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Abstract

Background: Chemical pleurodesis and indwelling pleural catheters (IPCs) are the two
most common treatments for malignant pleural effusions (MPEs). Previous systematic
reviews inadequately address patient-reported outcomes (PROs).

Methods: A systematic review and meta-analysis was performed comparing IPC and
pleurodesis for MPEs. Primary outcomes were patient-reported outcomes (PROs).
Secondary outcomes included repeat pleural intervention, complication rates, and length
of stay (LOS). PROs were analyzed using multiple methods based on established
minimally important differences. Other outcomes were analyzed using standard
methodology.

Results: For all PROs, there was only trivial to very small differences at specific
timepoints. IPCs resulted in decreased repeat pleural intervention and decreased LOS but
increased overall, infectious, and serious complications and tumour seeding.
Conclusions: Given a lack of difference in PROs, the decreased LOS and risk of repeat
pleural intervention with IPC needs to be weighed against the increased risk of
complications based on patient values and preferences.
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CHAPTER 1: Introduction
1.1 Management of Malignant Pleural Effusion

Malignant pleural effusion (MPE) is a frequent complication of cancer and can be
seen in up to 15% of people who die of a solid organ malignancy (1). It is most
commonly caused by lung and breast cancer but can be caused by other malignancies
including lymphoma, ovarian cancer, and mesothelioma (2). An estimated 150,000
patients in the United States and 40,000 patients in the United Kingdom develop a MPE
each year (3, 4). The incidence of MPE is estimated at 660 per million people, resulting
in over a million people affected annually worldwide (5). While Canadian data is not
available, based on global incidence, it can be estimated at approximately 20,000 patients

a year.

Malignant pleural effusions represent an advanced stage of cancer with a median
survival between 3 to 12 months and, in patients with poor performance status, as short as
30 days (2, 6-9). Malignant pleural effusions are symptomatic in the majority of cases,
presenting with dyspnea, cough, and chest pain and significantly lowering the quality of
life of patients (10). Given the poor prognosis and the significant symptom burden;
interventions are targeted towards palliation of symptoms and involve drainage of the
effusion.

The initial treatment for MPE is thoracentesis, whereby pleural fluid is drained
through the chest wall using a needle or small bore soft tipped catheter. This procedure is
generally performed by a physician and carries a small risk of complication each time
(e.g. pneumothorax). Thoracentesis does not prevent re-accumulation of the pleural

effusion and symptoms can recur rapidly (2). Because of this, a definitive procedure is



recommended in the setting of recurrent MPE (2, 6, 11). The two most common
procedures used to provide durable palliation of symptoms are chemical pleurodesis and
indwelling pleural catheters (IPCs).

Pleurodesis involves the use of a sclerosing agent to adhere the visceral pleura
(lung) to the parietal pleura (chest wall) and prevent re-accumulation of fluid (12). The
agent most commonly used is talc, a clay mineral composed of hydrated magnesium
silicate. Pleurodesis can be performed by instillation of a liquid sclerosing agent via
chest tube (e.g. talc slurry, doxycycline suspension, provodone-iodine solution) or by the
application of talc powder to the surface of the pleura under direct vision during
thoracoscopic surgery (i.e. talc poudrage). In both situations, a chest tube is left in the
pleural space after pleurodesis to allow for apposition of the lung and parietal pleura.
Some studies have examined removal of chest tubes after only 24 hours (13). Others have
used outpatient pleurodesis protocols (14). However, most standard protocols require
admission to hospital for several days with chest tube removal after fluid output has
decreased below a threshold. Although some centers perform thoracoscopic pleurodesis
in non-intubated patients with local anaesthetic and sedation, talc poudrage typically
requires a general anaesthetic and single-lung ventilation (15).

The major drawbacks to chemical pleurodesis are the requirement for admission
to hospital, pain related to inflammation of the pleura, and a rare but important risk of
Acute Respiratory Distress Syndrome (ARDS) (16). The major benefit of chemical
pleurodesis is the absence of an indwelling catheter at discharge. This alleviates the need
for regular drainage and specialized care at home and may lower risk of complication

related to the presence of the catheter. There may be a higher “pleurodesis rate”, (defined



using several combinations of radiographic lung expansion and clinical indicators such as
catheter removal) in patients treated with pleurodesis compared with indwelling pleural
catheter (17-20). However, it is unclear how this marker correlates with symptoms and it
is not a factor commonly used for shared decision making.

Indwelling pleural catheters are subcutaneously tunnelled catheters placed in the
pleural cavity to allow for outpatient drainage of pleural effusion. They can be inserted
via thoracoscopy or in an outpatient clinic using a Seldinger (wire-guided) technique
(21). They have an established role in patients with trapped lung (in whom pleurodesis is
ineffective because of lack of apposition) and have increasingly been used as primary
management of MPE (6).

The major drawback is the presence of an indwelling catheter and the risks and
inconvenience associated with this. The major benefit of IPC is the ability to insert the
catheter as an outpatient procedure. Studies have consistently shown decreased length of
stay in patients undergoing insertion of [PC compared with patients treated with
pleurodesis and because of this, some authors suggest that IPCs should now be the
procedure of choice for the management of MPE (22).

Although IPCs have been accepted as the procedure of choice by many clinicians,
their use is not without risk. The presence of an indwelling catheter is a possible source
of pleural or soft tissue infection and maintenance of the catheter requires diligent care.
Even in the rigorously controlled setting of a Randomized Controlled Trial (RCT), there
is a notable risk of cellulitis and pleural space infection associated with IPCs. Davies it al.
(2012) reported more cases of infection in the IPC arm (5/52 required admission for

intravenous antibiotics, and an additional 2/52 were managed as outpatients with oral



antibiotics) compared to the talc slurry arm (1/54 participants requiring hospital
admission for pleural infection) (18). In retrospective series, the rate of infection
associated with IPC can be as high as 25.5% (23). Additionally, catheter tract metastases
have been reported in 6.7% of patients with IPC and can require treatment with external
beam radiotherapy (24). Local expertise and volume may also be important, as
demonstrated by the high reported rate of complications requiring additional procedural
intervention (25%) at a non-teaching secondary care hospital in the United Kingdom
(25).

The success of IPCs relies on access to specialized follow-up care. In a
comparison of Canadian patients followed by a specialized pleural effusion clinic and
those who had insertion of IPC as a “one time procedure” by Interventional Radiology
(IR), there was a significantly higher rate of repeat chest procedures, infection and
hospital visits in the IR group (53% vs. 32.3%, p=0.015) (26). Outpatient drain/dressing
care and drainage also requires dedicated home care nurses or local hospitals and clinics
comfortable with IPCs.

Because of the poor prognosis and heavy symptom burden, patient-reported
outcomes (PROs) should play a central role in decision-making regarding the benefits
and harms of available therapy. However, historically, the literature has focused on

outcomes such as length of hospital stay and pleurodesis rate.

1.2 Patient-Reported Outcomes in Malignant Pleural Effusion
Several randomized trials have examined PROs in MPE patients treated with [PC

or pleurodesis. Two RCTs suggest that there may be a difference in dyspnea scores



between patients treated with IPC and pleurodesis. Demmy et al. (2012) performed post-
hoc multivariable linear regression and found that dyspnea scores favoured IPC (IPC 8.5
vs. Talc slurry 6.1, p=0.047) after adjusting for baseline dyspnea score, initial drainage,
gender, inpatient status, and performance status (17). Subgroup analysis revealed that this
difference was driven by poor dyspnea scores in pleurodesis patients with poor lung
expansion (i.e. trapped lung) (IPC 9.0 vs. Talc 4.9, p=0.033). Davies et al. (2012)
demonstrated a significant decrease in dyspnea measure on a 100mm Visual Analogue
Scale for dyspnea (VASD) in patients treated with IPC at 6 months follow-up (mean
difference (MD) -14.0mm [95%CI -25.2 to -2.9, p=0.01) (18). However, there was no
difference between groups at any other time point. Other RCTs have not demonstrated
any between group differences in patient-reported overall health related quality of life
(HRQoL) and patient-reported pain (17, 18, 21, 27).

Several systematic reviews and meta-analyses (SRMAs) have been conducted
since the results of two RCTs comparing IPCs to chemical pleurodesis for MPE were
published in 2017 (27, 28).

A SRMA of RCTs by Yeung et al. (2020) suffered from significant flaws in
methodology including a rudimentary search strategy that did not yield a well-known
RCT comparing talc pleurodesis to IPC (17, 29). Inappropriately included in this analysis
was a RCT that included IPC in both arms of the study (30). Mean differences were
generated for available data on VASD scores from two RCTs (n=300) at four weeks (MD
-2.16 [95%CI -7.59 to 3.27, I>= 0%]) and from three RCTs (n=402) at six weeks (MD -
0.42 [95%CI -5.94 to 5.10, 1>=9%]). Data from other patient-reported dyspnea

instruments was not examined. Health related quality of life data was not pooled.



Another SRMA of RCTs published by Wang et al. (2020) examined patient-
reported dyspnea and HRQoL (19). Post-treatment scores for VASD were pooled using
data from two RCTs (n=150) at 30 and 42 days respectively (standardized mean
difference (SMD) -1.50 [95%CI -3.80 to 0.80]) (18, 27). For patient-reported HRQoL,
European Organization for the Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC-QLQ-C30) data at six weeks of follow-up from one
RCT was pooled with European Quality of Life Group 5-Dimension (EQ5D) data from
12 months follow-up and presented as a SMD (-1.50 [95%CI -3.8 to 0.8, I’=98%)).

In their SRMA of RCTs, Iyer et al. (2019) report pooling modified Borg scale
(MBS) data from available RCTs (31). They do not present any data in the text or
graphically and state that there was no difference between treatment groups at rest or
during exercise. Health related quality of life was not examined.

The most comprehensive SRMA of RCTS on pleurodesis for MPE was performed
by Dipper et al (2020) (20). The authors updated a previously published systematic
review and network meta-analysis to include 80 RCTs examining multiple interventions
for the management of MPEs. The majority of studies analyzed in this review compare
various forms of chemical sclerosant to each other (32). The updated review examined
IPC as well. The authors analyzed patient-reported dyspnea data using VASD data from
two RCTs (n=160). In one trial, this was collected at 42-days follow-up. In the other, it
was collected at 180-days follow-up. They reported no difference in post intervention
VASD score between participants receiving an IPC compared to talc slurry (MD -6.12

[95%CI -16.21 to 4.08]) based on low certainty evidence. The vast scope of this review



did not allow for an in-depth look at PROs or other comparisons between IPC and
chemical pleurodesis.

Sivakumar et al. (2020) performed a systematic review examining patient-
reported HRQoL measures in observational studies and RCTs in patients undergoing IPC
placement or pleurodesis for malignant pleural effusion (33). This review summarized the
published studies examining patient-reported HRQoL. The authors do not directly
compare IPC to pleurodesis nor do they perform a meta-analysis. No other patient-
reported outcomes were examined. Several cohort studies examining patient-reported

overall HRQoL were identified in this systematic review (34, 35).

1.3 Rationale

There are significant limitations to the examination of PROs in previously
published SRMAs. The authors of these studies only analyzed data from studies using the
same PRO instrument. Additionally, the time points from which data was extracted
appeared to be arbitrary. For example, the authors of one SRMA pooled VASD scores
collected from one study at 42 days with data collected from another at 180 days (20).
These time points likely represent two distinct stages in the disease process with different
symptom burden.

We addressed the limitations of the currently available evidence by performing a
systematic review and meta-analysis comparing IPCs and pleurodesis for the treatment of
MPE with a focus on PROs. Given the paucity of PRO data in this population, we
included both cohort studies and RCTs. We examined PROs at multiple time points

across all outcomes according to our protocol (Chapter 2). Using well-established



methodologies to determine PROs suitable for pooling, we presented pooled PRO data
using multiple presentation methods (36, 37). Available estimates of minimally important
differences (MID) were used to improve the interpretability of our results (38-41). We
examined other patient-important outcomes crucial in clinical decision making including:

need for repeat pleural intervention, complication rate, and length of stay



CHAPTER 2: Methods
The protocol for this systematic review and meta-analysis was registered with

PROSPERO. Registration ID: CRD4201443733.

2.1 Data Sources

In consultation with two expert medical librarians (TG, JR), a comprehensive
search of Medline, Embase, Scopus, Web of Science, and the Cochrane Library from
inception to November 2020 was conducted. The full search strategy is available in
Appendix 1.

Grey literature search included OpenGrey.eu, clinicaltrials.gov and the last three
years of abstracts from the following society meetings: the American Association for
Thoracic Surgery (AATS), the European Society of Thoracic Surgeons (ESTS),
American College of Chest Physicians (CHEST), and the International Association for
the Study of Lung Cancer (IASLC).

Bibliographies for all studies chosen for full-text review as well as relevant
review articles were searched for additional studies not identified by the electronic

searches.

2.2 Inclusion Criteria

Published randomized trails and cohort studies comparing indwelling pleural
catheter (IPC) to chemical pleurodesis in adult patients (>18 years of age) with
symptomatic pleural effusion resulting from an underlying malignant process were

included. The primary outcomes of interest were patient-reported outcomes (i.e. dyspnea,



overall health related quality of life [HRQoL], pain, satisfaction with care, and overall
functional status). Secondary outcomes included need for repeat pleural intervention,
complication rate (overall, serious, infectious, acute respiratory distress syndrome
[ARDS], catheter fracture, and tumour seeding), and length of hospital stay (initial
admission, total days in hospital [including re-admission], and total effusion related days
in hospital). Studies were included if they reported any outcome of interest.

Studies were excluded if they included patients with both malignant and non-
malignant effusions with no clear division of groups. They were also excluded if they
included patients with effusions in other body cavities (pericardial, peritoneal), as it
would be difficult to distinguish the treatment effect of the pleural intervention from

other interventions.

2.3 Screening

After removal of duplicate articles, two reviewers (RL and EP) independently
reviewed titles and abstracts. Similarly, two reviewers (RL and EP) reviewed all full-text
articles independently. Excluded articles were categorized according to reason for
exclusion. Disagreements over study inclusion were resolved through consensus, or, if

needed, via discussion with a third senior reviewer.

2.4 Data Extraction
Two reviewers independently extracted data using a standardized data extraction
form. Data abstracted from each study included study, population, and intervention

characteristics:
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1. Study characteristics: Publication date, country, language, study design, trial
registration, single vs. multicenter, academic vs. other hospital, and funding
source.

2. Patient characteristics: Number of participants, gender (percentage of female
patients), age (mean/median), comorbidity (comorbidity score used,
mean/median score), functional status (e.g. Eastern Cooperative Oncology Group
performance score), tumor types (number and percentage of patients with lung,
breast, mesothelioma and other cancers), and inclusion of patients with trapped
lung.

3. Description of intervention:

1. Pleurodesis: type of sclerosant (percentage of talc, doxycycline, and
other), mode of administration (thoracostomy tube or thoracoscopy), and
technique of administration (drain size, analgesia used, duration of
drainage, patient positioning, use of intrapleural fibrinolytics, timing of
pleurodesis (immediately after insertion of tube or after chest tube output
is below a certain volume)

ii.  Indwelling pleural catheter (IPC): type of catheter (PleurX, Tenchkoff,
other), mode of insertion (bedside Seldinger or thoracoscopy), protocol for
drainage (frequency, quantity, and indication for drainage), and additional

methods to optimize IPC regimen

4. Primary outcome data consisted of patient-reported outcomes (PROs) subdivided
into: 1) dyspnea, i1) overall HRQoL, iii) pain, iv) patient satisfaction with care,

and v) overall functional status (36). Patient-reported outcomes were collected at

11



4 different time points: 1) immediately post procedure (<2 weeks), ii) short-term
follow-up (>2 weeks, <6 weeks), iii) medium-term follow-up (>6 weeks, <6
months), and iv) long-term follow-up (=6 months). If there were multiple
measures reported within a time point, the longest duration of follow-up was used.
If both single measurements and mean scores over time were available, mean
scores were used as they were felt to be less subject to momentary variability. If
both endpoint data and change data were reported, change data was used as it was

felt to be more representative of treatment effect and less dependent on baseline

condition (42).

5. Secondary outcomes included: i) need for repeat pleural intervention, ii)
complication rate (overall, serious, infectious, ARDS, catheter fracture, and
tumour seeding), and iii) length of stay (index admission, total days in hospital

[including readmission], total effusion related days in hospital).

