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Abstract

OBJECTIVES: To analyse the relapse pattern and influence of second-line treatment after recurrence of malignant pleural mesothelioma
(MPM) in patients who had previously undergone multimodality treatment.

METHODS: Between September 1999 and December 2013, 136 patients underwent macroscopic complete resection (MCR) by extra-
pleural pneumonectomy after induction chemotherapy for MPM. We analysed 106 patients who presented with recurrent disease until
October 2014. Data were retrieved from our mesothelioma database, with additional information regarding precise localization gathered
by reviewing the imaging and medical records.

RESULTS: The overall recurrence rate was 78% (106/136 patients). The median freedom from recurrence was 9 months after surgery [95%
confidence interval (95% Cl) 7-10]. Local recurrence only was observed in 33 patients (31%), distant metastases only in 27 patients (26%)
and simultaneous distant and local recurrence in 46 patients (43%). Local recurrence was observed significantly less frequently in patients
having received adjuvant radiotherapy (19 vs 47%, P =0.003), but there was no significant impact on overall survival (OS) [radiation:
22 months (95% Cl 19-24); no-radiation: 23 months (95% Cl 18-27), P = 0.6]. The median OS was 22 months (95% Cl 21-24), median post-
recurrence survival (PRS) was 7 months (95% Cl 5-9) and patients with local recurrence only survived significantly longer (12 months, 95%
Cl 8-16) compared with patients with distant recurrence only (5 months, 95% Cl 2-8) or distant plus local relapse (6 months, 95% Cl 3-9;
P =0.04). A total of 78 patients received a second-line therapy after tumour recurrence: chemotherapy (n = 48), local radiotherapy (n=9),
surgery (n =10) or a combination thereof (n = 11). Patients undergoing second-line treatment survived significantly longer compared with
patients not receiving therapy (P < 0.0005). The median PRS after surgery was significantly longer than that of patients receiving chemo-,
radio- or chemo-radiotherapy (P = 0.04).

CONCLUSIONS: Local recurrence of MPM remains the most frequent type of relapse even after multimodality treatment including MCR.
In the present cohort, active treatment seems beneficial to the patient since surgical excision of local tumour relapse has good long-term
outcome in selected patients. Thus, second-line treatment may prolong PRS; however, these results need to be confirmed in a prospective
manner.
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the course of the disease [6, 7]. Little is known about the
precise pattern of relapse after multimodality treatment includ-
ing EPP [7-11] and even fewer data exist on the clinically most
relevant question of how the course of the disease can be
influenced by implementing a second line treatment after

INTRODUCTION

Currently, most centres specialized in the treatment of patients
with malignant pleural mesothelioma (MPM) approach this
disease with multimodality treatment including macroscopic

complete resection (MCR) by either extrapleural pneumonec-
tomy (EPP) or pleurectomy/decortication (P/D) [1-5]. However,
rates of local and distant failure are high and appear early in
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recurrence.

In this retrospective analysis of a large cohort having undergone
induction chemotherapy followed by EPP, we wished to address
two major points of interest: first, a description of the precise
relapse pattern; and second, the impact of a second treatment on
post-recurrence survival (PRS).

© The Author 2015. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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MATERIALS AND METHODS

We performed a retrospective analysis on a mesothelioma
database comprising data collected on MPM patients referred to
our institution between March 1999 and July 2014, having been
treated with a multimodality protocol and then presented with
tumour recurrence. Local ethics committee approval was granted
for retrospective analysis of this mesothelioma database (StV
29-2009, EK-ZH 2012-0094).

Multimodality treatment concept

Decisions regarding treatment were taken by an interdisciplinary
tumour board consisting of thoracic surgeons, oncologists,
radiation oncologists, respirologists and radiologists. All patients
received induction chemotherapy; platinum/gemcitabine was used
before implementing platinum/pemetrexed. Eligibility for multi-
modality treatment included biopsy-proven MPM (of any histo-
logical subtype) at clinical stage T1-3 NO-2 MO, and anticipated
complete resectability by EPP as assessed by an experienced thor-
acic surgeon.

MCR was achieved by EPP in all cases. As described previously,
standard EPP was performed within 6 weeks of completing the
final cycle of chemotherapy [12]. In total, 59 patients received ad-
juvant radiotherapy after EPP, 10 of which were treated within the
SAKK 17/04 protocol [13]. High-risk zones were defined either by
the operating surgeon or according to the SAKK 17/04 protocol.
Over the course of the study, different techniques of radiotherapy
[3D conformal radiotherapy, n = 41; intensity-modulated radiation
therapy (IMRT), n=9; unknown, n=9] and doses (median 50 Gy,
range: 13-60) were applied.

Diagnosis and treatment of recurrence

Patients were followed up in outpatient clinics on a regular basis
with serial computed tomography (CT) scan or positron emission
tomography (PET)/CT every 4-6 months. Patient data, including
time and gross location of recurrence, were recorded prospective-
ly in our mesothelioma database. The precise location of recur-
rence was determined by reviewing chest CT or PET/CT scans and
patient records.

