differentiate malignant pleural mesothelioma (up to 20%) 

from lung adenocarcinoma, SqCC, PSC, gastric and 

pancreatic carcinomas. 

95–100 

TTF-1  Differentiate malignant pleural mesothelioma (negative) 

from lung adenocarcinoma.  

75–85 

Napsin A  Differentiate malignant pleural mesothelioma (negative) 

from lung adenocarcinoma.  

80–90 
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BG8 (LewisY)  Differentiate malignant pleural mesothelioma from lung 

adenocarcinoma, SqCC, PSC and non-gynaecological 

abdominal carcinomas. 

73–90 

 

Claudin 4 Differentiate malignant pleural mesothelioma from SqCC 

and lung adenocarcinoma. 

95–100 

TAG-72 Differentiate malignant pleural mesothelioma from SqCC 

and lung adenocarcinoma. 

75–85 

B72.3  Differentiate malignant pleural mesothelioma (very low 

positivity) from lung adenocarcinoma.  

75–85 

p63 or p40  Differentiate malignant pleural mesothelioma (up to 7%) 

from SqCC.  

95–100 

PAX8 or PAX2  Differentiate malignant pleural mesothelioma (negative) 

from RCC and tumours of Müllerian origin.  

80–100 

ER/PR  When positive, very useful in differentiating malignant 

pleural mesothelioma (negative) from breast carcinoma 

and PSC.  

80–100 

CDX2  Differentiate malignant pleural mesothelioma (negative) 

from colon, intestinal and gastric cancers. 

70–100 

CEA = carcinoembryonic antigen; TTF-1 = thyroid transcription factor-1; PAX8 = paired box 

gene-8 = PAX2, paired box gene-2; ER = estrogen receptor; PR = progesterone receptor; CDX2 

= caudal type homebox 2; TAG-72 = tumour-associated protein 72; WT1 = Wilms Tumor-1. 

  



 82 

Table 7. Useful IHC markers differentiating malignant pleural mesothelioma from 

benign mesothelial proliferation. 

Adapted from Chai et al. (215). 

Marker  Sensitivity (%) 

Positive markers associated with malignant pleural mesothelioma 

Epithelial Membrane Antigen (EMA)  80–100 

Glucose Transporter 1 (GLUT-1)  75–100 

IMP3 73 

P53 45 

Negative markers associated with malignant pleural mesothelioma 

 (i.e., loss of expression) 

BRCA associated protein 1 (BAP-1) 20–60 

(Mesothelioma subtype dependent) 

Desmin 85 

Loss of staining of Desmin in combination with expression of EMA, p53, GLUT-1 and/or IMP3 

is suggestive of malignant pleural mesothelioma with a specificity of 96%–98%. 

 

In most centres, individuals with a presumed diagnosis of malignant pleural mesothelioma are 

subjected to a biopsy. A pleural biopsy can be performed percutaneously with image guidance, 

pleuroscopy/medical thoracoscopy or a surgical biopsy via VATS (203). The choice of 

modality varies between individuals depending on clinician expertise, fitness for a surgical 

procedure and the distribution and morphology of the disease. 
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A significant advantage of pleuroscopy over image-guided biopsy is the ability to drain pleural 

fluid, perform pleurodesis and take vision-guided biopsies, all as part of the same procedure 

(217). The diagnostic yield of pleuroscopy for malignancy is high, with a sensitivity of 92% 

from 22 case series (N = 1,369) (218). VATS offer similar advantages to pleuroscopy 

(sensitivity of 95% and specificity of 100%, negative predictive value of 94%) while also 

allowing more therapeutic techniques to be performed (219). No prospective RCTs have been 

conducted to compare VATS to pleuroscopy for diagnosing malignancy; however, a VATS 

procedure requires a general anaesthetic, so frail individuals presenting with suspected pleural 

malignancy may not be suitable for this approach. In individuals with malignant pleural 

mesothelioma, catheter tract metastasis is a well-known complication that is associated with 

pleural interventions and directly related to the size of the pleural puncture. The incidence of 

catheter tract metastasis is estimated to be 12.3%, with one quarter of cases being symptomatic 

(168). It is identified as a poor prognostic indicator for long-term survival (220, 221). 

 

Percutaneous pleural biopsy with image guidance relies on the presence of identifiable pleural 

thickening. The performance of ultrasound- and CT-guided biopsy is high (222, 223), and 

image guidance with CT (yield of 87%) has been shown 40% more sensitive than blind pleural 

biopsy (yield of 47%) with an Abrams needle (224). Ultrasound-guided pleural biopsy has a 

sensitivity between 70% and 94% (higher than blind pleural biopsy) (225-228). Complications 

from percutaneous pleural biopsy are considered to be low.  

 

Pleural thickening can be diffuse; therefore, reliably identifying an optimal biopsy site can be 

difficult. Given the large surface area of the pleura (estimated 1 m2), false negative biopsies 

are common, which can result in subjecting individuals to multiple invasive procedures. It is 
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thought that there may be a clinical advantage in identifying the pathological subtype of 

mesothelioma as clinicians would be able to predict prognosis more accurately (median 

survival for epithelioid malignant pleural mesothelioma is 13 months compared to 4 months 

for sarcomatoid malignant pleural mesothelioma (229)]), rule out other mesothelioma mimics 

(such as lung adenocarcinoma, reactive mesothelial hyperplasia, fibrinous pleuritis or sarcoma) 

and predict treatment response. Given the invasiveness of a pleural biopsy and the potential of 

subjecting an individual to multiple procedures, thus causing diagnostic delay, cost, risk and 

distress, a cytological diagnosis of malignant pleural mesothelioma has practical advantages 

due to being minimally invasive, easy to perform and inexpensive.  

 

Diagnosis of malignant pleural mesothelioma using cytological analysis of the pleural fluid is 

controversial and only carried out in highly specialised centres with experienced specialist 

cytopathologists (230). Differentiating benign, reactive, and malignant mesothelial cells can be 

challenging. Accurate diagnosis of epithelioid malignant pleural mesothelioma can be reliably 

made based on fine needle aspiration and pleural fluid specimens alone (230, 231) in 

conjunction with appropriate clinical and radiological findings. The most recent guidelines 

from the International Mesothelioma Interest Group (endorsed by the International Society of 

Cytology and the Papinicolau Society of Cytopathology) provide specific criteria in 

conjunction with ancillary testing for the diagnosis of epithelioid and biphasic malignant 

pleural mesothelioma on effusion samples (231). Therefore, with adequate expertise, a 

diagnosis of malignant pleural mesothelioma can be established based on pleural fluid cytology 

alone in many individuals, thus negating the risk of more invasive pleural procedures. 
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Section III.5 – Treatment 

 

Numerous therapeutic approaches have been attempted for malignant pleural mesothelioma 

with poor results (203). Chemotherapy with pemetrexed or raltitrexed and cisplatin are the only 

treatments that have been proven to extend median survival, albeit only by ~10 weeks (213, 

232). Aggressive surgery has been shown to be ineffective in randomised trials (233), and 

extra-pleural pneumonectomy (234) surgery shortens survival by five months (compared with 

individuals not undergoing the operation) and impairs QoL. Pleurectomy and/or decortication 

is a less aggressive approach, but it does not improve survival, and it incurs increased post-

operative complications (235).  

 

In summary, the pathological subtype of malignant pleural mesothelioma has an influence on 

survival; the epithelioid type is associated with longer survival than the biphasic and 

sarcomatoid types (211, 236). Although chemotherapeutic approaches are limited in malignant 

pleural mesothelioma, it is generally accepted that there are better responses to treatment with 

the epithelioid subtype (237). Therefore, there may be a clinical advantage, with prognostic 

and therapeutic implications, to identifying the mesothelioma pathological subtype. Comparing 

survival between epithelioid malignant pleural mesothelioma diagnosed by cytology only and 

histologically to establish whether a clinically meaningful difference exists is important as it 

could help to minimise additional invasive investigations and the associated risks. 
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CHAPTER 2: RESULTS 

 

Part I. Pleural effusion and symptom evaluation (PLEASE) study 

 

Breathlessness is the most common symptom in individuals with pleural effusion, and it is 

often disabling. The pathophysiological mechanism of dyspnoea from pleural effusion is 

poorly defined, and the severity of breathlessness is often only weakly correlated with the size 

of the effusion.  

 

In many cases, pleural drainage is performed to evacuate the pleural fluid in an attempt to 

relieve breathlessness in individuals with recurrent (malignant) pleural effusions. However, not 

all individuals experience symptom benefits from this procedure as breathlessness in 

individuals with MPE can be multifactorial. All drainage procedures can induce pain and lead 

to significant complications. A study of thoracentesis (N > 500) reported a ~5% rate of 

complication of pneumothorax requiring chest tube drainage, even with ultrasound guidance 

(102). Chest tube drainage of larger effusions can carry a higher risk of effects such as pain, 

bleeding, infection (3%) and even potentially puncture of other organs (2%). Identifying 

individuals who are unlikely to respond can help to reduce unnecessary drainage procedures 

by resulting in a corresponding reduction in complications (102). 

 

Most prior studies have focused on specific aetiological factors in isolation; however, their 

relevance is debated. The ability to identify individuals who will experience symptomatic relief 

from pleural fluid drainage will significantly reduce morbidity and healthcare costs. 
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The PLEASE study is a prospective study that represent the most comprehensive research to 

date evaluating factors associated with pleural effusion-related breathlessness. The PLEASE 

study has the following aims: 1) to prospectively capture data on the effects of pleural effusion 

(and drainage) on cardiorespiratory, functional, radiographic, and diaphragmatic parameters in 

individuals with pleural effusion requiring drainage; and 2) to determine the proportion of 

individuals who experience improvement in breathlessness from pleural effusion drainage 

while exploring parameters that may predict response. 
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Section I.1 – PLEASE protocol 
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Section I.2 – Results 
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Section I.3 – PLEASE supplementary material 
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Section I.4 – Key points 

The PLEASE study (238) represents the largest and most comprehensive study to date on the 

mechanisms of breathlessness in individuals with pleural effusion. Of the cohort studied, 63% 

of participants had MPE. With a median drainage of 1.68 L of fluid, the key findings are as 

follows: 

• The majority of participants experienced a significant improvement in 

breathlessness across all three instruments used as well as exercise capacity.  

• 21% of the participants had trapped lung. Nevertheless, many of these individuals 

with trapped lung experienced a clinically meaningful improvement in 

breathlessness.  

• Lung volumes, heart rate and respiratory rate showed only modest absolute 

improvements after drainage. 

• Reducing mass effect of pleural effusion appears to be an important contributor to 

improved breathlessness scores, although the mechanism is unclear. 

• The ipsilateral diaphragm appears to undergo more obvious changes in shape and 

movement, possibly due to its more compressible/distortable nature. Abnormalities 

in diaphragm movement are common and their presence, in addition to baseline 

level of breathlessness, are independent predictors of likelihood of symptom relief 

after fluid drainage.  

 

One in four participants did not experience meaningful improvement in breathlessness. 

Individuals who were very breathless and/or had abnormal diaphragm movement at baseline 

were more likely to improve following drainage. However, the predictive models developed 

were not sufficiently accurate to be applied clinically. This highlights that breathlessness is a 

complex multifactorial process that is not easy to predict, even with the comprehensive list of 



 123 

radiographic, physiologic, and diaphragmatic variables that was applied in the PLEASE study. 

Self-reported severity of breathlessness is a simple and useful guide for clinicians to make 

decisions regarding the need for fluid removal, presumably because it encompasses other 

complex variables that the PLEASE study could/did not account for. Abnormal diaphragmatic 

function may be an important contributor to breathlessness in individuals with pleural effusion 

and should be a topic for future research. 

 

The PLEASE study helps define the benefits that clinicians and individuals with MPE can 

expect from pleural fluid drainage and provides hypothesis-generating information on potential 

mechanisms of breathlessness in individuals with MPE.  
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Part II. Australasian Malignant PLeural Effusion (AMPLE)-2 

study 

 

Individuals with MPE often require pleural intervention for symptom control. Two multicentre 

trials (71, 86), including the Australasian Malignant PLeural Effusion (AMPLE)-1 trial, have 

confirmed that the indwelling pleural catheter (IPC) approach provides similar benefits to talc 

slurry pleurodesis in breathlessness control and QoL and is effective in reducing days spent in 

hospital and the need for further pleural procedures during an individual’s remaining lifespan. 

Having established the advantages and safety of IPC, the next step is to determine the best 

drainage approach to optimise breathlessness control in individuals with MPE. 

 

Despite the existing evidence establishing the role of IPC in managing individuals with MPE, 

the use of IPC is relatively new in many parts of the world. Significant heterogeneity exists 

regarding key practical aspects of IPC use due to a lack of quality data on the subject. Variations 

in drainage approaches have a direct impact on IPC care and, therefore, implications on 

healthcare costs. The only RCT found (the ASAP study) compares the rates of spontaneous 

pleurodesis (SP) under daily drainage and alternate day drainage in individuals with MPE in 

the US. The ASAP study findings have inherent limitations and are not generalisable to the 

overall MPE cohort (see page 67 for details), and many clinicians prefer to use drainage only 

when individuals with MPE develop breathlessness as MPE care is palliative in intent.  

 

Daily vs symptom-guided drainage    

The standard practice in many regions is aggressive daily or at least alternate day fluid 

evacuation via the IPC. This theoretically allows the best symptom control and maximises 
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physical activity. It may also promote pleural symphysis and permit catheter removal, thus 

reducing long-term costs and complications.  

 

Other centres, however, believe that MPE care should be symptom-based. Fluid drainage is 

performed only when breathlessness ensues, typically weekly to fortnightly according to 

individual needs. This is based on the argument that fluid drainage in the absence of 

breathlessness is unlikely to improve QoL. Daily drainage involves considerably more time, 

manpower and consumables costs, costing, for example, 1,400% more than fortnightly 

drainages. Frequent accessing of the IPC may also theoretically increase complications such as 

infection.  

 

The Australasian Malignant PLeural Effusion (AMPLE)-2 trial aimed to generate major 

implications for MPE care and healthcare economics worldwide by addressing this clinical 

equipoise. The results provide novel, high-quality data that will have an impact for individuals 

with MPE managed with an IPC. Establishing the optimal drainage approach for providing the 

best clinical outcome in the most cost-efficient way will impact clinical care worldwide. 
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Section II.1 – Australasian Malignant PLeural Effusion (AMPLE)-2 

protocol 
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Section II.2 – Results 
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Aggressive versus symptom-guided drainage of malignant 
pleural e!usion via indwelling pleural catheters (AMPLE-2): 
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Summary
Background Indwelling pleural catheters are an established management option for malignant pleural e!usion and 
have advantages over talc slurry pleurodesis. The optimal regimen of drainage after indwelling pleural catheter 
insertion is debated and ranges from aggressive (daily) drainage to drainage only when symptomatic.

Methods AMPLE-2 was an open-label randomised trial involving 11 centres in Australia, New Zealand, Hong Kong, 
and Malaysia. Patients with symptomatic malignant pleural e!usions were randomly assigned (1:1) to the aggressive 
(daily) or symptom-guided drainage groups for 60 days and minimised by cancer type (mesothelioma vs others), 
performance status (Eastern Cooperative Oncology Group [ECOG] score 0–1 vs "2), presence of trapped lung, and 
prior pleurodesis. Patients were followed up for 6 months. The primary outcome was mean daily breathlessness 
score, measured by use of a 100 mm visual analogue scale during the first 60 days. Secondary outcomes included 
rates of spontaneous pleurodesis and self-reported quality-of-life measures. Results were analysed by an intention-to-
treat approach. This trial is registered with the Australian New Zealand Clinical Trials Registry, number 
ACTRN12615000963527.