2.5 Data Analysis

Due to anticipated clinical heterogeneity, random-effects meta-analysis was
conducted using RevMan 5.4.1 (43). Meta-analyses were performed based on outcomes
that were similarly defined and reported in at least two studies. Continuous data was
analyzed using inverse-variance weighted mean difference (WMD), while dichotomous
data was pooled using the Mantel-Haenszel method for relative risks (RR) with

corresponding 95% confidence intervals.
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When data was unavailable in published manuscripts and supplementary material,
further information was sought from corresponding authors. Data that was presented only
in graphical form and could not be obtained from authors was extracted using
measurements from graphical representations of mean and 95% confidence intervals.
When standard deviation (SD) for reported means was not available, SD was calculated
using the reported interquartile range (assuming normality of the data) or imputed using
the SD of the same measure and nearest time point from a similar study (44, 45).

Statistical heterogeneity was assessed via visual inspection of forest plots and
using the I statistic (46). To interpret heterogeneity, based on the Cochrane Handbook, I?
values of 0-40% were considered to represent non-important heterogeneity, 30-60% to
represent moderate heterogeneity, 50-90% to represent substantial heterogeneity, and 75-

100% to represent considerable heterogeneity (47).

2.6 Pooling of Patient-Reported Outcomes

The decision to pool was based on the extent to which different instruments
measure the same underlying construct (36). This has been addressed in previous studies
by having expert reviewers independently examine each instrument in order to create a
list of combinable instruments measuring the same or similar constructs. For instance, the
authors of a meta-analysis of psychological interventions for premenstrual syndrome
identified 25 different PRO measures. Two clinical researchers with expertise in the
study area grouped 16 of these PRO measures into 6 conceptual constructs (anxiety,
behavioural changes, depression, interference with daily activities, sexual relationship,

and impact on perception of water retention and edema) to allow for pooling of results

13



(48). For our study, as needed, content experts were asked to review the instruments

identified in the systematic review to determine suitability for pooling.

2.7 Data Analysis Specific to Patient-Reported Outcomes

If instruments measured the same or similar construct using the same PRO
instrument, data was pooled as a weighted mean difference (WMD) in natural units of the
instrument. If different instruments measured the same or similar constructs, PRO data
was reported as standardized mean difference (SMD) for each time point (37).

However, SMDs have several limitations. Firstly, this method assumes that
differences in SD among studies reflect a difference in measurement scale, rather than a
difference in study populations (49). Secondly, the effect size may be difficult to interpret
since it is reported as units of SD rather than the units of a PRO instruments (50).
Because of this, where possible, effect estimates were presented in several other ways.
Interpretation of these other presentation methods rely on the availability of minimally
important difference (MID) estimates. The MID represents the smallest change in an
outcome that an informed patient perceives as important and would lead a patient or
clinician to consider a change in management (51). Several approaches for estimating an
MID exist. The two most common are: 1) an anchor-based approach where the
relationship between a PRO instrument and an independent (anchor) measure that has
clinical relevance to the patient is examined, and ii) distribution-based methods which

rely solely on the distribution of scores for the PRO measure of interest (52).

1. Conversion into units of the most familiar instrument to clinicians. A linear

transformation of trial data to the natural units of the most familiar instrument was
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performed using the methodology described by Thorlund et al. (2011) (53). After
conversion into the natural units of the most familiar instrument, mean difference
estimates were generated using standard inverse-variance methods. Instruments
selected for conversion to natural units had established anchor-based MID
estimates in malignant effusion/lung cancer patient populations (39, 40).
Conversion of combinable PROs to the natural units of the most familiar
instrument can improve interpretability by the target audience (37). Interpretation
of effect size was based on the relationship between the mean difference and the
MID estimate.
1. A mean difference of <0.5 MID represented a trivial difference.
ii. A mean difference of >0.5 MID and <1.0 MID represented a very small
difference.
iii. A mean difference of >1.0 MID and <1.5 MID represented a small but
important difference.
iv. A mean difference >1.5 MID and <2.0 MID represented a moderate
difference.
v. A mean difference >2.0 MID represented a large difference.

2. Minimally Important Difference units. For pooled outcomes where the MID
could be established for all instruments, data was reported in MID units (53). The
use of MID units helps to circumvent the assumption of similar variability in
study populations necessary for SMD. It also aids in interpretation by decision
makers (patients and clinicians) (50). When calculating MID units, at the study

level, MID estimates replace the SD and estimates are pooled across studies (i.e.
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unlike the SMD were the MD is divided by the SD, the MD is divided by the

MID) (50). Ideally MID units are based on anchor-based MID estimates and are
derived from our population of interest (i.e. patients with MPE) (40). Due to the
absence of appropriate anchor-based MID estimates for some PRO instruments,

distribution based methods were used (54).

2.8 Risk of Bias Assessment

All risk of bias assessments were completed independently and in duplicate
by two reviewers and differences were resolved by consensus, and, if needed, via
discussion with a third senior reviewer. Risk of bias assessments were completed both at
the study (Tables 2 and 3) and the outcome level (Appendix 2).

Using the CLARITY risk of bias instrument for randomized controlled trials,
RCTs were examined for risk of bias in 6 domains relating to: i) random sequence
generation, ii) allocation concealment, iii) blinding, iv) incomplete outcome data, v)
selective outcome reporting, and vi) other problems (55).

Similarly, included cohort studies were assessed for risk of bias using the
CLARITY risk of bias instrument for cohort studies examining risk of bias in 8§ domains
relating to: 1) cohort selection, ii) assessment of exposure, iii) presence of outcome prior
to intervention, iv) adjustment for prognostic variables, v) assessment of prognostic
factors, vi) assessment of outcome, vii) adequacy of follow-up and viii) similarity of co-
interventions (56).

For both instruments, the response options for each category consist of 4

categories including ‘definitely yes’ (indicating low risk of bias), ‘probably yes’,
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‘probably no’ and ‘definitely no’ (indicating high risk of bias), a method previously
validated (57).

Randomized trials were considered higher risk of bias if there was a response
of ‘probably no’ or ‘definitely no’ in at least two categories. Otherwise, studies were
considered lower risk of bias. Cohort studies were considered higher risk of bias if there
is a response of ‘probably no’ or ‘definitely no’ in at least three categories. Otherwise,
studies were considered lower risk of bias.

Given the high rate of anticipated attrition due to mortality at later time
points, criteria were generated for assessment of risk of bias due to loss to follow-up.
Studies were consider at least ‘probably no’ to the question “Was loss to follow-up
infrequent?” if there was: 1) >50% loss to follow-up for any reason including death, ii)
>10% difference in loss to follow up between groups, or iii) >25% missing data amongst

living patients.

2.9 Subgroup Analysis

To explore observed heterogeneity, subgroup analysis was planned separating:

1. Inclusion of trapped lung. Pleurodesis has been shown to be less effective in this
group (58).

2. Mode of administration of pleurodesis. Talc poudrage in the operating room has
been suggested to be more effective than talc slurry at the bedside (59-61). This
subgroup analysis was planned noting that a RCT showed no impact of mode of

administration (4).
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3. Type of sclerosant used. Talc has been shown to be more effective than other
sclerosants (20, 62).

4. Method of placement of IPC. Although it has not been demonstrated in the
existing literature, it is plausible that placement of IPC in the operating room may
decrease the risk of infection when compared to placement in clinic.

5. Drainage schedule of IPC. It has been demonstrated that a daily drainage
schedule may be more effective in preventing recurrence of effusion when

compared to an “as needed” drainage schedule (20).

2.10 Sensitivity Analysis

Sensitivity analysis was performed examining high and low risk of bias studies as
we anticipated that high risk of bias studies would show larger treatment effects than low
risk of bias studies. In a meta-epidemiological study examining 146 meta-analyses
including 1346 trials across a wide range of interventions, high risk of bias studies were
associated with larger estimates of intervention effect for subjectively assessed outcomes

(63).

2.11 Publication Bias

A priori, visual inspection of funnel plot symmetry was planned to assess for
publication bias for meta-analyses with at least 10 studies (64, 65). Egger’s test was
planned as a quantitative measure of funnel plot asymmetry for continuous outcomes

with intervention effects measured as mean differences (65, 66).
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2.12 Certainty of Evidence

The Grading of Recommendations, Assessment, Development and Evaluation
(GRADE) framework was used to report our overall certainty in estimates for each of the
above stated outcomes. Using the GRADE guidelines, quality of evidence was divided
into high, moderate, low, and very low for each outcome taking into account: study
design, risk of bias, consistency of results, directness of evidence, precision, publication
bias, effect size, dose response, and potential for residual confounding. Summary of
finding tables were generated to summarize the outcomes, including the number of
studies, number of participants, the relative and absolute effect size and certainty of

evidence for each outcome (67).
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CHAPTER 3: Results

3.1 Search Results

Primary database search identified 1894 studies and an additional 47 studies were
identified through OpenGrey.eu, clinicaltrials.gov, and the last three years of abstracts
from AATS, ESTS, CHEST, and IASLC conferences. After duplicates were removed,
1362 title and abstracts were independently screened. Forty-eight full text articles were
collected and assessed for eligibility. After independent full-text screening, 16 studies
were eligible, including six RCTs and ten cohort studies (Figure 1). Amongst the cohort
studies, two of the studies presented previously unreported data from one of the
randomized trials (68, 69). The data from these studies was considered as a part the
Davies et al. 2012 RCT (18). One RCT and one cohort study were not suitable for meta-
analysis as they included IPC in both arms of the study (30, 70). This resulted in a total of
five RCTs with a total of 557 participants and seven cohort studies (two prospective and
five retrospective) with a total of 988 participants that were suitable for inclusion in meta-

analysis (17, 18, 21, 27, 34, 35, 71-76).

3.2 Characteristics of Included Studies

Table 1 shows the characteristics of included studies. The overall risk of bias was
‘lower’ in three randomized trials (Table 2) (18, 21, 27, 30). Two randomized trials were
judged to have overall ‘higher’ risk of bias due to lack of blinding and incomplete
outcome data (17, 71). Among the eligible cohort studies, the overall risk of bias was
considered ‘lower’ in three studies (Table 2) (34, 35, 70, 72). Four cohort studies were

judged to have overall ‘higher’ risk of bias due to problems with participant selection
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bias, inappropriate or inadequate adjustment for prognostic variables, inadequate
assessment of outcome (i.e. unclear description of data collection), inadequate follow-up

(i.e. follow-up not described), and unequal exposure to co-interventions (73-76).

3.3 Patient-Reported Dyspnea

Combinable data on patient-reported dyspnea was available from four RCTs
(n=490) (18, 21, 27, 71). Data on dyspnea was reported using pooled estimates at the
immediate (three studies), short-term (four studies), medium-term (four studies), and
long-term (three studies) time points (Figure 2) (18, 21, 27, 71). Patient-reported dyspnea
was reported using the 100 mm visual analogues scale for dyspnea (VASD) in two
studies and the modified Borg scale (MBS) in two studies (18, 21, 27, 71).

Conversion to the natural units of the VASD was untaken. The VASD ranges
from 0 (maximum breathlessness) to 100 (no breathlessness) with an anchor-based MID
estimate of 19 mm among a malignant effusion population (40). A positive mean
difference represents a greater improvement in dyspnea for [IPC compared to pleurodesis.
At immediate follow-up (n= 305), there was little to no effect of IPC on improvement in
dyspnea score: mean difference (MD) 1.84 [95%CI -3.82 to 7.51, I>’=0%)]. At short-term
follow-up (n=309), there was a trivial benefit favouring IPC: MD 6.99 [95%CI 0.28 to
13.69, I’=0%]. At medium-term follow-up (n=180) and at long-term follow-up (n=97),
based on the point estimate, there was little to no effect: MD 4.78 [95%CI -3.95 to 13.51,
12=28%] and MD 2.71 [95%CI -14.18 to 19.60, 1>=58%], respectively. While the upper
end of the 95%CI surpassed the 19 mm MID at long-term follow-up, the CI was very

wide and imprecise, suggesting the potential for minimal benefit and harm.
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One randomized trial collected data on patient-reported dyspnea that could not be
pooled in meta-analysis (17). In a randomized trial of 57 patients, Demmy et al. (2012)
report that “multivariate regression analysis revealed that tunneled catheter drainage [i.e.
IPC] had better dyspnea scores than talc pleurodesis (8.5 versus 6.1, p=0.047)”. Authors
did not provide any data on group means or variance for this estimate, nor did they
respond to multiple requests for their data.

Two prospective cohort studies collected data on patient-reported dyspnea that
could not be pooled in meta-analysis. One study utilized the London Chest Activity of
Daily Living Scale (LCADL) to assess dyspnea immediately post treatment and at two
and six weeks of follow-up in 104 patients. This data was only presented graphically and
no data was provided on number of patients assessed at each time point (35). Authors
reported no difference in LCADL score between groups. In another study of 65 patients,
Fysh et al. (2012) report that a greater proportion of patients treated with IPC (93.3%)
reported improved dyspnea measured on a VASD compared with pleurodesis patients
(78.6%) (34). This was defined as an improvement of half a standard deviation above
pre-treatment score. No mean scores or variance data was provided. Again, after

multiple attempts to request the data, the authors of these two studies did not respond.

3.4 Patient-Reported Overall HRQoL

Combinable data on patient-reported overall HRQoL (n=490) was available from
two RCTs and one cost analysis based on data collected from a RCT by Olfert et al.
(2017) Overall HRQoL data was reported using the European Quality of Life 5

Dimension 3-Level (EQ5D3L) utility index using the UK valuation set, a modified

22



European Quality of Life Five Dimension (EQ5D) questionnaire, and the Chronic
Respiratory Questionnaire (CRQ) (21, 27, 69).

Data on overall HRQoL was reported using pooled estimates at the immediate
(two studies), short-term (three studies), medium-term (two studies), and long-term (two
studies) time points (Figure 3) (21, 27, 69). There were similar findings for all methods of
presentation. For all presentation methods, a positive value represents a greater
improvement in overall HRQoL for patients treated with IPC compared to pleurodesis.

There was no difference in overall HRQoL when examined as a standardized
mean difference (SMD) at the immediate, short-term or medium-term time points: SMD
0.09 [95%CI1 -0.19 to 0.38, I> = 0%], SMD -0.04 [95%CI -0.29 to 0.21, I = 0%] and
SMD -0.18 [95%CI -0.55 to 0.19, I* = 0%], respectively. At the long-term time point
there was a very small difference in overall HRQoL favouring pleurodesis: SMD -0.24
[95%CI -0.68 to 0.21, I> = 0%)].

Conversion to the natural units of the EQSD3L was undertaken. The EQ5D3L
ranges from 0 (death) to 1 (perfect health) with an anchor based MID estimate of 0.1
among lung cancer patients (39). At immediate, short-term, and medium-term follow-up
there was little to no difference in overall HRQoL between groups: MD 0.03 [95%CI -
0.05 to 0.10, I’=0%], MD -0.01 [95%CI -0.07 to 0.05, 1>=0%] and MD -0.04 [95%CI -
0.11 to 0.04, I’=0%], respectively. At long-term follow-up there was a very small
difference, half the MID, favouring pleurodesis: MD -0.06 [95%CI -0.17 to 0.05, 1>=0%].
While the lower end of the 95%CI surpasses the 0.1 MID at both medium-term and long-
term follow-up, the CI for both is very wide and imprecise, suggesting the potential for

minimal benefit and harm.
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When examined as MID units, there was little to no difference in overall HRQoL
between groups at immediate, short-term, or medium-term follow-up: MD in MID units
0.2594 [95%CI -0.4818 to 1.0007, I>*=0%], MD in MID units 0.1335 [95%CI -0.5292 to
0.7961, I’=0%], and MD in MID units -0.4370 [95%CI -1.3118 to 0.4378, I> = 0%]
respectively. At long term follow-up there was a very small difference favouring
pleurodesis, again equivalent to greater than half the MID: MD in MID units -0.598 [-
1.690 to 0.491, I>=0%)].

