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Summary at a glance

Inflammation, as evidenced by a greater rise in C-reactive protein levels, is associated with
pleurodesis success but there is no association between success and degree of pain after
pleurodesis. Patients with mesothelioma are more likely to experience pleurodesis failure but the

mechanisms for this are unclear.



Abstract

Background

Chemical pleurodesis is undertaken for patients with a malignant pleural effusion with a published
success rate of around 80%. It has been postulated that inflammation is key in achieving successful
pleural symphysis, as evidenced by higher amounts of pain or detected inflammatory response.
Patients with mesothelioma are postulated to have a lower rate of successful pleurodesis due to lack

of normal pleural tissue enabling an inflammatory response.

Methods

The TIMEZ1 trial dataset, in which pleurodesis success and pain were co-primary outcome measures,
was used to address a number of these assumptions. Pain score, systemic inflammatory parameters
as a marker of pleural inflammation and cancer type were analysed in relation to pleurodesis

success.

Results

285 patients were included with an overall success rate of 84.1%. There was a significantly higher
rise in C-Reactive Protein (CRP) in the Pleurodesis Success group compared with the Pleurodesis
Failure group (mean difference 19.2, 95% Cl of the difference 6.2 to 32.0, p=0.004) but no significant
change in White Cell Count. There was no significant difference in pain scores or analgesia
requirements between the groups. Patients with mesothelioma had a lower rate of pleurodesis

success than non-mesothelioma patients (73.3% versus 84.9%, y>=5.1, p=0.023).

Conclusion
Change in CRP during pleurodesis is associated with successful pleurodesis but higher levels of pain

are not associated. Mesothelioma appears less likely to successfully pleurodese than other



malignancies, but there is still a significant rise in systemic inflammatory markers. The mechanisms

of these findings are unclear but warrants further investigation.



Introduction

Malignant pleural effusion (MPE) is a common complication of advanced malignancy, has a poor
prognosis and a significant impact on quality of life (1). Historically, the most common treatment and
the one with the largest evidence base is chemical pleurodesis using sterile talc, although in recent
years indwelling pleural catheters have become more popular. A meta-analysis of 18 studies which
used sterile talc for pleurodesis reported success rates between 76% and 82% (2). Talc pleurodesis
often requires hospitalisation for up to a week, and for patients in whom this intervention fails,

further (inpatient and ambulatory care) procedures are needed.

Inflammation is thought to be a key factor in achieving a successful pleurodesis. Talc is known to
cause inflammation and it is thought that the intra-pleural inflammatory response is key to achieving
pleural symphysis (3) by the production of adhesions after inflammation. It has been theorised that
pain is associated with pleurodesis success (as this signifies pleural inflammation) but there is little
evidence to support this. A study of tetracycline pleurodesis showed the opposite in a small number
of patients (4). Patients undergoing pleurodesis experience varying degrees of pain related to the

procedure, but the reasons for this are unclear.

Case series suggest that MPE associated with mesothelioma has lower rates of pleurodesis success
in comparison with MPE from other pleural malignancy (6). Several explanations have been

suggested, including the prevalence of unexpandable lung and increased intra-thoracic tumour bulk,
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which potentially reduces the residual “normal” pleural surface area thought to be necessary for
pleurodesis (3). Normal mesothelial cells are involved in the activation of inflammatory pathways
leading to fibrin formation and adhesions which result in pleural symphysis. Animal studies
demonstrate that intrapleural instillation of talc causes inflammation which leads to pleurodesis (7,

8); thus, when there is little remaining normal pleural tissue, rates of successful pleurodesis may



theoretically be reduced. A study which used a scoring system to assess the degree of pleural
involvement showed that higher tumour burden was negatively correlated with pleurodesis success,

as was type of tumour (9).

This study therefore aimed to explore the hypothesis that inflammation, as signified by pain and a
rise in systemic inflammatory markers, is related to pleurodesis success, and that mesothelioma
related MPE is associated with higher pleurodesis failure , using prospectively collected data from

the TIME1 trial (10).



