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ABSTRACT
Background  Malignant pleural effusion (MPE) is common, 
affecting approximately 15% of patients with cancer. 
Over recent years, there have been significant changes 
in both the diagnostic and therapeutic strategies for the 
condition, and recent epidemiological studies have shown 
improvements in survival across most major cancer types. 
However, it is currently unclear whether there has been an 
increase in survival in patients with MPE.
Methods  Medical records of patients diagnosed with MPE 
between 2015 and 2023 at Oxford University Hospitals 
were retrospectively reviewed. Patients were split into 
groups of equal size based on the date of MPE diagnosis 
and Kaplan-Meier survival analyses were performed. 
Subgroup analyses were conducted in patients with MPE 
by causative cancer type, performance status at diagnosis 
and treatment with systemic anti-cancer therapy. Cox 
regression analyses were carried out using the individual 
year of MPE diagnosis as an included variable.
Results  742 patients with MPE were included. There was 
no improvement in survival length in patients managed in 
more recent years. This was consistent across effusions 
secondary to any primary malignancy; effusion secondary 
to lung cancer, mesothelioma or breast cancer; in patients 
with better performance status; and in patients who 
received systemic anti-cancer therapy.
Conclusions  Despite recent changes in the management 
of MPE and improving survival trends in cancer overall, 
survival time following the development of MPE appears 
to have remained stagnant over the 8-year time period 
under study. This suggests that MPE should potentially 
be considered as a discrete clinical entity, necessitating 
investigation of oncological therapies specifically targeted 
to the pleural space.

INTRODUCTION
Malignant pleural effusion (MPE) describes 
excess fluid in the pleural space accompanied 
by cancer cells and can result from either 
primary pleural malignancy or extrapleural 
malignancy with pleural metastases.1 As 
almost any advanced malignancy can invade 
the pleura and cause effusion,2 MPE is a 
common clinical condition with an estimated 
incidence of one million individuals per year 

globally,3 and, given the growing rate of new 
cancer diagnoses, it is anticipated that this 
will continue to increase.4 5

The presence of MPE indicates poor prog-
nosis, with median survival time typically 
quoted as 3–12 months.6 However, while the 
focus of treatment in MPE remains primarily 
palliative, over recent years there have been 
significant changes in its management, with 
moves to streamline diagnostic pathways 
and several well-designed randomised clin-
ical trials altering recommended therapeutic 
strategies.7 8 Furthermore, a number of 
recent epidemiological studies have shown 
improvements in mortality rates across most 
major cancer types4 9 10; this has included 
the common causative malignancies of MPE, 
such as lung cancer, mesothelioma and breast 
cancer.4 These improvements reflect success 
in cancer prevention strategies, improved 
diagnostic tests and more effective treat-
ment options,4 9 an important example 
of which has been the implementation of 
immunotherapeutic agents across a range 
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of malignancies.11 12 In non-small cell lung cancer, for 
instance, immune checkpoint inhibitors have become 
widely integrated into standard treatment pathways, 
following numerous clinical trials demonstrating benefit 
in terms of patient quality of life, progression-free survival 
and overall survival.13 14

However, it is currently unclear whether these advances 
in the management of MPE and its underlying causative 
malignancies have led to improvement in the survival 
time of MPE patients. We hypothesised that MPE survival 
would have improved. Therefore, we retrospectively 
investigated the survival length of patients diagnosed 
with MPE at Oxford University Hospitals NHS Founda-
tion Trust (OUH) between 2015 and 2023, to assess for 
changes in survival over this time period. In addition, we 
calculated the number of new MPE diagnoses per year, to 
review for local changes in disease incidence.

METHODS
Participants and eligibility
Identification of patients with MPE was undertaken 
through retrospective analysis of the Oxford Pleural 
Database. This represents a comprehensive record of all 
patients discussed at the OUH pleural multidisciplinary 
team (MDT) meeting since July 2015 (n=2568). The OUH 
pleural MDT is a weekly meeting in which all patients 
managed by the pleural team at OUH are discussed 
on a case-by-case basis. Established referral pathways to 
the OUH pleural team have been in place since 2015 
for patients with pleural diseases presenting locally to: 
primary care, medical/surgical specialties, radiology and 
oncology teams. All patients with symptomatic pleural 
effusions or pleural effusions requiring intervention for 
diagnosis are referred to the OUH pleural team and will 
therefore be recorded on the Oxford Pleural Database.