Local recurrence was defined as tumour recurrence at the
ipsilateral hemithorax, including the chest wall, diaphragm, peri-
cardium, ipsilateral mediastinal lymph nodes as well as axillary,
sub- and supraclavicular lymph nodes. Distant recurrence was
further divided into recurrence at the contralateral hemithorax
(with the same subgroups at the ipsilateral hemithorax), in the
abdomen or at other distant locations.

Decisions regarding second-line treatment were taken by an
interdisciplinary tumour board considering the patient’s perform-
ance status and the presence of symptoms of disease progression,
the location of recurrence and initial response to chemotherapy.

Statistical analysis

Overall survival (OS) was calculated as the time between the first
cycle of chemotherapy and death. PRS was calculated as the time
between recurrence and time point of death. Patients without an
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event were censored at the time of last follow-up. Freedom from
recurrence (FFR) was calculated as the time between EPP and
diagnosis of tumour relapse. The Kaplan-Meier method was used
to estimate the FFR, OS and PRS. The log-rank test was used to test
for significant differences between groups. Numbers are shown as
median plus 95% confidence interval (95% ClI) unless otherwise
stated.

A stepwise Cox regression was used to test the independence of
FFR from different factors. This analysis included all factors that
were significant in the Kaplan-Meier analysis.

Fisher’s exact test was used to compare categorical variables. A
P-value below 0.05 was considered as statistically significant.

All statistical analyses were performed using the SPSS software
package (IBM Corp., Released 2013; IBM SPSS Statistics for
Windows, Version 22.0, Armonk, NY, USA).

RESULTS

Between July 1999 and August 2013, 405 patients with MPM were
referred to our institution. Of these, 214 were eligible for multi-
modality treatment and 140 finally underwent induction chemo-
therapy and EPP.

Of the 136 patients analysed for recurrent disease, 108 (79%)
were indeed found to have recurrent disease, whereas 24 (18%)
had no tumour relapse during the observation period (until
October 2014); 4 patients (3%) were lost to follow-up. The median
follow-up was 22 months (range: 6-121); 106 (78%) patients
had sufficient information to localize tumour recurrence accur-
ately as well as second-line treatment. See Table 1 for patients’
characteristics.

Tumour relapse was diagnosed by serial imaging (CT, PET/CT or
MRI) in 69 patients (65%), by pathological confirmation in 33
cases (31%) [via tissue biopsy in 18 patients (17%) or fine needle
aspiration with cytology in 15 patients (14%)], by clinical presenta-
tion in 3 patients (3%) and by autopsy in 1 patient (1%). Overall,
with additional tissue biopsies taken at later points in some cases,
a total of 31 biopsies were available for 27 patients. Comparing
histotype at the initial diagnosis and at the time of recurrence, 3

Table 1: Patient characteristics
Age at surgery (years), median (range) 61 (36-72)
Number of patients, n (%) 106 (100)
Gender, n (%)
Male 93 (88)
Female 13(12)
Pathological IMIG stage, n (%)
I 7(7)
I 22(21)
1l 66 (62)
\Y 11 (10)
Histology, n (%)
Epithelioid 68 (64)
Biphasic 36 (34)
Sarcomatoid 2(2)
Induction chemotherapy, n (%)
Platinum/gemcitabine 41 (39)
Platinum/pemetrexed 65 (61)
Adjuvant radiotherapy, n (%)
No 47 (44)
Yes 59 (56)
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patients showed a transformation from an epithelioid to a biphasic
and 1 patient from a biphasic to an epithelioid histotype.

Relapse pattern

The median FFR was 9 months after EPP (95% Cl: 7-10) and did
not differ significantly between different sites of recurrence: local
recurrence occurred at a median of only 9 months (95% Cl 8-10),
distant recurrence only at 11 months (95% Cl 6-17) and simultan-
eous local and distant relapse at 9 months (95% Cl 6-11) (P =0.7).

Tumour recurrence was local only in 33 patients (31%), the site
of relapse was distant only in 27 patients (26%) and local as well as
distant (both) in 46 patients (43%). The ipsilateral hemithorax was
the most frequent site of recurrence (79 patients, 75%) followed
by the abdomen (53 patients, 50%) and the contralateral hemi-
thorax (39 patients, 37%); for details see Table 2.

The distribution of tumour recurrence according to IMIG stage
is shown in Figure 1; the relative percentage of local relapse
tended to be higher at lower IMIG stages, whereas contralateral
hemithorax and abdominal manifestations were more frequent at
higher IMIG stages.

