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Abstract: Malignant pleural effusion (MPE) is a sign of advanced cancer and is associated
with significant symptom burden and mortality. To date, management has been palliative in
nature with a focus on draining the pleural space, with therapies aimed at preventing recur-
rence or providing intermittent drainage through indwelling catheters. Given that patients with
MPEs are heterogeneous with respect to their cancer type and response to systemic therapy,
functional status, and pleural milieu, response to MPE therapy is also heterogeneous and
difficult to predict. Furthermore, the impact of therapies on important patient outcomes has
only recently been evaluated consistently in clinical trials and cohort studies. In this review,
we examine patient outcomes that have been studied to date, address the question of which
are most important for managing patients, and review the literature related to the expected
value for money (cost-effectiveness) of indwelling pleural catheters relative to traditionally
recommended approaches.
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Introduction

Malignant pleural effusion (MPE) affects many patients around the world and has
significant morbidity and mortality associated with it.! It is estimated to affect 150,000
people each year in the US and over 100,000 people in Europe.?? A recent retrospective
analysis using the Healthcare Cost and Utilization Project National Inpatient Sample
database identified 126,825 hospital admissions for MPE in 2012.! Although there are
no studies to date documenting the rate of hospitalizations for all patients with MPE,
clinical experience suggests that a vast majority of patients with MPE seek medical
care and are often managed for their symptoms in hospital. Despite its longstanding
recognition, management has remained predominantly palliative in nature. Advances in
therapeutics have been slow, with more growth in the last 15 years. Indwelling pleural
catheters (IPCs) have developed an increasingly predominant role in the management of
MPE, with proven effectiveness in symptom management*® allowing recent guidelines
to endorse their use.®’ In this review, we examine which patient outcomes have been
studied, address the question of which are most important for managing patients, and
review the literature related to the expected value for money (cost-effectiveness) of
IPCs relative to traditionally recommended approaches.

Epidemiology and etiology
MPE is defined as pleural fluid containing malignant cells. Paramalignant effusion
is defined as an effusion that is not a direct result of neoplastic involvement of the
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pleura, but rather indirectly related, including but not limited
to postobstructive pneumonia, lymphatic obstruction second-
ary to mediastinal lymphadenopathy, or effusion secondary to
pulmonary embolism. MPE is a complication of a number of
cancers, most commonly lung, followed by breast, lymphoma,
gynecological malignancies, and mesothelioma.® Adenocar-
cinomas of the lung and breast account for approximately
50%—65% of MPEs.!*% Malignant effusions develop in
about 30% of patients with lung cancer® and 7%—11% of
those with breast cancer.!®'> Approximately 7%—11% also
occur in the setting of an unknown primary malignancy.'*!”
MPE is a sign of advanced-stage disease often resulting in
poor patient prognosis, with median survival ranging from
just over 1 month to 12 months based on underlying malig-
nancy and risk stratification.'®!* Patients with small-cell
lung carcinoma and MPE have a worse prognosis than those
with limited-stage disease without malignant effusions.”
Lymphoma patients found to have MPE on initial diagnosis
have a higher risk of disease recurrence postchemotherapy.?!
The shortest survival rates are observed in lung cancer and
the longest in those with mesothelioma and hematologi-
cal malignancies." Other factors associated with survival
include the extent of tumor involvement within the pleura,
the characteristics and biomarkers of the pleural fluid, the
response of the malignancy to systemic therapy, and the
baseline functional status of the patient."

Pathogenesis and clinical

presentation
Pleural involvement in malignancy develops from several
mechanisms that are not fully understood. MPE can arise
from direct tumor invasion from adjacent structures, as often
seen in breast carcinoma, non-Hodgkin’s lymphoma, and
mesothelioma. Tumor emboli or hematogenous tumor cells
spreading to the visceral pleura can result in subsequent
seeding to the parietal pleura. Their presence can impair
lymphatic drainage, leading to pulmonary atelectasis and
accumulation of fluid in the pleural space.®??>° The release
of cytokines and upregulation of angiogenic growth factors
(eg, vascular endothelial growth factor [VEGF], CCL2,
and osteopontin) stimulated by malignant cells can alter
compartmental oncotic pressures and pleural and vascular
permeability.?28 This contributes to further fluid accumula-
tion and can develop into hemorrhagic malignant effusions.?
Patients with MPE most often present with progres-
sive dyspnea, but less than a quarter are asymptomatic
from a respiratory perspective.’>* In addition to constitu-
tional symptoms commonly associated with malignancy,

patients have been known to suffer from chest pain and
discomfort, followed by cough and hemoptysis in descend-
ing frequency.!33%3! Many of these symptoms arise from a
reduction in chest wall and diaphragm compliance, as well
as lung volume.

Management

Ideal therapy for MPE patients should improve dyspnea
and quality of life, be minimally invasive (or at best non-
invasive), well tolerated, affordable, and eliminate the need
for time in hospital. A number of therapeutic options are
available to alleviate patient symptoms and improve quality
of life, including needle drainage with repeat thoracentesis,
chest-tube thoracostomy, or thoracoscopy with pleurodesis
(chemical or mechanical), and/or IPCs.

Thoracentesis

Thoracentesis is a percutaneous procedure in which a small
(approximately 250 mL is sufficient for diagnostic purposes)
or large volume (often up to 1,500 mL, based on the authors’
clinical practice for therapeutic purposes) of pleural fluid is
drained through the chest wall using a needle or small-bore
soft-tipped catheter.

