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Profile of soluble factors in pleural effusions
predict prognosis in mesothelioma
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Abstract.
BACKGROUND: Pleural mesothelioma is a deadly asbestos induced cancer. Less than 10% of mesothelioma patients survive
5 years post diagnosis. However survival can range from a few months to a number of years. Accurate prediction of survival is
important for patients to plan for their remaining life, and for clinicians to determine appropriate therapy. One unusual feature of
mesothelioma is that patients frequently present with tumor-associated pleural effusions early in the course of the disease.
OBJECTIVE: To study whether cells and molecules present in pleural effusions provide prognostic information for mesothelioma.
METHODS: We profiled the cellular constituents and concentrations of 40 cytokines, chemokines and cellular factors (collectively
“soluble factors”) involved in inflammatory and immune signalling pathways in pleural effusion samples from 50 mesothelioma
patients.
Associations with survival were evaluated by Cox proportional hazards regression methods. Results for the two soluble factors
most significantly and independently associated with survival were validated in an independent set of samples (n = 51) using a
separate assay system.
RESULTS: Survival analysis revealed that IL8, IL2Ra (CD25) and PF4 were independent determinants of a more negative
prognosis in mesothelioma patients, independent of other known prognostic factors. Lipocalin2 and IL4 were associated with
better prognosis.
CONCLUSIONS: This study demonstrates that pleural effusions rich in a range of soluble factors are associated with poor
prognosis. These findings will enhance our ability to prognosticate outcomes in mesothelioma patients.
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1. Introduction

Pleural mesothelioma is a deadly cancer, commonly
associated with previous exposure to asbestos [1,2].
These patients have a poor prognosis, with unselected
large series revealing median survivals between 7 and
11 months [3,4]. However, there is a wide range in
survival time with 5 to 10% of the cohort surviving
for 5 years [5]. An accurate prediction of survival is
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needed to enable patients and clinicians to decide on
treatment, and to plan and prioritise in the setting of
an incurable cancer. General prognostic indicators that
have been published include age, sex, histology, and
performance status, with refinements accounting for
weight loss, haemoglobin and albumin levels also being
reported [6]. However, these are indirect measurements,
so we sought to determine if analysis of aspects of the
tumor biology and the immunological response to the
tumour is reflected in the tumor-associated fluid and if
these could add extra valuable information.

Typically tumor cells secrete a complex milieu of
growth factors, cytokines and chemokines, some of
which are pro-tumorogenic [7–9]. In mesothelioma,
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over 80% of cases are associated with a pleural effusion
that bathes the tumor [10]. The composition of this fluid
is very variable in terms of both the quantity and type
of cells present, and the soluble factors and cytokines
present. We have shown that different pleural effusions
have variable effects in vitro on tumour growth and
response to chemotherapy [11] and thus we reasoned
that a more detailed analysis of the soluble and cellu-
lar composition of pleural effusions might provide a
window of understanding into differences in survival
between mesothelioma patients.

Our previous report suggests that factors in effusions
including vascular endothelial growth factor (VEGF),
interleukin (IL) – 6, IL-8, IL-10, tumor necrosis factor-
α (TNFα) and interferon-gamma (IFNδ) as well as
leukocyte numbers are relatively constant over time in
an individual, although gradually increasing concentra-
tions of monocyte chemotactic protein (MCP-1) have
been noted [12]. These results suggest that effusion cy-
tokine and cellularity measures may reliably reflect the
underlying disease process in individual mesothelioma
patients.

Previous studies have suggested that some pleural
effusion biomarkers are associated with prognosis, in-
cluding fibulin-3 [13–15] and hyaluronic acid [16],
however none of these have been comprehensively val-
idated or cross-evaluated in individuals.

In this study we undertook an evaluation of the cellu-
lar constituents as well as the cytokine and chemokine
composition using a multiplexed assay of a compre-
hensive panel of soluble factors and then determined if
these were associated with prognosis.

