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Abstract

Background: Malignant pleural mesothelioma (MPM) is a rare, aggressive malignancy of the pleural cavity linked to
asbestos exposure. The combination of pemetrexed and platinum is a standard first-line therapy for malignant pleural
mesothelioma. Despite some progress, almost all MPM patients experience progression after first-line therapy. The
second-line treatment is still being under discussion and there are very limited data available on the second-line and
subsequent treatments.

Methods: The retrospective analysis included 57 patients (16 females and 41 males) from two Polish oncological
institutions treated for advanced mesothelioma between 2013 and 2019. We analysed the efficacy of first-line and
second-line therapy: progression-free survival (PFS), overall survival (OS), overall response rate (ORR).

Results: In the first-line treatment, 55 patients received pemetrexed-based chemotherapy (PBC) and two cisplatin in
monotherapy. Patients' characteristics at baseline: median age was 64.2 years, ECOG PS <1 (86.2%), epithelial histol-
ogy (85.7%). Median PFS and OS were 7.6 months and 14 months, respectively. Patients with ECOGPS<1vs>1had a
longer median OS (14.8 months vs 9.7 months, p=0.057). One-year OS and PFS were 60.9% and 32.0%, respectively.
Disease control rate (DCR) was 82.5%. Response to first-line therapy: PFS > 6 months and PFS > 12 months had a
significant impact on median OS. Twelve patients received second-line therapy (seven PBC and five other cytotoxic
single agents: navelbine, gemcitabine, or adriamycin/vincristine/methotrexate triplet). Median PFS and OS were

3.7 months and 7.2 months, respectively. DCR was 83%. One-year OS and PFS were 37% and 16.7%, respectively.

In the group receiving PBC, OS was prolonged by 4.5 months compared to the non-PBC group (6.0 months vs
10.5 months, p=0.47).

Conclusion: Patients who benefited from first-line therapy and had prolonged PFS at first-line and achieve PFS
longer than 6 months at first-line should be offered second-line treatment. Consideration of retreatment with the
same cytotoxic agent could to be a viable option when no other treatment are available.
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Introduction

Malignant pleural mesothelioma (MPM) is a rare, aggres-

sive malignancy of the pleural cavity linked to asbestos

exposure. Despite recent treatment advances, prognosis
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countries. The incidence of MPM is increasing world-
wide, mostly in Western Europe, China, Brazil, Russia,
and India [3, 4], and it is estimated that annually more
than 25 000 people die from the disease [4]. The observed
increase can be, thus, probably explained by a lag time of
30 — 45 years of the occurrence of MPM after exposure to
asbestos [5].

Standard therapeutic approach for MPM includes sur-
gery and chemotherapy. Adjuvant radiotherapy is not
standard, and it can be considered only in the highly
selected group of patients with good performance sta-
tus and appropriate renal and pulmonary function [6, 7].
Unfortunately, at presentation, most patients are not eli-
gible for surgical resection and palliative chemotherapy
is the only possible strategy. Cisplatin plus pemetrexed
doublet is the standard treatment as its activity had been
proven in the EMPHACIS phase 3 trial [8]. Use of this
combination significantly prolonged overall survival
(OS) by 2.8 months and progression-free survival (PES)
by 1.8 months compared to cisplatin monotherapy. For
elderly patients or those unfit to receive cisplatin, regi-
mens containing carboplatin are an acceptable alterna-
tive [9]. Over a decade later, a phase 3 trial [10] showed
the benefit of the addition of bevacizumab to pem-
etrexed/cisplatin, followed by maintenance treatment
with bevacizumab, compared with chemotherapy alone.
OS was prolonged by 2.7 months and this combination
might be considered for patients eligible for triplet ther-
apy. In October 2020, the U.S. Food and Drug Admin-
istration (FDA) approved the combination of nivolumab
(anti—programmed death 1 agents, anti-PDL-1) and ipil-
imumab (anti—cytotoxic T-lymphocyte—associated anti-
gen 4 monoclonal antibody, anti-CTLA-4) as first-line
treatment for unresectable malignant pleural mesotheli-
oma, based on results from the CheckMate743 phase III
study. In the group assigned to anti-PDL1/anti-CTLA4
combination, the mOS was prolonged by 4 months com-
pared to pemetrexed/platinum doublet [11, 12].