Methods

Data set

This retrospective analysis is based on data from the prospectively collected TIME1 trial data. All
study participants provided written informed consent for the randomised controlled trial and
approval was given to use the deidentified dataset for further analysis. The TIME1 trial (10) enrolled
320 patients with MPE who underwent talc pleurodesis (either at thoracoscopy, or with talc slurry
after insertion of an intercostal chest drain). Patients were randomised to either receive a 24F or 12F
chest drain and either opiate or non-steroidal anti-inflammatory medication (NSAIDs) ina 2 x 2
factorial design, with primary outcomes being pleurodesis success at three months and pain.
Analysis was performed using the group as a whole as the analgesia arms were concluded to have
similar efficacy, and while there was a small difference in pain scores between the 12F and 24F chest
drains this did not meet the criteria for clinical significance (13). Important results were also re-

analysed in the thoracoscopy and non-thoracoscopy arms separately to assess validity of any results.

Enrolled patients required a clinically confident diagnosis of a malignant pleural effusion, and
exclusions included lymphoma, small cell lung cancer, increased risk of bleeding, and sensitivity to
opiates / NSAIDs. Full inclusion and exclusion criteria are available in the published manuscript (10).
Pain was measured with a validated tool (100mm Visual Analogue Score: VAS), and pleurodesis
failure was defined on pre-hoc objective criteria (radiological recurrence requiring further pleural

intervention) (10-12).

Outcomes and variables

The primary outcomes of pleurodesis success was defined as no requirement for further pleural
intervention on the ipsilateral side for breathlessness in the three months after pleurodesis (10), and
objective scoring of chest x-rays in cases where intervention was not appropriate. Variables with

potential association with pleurodesis success were investigated using this dataset.



Potential factors associated with pleurodesis were tested using data described below; with all

definitions established prior to analysis:

1. Changes in systemic inflammatory markers (C-reactive protein (CRP) and white cell count
(WCC), measured on the day of pleurodesis (Day 0) and one day after (Day 1)).

2. Changes in pain score (measured at baseline and four times per day, using 100mm VAS). The
average of the available data for each 24-hour period was used, with scores used over the
first 48-hour period only, as inflammation from pleurodesis is likely to have occurred over
that time period.

3. Underlying malignancy (mesothelioma versus other pathological cancer types; those without

a definite oncological diagnosis were excluded from the mesothelioma analysis)

Statistical Analysis

Data were assessed for normality, with normally distributed data analysed using t tests and non-
normally distributed data analysed using the Mann Whitney U test. For normally distributed data,
outliers (>3 Standard Deviations: SD from the mean) were excluded. Proportional data was analysed
using the %2 test where sufficient events occurred. For normally distributed paired data a paired t
test was used, for non-normally distributed data a Wilcoxon signed rank test was used. Missing data

was not imputed.



Results

Data quality

Of 320 patients enrolled, data quality was insufficient in two patients. Outcomes concerning
pleurodesis were not available for 21 patients. Seventeen patients, all in the non-thoracoscopy arm,
did not receive talc which due to drain displacement or re-siting (n=6). All of these patients
(pleurodesis outcome not available, pleurodesis not conducted) were excluded, with the analysis

therefore performed in a total of 285 patients. (Table 1).

Pleurodesis Success

Overall pleurodesis success rate at three months was 232/285 = 81.4%. The pleurodesis success rate
was 33/42 = 78.6% in the 12F group and 199/243 = 81.9% in the 24F group. Patients were
categorised either as having successful pleurodesis (Pleurodesis Success group) or failed pleurodesis

(Pleurodesis Failure group).

Inflammatory Parameters
Three patients with outlying results were excluded (one from CRP and two from WCC analysis).
Changes in WCC and CRP were normally distributed, but baseline values for each group were non-

normally distributed.

