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Introduction
Extrapleural pneumonectomy (EPP) was once a corner-
stone of treatment for pleural mesothelioma until the
Mesothelioma and Radical Surgery (MARS) trial reported a
higher risk of death and poorer quality of life in patients who
received EPP [1]. Subsequently, a shift in practice occurred
in which extended pleurectomy decortication (EPD), a pro-
cedure that spares the lung, became the surgery of choice
and was advocated by major societies [2–5]. Now, with the
recent publication of the MARS2 trial, practice patterns are
again susceptible to change. Our aim is to guide readers on
the applicability of the MARS2 trial to current practice.
MARS2 evaluated outcomes of chemotherapy plus EPD
versus chemotherapy alone in patients with pleural
mesothelioma. It is the largest randomized controlled trial
of EPD to date. The authors of the trial conducted an open-
label, multicenter study with an intention-to-treat analysis
over a period of 6 years. A total of 335 patients were ran-
domly assigned, with surgery performed at 5 different sur-
gical centers within the UK. The major finding of MARS2
was that chemotherapy plus EPD cohort was associated
with worse survival at 2 years, more serious adverse events,
worse quality-of-life, and all at double the cost [6].
The trial should be applauded for its novelty, large sam-
ple size, and comprehensiveness. It weathered the Coron-
avirus Disease-2019 (COVID-19) pandemic, included two
quality-of-life measurements, and even included cost of
care comparisons. MARS2 was a massive undertaking that
required significant strategic planning, execution, and as-
sessments. The authors’ efforts and commitment to the
highest levels of research should be commended.
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However, after the publication of this trial, issues regard-
ing the generalizability of this study were raised. We will
review the most pertinent ones.

Areas of Attention
Patient Inclusion

MARS2 included 12% of non-epithelioid disease, with sub-
group analyses demonstrating a restricted mean survival
time difference of –3 months compared to epithelioid dis-
ease. These results are in line with prior literature show-
ing no surgery benefit in non-epithelioid disease [7]. In
fact, most major guidelines label non-epithelioid disease as
a contraindication to surgery. However, despite including
this group, non-epithelioid disease between the surgery and
the chemotherapy groups were equally distributed. Overall
survival may be skewed upon inclusion of this cohort, but
comparative analysis between groups should be relatively
unmarred.
More than half-way after patient recruitment, the Amer-
ican Society of Clinical Oncology (ASCO) 2018 staging
guidelines were released that emphasized mediastinal stag-
ing and positron emission tomography-computed tomog-
raphy (PET-CT), which was then incorporated into subse-
quent enrollment. This meant that only 40% of patients had
PET-CT, and nodal disease was included; over 20% of pa-
tients had N1 disease and 7% had N2 disease. However,
post-hoc analyses demonstrated no differences in survival
despite the use of PET-CT, possibly owing to well random-
ization with balanced groups. Although these issues may
affect the absolute values of their results, we believe these
issues do not significantly affect the comparisons between
their two arms — these are the inherent strengths of a ran-
domized controlled trial. Perhaps what is more interesting
and should be highlighted is the subgroup analysis of over-
all survival for T1-2, N0 epithelioid only disease. Despite
this stratification, a survival benefit for surgery was not ap-
preciated. The exact number of patients included was not
disclosed but based on patient characteristics of the entire
group (68% T1-2, 72% N0), it is possible that this calcula-
tion was underpowered. If these results were valid, the find-
ing of no survival benefit even in this subset of patients with
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early disease would be convincing. However, the ques-
tions remain whether patients received adequate systemic
therapy, and whether staging criteria without PET-CT and
nodal sampling in a large subset of patients were accurate.
We will touch more upon this later.
Perhaps the most confounding factor in patient selection
for MARS2 is that patients who had progression after 2
cycles of chemotherapy were still randomized as long as
they were within surgically resectable limits. In practice,
these patients would not have been offered surgery. Pro-
gression of disease after neoadjuvant treatment is a neg-
ative prognostic indicator and reduces the potential bene-
fits of surgery. These patients are typically offered alter-
native systemic therapies or entry into clinical trials rather
than surgery. The inclusion of this cohort is a significant
limitation that favors the chemotherapy group and may ex-
plain why surgery was found to be detrimental. Performing
surgery on patients who are known to have little to no ben-
efit is counterintuitive.

Disease Burden and Therapy
Although the overall cT distributions appear similar (T1:
75/169 vs 81/166; T2: 36/169 vs 36/166; T3: 58/169
vs 49/166), the surgical arm had more aggressive T2 dis-
ease with 83% of T2 tumors (30/36) having pulmonary
parenchymal invasion compared to only 50% (18/36) in
the chemotherapy alone arm. An imbalance also exists in
access to salvage therapy: 39% of chemotherapy-only pa-
tients received immunotherapy compared to 21% in the sur-
gical arm. This is not surprising as most patients in surgery
also did not complete the recommended chemotherapy cy-
cles.
The MARS2 trial did aim to preserve fidelity amongst its
surgeons by requiring the first operation and an addition
randomly selected operation be peer reviewed. However,
details on what standardization occurred were not speci-
fied and the option to convert from a EPP to EPD if nec-
essary was not possible. Given that a quarter of patients
had nodal disease and 3% had metastatic disease, achieving
adequate macroscopic resection may not have been possi-
ble due purely to trial constraints. Furthermore, there was
aggressive tissue removal including diaphragm resection in
83% of the surgery cohort, even in those with no pathologi-
cal involvement of the diaphragm. This raises the question
of whether patients who did not need extensive resection
received unnecessary surgery, and whether there was not
enough resection for those who did.