Findings Between July 20, 2015, and Jan 26, 2017, 87 patients were recruited and randomly assigned to the aggressive 
(n=43) or symptom-guided (n=44) drainage groups. The mean daily breathlessness scores did not di!er significantly 
between the aggressive and symptom-guided drainage groups (geometric means 13·1 mm [95% CI 9·8–17·4] vs 
17·3 mm [13·0–22·0]; ratio of geometric means 1·32 [95% CI 0·88–1·97]; p=0·18). More patients in the aggressive 
group developed spontaneous pleurodesis than in the symptom-guided group in the first 60 days (16 [37·2%] of 43 vs 
five [11·4%] of 44, p=0·0049) and at 6 months (19 [44·2%] vs seven [15·9%], p=0·004; hazard ratio 3·287 [95% CI 
1·396–7·740]; p=0·0065). Patient-reported quality-of-life measures, assessed with EuroQoL-5 Dimensions-5 Levels 
(EQ-5D-5L), were better in the aggressive group than in the symptom-guided group (estimated means 0·713 [95% CI 
0·647–0·779] vs 0·601 [0·536–0·667]). The estimated di!erence in means was 0·112 (95% CI 0·0198–0·204; 
p=0·0174). Pain scores, total days spent in hospital, and mortality did not di!er significantly between groups. Serious 
adverse events occurred in 11 (25·6%) of 43 patients in the aggressive drainage group and in 12 (27·3%) of 44 patients 
in the symptom-guided drainage group, including 11 episodes of pleural infection in nine patients (five in the 
aggressive group and six in the symptom-guided drainage group). 

Interpretation We found no di!erences between the aggressive (daily) and the symptom-guided drainage regimens 
for indwelling pleural catheters in providing breathlessness control. These data indicate that daily indwelling pleural 
catheter drainage is more e!ective in promoting spontaneous pleurodesis and might improve quality of life.

Funding Cancer Council of Western Australia and the Sir Charles Gairdner Research Advisory Group.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Malignant pleural e!usion can complicate most cancers.1 
The associated breathlessness is often distressing, 
debilitating, and significantly impairs quality of life.2 
Malignant pleural e!usion accounts for more than 
125 000 hospital admissions per year in the USA alone.3

Indwelling pleural catheter drainage is a new thera-
peutic approach for management of malignant pleural 
e!usion, and its advantages have been confirmed in 

randomised trials.4,5 Treatment with an indwelling pleural 
catheter significantly reduces days spent in hospital and 
the need for further invasive pleural procedures in 
patients’ remaining life,4 compared with conventional 
talc slurry pleurodesis, while o!ering the same level of 
improvement in symptoms and quality of life.4,5 In-
dwelling pleural catheters are increasingly being adopted 
worldwide as the first-line management option for 
malignant pleural e!usion.
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The logical next step is to optimise the use of this 
approach and hence its benefits. Few data exist to guide 
drainage approaches for patients with an indwelling 
pleural catheter. Practices vary worldwide, ranging from 
aggressive (daily or alternate-day) drainage, often used 
in centres in the USA,6 to drainage only when symptoms 
develop, which is common in the rest of the world. 
These di!erences in practice could potentially influence 
outcomes and complication rates.

Aggressive daily drainage arguably keeps the pleural 
space dry and provides best symptom control every day, 
whereas health-care practitioners who advocate symptom-
guided drainage contend that the goal of malignant 
pleural e!usion care is palliation and that drainage of 
indwelling pleural catheter is only indicated when 
symptoms arise. The symptom-guided approach might 
reduce a substantial amount of burden and consumable 
costs compared with daily drainage, and might reduce the 
risk of iatrogenic introduction of pleural infection.

Conversely, frequent indwelling pleural catheter 
drainage might facilitate approximation of the visceral 
and parietal pleura and facilitate their symphysis 
(so-called spontaneous pleurodesis), and allow removal 
of the catheter. Daily drainage has been shown to 
promote pleurodesis more e!ectively than alternate-day 
drainage.6 Whether a symptom-guided approach a!ects 
the rate of pleurodesis is unknown.

The Australasian Malignant PLeural E!usion-2 
(AMPLE-2) study was designed to address the equipoise 
between aggressive (daily) versus symptom-guided 
approaches to indwelling pleural catheter drainage in 
patients with a malignant pleural e!usion—specifically, 
their e"cacy in breathlessness control, induction of 
pleurodesis, improvement of quality of life, reduction of 
days spent in hospital, and complication rates.7

Methods
Study design and patients
The AMPLE-2 study was a randomised, multicentre, open-
label trial. Patients were enrolled from 11 centres: 
Sir Charles Gairdner, Fiona Stanley, Royal Perth, Saint John 
of God Bunbury, Sunshine Coast University, Royal Adelaide, 
Wesley, and St George & The Sutherland Hospitals in 
Australia; Middlemore Hospital in New Zealand; Queen 
Elizabeth Hospital, Kota Kinabalu, in Malaysia; and Queen 
Mary Hospital in Hong Kong. The study protocol has been 
published.7 Ethics and governance approvals were obtained 
from the human research ethics committee at all sites, with 
the primary committee being the Sir Charles Gairdner and 
Osborne Park Health Care Group Human Research and 
Ethics Committee (2014–079). Written informed consent 
was obtained from all patients.

All patients enrolled were adults who required in-
dwelling pleural catheter placement for management of 

Research in context

Evidence before the study
Malignant pleural e!usions often require pleural intervention 
for symptom control. Results of two multicentre trials have 
confirmed that an indwelling pleural catheter provides similar 
benefits to conventional talc slurry pleurodesis with regard to 
symptom control and quality of life. The AMPLE-1 randomised 
trial found that an indwelling pleural catheter provided added 
advantages over talc pleurodesis in reducing days spent in 
hospital, in patients’ remaining lifespan, and in minimising the 
need for repeat invasive pleural drainage procedures. 
Having established the advantages and safety of indwelling 
pleural catheter insertion for management of malignant pleural 
e!usions, the next step was to optimise its e!ectiveness by 
identifying its best drainage regimen. We searched PubMed for 
articles published before March 1, 2018, using the terms 
“malignant pleural e!usion” AND “indwelling pleural catheter 
OR IPC” AND “drainage frequency” AND “breathlessness OR 
dyspnoea”. The only randomised controlled trial in the 
11 articles found compared rates of spontaneous pleurodesis 
between daily drainage versus alternate-day drainage in 
149 patients with malignant pleural e!usions. However, many 
clinicians preferred drainage only when patients developed 
symptomatic breathlessness, as malignant pleural e!usion 
management is mainly palliative. Aggressive (daily) versus 
infrequent symptom-guided drainage regimens have not been 
compared but have substantial implications for clinical care.

Added value of this study
The AMPLE-2 study addresses this equipoise by randomly 
assigning 87 patients with malignant pleural e!usion to 
aggressive or symptom-guided drainage regimens via an 
indwelling pleural catheter. Both approaches provided similar 
breathlessness control over 60 days after randomisation. 
Pain scores, days spent in hospital, serious adverse events, and 
mortality did not di!er significantly between the two groups. 
Aggressive drainage was associated with higher rates of 
pleurodesis than symptom-guided drainage and better index 
values on EuroQoL-5 Dimensions-5 Levels (EQ-5D-5L) 
quality-of-life assessment.

Implications of all the available evidence
For patients with malignant pleural e!usion treated with an 
indwelling pleural catheter in whom early catheter removal is 
an important goal, daily drainage should be carried out for at 
least 60 days. For patients whose primary care aim is palliation, 
our data suggest that symptom-guided drainage o!ers an 
e!ective means of breathlessness control without the burden 
and costs of daily drainages. A recent randomised study found 
that talc pleurodesis can be administered via indwelling pleural 
catheter and enhance pleurodesis and catheter removal rate. 
Combining this approach with aggressive daily drainage after 
talc instillation to enhance the rate of successful pleurodesis 
should be assessed.
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a malignant pleural e!usion. All patients had malignant 
cells identified in the pleural fluid or pleural biopsy 
tissue; or a large exudative pleural e!usion without 
other causes in a patient with known disseminated 
extrapleural malignancy. Exclusion criteria were age 
younger than 18 years, expected survival less than 
3 months, pleural infection, chylothorax, pregnancy, 
lactation, uncorrectable bleeding diathesis, previous 
ipsilateral lobectomy or pneumonectomy, significant 
loculations likely to preclude e!ective fluid drainage, 
significant visual impairment, and inability to consent 
or comply with the study protocol.

Randomisation and masking
Randomisation was done independently by the National 
Health & Medical Research Council (NHMRC) Clinical 
Trials Centre, University of Sydney, Australia. Patients 
were randomly assigned (1:1) to aggressive (daily) or 
symptom-guided drainage via their indwelling pleural 
catheter, by use of an automated telephone-based voice-
response randomisation service. Randomisation code 
generation was assigned sequentially as patients under-
went the randomisation process. Randomisation was 
minimised for cancer type (mesothelioma vs non-
mesothelioma), performance status (Eastern Co operative 
Oncology Group [ECOG] score 0–1 vs "2), presence of 
trapped lung (vs its absence), and prior pleurodesis (vs no 
prior pleurodesis). Trapped lung was defined as air or fluid 
in the pleural space occupying 25% or more of the lateral 
chest wall after initial drainage. Minimisation is a dynamic 
method; as such, there was no sequence generation. 
Allocation concealment was ad ditionally maintained by 
incorporating an imbalance window (set at 3) within which 
treatments were completely random (the order of the 
random allocations was maintained within the NHMRC 
Clinical Trials Centre secure database). Patients who 
withdrew from the trial were not replaced. Masking of 
patients or those giving the interventions was not practical 
or possible.

Procedures
The indwelling pleural catheter (Rocket Medical plc,  
Washington, UK) was inserted as per standard clinical 
practice. Patients were randomly assigned within 72 h of 
indwelling pleural catheter insertion after maximum 
pleural fluid evacuation to ensure the same baseline for 
all patients. In the aggressive drainage group, patients 
(or their carers or community nurses) were asked to drain 
the malignant pleural e!usion via the in dwelling pleural 
catheter every day for the first 60 days unless clinically 
contraindicated, or unless spontaneous pleurodesis had 
occurred. For the symptom-guided group, patients 
carried out drainage when they had e!usion-related 
symptoms (usually breathlessness, cough, or chest 
tightness). The indwelling pleural catheter was accessed 
at least fortnightly to ensure it remained patent and to 
assess whether fluid was still being produced.

Patients were supplied with standard indwelling 
pleural catheter vacuum-suction bottles (600 mL) for 
fluid drainage, following instructions of the manufact-
urer. Pleurodesis was defined as less than 50 mL of fluid 
removed at three consecutive drainages6 (in the 
aggressive drainage group) or at two attempts 2 weeks 
apart (in the symptom-guided group), and in the 
absence of substantial residual pleural fluid collections 
on imaging. 

All patients and carers were given a standard briefing 
about the drainage method, aftercare, and potential 
complications, and had ready access to support services 
(eg, via direct phone line) for any concerns. They were 
free to receive other treatments including chemo-
irradiation and palliative care as recommended by 
treating clinicians. Patients were followed up for a 
minimum of 6 months after randomisation or until 
death, whichever occurred first. The drainage regimen 
after 60 days was left to the discretion of the attending 
clinicians.

Patients kept a logbook of their breathlessness score 
recorded every day for 60 days and then weekly until the 
end of the study. The breathlessness score was measured 
by use of a validated 100 mm visual analogue scale (VAS), 
a 100 mm line anchored with “best breathing” at 0 mm 
and “worst breathing imaginable” at 100 mm. The pain 
level was also measured on a 100 mm VAS, which was 
anchored with “no pain” at 0 mm and “worst imaginable 
pain” at 100 mm.8 The volume of pleural fluid removed at 
each drainage was also recorded.

Baseline clinical data, VAS scores for breathlessness4,5,9 
and pain, and quality-of-life measures (VAS and 
EuroQoL-5 Dimensions-5 Levels [EQ-5D-5L]10) were 
collected before indwelling pleural catheter insertion and 
after randomisation (within 72 h after insertion). Patients 
were followed up at 2 weeks and 4 weeks, and thereafter 
monthly for 6 months. Details of any hospital admissions 
were recorded, including duration, adverse events, and 
clinical management.

Outcomes
The primary outcome was the mean daily breathlessness 
score in the first 60 days after randomisation. The VAS 
scores were measured by two independent assessors 
and the average of their readings recorded. Both assess-
ors repeated their measurements separately if initial 
readings di!ered by more than 3 mm. If discrepancies 
persisted, the assessors would re-score and discuss to 
reach a consensus.

Secondary outcomes included rates of spontaneous 
pleurodesis and self-reported global quality-of-life 
measurements with two instruments, namely the 
EQ-5D-5L11,12 and a 100 mm VAS at randomisation (after 
maximal fluid drainage), at pre-determined clinic 
follow-up visits 2 weeks and 4 weeks after random-
isation, and thereafter monthly for up to 6 months. The 
EQ-5D-5L score consisted of five domains: mobility, 
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self-care, usual activities, discomfort or pain, and 
anxiety or depression. Each domain was graded by the 
patient from 1 (no problems) to 5 (worst). The quality-
of-life score was also measured with a 100 mm line 
anchored with “best quality of life” at 0 mm and “worst 

quality of life” at 100 mm. Another secondary outcome 
was the total number of episodes and duration of 
hospital stay for any cause (excluding elective ad-
missions for chemotherapy). Hospital admissions were 
subdivided into pleural-related (or not) hospital days, as 
defined previously,4 from randomisation to death or 
end of 6-month follow-up, whichever occurred first. 
Other secondary outcomes were the frequency of 
adverse events and serious adverse events, which were 
assessed by an independent reviewer for relatedness to 
the trial intervention, and survival.

Statistical analysis
Data were analysed on an intention-to-treat basis 
and supporting analyses were done adjusting for 
minimisation variables measured at randomisation of 
mesothelioma, ECOG score, the presence of a trapped 
lung, and prior pleurodesis, in addition to the random 
e!ect of study centre, where appropriate. All data 
were analysed with the R environment for statistical 
computing13 and SAS/STAT software, version 9.4.

The study was designed to enrol at least 86 patients to 
detect a mean di!erence in VAS score of 14 mm between 
the treatment groups (5% significance, 90% power) 
assuming a common between-group SD of 18·9 mm 
(based on a previous randomised controlled trial of 
treatment with an indwelling pleural catheter5) and a 
10% lost-to-follow-up rate. The minimal clinically 
important di!erence for the VAS score in this setting 
was 19 mm (95% CI 14–24) as per the study by Mishra 
and colleagues.9 The lower end of the 95% CI of 14 mm 
was used for this power calculation.

The di!erence in breathlessness scores and pain 
scores between the two groups was analysed with a 
two-sample t test on the log-transformed average 
scores in the first 60 days of the trial. Results are back-
transformed and presented as geometric means and 
95% CIs and compared through a ratio of the geometric 
means. A two-sample t test was used to compare the 
di!erence in rates of logbook completion between the 
two groups.