There was no significant difference in baseline WCC between Pleurodesis Success and Pleurodesis
Failure groups. The WCC significantly increased in response to pleurodesis (comparing Day 0 with
Day 1) in both Pleurodesis Success and Failure groups (p<0.001 for both groups, Mann Whitney)
(Table 2). The mean WCC change was higher in the Pleurodesis Success group (2.35x10%/L, SD 2.94,
95% Cl 1.92 to 2.78) than in the Pleurodesis Failure group (1.79x10°/L, SD 2.44, 95% CI 1.00 to 2.58),
with a mean difference of 0.56, but this did not reach statistical significance (95% Cl of the difference

-0.33 to 1.45, p=0.214).
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There was no significant difference in baseline CRP between Pleurodesis Success and Failure groups.
The CRP significantly increased from Day 0 to Day 1 in both the Pleurodesis Success and Failure
groups (p<0.001 for both groups, Mann Whitney) (Table 2). Mean CRP change was higher in the
Pleurodesis Success group (46.2mg/L, SD 48.3, 95% Cl 38.5 to 53.9) than in the Pleurodesis Failure
group (27.1mg/L, SD 32.5, 95% Cl 16.5 to 37.6) (mean difference 19.2, 95% Cl of the difference 6.2 to
32.0, p=0.004) (Figure 1). The mean CRP change was higher in the Pleurodesis Success group in both
the thoracoscopy and non-thoracoscopy arms but only maintained statistical significance in the

thoracoscopy arm (Table 3).

Incremental cut-offs of CRP rise were explored to assess potential association with pleurodesis
success. Using a CRP rise of >30mg/L, 84.7% of patients in the Pleurodesis Success group met this

criterion compared with 72% in the Pleurodesis Failure group (x2=4.62, 1df, p=0.032).

Pain
The median VAS score at baseline was 3.8mm (IQR 1.0 to 11.8). The median of the average VAS
scores over the first 24 hours for the entire cohort was 23.4mm (IQR 8.8 to 37.8mm) and between

24 - 48 hours was 14.4mm (IQR 4.8 to 28.5mm).

The average VAS score over the first 24 hours was 23.6mm (IQR 9.9 to 40.1) for the Pleurodesis
Success group and 21.4mm (IQR 5.8 to 36.5mm) for the Pleurodesis Failure group (p=0.42). Over the
subsequent 24 hours, median VAS was 14.5mm (IQR 4.7 to 26.7mm) for the Pleurodesis Success
group and 14.2mm (IQR 5.2 to 31.2mm) for the Pleurodesis Failure group (p=0.91). Median change
in VAS between baseline and the first 24 hours after pleurodesis was lower in the Pleurodesis

Success group (11.7mm, IQR 1.3 to 25.2mm) than in the Pleurodesis Failure group (13.5mm (0.3 to

11



24.9mm), but this was not statistically significant (p=0.65). There was no significant difference when

the VAS scores were analysed in the thoracoscopy and non-thoracoscopy arms separately (Table 4).

The majority of patients did not require any additional doses of analgesia, in addition to the regular
analgesia prescribed, in either the Pleurodesis Success or Failure groups: median additional doses

=0, IQR 0 to 1 for both groups (p=0.32).

Mesothelioma

Patients with mesothelioma had significantly lower overall pleurodesis success rates than non-
mesothelioma (73.3% versus 84.9%, x2 = 5.1, 1df, p=0.023). However, unexpandable lung was more
common in those with mesothelioma (19.5%) compared with those with non-mesothelioma (12.9%),
although this did not reach statistical significance (y?=1.84, 1df, p=0.18). When patients with
unexpandable lung were excluded from analysis (38 with trapped lung, 28 with no data), 87 patients
with mesothelioma and 139 non-mesothelioma remained; in these patients there was a non-
significant difference in rates of pleurodesis success in mesothelioma patients (74.7%) compared

with those with other types of cancer (84.9%), x*=3.60, 1df, p=0.058.

Despite a lower pleurodesis success rate in patients with mesothelioma, the degree of systemic
inflammation in response to talc was higher than that seen in those with non-mesothelioma causes
(CRP change in those with mesothelioma 58.9mg/L, SD 42.6, 95% Cl 49.2 to 68.6, versus 26.8mg/L,
SD 43.9, 95% Cl 17.9 to 35.7 in those with non-mesothelioma related MPE. Mean difference in CRP

32.1 mg/L, 95% Cl of the difference 19.1 to 45.2, p<0.001).