2. Materials and methods

2.1. Experimental subjects

Consecutive patients attending a specialist referral
centre for mesothelioma were invited to participate in
the NCARD Biobanking program. Patients with a con-
firmed pathological diagnosis of mesothelioma and a
pleural effusion sample larger than 100 mL and with
more than 5 × 106 total cells, that was available prior to
treatment or pleurodesis were included in the discovery
set. The validation cohort was chosen, independently, at
a later time-point from the Biobank using the simplified
selection criteria of confirmed pathological diagnosis of
mesothelioma and a pleural effusion sample available
prior to treatment or pleurodesis. Validation samples
were selected randomly using the RAND function in

excel. Demographic and clinical data were collected
including age, gender, weight loss, performance status,
blood biochemistry, tumour histology, smoking history,
treatment and survival. This study was approved by Sir
Charles Gairdner and Osborne Park Hospitals Human
Research Ethics Committee and all participants pro-
vided written informed consent and conformed with
the Code of Ethics of the World Medical Association
(Declaration of Helsinki) [17].

2.2. Pleural effusion samples

Pleural effusions were collected in sterile contain-
ers following pleural aspiration or drainage. Samples
were transferred immediately at ambient temperature
to the laboratory and centrifuged at 1000 g for 10 min.
The supernatant was transferred to −80◦C for stor-
age until later analysis and counts were performed on
effusion cell pellets by haemocytometer. Cell com-
position was determined from a visual review of cy-
tospin slides stained with Rapid Stain (Amber Scien-
tific). Cells were classified as mesothelial, macrophage,
lymphocyte, neutrophil, eosinophil or other by trained
observers, with a total of 400 cells per sample counted.

2.3. Cytokine, chemokine and cellular factors analysis

Concentrations of soluble factors were determined
using a Quantibody R© Human Immune Response Assay
(RayBiotech, Norcross GA), which measured a panel
of 40 cytokines, chemokines and cellular factors in-
volved in inflammatory and immune signalling path-
ways. Pleural effusion supernatant was diluted 1:2 and
assayed in quadruplicate, along with serial standards,
buffer controls and in-house human control plasma sam-
ples. Concentrations were determined from standard
curves run in parallel and values reported as pg/mL.
Values for concentrations reported to be below the sen-
sitivity limit of detection were imputed for statistical
comparisons using a Missing at Random (MAR) pat-
tern [18], implemented using a fully conditional spec-
ification Markov Chain Monte Carlo (MCMC) multi-
ple imputation method in the SPSS statistical program
(IBM Corp., Armonk, NY, ver 24).

2.4. Enzyme-linked immunosorbent assays (ELISAs)

Mesothelin is the only clinically approved biomarker
for mesothelioma. Mesothelin concentrations were de-
termined using the MESOMARK kit (Fujirebio Diag-
nostics, Malvern PA) following the manufacturer’s in-
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Table 1
Differences in the characteristics and treatment of patients in the discovery and validation
cohorts

Characteristic Discovery (n = 50) Validation (n = 51) P valuea

Median age (IQR) 71 (56–88) 70 (30–94) 0.25
Sex (male:female) 42:8 40:11 0.612
Median survival (95%CI) 22.1 (16.98–27.22) 12.53 (7.37–17.70) 0.003
Histology 0.389

Epithelioid 35 35
Biphasic 1 4
Sarcomatoid 4 3
NOS 10 7

ECOG 0.417
0–1 40 41
2–3 10 6
ND 0 4

Effusion management 0.543
IPC 32 29
Pleurodesis 18 22

Smoking 0.623
Current 4 4
Ex 25 18
Never 18 25
Unknown 1 1

Treatmentb 0.234
1st Line 23 30
2nd Line 16 11
3rd Line+ 15 8
Radiotherapy 15 6
Resection 1 0
BSC 16 18

aP -value between groups: For continuous variables Mann-Whitney U test applied; for
categorical groups Fischer’s exact test used and for survival analyses the log rank test
applied following the the Kaplan Meier method. bFor treatment groups the p value is
applied only to the proportion of cases undergoing first line chemotherapy treatment.
Abbreviations: NOS – not otherwise specified; ECOG – The Eastern Cooperative Group
Performance Status; ND – not determined; IPC – interpleural catheter; BSC – best
supportive care.

structions. A mesothelin value > 20 nM was consid-
ered positive for mesothelioma [19]. IL8 was measured
using the human CXCL8/IL8 ELISA DuoSet R© ELISA
Development kit (R&D systems, Minneapolis MN),
with a sensitivity of 31 pg/ml and PF4 was measured
using the human PF-4 ELISA (Thermo Scientific, Fred-
erick, MD), with a sensitivity of 20 pg/ml, following
the manufacturers’ protocols.