Chemotherapy
Guidelines recommend 4–6 cycles of platinum-pemetrexed
chemotherapy. In the MARS2 surgical arm, only 57% in
the surgical arm completed the four cycles compared with
89% in the chemotherapy arm. These results should be in-
terpreted in two ways. Surgery itself may be a limiting fac-
tor to finishing adjuvant therapy. The ASCO 2025 guide-
lines do not place emphasis on the sequence of chemother-

apy and surgical resection, citing the European Organiza-
tion for Research and Treatment of Cancer (EORTC) 1205
trial that included patients with T1-3, N0-1, M0 disease [8].
Given that MARS2 was designed as an intention-to-treat
trial, the drop off in patients able to finish adjuvant ther-
apy provides us real-world, practical data. However, this
brings us to an important question: was chemotherapy es-
sentially compared to surgery alone? Without the full im-
pact of systemic treatment, the benefits of only 2 cycles of
chemotherapy are difficult to interpret. Optimists may say
that chemotherapy patientsmay be naturally advantaged but
not enough to alter survival outcomes to where benefits of
EPD would not be detected. On the other hand, conser-
vatists will claim that this trial is essentially a head-on com-
parison that was bound to favor chemotherapy as prior lit-
erature has already demonstrated that cytoreductive surgery
by itself should not be thought of as curative therapy.

Since the Publication of MARS2
Almost a year after publication, a few authors of the
MARS2 trial presented another manuscript challenging the
results of the original paper, titled “Why the MARS2 Trial
Does not Mean the End of All Mesothelioma Surgery” [9].
They conducted a post-hoc analysis on a sample of surgery
patients (79 patients, 50% ofMARS2 surgical cohort) based
on contemporary staging criteria and pathological require-
ments. Justification for this subgroup analysis was stated
plainly: “We have found that only 1 in 3 [patients] of [the
MARS2 trial] would be offered surgery in current practice”
[9]. Their results were remarkable. Patients with clinical
stage 1 or 2, epithelioid disease (27 patients, 34%) had a
median survival of 32 months, compared to 8.5 months in
patients that would have been excluded from surgery with
contemporary staging criteria (52 patients, 66%). It seems
that with appropriate inclusion criteria, EPD positively af-
fects overall survival.
After MARS2, guidelines from the National Comprehen-
sive Cancer Network remain fairly unchanged, starting that
EPD should be performed in carefully evaluated patients
and that EPP may still play a role in certain cases [10]. In
contrast, ASCO 2025 guidelines have updated their recom-
mendation to state that surgical cytoreduction should not be
routinely offered to all patients based solely on anatomic
resectability, but rather highly selected patients with ap-
propriate staging. In fact, a 2025 survey conducted by
the Mesothelioma Center reported that over 70% of tho-
racic surgeons would be more selective in offering surgical
treatment in light of the MARS2 trial, with 69% of physi-
cians (both surgical and non-surgical) believing EPD still
has benefits for some mesothelioma patients [11]. It seems
that while a portion of physicians are convinced that surgery
no longer plays a role in mesothelioma [12], most continue
to be skeptical that surgery is a relic of the past.
The role of video-assisted thoracoscopic surgery (VATS)
for the treatment of pleural mesothelioma remains unclear.
VATS has been used in pleural mesothelioma as a treatment
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for pleural effusion and in certain cases of palliation. How-
ever, literature regarding VATS pleurectomy/decortication
in offering a survival benefit is sparse. There are cur-
rently no high-quality clinical trials comparing minimally
invasive surgery to open surgery for the treatment of pleu-
ral mesothelioma. The most recent clinical trial, Meso-
VATS, examined VATS pleurectomy and decortication for
patients with mesothelioma with pleural effusion, and did
not find any survival benefit but rather more complications
for VATS compared to talc pleurodesis [13]. Despite its
utility in other cancers, using VATS to complete a thorough
pleurectomy and decortication is generally challenging. An
argument can be made that patients offered surgery tend to
be healthier and with earlier stage cancer, in which mini-
mally invasive surgery surgerymay offset many of the com-
plications of open thoracotomy, improving survival despite
a less complete surgery. However, robust data to support
this argument does not yet exist.
Hyperthermic, intrathoracic chemotherapy (HITHOC) re-
mains a promising treatment. Systematic reviews have
demonstrated this technique to be safe and feasible [14,15],
while also providing increased overall survival [16,17].
A pilot study comparing VATS talc pleurodesis to VATS
pleurectomy/decortication plus HITHOC in patients with
early stage malignant pleuromesothelioma found a median
overall survival of 15 months and 45 months, respectively.
However, these results were conducted in small sample of
<15 patients in each group [18]. Current guidelines do not
prescribe HITHOC as standard of care, but rather an adjunct
that can be considered in specialized centers as strong evi-
dence remains lacking. Despite a growing body of literature
reporting on themortality benefits of HITHOC, randomized
clinical trials need to be conducted to futher assess its effi-
cacy. We remain optimistic and urge further exploration of
this promising therapy.

Final Thoughts
The MARS2 trial is the first ever randomized trial to eval-
uate EPD in pleural mesothelioma. Their overall findings
argue against EPD due to overall worse survival and more
adverse events compared to chemotherapy alone. Despite
this, these results should be viewed within the limitations
of the trial design and patient imbalances; MARS2 can-
not be used to justify the complete retirement of cytore-
duction in the treatment pleural mesothelioma. Surgical
cytoreduction may still benefit a well-staged, carefully se-
lected cohort of patients, such as patients with early stage
(T1–T2), epithelioid disease without nodal involvement,
especially if followed by additional adjuvant chemother-
apy or immunotherapy. Perhaps what the MARS2 trial has
more importantly done is to call to our attention the im-
portance of pre-operative staging and careful selection of
patients within expert centers, among a multidisciplinary
team. With careful selection, cytoreduction likely still plays
an important role in the treatment of pleural mesothelioma.
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