Time to spontaneous pleurodesis was analysed with 
the Fine and Gray competing risks survival model, with 
competing risk being death, and described with the 
cumulative incidence curve. Time to death was analysed 
with Kaplan-Meier survival curves and Cox proportional 
hazards models. For all time-to-event analyses, hazard 
ratios (HRs) and 95% CIs comparing the two groups are 
provided. Di!erences in proportions of survival and 
spontaneous pleurodesis between the groups were 
compared with "# tests for independence or Fisher’s 
exact tests. All hospital admissions data were analysed 
with Mann-Whitney tests to compare the two groups 
with supporting analyses by use of negative binomial 
regression models. The EQ-5D-5L11,12 scores were 
converted into a single index value that generates a 
measure of utility ranging from –0·111 to 1·000 (where 

Aggressive 
(daily) drainage 
(n=43)

Symptom-guided 
drainage 
(n=44)

Age (years) 65·1 (57·8–72·5) 68·0 (60·8–75·0)

Men 21 (49%) 20 (45%)

Women 22 (51%) 24 (55%)

Side of intervention: right 27 (63%) 31 (71%)

Type of primary malignancy

Mesothelioma 15 (35%) 14 (32%)

Non-mesothelioma 28 (65%) 30 (68%)

Lung 17 (40%) 17 (39%)

Breast 0 (0%) 4 (9%)

Ovarian 6 (14%) 4 (9%)

Other 5 (12%) 5 (11%)

Trapped lung 14 (33%) 14 (32%)

Previous talc pleurodesis 4 (9%) 7 (16%)

ECOG performance status

0–1 30 (70%) 30 (68%)

!2 13 (30%) 14 (32%)

Comorbidities

Respiratory 8 (19%) 13 (30%)

Cardiac 9 (21%) 8 (18%)

Depression or anxiety 9 (21%) 6 (14%)

Diabetes 6 (14%) 6 (14%)

E"usion size grade*

Small (0–1) 1 (2%) 1 (2%)

Moderate (2–3) 13 (30%) 14 (32%)

Large (4–5) 29 (67%) 29 (66%)

Baseline self-reported symptom scores

VAS breathlessness score (mm) 28·1 (20·3) 28·3 (20·7)

VAS QoL score (mm) 36·4 (22·4) 29·8 (19·9)

EQ-5D-5L index score 0·681 (0·177) 0·611 (0·231)

EQ-5D-5L score by modality median (IQR)

Mobility 1 (1–2) 2 (1–3)

Self-care 1 (1–2) 1 (1–2)

Usual activities 2 (2–3) 2 (1–3)

Pain or discomfort 2 (2–3) 2 (2–3)

Depression or anxiety 1 (1–2) 2 (1–2)

Chemotherapy in preceding 
30 days

9 (21%) 11 (25%)

Data are median (IQR), n (%), or mean (SD). ECOG=Eastern Cooperative Oncology 
Group. VAS=visual analogue scale. QoL=quality of life. EQ-5D-5L=EuroQoL-5 
Dimensions-5 levels. *Baseline e"usion size was graded on chest radiograph by 
use of a validated grading system whereby grade 0 referred to no radiographic 
evidence of pleural fluid; grade 1 to blunting of the costophrenic angle; grade 2 
to fluid occupying less than 25% of the hemithorax, grade 3 to fluid occupying 
25–50%, grade 4 to fluid occupying 51–75%, and grade 5 to fluid occupying more 
than 75%.16 This scale has previously been used to predict pleurodesis and 
indwelling pleural catheter use in patients with a malignant pleural e"usion.17

Table !: Summary statistics of baseline measures provided by treatment 
group
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1·000 indicates full health) via an online tool.14 A 
crosswalk value set15 was used to obtain the index value, 
as no EQ-5D-5L value set was available specifically for the 
countries included in this study. Linear mixed models 
were used to compare EQ-5D-5L index values and log-
transformed VAS quality-of-life scores between the two 
groups. Fixed e!ects of treatment, time, and the 
treatment by time interaction and random patient and 
study centre e!ects were included in the model along 
with e!ects of minimisation variables and, in supporting 
analyses, the e!ect of baseline index values. Di!erences 
in least squares means (95% CI) or ratios of geometric 
means (95% CI) are provided. In instances where the 
logbook entries were incomplete, supporting sensitivity 
analyses were done with multiple imputation by use of 
chain equations of 40 imputed datasets.

This trial is registered with the Australian New Zealand 
Clinical Trial Registry, ACTRN12615000963527.

Role of the funding source
The funders of the study had no role in study design and 
conduct, data collection, data management, data analysis, 
or data interpretation, in preparation, review, or approval 
of the manuscript, or in the decision to submit the 
manuscript for publication. SM and YCGL have full 
access to all the data in the study and take responsibility 
for the integrity of the data and the accuracy of the data 
analyses and had full responsibility for the decision to 
submit for publication.

Results
Between July 20, 2015, and Jan 26, 2017, 87 patients 
(median age 66·8 years [IQR 59·1–74·3]; 41 men and 
46 women) were recruited and randomly assigned to the 
aggressive (n=43) or symptom-guided (n=44) drainage 
groups. The groups were well matched for age, sex, 
proportions of primary malignancies and trapped lung, 
e!usion size, comorbidities, baseline symptom scores, 
and ECOG status (table 1). The most common 
underlying malignancies were lung cancer (n=34), 
mesothelioma (n=29), and ovarian carcinoma (n=10).

Those randomly assigned to the aggressive group 
underwent 1420 drainages (median 39 [IQR 13–57] 
per participant) for up to 60 days (the intervention period), 
until time of pleurodesis or death (whichever occurred 
earliest), of a possible 1518 drainages, confirming good 
compliance. Patients in the symptom-guided group 
underwent 535 drainages (median 11 [IQR 7–18] per 
participant) in the same period. At the end of the 6-month 
follow-up period, the total number of drainages done was 
1999 in the aggressive drainage group and 1035 in the 
symptom-guided group.

Data were analysed on an intention-to-treat basis 
(figure 1). Five patients did not return their logbook 
and therefore had no breathlessness score data; they 
were excluded from the primary endpoint analysis. 
Compliance rates of reporting daily breathlessness scores 

did not di!er significantly between the two groups 
(81·8% in the aggressive drainage group vs 79·7% in the 
symptom-guided group, p=0·74).

Figure !: Trial profile
*Five patients (two in the aggressive drainage group and three in the symptom-guided drainage group) did not 
return any logbook data for primary endpoint analysis.

2 withdrew from long-term
follow-up

1 withdrew from long-term
follow-up

24 declined participation
74 did not fulfil criteria

27 expected survival <3 months
12 unable to comply with protocol

7 e!usion did not have histocytological
confirmation as malignant

4 e!usion not causing symptoms
3 critical illness
3 significant loculations
2 chylothorax
2 uncorrectable bleeding diathesis
2 inability to consent
2 previously ipsilateral indwelling pleural catheter
1 visual impairment
1 concurrent pleural infection
1 previous ipsilateral lobectomy
7 not specified

42 completed study; 43 included in
intention-to-treat analysis*

43 randomly assigned to aggressive
drainage arm and received 
allocated intervention

44 randomly assigned to 
symptom-guided drainage arm 
and received allocated intervention

42 completed study; 44 included in
intention-to-treat analysis*

185 patients with malignant pleural 
e!usion assessed for eligibility

87 randomly assigned

Figure ": Average VAS breathlessness scores of each patient over the first 
60 days, by treatment group
The minimal clinically important di!erence of this instrument is 19 mm for 
patients with malignant pleural e!usion. Horizontal lines indicate the median 
values. VAS=visual analogue scale.
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The primary outcome did not di!er significantly 
between the two groups (geometric mean 13·1 mm 
[95% CI 9·8–17·4] with aggressive drainage vs 17·3 mm 
[13·0–22·0] with symptom-guided drainage; ratio of 
geometric means 1·32 [95% CI 0·88–1·97]; p=0·18; 
figure 2). This outcome was further supported in analyses 
adjusting for minimisation variables and including 
random centre e!ects (geometric mean 16·3 mm 
[95% CI 11·3–23·7] with aggressive drainage vs 21·0 mm 
[14·8–29·7] with symptom-guided drainage, p=0·21; 
ratio of geometric means 1·28 [95% CI 0·86–1·91]) and 
was consistent when multiple imputation was done to 
account for missing logbook entries.

The frequency of spontaneous pleurodesis was sig-
nificantly higher in the aggressive drainage group 
(16 [37·2%] of 43 patients) than in the symptom-guided 
group in the first 60 days (five [11·4%] of 44; p=0·0049), 
and after 6 months (19 [44·2%] vs seven [15·9%], 
p=0·004). The competing risk survival model indicated 

higher likelihood of development of spontaneous 
pleurodesis in the aggressive drainage group than in the 
symptom-guided group (HR 3·287, 95% CI 1·396–7·740; 
p=0·0065; figure 3). These results were consistent after 
adjusting for minimisation variables (HR 3·429 [95% CI 
1·413–8·320]; p=0·0064).

We compared patients with non-trapped (n=59) and 
trapped lungs (n=28) in a post-hoc analysis. Spontaneous 
pleurodesis was more common in those with non-
trapped lungs than in those with trapped lungs 
(17 [28·8%] vs four [14·3%]) at 60 days but not at 
6 months (18 [30·5%] vs eight [28·6%]). In the aggressive 
drainage group, spontaneous pleurodesis developed in 
12 (41·4%) patients with non-trapped lungs compared 
with four (28·6%) with trapped lungs at 60 days and in 
12 (41·4%) compared with seven (50·0%) at 6 months."In 
the symptom-guided group, spontaneous pleurodesis 
developed in five (16·7%) patients with non-trapped 
lungs, compared with none in those with trapped lungs 
at 60 days and in six (20·0%) compared with one (7·1%) 
at 6 months. The Kaplan-Meier estimated median time 
to pleurodesis was 121 days in the aggressive drainage 
group, including in those with trapped and non-trapped 
lungs. The success rate was too low in the symptom-
guided group to provide a reliable Kaplan-Meier estimate 
of the median time to pleurodesis.

The mean VAS pain score during the first 60 days of 
the trial was 10·74 mm (SD 12·80) in the aggressive 
drainage group and 16·31 mm (16·58) in the symptom-
guided group (figure 4), with no significant di!erence 
between the groups (ratio of geometric means 1·28 
[95% CI 0·76–2·18], p=0·35).

In a linear mixed model of response to EQ-5D-5L, no 
interaction between time and treatment was detected, 
and patient-reported quality-of-life measures over the 
study period and follow-up visits were better in the 
aggressive drainage group than in the symptom-guided 
drainage group (estimated means 0·713 [95% CI 
0·647–0·779] vs 0·601 [0·536–0·667]). The estimated 
di!erence in means was 0·112 (95% CI 0·0198–0·204; 
p=0·0174). This finding was consistent after adjusting for 
minimisation variables and baseline EQ-5D-5L index 
values (estimated di!erence in means 0·097 [95% CI 
0·004–0·191], p=0·0408). No between-group di!erences 
were found in the VAS quality-of-life scores during the 
study visits (ratio of geometric means 1·220 [95% CI 
0·871–1·709], p=0·25). For all visit times for both groups 
there was concordance in the measures of EQ-5D-5L and 
the VAS quality-of-life score with significant correlations 
at most visit times and moderate to high correlations 
throughout (appendix).

The median number of hospital admissions for the 
entire cohort was one [IQR 0–2] for the first 60 days and 
two [1–3] at 6 months. Overall, patients spent 1 day 
[IQR 0–8] in total in hospital by 60 days and 5 days [0–15] 
by 6 months. The number of hospital admissions or 
duration spent in hospital (either in total number of days 

Figure !: Average VAS pain scores of each patient over the first 60 days
Horizontal lines indicate median values. VAS=visual analogue scale.

Figure ": Cumulative incidence curve of pleurodesis success rate based on 6 months’ data estimated from 
Fine and Gray competing risks model
Three patients withdrew from the study during the 6-month follow-up: one from the aggressive drainage group at 
173 days and two from the symptom-guided drainage group at 52 and 97 days. HR=hazard ratio.
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or when only the e!usion-related admissions were 
included (as defined in our previous trial4) did not di!er 
significantly between the two groups (table 2). These 
results were consistent after adjusting for days enrolled 
in the trial and other minimisation variables.

Patients with better ECOG performance status 
(score 0–1) spent fewer e!usion-related days in hospital 
at 60 days (1 [IQR 0–2] vs 2 [0–6] days, p=0·0392) and by 
6 months (1 [IQR 0–4] vs 2 [0–6] days, p=0·0339) than did 
those with ECOG performance status scores of 2 or 
greater. Trapped lung at baseline was associated with 
fewer episodes of hospital admissions (one [IQR 0–2] vs 
two [1–3] without trapped lung, p=0·0406), as well as 
total (2·5 [IQR 0·0–6·0] vs 6·0 [1·0–19·0], p=0·0013) 
and e!usion-related days spent in hospital (1 [IQR 0–3] 
vs 1 [0–6] day, p=0·0158) at 6 months. 

Time to death at 6 months did not di!er significantly 
between the aggressive drainage and symptom-guided 
drainage groups (HR 0·951 [95% CI 0·499–1·812]; 
p=0·88; figure 5). In the first 60 days, ten (23·3%) 
patients in the aggressive drainage group and 
nine (20·5%) in the symptom-guided drainage group 
died (estimated di!erence in proportions 0·028, 95% CI 
–0·146 to 0·202, p=0·75). By 6 months, 18 (41·9%) 
patients in the aggressive drainage group and 19 (43·2%) 
in the symptom-guided drainage group had died 
(estimated di!erence in proportions –0·013, 95% CI 
–0·221 to 0·195, p=0·90).

Patients with better performance status by ECOG score 
also had longer survival (HR 0·399 [95% CI 0·203–0·785] 
for death [ for better to poorer ECOG status], p=0·0078) at 
6 months.

The total numbers and proportions of patients with 
one or more adverse event or serious adverse event are 
presented in table 3. Of the 32 serious adverse events 
and 46 adverse events recorded, 11 (four serious adverse 
events and seven adverse events) were deemed 
definitely not related to the trial intervention by an 
independent assessor. 11 patients in the aggressive 
drainage group and 12 in the symptom-guided drainage 
group had serious adverse events. Adverse events 
occurred in 13 patients in the aggressive drainage group 
and in 22 in the symptom-guided drainage group. In 
the symptom-guided group, the most common adverse 
event was pain at the indwelling pleural catheter site 
requiring narcotics (n=12). Worsening dyspnoea due to 
ipsilateral pleural e!usion despite drainage occurred in 
six patients, which usually responded well to increasing 
drainage frequency.

11 episodes of pleural infection developed (five in 
the aggressive drainage group and six in the 
symp t om-guided drainage group) in nine patients over 
6 months. Four patients had their indwelling pleural 
catheter removed at the time of infection and three 
others developed pleurodesis after infection. There 
were no deaths related to indwelling pleural catheter 
infection.

Discussion
This multicentre randomised controlled trial showed no 
di!erences between the aggressive (daily) and the 
symptom-guided drainage approaches in providing 
breathlessness control over the first 60 days after 
indwelling pleural catheter insertion. There were no 
significant between-group di!erences in pain, days 
spent in hospital, or survival. Aggressive drainage was 
associated with a higher rate of pleurodesis and better 
EQ-5D-5L index values than symptom-guided drainage. 
Serious adverse events were uncommon in either group.

Malignant pleural e!usions are common and a!ect 
about a third of patients with lung and breast cancers and 
the majority of patients with mesothelioma. Malignant 
pleural e!usion often heralds incurable cancers and limited 
prognosis.18 Control of the associated breathlessness 
frequently requires invasive pleural procedures. Use of an 
indwelling pleural catheter presents an alternative to 
conventional talc pleurodesis, and has been shown to 
reduce days spent in hospital,5,19 and the need for repeat 

Aggressive 
(daily) drainage 
(n=43)

Symptom-guided 
drainage (n=44)

p value

Episodes of hospital admission

First 60 days 1 (0–2) 1 (0–2) 0·74

At 6 months 2 (1–4) 2 (1–3) 0·80

Total days spent in hospital

First 60 days 1 (0–7) 1·5 (0·0–8·0) 0·84

At 6 months 5 (0–15) 4·0 (1·0–15·5) 0·52

Days spent in hospital that were e!usion-related

First 60 days 1 (0–4) 1 (0–3) 0·74

At 6 months 1 (0–5) 1 (0–5) 0·70

Data are median (IQR), unless otherwise stated.

Table !: Data of hospital admissions in episodes and duration by 
treatment groups

Figure ": Kaplan-Meier curve of survival at 6 months
HR=hazard ratio.
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pleural interventions in the patient’s remaining life-
span.4,5 The use of indwelling pleural catheters is growing 
rapidly, especially in developed countries, and is often 
advocated as the first-line definitive therapy for malignant 
pleural e!usion.20 Ambulatory indwelling pleural catheter 
drainages do require resources (time of carers and/or 
community nurses, and consumables) and can theoretic-
ally intro duce infections.21 Two approaches to indwelling 
pleural catheter management—aggressive and symptom-
guided drainage—have evolved and are at equipoise.