We identified multiple other studies in our systematic review that collected
overall HRQoL scores but for which reported data was insufficient for inclusion in meta-
analysis. One randomized trial collected overall HRQOL data at 7 and 30 days of follow-
up using the Memorial Symptom Assessment—Short Form (MSAS) but only reported a
correlation coefficient between MSAS score and lung expansion on chest x-ray (17). Two
cohort studies collected data on patient-reported overall HRQoL. One prospective cohort
study utilized the Functional Assessment of Chronic Illness-Palliative (FACIT-PAL) to
assess overall HRQoL immediately post treatment, and at two and six weeks follow-up in
104 patients but only presented this data graphically and no data was provided on number
of patients assessed at each time point (35). They report no difference in FACIT-PAL
score between groups. Another prospective cohort study utilized a 100 mm visual
analogue scale for overall HRQoL (34). In this study of 65 patients, Fysh et al. (2012)
report that a greater proportion of patients treated with IPC (93.3%) reported improved
overall HRQoL compared with pleurodesis patients (50.0%) defined as an improvement

of half a standard deviation above pre-treatment score. No raw scores are given that
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could be utilized in meta-analysis. After multiple attempts to request data, the authors of

these studies did not respond.

3.5 Patient-Reported Pain

One RCT (n=106) and no cohort studies compared IPC to chemical pleurodesis
for patient-reported chest pain as measured by a 100 mm Visual Analogue Scale (18),
with positive scores indicating greater improvement in pain among IPC patients. While
results slightly favoured IPC, there was little to no difference in patient-reported chest
pain: mean difference 3.80 [95%CI -7.32 to 14.92]. An anchor-based MID for the 100
mm VAS for chest pain was estimated at 16 mm in a cohort of patients undergoing
pleural intervention (77), suggesting that IPC while slightly better than pleurodesis does

not surpass the MID even at the upper bound of the 95%CI.

3.6 Patient-Reported Satisfaction with Care

One prospective cohort study (n=104) examined patient satisfaction with care as
measured by the Functional Assessment of Chronic Illness Therapy-Treatment
Satisfaction (FACIT-TS) score in four different groups: 1) chest tube and talc slurry, ii)
thoracoscopic talc poudrage, iii) bedside Tenchkoff (IPC) insertion, and iv) thoracoscopic
Tenchkoff (IPC) insertion (35). Data was collected at two and six weeks of follow up.
Assuming complete follow up, we graphically extracted data and combined the “chest
tube and talc slurry” group with the “thoracoscopic talc poudrage” group to generate a
mean score and standard deviation for patients treated with talc pleurodesis as a whole.

Using the same methodology, we combined the “bedside Tenchkoff (IPC)” group with
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the “thoracoscopic Tenchkoff (IPC)” group to generate a mean score and standard
deviation for the indwelling pleural catheter group as a whole. There was little to no
difference in treatment satisfaction between IPC and pleurodesis patients at both
immediate and short-term time points: MD 2.53 [95%CI -11.26 to 16.31] and MD 3.27
[95%CI -8.06 to 14.61], respectively. Unfortunately, no MID estimates are available for

the FACT-TS instruments.

3.7 Patient-Reported Overall Functional Status

Amongst RCTs, only Demmy et al. (2012) collected data on patient-reported
overall functional status using the Karnofsky self-reported performance rating scale (17).
This data was only presented as a predictor of lung expansion on CXR. Again, no scores
or variance data was presented or accessible.

A single propensity matched cohort study by Freeman et al. (2013) reported no
statistically significant difference in improvement in Eastern Cooperative Oncology
Group (ECOQG) performance status score (lower score means higher function) between
talc pleurodesis patients (-1.2) and IPC patients (-1.6) after intervention (p=0.4) at an
unspecified time point (78). No variance data was provided. Additionally, it is unclear if

this measure was patient-reported or clinician assessed.

3.8 Need for Repeat Pleural Intervention
Four randomized trials (n=472) report on need for repeat pleural intervention
(Figure 4). Pleural intervention was defined in all trials as an ipsilateral drainage

procedure for reaccumulation of pleural effusion. Interventions for other reasons (e.g.
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removal of infected IPC) were not included in this outcome. Indwelling pleural catheters
were found to result in a large reduction in need for repeat pleural intervention: relative
risk (RR) 0.32 [95%CI 0.18 to 0.55, 1>=0%]. This corresponds with al5.2% absolute risk
reduction (ARR) for need for repeat pleural intervention in IPC (71 per 1000) compared

with pleurodesis (223 per 1000) (Table 7).

3.9 Complication Rate

Five randomized trials (n=604) report on complication rates for both IPC and
pleurodesis (Figure 5). The most common complications with pleurodesis were pain and
worsening dyspnea. The most common complications with [PC were cellulitis, pleural
infection, catheter blockage, pain and worsening dyspnea.

Three RCTs reported on overall complications (n=384). Indwelling pleural
catheters were associated with a large increased risk in overall complications compared
with pleurodesis: RR 2.48 [95%CI 1.10 to 5.60, 1>=82%]. This corresponded with an
absolute risk increase (ARI) of 28.1% in patients treated with IPC (471 per 1000)
compared with pleurodesis (190 per 1000) (Table 7).

Four RCTs reported on serious complications (n=396). Again, [PCs were
associated with a moderate increased risk in serious complications: RR 1.53 [95%CI 0.83
to 2.82, ’=8%], corresponding to an absolute risk increase of 4.8% in IPC (138 per 1000)
compared with pleurodesis (90 per 1000). Four RCTs report on infectious complications
(n=475) demonstrating that IPCs are associated with a large increased risk of infectious
complications: RR 4.17 [95%CI 1.61 to 10.78, 1>*=0%], corresponding to an absolute risk

increase of 7.4% in patients with IPC (97 per 1000) compared with pleurodesis (23 per
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1000). Two RCTs report on tumour seeding (n=240). And once again [PCs were
associated with a large increased risk of tumour seeding compared with pleurodesis: RR
3.23 [95%CI 0.37 to 28.04, I>’=0%] corresponding to an absolute risk increase of 2.8% in
IPC compared to pleurodesis. No catheter fracture or ARDS was reported in any of the

included trials.

3.10 Length of Stay

Based on 2 RCTs (n=243), length of stay during initial admission is nearly 3 days
shorter in patients treated with IPC compared with pleurodesis: MD -2.78 [95%CI -4.41
to -1.15, 1>=92%] (Figure 6). Additionally, based on data from the same two trials, there
is a reduction in effusion related days spent in hospital by more than three days in
patients treated with IPC compared with pleurodesis: MD -2.55 [95%CI -4.41 to -0.68,
1>=78%].

Thomas et al. (2017) examined total days spent in hospital and found that the
mean number of days in patients treated with IPC spent in hospital was 12.7 (SD 13.4)
compared with a mean of 16.3 days (SD 15.2) in pleurodesis patients (27). This results in
an estimated mean difference in total days spent in hospital of -3.60 [95% CI -8.29 to
1.09].

In a trial of 144 patients, Putnam et al. (1999) report a shorter length of stay
during index admission in IPC patients (median 1.0) compared with pleurodesis patients
(median 6.5) (21). Similarly, in a trial of 94 patients, Boshuizen et al. (2017) report lower

median length of stay post procedure (0 vs. 5 days) and in total (2 vs. 7 days) in IPC
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patients (71). Again, data from both of these studies could not be pooled with the studies

in figure 6 as no variance data was reported.

3.11 Subgroup Analysis

Certain subgroup analysis could not be performed as planned for the following reasons:

1. Inclusion of trapped lung. All meta-analyzed studies included trapped lung, and
data was not presented separately within studies (Table 1).

2. Mode of administration of pleurodesis. All meta-analyzed studies administered
pleurodesis via tube thoracostomy (Table 1).

3. Method of placement of IPC. All meta-analyzed studies placed IPC exclusively

using Seldinger technique (Table 1).

There were two subgroups where analysis was possible: type of sclerosant and
drainage schedule of IPC. In both of these subgroups, the number of trials was inadequate
to produce meaningful findings on heterogeneity. However, an exploratory analysis was
performed.

Four RCTs used talc as the sclerosing agent and one used doxycycline. When
subgroup analysis was conducted comparing talc and doxycycline pleurodesis amongst
these five RCTs, there was no significant subgroup difference for immediate dyspnea,
short-term dyspnea, medium-term dyspnea, short-term HRQoL, medium term HRQoL,
need for repeat pleural intervention, overall complications, infectious complications, or
tumour seeding (Appendix 3). No other outcomes could be examined due to the absence

of studies including doxycycline pleurodesis.
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One RCT did not report IPC drainage protocol and could not be included in subgroup
analysis of ICP drainage schedule (71). The remaining four RCTs were divided into
scheduled drainage (i.e. any regular drainage schedule) and as needed (PRN) drainage
(i.e. drainage for dyspnea only) subgroups. Three RCTs performed some form of
scheduled drainage, while one performed only PRN drainage (Table 1). Providing data on
patient-reported dyspnea, amongst two RCTs using scheduled drainage for IPC, there is a
very small increase in improvement in dyspnea at both the medium-term (two RCTs) and
long-term (one RCT) time points: MD 8.94 [95%CI 0.80 to 17.08, 12=0%, n=143] and
MD 14.00 [95%CI 2.80 to 25.20, n=43], respectively (Appendix 4). In contrast, the
single randomized trial using a PRN drainage protocol demonstrated a very small
difference in medium-term and long term-dyspnea with very wide and imprecise
confidence intervals suggesting the potential for minimal benefit and harm: MD -11.88
[95%CI -30.10 to 6.35, n=61] and MD -10.40 [95%CI -30.51 to 9.71, n=42],
respectively. The test for interaction suggested a statistically significant subgroup effect
for both medium-term dyspnea (Chi* =4.18, df = 1 [P = 0.04], > = 76.1%), and long-term
dyspnea (Chi* =4.32, df =1 [P = 0.04], I> = 76.8%). For initial admission length of stay,
a single RCT using scheduled drainage showed a larger decrease in days in hospital (MD
-3.67 [95%CI -4.56 to -2.78], n=99) compared with a single RCT using PRN drainage
(MD -2.00 [95%CT -2.25 to -1.75], n=144) and the test for interaction suggested a
statistically significant subgroup effect (Chi> = 12.51, df =1 [P = 0.0004], I> = 92.0%).
Similarly, for effusion related days in hospital, in a single trial using scheduled drainage,
evidence showed a larger decrease in days in hospital (MD -3.50 [95%CI -4.75 to -2.25],

n=99) compared with a single trial using PRN drainage (MD -1.60 [95%CI -2.82 to -
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0.38], n=144), and the test for interaction suggested a statistically significant subgroup
effect (Chi?=4.54, df =1 [P =0.03], I> = 78.0%) In terms of overall complications,
amongst the two trials using scheduled drainage, there was a large increase in risk with
IPC (RR 3.74 [95%CI 2.31 to 6.08] 12=0%, n=240), whereas, in the single trial using
PRN drainage there was a small increase in risk with [PC (RR 1.27 [95%CI 0.82 to 1.96],
n=144) with a very wide and imprecise confidence intervals suggesting the potential for
minimal benefit and harm, and suggested a statistically significant subgroup effect (Chi?
=10.62,df =1 [P =0.001], I? =90.6%). There was no subgroup difference for
immediate-dyspnea, short-term dyspnea, immediate overall HRQoL, short-term overall
HRQoL, long-term overall HRQoL, need for repeat pleural intervention, serious
complications, or infectious complications. No other outcomes could be examined due to

the absence of studies using a PRN drainage protocol.

3.12 Sensitivity Analysis

Sensitivity analysis was performed removing higher risk of bias studies
(Appendix 5). For patient-reported dyspnea at the immediate, short-term, and medium-
term time points there was no significant heterogeneity between lower and higher risk of
bias studies. For long-term dyspnea, two RCTS were higher risk of bias and only one
RCT was lower risk of bias. At this time point, removal of higher risk of bias studies
resulted in a change in the mean difference from 2.71 [95%CI -14.18 to 19.60, >=58%]
to 14.00 [95%CI 2.80 to 25.20], with the test of interaction demonstrating a statistically

significant subgroup effect (Chi? = 0.68, df=1 [p=0.03], >=78%).
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Exclusion of higher risk of bias studies had minimal impact on estimates of
overall HRQoL at the short-term and medium-term time points. Sensitivity analysis on
patient-reported overall HRQoL at the immediate and long-term time points could not be
performed, as there were only lower risk of bias studies at the outcome level for the
immediate time point and only higher risk of bias studies at the outcome level for the
long-term time point.

No studies were considered higher risk of bias for the outcomes of: need for
repeat pleural intervention, complication rate (overall, serious, infectious, tumour
seeding), or index admission length of stay.

Removal of one higher risk of bias trial for effusion related days in hospital left
only one study one lower risk of bias trial. There was significant heterogeneity between
lower and higher risk of bias studies (Chi2 = 4.54, df=1 [p=0.03], [2=78%) for this
outcome. Removal of higher risk of bias studies resulted in a change of mean difference

from -2.55 [95%CO -4.41 to -0.68, I’=78%] to -1.60 [95%CI -2.82 to -0.38].

3.13 Publication Bias

None of our pooled analysis for our target outcomes met our a priori threshold of

10 studies for exploration of publication bias by funnel plot analysis.
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CHAPTER 4: Discussion
4.1 Summary of Findings

In total, five RCTs (n= 557) and seven cohorts (n=988) met the eligibility criteria.
Four randomized trials compared IPC to pleurodesis for patient-reported dyspnea using
either the 100 mm VAS for dyspnea (VASD) (two trials) or the modified Borg scale
(MBS) (two trials). The VASD is the most commonly used and familiar instrument for
assessing dyspnea in patients with MPE. The instruments validity (face, construct, and
criterion), responsiveness to change and intra-rater reliability as a measure of dyspnea has
previously been established (79, 80). Further, there is evidence of interpretability with an
available MID estimate in the MPE population (40). There was little to no difference
between groups at the immediate, medium term, or long-term time points based on low to
very low certainty evidence downgraded due to risk of bias and imprecision at each of
these time points and inconsistency at the long-term time point (Table 4) (81). There was
a trivial mean difference (MD) in favour of IPC based on low certainty of evidence
downgraded due to imprecision at short-term follow up: MD 6.99 [95%CI 0.28 to 13.69,
>=0%, n=309], with the upper end of the 95%CI not exceeding the MID estimate (19
mm) suggesting that very few patients would experience any noticeable difference in
dyspnea compared with pleurodesis.

Three randomized trials compared IPC to pleurodesis for patient-reported overall
HRQoL using the EQ5D3L, the modified EQ5D, and the CRQ respectively. Similarly,
given the availability of an anchor-based MID (0. 1) in a lung cancer population and
evidence of interpretability, reliability, validity, and responsiveness, results were

converted to the natural units of the EQ5D3L (39, 82-85). There was little to no
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difference at immediate, short-term, and medium-term overall HRQoL based on low and
very low certainty evidence downgraded due to imprecision at all time points and further
downgraded due to risk of bias at the medium-term and long-term time points (Table 5).
At long-term follow-up there was a very small difference favouring pleurodesis based on
very low certainty evidence: MD -0.06 [95%CI -0.17 to 0.05, ’=0%, n=79]. Certainty in
this estimate was downgraded due to risk of bias, and imprecision. While the lower end
of the 95%CI surpasses the 0.1 MID, the CI is very wide and imprecise, suggesting the
potential for both minimal benefit and harm. Similarly, at long-term follow-up results
reported as an SMD and MID units showed a very small difference (MID units -0.60
[95%CI -1.69 to 0.49]), suggesting a consistency of results regardless of the statistical
presentation method.

Only individual studies examined patient-reported pain (1 RCT, n=106) and
patient satisfaction with care (1 prospective cohort, n=104). Mean difference estimates
generated from individual trials demonstrated little to no difference between groups
based on very low certainty of evidence (Table 6). Confidence in all estimates was
lowered due to imprecision. No data was available to generate mean difference estimates
for patient-reported overall functional status.

Four randomized trials assessing need for repeat pleural intervention (for
reaccumulation of pleural effusion) demonstrated a large relative risk (RR) decrease in
patients treated with IPC based on moderate certainty evidence: RR 0.32 [95%CI 0.18 to
0.55] (Table 7) together with a corresponding ARR of 15.2% [95%CI 10.0% to 18.3%].

The certainty of evidence was downgraded due to imprecision.
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Three randomized trials showed a large relative risk increase for overall
complications in patients treated with IPC based on moderate certainty evidence: RR 2.48
[95%CI 1.10 to 5.60 I’=82%] (Table 7) and ARI of 28.1% [95%CI 1.9% to 81.0%]. The
evidence was downgraded to low certainty due to inconsistency and imprecision.