Despite some progress, almost all MPM patients expe-
rience progression after first-line therapy. There are very
limited data available on the second-line and subsequent
treatments. However, patients who benefited from first-
line and have good Eastern Cooperative Oncology Group
performance status (ECOG PS) are often offered further
lines of treatment. A phase 3 trial showed the superiority
of pemetrexed over best supportive care (BSC) in pem-
etrexed-naive patients in terms of overall response rate
(ORR) and PFS but not OS [13]. Data from case series
suggest that in selected cases with good response to first-
line pemetrexed-based chemotherapy (PBC), rechallenge
with pemetrexed is an effective option [14—17].

Other chemotherapeutics such as vinorelbine [18]
or gemcitabine [19] might be considered, but their
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efficacy is modest [20-22]. Recently, promising data
from phase 2 studies have shown that immune-check-
point inhibitors could be a viable option for MPM
patients. National Comprehensive Cancer Network
guidelines recommend the use of pembrolizumab or
nivolumab with or without ipilimumab at or beyond
the second-line of treatment [23, 24]. Numerous immu-
notherapy studies are ongoing and will hopefully lead
to further changes in MPM treatment, as observed with
other malignancies (www.clinicaltrials.gov).

The purpose of the present study is to evaluate the effi-
cacy and tolerance of second-line treatment and retreat-
ment with pemetrexed-based chemotherapy.

Materials and methods

Data from all 164 MPM patients were collected at two
Polish oncological institutions (Maria Sklodowska-Curie
National Research Institute of Omncology, Gliwice Branch
and Cracow Branch) between 2013 and 2019, and reviewed
retrospectively. One hundred and six patients were referred
for either second opinion or for palliative radiotherapy, and
they were excluded from the analysis. Additionally, three
patients received treatment in the adjuvant setting, and
they were not included either. Fifty-seven MPM cases were
identified with full clinical data and received first-line ther-
apy. Patient characteristics are shown in Table 1.

For each patient the following data were collected: age,
gender, histology, ECOG PS, treatment administered, first-
line and second-line outcomes (PFS, OS, ORR), treatment-
related toxicity. The planned number of cycles administered
was six, regarding the tolerance, response to the therapy
and patients’ decision. However, in peculiar situations, the
therapy was continued beyond the sixth cycle (physicians
individual decision). Best tumour response was evaluated
according to the revised version RECIST 1.1 criteria.

Statistical methods

PES was calculated as the time from the start of systemic
treatment until disease progression as confirmed by radi-
ological evaluation, clinical examination, or until death
from any cause. Patients without progression on the date
of last follow-up were censored on that date. First-line
PES and second-line PFS were calculated separately. OS
was defined as the time from the onset of treatment until
death from any cause. Patients who were alive on the date
of the last follow-up contact were censored. First-line OS
and second-line OS were calculated separately. Treat-
ment differences for PFS and OS were assessed using
stratified log-rank test. Statistical analysis was performed
with R version 3.5.3. PES and OS were analysed using the
Kaplan—Meier method. P values<0.05 were considered
statistically significant.
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Table 1 Patients characteristics

No. of
patients
N=57 (%)
Sex
Female 16 (28)
Male 41 (72)
Age (years)
Median, range 64.2 (33-83)
ECOG performance status
09 (15.8)
141 (72)
27 (12.2)
Histological subtype
Epithelial 42 (73.7)
Biphasic 5(8.8)
Sarcomatoid 2 (3.5)
Not available 8(14)
Stage
11145 (78.9)
vV 12(21.1)
Surgery:
yes 11 (20)
no 46 (80)
First-line therapy 57

Pemetrexed-based 5

With platinum 48 (87.3)
(
(
(

Without platinum 7(12.7)
Not pemetrexed-based 2 (3.5)
With platinum 2 (100)
Response to first-line therapy
CR/PR 20 (35.1)
SD 27 (47.4)
PD 9(15.8)
vNot available 1(1.7)
PFS after first-line therapy
<6 months 14 (24.6)
> 6 months 29 (50.9)
<12 months 43 (75.4)
> 12 months 14 (24.6)
Second-line therapy 12
Pemetrexed-based 7 (58.3)
Non pemetrexed-based 541.7)