Effectiveness/advantages

Obvious advantages to this approach are that the procedure
can be performed easily in an outpatient setting without
extensive resources (no anesthesia support or special monitor-
ing and only simple thoracentesis tray and drainage bottles),
and the patient can return home shortly thereafter. Thoracen-
tesis is effective in draining a reasonably large amount of
pleural fluid (often recommended to no more than 1.5 L ata
time), and with the use of ultrasound can be directed to areas
of fluid accumulation, particularly if there is more than one
pocket of fluid. The procedure is straightforward to teach and
can generally be performed safely with minimal training. For
the majority of patients, drainage of the effusion with tho-
racentesis reduces dyspnea and/or pain almost immediately.

Complications/disadvantages

The main disadvantage to simple thoracentesis is that it is
not effective in preventing recurrence of pleural fluid accu-
mulation, and thus is seen as a temporizing solution. For
patients living in remote areas with limited access to health
care services, this temporizing solution in a condition with
significant probability of recurrence is less than ideal. The
complication of pneumothorax is low (less than 2%) with the
use of ultrasound.'? Bleeding and infection are uncommon
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and are largely dependent on operator experience, technique,
and patient variables.*>3

Chest-tube thoracostomy with

pleurodesis

Chest-tube thoracostomy is performed with the intent to
evacuate pleural fluid from the pleural space and enable
apposition of the visceral and parietal pleura. Rarely is
complete evacuation of the pleural cavity sufficient to control
the effusion in the long term, and compared with instilla-
tion of a sclerosing agent, drainage alone is less effective
in preventing reaccumulation.’ Consequently, the primary
role of chest-tube thoracostomy is to empty the pleural space
prior to instillation of a sclerosing agent, with the goal of
obliterating the visceral/parietal space and preventing reac-
cumulation of fluid.

Effectiveness/advantages

The effectiveness of thoracostomy with pleurodesis using
a number of different sclerosing agents has been studied
in clinical trials,***** and all have found thoracostomy with
pleurodesis to be effective in reducing dyspnea and improv-
ing quality of life. In these trials, with follow-up of 3-12
months, pleurodesis was unsuccessful in up to 10%—30% of
patients, mainly due to ongoing or incomplete pleural drain-
age (>300 mL per day), presence of trapped lung, chest-tube
displacement, or death. Once pleurodesis had been obtained,
the rate of sustained pleurodesis (no need for further pleural
interventions) was 68%—78%.4* Median time to pleurodesis
was 29 days, ranging 8-223 days.

Complications/disadvantages

Risks of thoracostomy with pleurodesis include pain and
fever in approximately 26% and 30%, respectively, according
to a Cochrane review.> Respiratory failure has been reported
in 4% of patients receiving talc slurry,®® with much lower
risk if large-particle talc is used.* Thoracostomy drainage
followed by talc pleurodesis has also historically required
hospitalization, with median length of stay of 4 days reported
in both TIME2 and AMPLE trials.*

Pleurodesis

Multiple sclerosing agents have been studied, including
doxycycline, tetracycline, bleomycin, and talc, with the
preferred and most common agent used now being talc.5'
A Cochrane review and network meta-analysis published in
2016 reviewed 41 studies evaluating 16 pleurodesis methods
and included 2,345 participants.** In the majority of cases,

there was no evidence to support any difference among agents
in terms of pleurodesis. However, in 10 direct comparisons
of individual methods, a number of agents were less effec-
tive than talc poudrage at inducing pleurodesis, including
bleomycin (odds ratio [OR] 9.7, 95% confidence interval
[CI] 2.1-44.78), tetracycline (OR 12.1,95% CI 1.32-111.3),
mustine (OR 8, 95% CI 1.4-45.76), and doxycycline (OR
42.69, 95% CI 2.13-856.6). In the network comparison of
all 16 agents, the estimated rank of talc poudrage was sec-
ond, with a 95% credible interval of 1-5. In the comparison
between talc slurry and talc poudrage among three studies,
there was weak evidence to suggest that talc slurry may be
less effective at pleurodesis (OR 1.31, 95% CI 0.92—1.85).

Medical thoracoscopy/Video-assisted
thoracoscopic surgery (VATS) with

pleurodesis

Medical thoracoscopy or pleuroscopy is a procedure per-
formed under conscious sedation and local anesthesia
whereby one or more trocars are inserted into the pleural
space in the midaxillary line (between the fourth and seventh
ribs), with the patient lying in the lateral decubitus position.
VATS is similar to medical thoracoscopy, except that it is
performed using larger trocars, under general anesthesia
in the operating room, and involves single-lung ventilation
through a dual-lumen tube.”’

Effectiveness/advantages

Advantages of this approach over traditional chest-tube drain-
age is that visualization and drainage of the pleural space
can occur, pleural biopsies can be obtained, and delivery of
a sclerosing agent can occur before a chest tube is inserted
through the trocar.

Complications/disadvantages

Complications associated with this procedure include pneu-
mothorax, subcutaneous emphysema, pain, fever, and rarely
empyema, sepsis, and death.’®

VATS with pleurodesis

Effectiveness/advantages

Similar to thoracoscopy, an advantage with VATS is that a
more complete view of the pleural surface can be achieved,
pleural and/or lung biopsy can be performed, as well as
biopsy of selected hilar lymph nodes, and treatment can
be administered all within one procedure. For complicated
pleural spaces, including trapped lung due to adhesions, lysis
of adhesions and surgical pleurodesis can be performed,
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and in some select cases more advanced techniques, such as
pleurectomy/decortication, may be performed.