Four trials demonstrated an increased relative risk of serious complications in
patients treating with IPC based on low certainty evidence. The evidence was
downgraded due to imprecision: RR 1.53 [95%CI 0.83to 2.82, I>=8%, n=396]
corresponding to an ARI of 4.8% [95%CI -1.5% to 16.4%].

Four randomized trials examining infectious complications demonstrated a large
RR increase in patients treated with IPC based on high certainty evidence: RR 4.15
[95%CI 1.61 to 10.74 I>=0%, n=475] and ARI 7.4% [95%CI 1.5% to 22.9%]. The
certainty of evidence for infectious complications was downgraded due to imprecision.

Two trials reported an increased relative risk of tumour seeding in IPC patients
based on low certainty evidence which was downgraded due to imprecision: RR
3.24[95%CI 0.37 to 28.04] and ARI of 2.8%.

Based on two trials, indwelling pleural catheter resulted in shorter index
admission length of stay based on low certainty evidence (MD -2.55 [95%CI -4.41 to -
0.68, 1’=92%, n=243]). The certainty in this evidence was downgraded due to
inconsistency and imprecision (Table 8). Very low certainty evidence from one RCT
demonstrated a greater than three-day decrease in total hospital length of stay: MD -3.6
[95%CI -8.29 to 1.09]. The certainty in this estimate was downgraded due to imprecision.

Similarly, low certainty evidence suggests there may be a decrease in effusion related
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days spent in hospital favoring IPC: MD -2.78 [95%CI -4.41 to -1.15]. The evidence was
downgraded due to risk of bias, imprecision, and inconsistency.

As a whole, the evidence suggests a trivial benefit to IPC for patient-reported
dyspnea at the short-term time point and a trivial to very small benefit to pleurodesis for
patient-reported overall HRQoL at the long-term time point based on low and very-low
certainty evidence respectively. There are is little to no difference at all other time points
for these outcomes, and little to no difference in other PROs based on low to very low
certainty evidence. There is moderate certainty evidence that there is a lower risk of
repeat pleural intervention (for reaccumulation of pleural effusion) but a higher risk of
infectious complications for IPC. There is low to very low certainty evidence that there is
a higher risk of overall, serious, and tumour seeding complications in IPC but shorter

length of stay in all categories (initial admission, total days, effusion related days).

4.2 Comparison to Existing Reviews and Ongoing RCTs

While previous single studies have generally reported no difference in patient-
reported dyspnea between IPC and pleurodesis in MPE, the analysis in existing SRMAs
has been overly simplistic (Chapter 1.2). There are three SRMAs that have pooled data
from two trials measuring dyspnea using the VASD at one or two arbitrary time points
(19, 20, 29). Another SRMA by Iyer et al. (2019) states that “pooled data for
improvement in Borg score did not show any difference between groups”, yet no
estimates or data are reported and no time point is specified (31). This study found a
trivial to very small mean difference (MD) in favour of IPC for patient-reported dyspnea,

however, the upper end of the 95%CI did not exceed the MID estimate of 19 mm
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suggesting that very few patients would experience any noticeable difference in dyspnea
compared with pleurodesis.

Similarly, two previous SRMAs report on overall HRQoL when comparing IPC
to pleurodesis but again their analysis was very limited (Chapter 1.2). Yeung et al.
(2020) only describe the findings as presented in primary studies without additional
analysis (29). Wang et al. (2020) pooled a mean EORTC-QLQ-C30 score from one RCT
at a single time point (six weeks) with mean EQSD score from another single RCT at a
different single time point (12 months) and presented the pooled estimate as a SMD (-
1.50 [95%CI -3.8 to 0.8, 1>=98%]). Our pooled estimate of two trials (n=79) reported as a
MD (-0.06 [95%CI -0.17 to 0.05, 1>=0%]) in the natural units of the EQ5D3L utility
index suggests that there is a very small difference (just over one half of a MID) at long-
term follow-up favouring pleurodesis, however the CI is wide and imprecise, suggesting
the potential for minimal benefit and harm. If there is truly a small difference in overall
HRQoL at the long-term time point, it may be related to inconvenience of IPC including
the out of pocket patient costs and lifestyle modifications associated with [PC. Aboudara
et al. (2020) performed a cross sectional survey of American patients with IPC for MPE.
Amongst 20 patients, eleven (55%) had additional costs associated with the IPC, four
(20%) had significant life changes (i.e. downsizing due to cost or moving in with family
due to inability to live independently), seventeen (85%) required assistance from a non-
paid caregiver, six (30%) could not do activities because of the IPC; this negatively
impacted overall HRQoL as measured by the Center for Disease Control Health Related
Quality of Life 4 (CDC-HRQOL-4) questionnaire in three (15%) of the 20 patients

surveyed (86).
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No previously published SRMASs reported on other PROs and our review was
only able to identify one study each reporting on patient-reported pain and patient-
reported satisfaction with little to no difference between IPC and pleurodesis for these
outcomes.

Previous SRMA s report a similar decrease in relative risk for repeat pleural
interventions and decreased length of stay amongst IPC patients compared with
pleurodesis patients (19, 20, 31). Iyer et al. (2019) also report an increased risk of
infectious complications in IPC patients: pleural infections (RR 3.32 [95%CI 0.82-
13.44]) and cellulitis (RR 5.83 [95%CI 1.56, 21.87]) (31). Wang et al. (2020) reported no
difference in the incidence of overall adverse events but the data used in their meta-
analysis is inaccurate (19). They reported adverse events in 45/48 pleurodesis patients
and 43/46 IPC patients from one randomized trial (71). These numbers are actually the
number of patients for which adverse event data is available. The actual estimates are
7/45 (pleurodesis) and 8/43 (IPC).

Previous SRMAs report similar decreases in length of stay in hospital in [PC
patients compared with pleurodesis patients. Yeung et al. (2020) report decreased initial
admission LOS (MD 2.19 [0.70-3.67, 1>=68%]) based on three trials (29). Wang et al.
(2020) state that only one paper presented data on LOS, however, an additional study
identified in their systematic review also reports on LOS but this data was missed in their
review (19). Dipper et al. (2020) describe decreased length of stay based on two
individual studies but did not conduct a meta-analysis (20). Iyer et al. (2019) also
describe decreased LOS based on four individual studies but did not meta-analyze results

due to multiple studies not reporting SD data (31). This study addressed this lack of
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standard variance data by using validated methods for calculating SD based on reported
variance data in similar studies across two RCTs (45), finding a decreased initial
admission length of stay, decreased total days in hospital, and decreased effusion related
length of stay in IPC patients compared with pleurodesis.

The approach to treating MPE has recently expanded to include the use of IPC in
combination with talc pleurodesis. A randomized trial comparing IPC to IPC with talc
demonstrated that administration of talc through the indwelling pleural catheter resulted
in higher pleurodesis rate without increase in adverse events or catheter blockage (30). A
randomized trial comparing talc pleurodesis alone to IPC with talc pleurodesis through
the catheter recently finished recruiting (87). The primary outcome of this study is overall
HRQoL as measured by the EORTC QLQ-C30. Secondary outcomes include patient-
reported dyspnea and pain, complication rate, and pleurodesis failure. Another trial
comparing instillation of talc through an IPC to thoracoscopic talc poudrage is currently
recruiting (88). The primary outcome for this study is needed for ipsilateral pleural re-
intervention. Secondary outcomes include time to symptomatic recurrence, all-cause
hospital days, patient-reported dyspnea and pain as measured by respective 100mm visual
analogue scales, overall HRQoL measured by EQ5D and 100mm visual analogues scale,
physical activity patterns, adverse events, overall survival, and pleural-related hospital

days.

4.3 Limitations
Our study has several limitations. First, the number of included studies and

patients is small and there is significant attrition due, in large part, to early death. The
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limited number of patients has an impact on the precision of results, as reflected in having
to frequently rate down the evidence due to wide 95%CIs and limited number of patients
(between 79 and 300 patients for PROs, between 144 and 243 patients for other
continuous outcomes, and between 240 and 475 for other dichotomous outcomes).

Second, while attrition rates were high, especially for longer-term outcomes, loss
to follow up due to death is a random variable unrelated to the target outcomes, so this
was not considered an important risk of bias issue and criteria for assessing risk of bias
due to incomplete outcome data was adjusted accordingly.

Third, due to inconsistent and limited reporting of patient-reported outcomes and
variance data, while imputations or graphical extraction were used when possible, a
number of primary studies could not be included in the quantitative analysis. Access to
unpublished primary data would have allowed for a more complete and meaningful meta-
analysis. Unfortunately, authors did not respond to multiple requests for data.

Fourth, due to the nature of the treatment options, blinding is not possible.
Because of this, the Cochrane RoB 2.0 tool was felt to be too punitive as blinding would
necessarily be judged as high risk of bias and therefore every study and outcome would
also be judged as high risk of bias (89). Further, the Cochrane RoB 2.0 is designed with
an explanatory framework in mind, adding to its punitive nature (90). The trials included
in this review were, for the most part, pragmatic in nature. Therefore, the McMaster
CLARITY instruments for both RCTs and cohort studies were used. These instruments
include most of the same domains but are less punitive, allowing the user to make their
own thresholds for lower versus higher risk of bias. It was decided that a higher risk of

bias RCTs had to have at least two of six categories, and higher risk of bias cohort studies
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had to have at least three of eight categories, with responses of ‘probably no’ or
‘definitely no’ (Chapter 2.8). As there is no guidance document for determining overall
risk of bias, the cut offs for higher and lower risk of bias designations were arbitrarily
chosen by study investigators based on what was felt to be reasonable given the outcomes
and interventions examined.

Fifth, some studies reported change data for patient-reported dyspnea and patient-
reported HRQoL, while others reported end-point data (18, 21, 27, 71). The Cochrane
Handbook suggests that combined change and end-point data should not be meta-
analyzed as a SMD (47). Contrarily, it has been demonstrated that there is little to no
relevant difference between end-point and change data SMDs and combining these
estimates in meta-analysis is valid as long as the decision on which type of data to use
when both are available is pre-specified in the meta-analysis protocol (42). This study
prioritized change data when both were available. The combination of both change and
end-point was used for two outcomes, across four time points, allowing for improved
precision of each estimate of effect.

Sixth, amongst two studies using the MBS for assessment of dyspnea, patients
were asked to complete the MBS “at rest” and “on exertion” (21, 71). The dyspnea score
“on exertion” was the only outcome selected for inclusion in meta-analysis. In this patient
population “on exertion” is considered walking 100 feet on the level (21, 91). This
measure was selected as the MBS is most commonly administered with a stimulus such
as exercise. Additionally, this measurement was felt to likely be more responsive to small

changes in dyspnea (38).
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Seventh, in order to generate MD estimates in MID units for patient-reported
overall HRQoL, a recently introduced meta-analytic method, MID estimates were
necessary for all instruments (92). An anchor based MID estimate was available for the
EQS5D3L utility index score. While anchor-based MID estimates, thought to be the most
valid estimates, were available at the level of individual domain for the Chronic
Respiratory Questionnaire (CRQ), they were not available for the cumulative score (37,
93, 94). Further, no anchor-based MID estimate was available for modified EQ5D used in
the Thomas et al. trial (27). Therefore a distribution based method was used to determine
the MID for the CRQ (2.565) and modified EQ5D (5.055) respectively (54).
Subsequently, data from the RCT reporting CRQ and the RCT reporting modified EQ5D
were converted to EQSD3L utility index and the trials were pooled using recently
established methods (53).

Eighth, as all included studies contained patients with trapped lung and data was
not presented separately within studies, this could not be explored subgroup analysis.
Patients with trapped lung would not benefit from chemical pleurodesis and would
necessarily require another intervention. In fact, in several studies, patients with trapped
lung randomized to the pleurodesis group did not receive talc instillation and therefore
their initial treatment consisted only of chest tube placement (18, 71).

Ninth, due to the limited number of studies and the characteristics of included
studies, it was not possible to perform the majority of our planned subgroup analysis (95).
The subgroup analysis that was performed was underpowered and only represents early
observational data, however, it does highlight some important issues. In examining the

drainage schedule for IPC, there was an increased benefit in patient-reported dyspnea at
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medium-term and long-term time points amongst studies that used regularly scheduled
drainage of IPC rather than PRN drainage. Additionally, the benefit for IPC in reducing
length of stay was greater in studies using regularly scheduled drainage. Conversely, the
increase in risk of overall complications associated with IPC was more pronounced
amongst studies using regularly scheduled drainage. Of note, no two studies utilized the
same drainage schedule (Table 1). These findings need to be verified in future studies,
but highlight the importance of optimizing and standardizing treatment protocols within
treatment modalities.

Tenth, similarly due to the limited number of studies, publication bias could not
be adequately assessed. Based on the exhaustive search of the literature (five primary
databases and three grey literature sources) and the fact that most trials were academic
investigator initiated, publication bias is not thought to be a major issue.

Eleventh, need for repeat pleural intervention is a misleading outcome. While it is
widely reported in the literature, it accounts only for pleural interventions aimed at
evacuating recurrent pleural effusion. Notably, it does not include repeat interventions for
infectious complications, which are more common amongst patients with IPC than
amongst patients who underwent pleurodesis. Additionally, the interventions for drainage
of recurrent effusion are likely to be better tolerated than interventions required for
pleural space infections or infected pleural catheters. For example, recurrent pleural
effusion might be managed simply with a thoracentesis, whereas a pleural infection from
a pleural catheter would require both removal of the catheter and possible operative

drainage of the infected space. The absence of data on interventions for indications other
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than recurrent effusion is a significant limitation and systematically biases the findings of

this outcome in favour of IPC.

Finally, the instruments used for assessment of patient-reported dyspnea and
HRQoL have serious limitations. Patient-report dyspnea using the VASD is the measure
that has the most evidence for its use measuring dyspnea in MPE patients. While there is
evidence of validity, responsiveness, intra-rater reliability, and interpretability with in the
MPE population its format and administration is highly variable (79) (79, 80) (40).
Standardization is required for multiple facets of the VASD. Specifically, standardization
of the questions asked, anchoring phrases, marking of the scale (i.e. the addition of
reference points to the 100mm line), directionality of the scale (i.e. what does a lower
versus higher score mean), and horizontal/vertical orientation of the scale are required
(79). The modified EQ5D and EQ5D3L assess outcomes across 5 domains (mobility,
self-care, usual activity, pain/discomfort, and anxiety/depression) (96). This instrument
has been shown to be acceptable, reliable, responsive, and valid across a number of other
health conditions (82-85, 97). It is a valuable tool for comparing MPE patients to the
general population or examining within group changes in overall HRQoL. However, it
may not be a discriminatory instrument in comparing differences between treatments,
particularly in MPE patients. Future work using a standardized, disease-specific VASD
as well as generic quality of life instrument (such as the EQ5D3L) are required in the
MPE population. In addition to these instruments, investigators should consider goal
attainment scaling using instruments such as Measure Yourself Medical Outcome Profile

(MYMOP) (98-100).
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4.4 Strengths

Our study has strengths. First, unlike previous studies, our PRO estimates were
presented at multiple pre-determined time points. Differences in patient-reported outcome
data from different time points likely represent different stages of the disease process.
Additionally, presentation of outcomes at one arbitrarily selected time point may be
misleading if there is a change over time, or could reflect selective outcome reporting.

Second, although the number of studies and patients followed was limited,
established methods were used for pooling PRO instruments and calculating missing
variance data to allow for pooling of data from multiple PRO instruments (36, 44, 45).
The use of these imputation methods increased the number of patients for the pooled
estimates, thereby increasing the precision of the results.

Third, to improve the interpretability of our results, emerging methods were used
to convert and present the PRO data using the most common, established instrument, and
subsequently interpret the results based on estimates of the MD (relative to the MID) and
MID units, when possible. Data was then presented using multiple statistical presentation
formats (i.e. SMD, MD in natural units of the most familiar instrument, and MID units)
(37, 53). Compared to SMD, reporting the MD relative the MID estimate bas been shown
to improve the perceived usefulness of summary data to clinicians (50, 101). While MID
units are a new and emerging statistical presentation method that clinicians and patients
are unfamiliar with, with further educational initiatives, MID units could become a
mainstay when studies that measure the same construct do so using different instruments
(53). Importantly, for patient-reported overall HRQoL, the estimates using multiple

methods were consistent with respect to the magnitude of effect, showing a very small
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effects favoring pleurodesis at the long-term time point and little to no difference at all
other time points.