ECOG Eastern Cooperative Oncology Group, PFS progression-free survival, CR
complete response, PR partial response, SD stable disease, PD progression
disease

Results

There were 16 females and 41 males with a median
age of 64.2 years at diagnosis (range 33-83 years).
The majority of patients had ECOG PS 0-1 (86.2%).
The epithelial histological subtype was most common
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(72.4%). In our group, eleven patients (19%) underwent
surgery: in three cases, extrapleural pneumonectomy
(EPP) and in the other eight cases pleurectomy/decor-
tication. All of them progressed thereafter and were
referred for systemic therapy. None of them received
adjuvant therapy. Fifteen patients (26%) who were not
eligible for chemotherapy received radiotherapy in the
palliative setting. None of the patients was a candidate
for trimodality therapy.

First line
In the first-line setting, pemetrexed based chemother-
apy (PBC) was administered to 55 patients: 48 patients
received the combination of pemetrexed and plati-
num (45 with cisplatin, 3 with carboplatin), and seven
patients pemetrexed in monotherapy. The remaining
two patients were treated with single-agent cisplatin. A
median number of 5 cycles was delivered (range 1-9).
Thirty-one patients received the planned number of
cycles. Six patients discontinued the treatment due to
the deterioration of performance status, and 18 patients
due to the progression of disease. The median PFS after
first-line was 7.6 months (range 0-98 months), and
the median OS was 14 months (range 0—140 months)
(Fig. 1A). A longer median OS was observed in patients
with ECOG PS <1 than>1 (14.8 months vs 9.7 months,
p=0.057). One-year OS and PFS were 60.9% and
32.0%, respectively. Patients with longer responses at
first-line had also a significantly longer median OS: i)
when PFS>6 months vs<6 months, median OS was
10.5 months vs 3.2 months (p=0.0039) (Fig. 2A), ii)
when PFS>12 months vs<12 months, median OS
was 41.2 vs 6.0 months (p=0.039). Disease control
rate (DCR) defined as the sum of CR, PR, and SD, was
82.5%. Twenty patients (35.1%) responded to first-line
chemotherapy (CR in 1 and PR in 19 cases), whereas
27 patients (47.4%) achieved SD (Fig. 2B). We did not
observe any difference in terms of histological subtype
(p=0.22) probably due to a small group of patients.
The grade 1 or 2 toxicities were primarily hematologic
and were manageable. They included anaemia (25%),
neutropenia (13%), fatigue (12%), loss of appetite (9%),
and deterioration of renal function defined as a decrease
of the estimated glomerular filtration rate under 60 ml/
min/1.73 m2 (9%). Grade 3 anaemia occurred in 1
patient only. We did not report any death related to the
treatment.

Second line

Among 50 patients who progressed after first-line chem-
otherapy, 12 (24%) were eligible for second-line treat-
ment regarding their performance status (Table 2). All
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Fig. 1 A Overall survival (OS) and progression-free survival of patients treated with first-line chemotherapy. B Overall survival (OS) and
progression-free survival of patients treated with second-line chemotherapy

of them received cisplatin/pemetrexed doublet in the
first-line. Seven patients were retreated with PBC (1 with
pemetrexed in monotherapy and 6 with a pemetrexed/
cisplatin combination). A median number of 5 cycles
was given (range 2-6). In 5 cases a non—pemetrexed
therapy was used, which consisted of single-agent gem-
citabine in 2 cases, single-agent vinorelbine in 2 cases,
and a triplet of adriamycin/vincristine/methotrexate in
1 case (Table 3). Seven patients received treatment as
planned. Two patients discontinued the therapy due to
the unacceptable toxicity, and three patients due to the
disease progression. The median PFS after second-line
was 3.7 months (range 1.2—38.4 months), and the median
OS was 7.2 months (range 2.0-47.3 months) (Fig. 1B).
In the group receiving PBC, OS was prolonged by
4.5 months compared to the non-PBC group (6.0 months
vs 10.5 months, p =0.47). The difference was more appar-
ent when doublet pemetrexed/platinum was compared
with single-agent therapy: median PFS was 7.3 months vs
3.0 months (p=0.53), and median OS was 12.1 months

vs 4.5 months (p=0.17). Patients who received the sec-
ond-line therapy regardless of the regimen administered
had a significantly prolonged median OS compared the
those who did not receive it (12.5 months vs 21.9 months,
p=0.031).