It is generally considered a safe procedure with low
morbidity.*>*’ In a comparison of patients treated with VATS
pleurodesis compared to tube thoracostomy, duration of
chest-tube drainage was shorter in patients receiving VATS
pleurodesis.*! In a retrospective study reporting treatment
outcomes for patients undergoing VATS talc pleurodesis
for MPE, successful pleurodesis was reported in 93% (558
of 602 individuals) with median follow-up of 64 months.*

Complications/disadvantages

Although generally considered safe with low morbidity, the
procedure cannot be tolerated by every patient and would not
be an option for patients who could not tolerate single-lung
ventilation or who have such poor performance status (PS).
Postoperative complications have been reported in 3%—25%,
and included chest pain (25%), fever (15%), prolonged air
leak (4%),* and empyema (1.5%—4.5%).4%* Hospitaliza-
tion is required for VATS and has been reported as a mean
of 7-10 days in different studies (range 2-21 days).*** In a
randomized trial evaluating VATS partial pleurectomy versus
talc pleurodesis in mesothelioma patients, no difference in
survival was seen and much higher rates of perioperative
complications reported in the VATS partial pleurectomy
group.’” In general, surgery is not considered first-line treat-
ment in patients with MPE.*

IPCs

IPCs have been the newest alternative intervention to manag-
ing patient symptoms with MPE. The IPC is a type of silicone
tube placed in the pleural cavity, tunneled subcutaneously with
a capped one-way valve at the distal end. It allows outpatient
drainage and addresses patient symptoms by removing the
fluid. Leading guidelines have advocated the use of IPCs for
the symptomatic management of MPE, specifically for those
with trapped lung or previously failed pleurodesis.”* Drainage
is guided by symptoms, offering a sense of control to most
patients. The optimal schedule of MPE drainage through an
IPC is still not clear, although recent studies, including the
ASAP trial, have been published and suggest daily drainage
superior to every other day in terms of autopleurodesis rate
and time to pleurodesis.* Given the ease with which IPCs are
inserted and managed, coupled with the benefits of placement
in an outpatient setting and minimal contraindications (ie,
active pleural infection), they have become a preferred and
dominant management option in many centers worldwide
with the technical expertise to insert them.

Effectiveness/advantages
There have been numerous studies that have reported experi-
ence with IPCs in MPE, with only a few randomized clinical
trials reported to date.*>** Putnam et al showed that IPCs
provided equivalent improvement in both dyspnea and qual-
ity of life to doxycycline pleurodesis in 144 patients.>* The
recently published TIME2 trial evaluating their use showed
comparable control of breathlessness and quality of life when
compared to inpatient talc pleurodesis, but shorter length of
hospital stay.* In most patients, IPCs have resulted in avoid-
ance of further pleural interventions and associated costs.*3346
IPCs have been shown significantly to improve vali-
dated dyspnea and quality of life scores (Medical Research
Council, European Organisation for Research and Treat-
ment of Cancer Lung Cancer 13 and Core Quality of Life
30 questionnaires) at 2 weeks with persistent and improved
scores at 14 weeks.*” In addition, patients who completed the
functional assessment of chronic illness therapy: treatment
satisfaction — general (FACITTS-G) survey demonstrated
that they were satisfied with IPC treatment for their MPE.*
In patients with trapped lung, IPC drainage improved symp-
toms in 48%-90% of cases.****° Autopleurodesis following
IPC use was seen in almost half (45.6%) of the 943 cases
analyzed in the meta-analysis by Van Meter et al, and aver-
age time to pleurodesis was 52 days.”® Even in the presence
of trapped lung, autopleurodesis was seen, although less
frequently.>®2 There is also evidence that IPCs can be used
for patients on chemotherapy without increasing the risk of
complications.>

Complications/disadvantages

The disadvantages of IPCs, as with other interventions, are
often subjective and may differ depending on patient values,
such as maintaining a completely unrestricted lifestyle or
refusal of catheter insertion on the basis of esthetic reasons.
IPC-related complications are minor and easily treatable, eg,
cellulitis, blockage, catheter malfunction, pleural infection,
and fluid loculation.* Pain secondary to catheter placement has
been reported in prospective trials; however, when compared
to chest-tube thoracostomy and pleurodesis, it is not differ-
ent initially or over time.* In a multicenter study, Fysh et al
showed that IPC-related pleural infections occurred in <5% of
over 1,000 patients and were usually controlled with appropri-
ate antibiotics.> The risk of mortality from pleural infection
was only 0.3%. In the TIME2 trial, serious pleural infection
associated with IPCs was reported in more patients than talc
pleurodesis (five versus one), with one patient’s death attributed
to the infection (14%). Patients with mesothelioma have been
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reported to develop catheter-tract metastases in approximately
10%—27% of those with IPCs in place in retrospective and
prospective studies, respectively. The symptoms are generally
mild and usually respond to radiotherapy.>>*