FFR was prolonged significantly for lower compared with
higher IMIG stages [IMIG stage | (n=7): median FFR 19 months

Table 2: Exact location of recurrence

Number Percentage
of patients of all
(n=106) patients
Ipsilateral hemithorax
Total 79 75
Neopleura 26 25
Chest wall 53 50
Ipsilateral mediastinal LN 20 19
Axillary, sub- and supraclavicular LN 12 11
Diaphragm 9 8
Pericardium 7 7
Distant failure
Total 73 69
Contralateral hemithorax
Total 39 37
Pleura 26 25
Chest wall 2 2
Intrapulmonary 20 19
Mediastinal LN 7 7
Axillary, sub- and supraclavicular LN 3 3
Diaphragm 3 3
Pericardium 3 3
Abdomen
Total 53 50
Peritoneum 33 31
Liver 8 8
Kidney 1 1
Adrenal gland 3 3
Spleen 1 1
Mesentery 3 3
Abdominal LN 16 15
Other distant
Total 11 10
Muscle 2 2
Bone 6 6
Cervical LN 2 2

LN: lymph node.

(95% ClI 0-38); Il (n = 22): 13 months (6-20); lll (n = 66): 8 months
(7-9); IV (n=11): 8 months (4-12); P=0.001; Fig. 2A] and also de-
pendent on mediastinal lymph node involvement at the time
point of EPP [pNO (n =62): 11 months (95% Cl 8-14); combined
pN1 and pN2 (n = 44): 7 months (95% Cl 6-9); P =0.002; Fig. 2B];
moreover, FFR was significantly longer in patients who under-
went induction chemotherapy with platinum/gemcitabine
[n=41; 12 months (95% ClI 9-14)] compared with those having
received platinum/pemetrexed [n=65; 8 months (95% Cl: 8-9)
P=0.01; Fig. 2C]. Differences in FFR did not depend on the re-
sponse to induction chemotherapy according to modified
RECIST criteria [14] [partial response (n =25): 11 months (9-13);
stable disease (n = 26): 8 months (7-10); progressive disease (n =
18): 8 months (6-10); P = 0.2] or on histotype [epithelioid (n = 64):
9 months (8-11); non-epithelioid (n=38): 8 months (6-10);
P=0.3]. After multivariate analysis in a Cox regression model,
pathological IMIG stage remained a prognostic factor for pro-
longed FFR (P =0.001).

Impact of adjuvant radiotherapy after extrapleural
pneumonectomy

Fifty-nine (56%) patients received adjuvant radiotherapy after in-
duction chemotherapy and EPP. Morbidity after adjuvant radio-
therapy included nausea, vomiting and weight loss in 25 patients,
radiation dermatitis in 9 patients, oesophagitis in 4 patients and
was not documented in 18 patients.

Patients who underwent hemithoracic radiotherapy presented
with significantly less loco-regional recurrence (radiation: 11
patients, 19%; no-radiation: 22 patients, 47%; P = 0.003). However,
distant metastases occurred more frequently only in the radiation
group (radiation: 21 patients, 36%; no-radiation: 6 patients, 13%;
P=0.008), and simultaneous distant and local relapse was present
in equal proportion (radiation: 27 patients, 46%; no-radiation:
19 patients, 40%; P=0.7; Fig. 3). FFR did not differ significantly
between the radiation group (n=59) and the no-radiation group
(n = 47), with a median of 11 months (95% CI 7-15) and 9 months
(95% Cl 8-9), respectively (P = 0.3; Fig. 2D). OS was similar for both
groups [radiation: 22 months (95% Cl 19-24); no-radiation: 23
months (95% Cl 18-27), P = 0.6].
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Figure 1: Relapse pattern depending on pathological IMIG stage.
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Figure 2: Freedom from recurrence (median 95% Cl) as a factor of: (A) pathological IMIG stage: | (n =7): 19 months (95% CI 0-38); Il (n = 22): 13 months (95% Cl 6-20);
Il (n = 66): 8 months (95% CI 7-9); IV (n=11): 8 months (95% Cl 4-12); P=0.001. (B) Pathological N stage: pNO (n = 62): 11 months (95% Cl 8-14); pN1/2 (n=44): 7
months (95% Cl 6-9); P=0.002. (C) Induction chemotherapy: platinum/gemcitabine (n = 41): 12 months (95% Cl 9-14); platinum/pemetrexed (n = 65): 8 months (95%
Cl 8-9); P=0.01. (D) Adjuvant radiotherapy: no (n = 47): 9 months (95% Cl 8-9); yes (n = 59): 11 months (95% Cl 7-15); P = 0.3. FFR: freedom from recurrence; 95% Cl:

95% confidence interval.

Long-term oncological outcomes

Median OS for all patients was 22 months (95% Cl 20-24; 4 cases
censored). Median PRS was 7 months (95% Cl 5-9; 4 cases cen-
sored). PRS was significantly longer for patients with local recur-
rence only (12 months, 95% Cl 8-16) compared with patients
presenting with distant metastases only (5 months, 95% Cl 2-8) or
simultaneous distant and local relapse (6 months, 95% ClI 3-9;
P=0.04; Fig. 4A).