All patients were evaluated for best tumour response.
Disease control was confirmed in 83% case. PR was
achieved in 1 case (in PBC group), nine patients (75%)
achieved SD (5 in PBC group and 4 in the non-PBC
group), and the remaining two progressed. Three patients
received therapy beyond the second-line. Two of them
were given third-line (in 1 case single-agent gemcitabine,
and the other one was retreated again with pemetrexed/
cisplatin). One patient was given six lines of treatment:
vinorelbine in the third-line, gemcitabine in the fourth-
line, pemetrexed/carboplatin in the fifth-line and then
rechallenge with pemetrexed/carboplatin in the sixth-
line. At a median follow up of 8 months (0—139.4 months)
49 patients had died, and seven are still alive without
any evidence of disease progression. In one case data
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Fig. 2 A Overall survival in patients stratified according to duration of progression-free survival (PFS) after first-line (FL) chemotherapy. Yellow line:
PFS > 6 months, blue line: PFS FL <6 months. B Overall survival stratified according to response to first-line chemotherapy. Blue line: CR, complete
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are missing. One-year OS and PFS were 37% and 16.7%,
respectively.

The grade 1 or 2 toxicity in the second-line therapy
included anaemia (58%), neutropenia (25%), fatigue
(41%), polyneuropathy (24%), and deterioration of renal
function defined as a decrease of the estimated glo-
merular filtration rate under 60 ml/min/1.73 m2 (25%).
Treatment-related adverse events that led to the dis-
continuation of therapy occurred in 2 patients (anaemia
grade 3 and polyneuropathy grade 2). Neither grade 4
toxicity nor treatment-related deaths were reported.

Discussion

Pleural malignant mesothelioma is a very aggres-
sive malignancy with poor prognosis even after radi-
cal therapy. Due to an advanced stage at presentation
in the majority of MPM patients, chemotherapy is the
only strategy to be offered. In this report, we presented
the results of the systemic treatment for MPM from
two Polish institutions. The pemetrexed-based therapy

was administered in the first-line setting to 57 patients.
First-line median PFS and OS were 7.6 months and
14.0 months, respectively, with a DCR of 82.5%. After
one year, 32% of all cases were progression-free and 61%
still alive. The therapy was relatively well tolerated, and
dose reduction was required only in seven cases (12%).
These results are consistent with papers from the regis-
tration trial for pemetrexed in MPM conducted by Vogel-
gang et al. [8].

There are still very limited data on the second and
subsequent lines of chemotherapy for MPM, but
younger patients with good ECOG PS who benefited
from first-line might be considered as candidates
for second-line therapy when progression occurs. A
phase 3 trial [13] comparing pemetrexed vs best sup-
portive care in second-line in pemetrexed-naive MPM
patients demonstrated improvement in DCR and PFS,
but not OS. It was interpreted as a result of lack of
balance between groups and the fact that in the best
supportive care arm the radiotherapy was allowed. A
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Table 2 Patients characteristics in the second-line treatment

All patients Pemetrexed- Pemetrexed-
n=12 based therapy based
n=7 therapy
n=5

Sex

Female 2 1 1

Male 10 6 6
Age (years)

Median, range 61.7 (50-79) 653 (50-79) 56.5 (42-68)
ECOG

0 2 1 1

1 10 6 4
Histological subtype

Epithelial 10 5 5

Sarcomatoid 1 1 0

Biphasic 1 0 1
Surgery

Yes 3 2 1

No 9 5 4
First-line therapy

Pemetrexed-based 12 7 6

Not pemetrexed- 0 0 0
based
Best response to first-line

CR/PR 5 4 1

SD 6 3 3

PD 1 0 1
PFS after first-line
therapy

<6 months 1 0 1

6- 12 months 7 4 3

>12 months 4 3 1

ECOG Eastern Cooperative Oncology Group, PFS progression-free survival,
CR complete response, PR partial response, SD stable disease, PD progression
disease

post hoc multiple regression analysis of the post-study
chemotherapy adjusted for group imbalances [25]
showed a significantly longer OS compared with best
supportive care. Similarly, we also observed markedly
prolonged median OS when second-line therapy was
administered.