Combined approaches

There have been few studies that have explored the combina-
tion of therapeutic interventions, most recently involving pleu-
roscopic pleurodesis and IPCs. Reddy et al first reported using
this approach, wherein they evaluated the safety, efficacy,
and feasibility of a rapid pleurodesis protocol by performing
medical thoracoscopy followed by tunneled pleural catheter
placement and talc poudrage in 30 individuals. Dyspnea and
quality of life improved in all patients. In addition, median
duration in hospital was 1.79 days following the procedure,
with successful pleurodesis in 92% of individuals. The tun-
neled pleural catheter was removed at a median of 7.54 days,
and complications included fever, TPC replacement, and
empyema in two, one, and one patients, respectively.’” Another
observational study by Boujaoude et al reported outcomes
of pleuroscopic pleurodesis followed by tunneled pleural
catheter against a previously treated cohort of patients using
conventional pleuroscopic pleurodesis.*® The authors reported
successful pleurodesis in 92% of patients, improved dyspnea,
and median length of stay of 3 days compared with 9 days in
the conventional-pleurodesis group. Ahmed et al reported a
case series of patients with MPE receiving talc pleurodesis
through IPCs. Successful pleurodesis was seen in 92% of
patients in this series, with few complications.”® The IPC-
PLUS trial is the first randomized controlled trial evaluating
the effect of IPCs plus talc pleurodesis compared with IPCs
alone, and the results of this trial are pending.*

Comparative effectiveness

A Cochrane review and network meta-analysis by Clive et al
was recently published that analyzed both direct and indirect
evidence regarding the overall effectiveness of the various
management options in terms of pleurodesis efficacy as a
primary outcome and dyspnea, quality of life, fever and pain,
hospital stay, mortality, and costs as secondary outcomes.>
Table 1 highlights some of the major conclusions of this
comprehensive network analysis.

Challenges
What are the important patient

outcomes!?
Historically, successful management of MPE focused on
adequate drainage of the hemithorax. Fortunately, research

studies and clinical practice have evolved to consider more
patient-centered outcomes as the main focus of determining
whether particular treatments are effective. Important patient-
related issues influencing management of MPE include How
do we identify those patients who will benefit from drainage?;
How do we predict who will have recurrence of pleural fluid
and hence may benefit from pleurodesis or IPC?; Are there
clinical or biological factors that can help us predict who
will live long enough to warrant more definitive management
with pleurodesis or IPC?; and lastly, How do we minimize
days in hospital?

How do we identify those who will benefit from
drainage!?
To date, this has been largely determined by patient symp-
toms, most commonly dyspnea. There have been a few
algorithms proposed for managing MPE, and all have rec-
ommended various intervention strategies in the presence of
symptoms and observation for patients without symptoms.*63
Tunneled pleural catheters are especially helpful in the
management of trapped lung in the setting of an MPE and
can be considered first-line therapy for those patients who
derive benefit from fluid removal.® % Trapped lung may often
be identified by the absence of lung reexpansion postthora-
centesis. In addition, the measurement of pleural manometry
can be very helpful in diagnosing trapped lung: an initial
pleural pressure below —10 cm H,O or if the pleural pressure
falls more than 20 cm H,O per 1,000 mL of fluid removed in
the absence of bronchial obstruction is suggestive.® Pleural
ultrasound using M-Mode and speckle-tracking imaging of
the cardiac impulse’s effect on strain and total movement of
the atelectatic lobe may also be helpful in identifying those
patients with trapped lung before an invasive procedure.”

How do we predict who will have recurrence of
pleural fluid?

The overall probability of pleural fluid reaccumulation is
high in MPE, and as a result there are some who advocate
for definitive intervention in all cases of MPE. However,
reaccumulation is not a certainty and all procedures carry
some risk, so there has been ongoing interest in accurately
predicting which patients might experience recurrence of
fluid. The role of patient-reported outcomes (dyspnea) in
predicting fluid recurrence has been explored by one group.”
A group of 64 patients were asked to complete the modified
Borg Scale and visual analog scale regarding their dyspnea
symptoms at rest and with exercise (49 completed question-
naires). Those with higher increase in modified Borg Scale
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Table | Summary of Cochrane-review network meta-analysis of MPE-management therapies

Primary outcome Takeaway points Studies, n Type of comparison
Pleurodesis efficacy Talc poudrage ranked highest among all pleurodesis agents (rank Direct
2 of 16 methods).*
Placebo ranked lowest among all pleurodesis agents (rank 15 of
16 methods).
*OR >1 indicates higher Talc poudrage vs following agents:
probability of pleurodesis e bleomycin, OR 9.7 (2.1-44.78)* n=2
failure relative to o tetracycline, OR 12.1 (1.32-111.3)* =
comparator e talc slurry, OR 1.31 (0.92-1.85)* n=3
Bleomycin versus tetracycline: Direct
e tetracycline, OR 2 (1.07-3.75)* n=5
IPC versus talc slurry:
e |IPC OR 3.35 (1.64-6.83)* n=2
Secondary outcomes
Breathlessness Eleven studies reported on breathlessness using a number of n=I1 Direct
measures, including MRC, VAS scores, dyspnea index, QLQ-C30/
LCI3, functional class, general scale 0-10.
IPC showed improved dyspnea compared with talc slurry at 6 n=2
months, but no difference at 42 days using VAS scores.* Another
study reported improved dyspnea with IPC compared to talc
slurry at 30 days using dyspnea scores.’ IPC was associated with
improved breathlessness (but lower pleurodesis success rates).
Bleomycin was associated with improved dyspnea compared with  n=|
doxycycline at 2 months.
Mitoxantrone was associated with improved dyspnea over n=I
mepacrine.
Six studies reporting on breathlessness found no difference n=6

Pain

*OR <I indicates lower
probability of pain relative
to comparator

Quality of life

Fever

*Higher rank most likely to
be associated with fever

between groups.