Second-line treatment

Seventy-eight patients (74%) received a second-line treatment,
whereas 28 patients (26%) did not; reasons for not receiving a
second treatment included refusal in 7 patients, a ‘wait-and-see’
strategy in 2 patients, poor physical status in 8 patients, death
before treatment could be administered in 5 patients and were
unknown in 6 patients. Therapy included chemotherapy (n =55,
71%), local radiotherapy (n=18, 23%) and redo surgery (n=16,
21%); 67 patients (86%) received a single treatment modality and
11 patients (14%) received a combination of two different modalities

(Table 3). PRS was significantly longer in patients receiving second-
line treatment after tumour relapse compared with those not re-
ceiving any treatment [10 months (95% Cl 8-11) vs 2 months (95%
Cl 0-5), P < 0.0005; Fig. 4B].

A redo surgery was performed in 16 patients; 9 had resection of
soft tissue metastases at the ipsilateral chest wall, 4 had extended
chest wall resections and 3 had contralateral partial pleurectomy
either alone, in combination with pericardial fenestration or with
lung wedge resection and axillary lymphadenectomy. The patient
who underwent contralateral pleurectomy had a complicated
postoperative course with sick sinus syndrome and systemic in-
flammatory response syndrome and died on postoperative day 8
after withdrawal of treatment because of poor prognosis. One
other patient who underwent contralateral pleurectomy and peri-
cardial fenestration died 12 days after the operation due to treat-
ment withdrawal due to worsening overall condition. For details
of combinations of different modalities, see Table 3. There was no
significant difference in PRS between these groups, but the group
of patients who underwent redo surgery had a significantly longer
median PRS compared with those having received other types of
second-line therapy and those who received no therapy at all
(P < 0.0005; Fig. 4C).
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Figure 3: Adjuvant radiotherapy and localization of recurrence: local only
(yes: n=11, 19%; no: n=22, 47%; P=0.003); distant only (yes: n=21,
36%; no=6, 13%; P=0.008) and both (yes: n=27, 46%; no=19, 40%;
P=0.7).

A second-line chemotherapy was administered in 55 patients
with a median of four cycles (range: 1-21); 33 patients (64%)
received a platinum compound combined with pemetrexed,
9 (17%) received platinum and gemcitabine and 10 (19%) were
administered a monotherapy (vinorelbine: 3, pemetrexed: 1, gem-
citabine: 2, carboplatin: 4). Adverse reactions of the second
chemotherapy included haematological toxicity (n =14, grade 3:
11 patients, grade 4: 1 patient), upper respiratory infections in 3
patients and renal toxicity in 2 patients. Twelve patients had a
second chemotherapy without any adverse reaction, and data on
toxicity were missing for 10 patients.

Eighteen patients received a second-line radiotherapy (3 patients
had IMRT) with a median dose of 50 Gr (range: 20-60). Nine
patients had radiation only, 5 had combined radio-chemotherapy
and 4 had local radiotherapy of the resection margins after surgery.
Adverse reactions to second radiotherapy included radiation
dermatitis (n = 4), and grade 2 pneumonitis and grade 2 oesopha-
gitis in 1 patient each. No adverse reactions were documented in
5 patients and information about adverse reactions was missing in
5 patients.

Patients receiving second chemotherapy alone, second radio-
therapy alone or combined radio-chemotherapy had a similar
PRS (P =0.3) but a significantly longer PRS, compared with those
patients who had not received a second treatment (P < 0.0005;
Fig. 4D).

DISCUSSION

This retrospective analysis addressed two questions of high clinical
relevance that arise after failure of multimodality treatment for
MPM: first, the pattern of recurrence itself, and secondly, the
impact of different second-line treatment modalities on PRS.

We analysed data from a large cohort of patients having under-
gone EPP after induction chemotherapy with detailed information
on recurrence. We found that the site of first tumour recurrence
seems to correlate with the initial tumour stage, with a trend to
more contralateral and abdominal recurrences in higher IMIG
stages as has been reported earlier [8]. Not surprisingly, FFR also
decreased significantly for higher IMIG stages and for lymph node
involvement at the time point of EPP. This is likely due to the in-
creased biological aggressiveness of MPM in higher tumour stages
or to the fact that the disease has already progressed more than
appreciated with clinical staging given the limited representation
of imaging tools in MPM. Moreover, FFR was prolonged signifi-
cantly in patients who had undergone induction chemotherapy
with platinum/gemcitabine, but was not significant in a multivari-
ate analysis. Pathological IMIG stage was the only independent
prognosticator for prolonged FFR.

Improved local control after hemithoracic radiotherapy has
been described earlier [10, 15]. In our cohort, 59 patients (56%)
received adjuvant radiation and the incidence of local tumour
recurrence was reduced significantly but without significant in-
fluence on OS, which is in line with results from our multicenter
randomized controlled trial (MC RCT) of the SAKK 17/04 proto-
col [13]. Successful local control did not seem to further influence
the natural course of the disease which progressed to distant
failure. It has already been suggested that better local control
cannot improve survival because no highly effective systemic
therapy to tackle distant metastasis is available [6]. However,
those who have a local failure alone and who can be treated
again successfully may benefit from longer OS.