12



Discussion

This analysis supports the hypothesis that higher levels of systemic inflammation, using serum CRP
as a marker, are related to pleurodesis success in patients with MPE not due to mesothelioma.
Patients with MPE caused by mesothelioma appear less likely to achieve successful pleurodesis,
despite evidence of higher systemic inflammatory response to talc. There is no evidence to support

the dictum that higher levels of pain are associated with pleurodesis success.

The effect of Inflammation

An assumption has been made that serum CRP levels are a representative assessment of
inflammation within the pleural space. Although we demonstrated a statistically significant
difference in the change in CRP between the groups, there was no specific cut off which could be
used to predict pleurodesis success or was clinically applicable. The change did not remain significant
in the non-thoracoscopy arm but this was a much smaller group and it is also important to note that
there was already a difference in CRP levels before pleurodesis was attempted which could
represent inflammation which had been caused by the prior chest tube insertion. Likewise, there
was no signal from baseline values which aids the clinician in decision-making regarding whether to
attempt pleurodesis or pursue other treatment options. However, these data support the premise
that increased (systemic) inflammation is associated with higher pleurodesis success, and there may
be specific localised immune responses associated with pleurodesis success. This hypothesis requires
specific assessment in the pleural space and may have implications for the use of steroids during
pleurodesis. It is noteworthy that the TIME1 trial clearly demonstrated that NSAIDs have no effect

on pleurodesis success used in the short term.

VAS pain scores
This analysis verifies the clinical observation that pleurodesis causes significant pain, as the

established minimal clinically significant threshold of 13mm for the VAS pain score (13) was reached
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between enrolment and 24 hours post pleurodesis. Baseline and average VAS scores over 24 hours
in the success and failure groups were similar, demonstrating that the clinical assumption that
higher levels of pain predict pleurodesis success is not accurate. The pain scores were higher in the
thoracoscopy arm but these patients underwent drain insertion and pleurodesis in the same
procedure whereas there was an interval between the two in the non-thoracoscopy arm, so direct
comparison would not be accurate. In the original TIME1 analysis there was no difference between
the groups with regards to the effectiveness of NSAIDs versus opiates, and thus an assumption has

been made that the baseline analgesic effects between the groups were equivalent.

Mesothelioma

The rates of successful pleurodesis in mesothelioma patients was significantly lower than that seen
in other malignancies. There were higher rates of unexpandable lung in those with mesothelioma,
but this did not reach statistical significance, likely due to small numbers. Rates of unexpandable
lung of between 22% (14) and 41% have been reported (15) in small series of less than 200 patients
in total, and a high proportion of these were due to mesothelioma. The rates of unexpandable lung
in those with mesothelioma in this study are likely to underestimate the true prevalence, as patients
with known unexpandable lung would not be offered pleurodesis. When patients with unexpandable
lung were excluded from the pleurodesis analysis there was no longer a significant difference

between the groups, but again this may be due to the sample size.

Evidence to support the hypothesis that reduced inflammation due to the reduced surface area of
normal pleura in patients with mesothelioma was not evident in our study (3). Rates of
inflammation, using change in CRP as a surrogate marker, were in fact higher in patients with MPE
associated with mesothelioma than in those with other cancers, despite a lower rate of pleurodesis
success. This is an interesting finding and we postulate that this may be due to a more intense

inflammatory process on talc administration in those with mesothelioma, but that additionally there
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is insufficient remaining normal visceral pleural surface to permit pleural symphysis. The precise
relationship between intensity of initial pleural inflammatory response and final pleural symphysis

requires further study.

Conclusions

This study suggests those patients with a greater inflammatory response, as signified by rise in CRP,
are more likely to have a successful pleurodesis. This information is unlikely to change clinical
decision making but could provide a focus for further translational research, which has already
started being undertaken in this area (16). Despite good background analgesia, pleurodesis causes
significant pain, although the degree of pain does not appear to affect pleurodesis success. When
new pleurodesis agents are developed, those which promote inflammation without causing pain will
have a clear utility in management of MPE. Patients with MPE due to mesothelioma appear to
behave differently in response to pleurodesis compared with those with MPE from other types of

pleural cancer and should be counselled as such when discussing therapeutic options.
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Table 1: Baseline characteristics according to pleurodesis outcome.