2.5. Statistical analysis

Unless otherwise stated data is presented as median
and the interquartile (IQ) range. Patient survival was
calculated from the time of sample collection. For hier-
archical clustering and survival analysis soluble factor
levels were log (10) transformed and normalised. Sur-
vival analysis was performed using the Kaplan Meier
product limit estimator, where difference in survival
of categorical variables were assessed using a log-rank

test, and using the Cox proportional hazards regression
methods where hazard ratios (HR) are presented with
95% confidence intervals of a 1 SD difference in the
variable. The Cox regression results were also adjusted
by sex, prognostic risk group [6] and age as a continu-
ous variable. For multivariate analysis a forward step-
wise multiple Cox regression analysis was used with
a probability of F to enter (pIN) value of 0.05 unless
otherwise stated. Due to the high dimensionality of the
data set, a more stringent pIN value of 0.0003, (deter-
mined from the sample size and number of variables
being tested [20]), was used in a separate multivariate
analysis in order to identify a sparser set of the most
strongly associated variables. Group comparisons were
made using the Student’s t test, using an adjustment
for non-normality if indicated by a significant Levene’s
test for equality of variances. Receiver Operator Curve
(ROC) analysis was performed with two survival groups
determined based on the lower 95% confidence interval
for median mesothelioma survival time in Australia [21]
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Table 2
Association of potential prognostic variables with survival in the discovery cohort

Univariate HR
(95% CI)a P value

Cytokine adjusted HR
(95% CI)b P value

Cytokine cluster group
adjusted HR (95% CI)c P value

Age 1.023 (0.988–1.060) 0.200 1.057 (1.006–1.110) 0.028 1.027 (0.990–1.066) 0.152
Sex (female vs male) 2.535 (1.082–5.937) 0.032 1.479 (0.560–3.907) 0.430 3.173 (1.281–7.861) 0.013
PE mesothelin (SD change) 1.145 (0.845–1.609) 0.434 1.122 (0.784–1.683) 0.579 1.025 (0.725–1.449) 0.888
Histology (sarc/bi vs epi) 2.268 (0.782–6.574) 0.132 1.405 (0.405–4.875) 0.592 3.212 (1.062–9.713) 0.039
ECOG status (vs 0)

1 1.125 (0.560–2.260) 0.741 1.172 (0.527–2.607) 0.698 1.143 (0.561–2.327) 0.713
2 1.654 (0.471–5.809) 0.433 1.727 (0.465–6.415) 0.415 2.523 (0.695–9.167) 0.160
3 3.721 (1.476–9.382) 0.005 2.619 (0.830–8.267) 0.101 5.945 (2.226–15.881) 0.001

Chemotherapy (Y vs N) 0.433 (0.231–0.809) 0.009 0.261 (0.120–0.564) 0.001 0.270 (0.130–0.558) < 0.001
Immune cells (Hi vs Lo)

% lymphocytes 0.704 (0.356–1.392) 0.313 0.731 (0.344–1.552) 0.441 0.698 (0.342–1.423) 0.322
% macrophages 0.699 (0.355–1.377) 0.301 0.690 (0.313–1.519) 0.357 0.665 (0.338–1.310) 0.238
% neutrophils 1.651 (0.8885–3.080) 0.113 1.499 (0.744–3.020) 0.257 1.293 (0.596–2.805) 0.515
NLR 1.516 (0.714–3.221) 0.279 1.665 (0.688–4.030) 0.258 1.585 (0.840–2.990) 0.155

aHazard ratios determined by univariate analysis. bHazard ratios determined after adjustment for pleural effusion cytokines that were shown to be
independently associated with survival (IL8, IL2Ra, PF4, Lipocalin2, IL4) (see Text). c Hazard ratios determined after adjustment for the cluster
analysis determined group (see Fig. 2). Abbreviations: PE – pleural effusion; NLR – neutrophil to lymphocyte ratio.