The overall rate of recurrent disease was 79%, which is compar-
able to the 75% overall recurrence rate published recently by
Baldini et al. [8]. Our recurrence rates for the abdomen (50 vs
53%), contralateral hemithorax and distant metastasis (11 vs 7%)
resemble Baldini et al.'s data almost exactly [8]. As in their cohort,
the ipsilateral hemithorax was the most frequent site of recur-
rence, with 75% of all recurrences (31% had local recurrence only
and 43% local in combination with distant failure). The 72% local
recurrence rate published by Baldini et al. [8] and our present
results are among the highest rates published; previous reports
claimed rates of between 9 and 41% [8, 11]. The reasons for this in-
consistency in previously reported recurrence rates and our par-
ticularly high recurrence rates are numerous: differences in
patient selection, varying treatment modalities as well as length
and especially interval and tools for follow-up. At our institution,
for example, 4-6 monthly chest and upper abdomen CT or PET/
CT scan has long been routine for follow-up; therefore, many
asymptomatic patients are diagnosed earlier with recurrent
disease. Clearly, with a 4-6 monthly interval of imaging, the
described FFR with a median of 9 months can also only be an ap-
proximation. However, local recurrence remains an eminent
problem in the treatment of MPM and represents a good point of
application for novel treatment approaches such as intracavitary
chemotherapy in the form of a solution or loaded to a fibrin
carrier, photodynamic therapy and others [16-18].

Despite the high local failure rate in our report, OS from induc-
tion chemotherapy was 22 months (95% CI 20-24) and compares
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Figure 4: Post-recurrence survival [median (95% Cl)] depending on: (A) localization of tumour recurrence: local (n =33, 1 censored): 12 months (95% Cl 8-16); distant
(n=27,1 censored): 5 months (95% Cl 2-8); both (n = 46, 2 censored): 6 months (95% Cl 3-9); P = 0.04. Second treatment: (B) any kind of second treatment after recur-
rent disease [n =78, 4 censored; 10 months (95% Cl 8-11) vs no second treatment (n =28, none censored; 2 months, 95% Cl 0-5; P < 0.0005]. (C) Second surgery
(n=16, none censored; 16 months, 95% Cl 9-24) vs other modality of second treatment (n =62, 4 censored; 9 months, 95% Cl 7-12) vs no treatment (n = 28, none
censored; 2 months, 95% Cl 0-5; P < 0.0005). (D) Second chemotherapy only (n = 48, 1 censored; 9 months, 95% Cl 6-11), second radiotherapy only (n =9, 3 censored;
8 months, 95% Cl 4-11) and combined radio-chemotherapy (n =5, none censored; 13 months, 95% Cl 12-13; P=0.3) vs no treatment (n =28, none censored; 2
months, 95% CI 0-5; P < 0.0005). PRS: post-recurrence survival; 95% Cl: 95% confidence interval.

Table 3: Second-line treatment modalities after recurrence and impact on PRS

One modality, n (%) Combination of two modalities, n (%) No therapy
(n=67) (n=11) (n=28)
Surgery (n=10) CTX (n=48) RTX (n=9) Surgery and Surgery and Chemo and
CTX (n=2) RTX (n=4) RTX (n=5)
Localization
Local only, n=35 6(18) 8(24) 4(12) 2(6) 3(9) 3(9) (22)
Distant, n =71 4(5) 40 (55) @) 0 1(1) 203) 21(29)
OSR
Month (95% Cl) 11 (5-17) 9(6-11) 8(4-11) 16 (-) 17 (0-36) 13(12-13) 2(0-5)

The distribution of therapies differed significantly depending on the localization of tumour relapse (P = 0.001).

CTX: chemotherapy; RTX: radiotherapy; PRS: post-recurrence survival.

favourably to the current literature [19], of course taking into
account that this is a selected patient series.

PRS depended significantly on the location of recurrence:
patients experiencing local recurrence only had significantly

better PRS compared with those presenting with distant only or
both distant and local failure. It has been hypothesized previously
that local recurrence may have a less deleterious effect on prog-
nosis compared with distant metastasis [20]. One possible
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explanation is that recurrence at the contralateral hemithorax and
the abdomen represents only an expanded stage of local recur-
rence rather than true distant failure, and that the worse prognosis
accompanied with recurrence at these locations derives from the
later stage of the disease.

A progressive transformation from an epithelioid to a biphasic
histotype was observed in 3 of the 31 patients with available
tumour tissue. Little is known about the prognostic influence of a
progression at the cellular level at the time of recurrence;
however, the epithelial-to-mesenchymal transition has previously
been shown to influence prognosis negatively [21]. The one case
with a transformation from biphasic to epithelioid histotype most
likely represents the limited diagnostic yield of conventional hist-
ology; therefore, further examination using molecular pathology is
needed to determine the molecular behaviour of recurrent MPM
and the prognostic effect of progressive transformation.