There was no evidence of difference in pain among most of the

therapeutic methods in both the network meta-analysis of studies

and studies that were excluded from the network meta-analysis.

Doxycycline versus C. parvum:

e doxycycline OR 0.1 (0.01, 0.96)

Many studies did not report pain related to the procedure.

Fifteen studies reported on quality of life or symptoms other

than dyspnea using various scales: Karnofsky performance scale,

QLQ-C30, SF-36, WHOQOL-Bref scale, EQ5D, VAS score, a

symptom questionnaire, and numeric pain scale.

Seven studies reported evidence of difference between treatment

groups:

e improved tiredness with mitoxantrone used over mepacrine®'

e improved fatigue in talc poudrage use over talc slurry®

e improved EQ5D scores at 6 months over talc group, but no
difference in QLQ-C30 scores?

e improved performance scores at | week for patients receiving
LC901862 than those who did not; improved performance
scores at 6 weeks with cisplatin and Ad-p53 versus cisplatin
alone®

¢ improved Karnofsky performance score with bevacizumab and
cisplatin versus cisplatin alone®*

Placebo was associated with the least fever.

C. parvum and mepacrine were associated with the most fever,

ranked || and 10, respectively, followed by bleomycin, talc slurry,

and talc poudrage in descending order.*

There was large variation and overlap in the estimates of fever

among the various pleurodesis methods.

Direct and indirect

n=I (41 subjects)

n=30 (subjects)
n=501 (subjects)
n=196 (subjects —
mesothelioma)
n=95 (subjects)

n=35 (subjects)

n=2 Direct and indirect
n=5, n=3 studies,
respectively

(Continued)
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Table | (Continued)

Primary outcome Takeaway points Studies, n Type of comparison
Mortality 34 trials provided data on mortality. Direct and indirect
Two trials reported differences between treatment arms.
Thoracoscopic tetracycline pleurodesis was associated with n=| study
longer survival than bedside administration of tetracycline. (34 subjects)
In a study evaluating bleomycin compared to IFN, those receiving  n=I study

Length of stay

bleomycin appeared to live longer: OR for death 0.46 (0.25-0.87)
Overall, there was no evidence of difference in ranking among the
various pleurodesis interventions regarding mortality.

Sixteen of 62 studies reported length of stay.

(160 subjects)

Many reported no evidence of significant difference between

groups.

A few individual studies reported differences in length of stay,

based on:

e drainage time prior to administration of agent (rapid drainage

vs standard care)

e drainage removal after administration (early vs standard care)

o talc pleurodesis versus VATS partial pleurectomy

o talc-slurry pleurodesis versus mechanical pleurodesis

e jodine versus talc poudrage

o |PC versus talc slurry pleurodesis
Costs

Talc slurry was cheaper than bleomycin.

Talc poudrage was cheaper than bleomycin.
VATS pleurectomy was more expensive than talc pleurodesis.
No difference was found between talc slurry versus talc

poudrage.

Rapid pleurodesis was cheaper than standard care.

DDZI?ZI?:!
—_—_- —- W -

Notes: “Ranks given are median estimated ranks for each agent, with 95% credible intervals to reflect the degree of uncertainty around the rank. As a result, there may

be more than one intervention per rank. Data from Clive et al**

Abbreviations: MPE, malignant pleural effusion; OR, odds ratio; IPC, indwelling pleural catheter; MRC, Medical Research Council; VAS, visual analog scale; C. parvum,
Cryptosporidium parvum; QLQ, Quality of Life Questionnaire; SF, Short Form (Health Survey); WHOQOL, World Health Organization Quality of Life; EQ, EuroQol;

VATS, video-assisted thoracoscopic surgery.

scores with exercise and those who required large-volume
drainage initially were factors associated with reintervention.

Another multicenter study of consecutive patients with
first thoracentesis analyzed them retrospectively for risk
factors for PE recurrence.” Patients with large effusions on
initial chest radiograph, as well as those with chemotherapy
within 30 days after thoracentesis, had high probability of
fluid recurrence, whereas those with lymphoma and che-
motherapy within 30 days prior to thoracentesis had low
probability of fluid recurrence.

How do we predict who will live long enough

to warrant more definitive management with
pleurodesis or IPCs?

Tumor type

Anevlavis et al studied prognostic factors, including cancer
type, in patients initially presenting with undiagnosed PE
proven to be malignant by diagnostic thoracoscopy. Patients
with lymphoma had the best median survival (26 months),
while patients with ovarian and breast carcinomas had the
second-best survival (18 and 15 months, respectively),

followed by gastrointestinal, head and neck, and genitouri-
nary cancers. Patients with non-small cell lung cancer and
small-cell lung cancer had survival times 0of 9.5 and 6 months,
respectively, while mesothelioma patients in this study had an
8-month survival time.” Another study by Clive et al evalu-
ated prognostic factors associated with MPE and found tumor
type, among a few other factors, to influence survival." In
this retrospective analysis of three data sets, mesothelioma
was associated with the longest median survival (339 days),
followed by hematological malignancy (218 days), gyneco-
logical malignancy, and breast cancer (203 and 192 days,
respectively), with the worst survival seen in urological
cancers (33 days) followed by sarcoma and melanoma (44
and 43 days, respectively). Lung cancer was associated with
amedian survival of 74 days. In patients with triple-negative
breast cancer who test positive for malignant cells in the
pleural fluid, the prognosis is poor and survival reduced.™

Inflammatory markers
There have been numerous studies evaluating the associa-
tion between serum and/or pleural markers in determining
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prognosis of patients with MPE, and results have been mixed
for most markers. Pleural pH has had mixed results reported
about its ability to predict survival in patients.”””" In a ret-
rospective study of 68 patients with lung cancer and MPE,
high pleural CRP level was an independent prognostic factor
associated with poor survival time.”