For the current study, patients reviewed at the OUH 
pleural MDT between July 2015 and October 2023 with 
a final diagnosis of MPE had their electronic medical 
records screened. Patients were only excluded in the 
presence of key missing data, specifically insufficient 
baseline information to determine date of MPE diagnosis 
or insufficient follow-up information regarding length of 
survival. Patients were included in the absence of confir-
matory pleural fluid cytology or pleural histopathology if 
a diagnosis of MPE was made following discussion with 
expert pleural clinicians at the MDT. In these cases, the 
diagnosis was based on radiological and clinical features, 
such as a large effusion with radiological characteristics 
suggestive of malignancy in the presence of known meta-
static cancer.

Data collection
Data were collected from the electronic patient records 
of identified individuals at least 6 months after their MPE 
diagnosis date, to allow meaningful data on survival to 
be assessed. Data collected included age, gender, date of 
MPE diagnosis, date of underlying primary malignancy 

diagnosis, date of death (if applicable), type of systemic 
anti-cancer therapy (SACT) received, and parameters 
required for calculation of the LENT15 and clinical 
PROMISE16 prognostic scores. Survival was calculated 
as time from MPE diagnosis to date of death. Patients 
were censored at the time of data collection or loss to 
follow-up.

Statistical analysis
Descriptive statistics were expressed as frequency 
(percentages) for categorical variables, and median 
(IQR) for continuous variables. To investigate changes 
in survival length over time, patients were split into 
three time period groups of equal size based on the 
date of MPE diagnosis (group 1: July 2015–October 
2018; group 2: October 2018–April 2021; group 3: April 
2021–October 2023) and Kaplan-Meier analyses with 
log-rank (Mantel-Cox) tests performed. Cox regression 
analyses using the individual year of MPE diagnosis as 
an included variable were conducted. Cox models were 
performed with diagnosis year treated as both a fixed 
effect and a random effect, to adjust for random bias 
from the year of diagnosis. As a sensitivity analysis, Cox 
models were conducted including only patients with 
confirmatory cytology or histopathology. Subgroup anal-
yses were performed in patients with MPE by causative 
cancer subtype (ie, lung cancer, mesothelioma or breast 
cancer, as the most common underlying malignancies), 
by performance status (ie, Eastern Cooperative Oncology 
Group Performance Status 0–2 vs 3–4) at MPE diagnosis, 
and by treatment with SACT. The time from primary 
cancer diagnosis to MPE development was assessed to 
review for evidence of change over time. For this anal-
ysis, mesothelioma patients were excluded, based on the 
expectation that the majority of these patients would 
have received their oncological diagnosis through inves-
tigation for pleural abnormality. All statistical tests were 
two-sided, and a p<0.05 was considered statistically signif-
icant. Missing data were handled through complete-
case analysis only for all tests. Statistical analyses were 
performed using IBM SPSS Statistics (V.29.0.1.0) and R 
(V.4.5.1).17

Patient and public involvement
Patients and members of the public were not involved in 
the design or conduct of the study.

RESULTS
Cohort demographics and clinical characteristics
From the 2568 patients in the Oxford Pleural Database, a 
total of 781 patients with MPE were identified. Of these, 
39 (5.0%) had either inadequate baseline or follow-up 
information and were excluded. In the remaining 742 
patients, the median age at MPE diagnosis was 72 years 
(IQR 64–80) and median overall survival from MPE diag-
nosis was 150 days (IQR 55–473) (table 1). Lung cancer 
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was the most common underlying malignancy (28.8%), 
followed by mesothelioma (20.5%) and breast cancer 
(16.6%). In the majority of included patients the diag-
nosis was confirmed through cytology and/or histopa-
thology (n=661, 89.1%). The remaining patients were 

diagnosed with MPE based on radiological and clinical 
features following discussion at MDT. At the time of anal-
ysis, 650 (87.6%) of the included patients had died.