The impact of a second-line treatment for recurrent MPM after
initial multimodality treatment has so far been described by only
one other study; a subset of 12 patients previously having under-
gone multimodality treatment tended to have a longer PRS
(median 13 months) compared with those not having had a
second treatment (n = 30, 6 months); however, this result was not
statistically significant [22].

The extent to which different second-line therapies influence
PRS has, to our knowledge, never been described before: patients
who did not receive a second therapy presented with significantly
reduced OS compared with those with a second treatment both
as a whole group and also in comparison with each subgroup of
different modalities and their combination. Most likely, this repre-
sents a selection bias as those not having received a second treat-
ment may either have not qualified because of poor performance
status or may have died before treatment could be administered.
The additional effect of a second treatment cannot be abstracted
from our data set as patient-related data as well as information
about the indication for a second treatment are incomplete.

However, our data show astonishing long-term outcomes after
recurrence. A second, localized tumour excision was accompanied
by a good median OS of 16 months (95% Cl 9-24) after relapse.
One other study described second surgery in 8 cases of localized
solid mass recurrence with a similar median survival of 14.5
months (range 6-29) [23]; a second, larger, study including 47
patients with recurrent disease after initial multimodality manage-
ment also concluded that chest wall resection is a safe and effective
option in patients with localized recurrence [24]. The good survival
in our cohort may be explained by the large proportion of patients
with only soft tissue recurrence at the incision site, likely represent-
ing implantation metastases, and by the requirement of good
physical condition to undergo surgery. However, patients having
had extended resections were included in the analysis and a sub-
group analysis did not reveal any significant difference between
soft tissue resections compared with extended resections (P =0.5).
Nonetheless, 2 of the 3 patients who underwent contralateral
pleurectomy died in the early postoperative course due to treat-
ment withdrawal because of worsening condition and poor prog-
nosis. Contralateral pleurectomy is therefore a high-risk procedure
that cannot be recommended for patients with contralateral recur-
rence of MPM. For ipsilateral recurrence, however, surgery com-
bined with radiotherapy seems to achieve the best outcomes and
should be considered in patients fit enough for surgery.

Patients having received a second-line chemotherapy showed
shorter OS compared with those receiving different modalities
of second treatment, which very likely represents the higher

distribution of distant failure in this group with a related worse
general prognosis. To our knowledge, there are no data on
second-line chemotherapy for progression of mesothelioma after
multimodality treatment. However, one retrospective multicentre
analysis of 181 patients who had received prior chemotherapy
alone concluded that a re-challenge with pemetrexed combined
with a platinum compound appeared to be a feasible option [25].
We agree that patients with distant failure and acceptable per-
formance status who responded with stable disease or partial re-
sponse to induction platinum/pemetrexed chemotherapy should
be treated with a re-challenge; alternatively, vinorelbine is a good
compound with less toxicity associated with better tolerance.

We are aware of several limitations of our study including the
retrospective design of the analysis and the selection bias for the
different treatment modalities. The actual effect of a second treat-
ment can therefore not be proved in this highly selective setting;
however, we feel that this is still an important and unique set of
data that should encourage the community not only to collect
data on the effect of the treatment of recurrent mesothelioma but
also to seek universal criteria for the indication of such a second
treatment. Moreover, quality-of-life data were not assessed for the
whole cohort, thus we decided to exclude these data from the
analysis. Furthermore, we did not include our patient cohort
undergoing P/D—currently, the favoured MCR technique in earlier
IMIG stages due to several studies suggesting OS data similar to
EPP despite earlier local recurrence [6]. Indeed, in recent years,
P/D has become the method of choice also in our institution as,
whenever MCR is technically feasible, we try to preserve the lung.
However, the 15 patients who had undergone P/D at our institu-
tion within the same time period were excluded from this analysis
because of the small numbers and the inability to match accord-
ing to tumour stage. Briefly, 11 (73%) of those had recurrence, and
a preliminary analysis resembled differences in the pattern of
failure described earlier [6]. Local-only recurrence after P/D was
more frequent compared with EPP (64 vs 31%). On the other
hand, distant failure was significantly more frequent after EPP (69
vs 36%; data not shown).

In conclusion, the major site of tumour recurrence even after
EPP in the multimodality treatment setting remains the ipsilateral
hemithorax. Adjuvant radiotherapy may reduce the frequency of
local recurrence, but has no influence on OS. Local recurrence
only has a better prognosis compared with distant relapse; adju-
vant intracavitary treatment concepts may help to further reduce
these high local recurrence rates. Second-line treatment after re-
currence is feasible with acceptable morbidity rates and may lead
to satisfactory long-term oncological outcomes in selected patient
groups, with repeating surgery with or without radiotherapy pre-
senting the most favourable outcomes. Contralateral pleurectomy
is not recommended due to unpredictable outcomes; however,
because of the risk of selection bias, the results concerning the
actual effect of a second treatment have to be confirmed by
further prospective investigation including definition of patient se-
lection criteria and considering quality of life in addition to
patient survival to assess the optimal second-line treatment for
recurrent MPM.