Our study found no significant di!erences in 
breathlessness control, the principal goal of malignant 
pleural e!usion palliation, whether the patients did 
drainages daily or as guided by symptoms. These data 
are reassuring and imply that, if assigned to do so, 
patients were able to recognise early, or anticipate, their 
symptoms and perform drainages before any discomfort 
reached a level of impact.

However, aggressive daily fluid removal did promote 
more e!ective pleurodesis. Keeping the pleural cavity 
fluid-free theoretically allows better approximation of 
the visceral and parietal pleura and thus adhesion 
formation and pleural symphysis. Conversely, permit-
ting asymptomatic accumulation of the pleural fluid in 
between symptom-guided drainages might have 
physically impaired pleural symphysis. A previous 
randomised controlled trial also found that spontaneous 
pleurodesis occurred more commonly with daily rather 
than alternate-day drainages.6

Spontaneous pleurodesis in the aggressive drainage 
group mostly developed within the first 60 days, 
consistent with the timeframe from published data.6,17 
In our protocol, the drainage schedules after 60 days 
were left to the choice of the attending clinicians and 
patients. Without the suggestion of slowing down 
drainage, many patients might have adopted a less 
aggressive approach. Whether prolonging daily drainage 
beyond 60 days will facilitate late pleurodesis requires 
further research.

Our study is one of the very few randomised controlled 
trials that included patients with a trapped lung, which 
accounted for a third of the cohort, consistent with 
commonly quoted data. Those with trapped lung had 
(expectedly) a lower rate of pleurodesis than did those 
with an expandable lung, though aggressive drainage was 
still associated with a higher pleurodesis rate even in the 
trapped lung group. The exact mechanism will need 
exploration, although it is possible that in some cases the 
trapped lung can slowly expand with time, concurrent 
therapy, or a combination of both, and allow pleural 
symphysis. Alternatively, the trapped space might be 
small and when su"cient adhesions or loculations 
develop over time, no further fluid drainage is necessary. 
Nonetheless, future studies should incorporate patients 
with trapped lung to guide best care.

Reassuringly, aggressive drainage was not associated 
with more pain or infection than that observed with 
symptom-guided drainage. Pleural infection related to 
an indwelling pleural catheter a!ected about 5% of 
patients in our previous international study.22 Daily 
access of the catheter might increase the risks of 
introducing microbes; however, pleural drainage is the 
key to empyema management, and aggressive drainage 
might ensure prompt removal of any microbes that have 
entered the pleural cavity. There were also no major 
di!erences in the frequency of other serious adverse 
events or survival between the two groups. More adverse 
events were observed in the symptom-guided drainage 
group, especially dyspnoea attributed to pleural e!usion, 
most of which responded to increased frequency of 
drainage.

Patients in the aggressive drainage group reported 
better EQ-5D-5L index values, despite no clear benefits 
in their reported breathlessness or pain scores. There is 
no minimal clinically important di!erence specifically 

Aggressive (daily) 
drainage (n=43)

Symptom-guided 
drainage (n=44)

Total serious adverse events 16 16

Total adverse events 14 32

Total adverse events and serious adverse events 30 48

Number of patients with a serious adverse event 11 12

Number of patients with an adverse event 13 22

Events assessed to be “definitely”, “probably”, “possibly”, or “unlikely to be” related to trial intervention by 
an independent assessor

Serious adverse events

Pleural infection 5 6

Symptomatic loculation 3 5

Air leak or pneumothorax 2 1

Recurrence needing re-intervention after removal of 
indwelling pleural catheter

1 1

Indwelling pleural catheter site cellulitis requiring hospital 
admission

2 0

Indwelling pleural catheter blockage requiring hospital 
admission

0 1

Worsening dyspnoea (e!usion-related) requiring hospital 
admission

0 1

Adverse events

Indwelling pleural catheter blockage 1 3

Indwelling pleural catheter site cellulitis 1 2

Pain requiring narcotics

Indwelling pleural catheter site 7 12

Related to suction bottle 1 1

Indwelling pleural catheter leakage 0 1

Indwelling pleural catheter valve dislodged 0 1

Worsening dyspnoea

E!usion-related 1 6

Recurrence needing re-intervention 0 1

Not e!usion-related 0 1

Six events in the aggressive drainage group and five in the symptom-guided drainage group were assessed to be 
definitely not related to the trial intervention.

Table !: Adverse and serious adverse events by treatment groups
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assigned for patients with malignant pleural e!usion 
for EQ-5D-5L or VAS quality-of-life scores. In our study, 
the between-group di!erence of the EQ-5D-5L index 
value was 0·112, which is above the minimal clinically 
important di!erence of 0·09 defined by Pickard and 
colleagues23 in patients with advanced cancers." Daily 
removal of the fluid might have provided benefits in 
symptoms not captured with our breathlessness and 
pain measurements. The higher pleurodesis rate, with 
resultant freedom from fluid (and symptom) recurrence 
and of the catheter, might have contributed to the better 
reported quality of life. Additionally, it has been 
suggested that indwelling pleural catheter drainage 
gives patients an important sense of control when they 
are feeling helpless with their advancing cancer. 
Whether this e!ect can explain the scores observed in 
our study remains to be tested. The two quality-of-life 
instruments both showed improvements and good 
correlations of the values between the EQ-5D-5L and 
VAS quality-of-life scores at each time point. The 
between-group di!erences were significant with 
EQ-5D-5L but not with VAS quality-of-life scores. This 
di!erence might be related to the sensitivity of the 
instruments in detecting changes in this patient 
population, but this is a topic for future studies.

Developing the full potential of indwelling pleural 
catheters in malignant pleural e!usion care is a topic of 
active research. Combining an indwelling pleural catheter 
with pleurodesis, either by instillation17 via the catheter or 
coating24 of the catheter with a pleurodesing agent, 
appears promising. Defining the best drainage regimen 
will hold an even more important role if instillation of 
pleurodesing agents becomes routine practice. A 
randomised trial17 showed that instillation of talc slurry 
(followed by indwelling pleural catheter drainage two to 
three times a week) induced a higher rate of pleurodesis 
than saline control. However, the success rate in the talc 
group was low (around 43%), similar to what was achieved 
with aggressive drainage (without talc) in our trial. The 
results of our trial and the ASAP study6 both confirm that 
daily indwelling pleural catheter fluid removal enhances 
spontaneous pleurodesis, which is adopted now into 
protocols of ongoing studies (eg, EPIToME and 
OPTIMUM25) evaluating talc instillation via indwelling 
pleural catheter.

Our study has various limitations. First, the primary 
endpoint was set at 60 days as this reflects the short 
median survival of patients with malignant pleural 
e!usion from lung cancers (the most common type of 
malignant pleural e!usion globally). We did, however, 
also include many patients with malignant pleural 
e!usions from mesothelioma (the subtype with longest 
median survival among common causes of malignant 
pleural e!usions). Our results did not di!er between 
patients with non-mesothelioma and those with 
mesothelioma. Second, the definition of spontaneous 
pleurodesis used in the published literature describes 

cessation of fluid formation, which might relate to 
treatment or the natural disease course, but not 
necessarily to symphysis of the visceral and parietal 
pleura (the true meaning of pleurodesis). Ultrasound 
assessment was available in a subset of 18 patients who 
had spontaneous pleurodesis in the lead centre; all but 
one achieved sonographic appearances of pleural 
symphysis. Third, the consumable and carer costs of 
daily drainage vary substantially around the world. 
However, this study has provided an approximation of 
the amount of drainage consumables needed for 
aggressive and symptom-guided drainage, which would 
allow clinicians to estimate local costs of each regimen. 
Fourth, as our study was an open label study, the 
use of patient-reported measures could potentially 
contain bias.

Data from recently published randomised controlled 
trials in malignant pleural e!usion manage ment support 
the use of an indwelling pleural catheter as first-choice 
definitive management in patients with malignant pleural 
e!usion,4,5,26,27 but the optimal drainage schedule must be 
identified to realise the full potential of this intervention. 
The AMPLE-2 trial showed that either aggressive or 
symptom-guided drainage regimens are adequate in 
providing breathlessness control. However, daily fluid 
removal enhances spontaneous pleurodesis and might 
improve quality of life without any drawbacks in relation to 
pain, infection rates, or survival. In patients in whom 
pleurodesis is an important goal (eg, those undertaking 
strategies involving an indwelling pleural catheter plus 
pleurodesing agents), aggressive drainage should be done 
for at least 60 days. Future studies will need to establish if 
more aggressive (eg, twice daily) regimens for the initial 
phase could further enhance success rates.28 However, for 
patients whose primary care aim is palliation (eg, those 
with very limited life expectancy or significant trapped 
lung where pleurodesis is unlikely), our data show that 
symptom-guided drainage o!ers an e!ective means of 
breathlessness control without the inconvenience and 
costs of daily drainages. The ability to predict the likelihood 
of pleurodesis will help guide the choice of regimen and 
should be a topic of future studies.
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Section II.3 – Key points 

 

The AMPLE-2 study (239) was a multicentre randomised trial of 87 individuals with MPE to 

assess the effects of aggressive (daily) and symptom-guided drainage regimens via IPC. Both 

approaches provided similar breathlessness control over 60 days after randomisation. There 

were no significant differences in pain scores, days in hospital, serious adverse events, or 

mortality. Aggressive drainage was associated with higher rates of pleurodesis and better index 

values on EQ-5D-5L QoL assessment.  

 

For individuals with MPE treated with IPC in whom early catheter removal is an important 

goal, daily drainage should be employed for at least 60 days. For cases where the primary care 

aim is palliation, the findings show that a symptom-guided drainage approach offers an 

effective means of breathlessness control without the burden and costs of daily drainage 

procedures.  

These findings have been incorporated in the American Association for Bronchology and 

Interventional Pulmonology (AABIP) evidence informed guidelines and expert panel report 

for the management of IPCs (240) as well as, more recently in the consensus statements on IPC 

management using the Delphi method from the Interventional Pulmonology Working Group 

of the American Thoracic Society (157). 

 

A recent randomised study(241) found that administering talc pleurodesis via IPC can enhance 

pleurodesis and improve catheter removal rate. Combining this approach with aggressive daily 

drainage after talc instillation to enhance the rate of successful pleurodesis should be explored. 
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Part III. Breathlessness and survival in malignant pleural effusion 

 

There is a wide range of conditions where breathlessness is associated with poor survival. 

Various chronic respiratory conditions include breathlessness scores in their prognostic scores. 

For individuals with MPE, an accurate determination of prognosis is crucial to guide treatment 

decisions. One important, disadvantage of the current available prognostic scores (e.g., LENT 

and PROMISE score) for individuals with MPE is the need for an invasive pleural procedure 

prior to determine prognosis. This disadvantage is an important issue, as highlighted in the 

PLEASE study, one in four individuals do not achieve a meaningful improvement in 

breathlessness after pleural effusion drainage.  

 

As noted in the PLEASE study, breathlessness experienced by individuals with MPE is 

multifactorial, and may not be due to the pleural effusion alone. This may include other factors 

(such as trapped lung caused by extensive tumour involvement), involvement in the lung by 

cancer, (e.g., metastases, lymphangitis carcinomatosis, pulmonary embolism) and other 

comorbidities (e.g., chronic obstructive pulmonary disease, congestive cardiac failure). 

Breathlessness leads to a downward cycle of decreased activity, deconditioning and worsening 

breathlessness.  Therefore, it is hypothesized that breathlessness is a strong predictor of 

mortality because these underlying factors causes both breathlessness and is related to poor 

survival. 

 

The AMPLE-2 and other recent RCTs involving individuals with MPE aimed at comparing 

treatments to improve breathlessness (measured using VAS).  The aim of this study was to 

investigate whether breathlessness measured using VAS, is an independent predictor of 
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mortality in individuals with MPE, using individual participant data collected as part of five 

RCTs. 
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Abbreviations 

CRP  C-reactive protein 

ECOG   Eastern Cooperative Oncology Group 

HR   hazard ratio 

LDH  lactate dehydrogenase 

MPE   malignant pleural effusion 

PS  performance status 

RCT  randomised controlled trial 

VAS  visual analogue scale  
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Abstract 

 

Background 

Individuals with malignant pleural effusions (MPEs) experience breathlessness and poor 

survival. Breathlessness is associated with poor survival in other conditions.  

 

Research question 

Is breathlessness, measured using a visual analogue scale (VAS) for breathlessness, associated 

with survival in individual with MPE? 

 

Study design and methods 

Individual participant data from five randomized controlled trials of 553 participants 

undergoing interventions for MPE were analysed. VAS for breathlessness was recorded at 

baseline and daily post-intervention. Participants were followed up until death or end of trial. 

Univariate and multivariable Cox-regression were used to identify factors associated with 

survival. 

 

Results 

Baseline VAS for breathlessness was significantly associated with worse survival, with a 

hazard ratio of 1.10 (95% CI 1.06-1.15) for a 10mm increase in VAS for breathlessness. On 

multivariable regression, it remained a significant predictor of survival. Mean 7-day VAS for 

breathlessness and mean total VAS for breathlessness were also predictors of survival (mean 

7-day VAS for breathlessness, HR 1.26 (95% CI 1.19-1.34), total VASD, HR 1.25 (95% CI 
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1.15-1.37)). Other predictors of survival were serum C-reactive protein level and tumour type. 

Previous treatment with chemotherapy, performance status, pleural fluid lactate 

dehydrogenase, serum albumin, haemoglobin, serum neutrophil: lymphocyte ratio and size of 

effusion were associated with survival on univariate but not multivariable analysis. 

 

Interpretation 

Breathlessness, measured using VAS at baseline and post-procedure, is a predictor of survival 

in individuals with MPE. 
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Introduction 

 

Malignant pleural effusions (MPEs) are common and cause disabling breathlessness. MPEs are 

associated with poor survival, with a mean prognosis of approximately 6 months. However, 

significant variation in survival exists. For example, a randomised trial comparing drainage 

methods demonstrated an interquartile range for survival of 2 to 11 months (1). Choice of 

treatment depends on prognosis – in individuals with a prognosis of less than 28 days, palliation 

of breathlessness with therapeutic aspiration alone may be most appropriate (2). However, in 

individuals with a better prognosis, IPC or chest drain and pleurodesis to give prolonged 

breathlessness relief and prevent need for further pleural procedures is more appropriate. In 

some individuals with malignant pleural mesothelioma with a very good prognosis, 

pleurectomy may be indicated (3). Therefore, accurate determination of prognosis is important 

to guide treatment, as well as to inform the individual.  

 

Previous studies have identified baseline variables associated with prognosis, such as serum 

albumin, C reactive protein (CRP) and performance status (4-6). Two prognostic scores, the 

LENT score, and the PROMISE score, can be used to predict prognosis at baseline (7,8). The 

disadvantage of these scores is that they require invasive pleural fluid and blood sampling and 

may be misleading in some subgroups and at an individual level (9-11). 

 

In other chronic respiratory and cardiac diseases associated with poor survival and 

breathlessness, increased breathlessness has been shown to be predictive of poor survival. In 

individuals with idiopathic pulmonary fibrosis, breathless assessed using the Medical Research 

Council chronic breathlessness score is associated with poor survival (12,13). In individuals 
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with presenting with acute congestive cardiac failure, subacute breathlessness is predictive of 

poor 1-year mortality (14). Individuals with cancer presenting to the emergency department 

with breathlessness have a mean survival of only 12 weeks (15). The BODE index, a validated 

prognostic score for individuals with chronic obstructive pulmonary disease includes 

breathlessness as well as body mass index, airflow obstruction and exercise (16). A previous 

systematic review has demonstrated that breathlessness is a predictor of mortality in the general 

population (17). This data demonstrates that in a wide range of conditions and in the healthy 

population, breathlessness is associated with poor survival. 

 

The visual analogue scale (VAS) for breathlessness is a validated measure of breathlessness 

for individuals with MPE (18). This is a 100mm line anchored at one end with ‘no 

breathlessness’ and at the other with ‘maximum possible breathlessness’. Participants are asked 

to mark across the line to represent their level of breathlessness. This is scored by measuring 

from ‘no breathlessness’ to the participant’s mark. A higher score represents more severe 

breathlessness. The minimal important difference is 19mm (19). The VAS for breathlessness 

has been used as a primary or secondary outcome measure in several randomised controlled 

trials (RCTs) studying the effects of different interventions in individuals with MPE (1,20-23). 