Local incidence of MPE
Changes in the local incidence of MPE over time were 
estimated through the number of patients on the 
Oxford Pleural Database diagnosed with MPE per year. 
This demonstrated a steady rise over the period of time 
assessed (online supplemental figure 1), with a 53.6% 
increase in the number diagnosed in 2022 (n=106) 
compared with 2016 (n=69). For comparison, the 
number of patients on the Oxford Pleural Database with 
a diagnosis of heart failure-related effusion or pleural 
infection was calculated, which showed no such increase 
(44 in 2016 compared with 39 in 2022).

Changes in MPE survival length over time
To investigate for changes in survival length over time, 
patients were divided into three groups of equal size 
based on date of MPE diagnosis (group 1: July 2015–
October 2018; group 2: October 2018–April 2021; group 
3: April 2021–October 2023). Kaplan-Meier analysis 
demonstrated similar median survival times between 
the three groups (157, 138 and 151 days for groups 1–3, 
respectively), and log-rank (Mantel-Cox) tests showed no 
significant differences. Kaplan-Meier survival curves are 
shown in figure 1.

Univariable Cox regression analyses showed that 
year of MPE diagnosis was not significantly associated 
with survival time (p=0.71) (table  2). LENT score, 
PROMISE score, age and sex were significantly asso-
ciated with survival in univariable Cox models. In a 
multivariable model adjusted for age, sex and LENT 
score, year of diagnosis was not significantly associated 
with survival (p=0.56) (table 2). Sex and LENT score 
maintained significant associations with survival. The 
PROMISE score was excluded from the final multi-
variable model due to collinearity with the LENT 
score and the greater amount of missing data. A sensi-
tivity analysis was performed with the PROMISE score 
included rather than LENT, in which year of diagnosis 
again showed no significant association with survival. 
Excluding patients without confirmatory pleural fluid 
cytology or pleural histopathology for diagnosis did 
not impact the association between year of diagnosis 
and survival in univariable (HR 1.01, p=0.57) or multi-
variable (HR 1.03, p=0.16) Cox analysis.

A mixed-effects Cox model was performed 
including year of diagnosis as a random effect. The 
estimated variance of the random effect was negli-
gible (1.56×10⁻⁵), suggesting minimal variability 
in survival attributable to year of diagnosis after 
adjusting for LENT score, age and sex. In this model, 
both LENT score (HR 1.70, p<0.0001) and sex (HR 
1.34, p=0.0005) remained significantly associated 

Table 1  Patient demographics and clinical characteristics

Characteristic N (%) or Median (IQR)

Age 72 (64–80)

Sex

 � Female 371 (50.0)

 � Male 371 (50.0)

Survival from MPE diagnosis (days) 150 (55–473)

Primary cancer

 � Lung 214 (28.8)

  �  Adenocarcinoma 170

  �  Small cell 21

  �  Squamous cell 15

  �  Unspecified 8

 � Mesothelioma 152 (20.5)

  �  Epithelioid 105

  �  Biphasic 25

  �  Sarcomatoid 17

  �  Unspecified 5

 � Breast 123 (16.6)

 � Gynaecological 71 (9.6)

 � Upper GI 67 (9.0)

 � Haematological 33 (4.4)

 � Lower GI 15 (2.0)

 � Renal 14 (1.9)

 � Sarcoma 14 (1.9)

ECOG PS

 � 0 121 (16.3)

 � 1 289 (38.9)

 � 2 172 (23.2)

 � 3–4 149 (20.1)

 � Not recorded 11 (1.5)

LENT Category

 � Low 114 (15.4)

 � Moderate 429 (57.8)

 � High 133 (17.9)

 � Unable to calculate 66 (8.9)

PROMISE category

 � A 256 (34.5)

 � B 186 (25.1)

 � C 151 (20.4)

 � D 21 (2.8)

 � Unable to calculate 128 (17.3)

ECOG PS, Eastern Cooperative Oncology Group Performance Status; 
GI, gastrointestinal; MPE, malignant pleural effusion.

https://dx.doi.org/10.1136/bmjresp-2025-003609
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with survival, while age was not significantly associ-
ated (HR 1.00, p=0.36).