Survivin is an inhibitor of apoptosis, is selectively
upregulated in certain tumors, and has been correlated with
poor outcomes. In a study by Gorgiin et al,” survivin levels
below a level of 20 pg/mL was predictive of poor survival
(median survival 75 days) compared with levels above 20
pg/mL (median survival 219 days).

A recent study evaluated a combination of serum and
pleural markers in two groups of patients with MPE stratified
by survival time less than and greater than 30 days.*® Predic-
tors of 30-day mortality included tumor type, specifically
primary lung and gastrointestinal cancers, pleural protein
levels <3.6 g/dL, hemoglobin <11 g/dL, and serum leukocytes
>9x10%L. In this study, increased leukocytes were predictive
of 30-day mortality in multivariate analysis. This is in contrast
to another study by Anevlavis et al, which found that increased
neutrophil:lymphocyte ratio (NLR) but not increased leuko-
cytes in the blood was associated with poor survival.®!

PS
Patient PS has been previously correlated with survival.®
Yoon et al looked at the prognosis of patients following
VATS talc pleurodesis over a 2-year period and found that
poor PS (Eastern Cooperative Oncology Group [ECOG] 3
or 4) and prior chemotherapy or radiotherapy was predictive
of reduced overall survival

In the TIME2 randomized trial, 36 of 100 patients died
within 3 months of trial enrollment, despite the exclusion
criteria for the trial being survival <3 months and ECOG PS
being used to inform this decision.* There have been other
studies which have evaluated the combination of PS with

other clinical and laboratory data to improve this prediction. A
study of 90 patients diagnosed with MPE using thoracoscopy
found that tumor histology, PS, and NLR >3 were associated
with poor survival.® The authors did not find any difference
in survival according to pleural pH level, glucose, or protein
levels. Patients with ECOG PS 0 had the best median survival
(24 months), while patients with a score of 1, 2, or 3 had
median survival of 9, 5, or 1.5 months, respectively.

Predictive scores

Clive et al completed the largest work to date by combining
three datasets comprising 789 patients, whereby they identified
14 predefined variables recorded at the time of MPE diagnosis
and evaluated their impact on survival.'” Multivariate analysis
using backward selection identified six variables independently
associated with survival: effusion size, ECOG PS, pleural fluid
lactate dehydrogenase (LDH), serum NLR, serum N-terminal
pro-brain natriuretic peptide, and malignant cell type. Four
variables were chosen based on clinical applicability and a
prognostic scoring (named LENT score [LDH, ECOG PS,
NLR, tumor type]; score range 0—7) system was developed,
which was then fully validated. Patients with moderate-risk
and high-risk LENT scores had hazard ratios (95% CI) for
mortality of 1.49 (1.03-2.15) and 5.97 (3.58-9.97) compared
with those with a low-risk LENT score. The LENT score also
outperformed PS alone in terms of predicting prognosis. Table
2 summarizes the proportion of patients surviving 1, 3, and 6
months according to LENT prognostic score.

Which interventions minimize days in hospital
overall?

Given the limited survival in many patients with MPE, reduc-
ing days spent in hospital is considered an important factor
in patient-related outcomes. A relevant issue in this regard
not only considers the potential for outpatient management
versus inpatient management at the time of intervention, but

Table 2 Proportion of patients surviving to |, 3, and 6 months according to LENT prognostic score

LENT prognostic Median survival,

Probability of survival (%)

score days (IQR) At | month At 3 months At 6 months
Cohort I, n=203

Low risk (0-1) 319 (228-549) 100 98 86

Moderate risk (2—4) 130 (47-467) 8l 59 47

High risk (5-7) 44 (22-77) 65 13 3

Cohort 2, n=76

Low risk (0-1) 100 100 92

Moderate (2-4) 93 65 57

High (5-7) 72 33 17

Note: Data from Clive et al'®
Abbreviation: IQR, interquartile range.
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probably more importantly the potential for adverse events
or treatment failure that may necessitate hospitalization to
manage it. This is particularly important in a population of
patients with a terminal disease and limited life expectancy.
Of the various therapeutic options, simple thoracentesis and
IPCs are for the most part outpatient procedures with no asso-
ciated hospitalization. There have been a few clinical trials
that prospectively document hospitalization time for patients
and specifically compare IPCs to talc pleurodesis.**>%

In a costing analysis performed alongside the TIME2
trial,¥ mean length of stay at the time of intervention was less
in the IPC group than the talc-pleurodesis group (2.49 days
versus 4.98 days, respectively; median 0 days versus 4 days).
During the trial, a total of 28 adverse events were reported
in the IPC group and nine in the talc-pleurodesis group. In
the IPC group, these resulted in 33 outpatient visits (among
17 individuals) and 15 admissions to hospital (among 11
individuals), with an average length of stay of 8.86 (standard
deviation 12) days. In the talc-pleurodesis group, there were
41 additional outpatient visits (among 12 individuals) and
15 admissions to hospital (among 10 individuals), with an
average length of stay of 5.46 (standard deviation 4) days.