While the presentation of PRO data in the units of the most familiar instrument is
a strength of this study, natural unit presentation relative to MID can still be misleading.
Mean differences for short-term dyspnea and long-term overall HRQoL were less than
one MID and effect size was interpreted as trivial to very small. However, it is important
to remember that a subgroup of these patients may experience a benefit that exceeds the
MID. For example, Johnston et al. (2013) previously demonstrated that while there was
only a mean difference of 2.5 units in the Hamilton Rating Scale for Depression (in
which the MID is 7.0) between patients treated with paroxetine compared with placebo,
this translated into a difference of the proportion of patients benefiting in experimental

and control groups of 9.2% (37).

Fourth, the inclusion of both RCTs and cohort studies allowed for a more
comprehensive assessment of available PRO data, data that represents the most patient-
important outcomes to those suffering from a terminal diagnosis of cancer, for which
neither IPC or pleurodesis has been shown to prolong life. The cohort studies, while
lower quality and prone to confounding, provided PRO data for satisfaction with care and
overall functional status. Unfortunately, there was limited reporting of data for other
PROs (dyspnea, overall HRQoL, and pain) and these could not be meta-analyzed for
cohort studies.

Finally, the inclusion of cohort studies in our systematic review allowed for the
extraction of data that was previously unreported in one of the included RCTs. The

identification of the Olfert et al. (2017) paper allowed us to examine patient-reported
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overall HRQoL data at each time point for the Davies et al. (2012) RCT (18, 69). While
the original Davies et al. (2012) RCT reported HRQoL data at 6 weeks only, we were
able to obtain patient-reported HRQoL scores at for each time point (i.e. immediate,
short-term, medium-term, and long-term) using the data subsequently reported in the

Olfert et al. (2017) cost analysis.

4.5 Implications for Practice

There remains a lack of robust, comprehensive, clear assessments of patient-
reported outcomes in patients with MPE. This study suggests there may be a trivial to
very small improvement in dyspnea in IPC patients at short-term follow up and,
conversely, there may be a very small improvement in overall HRQoL in pleurodesis
patients at long-term follow-up. Neither of these differences is likely to be important in a
substantial number of patients. The standardization and discriminatory capability of
currently available instruments is a major limitation to interpreting the results of available
PRO data.

For non-PRO outcomes, this study found that shorter hospital LOS and lower
need for repeat pleural intervention (for reaccumulation of pleural effusion) with IPC.
This however must be balanced with the higher risk of overall, serious, infectious, and
tumour seeding complications.

In the absence of data suggesting an important difference in PROs, the decision as
to which treatment modality to use should be based on patient values and preferences,
however these value sensitive decisions rely on clinicians fully informing patients of the

benefits, harms, inconveniences and costs of IPC versus pleurodesis based on all
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outcomes, ideally starting with GRADE summary of findings tables. The importance of

these outcomes will vary by patient.

4.6 Implications for Research

Ongoing RCTs continue to compare various treatment modalities for MPE. These
include a trial comparing talc pleurodesis alone to IPC with talc pleurodesis through the
catheter and another trial comparing instillation of talc through an IPC to thoracoscopic
talc poudrage (87, 88).

Although the interventions have changed in these trials, the outcome
measurements remain the same. As demonstrated by this study, despite the presence of
multiple randomized controlled trials comparing IPC to pleurodesis, evidence is limited
by issues of measurement (e.g. non-standardized measurement of PRO data), reporting,
and the ability to interpret data obtained by currently used PRO instruments.

Additionally, there is a lack of standardization of the treatments themselves. Our
limited subgroup analysis suggests that the drainage schedule of IPC may be important in
patient-reported dyspnea, complication rate, and length of stay. However, the subgroup
analysis was not powered adequately to assess this. The optimal drainage schedule for
IPC requires further investigation, ideally in the form of a RCT.

In addition to work on standardization and evaluation of the measurement
properties of PRO outcomes such as dyspnea and overall HRQoL specific to patients
with malignant pleural effusions, investigators should also consider using goal attainment
scaling as a part of a battery of tests on this population. Further, as with other fields, the

development of a core outcome set by an international group of patients and clinicians
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would serve to standardize the outcomes, timing and procedures for measuring outcomes
in future RCTs and cohort studies (102). With this, those conducting evidence synthesis
will be better equipped to summarize and interpret the totality of evidence across a set of
outcomes that are important to patients. Finally, work on patient health-related values and
preferences based on the current dataset should be encouraged. This could include, for
example, a focus group of patients wherein the best estimates of benefit and harm are
shared with patients and they are asked what treatment they would prefer. Such
information could then be used to inform clinical practice guidelines that follow GRADE
and Guideline International Network standards. The improved development of PRO
instruments and a core outcome set highlighting patient-important factors specific to
patients with malignant pleural effusions together with data on patient values and

preferences would be invaluable for future research and clinical decision-making.
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Table 1: Characteristics of included studies

Author, Study | Country Sample size | Sex Cancer types Intervention details Include Patient-reported outcomes Other outcomes
year (ref) | design (%Female) trapped
IPC P lung?
Boshuize | RCT Netherlan | 46 48 IPC: 58.7% | Lung: 33% IPC: Seldinger PleurX, Yes Dyspnea: Improvement in MBS | Need for pleural re-
netal. ds P: 43.8% Breast: 21% drainage schedule NS (mean first 2 weeks, at 6 weeks, intervention;
2017 (71) Mesothelioma: NS | P: Talc slurry, 15-20Fr, 3 months, and 6 months) complications; number
Other: 46% protocol NS of hospital visits (NR);
patient survival <6
weeks
Davieset | RCT United 52 54 IPC: 56% Lung: 24% IPC: Seldinger PleurX, Yes Dyspnea: mean VASD over LOS randomization to
al. 2012* Kingdom P: 57% Breast: 26% drained 3x/week and as first 42 days; Proportion of discharge; all-cause
(18) Mesothelioma: needed for dyspnea patients achieving decrease in mortality to 1 year;
20% P: Talc slurry, 12Fr, dyspnea by 10mm on VASD complications and
Other: 40% protocol NS over first 42 days; VASD score serious complications
at 6 weeks, 3 months, and 6
months;
Overall HRQoL: EORTC-
QLQ-30 at 6 weeks, 3 months,
and 6 months; EQ5D3L scores
at week 2, 4, 6, 10, 14, 18, 22,
26, at 9 months, and 1 year;
Pain: mean VASC at 6 weeks, 3
months, and 6 months;
Demmy RCT United 33 34 IPC: 39% Lung: 63% IPC: Seldinger PleurX, Yes Dyspnea: “Dyspnea Index” at 7 Combined “success” at
et al. States P: 45% Breast: 12% drained once daily until and 30 days 30 days including: 1)
2012 (17) Mesothelioma: 0% | volume <30cc over 3 Overall HRQoL: MSAS at 7 alive, 2) lung re-
Other: 25% consecutive days and 30 days expansion >90%, 3)

P: Talc slurry, >24Fr,

removed tube when
<150cc/24hrs

Overall functional status:
Karnofsky self-reported
performance rating at 7 and 30
days

“completion of
intervention” by 2
weeks, 4) removal of
chest tube for P or
proper function of IPC




IS

Author, Study Country Sample size | Sex Cancer types Intervention details Include Patient-reported outcomes Other outcomes
year (ref) | design (%Female) trapped
IPC P lung?
Putnamet | RCT United 99 45 IPC: 58% Lung: 40% IPC: Seldinger, PleurX, Yes Dyspnea: Improvement in MBS | Spontaneous
al. 1999 States P: 58% Breast: 27% drained 1.5L then 1L immediately post-procedure and | pleurodesis in IPC
(21) Mesothelioma: NS | q8hours until all effusion at 30, 60, 90 days group; “Late failure”
Other: 33% drained, then ‘completely” Overall HRQoL: Improvement | in P group;
every 2 days. in CRQ at 30, 60, 90 days complications; median
P: Doxycycline via chest survival; LOS from
tube, size NS, removed randomization until
tube when <100cc/24hrs, if “eligible for
>4 days, re-administered discharge”
doxycycline
Thomas RCT Australia, | 74 72 IPC: 41% Lung: 33% IPC: Seldinger PleurX, Yes Dyspnea: VASD at 2 weeks and | Effusion related days
et al. New P: 40% Breast: 12% drained only when 1,3,6,9, 12 months in hospital; need for
2017 (27) Zealand, Mesothelioma: symptomatic Overall HRQoL: modified repeat pleural
Singapore 26% P: Talc slurry, 12-18Fr, EQ5D at 8 and 14 days, and 1, 3, | intervention; survival;
, Hong Other: 29% protocol NS 6, 9, and 12 months; VAS-QoL complications and
Kong for first 14 days then at 1, 3, 6, serious complications;
9, and 12 months; total days spent in
hospital from
intervention to death
or 12 month follow up
De Abreu | RC Brazil 18 34 IPC: 63.1% | Lung: 46% IPC: Beside LunGO, Yes, - all - Need for repeat
et al. P: 79.4% Breast: 27% drained every 5 days or IPC patients pleural-intervention;
2019 (73) Mesothelioma: NS | when symptomatic complications; length
Other: 27% P: 75% talc poudrage, 25% of stay; MPE
talc slurry, size NS, recurrence;
protocol NS
Freeman RC United 30 30 IPC: 60% Lung: 33% IPC: Thoracoscopy Yes Overall functional status: Need for repeat pleural
etal. States P: 60% Breast: 37% PleurX, suction on ECOG performance status intervention; hospital
2013 (72) Mesothelioma: NS | pleurevac until POD#1 change (unclear if patient- length of stay; interval

Other: 30%

then drainage when
symptomatic

P: Talc poudrage, size NS,
48hrs suction, removed
tube when <250cc/24hrs

reported or clinician assessed)

from surgery to
systemic treatment;
complications;
operative mortality;
mean survival; rate of
TPC removal;
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Author, Study Country Sample size | Sex Cancer types Intervention details Include Patient-reported outcomes Other outcomes
year (ref) | design (%Female) trapped
IPC P lung?
Fysh et PC Australia 34 31 IPC: 26.5% | Lung: 18% IPC: Seldinger PleurX, Yes Dyspnea: VASD daily for 1 LOS (total days in
al. 2012 P: 38.7% Breast: 17% drainage when week hospital, effusion
(34) Mesothelioma: symptomatic Overall HRQoL: VAS-QoL related hospital days);
46% P: Mixed talc daily for 1 week admissions to hospital;
Other: 18% slurry/poudrage, ratio NS, effusion related
12-15Fr for slurry, 24-32Fr admissions; “control of
for poudrage, drainage effusion”;
protocol as per treating complications; change
physician in albumin and
protein;
Hunt et RC United 59 50 | IPC: 64% Lung: 39% IPC: PleurX, 20% NS - LOS (total and post-
al. 2012 States P: 54% Breast: 14% thoracoscopy, 80% procedure);
(74) Mesothelioma: Seldinger complications; in-
18% P: Talc poudrage, size NS, hospital mortality;
Other: 19% 48 hours suction, removed repeat pleural
tube when <200cc/24hrs intervention; re-
admission for effusion
Liou et RC United 79 15 IPC: 69.6% | Lung: 47% IPC: Type, insertion, and NS - LOS (overall hospital,
al. 2016 States P: 58.5% Breast: 18% drainage protocol NS post-procedure); repeat
(75) Mesothelioma: NS | P: Talc poudrage, size NS, intervention;

Other: 35% protocol NS complications;
disposition from
hospital; readmissions;
ICU admission;
survival;

Srour et RC Canada 193 16 IPC: 56.0% | Lung: 43% IPC: Seldinger PleurX, NS - Pleural effusion
al. 2013 7 P: 70.7% Breast: 24% drainage 3x/week control; freedom from
(76) Mesothelioma: 4% | P: Talc slurry, size NS, pleural effusion and

Other: 29%

protocol NS

catheter; need from
subsequent
intervention; survival;
effusion-free survival;
adverse events;
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Author, Study Country Sample size | Sex Cancer types Intervention details Include Patient-reported outcomes Other outcomes
year (ref) | design (%Female) trapped
IPC P lung?
Walkeret | PC Canada 47 57 Overall: Lung: 43% IPC: Tenchkoff, 43% NS Dyspnea: LCADL at 2 and 6 LOS; Complications;
al. 2016 64% Breast: 31% thoracoscopy, 57% weeks
(35) Mesothelioma: NS | bedside, drainage schedule Overall HRQoL: FACIT-Pal at

Other: 26%

NS

P: 32% talc poudrage, 68%
talc slurry, size at
discretion of physician,
protocol NS

2 and 6 weeks

Pain: Numerical rating scale
(unclear collection time)
Satisfaction with care: FACIT-
TS at 2 and 6 weeks

*Includes data published in Olfert et al. 2017 and Penz et al. 2013

CRQ: Guyatt Chronic Respiratory Questionnaire, ECOG: Eastern Cooperative Oncology Group, EORTC-QLQ-30: European Quality of Life Questionnaire Core-30, EQ5D: European Quality of Life
Group 5-dimension questionnaire, EQSD3L: European Quality of Life 5 Dimension 3-Level Utility Index, FACIT-Pal: Functional assessment of chronic illness therapy — palliative, FACIT-TS:
Functional assessment of chronic illness therapy — treatment satisfaction, Fr: French, IPC: Indwelling pleural catheter, IQR: Interquartile range, LCADL: London chest activity of daily living scale,
MBS: Modified Borg Scale, MSAS: Memorial Symptom Assessment —Short Form, MPE: Malignant pleural effusion, NA: Not assessed, NR: Not reported, NS: Not specified, P: Pleurodesis, PC:
prospective cohort, RC: Retrospective cohort, RCT: Randomized controlled trial, VASC: 100mm visual analogue scale for chest pain, VASD: 100mm visual analogue scale for dyspnea, VAS-QoL:
100mm visual analogue scale for quality of life,
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Table 2: Risk of bias of included randomized trials

Study Random sequence Allocation Blinding Incomplete outcome Selective reporting Other Overall risk of bias
concealment data
Boshuizen 2017 PY Higher
Davies 2012 PY Lower
Demmy 2012 PY Higher
Putnam 1999 PY Lower
Thomas 2017 PY Lower
Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
Table 3: Risk of bias of included cohort studies
Study Cohort Assessment of Outcome not Matching or Assessment of | Assessment of Adequate Similar co- Opverall risk of
selection exposure present at start | adjustment for prognostic outcome follow-up interventions bias
prognostic factors
variables
De Abreu 2019 PY Higher
Freeman 2013 PY Lower
Fysh 2012 PY Lower
Hunt 2012 PY Higher
Liou 2016 Higher
Srour 2013
Walker 2016

Assessed using the McMaster CLARITY instrument for assessing risk of bias in cohort studies.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
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Table 4: Summary of findings — Indwelling pleural catheter vs. pleurodesis for malignant pleural effusion (Improvement in patient-reported dyspnea)
Estimated risk N f fi in effect
S 1ma' ed ris Absolute change in risk with un'nl?er 0 Con ldel‘lce mle ec
Outcome with participants estimate Comments
. IPC (95%CI)** .
pleurodesis* (studies)
The mean improvement in
Immediate dyspnea score in the IPC group 305 ®0O00 The evidence suggests that IPC results in little to no
dvspnea % - was on average 1.84 higher (3 RCTs) VERY LOW °¢ difference in improvement in immediate dyspnea
P (3.82 lower to 7.51 higher) compared with pleurodesis.
The mean improvement in
Short-term dyspnea score in the IPC group 309 o000 The evidence suggests IPC may result in a trivial
dyspnea *** - was on average 6.99 higher (0.28 (4 RCTS) LOW © improvement in short-term dyspnea compared with
higher to 13.69 higher) pleurodesis.
The mean improvement in
Medium-term dyspnea score in the IPC group 188 ®000 The evidence suggests that IPC results in little to no
dyspnea *** - was on average 4.78 higher (3.95 (4 RCTS) VERY LOW b¢ difference in improvement in medium-term dyspnea
lower to 13.51 higher) compared with pleurodesis.
The mean improvement in
Long-term dyspnea score in the IPC group 97 o000 The evidence suggests that IPC results in little to no
dyspnea *** - was on average 2.71 higher (3 RCTS) VERY LOW &cd difference in improvement in long-term dyspnea
(14.18 lower to 19.6 higher) compared with pleurodesis.