ACKNOWLEDGEMENTS

We thank Seifert from the Institute of Epidemiology, Biostatistics
and Prevention from the University of Zurich for his help with the
statistical revision.

20z Iy z uo 1senb AQ 1¥60.52/9151/S/6/910IME/SI0le/W0o dNO"dIWBpEsE//:SARY WOy POPECIUMOQ



A. Kostron et al. / European Journal of Cardio-Thoracic Surgery

Funding

This research was supported by an SNF Professorship (to Isabelle
Opitz).

Conflict of interest: none declared.

REFERENCES

[1] Milano MT, Zhang H. Malignant pleural mesothelioma: a population-

based study of survival. ] Thorac Oncol 2010;5:1841-8.

[2] Opitz I. Management of malignant pleural mesothelioma—the European

experience. ] Thorac Dis 2014;6(Suppl 2):5238-52.

Zauderer MG, Krug LM. The evolution of multimodality therapy for malig-

nant pleural mesothelioma. Curr Treat Options Oncol 2011;12:163-72.

Rusch V, Baldini EH, Bueno R, De Perrot M, Flores R, Hasegawa S et al.

The role of surgical cytoreduction in the treatment of malignant pleural

mesothelioma: meeting summary of the International Mesothelioma

Interest Group Congress, September 11-14, 2012, Boston, Mass. J Thorac

Cardiovasc Surg 2013;145:909-10.

Federico R, Adolfo F, Giuseppe M, Lorenzo S, Martino DT, Anna C et al.

Phase Il trial of neoadjuvant pemetrexed plus cisplatin followed by surgery

and radiation in the treatment of pleural mesothelioma. BMC Cancer 2013;

13:22.

Flores RM, Pass HI, Seshan VE, Dycoco J, Zakowski M, Carbone M et al.

Extrapleural pneumonectomy versus pleurectomy/decortication in the

surgical management of malignant pleural mesothelioma: results in 663

patients. ] Thorac Cardiovasc Surg 2008;135:620.

Minatel E, Trovo M, Polesel J, Baresic T, Bearz A, Franchin G et al. Radical

pleurectomy/decortication followed by high dose of radiation therapy for

malignant pleural mesothelioma. Final results with long-term follow-up.

Lung Cancer 2014;83:78-82.

Baldini EH, Richards WG, Gill RR, Goodman BM, Winfrey OK, Eisen HM

et al. Updated patterns of failure after multimodality therapy for malignant

pleural mesothelioma. ) Thorac Cardiovasc Surg 2015;149:1374-81.

[9] Janne PA, Baldini EH. Patterns of failure following surgical re-
section for malignant pleural mesothelioma. Thorac Surg Clin 2004;14:
567-73.

[10] Gomez DR, Hong DS, Allen PK, Welsh JS, Mehran RJ, Tsao AS et al.
Patterns of failure, toxicity, and survival after extrapleural pneumonectomy
and hemithoracic intensity-modulated radiation therapy for malignant
pleural mesothelioma. ] Thorac Oncol 2013;8:238-45.

[17] Gupta V, Krug LM, Laser B, Hudka K, Flores R, Rusch VW et al. Patterns of
local and nodal failure in malignant pleural mesothelioma after extra-
pleural pneumonectomy and photon-electron radiotherapy. J Thorac
Oncol 2009;4:746-50.

[12] Weder W, Kestenholz P, Taverna C, Bodis S, Lardinois D, Jerman M et al.
Neoadjuvant chemotherapy followed by extrapleural pneumonectomy in
malignant pleural mesothelioma. J Clin Oncol 2004;22:3451-7.

[13] Stahel RA, Riesterer O, Alexandros X, Opitz |, Beyeler M, Ochsenbein A
et al. Neoadjuvant chemotherapy and extrapleural pneumonectomy (EPP)
of malignant pleural mesothelioma (MPM) with or without hemithoracic
radiotherapy: final results of the randomized multicenter phase Il trial
SAKK17/04. In: ESMO congress, 26-30 September 2014, Madrid.

[14] Byrne MJ, Nowak AK. Modified RECIST criteria for assessment of response
in malignant pleural mesothelioma. Ann Oncol 2004;15:257-60.

[15] Baldini EH. External beam radiation therapy for the treatment of pleural
mesothelioma. Thorac Surg Clin 2004;14:543-8.

[16] Haas AR, Sterman DH. Novel intrapleural therapies for malignant diseases.
Respiration 2012;83:277-92.

[17] Tilleman TR, Richards WG, Zellos L, Johnson BE, Jaklitsch MT, Mueller J
et al. Extrapleural pneumonectomy followed by intracavitary intraopera-
tive hyperthermic cisplatin with pharmacologic cytoprotection for treat-
ment of malignant pleural mesothelioma: a phase Il prospective study.
J Thorac Cardiovasc Surg 2009;138:405-11.