Proportion of patients treated with SACT
Across groups stratified by date of MPE diagnosis, 
the proportion of patients receiving SACT increased 
in those managed in more recent years (figure  2). 
Furthermore, the SACT provided to patients with 
a later date of MPE diagnosis was more likely to 
include immunotherapy or targeted therapies. χ² 
tests confirmed that differences in SACT provision 
across diagnosis periods were statistically significant 
(any SACT: χ²=12.5, df=2, p=0.002; immunotherapy 
or targeted therapy: χ²=42.1, df=2, p<0.001; immuno-
therapy: χ²=30.7, df=2, p<0.001).

Subgroup analyses
We hypothesised that improvements in survival over 
time may be masked by inclusion of patients with 
poor performance status, who would be less likely to 
have benefitted from advances in diagnostic pathways 
and treatment options. To investigate this, subgroup 
analyses were performed with patients with a perfor-
mance status of 3 or 4 at MPE diagnosis excluded, and 
in only patients who received SACT following their 
cancer diagnosis. Log-rank tests showed no signifi-
cant difference in survival between groups in either 
analysis (figure 3).

In subgroup analyses by causative cancer type, Kaplan-
Meier analysis showed no significant difference in 
survival for those with a later date of diagnosis in any 

Figure 1  Survival probability over time stratified by date of MPE diagnosis. MPE, malignant pleural effusion.

Table 2  Cox regression analysis with the individual year of MPE diagnosis in a univariable model, and a multivariable model 
adjusted for age, sex and LENT score

Variable (ref)

Univariable analysis Multivariable analysis (n=676)

HR (95% CI) P value HR (95% CI) P value

Year of MPE diagnosis 1.01 (0.97 to 1.04) 0.71 1.01 (0.98 to 1.05) 0.56

LENT Score 1.70 (1.60 to 1.80) <0.0001 1.70 (1.60 to 1.81) <0.0001

PROMISE score 1.10 (1.09 to 1.11) <0.0001

Sex (female) 1.28 (1.10 to 1.50) 0.0017 1.34 (1.14 to 1.58) 0.0005

Age 1.01 (1.00 to 1.01) 0.031 1.00 (0.99 to 1.00) 0.35

Numbers included in univariable analyses: year of MPE diagnosis, sex and age n=742; LENT score n=676; PROMISE score n=614.
MPE, malignant pleural effusion; ref, reference.
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of the underlying malignancies assessed (lung cancer, 
breast cancer and mesothelioma) (figure 3).

Time from primary cancer diagnosis to MPE development
Excluding patients with mesothelioma, all of whom 
were diagnosed through investigations for pleural effu-
sion and/or pleural abnormality, 281 (47.6%) of the 
remaining patients either had the diagnosis of their 
primary malignancy identified through pleural fluid 
investigations, or had pleural effusion present at the 
time of their diagnosis that was subsequently confirmed 
to be malignant. This was particularly common for lung 
cancers, with 168 (78.5%) diagnosed through pleural 
investigations, while only 10 (8.1%) breast cancer 
patients had effusion present at the time of initial cancer 
diagnosis. In the remaining patients who developed MPE 
following a previous diagnosis of malignancy, the time 
from primary cancer diagnosis to the development of 
MPE was particularly long for patients with breast cancer, 
with a median time of 3204 days (IQR: 1901–5727 days). 
There was no evidence that time from primary cancer 
diagnosis to MPE development had lengthened over the 
time of our analysis; however, there was marked varia-
bility between cancer types and limited patient numbers 
for this assessment.

DISCUSSION
In this single-centre, large retrospective cohort study, 
we have demonstrated that survival time in patients 
with MPE has not increased over an 8-year time period. 
Rather, it appears that survival has remained relatively 
stagnant, with an overall median survival in our cohort 
of 150 days. This finding was consistent across MPE 
secondary to any primary malignancy, MPE secondary to 
lung cancer, mesothelioma or breast cancer, in patients 

with better performance status (0–2) at MPE diagnosis 
and in patients who received SACT.