 

The aim of this study was to investigate whether breathlessness measured using VAS for 

breathlessness predicts mortality in individuals with MPE, using individual participant data 

collected as part of five RCTs. 
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Materials and Methods 

 

We conducted a meta-analysis using individual-level data from five randomised RCTs which 

recruited individuals with MPE to study the impact of different interventions (1,20-23). Details 

of the trials are summarised in table 1. All studies recruited adults (18 years or older) with 

MPE, based on either histological or cytological confirmation or recurrent exudative pleural 

effusion with confirmed cancer elsewhere. All participants gave written informed consent at 

the time of enrolment into these studies for the use of data collected in the trial for further 

analysis. All studies measured breathlessness using VAS for breathlessness diaries, in which 

participants recorded baseline VAS for breathlessness (before trial intervention) and 

subsequently for a varying period (table 1). Analysis was done on baseline VAS for 

breathlessness, mean VAS for breathlessness over first 7 days post intervention (7-day VAS 

for breathlessness) and mean of all post intervention VAS for breathlessness (total VAS for 

breathlessness). For IPC-plus, the intervention used was IPC insertion, not pleurodesis. 

Survival was measured in days from randomisation until death. Tumour type was categorised 

as mesothelioma, lung, breast/gynaecological or other. Size of effusion was measured as a 

percentage of the hemithorax, either measured using a validated electronic method or as a 

visual estimate (24). Follow up was until death or end of trial (table 1). Participants lost to 

follow up or alive at end of trial were censored.  

 

Stata 16.1/SE/ (StataCorp. 2019) was used for all statistical analysis. Univariate Cox-regression 

was used to identify factors associated with survival. Factors that were recorded in all trials 

were included a multivariable Cox-regression model with stratification by trial. For VAS for 



 153 

breathlessness, a linear association with log-survival was assessed using cubic splines. This 

assessment found a non-linear association between baseline VAS for breathlessness and 

survival, and therefore baseline VAS for breathlessness was split into thirds.  The assumptions 

of the Cox-model were assessed using Schoenfeld residuals. Univariate predictors were 

estimated using data from all available studies. Potential multivariable predictors were only 

those measured in all studies, specifically sex, age, serum CRP, tumour type, baseline VAS for 

breathlessness, mean 7-day VAS for breathlessness and total mean VAS for breathlessness. No 

variable selection techniques were used as these are known to introduce bias. 

 

Analysis using baseline VAS for breathlessness was survival from baseline; for mean 7-day 

VAS for breathlessness, survival was from day 7; and for total mean VAS for breathlessness, 

survival was from 84 days i.e., the maximum length of time that the VAS for breathlessness 

was collected for. 

 

Results 

 

Demographic data is summarised in table 2. Only participants with at least one recorded VAS 

for breathlessness were included in analysis. A total of 311/553 (56.2%) of participants died 

during the follow-up period. The median time from enrolment to death was 194 (95% CI 160-

213) days. Mean baseline VAS for breathlessness was 45.9mm (SD 28.8mm), but 113/507 

(22%) participants had a VAS for breathlessness of less than 19mm.  Less than half (194/411, 

47.2%) recorded a decrease in mean 7-day VAS for breathlessness of at least 19mm but this 

proportion was 133/215 (61.9%) for mean total VAS for breathlessness.  
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There was no difference in survival between participants recruited to TIME-2, AMPLE-1, and 

AMPLE-2 (table 3). Participants recruited to TIME-3 had a worse survival and participants 

recruited to IPC-plus had a better survival. 

 

Univariate predictors of survival 

Unadjusted analysis demonstrated that baseline VAS for breathlessness was significantly 

associated with worse survival, with a hazard ratio (HR) of 1.10 (95% CI 1.06-1.15) for a 

10mm increase in VAS for breathlessness. For both mean 7-day and total VAS for 

breathlessness, the actual values were associated with survival (for mean 7-day VASD, HR 

1.26 for 10mm increase (95% CI 1.19,1.34) and for total VAS for breathlessness, HR 1.25 for 

10mm increase (95% CI 1.15,1.37), but the change from baseline were not. When divided into 

equal quartiles based on mean 7-day VAS for breathlessness, there was a significant difference 

between groups (figure 1). Other factors significantly associated with survival are reported in 

table 3. The following variables were associated with worse survival: previous treatment with 

chemotherapy compared to no previous treatment; worsening Eastern Cooperative Oncology 

Group performance status (ECOG PS); higher pleural fluid lactate dehydrogenase (LDH); 

higher serum CRP; higher serum neutrophil: lymphocyte ratio; smaller pleural effusion; lower 

serum albumin; and lower haemoglobin. Participants with mesothelioma, breast and 

gynaecological cancers had better survival than those with lung and other cancers. 

 

Adjusted predictors of survival 

Multivariable Cox-regressions showed a linear associated between mean 7-day VAS for 

breathlessness/ mean total VAS for breathlessness and survival. Predictors of survival from 

baseline were baseline VAS for breathlessness, serum CRP and tumour type. Participants with 
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a baseline VAS for breathlessness of 67-100mm had worst survival (HR 1.73 (95% CI 1.17-

2.54)) compared to participants with a baseline VAS for breathlessness of 0-33. A 10 unit 

increase in CRP was associated with a worse survival (HR 1.06 (95% CI 1.03, 1.08), p<0.001) 

and both ‘other (HR 2.28 (95% CI 1.43, 3.63)) and lung (HR 2.13 (95% CI 1.36, 3.31)) tumours 

had worse survival compared to mesothelioma. 

 

Predictors of survival at one week 

 At one week, factors independently associated with future survival were mean 7 days VAS for 

breathlessness (HR 1.14 (95% CI 1.06-1.23)), baseline serum CRP (HR 1.05 (95% CI 1.02-

1.07)) and tumour type. At 84 days, only mean total VAS for breathlessness was significantly 

associated with future survival (HR 1.19 (95% CI 1.04-1.37)).  

 

Discussion 

 

Our results demonstrate a significant negative correlation between breathlessness assessed by 

VAS for breathlessness and survival in individuals with MPEs. This is true at baseline, mean 

VAS for breathlessness over 7 days and mean total VAS for breathlessness. This relationship 

is independent of other factors known to predict survival. This data demonstrates that breathless 

individuals with MPE have a worse survival compared to those who are not breathless. This 

meta-analysis used participants from five different RCTs. Use of this data for this analysis was 

valid because the interventions studied in the trials did not influence mortality. 
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The breathlessness experienced by individuals with MPE is multifactorial, not due to the MPE 

alone. This will include pleural factors (such as trapped lung caused by extensive tumour 

involvement), involvement in the lung by cancer, (e.g., metastases, lymphangitis 

carcinomatosis, pulmonary embolism) and other common comorbidities (e.g., chronic 

obstructive pulmonary disease, congestive cardiac failure). Breathlessness also leads to a 

downward cycle of decreased activity, deconditioning and worsening breathlessness (25).  We 

hypothesise that breathlessness is a strong predictor of mortality because these underlying 

factors cause both breathlessness and poor survival. 

 

Previous studies have identified independent baseline variables which predict prognosis in 

individuals with MPE and used these to develop prognostic scores (LENT and PROMISE) 

(7,8). Interestingly, most of the variables identified are related to systemic and inflammatory 

factors (serum lymphocyte: neutrophil ratio, performance status, tumour type, previous 

chemotherapy or radiotherapy, haemoglobin, serum white cell count, serum CRP) rather than 

those specific to the effusion (pleural fluid LDH alone). This suggests that it is the individual’s 

overall condition that predicts mortality rather than the characteristics of the pleural effusion. 

The strength of using breathlessness as a predictor of survival is that it is a representation of 

the individual’s overall condition. 

 

A surprising finding of our study was that larger effusions were associated with improved 

survival. Data on effusion size was available in three studies (TIME3 and AMPLE-1 and -2). 

This contrasts with other studies which have found larger effusions were associated with worse 

survival (26,27). This may be because this data comes from different cohorts of patients: the 

studies by Jimenez et al. and Martinez-Moragon were at presentation whereas the participants 
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in TIME3 were hospitalised individuals with a non-draining effusion and AMPLE-1 and -2 

were participants with recurrent MPE undergoing a definitive procedure. Further research is 

required to explore this relationship.  

 

These results are in keeping with other studies which have demonstrated a correlation between 

breathlessness and survival across a wide range of other diseases, as well as the healthy 

population (12-15). A variety of different ways of measuring breathlessness have been used in 

these studies, but despite this, results are consistent across studies. This demonstrates that it is 

the symptom of breathlessness that is significant, not the specific tool used to assess it. This 

commonality demonstrates that breathlessness may be a universal predictor of mortality and 

should be considered when attempting to predict mortality in specific populations.  

 

Breathlessness is associated with survival at a population level in individuals with MPE, as 

well as a wide range of other conditions. However, this association does not appear to be strong 

enough to predict prognosis in individual patients. It may be more appropriate to use it as part 

of a clinical score, like the BODE score for chronic obstructive pulmonary disease (16). 

Breathlessness should be assessed in future tools which attempt to predict mortality in 

individuals with MPE. 

 

Inclusion criteria for TIME2, AMPLE1 and AMPLE-2 were similar, explaining the similar 

mortality. Mortality was better in IPC-plus, which excluded participants with non-expansile 

lung, a group with worse mortality (28). The significantly worse mortality in participants 

recruited to TIME3 demonstrates that inpatients with MPE, a chest drain and a septated pleural 

effusion have poor survival. 
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There are limitations of this study, mainly because the data was collected as part of five separate 

RCTs, rather than specifically to answer this question. Firstly, not all baseline variables were 

recorded in the different trials, so they could not be included in the statistical analysis. 

Secondly, these trials had specific inclusion/exclusion criteria, and these results may not 

necessarily apply to the wider population of individuals with MPE. Specifically, most 

participants had not had a previous definitive pleural procedure and most trials specified a 

minimum predicted survival (table 1). Further research is needed into the relationship between 

breathlessness and survival in individuals with MPE who do not fulfil these trial criteria. In 

addition, the length of time participants completed a VAS for breathlessness diary for varied 

between the studies, but this did not seem to impact on results.  

 

Other limitations are due to the way the VAS for breathlessness was used to measure 

breathlessness. The VASD was not standardised between the studies. In TIME2 and TIME3, it 

was as described in the introduction, whereas in AMPLE-1 and 2, the 100mm point was marked 

‘worst imaginable breathlessness’. Furthermore, the VAS for breathlessness was the opposite 

way around in AMPLE-1 compared to the other studies, with ‘no breathlessness’ at the right-

hand end. For IPC-plus, participants were asked ‘how much breathlessness are you feeling at 

the moment?’ and the 100mm point was marked ‘worse possible breathlessness’. A 

standardised script was not used to explain the VAS for breathlessness to participants. 

Language may have also been a limitation for some individuals, with all studies providing the 

VAS for breathlessness diary in English only. It is important that future work uses a 

standardised VAS for breathlessness and further research may be required to determine the best 

way to measure breathlessness to predict mortality.  
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In summary, meta-analysis of individual participant data from five RCTs has demonstrated an 

association between breathlessness and survival in individuals with MPE.  
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Table 1: Summary of RCTs included in this analysis. IPC – indwelling pleural catheter 

Trial  No. of 

participants 

Main 

inclusion 

criteria 

Main 

exclusion 

criteria 

Trial 

design 

Duration 

of follow 

up 

Duration 

of VAS 

diary  

Davies 2012 

(TIME2) (1) 

106 Recurrent 

MPE 

Expected 

survival <3 

months, 

previous 

pleurodesis 

Chest 

drain and 

talc 

pleurodesis 

versus IPC 

1 year Daily for 

42 days 

Thomas 2017 

(AMPLE-1) 

(23) 

145 Recurrent 

MPE 

Expected 

survival <3 

months, 

previous 

pleurodesis 

Chest 

drain and 

talc 

pleurodesis 

versus IPC 

1 year Daily for 

14 days, 

then 1, 3, 

6, 9 and 

12 

months 

Mishra 2018 

(TIME3) (20) 

71 Significant 

non-

draining 

MPE with 

chest drain 

in situ 

Expected 

survival< 

28 days, 

trapped 

lung 

Urokinase 

versus 

placebo 

1 year Daily for 

28 days 
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Muruganandan 

2018 

(AMPLE-2) 

(22) 

87 MPE with 

IPC 

Expected 

survival <2 

months 

Daily 

drainage 

versus 

symptom-

guided 

drainage 

6 months Daily for 

60 days, 

then 

weekly 

for 6 

months 

Bhatnagar 

2018 (IPC-

plus) (21) 

154 MPE with 

IPC  

Expected 

survival <2 

months, 

trapped 

lung 

Talc 

versus 

placebo 

given via 

IPC 

70 days Daily for 

84 days 
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Table 2: Baseline demographic data 

Characteristic Results 

Sex female, n (%) 278/553 (50.3%) 

Age (years), median [IQR] 68 [61-76] 

Previous chemotherapy, n (%) 149/337 (44.2%) 

Previous radiotherapy, n (%) 52/191 (27.2%) 

PF LDH (U/L), median [IQR] 415 [250-833] 

PF pH, median [IQR] 7.37 [7.26-7.43] 

PF glucose (mmol/L), median [IQR] 5.40 [3.20-6.40] 

Serum CRP (mg/L), median [IQR] 43.0 [15.0-98.5] 

Serum albumin (g/dL), median [IQR] 37.0 [30.0-41.0] 

Haemoglobin (g/dL), median [IQR] 129 [113-158] 

Serum neutrophil: lymphocyte, median [IQR] 5.20 [3.50-7.40] 

ECOG PS, n (%) 48 (11.0%) 

 179 (40.9%) 

 119 (27.2%) 

 79 (18.0%) 

 13 (3.0%) 

Size of effusion on CXR (% hemithorax), median [IQR] 60.0 [60.0-80.0] 

Tumour type, n (%) 110 (19.9%) 
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 173 (31.3%) 

 128 (23.2%) 

 141 (25.5%) 

Intervention IPC: chest drain, n (%) 355 (64.4%):196 (35.6%) 

Died during follow up, n (%) 311/553 (56.2%) 
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Table 3: Results of unadjusted and adjusted analysis of baseline factors associated with 

survival in participants with MPE 

 Unadjusted 

(Number of participants n =533; 

number of events E =311 

Adjusted (baseline only) 

(n=360; E=204) 

 HR (95% CI) p-value HR (95% CI) p-value 

Sex male: female 

0.81 (0.65,1.02) 0.070  

0.87 (0.61,1.25) 

 

0.459 

Previous 

chemotherapy 

1.89 (1.46,2.46) <0.001   

Previous 

radiotherapy 

1.24 (0.85,1.80) 0.267   

Age, 5-year 

increase 

1.04 (0.99,1.10) 0.084 

1.05 (0.98,1.13) 0.190 

PF LDH, 500-unit 

change 

1.05 (1.03,1.08) <0.001   

PF pH 1.27 (0.69,2.34) 0.446   

PF glucose 0.99 (0.95,1.03) 0.650   

Serum CRP, 10-

unit increase 

1.06 (1.05,1.08) <0.001 

1.06 (1.03,1.08) <0.001 

Serum albumin 0.96 (0.94,0.98) <0.001   
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Haemoglobin, per 

10-unit increase 0.85 (0.8,0.92) 

<0.001   

Neutrophil: 

lymphocyte ratio  

1.10 (1.07,1.13) <0.001   

Size of effusion on 

CXR at baseline 

(% hemithorax) 

0.32 (0.18,0.57) <0.001   

Trial (vs AMPLE-1) 

AMPLE-2 0.91 (0.65,1.27) 0.581   

IPC-Plus 0.37 (0.21,0.63) <0.001   

TIME-2 1.27 (0.95,1.72) 0.11   

TIME-3 2.61 (1.90,3.59) <0.001   

ECOG PS (vs 0) 

 1 2.29 (1.21,4.32) 0.011   

 2 4.45 (2.35,8.42) <0.001   

 3 

8.77 

(4.59,16.73) 

<0.001   

 4 

25.61 

(11.12,58.99) 

<0.001   

Tumour type (vs mesothelioma) 

  Lung 2.29 (1.64,3.21) <0.001 2.13 (1.36,3.31) 0.001 
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  Breast/Gynae 1.33 (0.91,1.93) 0.135 1.25 (0.69,2.25) 0.460 

  Other 2.54 (1.79,3.60) <0.001 2.28 (1.43,3.63) 0.001 

Baseline VAS for 

breathlessness, 10-

unit increase 

1.10 (1.06,1.15) <0.001   

Split: 0 -33mm 1    

      34 – 66mm 1.28 (0.95,1.74) 0.110 0.94 (0.64,1.39) 0.773 

      67-100mm 1.85 (1.39,2.48) <0.001 1.73 (1.17,2.54) 0.006 
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Figure 1: Kaplan-Meier survival curve from day 7 of participants divided into four equal 

quartiles by mean 7-day VAS for breathlessness. Continuous line mean 7-day VAS for 

breathlessness 0-10mm; dashed line mean 7-day VAS for breathlessness 10-22mm; dotted line 

mean 7-day VAS for breathlessness 22-37mm; dashed/dotted line mean 7-day VAS for 

breathlessness 38-90mm. 
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Part III.2 – Key Points 

 

The findings of this study demonstrate that breathlessness assessed by VAS is an independent 

predictor of survival in individuals with MPE. Breathless individuals with MPE have a worse 

survival compared to those who are not breathless This is true at baseline and post-pleural 

procedure. This relationship is independent of other factors known to predict survival.  