* Based on the mean control group risk from all included trials. The risk with pleurodesis for dyspnea cannot be presented as meta-analysis was performed solely on the basis on mean difference in
order to include the maximum number of trials

** Based on the assumed risk in the comparison group and the relative effect of the intervention (95% CI).

*** Dyspnea is reported on the VASD which ranges from 0 (maximum breathlessness) to 100 (no breathlessness) with an anchor-based MID estimate of 19mm among a MPE population

a. Serious concern for risk of bias due to lack of blinding and high/unequal loss to follow up in some studies

b. Very serious concern for risk of bias due to lack of blinding and high/unequal loss follow up in all studies

c. Very serious concerns for imprecision due to small sample size and wide confidence interval

c. Serious concern for inconsistency for moderate heterogeneity (’=58%)

CI: Confidence interval; IPC: Indwelling pleural catheter, MID: Minimally important difference, MPE: Malignant pleural effusion, RCT: Randomized controlled trial, VASD: 100mm visual analogue
scale for dyspnea

1. GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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Table 5: Summary of findings — Indwelling pleural catheter vs. pleurodesis for malignant pleural effusion (Patient-reported overall HRQoL)

f fi in effect
Outcome Presentation method Estimated risk with Absolute change in risk t::cl;e:l?ts con l:silillflilllelle - Comments
" pleurodesis* with IPC (95%CI) ** P p
(studies)
SD units (SMD) The overall HRQoL score in the IPC group was on o000
average 0.09SDs higher (0.19 lower to 0.38 higher) LOW @
than in the pleurodesis group
The mean overall
The mean overall HRQoL scores in the IPC i
Natural units *** HRQoL scores with 00 The eYldénce suggests that IPC,
Immediate overall pleiurodesis ranged group. Wwas on average 195 LOW ® I‘eSl.lltS in l}ttle to no difference in
HRQoL 0.03 higher (0.05 lower (2 RCTs) immediate overall HRQoL
from 0.629 to 0.680 . ] .
to 0.1 higher) compared with pleurodesis.
The mean overall HRQoL scores in the IPC group
0.259 MID units higher (0.482 1 ®000
MID units was on average‘ . units hig er.( . ower LOW®
to 1.001 higher) than the pleurodesis group
SD units (SMD) The overall HRQoL score in the IPC group was on oa00
average 0.04SDs lower (0.29 lower to 0.21 higher) LOW ¢
than in the pleurodesis group
The mean overall The mean overall
HRQoL in the IPC
Natural units *** HRQoL scores with gr(gzp stca(;r?)i lerllvenge 00
leiurodesi d L a
PIEILroCesis range 0.01 lower (0.07 lower to ow
from 0.681 to 0.700 hi
0.05 higher) The evidence suggests that IPC
Short-term overall 266 results in little to no difference in
HRQoL
(3 RCTs) short-term overall HRQoL
compared with pleurodesis.
The mean overall HRQoL scores in the IPC group
0.134 MID units high 0.529 ®000
MID units was on average 0. units higher (0. LOW®

lower to 0.796 higher) than the pleurodesis group




LS

0 P i hod Number of Confidence in effect
utcome resentation metho Estimated risk with Absolute change in risk participants estimate! Comments
pleurodesis* with IPC (95%CI) ** (studies)
SD units (SMD) The overall HRQoL score in the IPC group was on
. ®O00
average 0.18 SDs lower (0.55 lower to 0.19 higher) b
. . VERY LOW *
than in the pleurodesis group
The mean overall
i The mean overall HRQoL scores in the IPC The evidence suggests that [IPC
Medlllllﬁﬁe(;mL Natural units *** HRQoL scores with group was on average 115 e0O00O results in little to no difference in
overa 0 . 0.04 lower (2 RCTs) VERY LOW * medium-term overall HRQoL
pleurodesis was 0.706 ) ‘
(0.11 lower to 0.04 compared with pleurodesis.
higher)
The mean overall HRQoL scores in the IPC group
. ®O00
was on average 0.437 MID units lower (1.132 lower b
. . VERY LOW *
MID units to 0.438 higher) than the pleurodesis group
SD units (SMD) The overall HRQoL score in the IPC group was on
: ®O00
average 0.24 SDs lower (0.68 lower to 0.21 higher) -
. . VERY LOW *¢
than in the pleurodesis group
The mean overall
The mean overall HRQoL scores in the IPC The evidence suggests that [IPC
Long-term overall Natural units *** HRQoL scores with group was on average 79 -10]00) might result in a very small
HRQoL pleiurodesis ranged 0.06 lower (2 RCTS) VERY LOW *¢ decrease in long-term overall
from 0.650 to 0.788 (0.17 lower to 0.05 HRQoL compared with
higher) pleurodesis.
The mean overall HRQoL scores in the IPC group
. ®O00
was on average 0.598 MID units lower (1.690 lower
. . VERY LOW #¢
to 0.491 higher) than the pleurodesis group
MID units

* Based on the mean control group risk from all included trials

** Based on the assumed risk in the comparison group and the relative effect of the intervention (95% CI).

**%*Qverall HRQoL measured on the EQ5D3L ranges from 0 (death) to 1 (perfect health) with an anchor based MID estimate of 0.1 among lung cancer patients

a. Very serious concern for imprecision due to small sanple size and wide confidence interval

b. Serious concern for risk of bias due to lack of bliniding and high/unequal loss to follow up in some studies

c. Very serious concern for risk of bias due to lack of blinding and high/unequal loss to follow up in all studies

CI: Confidence interval, EQSD3L: European Quality of Life 5 Dimension 3-Level, HRQoL: Health related quality of life, IPC: Indwelling pleural catheter, MD: Mean difference, MID: Minimally
important difference, RCT: Randomized controlled trial, SD: Standard deviation, SMD: Standardized mean difference

1.GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.
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Table 6: Summary of findings — Indwellin

pleural catheter vs. pleurodesis for malignant pleural effusion (Other

atient-reported outcomes)

Estimated risk
s lma. edris L. A Number of Confidence in effect
Outcome with Absolute change in risk with articipants estimate' Comments
pleurodesis* IPC (95%CI) ** particip
(studies)
The mean improvement in
The mean atient-reported pain in the IPC
Patient-reported pain *** improvement in p ou \I?vas onr:wera 3.8 106 eO00O The evidence suggests that IPC results in little to no
P p patient-reported group higher ge s (1 RCT) VERY LOW #° difference in patient-reported pain
i 4.4 .
pan was (7.32 lower to 14.92 higher)
Th . .
trez:;z:; The mean treatment satisfaction
Immediate satisfaction score in the IPC group was 2.53 104 eO00O The evidence suggests that IPC results in little to no
. . higher (11.26 lower to 16.31 (1 cohort study) VERY LOW ® difference in immediate treatment satisfaction
immediate was higher)
Treatment 72.2 &
satisfaction
The mean The mean treatment satisfaction
Short-term treatment in the IPC group was on 104 o000 The evidence suggests that IPC results in little to no
satisfaction short- average 3.27 higher (8.06 (1 cohort study) VERY LOW ® difference in short-term treatment satisfaction

term was 79.0

lower to 14.61 higher)

* Based on the mean control group risk from all included trials
** Based on the assumed risk in the comparison group and the relative effect of the intervention (95% CI).
**%* Patient-reported pain measured on 100mm visual analogue scale for chest pain ranging from 0 (no chest pain) to 100 (maximal chest pain)
a. Certainty of evidence starts at moderate due to presence of single trial only
b. Very serious concern for imprecision due to single study, small sample size, wide confidence interval spanning clinical decision threshold

CI: Confidence interval, IPC: Indwelling pleural catheter, MD: Mean difference, RCT: Randomized controlled trial

1.GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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Table 7: Summary of findings — Indwelling pleural catheter vs. pleurodesis for malignant pleural effusion (Compications and need for re-intervention)
Absolute
Estimat h i
? lma, ed . ¢ an,ge mn Relative effect Number of Confidence in
Outcome risk with risk with IPC (95%CI) articipants (studies) ! R . Comments
pleurodesis* (95%CI) ** ¢ P P effect estimate
Need for repeat . . .
leural 223 per 1.000 71 per 1,000 RR 0.32 472 LIsl@) The evidence suggests IPC likely results in a large
. P . per (40 to 123) (0.18 to 0.55) (4 RCTs) MODERATE * reduction in need for repeat pleural procedure.
intervention
Ov;ral_l 471 per 1,000 RR 2.48 384 10l0@) The evidence suggests IPC likely results in a large
complications 190 per 1,000 b . . L
(209 to 1,000) (1.10 to 5.60) (3 RCTs) VERY LOW ** increase in overall complications.
Ser‘iou_s 138 per 1,000 RR 1.53 396 ®a00 The evidence suggests IPC may increase serious
complications 90 per 1,000 N .
(75 to 254) (0.83 t0 2.82) (4 RCTs) LOW complications.
lnfegtiops 97 per 1,000 RR 4.15 475 llsl@) The evidence suggests IPC results in a large increase in
complications 23 per 1,000 . . . L.
(38 t0 252) (1.61 to 10.74) (4 RCTs) MODERATE infectious complications.
Tumour seeding 0 per 1.000%** 0 per 1,000 RR 3.24 *** 240 12 ]0]0) The evidence suggests IPC likely results in a large
per s, (0 to 0)*** (0.37 to 28.04) (2 RCTs) LOW?® increase in tumour seeding.

* Based on the mean control group risk from all included trials

** Based on the assumed risk in the comparison group and the relative effect of the intervention (95% CI).

*#* Relative risk based on Revman assumption imputation into zero count cells. True rate of tumour seeding was 0/97 in pleurodesis group and 4/143 in IPC group.
a. Serious concern for imprecision due to small sample size and wide confidence interval

b. Very serious concern for imprecision due to very small sample size and wide confidence interval

c. Serious concern for inconsistency due to considerable heterogeneity (I>=82%)

CI: Confidence interval, IPC: Indwelling pleural catheter, RCT: Randomized controlled trial, RR: Relative risk

1.GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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Table 8: Summary of findings — Indwelling pleural catheter vs. pleurodesis for malignant pleural effusion (Length of stay)

Estimated risk

Number of

Confidence in effect

Outcome with Absolute change in risk with articipants estimate! Comments
pleurodesis* IPC (95%CI) ** particip
(studies)
Th initial L .
a d;:sr;:;l I:;;h The mean initial admission length
. . f stay in the IPC 243 . . o
Initial admission of stay ranged ot stay n the group was ofl ©000 IPC likely results in a reduction in initial admission.
average 2.78 days lower (2 RCTs) LOW ¢
from 3.3 to 4
(4.41 lower to 1.15 lower)
days
. The mean total The mean total days in hospital in
To}tlal d;'ltyi n davs in hospital the IPC group was on average 3.6 144 a000 IPC likely results in a reduction in total days in
ospra Y P days lower (8.29 lower to 1.09 (1 RCT) VERY LOW hospital.
was 16.3 days .
higher)
Th
) . ffusif)linrzel‘zrilte d The mean effusion related days in
gffuSilgr;1mlaitt':(li days in hospital hospital in the IPC group was on 243 ®000 IPC may reduce effusion related days in hospital
ays ospita Y P average 2.55 lower (4.41 lower to (2 RCTs) LOW @¢ Y Y pial.
ranged from 4.7 0.68 lower)
to 4.8 days ’

* Based on the mean control group risk from all included trials

** Based on the assumed risk in the comparison group and the relative effect of the intervention (95% CI).

a. Very serious concern for imprecision due to very small sample size and wide confidence interval
b. Certainty of evidence starts at moderate due to presence of single trial only
c. Serious concern for inconsistency due to considerable heterogeneity

CI: Confidence interval, IPC: Indwelling pleural catheter, RCT: Randomized controlled trial
1.GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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Figure 2: Effect of indwelling pleural catheter vs. pleurodesis on patient-reported
dyspnea presented as mean differences in natural units of the100mm visual

analogue scale for dyspnea*

a. Immediate (<2 weeks)
Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Boshutzen et al. 2017 4 40028 348X 4.00[-5.61, 13.61]
Putnam et al. 1598 0 3.B426 566X 0.00 [-7.53, 7.53]
Thomas et al. 2017 5.2 9.8162 B.7X% 5.20 [-14.04, 24.44]
Total (95% Cl) 100.0% 1.84 [-3.82, 7.51]
Heterogenely: Tau® = 0.00; Che = .54, df = 2 (P = (.76); F = 0X f 1 { f |
-100  -50 0 50 100
Test for overall effect: Z = 0.64 (P = 0.52} Favours Pleurodesis Favours IPC
b. Short-term (>2 weeks, <6 weeks)
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Boshutzen et al. 2017 -1 B.B426 15.0% -1.00 [-1B.33, 16.33] i —
Davies etal. 2012 6.8 5.7802 35.0M  &.80 [-4.53, 18.13] T
Putnam et al. 1989 12 5.6351 360X 12.00 [0.96, 23.04] i
Thomas etal. 2017 2.5 9.4482 131X 2.50 [-16.02, 21.02] —
Total (95% CI) 100.0% 6.99 [0.28, 13.69] ’
Hetzrogenehy: Taw® = 0.00; ChP = 1.83, df = 3 (P = 0.61); P = (X H ' I I
-100 -50 0 50 100
Test for overall effect: Z = 2.04 (P = 0.04) Favours Pleurodesis Favours IPC
c. Medium-term (>6 weeks, <6 months)
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Boshutzen et al. 2017 &€ 115 128X &.00[-16.54, 28.54] —
Davies etal. 2012 .9 54083 383X B.90 [-1.70, 18.50] i
Putnam et al. 1999 9 &.4B814 30.7%  9.00 [-3.70, 21.70] T
Thomas etal. 2017 -11.875 9.2002 18.2% -11.88 [-30.190, &.35] ——
Total (95% CI) 100.0% 4.78 [-3.95, 13.51] ’
Hetwrogeneity: Tau® = 22.63; ChE = 4.1R, df = 3 (P = 0.24); F = 28X 5_100 _51‘0 ) 510 100’
Test for overall effect: Z = 1.07 (P = 0.28) Favours Pleurodesis Favours IPC
d. Long-term (>6 months)
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Boshulzen etal. 2017 -2 14.41§ 22.1% -2.00 [-30.25, 26.25] I E—
Davies et al. 2012 14 5.7144 461X  14.00 [2.80, 25.20] ——
Thomas etal. 2017 -10.4 10.2602 31.8X -10.40 [-30.51, 9.71] —
Total (95% CI) 100.0% 2.71[-14.18, 19.60] ?
Heterogenely: Tau® = 128.39; ChE = 4,77, df = 2 (P = 0.00); F = 56% 1_100 -!‘;D ) 510 100:

Test for pverall effect Z = 0.31 (P = 0.75)

Favours Pleurodesis Favours IPC

* A positive mean difference indicates a greater improvement in dyspnea score in IPC patients

IPC: Indwelling pleural catheter, [V: Inverse variance
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Figure 3: Effect of indwelling pleural catheter vs. pleurodesis on patient-reported
overall health related quality of life presented as mean differences in the natural
units of the European Quality of Life 5 Dimension 3-Level utility index*

a. Immediate (<2 weeks),

IPC Pleurodesis Mean Difference Mean Difference

Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Offert et al. 2017 0656 0.2 45 0.629 0.25 51 683X 0.03 [0.050.12]

Thomas etal. 2017 0.71 033 46 06E 034 53 317X 0.03 [-0.10, 0.1§]

Total (95% CI) 91 104 100.0% 0.03 [-0.05, 0.10]

Heterogenehy: Tau® = 0.00; ChEt = 0.00, df = 1 (P = 0.97); F = OX Y —T 9 025 05

Test for overall effect: Z = .74 (P = 0.46) Favours Pleurodesis Favours IPC

b. Short-term (>2 weeks, <6 weeks)
IPC

Pleurodesis Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Offert et al. 2017 0.658 0.22 40 0661 0.21 43 449X -0.02 [-0.12,0.07]
Putnam et al. 1999 001 0.25 27 001 0.21 59 328X 0.00[-0.11,0.11] .
Thomas etal. 2017 069 032 44 0.7 034 53 223X -0.01[0.14,0.12] —a—
Total (95% CI) 111 155 100.0% -0.01 [-0.07, 0.05]
Hewrogenehy: Taw® = 0.00; ChF = (.10, df = 2 (P = 0.85); F = 0X 205 025 0 025 05