All (n=285) Pleurodesis | Pleurodesis Significance
success Failure
(n=232) (n=53)
Age, years 72 72 73 p=0.57 (Mann Whitney)
(64.5-79.5) (64 —79) (65-80)
Male, n (%) 184 145 39 x2 = 2.3, 1df,
(64.6%) (62.5%) (73.6%) p=0.13
Thoracoscopy, 196 162 34 %2 = 0.60, 1df,
n (%) (68.8%) (69.8%) (64.2%) p=0.42
24F drain, 243 199 44 %2 =0.26, 1df,
n (%) (85.3%) (85.8%) (83.0%) p=0.61
Unexpandable 38 (14.8%) 26 (12.3%) 12 (26.1%) %2 = 5.68, 1df,
lung, n (%) n=257 n=211 n=46 p=0.017

Data for continuous variables is presented as median (IQR) and for discrete variables as frequency

(%).
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Table 2: Inflammatory markers according to pleurodesis outcome.

n Pleurodesis Success Pleurodesis Failure P Value
WCC, (10°/L), Day 0 259 8.20 (6.68 — 10.10) 8.43 (7.34 - 10.90) 0.28
WCC, (10°/L), Day 1 233 10.43 (8.45-13.49) | 11.01(8.81-12.65) 0.75
CRP, (mg/mL), Day 0 223 34.0 (13.0-83.0) 38.0(11.0-79.0) 0.80
CRP, (mg/mL), Day 1 219 95.0 (58.3-136.0) 77.0 (48.5-107.5) 0.065

Data are presented as median (IQR).
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Table 3. CRP values (mg/mL) according to pleurodesis outcome

n Pleurodesis Success Pleurodesis Failure P Value
Thoracoscopy arm, Day 0 | 148 25.5 (7.0 - 56.25) 27.5(8.5-79.0) 0.62
Thoracoscopy arm, Day 1 | 152 98.0 (64.0 —135.0) 74.5 (51.0 - 107.75) 0.10
Thoracoscopy arm, 129 61.75 (44.53) 33.67 (29.75) <0.001
Change
Non-thoracoscopy arm 75 57.0(22.75-141.75) 48.0 (19.5-103.0) 0.33
Day 0
Non-thoracoscopy arm 67 87.5 (53.5-149.25) 79.0 (41.5-107.5) 0.41
Day 1
Non-thoracoscopy arm 63 15.1(39.9) 12.17 (34.6) 0.80
Change

Data are presented as median (IQR) for Day 0 and Day 1 statistics and mean (SD) for CRP Change.

Day 0 represents the day pleurodesis was undertaken.
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Table 4. 100mm VAS scores in Thoracoscopy and Non-thoracoscopy arms

n Pleurodesis Success Pleurodesis Failure P Value
Thoracoscopy arm, 185 3.0(1.0-10.15) 3.5(1.08 - 7.38) 0.81
Baseline
Thoracoscopy arm, Day 1 | 188 | 25.92 (12.69 —41.44) 21.5(11.0-36.5) 0.45
post-pleurodesis
Thoracoscopy arm, 181 17.01 (23.74) 14.12 (22.47) 0.52
Change from baseline
Non- thoracoscopy arm 87 5.65 (2.0 - 16.05) 8.5(1.5-13.0) 0.98
Baseline
Non- thoracoscopy arm 72 14.31 (5.81-32.20) | 15.54 (3.52-36.64) 0.83
Day 1 post-pleurodesis
Non- thoracoscopy arm, 71 8.98 (23.57) 6.19 (25.56) 0.70
Change from baseline

VAS scores presented as average from the number of values recorded over 24 hours. Presented as
median (IQR) for Baseline and Day 1 post pleurodesis and mean (SD) for Change from baseline.
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Figures

Figure 1: Mean change in CRP Comparing Pleurodesis Success and Pleurodesis Failure groups.
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