(i.e. (survival < 9 and survival > 9 months). A differ-
ence was considered to be statistically significant if the
associated p-value was less than 0.05. Survival analysis,
group comparisons and ROC analysis were performed
using IBM SPSS statistics. Hierarchical clustering was
performed using hclust and heatmaps were produced
using ggplot2 [22] in the R statistical package [23].

3. Results

3.1. Patient characteristics

The 50 individuals with pleural mesothelioma in the
discovery cohort were predominantly male, approxi-
mately 70 years old at diagnosis, with good perfor-
mance status. The tumours were of predominantly ep-
ithelioid histology. In this cohort effusions were pre-
dominately managed with indwelling pleural catheters.
This was an observational study and patients received a
range of treatments, including novel clinical trial agents.
Of the 50 individuals, 23 received chemotherapy of
some form. Patients undergoing active treatment re-
ceived standard pemetrexed/platinum combination in
the first line, and generally vinorelbine as a second line
chemotherapy (Table 1).

A similar number of samples were studied from in-
dividuals in an independent validation cohort (Table 1).
There was no difference between the discovery and
validation groups in terms of age, gender distribution,
tumour histology, performance status, effusion man-
agement, smoking status and treatment received. De-
spite random selection, as a group patients in the vali-

dation cohort had a significantly poorer prognosis than
those in the discovery cohort (median survival 12.53
(7.37–17.70) versus 22.1 (16.98–27.22) months (p =
0.003), respectively (Table 1) highlighting the need for
prognostic markers in this disease. Prognosis within the
discovery cohort was significantly associated with sex,
performance status and treatment in univariate analysis
(Table 2). Patients who received chemotherapy, subse-
quent to the pleural fluid sample collection, had signif-
icantly better prognosis (HR = 0.433 (0.231–0.809);
p = 0.009) compared to those who did not.

3.2. Cell counts

In the discovery cohort there was considerable inter-
patient variability in the cellular composition of the
pleural effusion samples. As a percentage of total cells,
lymphocytes on average comprised approximately a
third of total cell counts (27% (34)), however there was
a wide range in values from 1 to 94%. Effusions had on
average 10.5 (22.5)% mesothelial and/or mesothelioma
cells. Samples could be segregated by the presence of a
predominant cell type with 24% of samples being pre-
dominately (i.e. > 50%) lymphocytic and 30% being
comprised predominately of macrophages. There were
two samples that had > 50% neutrophils; post hoc re-
view of clinical records provided no indication of infec-
tion at this time for these patients (Fig. 1). No significant
association was observed for groups dichotomised on
percentage of lymphocytes, macrophages or neutrophils
with survival in univariate analysis (Table 2; column 2),
although the HR for the association of each with prog-
nosis was positive for lymphocytes and macrophages
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Fig. 1. Cellular composition of pleural effusions, determined from a cell count of approximately 400 cells.

Fig. 2. Heatmap of cytokine, chemokines and soluble factor results, clustered into groups using hierarchical clustering. Rows are standard deviation
normalized cytokine values, columns are individual pleural effusion samples. Red (negative) and green (positive) row labels indicate cytokines that
were identified as being independently associated with prognosis in multivariate Cox regression survival analysis.
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Table 3
Concentrations of pleural effusion soluble factors and their association with survival as determined
by Cox regression univariate analysis