Test for overall effect: Z = .40 (P = (.60}

c. Medium-term (>6 weeks, <6 months)
IPC Pleurodesis

Mean Difference

Favours Pleurodesis Favours IPC

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Oertetal. 2017 0650 0.21 31 0706 0.2 3 575X -0.05 [-0.15, 0.08]

Putnam et al. 1999 004 023 21 006 0.2 33 425% -0.02[-0.14,0.10]

Total (95% CI) 52 63 100.0% -0.04 [-0.11, 0.04]

Heterogenehy: Tau® = 0.00; Chi¥ = 0.11, df = 1 (P = 0.74); ¥ = 0X ) f ; i
5 028 [} 0.25 05

Test for overall effect: Z = 0.B9 (P = (.37} Favours Pleurodesis Favours IPC

d. Long-term (=6 months)
IPC Pleurodesis Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Olfertetal. 2017 0674 032 1K 0.788 0.16 1B 44.0% -0.11 [-0.2K, 0.05]

Thomas et al. 2017 063 0.24 20 065 0.25 23 56.0% -0.02[-0.17,0.13]

Total (95% CI) 38 41 100.0% -0.06[-0.17,0.05]

Heterogenelty: Taw® = 0.00; ChE = (.70, df = 1 {P = 0.40); £ = 0X 3 _0:25 5 5 '25 5 5:

Test for overall effect: Z = 1.10 (P = .27}

Favours Pleurodesis Favours IPC

*A positive mean difference indicates higher overall HRQoL in IPC patients

IPC: Indwelling pleural catheter, IV: Inverse Variance

Note: Olfert 2017 is a study presenting unpublished overall HRQoL data from the Davies et al. 2012 RCT.
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Figure 4: Effect of indwelling pleural catheter vs. pleurodesis on risk of repeat

intervention
IPC Pleurodesis Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boshutzen et al. 2017 7 43 15 45 47.4X% 0.48[0.22, 1.08] —il
Davies et al. 2012 i s 12 52 20.6% 0.25 [0.08, 0.85] —
Putnam et al. 1989 z D4 4 43 10.0% 0.23 [0.04, 1.20] r
Thomas et al. 2017 I N 1§ 71 21.1% 0.18 [0.08, 0.60] e
Total (95% CI) 261 211 100.0% 0.32 [0.18, 0.55] ’-
Total events 15 47
Heterogenehy: Taw® = 0.00; ChE = 2,30, df = 3 (P = 0.51}; F = 0X 'h 01 051 ] 150 1005

Test for gverall effect: Z = 4.00 (P < 0.0001)

IPC: Indwelling pleural catheter, M-H: Mantel-Haenszel
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Figure 5: Effect of indwelling pleural catheter vs. pleurodesis on risk of

complications
a. Overall
IPC Pleurodesis Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI|
Davies et al. 2012 21 52 7 54 301X 3.12 [1.45, 6.70] ——
Putnam et al. 1999 2 43 11 91 33.1% 4.23 [2.26, 7.02] ——
Thomas etal. 2017 w 13 23 71 366X 1.27 [0.82, 1.06] -
Total (95% CI) 168 216 100.0% 2.48 [1.10, 5.60] -
Toml events 73 41
Heterogeneity: Tawk = 0.42; ChE = 11.11, df = 2 {P = 0.004); F = §2X bt H ] 3 o0
Test for overall effect Z = 2,18 (P = 0.03) 0.0 OFamurs IPC Favours I‘Ie.illra:)de:iisml
b. Serious
IPC Pleurodesis Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boshutzen et al. 2017 B 43 7 45 360N 1.20 [0.47, 3.01] ——
Davies et al. 2012 9 52 5 54 31.7% 1.67 [0.67, 5.21] ——
Demmy etal. 2012 B 28 3 0 23.0% 2.86 [0.84, 9.71] T
Thomas et al. 2017 1 73 S R . 0.32 [0.03, 3.04] — T
Total (95% CI) 196 200 100.0% 1.53 [0.83, 2.82]
Tofal events 26 18 r
Heterogenehty: Tay® = 0.03; ChE = 3.27, df = 3 (P = 0.35); F = BX : 1 :1 ) 1: 3 {
Test for overall effect Z = 1.36 (P = .17} 00 oFavours IPC Favours I‘Ie.i‘m:desisml
c. Infectious
IPC Pleurodesis Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boshutzen et al. 2017 2 4 2 45 246X 1.05 [0.15, 7.10] ——
Davies et al. 2012 13 52 2 54 431.6% 6.75 [1.60, 28.47] —a—
Putnam et al. 1999 7 b4 0 43 11.2%  &.95[0.41,118.85] *
Thomas et al. 2017 & 73 1 71 20.6% 5.84 [0.72, 47.26] O I —
Total (95% CI) 262 213 100.0% 4.15 [1.61, 10.74] -~
Total events 2 2B|‘ 5 .
Heterogeneity: Taw® = 0.00; Ch = 2.70, df = 3 (P = 0.44); F = X f o1 .=1 ] 1: 1 |
Test for overall effect: Z = 2.94 (P = 0.003) 00 oFavours IPC Favours PIe?Jrodesisoo
d. Tumour Seeding
IPC Pleurodesis Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI|
Davies et al. 2012 1 52 0 54 461X 3.11 [0.13, 74.74] l
Putnam et al. 1999 3 0 0 43 53.9% 3.35 [0.18, 63.41] i
Total (95% CI) 143 97 100.0% 3.24 [0.37, 28.04]
Total events 4 0
Heterogenehty: Tay® = 0.00; ChE = 0.00, df = 1 {P = 0.97); F = 0X b o1 0:1 i 1: 100:

Test for overall effect 2 = 1.07 (P = 0.20)

IPC: Indwelling pleural catheter, M-H: Mantel-Haenszel
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Figure 6: Effect of indwelling pleural catheter vs. pleurodesis on length of stay in

hospital.
a. Initial admission
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Daviesetal. 2012 0.33333333 0.76286553 51 4 305605439 4B 46.6X -3.67 [-4.56, -2.78] -
Thomas eral. 2017 1.33333333 0.75628711 73 3.33333333 0.75671456 71 53.4X% -2.00 [-2.25,-1.75] | ]
Total (95% CI) 124 119 100.0% -2.78 [-4.41, -1.15] -
Heterogenghy: Taw® = 1.28; Chi = 12.51, df = 1 {P = 0.0004); F = 92X L10 _15 !‘. 105
Test for overall effect: Z = 3.34 (P = 0.0008) Favours IPCFavours Pleurodesis
b. Effusion related total days in hospital
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davies etal. 2012 1.33333333 2.2B659659 51 4.§3333333 3.821193 46 49.7X% -3.50 [-4.75, -2.25] ——
Thomas et al. 2017 11 43 1 4.7 31 71 50.9% -1.60 [-2.82, -0.38] —
Total (95% CI) 124 119 100.0% =-2.55 [-4.41, -0.68] -
Hewrogenehy: Taw’ = 1.41; ChE = 4,54, df = 1 (P = 0.03); F = 76% LIO _‘5 5 10=

Test for overall effect: Z = 2.68 (P = 0.007)}

IPC: Indwelling pleural catheter, M-H: Mantel-Haenszel
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Appendix 1: Search strategy

In November 2020, a comprehensive search of Medline, Embase, Scopus, Web of
Science, and the Cochrane Library from inception to 2020 was performed irrespective of
publication status or language.

Hand searches

Bibliographies for all studies chosen for full-text review as well as relevant review
articles were searched for additional studies not identified by the electronic searches. The
last three years of abstracts from the following society meetings were searched: the
American Association for Thoracic Surgery (AATS), the European Society of Thoracic
Surgeons (ESTS), American College of Chest Physicians (CHEST), and the International
Association for the Study of Lung Cancer (IASLC).

Additional searches
We searched for ongoing trials and grey literature using OpenGrey.eu and
clinicaltrials.gov.

Electronic Search strategies
The full electronic search strategies are listed below.

Medline
1. exp Pleural Effusion, Malignant/ 2. (malig* adj10 pleural).tw. 3. 1 or 2 4. (indwell* adj10

catheter*).tw. 5. exp Catheters, Indwelling/ 6. 4 or 5 7. 3 and 6 8. exp Pleurodesis/ 9. (chemical
adj10 pleurodesis).tw. 10. exp Bleomycin/ 11. exp Tetracycline/ 12. exp Povidone-lodine/ 13.
exp Talc/ 14. exp Minocycline/ 15. (bleomycin or tetracycline or "povidone-iodine" or talc or
minocycline).tw. 16. 8 or 10 or 11 or 12 or13 0or 14 17.90r 16 18. 16 or 17 19. 3 and 18 20. 7 or
19 [subject search] 21. Randomized Controlled Trials as Topic/ 22. randomized controlled trial/
23. Random Allocation/ 24. Double Blind Method/ 25. Single Blind Method/ 26. clinical trial/ 27.
clinical trial, phase i.pt. 28. clinical trial, phase ii.pt. 29. clinical trial, phase iii.pt. 30. clinical trial,
phase iv.pt. 31. controlled clinical trial.pt. 32. randomized controlled trial.pt. 33. multicenter
study.pt. 34. clinical trial.pt. 35. exp Clinical Trials as topic/ 36. or/21-35 37. (clinical adj
trialS).tw. 38. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw. 39. PLACEBOS/
40. placeboS.tw. 41. randomly allocated.tw. 42. (allocated adj2 randomS).tw. 43. or/37-42 44.
36 or 43 45. case report.tw. 46. letter/ 47. historical article/ 48. or/45-47 49. 44 not 48 [SIGN rct
hedge] 50. 20 and 49 [pe strings and rct hedge] 51. Epidemiologic studies/ 52. exp case control
studies/ 53. exp cohort studies/ 54. Case control.tw. 55. (cohort adj (study or studies)).tw. 56.
Cohort analyS.tw. 57. (Follow up adj (study or studies)).tw. 58. (observational adj (study or
studies)).tw. 59. Longitudinal.tw. 60. Retrospective.tw. 61. Cross sectional.tw. 62. Crossectional
studies/ 63. or/51-62 [observational study SIGN hedge] 64. 20 and 63 65. Meta-Analysis as
Topic/ 66. meta analyS.tw. 67. metaanalyS.tw. 68. Meta-Analysis/ 69. (systematic adj (review$1
or overviewS1)).tw. 70. exp Review Literature as Topic/ 71. or/65-70 72. cochrane.ab. 73.
embase.ab. 74. science citation index.ab. 75. web of science.ab. 76. scopus.ab. 77. 72 or 73 or
74 or 75 or 76 78. reference list$S.ab. 79. bibliographS$.ab. 80. hand-searchS.ab. 81. relevant
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journals.ab. 82. manual search$.ab. 83. 78 or 79 or 80 or 81 or 82 84. selection criteria.ab. 85.
data extraction.ab. 86. 84 or 85 87. Review/ 88. 86 and 87 89. Comment/ 90. Letter/ 91.
Editorial/ 92. animal/ 93. human/ 94. 92 not (92 and 93) 95. 89 or 90 or 91 or 94 96. 71 or 77 or
83 or 88 97. 96 not 95 [meta analysis SIGN hedge] 98. 20 and 97 99. 50 or 64 100. 50 or 64 or 98

Embase
1. exp malignant pleura effusion/ 2. (malignant adj10 pleural).tw. 3. 1 or 2 4. (indwell* adj10

catheter*).tw. 5. exp indwelling catheter/ 6. 4 or 5 7. 3 and 6 8. exp pleurodesis/ 9. (chemical
adj10 pleurodesis).tw. 10. exp Bleomycin/ 11. exp Tetracycline/ 12. exp Povidone-lodine/ 13.
exp Talc/ 14. exp Minocycline/ 15. 8 or 10 or 11 or 12 or 13 or 14 16. (bleomycin or tetracycline
or "povidone-iodine" or talc or minocycline).tw. 17.9 or 13 or 16 18. 150r 17 19. 3 and 18 20. 7
or 19 [subject search] 21. Clinical Trial/ 22. Randomized Controlled Trial/ 23. controlled clinical
trial/ 24. multicenter study/ 25. Phase 3 clinical trial/ 26. Phase 4 clinical trial/ 27. exp
RANDOMIZATION/ 28. Single Blind Procedure/ 29. Double Blind Procedure/ 30. Crossover
Procedure/ 31. PLACEBO/ 32. randomi?ed controlled trialS.tw. 33. rct.tw. 34. (random$ adj2
allocat$).tw. 35. single blindS.tw. 36. double blindS.tw. 37. ((treble or triple) adj blind$).tw. 38.
placeboS.tw. 39. Prospective Study/ 40. 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30
or31or32or33or34or35or36or37or38or39 41. Case Study/ 42. case report.tw. 43.
abstract report/ or letter/ 44. Conference abstract.pt. 45. Editorial.pt. 46. Letter.pt. 47. Note.pt.
48.41 or 42 or 43 or 44 or 45 or 46 or 47 49. 40 not 48 [rct SIGN hedge] 50. 20 and 49 51.
Clinical study/ 52. Case control study/ 53. Family study/ 54. Longitudinal study/ 55.
Retrospective study/ 56. Prospective study/ 57. Randomized controlled trials/ 58. 56 not 57 59.
Cohort analysis/ 60. (Cohort adj (study or studies)).tw. 61. (Case control adj (study or
studies)).tw. 62. (follow up adj (study or studies)).tw. 63. (observational adj (study or
studies)).tw. 64. (epidemiologic$ adj (study or studies)).tw. 65. (cross sectional adj (study or
studies)).tw. 66. 51 or 52 or 53 or 54 or 55 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 [obs
study SIGN hedge] 67. 20 and 66 68. exp Meta Analysis/ 69. ((meta adj analy$) or
metaanalysS).tw. 70. (systematic adj (reviewS$1 or overviewS1)).tw. 71. 68 or 69 or 70 72.
cochrane.ab. 73. embase.ab. 74. science citation index.ab. 75. web of science.ab. 76. scopus.ab.
77.72 or 73 or 74 or 75 or 76 78. reference lists.ab. 79. bibliograph$.ab. 80. hand-searchS.ab.
81. manual searchS.ab. 82. relevant journals.ab. 83. 78 or 79 or 80 or 81 or 82 84. data
extraction.ab. 85.selection criteria.ab. 86. 84 or 85 87. review.pt. 88. 86 and 87 89. letter.pt. 90.
editorial.pt. 91. animal/ 92. human/ 93. 91 not (91 and 92) 94. 89 or 90 or 91 or 93 95. 71 or 77
or 83 or 88 96. 95 not 94 [sr SIGN hedge] 97. 20 and 96 98. 50 or 67 99. 50 or 67 or 97

Scopus
1 TITLE-ABS ( malign* W/10 pleural)

2 TITLE-ABS ( indwell* W/10 catheter*)

3 ( TITLE-ABS ( malign* W/10 pleural)) AND (TITLE ABS ( indwell* W/10 catheter*))

4 TITLE-ABS ( chemical W/10 pleurodesis )

5 TITLE-ABS ( bleomycin OR tetracycline OR "povidone iodine" OR talc OR minocycline )
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6 ( TITLE-ABS ( bleomycin OR tetracycline OR "povidone

iodine" OR talc OR minocycline)) OR ( TITLE-ABS ( chemical W/10 pleurodesis ) )

7 ( TITLE-ABS ( malign* W/10 pleural)) AND (( TITLE-

ABS ( bleomycin OR tetracycline OR "povidone-

iodine" OR talc OR minocycline)) OR ( TITLE-ABS ( chemical W/10 pleurodesis ) ) )

8 ( ( TITLE-ABS ( malign* W/10 pleural)) AND ( ( TITLE-

ABS ( bleomycin OR tetracycline OR "povidone-

iodine" OR talc OR minocycline)) OR ( TITLE-

ABS ( chemical W/10 pleurodesis)))) OR (( TITLE-

ABS ( malign* W/10 pleural )) AND ( TITLE-ABS ( indwell* W/10 catheter*)))