 

The TIME-2, AMPLE-1 and AMPLE-2 studies had similar survival as all three studies had a 

similar inclusion criterion. Survival was better in IPC-plus study, which excluded individuals 

with trapped lung, a group known to have worse survival (242). In the TIME-3 study, survival 

was significantly worse which demonstrates that inpatients with MPE, a chest drain and a 

septated pleural effusion have poor survival. 

 

Breathlessness is an important outcome for individuals with MPE and will impact their quality 

of life for their remaining lifespan. Showing that breathlessness may predict survival is a novel 

finding. We hope that this information would stimulate future research both to ascertain the 

underlying biological reasons for this relationship, and to incorporate it into other predictive 

scores of survival. 
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Part IV. Survival in malignant mesothelioma based on cytological 

or histological diagnosis 

 

Length of survival in individuals with malignant mesothelioma stands at a median of 12 

months. This condition has distinctive histological subtypes: epithelioid, sarcomatoid, and 

biphasic (composed of both epithelioid and sarcomatoid components). The pathological 

subtype of malignant mesothelioma has a strong influence on survival, with the epithelioid type 

associated with longer survival than the biphasic and sarcomatoid subtypes. 

 

Epithelioid malignant mesothelioma (the most common form, ∼60% of cases) more readily 

sheds cells into the pleural or peritoneal space, and these can be identified on cytological 

examination. In contrast, sarcomatoid malignant mesothelioma cells generally do not shed into 

the pleural or peritoneal space, resulting in a poor cytological diagnostic yield for the 

sarcomatoid subtype and the possibility of misclassification of biphasic malignant 

mesothelioma as epithelioid malignant mesothelioma using the cytology-only 

approach. However, the diagnosis of malignant mesothelioma using cytology only has been 

controversial. 

 

Cytological diagnosis of malignant mesothelioma does have practical advantages, including 

that it is minimally invasive, easy to perform and inexpensive. My study aimed to analyse and 

compare survival in cases of epithelioid malignant mesothelioma diagnosed by cytology only 

and to ensure there are no clinically significant differences between individuals with malignant 

mesothelioma diagnosed with both methods.  
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Section IV.1 – Results 

 

Comparison of outcomes following a
cytological or histological diagnosis of
malignant mesothelioma
Sanjeevan Muruganandan1,2,3, Helman Alfonso4, Peter Franklin5, Keith Shilkin6, Amanda Segal6, Nola Olsen5,
Alison Reid4, Nick de Klerk5,7, AW (Bill) Musk1,2,5 and Fraser Brims*,1,3,8

1Department of Respiratory Medicine, Sir Charles Gairdner Hospital, Perth, WA, Australia; 2School of Medicine and Pharmacology,
University of Western Australia, Perth, WA, Australia; 3Institute for Respiratory Health, Perth, WA, Australia; 4School of Public
Health, Faculty of Health Sciences, Curtin University, Perth, WA, Australia; 5School of Population Health, University of Western
Australia, Perth, WA, Australia; 6PathWest, Queen Elizabeth II Medical Centre, Perth, WA, Australia; 7Telethon Kids Institute,
University of Western Australia, Perth, WA, Australia and 8Curtin Medical School, Faculty of Health Sciences, Curtin University,
Perth, WA, Australia

Background: Survival with the epithelioid subtype of malignant mesothelioma (MM) is longer than the biphasic or sarcomatoid
subtypes. There is concern that cytology-diagnosed epithelioid MM may underdiagnose the biphasic subtype. This study examines
survival differences between patients with epithelioid MM diagnosed by cytology only and other subtypes diagnosed by histology.

Methods: Demographics, diagnosis method, MM subtype and survival were extracted from the Western Australia (WA)
Mesothelioma Registry, which records details of all MM cases occurring in WA.

Results: A total of 2024 MM cases were identified over 42 years. One thousand seven hundred forty-four (86.2%) were male,
median (IQR) age was 68.6 (60.4–77.0) years. A total of 1212 (59.9%) cases were identified as epithelioid subtype of which 499
(41.2%) were diagnosed using fluid cytology only. Those with a cytology-only diagnosis were older than the histology group
(median 70.2 vs 67.6 years, Po0.001), but median survival was similar (cytology 10.6 (5.5–19.2) vs histology 11.1 (4.8–19.8) months,
P! 0.727) and Cox regression modelling adjusting for age, sex, site and time since first exposure showed no difference in survival
between the different diagnostic approaches.

Conclusions: Survival of cytologically and histologically diagnosed epithelioid MM cases does not differ. A diagnostic tap should
be considered adequate to diagnose epithelioid MM without need for further invasive testing.

Malignant mesothelioma (MM) is an uncommon, aggressive
cancer that affects the pleural and peritoneal tissues and is caused
by the inhalation of asbestos fibres. Latency from first exposure
varies from 15 to 50 years (Olsen et al, 2011), there is no cure and
median survival is 10–12 months (Brims and Maskell, 2013). The
incidence of MM varies internationally and reflects historical
utilisation of asbestos in the twentieth century (WHO, 2010).
Western Australia (WA) did have the highest incidence per capita

of MM in the world principally due to the mining and widespread
utilisation of crocidolite from the mining of blue asbestos at
Wittenoom during the last century (Musk et al, 1992; Reid et al,
2014). Asbestos utilisation continues to increase in many
developing countries (Brims, 2009; Kazan-Allen, 2005).

Malignant mesothelioma has distinctive histological subtypes:
epithelioid, sarcomatoid and biphasic (composed of both epithe-
lioid and sarcomatoid components). The diagnosis of MM using
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cytology only has been controversial. According to the Consensus
Statement of the International Mesothelioma Interest Group, ‘The
diagnosis of MM must always be based on the results obtained
from an adequate biopsy in the context of appropriate clinical,
radiologic and surgical findings’ (Husain et al, 2013). The British
Thoracic Society guidelines offer a more pragmatic approach
stating, ‘a biopsy is recommended if there is doubt about the
diagnosisy as cytology may be unreliable’ (British Thoracic
Society Standards of Care, 2007). Pooled data from different
studies demonstrate a 30% sensitivity for the cytological diagnosis
of MM (Renshaw et al, 1997b; Churg et al, 2000; Stahel et al, 2008),
which is considered to be too low to be useful as a diagnostic tool
(Husain et al, 2013). One of the reasons for this is the different
biological behaviour of the pathological subtypes of MM. Epithelioid
MM (the most common form, B60% of cases) more readily sheds
cells into the pleural or peritoneal space and these can be identified
on cytological examination. By contrast, sarcomatoid MM cells
generally do not shed into the pleural or peritoneal space, leading to a
poor cytological diagnostic yield for the sarcomatoid subtype and the
possibility of misclassification of biphasic MM as epithelioid MM
using the cytology-only approach. A cytological diagnosis of MM,
however, has practical advantages including that it is minimally
invasive, easily performed and inexpensive. It has been previously
demonstrated that in an experienced laboratory a cytological
diagnosis of MM can be accurately and reliably made (Hjerpe et al,
2015) with a definitive diagnosis of MM in 73% of all cases, with
no false-positive diagnoses of malignancy (Segal et al, 2013).

The pathological subtype of MM has a strong influence on
survival with the epithelioid type associated with a longer survival
as compared with biphasic and sarcomatoid MM (Musk et al, 2011;
Brims et al, 2016). Although chemotherapeutic approaches are
limited in MM, it is generally accepted that there are better
responses to treatment with the epithelioid subtype (Billé et al,
2015). There is, therefore, a clinical advantage to identify the
mesothelioma pathological subtype, with prognostic and thera-
peutic implications. This study aimed to analyse survival between
cytology-only and histologically diagnosed epithelioid MM to
establish if a clinically meaningful difference exists between
patients diagnosed by the two techniques.

MATERIALS AND METHODS

Case ascertainment. The Western Australia Mesothelioma Reg-
istry (WAMR) was established in 1962 and is linked to the Western
Australian Cancer Registry, which records all cancer types and
survival data for the state. Cancer is a notifiable disease in WA and
all incident cases of MM are investigated. The WAMR research
officer gathers information from pathology laboratories, hospitals
and clinics, and all cases are reviewed by a committee that includes
an expert pathologist, a respiratory physician, an epidemiologist
and an occupational physician to confirm the diagnosis and record
all available information on past asbestos exposure. All cases have
clinical, radiological and pathological features discussed. In cases of
ambiguity, the original sample was requested and (re)analysed in
our institution’s laboratory. Where there is remaining doubt in the
diagnosis, the case is regarded as ‘suspected’ and the data were not
included in this analysis. For each case, age, sex, site of disease,
dates and methods of diagnosis, histological subtype, date of death
and available history of asbestos exposure are sought and
documented. When additional new diagnostic material was
obtained, records were changed or updated to reflect the subtype
or means of diagnosis. Therapeutic information and staging data
are not available on the database.

Pathological diagnosis. Every pathology report was reviewed (by
KBS) to confirm the diagnosis with all available cytology, histology,

necropsy, immunohistochemistry and/or electron-microscopy
(EM) reports considered for assessment. Diagnostic criteria did
not change significantly over the study period, although the
increasing use of immunohistochemical stains over the last 15
years essentially replaced the use of EM. All specimens have
routine smears and a cell block prepared following cytocentrifuga-
tion, with 5 ml of the supernatant frozen and stored. The cell block
specimen ensures that paraffin-embedded material is available for
immunohistochemical and molecular studies. The subtype of
mesothelioma was recorded as epithelioid, sarcomatoid, biphasic
or not defined. Cases diagnosed by effusion cytology are accepted
as true cases and recorded as epithelioid (Segal et al, 2013).

Data analysis. Data was extracted on all confirmed MM cases
available on the WAMR for which survival data and means of
diagnosis was determined. For this study, cases considered to be
epithelioid were subdivided by diagnostic method into ‘epithelioid
– cytology’ and ‘epithelioid – histology’ to allow comparison.
Overall, survival was calculated from the date of diagnosis (from
pathological report) to date of recorded death on the WA Cancer
Registry; the date of censoring was 31 December 2012.

Continuous variables were described by their means and
standard deviations and compared using t-tests. Proportions were
used to summarise categorical variables and compared using
w2-tests. Survival between groups was compared using the log rank
test and Cox proportional hazards regression was used to estimate
the association between the different diagnostic approaches, other
explanatory variables and survival. Kaplan–Meier survival curves
were also produced and analysed by decade of diagnosis. All
statistical tests reported are two-tailed. Statistical calculations and
data manipulation were performed using SPSS (Version 23.0.
Armonk, NY: IBM Corp).

The study was approved by the Department of Health WA
Human Research Ethics Committee.

RESULTS

A total of 2024 (1744 (86.2%) male) cases of MM were identified
over a period of 42 years, median age at diagnosis was 68.6
(interquartile range (IQR): 60.4–77.0) years, 110 were alive at end
of follow-up. Pleural MM was present in 1888 (93.3%) cases. Of
those with a known exposure source (n! 1750), 1467 (83.8%) of
cases had occupational exposure, ex-Wittenoom miners and
township residents made up 25.9% of the cohort.

A total of 1212 (59.9%) cases had epithelioid subtype MM of
which 499 (41.2%) were diagnosed using effusion cytology only.
When comparing the diagnostic group for epithelioid MM, those
with a cytological diagnosis only were older, but there was no
difference in any other parameters (Table 1).

The different MM subtypes with median survival times are
presented in Table 2. Survival varied statistically significant
between all groups (Po0.0001 by log rank test: Figure 1). There
was no statistically significant difference in overall survival between
the epithelioid – histology and cytology-only subgroups (P! 0.73,
by log rank test), but there was a statistically significant difference
when comparing cytology-only to biphasic or sarcomatoid subtype
survival (P! 0.0001). When comparing survival stratified by
decade of diagnosis there was a trend towards increasing median
survival, Table 3 and Figure 2.

Peritoneal MM was present in 136 (6.7%) cases. The median
survival in this group was less than pleural MM (4.5 (IQR 2.3–9.0)
vs 8.8 (IQR 3.9–17.1) months, Po0.005). There were 102 cases of
epithelioid peritoneal MM. Median age at diagnosis (66.4 years,
IQR: 58.4–73.7) was similar to the overall cohort and did not vary
between diagnostic group (histology 67.7 vs cytology-only 64.0
years, P! 0.58). There was no statistically significant survival
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difference between the groups (histology 5.0 vs cytology-only 4.5
months, P! 0.43 by log rank test).

When restricting analyses to epithelioid-only MM using a Cox
proportional hazards model, increasing age, male sex and
peritoneal MM were significantly associated with a shorter
survival, whereas method of diagnosis was not (Table 4).

DISCUSSION

This study demonstrates that cases with a cytology-only diagnosis
of epithelioid MM have a similar survival outcome when compared
with those with a histological-derived diagnosis of epithelioid MM.
In addition, there is a consistent and clear separation of survival
curves of (cytologically or histologically diagnosed) epithelioid MM
from histologically diagnosed biphasic MM, which indicates that in
this population there appears to be no clinically meaningful
difference between cytologically and histologically diagnosed
epithelioid MM.

Current international guidelines cite historical concerns with
regard to using cytology as a means of diagnosing MM and it is
widely accepted that this method is not useful for the diagnosis of
sarcomatoid-containing tumours. There is accumulating evidence
that a cytological diagnosis of MM supported with supplementary
techniques such as immunohistochemistry is as reliable as
histopathological diagnosis (Rakha et al, 2010). Concern has been
raised that a cytologically derived MM diagnosis may misclassify
biphasic MM as epithelioid, because the sarcomatoid component
cells are not shed into the pleural space, leading to errant
classification. By using survival as a surrogate for different MM
histology, the current study does not support this misclassification
notion. In contrast, the results of this study demonstrate that cases
with a diagnosis of epithelioid MM using cytology only have no
significant difference in overall survival as compared with cases
with histologically diagnosed epithelioid MM and, importantly,
there is a statistically significant separation in survival outcome
when compared with biphasic or sarcomatoid MM.