Factor Median (IQ range) pg/ml HR per SD increase (95% CI) P value
Discovery using Quantikine Multiplex Assay system
CD14 10864.8 (1524.2) 0.967 (0.715–1.309) 0.806
CD40 998.8 (226.7) 1.761 (1.195–2.596) 0.004
CD163 36234.5 (18511.8) 0.716 (0.807–1.367) 0.716
CRP 12703.7 (3581.5) 0.997 (0.719–1.384) 0.987
E-SELECTIN 4858.9 (1645.6) 1.242 (0.921–1.675) 0.156
FAS 534.0 (745.0) 1.352 (1.00–1.828) 0.050
FAS-L 140.5 (75.8) 1.119 (0.821–1.750) 0.347
G-CSF 11.3 (23.9) 1.189 (0.888–1.591) 0.244
ICAM-1 102589.0 (149201.0) 1.055 (0.773–1.440) 0.736
IL1a 45.5 (13.8) 1.320 (0.978–1.781) 0.069
IL1b 12.6 (9.9) 1.941 (1.388–2.715) < 0.001
IL2 92.6 (31.8) 1.601 (1.185–2.163) 0.002
IL2-Ra 479.3 (186.9) 1.664 (1.16–2.387) 0.006
IL4 39.5 (13.4) 1.561 (1.099–2.216) 0.013
IL6 3596.4 (1594.7) 1.425 (0.968–2.099) 0.073
IL8 84.8 (121.2) 1.877 (1.352–2.607) < 0.001
IL10 125.5 (52.9) 0.931 (0.707–1.226) 0.612
IL12-p70 16.5 (7.3) 1.486 (1.046–2.111) 0.027
IL13 25.4 (5.4) 1.534 (1.138–2.069) 0.005
IL18 411.5 (617.7) 1.134 (0.849–1.516) 0.395
LIPOCALIN-2 5372.4 (1695.5) 0.921 (0.688–1.233) 0.581
MCP-1 2090.3 (2604.9) 1.475 (1.046–2.080) 0.027
MCP-2 42.7 (114.4) 1.272 (0.899–1.801) 0.174
MIF 4987.5 (3116.1) 1.315 (0.951–1.818) 0.098
MIP-1a 756.3 (1023.8) 1.447 (1.049–1.996) 0.024
MIP-1b 125.7 (189.2) 0.969 (0.659–1.425) 0.874
OPN 56944.3 (45651.9) 0.943 (0.696–1.278) 0.704
PAI-1 59368.9 (26951.9) 1.309 (0.945–1.813) 0.106
PF4 15316.6 (21646.6) 2.056 (1.426–2.965) < 0.001
PROCALCITONIN 798.2 (257.3) 1.066 (0.782–1.453) 0.688
RAGE 9614.5 (8635.9) 0.778 (0.570–1.062) 0.114
RESISTIN 1325.9 (499.5) 1.612 (1.159–2.243) 0.005
ST2 22.1 (18.8) 1.144 (0.814–1.606) 0.439
THROMBOMODULIN 11011.4 (41453.8) 1.501 (1.117–2.015) 0.007
TNFα 835.9 (184.4) 1.527 (1.186–1.966) 0.001
TREM-1 1119.2 (450.9) 1.249 (0.963–1.619) 0.094
TROPONIN-1 1190.7 (365.8) 1.103 (0.761–1.599) 0.605
UPAR 43928.6 (21326.7) 1.676 (1.216–2.309) 0.002
VCAM-1 232606.8 (80647.8) 1.140 (0.876–1.484) 0.330
VEGF 1567.0 (2526.9) 2.081 (1.375–3.184) 0.001
Validation using single ELISA
IL8 399.4 (1445.2) 1.625 (1.066–2.477) 0.024
PF4 4311.9 (7714.5) 1.850 (1.267–2.701) 0.001

and negative for neutrophils when analysed as a contin-
uous variable.

3.3. Cytokine, chemokine and soluble factor
concentrations

The majority of the 40 molecules measured in the
pleural effusions of the discovery cohort were measured
in the linear range of the assay for all 50 samples; note,
0.25% (i.e. 5/2000) were below the limit of detection
of the assay and 0.35% (7/2000) were above the up-

per limit of the assay (Table 3). Values below the limit
of detection were imputed as described under Meth-
ods. Univariate analysis demonstrated that 14 of the
40 molecules (35%) were significantly associated with
survival. For each of these 14 molecules, an increasing
value was associated with a poorer prognosis (Table 3).
Given the known interrelationships between cytokines
and chemokines, multivariate analysis was performed.
Five molecules had an independent association with
survival; increasing concentrations of IL8, IL2Ra and
PF4 were independently associated with a poorer prog-
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Table 4
Pleural effusion soluble factors independently associated with prognosis using multivariate
forward stepwise analysis Cox Proportional Hazards Regression

Soluble factor HR in discovery cohort P value HR in validation cohort P value
IL8 2.688 (1.690–4.273) < 0.001 1.501 (0.988–2.279) 0.057
IL2Ra 2.223 (1.275–3.877) 0.005 ND
PF4 1.936 (1.311–2.859) 0.001 1.687 (1.157–2.461) 0.007
Lipocalin2 0.419 (0.275–0.640) < 0.001 ND
IL4 0.615 (0.395–0.956) 0.031 ND

Abbreviation: ND – not determined.