In our study group, 12 (24%) out of 50 patients who
progressed after first-line were eligible for second-line.
The type of therapy was the physician’s choice accord-
ing to the local preferences. In 58% of cases retreatment
with pemetrexed was given, and the remaining 42% of
patients received other cytotoxic agents. In the radio-
logical assessment, 10 out of 12 patients achieved clini-
cal benefit (DCR=283%). Overall, second-line median
PFS and median OS were 3.7 months and 7.2 months,
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respectively. Subgroup analysis demonstrated median
OS prolonged by 4.5 months in the group receiving
PBC compared with other cytotoxic agents (6.0 months
vs 10.5 months, p=0.47). We observed a trend in
favour of pemetrexed, especially when doublet contain-
ing platinum was given compared with single agents:
median PFS 7.3 months vs 3.0 months (p=0.53) and
median OS 12.1 vs 4.5 months (p =0.17) but the results
were not statistically significant.

There are few reports on the pemetrexed rechallenge
after progression to first-line. Razak [26] and Hayashi
[27] presented small case series of 4 patients each
retreated with PBC. They achieved outstandingly pro-
longed PFS ranging from 23-73 months [26], and 6.4—
11.4 months [27]. The biggest cohorts were presented by
a French group [28] and in 2 retrospective Italian multi-
centre studies. Their populations had different baseline
characteristics, choice of second-line, or medications
used in first-line. Nevertheless, the results are consistent
with ours. Groups presented by Zucali [16] and Ceresoli
[15] were partially overlaying. Zucali analysed the sec-
ond-line therapy in MPM patients where almost 34% of
patients were pemetrexed-naive after first-line and 23%
did not receive PBC in second-line. Patients retreated
with pemetrexed ucontaining regimens achieved signifi-
cantly longer PFS and OS compared with non-PBC ther-
apy in second: PFS 6.2 months vs 2.8 months (p=0.006)
and OS 10.6 months vs 7.0 months (p=0.028). Ceresoli
et al. [15] enrolled 32 patients who achieved disease con-
trol (PR/SD) lasting for at least 3 months after first-line
PBC. Eighteen of them were retreated with PBC in sec-
ond-line, and they achieved a median PFS and median
OS 3.8 months and 10.5 months, respectively. In another
Italian cohort [14] 30 patients pretreated with PBC
received pemetrexed in the second-line setting (mono-
therapy/combination with platinum). Median PFS and
OS were 5.1 months and 13.6 months, respectively, while
DCR was 66%.

In accordance to the data from several other studies
[14-17, 25-27] (www.clinicaltrials.gov), we also observe
that there might be a correlation between the response to
first-line and the benefit from second-line. Patients who
had a longer response to the first-line (PFS>6 months
vs PFS <6 months) had a significantly prolonged median
OS (p=0.0039). This difference was even longer when
PFS > 12 months (p =0.039).

We are aware that our study has several limitations
typical of retrospective research. Also, the number of
patients is small and restricts the power of comparisons
between treatment groups. However, this is one of the
only few studies that examine the outcome of second-line
treatment in this rare disease.
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Table 3 Detailed second-line therapy and PFS from first- and second-line therapy in patients who received second-line

Patient No PFS from first-line (months) Cisplatin/ Second-line therapy PFS from

Pemetrexed second-line

(months)

1 7.1 Gemcitabine 1.2

2 10.1 Cisplatin/Pemetrexed 5.1

3 109 Cisplatin/Pemetrexed 29

4 1.1 Cisplatin/Pemetrexed 9.8

5 13 Vinorelbine 22.1

6 16.8 Cisplatin/Pemetrexed 11.9

7 26.3 Cisplatin/Pemetrexed 2.1

8 44 Cisplatin/Pemetrexed 39.0

9 53 Adriamycin/Vincristine/Methotrexate 2.7

10 7 Gemcitabine 35

11 8.7 Cisplatin + Pemetrexed 2.1

12 8.1 Vinorelbine 4

Conclusion The Institutional Review Board of Maria Sklodowska-Curie National Research