After appropriate clinical history and imaging, a diagnostic
aspiration is widely accepted as the first invasive investigation for

an unexplained pleural or peritoneal effusion in most cases. This
allows a cytological analysis and a diagnosis of a malignant pleural/
peritoneal effusion in many cases. The importance of this current
study is that with appropriate cytopathological expertise and
technique, a diagnosis of epithelioid MM can be confidently made,
potentially with no requirement for further invasive biopsies using
an image-guided approach or thoracoscopic techniques. A previous
audit of practice in our institution demonstrated that on average a
cytology report was available 29 days before subsequent tissue
diagnosis for MM cases (Segal et al, 2013). Therefore, cytological
analysis has clear advantages for patients and healthcare resources.
Clinicians can reliably inform patients of the diagnosis and
prognosis with the knowledge that there is no clinically meaningful
difference between overall survival with either diagnostic
technique.

Effusion cytology is minimally invasive and inexpensive, which
are further important considerations in this population given the
limited life expectancy. A cytological diagnosis of MM should fulfil
one of the following criteria: indisputable malignant cells on
cytomorphological criteria, which demonstrate mesothelial phe-
notype confirmed by ancillary testing; or cytomorphological
features which are not unequivocally malignant, but with ancillary
techniques confirming malignancy and a mesothelial phenotype
(Hjerpe et al, 2015). The diagnosis of mesothelioma in effusion

Table 1. Characteristics of the epithelioid MM cases according to method of diagnosis

Epithelioid–histology (total
n!713)

Epithelioid–cytology (total
n!499) P-value

Median age at diagnosis, years (IQR) 67.6 (59.3–75.5) 70.2 (61.5–78.6) o0.001

Male 606 (85.3) 412 (82.6) 0.204

Pleural 660 (92.6) 450 (90.2) 0.141

Occupational exposure 496 (80.8) 357 (81.1) 0.885

Wittenoom worker 176 (24.7) 135 (27.1) 0.353

Time from first exposure to diagnosis, years (s.d.) 43.3 (11.8) 44.7 (11.3) 0.079

Abbreviations: IQR! interquartile range; s.d.! standard deviation. P-value for difference from w2 of t-tests. All values are n (%) unless otherwise stated.

Table 2. Numbers of cases and survival for all confirmed MM
cases (total 2024)

Mesothelioma
subtype n (%)

Survival, months
(IQR)

Epithelioid – histology 713 (35.2) 10.6 (5.5–19.2)

Epithelioid – cytology 499 (24.7) 11.1 (4.8–19.8)

Biphasic 412 (20.4%) 7.8 (3.7–15.1)

Sarcomatoid 260 (12.8%) 4.0 (1.8–7.5)

Not defined 140 (6.9%) 4.4 (1.2–11.7)

Abbreviation: IQR! interquartile range.

1.0

0.8

Epithelioid histology
Mesothelioma subtype

Epithelioid cytology
Sarcomatoid

Biphasic

0.6

C
um

ul
at

iv
e 

su
rv

iv
al

0.4

0.2

0.0

0.00 20.00 40.00
Survival (months)

60.00 80.00 100.00

Figure 1. Kaplan–Meier survival curves for 1884 cases of MM
separated by subtype. For ease of interpretation, ‘not defined’ cases
(n! 140) have been omitted.
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samples is made using a combination of morphological features
and immunohistochemistry. The main change that has occurred
over the past 20 years is the current availability of reliable
immunohistochemical mesothelial markers such as calretinin,
CK5/6, D240, mesothelin and WT1, as well as more specific
glandular markers, for example, TTF1 (lung), PAX8 (gynaecolo-
gical tract, kidney, thyroid). These immunohistochemical markers
have facilitated the distinction between adenocarcinoma and
mesothelioma and this has resulted in a dramatic reduction in
the use of EM to confirm tumour phenotype, whereas previously
EM was a routine part of the diagnosis, it is now almost never
performed. Additional tests to distinguish between benign and
malignant mesothelial cells, including BAP1 immunohistochem-
istry and FISH for p16 (CDKN2A), have become available more
recently; these latter tests were not in common use during the time
period of the current study (Hwang et al, 2016).

As the epithelioid subtype of MM is the most common, the
findings of the present study have important implications for the
majority of MM cases. It is important to note that some cases of
epithelioid MM cannot be diagnosed by cytology and need
tissue biopsy for diagnosis, but also that tissue biopsy itself may
not always accurately define MM subtype (Bueno et al, 2004),

therefore, both groups in this study may contain some
biphasic cases.

Cancer is a notifiable disease in WA, confirming that selection
bias is unlikely as all cancer cases from across the state are notified.
All diagnoses of MM were confirmed by an expert pathologist,
with further case review sought to differentiate into MM subtype if
required. The cohort of cytology-only diagnosed MM were older
(median age 67.6 vs 70.2 years), which likely reflects different
clinical practice for an older population, favouring a less invasive
approach. Cox regression demonstrated that age, male sex and
peritoneal MM had a statistically significant association with
survival, but there was no significant effect of different diagnostic
approach. The cases were predominantly male and occupationally
exposed to asbestos, as is characteristic of this disease worldwide.
Although nearly a quarter of cases were ex-Wittenoom workers or
residents (with heavy exposure to exclusively crocidolite), there is
no evidence to suggest that exposure to different asbestos fibre
types leads to different clinical outcomes (Franklin et al, 2016).
Therefore, the data are generalisable to other asbestos-exposed
populations around the world.

When stratified by decade of diagnosis, the median survival
increased over time with a trend towards significance (1970–1980
7.6 months, IQR 2.9–18.9 vs 2000–2012 11.8 months, IQR 6.0–
20.3; P! 0.083; Figure 2). Combined systemic pemetrexed/
cisplatin is the only therapy proven to improve overall survival
in MM and this has been available in our institution since early
2006 (Vogelzang et al, 2003). Therefore, the trend towards
increasing median survival demonstrated is likely to represent a
lead-time bias with improving diagnostic expertise, approaches and
increased awareness of MM by clinicians, as previously described
(Musk et al, 2011). There are relatively few studies examining
sensitivity of mesothelioma diagnosis by effusion cytology.
Historically, sensitivities of around 30% are often quoted
(Renshaw et al, 1997a), however, experienced laboratories in areas
of high incidence can achieve sensitivities of over 70% (Segal et al,
2013), and other more recent studies document sensitivities of

Table 3. Median survival in months (IQR) of epithelioid mesothelioma cases by stratified decade of diagnosis and diagnostic
approach

All cases Epithelioid – histology Epithelioid – cytology

Decade Median survival n Median survival n Median survival Log ranka

1970–1980 7.6 (2.9–18.9) 21 7.3 (0.6–14.4) 5 18.4 (4.2–20.7) 0.691

1981–1990 8.6 (4.0–18.0) 83 8.6 (4.5–19.4) 61 8.1 (3.0–16.7) 0.313

1991–2000 9.9 (4.8–18.9) 202 9.8 (5.2–18.9) 143 11.0 (4.8–18.6) 0.695

2001–2012 11.8 (6.0–20.3)b 342 11.7 (6.2–20.0) 262 12.0 (5.4–20.5) 0.917

Abbreviation: IQR! interquartile range.
aComparing the different diagnostic approaches.
bP! 0.083 log rank for change over time (all cases).
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Figure 2. Kaplan–Meier survival curves for 1212 cases of epithelioid
MM separated by decade of diagnosis.

Table 4. Variables associated with overall survival in
epithelioid mesothelioma (n!1212) from multivariable Cox
proportional hazards model

Variable HR
Lower
95% CI

Upper
95% CI P

Age at diagnosis (per year) 1.02 1.01 1.02 o0.001

Peritoneal MM 2.25 1.74 2.91 o0.001

Male sex 1.42 1.16 1.75 0.001

Time from first exposure to
diagnosis (per year)

0.99 0.99 1.00 0.03

Cytology diagnosed MM 1.01 0.88 1.15 0.92

Abbreviations: HR! hazard ratio; CI! confidence interval; MM!malignant mesothelioma.
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50–60% (Rakha et al, 2010; Pinelli et al, 2012). The recent addition
of new immunohistochemical stains (BAP1) and FISH studies
(CDKN2A/p16) hold great promise for increasing the sensitivity of
mesothelioma diagnosis in effusion samples in all laboratories
(Walts et al, 2016).

There are a number of potential limitations of this study that
should be considered when interpreting the data. It is possible that
there is underrepresentation of all true MM cases in the state due
to a missed diagnosis or wrong classification as a secondary pleural
cancer; however, this is unlikely to proportionally represent many
cases. As the cytology group was older at the time of diagnosis it is
possible that they were more unwell and unable to undergo more
invasive diagnostic techniques. It is also likely that some
cytologically diagnosed epithelioid MM cases were in fact biphasic,
however, this is equally true for histological biopsy specimens
(Bueno et al, 2004). Because of the design of this study, there is no
ability to assess the accuracy, sensitivity or specificity of either
means of diagnostic approach; there is no record on the WAMR of
if a case had the subtype changed after expert review or
confirmation at post-mortem.

This study does not demonstrate that cytology-only diagnosed
epithelioid MM is biologically the same as histologically diagnosed
epithelioid MM. It does, however, demonstrate that there is no
difference in clinically meaningful outcomes for patients using
these two different diagnostic techniques. Although there are no
data for treatment or disease staging, these parameters are unlikely
to strongly influence the outcomes over and above cell type that is
widely acknowledged to be one of the most influential variables.
There is currently no evidence to suggest that there would be any
difference in treatment response to chemotherapy between these
groups. It is recognised that in an era of personalised medicine
with genetic or immunological testing of tumour samples, there are
occasions where a larger sample of (biopsy) material may be
desirable. Similarly, if a patient is being considered for a study
examining surgical approaches, there is also a recognised need for
multiple biopsies, from both hemithoraces and mediastinum
(Alvarez et al, 2009). When a diagnosis of mesothelioma is made
from an effusion specimen, it is almost invariably a highly cellular
sample; cases that are not shedding significant numbers of cells
into the fluid will usually require biopsy for diagnosis. In these
cellular fluid samples, cells shed from large areas of pleura are
being collected, rather than the very limited sampling of thin core
(image guided) or small biopsy samples obtained at pleuroscopy.
The number of cells available in cell blocks prepared from fluid
samples is thus generally far greater than that in biopsy material.

In this large cohort, this study demonstrates that the survival
characteristics of cytology-only and histologically diagnosed
epithelioid MM do not differ. In an experienced laboratory, a
cytological diagnosis of epithelioid MM is clinically acceptable and
is not associated with a clinically important different outcome
when compared with histologically diagnosed cases. Therefore, a
diagnosis of MM by effusion cytology may be sufficient for clinical
management without the need for further invasive testing.
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Section IV.2 – Key points 

 

This large cohort study demonstrates that cases with a cytology-only diagnosis of epithelioid 

malignant mesothelioma have similar survival outcomes to those with a histologically derived 

diagnosis. In addition, there is a consistent and clear separation of survival curves of epithelioid 

malignant mesothelioma (both cytologically and histologically diagnosed) from histologically 

diagnosed biphasic malignant mesothelioma; thus, in this population, there appears to be no 

clinically relevant differences between cytologically and histologically diagnosed epithelioid 

malignant mesothelioma in their prognosis. 

 

Effusion cytology is minimally invasive and inexpensive, which are important considerations 

in this patient population given their limited life expectancy. In an experienced laboratory, a 

cytological diagnosis of epithelioid malignant mesothelioma is clinically acceptable and does 

not disadvantage patient care. 
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CHAPTER 3: DISCUSSION 

 

Summary 

 

This thesis comprises four clinical studies that specifically address key challenges in 

malignant pleural disease care. The results of these studies provide significant insight that 

may help to improve MPE management. 

 

i) Insight into the factors causing breathlessness from pleural effusions, which will 

potentially help identify individuals who will benefit most from pleural drainage: PLeural 

Effusion And Symptom Evaluation (PLEASE) study [ACTRN12616000820404]. The 

mechanisms by which MPE causes breathlessness remains poorly understood. Data suggest 

that up to one third of individuals with MPE do not derive symptom benefit from pleural 

fluid drainage. The PLEASE study is the largest and most comprehensive study to date with 

regard to investigating physiologic changes pre- and post-pleural effusion drainage. The 

most salient findings are that a) lung compression and hypoxemia are not the main driver of 

breathlessness in individuals with MPE given the small improvements seen in spirometry 

indices and oxygen saturation post-drainage and b) abnormal hemi-diaphragm movement at 

baseline were four times more likely to benefit from pleural drainage. 

 

ii) Optimising MPE drainage regime: Australasian Malignant PLeural Effusion 

(AMPLE)-2 trial [ACTRN12615000963527]. The AMPLE-1 (86) and TIME-2 studies 

(71) established indwelling pleural catheter (IPC) as a preferable method for MPE 
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management over conventional talc pleurodesis. The next logical step was thus to optimise 

the drainage method via IPC to maximise its benefits. The AMPLE-2 study was a 

multinational RCT comparing two standard drainage regimes using IPC, and the findings 

indicate that both approaches provide similar breathlessness control over 60 days after 

randomisation. There were no significant differences in pain scores, days in hospital, serious 

adverse events, or mortality between the two approaches. Aggressive drainage was 

associated with higher rates of pleurodesis and better index values on EQ-5D-5L QoL 

assessment. 

 

iii) Importance of breathlessness in individuals with MPE: Breathlessness predicts 

survival in individuals with malignant pleural effusions: Meta-analysis of individual 

patient data from five randomised controlled trials.  This meta-analysis of five RCTs 

(71, 86, 88, 92, 239) demonstrated an association between breathlessness and survival in 

individuals with MPE. Breathless individuals with MPE have a worse survival compared to 

those who are not breathless.  

 

iv) Minimise invasive procedures in MPE: Comparison of outcomes following a 

cytological or histological diagnosis of mesothelioma. A cytological diagnosis of 

mesothelioma has the practical advantages of being minimally invasive, easy to perform and 

inexpensive. This large-cohort study demonstrates that cases with a cytology-only diagnosis 

of epithelioid subtype of mesothelioma have similar prognosis to those with a histologically 

derived diagnosis; thus, cytology-only diagnosis should not disadvantage patients in clinical 

care or trial settings in predicting prognosis. 
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Discussion 

 

Malignant pleural effusion (MPE) complicates most cancers, causing significant morbidity and 

mortality. Breathlessness is the primary symptom and frequently impairs QoL and results in 

hospital admission. At present, there is no cure for individuals with malignant pleural disease. 

The “holy grail” of MPE management is to prevent or control the formation of malignant 

pleural fluid. Despite advances in medicine, prognosis in individuals with MPE remains 

guarded. The overarching goal of MPE management is to achieve symptom relief with minimal 

intervention and without lengthy hospitalisation. 

 

Breathlessness is the most common symptom of MPE and is often disabling. Pleural drainage 

to evacuate pleural fluid can be performed to relieve breathlessness in patients with recurrent 

pleural effusions; however, the effectiveness of drainage for this purpose is variable and 

unpredictable, and the procedure potentially puts patients at risk of complications. Identifying 

those individuals whose symptoms are unlikely to improve after drainage will help to avoid 

unnecessary hospital admissions and pleural interventions and thus to reduce the associated 

morbidity/mortality risks and healthcare costs. 

 

Breathlessness is a complex multifactorial process that is not easy to predict even by capturing 

a comprehensive list of radiographic, physiologic, and diaphragmatic variables. The PLEASE 

study provides the largest and most comprehensive prospective dataset on symptoms, 

cardiorespiratory status, exercise capacity, radiographic and diaphragm features in an 

unselected cohort of participants with moderate-to-large pleural effusions necessitating fluid 
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evacuation. Drainage of the effusion significantly improved breathlessness (across all three 

breathlessness instruments used) and exercise capacity in the majority of participants. 

Reducing the space-occupying or mass effect of pleural effusion appears to be an important 

contributor to improved breathlessness, although the mechanism is unclear. Lung volumes, 

heart rate and respiratory rate appeared to show only modest absolute changes after drainage, 

whereas the ipsilateral diaphragm had more obvious changes in shape and movement, which 

may be due to the more compressible/distortable nature of the diaphragm. Abnormalities in 

diaphragm movement were common and their presence, as well as baseline level of 

breathlessness, were independent predictors of the likelihood of symptom relief after fluid 

drainage. These data help to define the benefits that clinicians and individuals with MPE can 

expect from pleural fluid drainage and provide hypothesis-generating information on potential 

mechanisms of breathlessness in individuals with pleural effusions.  