Fig. 3. Kaplan-Meier plot of the association of cytokine cluster group
with prognosis. Log-rank test χ2 = 11.41, p = 0.003. Vertical marks
are censored time points.

nosis and increasing concentrations of lipocalin-2 and
IL4 were associated with a more favourable prognosis
(Table 4). Of particular note, IL4 was significantly as-
sociated in univariate analysis in the opposite direction
with a poorer prognosis, indicating that its relationship
with prognosis is strongly confounded by its correla-
tion with other factors. Using a more stringent anal-
ysis (pIN value of 0.0003), IL8 was the only pleural
effusion cytokine that was significantly associated with
prognosis.

3.4. Cluster analysis

Hierarchical cluster analysis (of normalized log(10)
transformed values for expression levels in pleural effu-
sions) revealed three major clusters (Fig. 2), with patient
cluster 1 (consisting of 11 patients) having an overall
higher concentration of pleural effusion soluble factors
than cluster 2 (17 patients) or cluster 3 (22 patients). In

the second dimension soluble factors partitioned into
two major cluster groups; soluble factor group 1 (top,
Fig. 2) and soluble factor group 2 (bottom, Fig. 2). The
five soluble factors independently associated with prog-
nosis were distributed throughout the clusters (Fig. 2 –
PF4, IL8 and IL2RA, indicated in red; lipocalin-2 and
IL4, indicated in green).

Patients in cluster 1 had a strikingly poorer prognosis
than either cluster 2 or cluster 3 patients (HR = 3.549
(1.557–8.089); p < 0.001 Fig. 3). Notably, only one of
the 11 cluster 1 patients had a tumour with sarcomatoid
histology, therefore sarcomatoid histology was not over
represented in this cluster (1 sarcomatoid patient, χ2 =
0.654, p = 0.721). Histology (epithelioid or sarcoma-
toid/biphasic), which was not a significant prognostic
indicator in univariate analysis, achieved statistical sig-
nificance in a multivariate Cox regression analysis after
adjustment for patient cluster group (Table 2, column
6), emphasising the importance of high soluble factor
levels in determining survival in this cohort of patients.

Post-hoc analysis of soluble factor concentrations
between individuals who survived less than 12 months
(n = 18) versus those that survived greater than
24 months (n = 8) confirmed that IL8 (136 (137) vs
55 pg/ml (61), p = 0.007) and PF4 (35443 (56943) vs
15505 pg/ml (15623), p = 0.005) concentrations were
higher in the short term survival group, as was TNFα
(878 (305) vs 818 pg/ml (110), p = 0.01).

3.5. Association between soluble factor levels and cell
composition

When the association between soluble factor levels
and the broad cellular composition of the effusion was
examined IL4 was the strongest predictor of cellular
composition, being positively associated with lympho-
cytes and negatively associated with neutrophils (Ta-
ble 5). The neutrophil to lymphocyte ratio (NLR) in the
effusion was also strongly negatively predicted by IL4.

Several other factors were associated with cellular
composition. MCP1 and VCAM were positive predic-
tors and uPAR, Fas and CD40 were significant nega-
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Table 5
Association of pleural effusion cellular composition and soluble factor concentrations
with pleural effusion cellular composition determined using multiple regression analysis
on normalized values

Component Cytokine Beta coefficient P value Adjusted R2

% lymphocytes IL4 0.561 < 0.001
uPAR −0.490 < 0.001
MCP1 0.417 < 0.001
Fas −0.400 < 0.001
cd40 −0.321 0.009
VCAM 0.217 0.033 0.618

% macrophages CRP 0.352 0.007
PF4 −0.301 0.020
MIP1b −0.271 0.034 0.269

% neutrophils IL4 −0.576 < 0.001
IL6 0.500 < 0.001
IL1a 0.394 0.001
RAGE −0.334 0.001
IL10 −0.293 0.005 0.571

NLR IL4 −0.732 < 0.001
RAGE −0.456 < 0.001
Thrombomodulin 0.400 0.003
Procalcitonin 0.301 0.016 0.506

tive predictors of pleural effusion lymphocyte frequen-
cies. For pleural effusion neutrophils, in addition to IL4,
IL6 and IL1a, were significant positive predictors and
RAGE and IL10 were negative predictors. Pleural ef-
fusion macrophages were positively predicted by CRP
and negatively predicted by PF4 and MIP1b. The NLR
was negatively predicted by RAGE in addition to IL4
and positively predicted by thrombomodulin and pro-
calcitonin. Notably, IL8 levels were not significantly
associated with cell composition.