In the AMPLE trial, a multinational randomized trial
evaluating IPCs versus talc pleurodesis in Australia and
Asia, total hospitalization days and PE-related hospital days
were captured over a 12-month period. Total hospitalization
days were lower in the IPC group (n=73), with a median of
10 versus 12 days in the talc-pleurodesis group. Mean dif-
ference in hospitalization days between the groups was 3.7
days/patient (12.7 IPC vs 16.3 talc pleurodesis), and the IPC
group had fewer effusion-related days in hospital (median
1 vs 4 days).*

Another 12-month multicenter study of patient-deter-
mined treatment of MPE compared total and PE-related
hospital days between IPC and talc pleurodesis.®* In this
study, total and PE-related hospital days were fewer in the
IPC group (median 6.5 and 3 days, respectively) than in the
talc-pleurodesis group (median 18 and 10 days, respectively).

What is the best value for money?

There has been a growth in clinical trials and studies related
to managing patients with PE. Choice of therapy for a patient
is influenced by many factors, the most crucial being therapy
effectiveness. From a health care system point of view, an
additional consideration is cost-effectiveness or value of
money spent on an intervention. Determining value for
money (cost-effectiveness) of an intervention can be done
using clinical trial data, if available. More commonly, costs
and effectiveness of multiple interventions are compared

using a combination of direct or indirect data on relative
costs and effectiveness through decision modeling. There
have been few studies that have evaluated cost-effectiveness
of various management strategies for MPE (Table 3). There
has been one economic analysis alongside a clinical trial
evaluating IPC versus pleurodesis and thoracoscopy®® and a
few conducted using decision modeling.?”%

The first cost-effectiveness analysis evaluating manage-
ment options in MPE was published in 2010, evaluating
simple thoracentesis, bedside pleurodesis, and IPCs.¥’
Treatment with talc pleurodesis was less costly and slightly
more effective overall compared with IPCs. IPCs became
cost-effective with an incremental cost-effectiveness ratio
less than US$100,000/quality-adjusted life year (QALY) in
patients with survival less than 6 weeks.

An analysis by Puri et al published in 2012 evaluated the
costs and quality of life of repeat thoracentesis, IPCs, bed-
side pleurodesis, and thoracoscopic pleurodesis.® The most
cost-effective treatment option changed depending on patient
survival. For patients with survival less than 3 months, IPCs
were the most effective treatment strategy. However, in this
analysis, when patient survival was modeled to 12 months,
the most cost-effective option was bedside pleurodesis.

The only cost-effectiveness analysis of IPC versus talc
pleurodesis performed alongside a clinical trial was recently
published.®® Based on the trial population recruited in the
TIME?2 trial, IPCs were compared with talc pleurodesis in
terms of dyspnea, quality of life, and costs. On average, the
incremental cost-effectiveness of IPC compared with bedside
talc pleurodesis was $10,870/QALY. At a threshold of £30,000
(equivalent to approximately $43,000) per QALY, the prob-
ability that IPCs were cost-effective compared to talc was
approximately 65%. When treatment was compared in patients
with limited survival (less than 14 weeks), at a willingness-
to-pay threshold of £30,000 ($43,000) per QALY, IPCs were
cost-effective compared to talc pleurodesis approximately
95% of the time. In the TIME2 clinical trial, patients and
family members performed as-needed drainage of the IPC.
In sensitivity analysis assuming additional nursing support
required for patients with IPCs to assist with intermittent
drainage, the incremental cost-effectiveness ratio increased
to $77,213/QALY and the probability that IPCs were cost-
effective compared with talc pleurodesis fell to 35%.

Finally, the most recent cost-effectiveness analysis evalu-
ating five possible management strategies for MPE published
in 2015, including a rapid-pleurodesis protocol, concluded
that IPCs were the most cost-effective alternative to repeat
thoracentesis for patients over a 6-month time period.® Their
analysis did not explore whether the cost-effectiveness of the
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Table 3 Summary of health economic studies evaluating treatment for MPE

Study Economic Interventions Outcomes Time Results
analysis compared (n) reported, frame
method currency
Olden and Decision Thoracentesis, Cost-effectiveness 6 months Base-case estimate: talc marginally less expensive, and
Holloway® model using bedside ratio (US$/QALY) no significant difference in QALY.
observational pleurodesis, IPC (3) Conclusion: no difference at 6 months between
data therapies. If survival less than 6 weeks, IPC may be
more cost-effective than talc.
Puri et al® Decision Thoracentesis, Cost-effectiveness | year Conclusion: depended on survival. If
model using bedside ratio (US$/QALY) survival <3 months, IPC most cost-effective:
observational pleurodesis, ICER = $49,978/QALY. If survival 12 months or
data thoracoscopic longer, bedside pleurodesis dominated all treatment
pleurodesis (3) strategies.
Olfert et al® Clinical trial Talc pleurodesis, Cost-effectiveness | year Conclusion: mean costs and QALYs between
data* IPC (2) ratio (US$/ groups were not significantly different.
QALY), costs ICER = $10,870/QALY. Probability that IPC more
converted from cost-effective than talc was 65%. If survival <|4 weeks,
UKE£ mean costs of IPC significantly less than talc.
Probability that IPC was more cost-effective than talc
was 95%. If all patients with IPC require nursing care
22 hours/week, then probability that IPC is more
cost-effective than talc falls to 35%.
Shafiq et al® Decision Thoracentesis, Cost-effectiveness 6 months Repeat thoracentesis was least expensive option,

model using talc pleurodesis,

observational thoracoscopic
data and clinical

trial*

pleurodesis with
talc poudrage, IPC,
rapid pleurodesis
protocol (5)

ratio (US$/QALY)

followed by IPC and talc slurry. IPC was more
effective than repeat thoracentesis, and talc
slurry was slightly more effective than IPC. Both
IPC and TS were considered dominant over talc
poudrage and rapid pleurodesis protocol (less
costly, more effective). ICER (IPC over repeat
thoracentesis) = $45,747/QALY

Note: *TIME2 clinical trial.