[18] Opitz I, Lauk O, Meerang M, Friess M, Bommeli C, Jetter A et al. MO 14.05
Intracavitary cisplatin-fibrin chemotherapy after resection for malignant
pleural mesothelioma patients (influence-meso)—preliminary results.
J Thorac Oncol 2013;8(Suppl 2):343.

3

[4

5

6

7

8

1523

[19] Cao C, Tian D, Park J, Allan J, Pataky KA, Yan TD. A systematic review and
meta-analysis of surgical treatments for malignant pleural mesothelioma.
Lung Cancer 2014;83:240-5.

[20] Bille A, Chicklore S, Okiror L, Cook GJ, Spicer J, Landau D et al. Patterns
of disease progression on '8F-fluorodeoxyglucose positron emission
tomography-computed tomography in patients with malignant pleural
mesothelioma undergoing multimodality therapy with pleurectomy/
decortication. Nucl Med Commun 2013;34:1075-83.

[21] Schramm A, Opitz |, Thies S, Seifert B, Moch H, Weder W et al. Prognostic
significance of epithelial-mesenchymal transition in malignant pleural
mesothelioma. Eur J Cardiothorac Surg 2010;37:566-72.

[22] Gerbaudo VH, Mamede M, Trotman-Dickenson B, Hatabu H, Sugarbaker
D). FDG PET/CT patterns of treatment failure of malignant pleural
mesothelioma: relationship to histologic type, treatment algorithm, and
survival. Eur ] Nucl Med Mol Imaging 2011;38:810-21.

[23] Politi L, Borzellino G. Second surgery for recurrence of malignant pleural
mesothelioma after extrapleural pneumonectomy. Ann Thorac Surg 2010;
89:207-10.

[24] Burt BM, Ali SO, DaSilva MC, Yeap BY, Richards WG, Baldini EH et al.
Clinical indications and results after chest wall resection for recurrent
mesothelioma. ] Thorac Cardiovasc Surg 2013;146:1373-9; discussion
9-80.

[25] Zucali PA, Simonelli M, Michetti G, Tiseo M, Ceresoli GL, Collova E et al.
Second-line chemotherapy in malignant pleural mesothelioma: results of
a retrospective multicenter survey. Lung Cancer 2012;75:360-7.

APPENDIX. CONFERENCE DISCUSSION

Dr M. de Perrot (Toronto, Canada): This is a study on something important that
we don't look at carefully enough, | think: the site and the timing of recurrence. |
just have one question which is related to the local control with postop radiation.
You are showing that there is less local recurrence if you give adjuvant radiation.

Dr Kostron: Yes, that is true, we could see a significantly reduced frequency
of local recurrence.

Dr de Perrot: The question is regarding your clinical trial, the multicentre
randomized trial, where the difference did not come out. The data you are
presenting is from a single centre institution. Do you think it is the quality of the
radiation, or what do you think is the cause?

Dr Kostron: | don't think it is the quality of our radiation that is working
better, but it is a specific subgroup of the SAKK 1704 study. The results are the
same regarding the overall survival; however, the local recurrence was reduced
and | cannot tell you the precise reasons. | cannot say.

Dr de Perrot: And the other question concerns the pathology issue. Did you
see any difference between the initial pathology on the explanted extrapleural
specimen and the type of pathology at the time of recurrence?

Dr Kostron: That is a very good question. Unfortunately we didn't take a look
at this specifically, but we will definitely do so in the future.

Dr D. Sugarbaker (Baylor, TX, USA): A couple of questions. The first is, we
published a paper about a year or so ago in the Journal of Thoracic and
Cardiovascular Surgery (Dr. Burt was the first author) looking at a large number
of patients who presented with isolated ipsilateral chest recurrence. We found
that in those patients, the time from surgery to recurrence resection was then
the second half, if you will, of the overall median survival. So if they had
18 months then you resected them, they usually got about another 18 months,
and these were all epithelial patients, for the most part. Going along with the
same question that we just heard, do you have a feeling as to whether subse-
quent resection is more valuable in epithelial versus mixed tumours?

Dr Kostron: Unfortunately we have only 16 patients, | think you had 47, so we
did not take a specific look, because the groups were already small and very
heterogeneous, so there was no sense in doing so. But it's a very interesting
question indeed.

Dr Sugarbaker: Well, | think the nice thing that you point out is that locoregio-
nal recurrence, particularly ipsilateral chest, does remain one of the principal
obstacles to long-term survival. So | think that treatment such as intraoperative
radiotherapy, which was tried at Memorial some years ago, or intraoperative
HITEC chemotherapy, now with new regimens that we are using in Houston at
Baylor, these strategies focused on ipsilateral chest and abdominal recurrence and
| think are really where we need, as a surgical community, to focus. | also like the
idea that you are continuing to use the words macroscopic complete resection,
because that is really the ultimate goal whether it is to be a pleurectomy or EPP.
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