3.6. Validation study

To determine if the observation in the discovery co-
hort that pleural effusion concentrations of IL8 and PF4
were independent prognostic predictors, an independent
set of randomly selected pleural effusion samples was
then studied and levels of these factors were measured
using stand-alone ELISA kits. There were quantitative
differences in concentrations of IL8 and PF4 for the
samples when measured by the multiplex assay and by
ELISA. Median IL8 levels were 85 (121) pg/ml in the
multiplex assay and 399 (1445) pg/ml by ELISA (Ta-
ble 3). However, there was a strong correlation between
PF4 (r = 0.900, p = 0.037) and IL8 (r = 0.903, p <
0.001) for samples measured on both platforms.

Using the ELISA generated data, PF4 concentrations
were more strongly associated with prognosis (HR (per
SD increase) 1.850 (1.267–2.701), p = 0.001)) than IL8
concentrations (HR (per SD increase) 1.625 (1.066–
2.477, p = 0.024)) in the discovery cohort (Table 3).
The independent association of the two factors with

prognosis was evident but less pronounced in the valida-
tion cohort when the two factors were adjusted for each
other in the Cox regression analysis (IL8 HR = 1.501
(per SD increase) (0.988–2.279); p = 0.057: PF4 (per
SD increase) HR = 1.687 (1.157–2.461); p = 0.007).
Therefore, the validation study examining IL8 and PF4
concentrations determined using stand-alone ELISA
assays confirmed the prognostic association of these
factors that was originally observed in the discovery
cohort using a Quantikine multiplex assay.

ROC analysis confirmed that IL8 and PF4 were pre-
dictive of survival with area under the curve (AUC)
values of 0.712 (0.543–0.881, p = 0.019) and 0.756
(0.600–0.912, p = 0.005), respectively. Both IL8 and
PF4 displayed similar specificity versus sensitivity char-
acteristics (Fig. 4).

4. Discussion

The key finding in this study is that mesothelioma
patients with high concentrations of a range of soluble
factors in the pleural effusion have a relatively poor
prognosis which is independent of other potential prog-
nostic factors, including histology. Three soluble fac-
tors that most closely and independently correlated with
a negative prognosis were IL8, IL2Ra (CD25) and PF4,
whilst lipocalin2 and IL4 were associated with an im-
proved prognosis. Importantly, results for IL8 and PF4
were validated in an independent sample set and using
a different assay system.

Pleural effusions are tumor-associated fluids that
commonly occur in mesothelioma. They are routinely
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Fig. 4. ROC analysis for pleural effusion IL8 and PF4 concentra-
tions in predicting prognosis in the validation cohort (survival <
9 months compared to survival > 9 months). AUC for IL8 = 0.712
(0.543–0.881, p = 0.019); AUC for PF4 = 0.756 (0.600–0.912, p =
0.005).

drained for diagnostic purposes and for patient symp-
tom relief. They represent an ideal opportunity to sam-
ple the immune and inflammatory environment asso-
ciated with the early stages of the disease – few other
cancers offer this opportunity. This study shows that
prognostic value can be derived from studies of pleural
effusion samples through the measurement of factors
using a simple ELISA assay. Given the poor prognosis
and relatively short timeframe for provision of treat-
ment, additional prognostic information independent of
patient age, sex and tumour histology would be useful
for clinical decision making. This paper demonstrates
that this is indeed the case.

Previously, IL8 serum concentrations and tissue ex-
pression have been associated with negative progno-
sis in a range of tumour types including breast can-
cer [24–26], hepatocellular carcinoma [27,28] and oth-
ers. Also, PF4 has been reported to be a negative prog-
nostic factor in pancreatic adenocarcinoma [29] and
lung cancer [30]. Neither IL8 nor PF4 have previously
been associated with prognosis in mesothelioma. As
they are relatively easy to assay, measurement of these
factors provides an opportunity for clinicians to gain
extra useful information early in the course of the dis-
ease.