Abbreviations: MPE, malignant pleural effusion; IPC, indwelling pleural catheter; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; TS,

thoracoscopic surgery.

various treatment strategies would change for patients with
different survival times.

Overall, based on the health economic analyses performed
to date comparing a range of treatment options, repeat thora-
centesis would appear the least costly of all treatment strate-
gies, but with the least effectiveness in terms of quality of life.
IPCs appear to be a cost-effective strategy compared with all
other treatment strategies, particularly when patient survival is
limited (less than or equal to 6 months). Based on sensitivity
analysis in the economic analysis performed alongside the
TIME?2 trial, the cost-effectiveness of IPCs, however, becomes
much less favorable when nursing care of 2 hours or more is
required for IPC drainage on a weekly basis. This variation in
cost-effectiveness suggests that regional differences in deliv-
ery models of IPC services might impact the true “value for
money” spent on [PC management in different jurisdictions
and ultimately a decision maker’s willingness to pay for it.

Future work
Although not discussed in this review, the study of the
molecular biology of MPE and the role of biomarkers in MPE

diagnosis and prognosis have been growing in recent years
and have been reviewed recently.” Improved understanding
of the molecular causes of MPE and underlying malignan-
cies should promote clinical studies of targeted therapies
against MPE in the near future. With the increased use of
IPCs allowing long-term outpatient access to the pleural cav-
ity, this makes them an ideal potential portal for local drug
delivery.®® In addition to IPC-delivered bacterial moieties that
have been evaluated as potential immunomodulators against
MPE 92 a number of agents are currently under develop-
ment and the results are eagerly awaited. To date, there have
been no pleural-based interventions that have been found
to prolong survival in patients with MPE; however, as new
molecules are studied prospectively and survival of patients
followed, this important clinical outcome will be able to
inform clinical practice.

Successful treatment of MPE represents an ongoing chal-
lenge in clinical practice. Recent scientific progress has shed
light on the biological processes leading the mechanisms behind
the pathobiology of MPE.** Development of novel, effective,
biological treatment for patients is impaired by our incomplete
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understanding of basic aspects of cancer metastasis to the pleural
space and effusion development. For example, recent studies
suggest that tumor cells metastasizing to the pleural space con-
stitute a population disparate to the primary cancer, as evidenced
by the significant discordance in EGFR-mutation status between
the primary tumor and cancer cells in the effusion.”®

Many therapeutic interventions targeting angiogenesis and
vascular permeability have been undertaken against experi-
mental MPE. Blockade of VEGF signaling by either antibodies
(bevacizumab) or inhibitors (ZD6474, vandetanib) has been
tested experimentally.***> A recent Phase II clinical trial showed
that the addition of bevacizumab to carboplatin—-pemetrexed
chemotherapy for non-small-cell lung cancer resulted in MPE
control without pleurodesis.”® Additionally, cancer immuno-
therapy, the concept of stimulating the innate immune response
against cancer cells, has been tested in previous clinical trials
with promising results. Intrapleural administration of IL2 has
been addressed in Phase I clinical studies with encouraging
results, which warrant further clinical investigation.®’

To date there have been few studies that have incorporated
important costs and benefits of therapies into clinical trials
evaluating MPE-treatment strategies. Specifically, incorpora-
tion of patient and caregiver time associated with treatment
of MPE (eg, lost wages due to hospitalization or ongoing
IPC drainage) have not been included in the health economic
analysis of MPE therapies to date, but are arguably vital
“costs” to patients and society that should be considered when
evaluating the overall cost-effectiveness of MPE therapies.
Upfront incorporation and measurement of relevant health
economic variables alongside clinical trials will improve our
understanding of the value of different therapies for MPE
and the impact of therapies on subgroups of patients with
MPE. This will require collaboration among clinicians and
health economists early in the clinical trial-design process and
careful thought about handling generalizability of results and
treatment recommendations among different health systems
and countries.

Conclusion

The choice of therapy for a patient with MPE is influenced
by many factors, the most crucial being a therapy’s effec-
tiveness. Given the limited resources faced by almost every
health system, cost and cost-effectiveness have become major
considerations when considering adoption of new therapeutic
options. The management options available to patients with
MPE have increased in the past decade, and there have been
a growing number of prospective studies demonstrating
the comparative effectiveness of these therapies in terms of

important patient outcomes. The challenge for clinicians and
patients deciding on the preferred-treatment strategy is that
the therapies available to patients vary appreciably in terms of
procedure placement (inpatient versus outpatient), risks, and
complications. Furthermore, clinicians have been limited in
terms of accurately predicting who may benefit from either
pleurodesis or IPCs. Routine use of prediction scores in clinical
practice has the potential to help in discussions with patients
about prognosis and ultimately guide the choice of therapy.
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