 

Control of the breathlessness associated with MPE frequently requires invasive pleural 

procedures. The use of IPC presents an established alternative to conventional talc pleurodesis 

and has been shown to reduce hospitalisation (86) and the need for repeat pleural interventions 

in the individual’s remaining lifespan (71, 86). Previous studies (71, 86) have confirmed that 

the use of IPC results in excellent symptomatic benefits, infrequent complications, shorter 

periods of hospitalisation and much lower procedural mortality than other alternatives. The 

logical next step is to optimise the use of IPC and hence its benefits. Limited data exist to guide 

clinicians regarding drainage approaches for individuals with IPC for their MPE. Practices vary 

worldwide, ranging from aggressive (daily or alternate day) drainage, often used in North 

American centres to drainage only when symptoms develop (common in the rest of the world).  
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The AMPLE-2 study found that aggressive (daily) and symptom-guided drainage approaches 

provided similar breathlessness control over the first 60 days post-IPC insertion. There were 

no significant differences in pain, need for hospitalisation or survival. The aggressive drainage 

pathway showed a higher rate of pleurodesis and better QoL score at both 60-day and six-

month endpoints. The results of the AMPLE-2 trial, along with those of the ASAP study (182), 

confirm that daily fluid removal enhances SP. The AMPLE-2 study further confirms that it 

improves QoL without any drawbacks in terms of pain, infection rates or survival. In 

individuals where pleurodesis is an important goal, e.g., those undertaking strategies of IPC 

with a sclerosant, and aggressive drainage regime should be employed for at least 60 days. 

Future studies will need to establish if a more aggressive, e.g., twice-daily, regime for the initial 

phase may enhance success rates further. On the other hand, for individuals whose primary 

care aim is palliation, e.g., those with very limited life expectancy or significant trapped lung 

where pleurodesis is unlikely, our data show that symptom-guided drainage offers an effective 

means of breathlessness control.  

 

Breathlessness is associated with survival in individuals with MPE. These results that included 

five RCTs (including participants from the AMPLE-2 study) are in keeping with other studies 

(77-80) that have demonstrated a correlation between breathlessness and survival.  This 

relationship is independent of other factors known to predict survival. The current validated 

prognostic scores (LENT and PROMISE) use independent baseline variable that reflect 

systemic and inflammatory factors (e.g., serum lymphocyte: neutrophil ratio, performance 

status, tumour type, previous chemotherapy or radiotherapy, haemoglobin, serum white cell 

count, serum CRP) rather than those specific to the effusion (apart from pleural fluid LDH 

alone in the LENT score) to predict survival. This may suggest that it is the individual’s overall 

condition that predicts survival rather than the characteristics of the pleural effusion. The 
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strength of using breathlessness as a predictor of survival is that it is a representation of the 

individual’s overall condition.  This is an important to take into account as choice of treatment 

of individuals with MPE depends on prognosis, for example, in individuals with a prognosis 

of less than 28 days, palliation of breathlessness with therapeutic aspiration alone may be most 

appropriate. By tailoring management options for MPE in symptomatic individuals, may 

reduce unnecessary or repeated invasive pleural procedures. 

 

Individuals with malignant pleural mesothelioma remain a distinct subgroup in terms of 

managing pleural effusions. The condition can be diagnostically challenging, survival rates 

differ, and individuals are potentially more at risk of having trapped lung. Individuals with 

malignant pleural mesothelioma frequently present with effusions; therefore, pleural aspiration 

for cytologic examination of the effusion is widely accepted as the primary invasive procedure. 

This allows for cytological analysis and diagnosis of MPE in many cases. Therefore, with 

appropriate cytopathological expertise and technique, a diagnosis of epithelioid subtype of 

mesothelioma can be made confidently, potentially with no requirement for further invasive 

biopsies using an image-guided approach or thoracoscopic techniques. The findings of the 

study comparing outcomes following a cytological or histological diagnosis of malignant 

pleural mesothelioma demonstrate that cases with a cytology-only diagnosis of epithelioid 

subtype of mesothelioma have similar survival outcomes to those with a histologically derived 

diagnosis.  

 

Cytological analysis has clear advantages for both the individual with suspected malignant 

pleural mesothelioma and healthcare resources. Clinicians can reliably inform individuals of 

their diagnosis and prognosis with the knowledge that there is no clinically meaningful 



 187 

difference between overall survival for the two different diagnostic techniques. Effusion 

cytology is minimally invasive and inexpensive, which are further important considerations in 

this population given the limited life expectancy of individual with malignant pleural 

mesothelioma. When a diagnosis of malignant pleural mesothelioma is made from an effusion 

specimen, it is almost invariably a highly cellular sample; cases that are not shedding 

significant numbers of cells into the fluid will usually require biopsy for diagnosis. In these 

cellular fluid samples, cells shed from large areas of pleura are being collected, rather than the 

very limited sampling of thin-core (image-guided) or small biopsy samples obtained at 

pleuroscopy. The number of cells available in cell blocks prepared from fluid samples is thus 

generally far greater than that in biopsy material. Therefore, a diagnosis of malignant pleural 

mesothelioma by effusion cytology may be sufficient for clinical management without the need 

for further invasive testing. 

 

Individuals with malignant pleural mesothelioma are at risk of trapped lung due to the visceral 

pleura becoming encased with tumour rind, restricting ventilation, and preventing lung re-

expansion following drainage of pleural fluid. In the PLEASE study, increases in spirometric 

lung volumes were small and poorly correlated with volume of fluid drained and improvements 

in breathlessness. This implies that lung compression is not the principal mechanism by which 

the pleural fluid is accommodated within the thoracic cage. Breathlessness improved in a 

similar proportion of participants with and without fully expandable lungs; thus, clinicians 

should not exclude individuals from thoracentesis on the basis of trapped lung. Use of an IPC 

is generally considered the first line in the management of individuals with MPE and trapped 

lung. The AMPLE-2 study is one of the very few RCTs to have included individuals with 

trapped lung; in this research, they accounted for one third of the cohort. Breathlessness control 

was similar between the two drainage groups. Those with trapped lung had (expectedly) a lower 
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rate of pleurodesis than those with expandable lung. Interestingly, aggressive drainage was 

associated with a higher pleurodesis rate even in the trapped lung group. The exact mechanism 

will need exploration, although it is possible that in some cases the trapped lung can slowly 

expand with time (and/or concurrent therapy) and allow pleural symphysis. Alternatively, the 

trapped space may be small and, when sufficient adhesions/loculations develop over time, no 

further fluid drainage may be necessary. Nonetheless, future studies should incorporate 

individuals with trapped lung to guide best care.  

 

In conclusion, drainage of pleural effusion improves symptoms, functional capacity, and 

spirometry as well as normalising diaphragm shape and movement in the majority of 

individuals. The initial drainage of a new, undiagnosed, pleural effusion tends to be sufficient 

if positive for a malignant aetiology. Therefore, a diagnosis of malignant pleural mesothelioma 

by effusion cytology may be sufficient for clinical management without the need for further 

invasive testing. An underlying non-expandable (“trapped”) lung does not preclude symptom 

benefits from drainage. Individual with MPE reported level of breathlessness is the best 

predictor of symptom benefits of pleural drainage and is associated with survival. Recently 

published and ongoing RCTs in MPE management have provided data supporting the use of 

IPC as the first choice for definitive management in MPE, but realising its full potential 

depends on employing an optimal drainage schedule. The AMPLE-2 trial showed that either 

aggressive or symptom-guided drainage regimens can be adequate in breathlessness control. 

The findings from these studies on optimising management of individuals with malignant 

pleural diseases resulting from this thesis research have added further evidence into MPE 

management. It has implications for the future directions of clinical care and provides a solid 

platform for future research into key aspects of MPE care.  
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Limitations 

 

The PLEASE study employed the VAS as a measurement of breathlessness. The VAS is less 

repeatable than the numerical rating scale, and it may have a ceiling effect; this may explain 

that greater breathlessness pre-drainage was found to be associated with greater reduction in 

breathlessness post-procedure. However, two other instruments were used in the PLEASE 

study, and the MBD and D-12 scores were both congruent with VAS in their directions of 

change post-drainage. The determination of a meaningful relief of breathlessness was based on 

an arbitrary level of change in VAS. The purpose of the MCID established by Mishra et al. 

(91) was to allow interpretation of whether a statistically significant effect to change in 

breathlessness was clinically meaningful between subjects in two randomised arms in a larger 

RCT. It is uncertain if such an MCID threshold can be used to define participants having a 

clinically meaningful change in breathlessness to justify a drainage procedure.  

 

The diaphragm assessment in the PLEASE study using ultrasound was performed qualitatively. 

While more invasive measures of diaphragmatic function (e.g., trans-diaphragmatic pressure 

and diaphragm electromyography) may have provided useful information, they were 

impractical. Only crude measurements of diaphragm shape and movement were made in the 

PLEASE-1 study. Diaphragm assessment was also volitional.  The diaphragm (Figure 3) is a 

difficult muscle to study and conventional measurements including fluoroscopy and trans-

diaphragmatic pressure have limitations including cost, radiation exposure and invasiveness.   

 

In the AMPLE-2 study, the primary endpoint was set at 60 days as this reflects the short median 

survival of MPE from lung cancers (the most common type of MPE globally). However, many 
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mesothelioma cases of MPE were also included (the subtype with the longest median survival 

among causes of MPEs). The results did not differ between the non-mesothelioma and 

mesothelioma participants.  

 

Definition of “spontaneous pleurodesis” used in the existing literature describes cessation of 

fluid formation, which may relate to treatment or natural disease course, but not necessarily 

symphysis of the visceral and parietal pleura (the true meaning of “pleurodesis”). Ultrasound 

assessment was available in a subset of 18 participants who had spontaneous pleurodesis, and 

all but one of these presented sonographic appearances of pleural symphysis. 

 

There are several potential limitations of the study comparing of outcomes following a 

cytological or histological diagnosis of mesothelioma. It is possible that there was under 

representation of all true mesothelioma cases due to a missed diagnosis or incorrect 

classification as a secondary pleural cancer; however, proportionally, this is unlikely to have 

represented many cases. As the cytology group was older at the time of diagnosis, it is possible 

that the patients in this group were more unwell and thus less able to undergo more invasive 

diagnostic techniques. It is also likely that some cytologically diagnosed epithelioid subtype 

mesothelioma cases were in fact biphasic subtype; however, this is equally true for the 

histological biopsy specimens. As a result of the study design, it was not possible to assess the 

accuracy, sensitivity, or specificity of either means of diagnostic approach; there is no record 

of whether the mesothelioma subtype for any given case was changed after expert review or 

confirmation at post-mortem. 
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Future Directions 

 

This thesis has produced studies that will impact directly on the clinical management of 

individuals with MPE. The findings could now provide the impetus for further studies 

investigating breathlessness in pleural effusions as well as optimising the use of IPC.  

 

The findings of the PLEASE study suggest that abnormal diaphragmatic function may be an 

important contributor to breathlessness in individuals with pleural effusion. However, only 

crude measurements of diaphragm shape and movement were made. The diaphragm is a 

difficult muscle to study and conventional measurements including fluoroscopy and trans-

diaphragmatic pressure have limitations including cost, radiation exposure and invasiveness. 

Thoracic ultrasound is a cheap, portable, and non-invasive way to assess diaphragmatic 

function and has been used extensively in normal subjects, in individuals with various diseases 

(e.g., neuromuscular disease, chronic obstructive pulmonary disease) and in individuals who 

are mechanically ventilated (243-245). Our data show that qualitative measurements of 

diaphragm shape and movement using B-mode ultrasound (Figure 3) may have a role in 

selecting individuals for pleural drainage. 
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Figure 3. (A) Pre-drainage thoracic ultrasound in B-mode showing a flattened diaphragm (arrow) in the 
setting of a pleural effusion (black space). (B) Post drainage ultrasound 24 hours later showing the change 
of shape in the diaphragm to a domed shape (white arrow). 

 

Ultrasound focuses mainly on the posterior and lateral parts of the diaphragm, which are the 

muscular crural components innervated by the phrenic nerve (246). Specialised methods have 

been developed and validated to assess diaphragmatic excursion (Figure 4) and thickness 

(Figure 5) as a representative of diaphragmatic function, using a combination of M-mode and 

B-mode ultrasound (243, 247, 248). Both diaphragm excursion and diaphragmatic thickening 

have been shown to correlate with invasive functional measurements of diaphragmatic function 

(trans-diaphragmatic pressure (248)). To date, there have been three studies (249-251) 

quantifying these measurements using a bedside thoracic ultrasound in patients with a pleural 

effusion. These studies have assessed the effect of pleural effusions on the diaphragm, and all 

have considered only the ipsilateral hemi-diaphragm. 
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Figure 4. Diaphragm excursion (arrow) assessed using M-mode. 

 

 

 

 

 

Figure 5. Diaphragm (arrow) thickness using B-mode.  

 

These advanced ultrasound techniques were performed these TUS techniques on 26 individuals 

with symptomatic pleural effusion. This pilot data included a more detailed evaluation of the 

contralateral hemidiaphragm. This demonstrated that the hemidiaphragm that was not impeded 

by the presence of a pleural effusion had significantly greater excursion both before and after 

drainage.  Interestingly, the excursion of the contralateral hemidiaphragm was larger when the 

affected hemidiaphragm’s excursion was smaller, suggesting a compensatory mechanism.   

 

Therefore, quantifying diaphragmatic movements in individuals with a pleural effusion will 

enable identification of patients who are unlikely to respond to pleural drainage, and this could 

reduce unnecessary drainage procedures by more than 25%, resulting in a reduction in hospital 

admissions, pleural interventions, and healthcare costs. This will represent a significant 
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advance in clinical care. The PLEASE-2 study, diaphragm function will be assessed using B-

mode and M-mode ultrasound pre- and post-drainage of pleural effusion and to correlate 

measurements to clinically important outcomes (breathlessness and functional capacity). 

 

Developing the full potential of IPC in MPE care is a topic of active research. Combining IPC 

with pleurodesis, either by instillation (88) or coating (202) of a pleurodesing agent via the 

catheter, appears promising. Identifying the optimal drainage regime will play an even more 

important role if instillation of the pleurodesing agent becomes routine practice. The IPC-Plus 

study (88) showed that instillation of talc slurry (followed by IPC drainage two to three times 

per week) induced a higher rate of pleurodesis than saline control. However, the success rate 

in the talc arm was low (~ 43%), similar to the results achieved with our aggressive drainage 

arm (without talc). Our trial and the ASAP study (182) both confirmed that daily drainage via 

the IPC enhances spontaneous pleurodesis, which has now been adopted into the protocol of 

Early Pleurodesis via Indwelling pleural catheter with Talc for Malignant Effusion (EPIToME) 

for evaluating talc instillation via IPC and daily drainage.  

 

Association between breathlessness and survival has also been demonstrated across a wide 

range of other diseases, as well as the healthy population (77-80). A variety of different ways 

of measuring breathlessness have been used in these studies, but despite this, results are 

consistent across studies. This demonstrates that it is the symptom of breathlessness that is 

significant, not the specific tool used to assess it. This commonality demonstrates that 

breathlessness may be a universal predictor of mortality and should be considered when 

attempting to predict mortality in specific populations. However, this association does not 

appear to be strong enough to predict prognosis in individual patients. It may be more 



 195 

appropriate to use it as part of a clinical score, like the BODE score for chronic obstructive 

pulmonary disease (81). It is important that future work uses a standardised VAS for 

breathlessness and further research may be required to determine the best way to measure 

breathlessness to predict mortality in individuals with MPE. 

 

In summary, the studies in this thesis have contributed to further optimising care for individuals 

with MPE. As a result of this work, it is hoped that individuals with MPE and their treating 

physicians will have a better evidence base to inform treatment decisions. 
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