This study does not reveal the reason for the associa-
tion of pleural effusion concentrations with prognosis.
It may be related to the known effects of cytokines on
tumour growth; epithelial-to-mesenchymal transition

(EMT); chemoresistance or on their direct effects on
immune cells. Further studies to elucidate these mech-
anisms may help provide clues to new therapeutic ap-
proaches.

The factor most strongly associated with negative
prognosis in this study, IL8 (CXCL8), is a well-known
cytokine which has been shown to induce EMT in ep-
ithelial [31] and breast cancers [32]. It has also been
demonstrated that there is a direct causal association
of IL8 with mesothelioma tumour growth and migra-
tion [9]. Of particular interest is the finding that IL8
producing tumours, including mesothelioma, induced
the migration of Foxp3+ CD4 T regulatory cells present
in PMBCs through a IL8 mediated migration, suggest-
ing that this may contribute to tumour escape from the
immune system [33], with a consequent negative effect
on prognosis. PF4 (CXCL4), a secreted chemokine re-
leased from activated platelets [34] has been reported to
decrease T cell proliferation and IFN-γ release, which
are associated with down-regulation of IL2 release from
T cells, as well as decreasing mononuclear cell pro-
liferation [35]. Therefore PF4, like IL8, is a potential
negative regulator of anti-tumour immune activity.

The third independent negative prognostic cytokine
was IL2Ra (CD25), which is the alpha chain component
of the IL2 receptor and its soluble form is the result
of extracellular proteolysis associated with mononu-
clear cell activation. High serum levels are a feature
of a range of autoimmune diseases, lymphomas and
leukaemia [36]. Soluble IL2Ra has been reported to be
a potential decoy receptor for IL2 and soluble IL2Ra
release by T regulatory cells may therefore have an anti
T cell response [37]. This is supported by the finding
that IL2 can ameliorate CD8+ T cell exhaustion in lung
cancer pleural effusions [38].

Despite the overall poorer outcome of patients with
a high pleural effusion cytokine composition, two cy-
tokines were associated with an improved prognosis;
lipocalin2 and IL4. This effect was seen even after ad-
justment for all other factors measured in the multi-
variate analysis. Lipocalin 2 is a neutrophil secreted
innate immune protein that has roles in inflammation
and iron homeostasis [39]. Its role in cancer is varied
with both tumourigenic and anti-tumourogenic effects
being reported [39]. Pleural effusion IL4 was associated
with a more positive prognosis and was also associ-
ated with a greater lymphocyte and a smaller neutrophil
cellularity. IL4 is produced by activated T cells, so its
significant association with a positive outcome is likely
to be the result of a more robust anti-tumour immune
response. However, the IL4 association with progno-
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sis is weak and is confounded by its correlation with
other cytokines that have a negative association with
prognosis.

Pleural effusion cytokines, chemokines and cellular
factors may also influence the immune cell composition
of the pleural effusion as the result of the chemokine
effects of many of these [40], which in turn may be
associated with prognosis. The strong positive asso-
ciation of CRP with the percent macrophage cellular
pleural effusion content indicates that the predominant
macrophage type in mesothelioma pleural effusion is
the pro-inflammatory M1 type [41], rather than the tu-
mour associated M2 macrophage. PF4 had a signifi-
cant negative association with the percent macrophage
cellular pleural effusion content, which is of some in-
terest as PF4 has been reported to specifically stimu-
late CXCL4 induced macrophages that are associated
with atherosclerosis [42] and suggests that PF4 actively
inhibits the pro-inflammatory M1 subtype.

In conclusion, this study demonstrates that a pleural
effusion enriched in cytokines, chemokines and sol-
uble factors is associated with a poor prognosis in-
dependent of other prognostic factors. These factors
present in pleural fluid are likely to be associated with
enhanced tumour growth, EMT and chemoresistance
and are therefore potential therapeutic targets. Mea-
surement of pleural fluid IL8, PF4, IL2Ra, lipocalin2
and IL4 will add valuable prognostic information in
mesothelioma in addition to those that are already used.
Confirmation studies are now required to be done in
order to further evaluate their use as biomarkers and to
determine optimum threshold values for their clinical
use.
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