9PMID (1* ) OR PMID (2*) OR PMID (3*) OR PMID (4*) OR PMID (5*) OR PMID ( 6*)
OR PMID(7*) OR PMID(8*) OR PMID (9*)

10 ( ( ( TITLE-ABS ( malign* W/10 pleural)) AND ( ( TITLE-

ABS ( bleomycin OR tetracycline OR "povidone-

iodine" OR talc OR minocycline)) OR ( TITLE-

ABS ( chemical W/10 pleurodesis)))) OR (( TITLE-

ABS ( malign* W/10 pleural )) AND ( TITLE-ABS ( indwell* W/10 catheter*)))) AND

NOT (PMID (1*) OR PMID (2*) OR PMID (3*) OR PMID (4*) OR PMID (5*) OR PMID (
6*) OR PMID (7*) OR PMID (8*) OR PMID (9*)) View Less

11 ( ( ( TITLE-ABS ( malign* W/10 pleural)) AND ( ( TITLE-

ABS ( bleomycin OR tetracycline OR "povidone-

iodine" OR talc OR minocycline)) OR ( TITLE-

ABS ( chemical W/10 pleurodesis)))) OR (( TITLE-

ABS ( malign* W/10 pleural )) AND ( TITLE-ABS ( indwell* W/10 catheter*)))) AND

NOT (PMID (1*) OR PMID (2*) OR PMID (3*) OR PMID (4*) OR PMID (5*) OR PMID (
6*) OR PMID (7*) OR PMID (8*) OR PMID (9*)) AND (LIMIT-

TO ( DOCTYPE, "ar") OR LIMIT-TO ( DOCTYPE, "re") OR LIMIT-TO ( DOCTYPE, "cp")) View
Less

Web of Science

1. TOPIC: ((malign* NEAR/10 pleural) )
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years

2. TOPIC: ((indwel* NEAR/10 catheter*) )
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years

3. #2AND#1
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years

4. TOPIC: ((chemical NEAR/10 pleurodesis) )
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years

5. TOPIC: ((bleomycin OR tetracycline OR "povidone-iodine" OR talc OR minocycline) )
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Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
6. #50R#4
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
7. #6 AND #1
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
8. #7OR#3
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
9. PMID=1* OR PMID=2* OR PMID=3* OR PMID=4* OR PMID=5* OR PMID=6* OR PMID=7#9
* OR PMID=8* OR PMID=9*
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR
EXPANDED, IC Timespan=All years
10. #8 NOT #9
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
11. #8 NOT #9
Refined by: DOCUMENT TYPES: ( MEETING ABSTRACT OR ARTICLE OR REVIEW OR
PROCEEDINGS PAPER )
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
12, #8 NOT #9
Refined by: DOCUMENT TYPES: ( REVIEW )
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years
13. #8 NOT #9
Refined by: DOCUMENT TYPES: ( MEETING ABSTRACT OR ARTICLE OR PROCEEDINGS
PAPER )
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years

Cochrane Library

1. malignant near/10 pleural
2. pleurodesis

3. indwell* near/10 catheter™
4. #2 or #3

5.#1 and #4
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Appendix 2: Risk of bias assessments by outcome included in meta-analysis

Immediate dyspnea

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Higher
Putnam 1999 PY Higher
Thomas 2017 PY Lower
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Serious
Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
Short-term dyspnea
Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Higher
Davies 2012 PY Lower
Putnam 1999 PY Lower
Thomas 2017 PY Lower
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious
Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
Medium-term dyspnea
Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Higher
Davies 2012 PY Lower
Putnam 1999 PY Higher
Thomas 2017 PY Higher
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Very serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
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Long-term dyspnea

Study Random Allocation Blinding Incomplete Selective Other Opverall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Higher
Davies 2012 PY Lower
Thomas 2017 PY Higher
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Immediate overall HRQoL

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Davies 2012 PY Lower
Olfert 2017
Thomas 2017 PY Lower
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Short-term overall HRQoL

Allocation
concealment

Study Random
sequence

Blinding Incomplete Selective Other Overall risk

outcome data reporting of bias

Davies 2012 PY Lower

Olfert 2017

Putnam 1999 PY Lower

Thomas 2017 PY Higher
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Medium-term overall HRQoL

Selective Other Overall risk
reporting of bias

Study Random Allocation
sequence concealment

Blinding Incomplete

outcome data

Davies 2012 PY Lower

Olfert 2017

Putnam 1999 PY Higher
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
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Long-term overall HRQoL

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Davies 2012 PY Higher
Olfert 2017
Thomas 2017 PY Higher
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Very serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.

DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Patient-reported pain

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Davies 2012 PY Lower
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious
Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
Immediate treatment satisfaction
Study Cohort Assessment Outcome not Matching or Assessment Assessment Adequate Similar co- Overall
selection of exposure present at adjustment for of prognostic of outcome follow-up interventions risk of
start prognostic factors bias
variables
PY PY PY PY Lower
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Not
serious
Assessed using the McMaster CLARITY instrument for assessing risk of bias in cohort studies.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely N
Short-term treatment satisfaction
Study Cohort Assessment Outcome not Matching or Assessment Assessment Adequate Similar co- Overall
selection of exposure present at adjustment for of prognostic of outcome follow-up interventions risk of
start prognostic factors bias
variables
Walker PY PY PY PY Lower
2016
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Not
serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in cohort studies.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely N
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Need for repeat pleural interventions

Study Random Allocation Blinding Incomplete Selective Other Opverall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Lower
Davies 2012 PY Lower
Putnam 1999 PY Lower
Thomas 2017 PY Lower

Overall concern for risk of bias for outcome (Not serious, serious, very serious)

Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.

DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Overall complications

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Davies 2012 PY Lower
Putnam 1999 PY Lower
Thomas 2017 PY Lower
Opverall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.

DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Infectious complications

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Lower
Davies 2012 PY Lower
Putnam 1999 PY Lower
Thomas 2017 PY Lower

Opverall concern for risk of bias for outcome (Not serious, serious, very serious)

Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.

DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
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Serious complications

Study Random Allocation Blinding Incomplete Selective Other Opverall risk
sequence concealment outcome data reporting of bias
Boshuizen 2017 PY Lower
Davies 2012 PY Lower
Demmy 2012 PY Lower
Thomas 2017 PY Lower
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Tumour Seeding

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Davies 2012 PY Lower
Putnam 1999 PY Lower
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Length of stay - initial admission

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias
Davies 2012 PY Lower
Thomas 2017 PY Lower
Overall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’

Length of stay — total days in hospital (including readmission)

Study Random Allocation Blinding Incomplete Selective Other Overall risk
sequence concealment outcome data reporting of bias

Thomas 2017 PY Lower

Overall concern for risk of bias for outcome (Not serious, serious, very serious) Not serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.
DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
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Length of stay - effusion related days in hospital

Selective
reporting

Study Random Allocation Blinding
sequence concealment

Incomplete
outcome data

Davies 2012

Thomas 2017

Overall concern for risk of bias for outcome (Not serious, serious, very serious)

Other Overall risk
of bias
PY Higher
PY Lower
Serious

Assessed using the McMaster CLARITY instrument for assessing risk of bias in randomized controlled trials.

DY = ‘Definitely Yes’, PY = ‘Probably Yes’, PN = ‘Probably No’, DN = ‘Definitely No’
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Appendix 3: Subgroup analysis (talc vs. doxycycline)

Mean Mean difference Mean difference
QOutcome Talc Doxycycline | difference [95%CI] Talc o . Test for interaction
units [95%CI] doxycycline
Immediate dyspnea | Boshuizen 2017 | Putnam VASD 4.24 [-4.36, 12.84] 0.00 [-7.53, 7.53] Chi?=0.53,df=1(P=0.47)
Thomas 2017 1999 1=0% 2=0%
Short-term dyspnea | Boshuizen 2017 | Putnam VASD 4.06 [-4.38, 12.50] 12.00 [0.96, 23.04] Chi2=1.25,df=1 (P =0.26)
Davies 2012 1999 =0% 2=20.3%
Thomas 2017
Medium-term Boshuizen 2017 | Putnam VASD 2.10[-10.95, 15.15] 9.00[-3.70, 21.70] Chi?2=0.55,df =1 (P =0.46)
dyspnea Davies 2012 1999 1*=47% P=0%
Thomas 2017
Short-term HRQoL | *Olfert 2017 Putnam EQS5SD3L -0.02 [-0.09, 0.06] 0.00[-0.11, 0.11] Chi?=0.08,df=1 (P =0.78)
Thomas 2017 1999 ’=0% 2=0%
Medium-term *Olfert 2017 Putnam EQS5SD3L -0.05 [-0.15, 0.06] -0.02 [-0.14, 0.10] Chi?=0.11,df=1 (P=0.74)
HRQoL 1999 2=0%
Relative risk [95%CI] | Relative risk [95%CI]
Talc doxycycline
Need for repeat Boshuizen 2017 | Putnam - 0.33[0.18, 0.60] 0.23[0.04, 1.20] Chi2=0.16,df=1 (P =0.69)
pleural intervention | Davies 2012 1999 *=7% P=0%
Thomas 2017
Overall Davies 2012 Putnam - 1.88[0.77, 4.56] 4.23[2.26,7.92] Chi2=2.15,df=1 (P=0.14)
complications Thomas 2017 1999 *=76% 2=53.4%
Infectious Boshuizen 2017 | Putnam - 3.76 [1.18, 11.97] 6.95[0.41, 118.95] Chi2=0.15,df=1 (P =0.70)
complications Davies 2012 1999 1=22% 2=0%
Thomas 2017
Tumour seeding Davies 2012 Putnam - 0.02 [-0.03, 0.07] 0.03 [-0.02, 0.08] Chi2=0.14,df=1 (P =0.71)
1999 12=0%

* Olfert 2017 is a study presenting unpublished overall HRQoL data from the Davies et al. 2012 RCT.
df: Degrees of freedom, EQ5D3L: European Quality of Life Group 5-Dimension 3-Level, HRQoL: health related quality of life, LOS: Length of stay, VASD:

100mm visual analogue scale for dyspnea
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Appendix 4: Subgroup analysis (regularly scheduled IPC drainage vs. as needed IPC drainage)

Symptqm Excluded (i.e. no Mean o Mean difference Mean difference
Outcome SChe.duled based drainage described difference [95%CI] regu.larly scheduled [95%CI] as needed Test for interaction
drainage only . drainage A
protocol) units drainage
Immediate Dyspnea Putnam 1999 Thomas 2017 Boshuizen 2017 VASD 0.00 [-7.53,7.53] 5.20 [-14.04, 24.44] Chi?=0.24,df=1 (P =0.62)
I?=0%
Short-term Dyspnea Davies 2012 Thomas 2017 Boshuizen 2017 VASD 9.47[1.56, 17.37] 2.50 [-16.02,21.02] Chi?=0.46, df=1 (P =0.50)
Putnam 1999 ’=0% P=0%
Medium-term Davies 2012 Thomas 2017 Boshuizen 2017 VASD 8.94[0.80, 17.08] -11.88 [-30.10, 6.35] Chi*=4.18,df=1 (P =0.04)
Dyspnea Putnam 1999 ’=0% 2=76.1%
Long-term Dyspnea Davies 2012 Thomas 2017 Boshuizen 2017 VASD 14.00 [2.80, 25.20] -10.40 [-30.51,9.71] Chi2=4.32,df=1(P=0.04)
12=76.8%
Immediate overall *Olfert 2017 Thomas 2017 Boshuizen 2017 EQ5D3L 0.03 [-0.06, 0.12] 0.03 [-0.10, 0.16] Chi?=0.00,df=1 (P =0.97)
HRQoL 2=0%
Short-term overall *Olfert 2017 Thomas 2017 - EQ5D3L -0.01 [-0.08, 0.06] -0.01 [-0.14, 0.12] Chi?=0.00,df=1 (P =0.97)
HRQoL Putnam 1999 =0% P =0%
Long-term overall *Olfert 2017 Thomas 2017 - EQ5D3L -0.11 [-0.28, 0.05] -0.02 [-0.17,0.13] Chi>=0.70, df =1 (P = 0.40)
HRQoL I2=0%
LOS — initial Davies 2012 Thomas 2017 - Days -3.67 [-4.56, -2.78] -2.00 [-2.25, -1.75] Chi2=12.51,df=1 (P =
admission 0.0004)
12=92.0%
LOS — effusion Davies 2012 Thomas 2017 - Days -3.50 [-4.75, -2.25] -1.60 [-2.82, -0.38] Chi2=4.54,df=1(P=
related days 0.03),
12=78.0%
Relative risk [95%CI] regular Relative risk [95%CI] as
drainage needed drainage
Need for repeat Davies 2012 Thomas 2017 Boshuizen 2017 - 0.25[0.09, 0.65] 0.18 [0.06, 0.60] Chi2=0.14, df=1 (P=0.70)
pleural intervention Putnam 1999 ’=0% 2=0%
Overall complications | Davies 2012 Thomas 2017 - - 3.74[2.31, 6.08] 1.270.82, 1.96] Chi2=10.62,df=1(P=
Putnam 1999 ’=0% 0.001)
12=90.6%
Serious complications | Davies 2012 Thomas 2017 Boshuizen 2017 - 2.23[1.02, 4.88] 0.32[0.03, 3.04] Chiz=2.53,df=1 (P =0.11)
Demmy 2012 ’=0% > =60.5%
Infectious Davies 2012 Thomas 2017 Boshuizen 2017 - 1.72[0.94, 3.12] 0.32[0.03, 3.04] Chiz=1.98,df=1 (P =0.16)
complications Putnam 1999 P=0% 12 =49.6%

*Olfert 2017 is a study presenting unpublished overall HRQoL data from the Davies et al. 2012 RCT.
df: Degrees of freedom, EQ5D3L: European Quality of Life Group 5-Dimension 3-Level, HRQoL: health related quality of life, LOS: Length of stay, VASD: 100mm visual analogue scale for dyspnea
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Appendix 5: Sensitivity analysis (higher/lower risk of bias studies)

Mean

Mean difference

Outcome L;:g;e?gB ngsl:lf;il;OB diffen:ence Mea[g Sq,}ffé;f nee exﬁg«i;zfulgiger Test for interaction
units [95%CTI]
Immediate dyspnea | Thomas Boshuizen VASD 1.84 [-3.82 to 7.51] 5.20 [-14.04, 24 .44] Chi2=0.13,df=1 (P =0.72)
2017 2017 =0% 2=0%
Putnam 1999
Short-term dyspnea | Davies 2012 | Boshuizen VASD 6.99 [0.28, 13.69] 8.39[1.12, 15.66] Chi2=0.96,df=1 (P =0.33)
Putnam 2017 >=0% =0%] 2=0%
1999
Thomas
2017
Medium-term Davies 2012 | Boshuizen VASD 4.78 [-3.95, 13.51] 8.90[-1.70, 19.50] Chi2=0.68,df=1 (P=0.41)
dyspnea 2017 1=28%)] P=0%
Putnam 1999
Thomas 2017
Long-term dyspnea | Davies 2012 | Boshuizen VASD 2.71 [-14.18, 19.60] 14.00 [2.80, 25.20] Chi?=4.54,df=1 (P =0.03)
2017 1=58%] 2="78.0%
Thomas 2017
Short-term overall *Olfert 2017 | Thomas 2017 | EQSD3L | -0.01 [-0.07, 0.05] -0.01 [-0.08, 0.06] Chi?=0.00,df=1 (P=0.97)
HRQoL Putnam 1’=0% 1’=0% 2= 0%
1999
Medium-term *Olfert 2017 | Putnam 1999 | EQSD3L | -0.04 [-0.11, 0.04] -0.05 [-0.15, 0.06] Chi2=0.11,df=1 (P =10.74)
overall HRQoL >=0% 2=0%
Effusion related Thomas Davies 2012 Days -2.55[-4.41, -0.68] -1.60 [-2.82, -0.38] Chi2=4.54,df=1 (P =0.03)
days in hospital 2017 1=78% 2="78.0%

*Qlfert 2017 is a study presenting unpublished overall HRQoL data from the Davies et al. 2012 RCT.

** Risk of bias assessed at the outcome level

df: Degrees of freedom, EQ5D3L: European Quality of Life Group 5-Dimension 3-Level, HRQoL: health related quality of life, ROB: risk of bias, VASD: 100mm

visual analogue scale for dyspnea