Our findings diverge from recent encouraging trends in 
cancer survival overall, where improvements in mortality 
rates have been shown across most major cancer types.4 10 
Specifically in mesothelioma, a recent large-scale epide-
miological study by Shelton et al demonstrated a 4.2% 
reduction in mortality rate in men and a 2.0% reduction 
in mortality rate in women between 2001–2003 and 2016–
2018.4 However, in contrast, a retrospective cohort study 
by Ossowski et al in the USA, which included 368 adult 
patients with malignant pleural mesothelioma, showed 
no difference in survival between patients diagnosed 
from 2009 to 2014 and those diagnosed between 2015 
and 2020.18 In combination with our results, this may 
suggest that previous survival improvements in mesothe-
lioma have plateaued.

While the year of diagnosis was not associated with 
survival in Cox regression analyses, increasing LENT or 
PROMISE score, and male sex, were demonstrated to 
be factors associated with poor prognosis. The LENT 
and PROMISE scores have been repeatedly shown to be 
predictive of survival in patients with MPE15 16 19; however, 
their uptake in clinical practice has been limited to date. 
This is likely explained by the lack of requirement to 
stratify patients to different treatment options based on 
prognosis, as currently decisions regarding management 
are predominantly led by patient preference rather than 
any potential options to alter survival.19 Furthermore, a 
concern with prognostic scores is that their performance 
may diminish over time with changing healthcare prac-
tices, and notably both scores predate the modern immu-
notherapy era. Nonetheless, in this study, the cohort 
spans the introduction of many agents targeted to caus-
ative underlying malignancies of MPE, yet the scores 
remain strongly associated with survival.

Multiple studies have shown an overall increasing 
uptake of SACT over recent years, with a shift from 
traditional chemotherapy towards immunotherapy and 
targeted therapies.20–22 This was also demonstrated in our 
cohort (figure 2). Furthermore, over the time course of 
this study, there have been particular landmark National 
Institute for Health and Care Excellence (NICE) 
approvals for therapies against many common caus-
ative malignancies of MPE, such as pembrolizumab for 
untreated PD-L1-positive metastatic non-small-cell lung 
cancer in 2018,23 and nivolumab with ipilimumab for 
untreated unresectable malignant pleural mesothelioma 
in 2022.24 In our analyses, we split patients into groups 
of equal size, rather than groups of before and after 
individual NICE approvals, to account for multiple inter-
vention changes across the time course of the study, and 
to avoid small sample sizes after more recent changes. 
Given the increased use of targeted cancer therapies 
in those with a later date of MPE diagnosis, one would 
have expected some survival differences over the time 
course of our analysis. Potential reasons for the lack of 
improvement in survival time following the development 

Figure 2  The proportion of patients, stratified by date of 
MPE diagnosis, receiving: (1) any SACT, (2) immunotherapy 
or targeted therapy and (3) immunotherapy. MPE, malignant 
pleural effusion; SACT, systemic anti-cancer therapy.
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of MPE are therefore important to consider. Over recent 
years, there has been increasing evidence that malignant 
pleural fluid is a biologically active contributor to tumour 
progression, and that the local tumour microenviron-
ment within the pleural space promotes an aggressive and 
invasive tumour phenotype that can effectively evade the 
immune system.25–28 Furthermore, as the pleural space 
represents a sequestered local environment bounded 

by tight junction-connected mesothelial cells, protein 
biologics administered systemically pass relatively poorly 
into this space.28 29 This suggests that MPE should poten-
tially be thought of as a separate entity to the underlying 
malignancy, and that MPE-specific therapeutics should 
be considered. One such example may come through 
the intrapleural administration of protein biologics 
which, given the aforementioned mesothelial cell tight 

Figure 3  Survival probability over time in patients with lung cancer (A), mesothelioma (B), breast cancer (C), performance 
status 0–2 with any malignancy (D), receiving SACT with any malignancy (E). P values indicate the significance level from the 
comparison of curves using the log-rank (Mantel-Cox) test. Median survival times are shown for cohorts with an earlier date 
of diagnosis (‘early’) and those with a later date of diagnosis (‘late’). SACT, systemic anti-cancer therapy.