Our data support previous results for second-line ther-
apy in MPM. We conclude that patients who benefit from
first-line therapy and achieve PFS longer than 6 months
at first-line should be offered second-line treatment.
Retreatment with the same cytotoxic agent seems to be
a viable option, especially regarding pemetrexed/plati-
num combination, particularly whenever no alternative
therapy is available. Those who do not achieve PES longer
than six months with first-line therapy but are in a good
performance status should also be offered the second-
line therapy using other cytotoxic agents.

Acknowledgements
None.

Authors’ contributions

Conceptualisation—B.Z, RS. Data collection — B.Z,, B.C.S. Statistical analysis
— D.P. Writing—original draft preparation — B.Z. Supervision—R.S. All authors
have read and agreed to the published version of the manuscript.

Funding
None.

Availability of data and materials
The data are available from the corresponding author on reasonable request.

Declarations

Consent for publication
Not applicable.

Ethics approval and consent to participate

This is a retrospective noninterventional study and all the data were collected
as a part of routine clinical practice for diagnosis and treatment according to
national regulations. The study protocol was approved by the Institutional
Review Board of Maria Sklodowska-Curie National Research Institute of
Oncology, Gliwice Branch. Ethical board approval - number KB/430-06/21.
Administrative permissions were obtained from the directors of oncology
departments and information centre to access the raw data from the hospital
medical records.

Institute of Oncology, Gliwice Branch has waived the need to obtain the
informed consent owing to the retrospective nature of the study.

Competing interests
All authors declare no conflict of interest.

Author details

"Maria Sklodowska-Curie National Research Institute of Oncology, Gliwice
Branch, Poland. ?Maria Sklodowska-Curie National Research Institute of Oncol-
ogy, Cracow Branch, Poland. *Department of Medical Sciences, Endocrine
Oncology, Uppsala University, Uppsala, Sweden. “Department of Oncology,
Ryhov County Hospital, Jénkdping, Sweden.

Received: 9 February 2021 Accepted: 25 October 2021
Published online: 20 April 2022

References

1. Linton A, Pavlakis N, O'Connell R, Soeberg M, Kao S, Clarke S, Vardy J, van
Zandwijk N. Factors Associated with Survival in a Large Series of Patients
with Malignant Pleural Mesothelioma in New South Wales. Br J Cancer.
2014;111(9):1860-9. https://doi.org/10.1038/bjc.2014.478.

2. Bang KM, Mazurek JM, Wood JM, Hendricks SA. Diseases Attributable to
Asbestos Exposure: Years of Potential Life Lost, United States, 1999-2010.
Am JInd Med. 2014;57(1):38-48. https://doi.org/10.1002/ajim.22261.

3. DelgermaaV, Takahashi K, Park E-K, Le GV, Hara T, Sorahan T. Global Meso-
thelioma Deaths Reported to the World Health Organization between
1994 and 2008. Bull World Health Organ. 2011;89(10):716-24. https://doi.
0rg/10.2471/BLT.11.086678 (724A-724C).

4. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortal-
ity Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2018;68(6):394-424. https://doi.org/10.3322/caac.21492.

5. Lanphear BP, Buncher CR. Latent Period for Malignant Mesothelioma of
Occupational Origin. J Occup Med. 1992;34(7):718-21.

6. Gomez DR, Hong DS, Allen PK, Welsh JS, Mehran RJ, Tsao AS, Liao Z,
Bilton SD, Komaki R, Rice DC. Patterns of failure, toxicity, and survival after
extrapleural pneumonectomy and hemithoracic intensity-modulated
radiation therapy for malignant pleural mesothelioma. J Thorac Oncol.
2013;8(2):238-45. https://doi.org/10.1097/JT0.0b013e31827740f0.