Mounsey C, et al. BMJ Open Respir Res 2025;12:e003609. doi:10.1136/bmjresp-2025-003609 7

Open access

junctions, will remain highly concentrated in the pleural 
space.30 The initial results from investigations in this field 
have been promising, with evidence from mouse models 
of MPE that intrapleural injection of antibodies targeting 
the PD-1/PD-L1 pathway prolongs survival,31 32 and clin-
ical trials of intrapleurally administered anti-angiogenic 
agents showing improved prognosis in patients with 
MPE.33 It is also possible that while survival time following 
the development of MPE has remained consistent, the 
lead time from the diagnosis of primary malignancy to 
pleural spread and effusion formation may have length-
ened. However, in our cohort, a significant number of 
patients had MPE present at the time of primary malig-
nancy diagnosis (47.6% after mesothelioma excluded). 
In the remaining patients we were still unable to demon-
strate an increase in the time from primary malignancy 
diagnosis to MPE development, although this was limited 
by small patient numbers and a large spread of results.

Despite the overall disappointing findings of this 
study, there are some reasons for cautious optimism that 
survival improvements for subsets of patients with MPE 
may be forthcoming. In mesothelioma, for instance, clin-
ical trials demonstrating improved overall survival with 
immunotherapy have led to recent approval for use in 
this disease, and the benefits of this may not have yet 
been detected in our cohort.24 34 35 Furthermore, the 
roll-out of lung cancer screening in the UK offers hope 
of detecting more lung malignancies before pleural 
spread.36 Our findings support the importance of this, as 
large numbers of lung cancer patients in our cohort had 
developed MPE at their time of presentation and were 
diagnosed through pleural fluid investigations.

Our findings also support previous assertions that the 
incidence of malignant pleural disease will continue 
to rise.3 5 In our centre, there was a>50% increase in 
the number of patients diagnosed with MPE in 2022 
compared with 2016, with a steady rise in incidence 
year-on-year, while no such increase was seen in patients 
diagnosed with pleural infection or heart-failure related 
effusions. This finding likely reflects growth in the rates 
of new cancer diagnoses and the increasing length that 
patients are surviving with cancer (prior to the develop-
ment of MPE).5

Limitations of the current study include the single-
centre design, which may limit the generalisability of 
these findings to other healthcare settings. Addition-
ally, not all potential confounders were included in Cox 
analyses, for instance, the sensitising mutation status 
of the underlying primary malignancy and pleurodesis 
success.19 37 Nonetheless, our findings were consistent 
after adjustment with either the LENT or PROMISE 
scores, the two most well-validated prognostic models 
in MPE, increasing confidence in the robustness of the 
results. Finally, as individuals with MPE were identified 
from the OUH pleural MDT, it is possible that not all 
local cases of MPE were included in the present study. 
Local referral pathways direct that all patients with symp-
tomatic pleural effusion or pleural effusion requiring 

intervention for diagnosis are referred to the OUH 
pleural team and should therefore be included in the 
study population. However, patients with known cancer 
and small, asymptomatic effusions are often not referred, 
as are palliative patients ineligible for intervention due 
to poor performance status. Nonetheless, the criteria 
for patient discussion at the MDT have remained consis-
tent over the period assessed, and only a relatively small 
number of local MPE cases will be missed; hence, it is 
unlikely that this has introduced any significant bias into 
our analyses.

CONCLUSIONS
Despite recent evidence demonstrating improving 
survival trends in cancer overall, and the increasing use 
of targeted treatments in metastatic cancer, our results 
suggest that survival time following the development 
of symptomatic MPE has remained stagnant, while the 
incidence of MPE is increasing. This concerning finding 
suggests the development of MPE is a potentially clinically 
distinct entity and supports the need for a step change in 
our consideration of MPE, including investigation into 
specific oncological treatment of the MPE space.
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