7. Rimner A, Zauderer MG, Gomez DR, Adusumilli PS, Parhar PK, Wu AJ,
Woo KM, Shen R, Ginsberg MS, Yorke ED, Rice DC, Tsao AS, Rosenzweig
KE, Rusch VW, Krug LM. Phase Il Study of Hemithoracic Intensity-
Modulated Pleural Radiation Therapy (IMPRINT) As Part of Lung-Sparing


https://doi.org/10.1038/bjc.2014.478
https://doi.org/10.1002/ajim.22261
https://doi.org/10.2471/BLT.11.086678
https://doi.org/10.2471/BLT.11.086678
https://doi.org/10.3322/caac.21492
https://doi.org/10.1097/JTO.0b013e31827740f0

Zibdtkowska et al. BMC Cancer (2022) 22:432

20.

21.

Multimodality Therapy in Patients With Malignant Pleural Mesothelioma. J
Clin Oncol. 2016;34(23):2761-27618. https://doi.org/10.1200/JC0O.2016.67.
2675.

Vogelzang NJ, Rusthoven JJ, Symanowski J, Denham C, Kaukel E, Ruffie P,
Gatzemeier U, Boyer M, Emri S, Manegold C, Niyikiza C, Paoletti P. Phase

Il Study of Pemetrexed in Combination with Cisplatin versus Cisplatin
Alone in Patients with Malignant Pleural Mesothelioma. J Clin Oncol.
2003;21(14):2636-44. https://doi.org/10.1200/JC0O.2003.11.136.

Santoro A, O'Brien ME, Stahel RA, Nackaerts K, Baas P, Karthaus M, Eber-
hardt W, Paz-Ares L, Sundstrom S, Liu Y, Ripoche V, Blatter J, Visseren-Grul
CM, Manegold C. Pemetrexed plus Cisplatin or Pemetrexed plus Carbo-
platin for Chemonaive Patients with Malignant Pleural Mesothelioma:
Results of the International Expanded Access Program. J Thorac Oncol.
2008;3(7):756-63. https://doi.org/10.1097/JTO.0b013e31817c73d6.
Zalcman G, Mazieres J, Margery J, Greillier L, Audigier-Valette C, Moro-
Sibilot D, Molinier O, Corre R, Monnet |, Gounant V, Riviére F, Janicot H,
Gervais R, Locher C, Milleron B, Tran Q, Lebitasy M-P, Morin F, Creveuil C,
Parienti J-J, Scherpereel A, French Cooperative Thoracic Intergroup (IFCT).
Bevacizumab for Newly Diagnosed Pleural Mesothelioma in the Meso-
thelioma Avastin Cisplatin Pemetrexed Study (MAPS): A Randomised,
Controlled, Open-Label, Phase 3 Trial. Lancet. 2016,387(10026):1405-14.
https://doi.org/10.1016/S0140-6736(15)01238-6.

. Baas P, Scherpereel A, Nowak A, Fujimoto N, Peters S, Tsao A, Mansfield A,

Popat S, Jahan T, Antonia S, Oulkhouir Y. ID: 2908 first-line nivolumab+
ipilimumab vs chemotherapy in unresectable malignant pleural meso-
thelioma: CheckMate 743. JThoracic Oncol. 2020;15(10):e42.

Wright K. FDA Approves Nivolumab Plus Ipilimumab for Previously
Untreated Unresectable Malignant Pleural Mesothelioma. Oncol.
2020;34(11):502-3. https://doi.org/10.46883/0ONC.2020.3411.0502.
Jassem J, Ramlau R, Santoro A, Schuette W, Chemaissani A, Hong S, Blat-
ter J, Adachi S, Hanauske A, Manegold C. Phase Ill Trial of Pemetrexed plus
Best Supportive Care Compared with Best Supportive Care in Previously
Treated Patients with Advanced Malignant Pleural Mesothelioma. J Clin
Oncol. 2008;26(10):1698-704. https://doi.org/10.1200/JC0.2006.09.9887.
Bearz A, Talamini R, Rossoni G, Santo A, de Pangher V, Fasola G, Rosetti

F, Favaretto A, Gregorc V, Berretta M, Santarossa S, Berto E, Tirelli U. Re-
Challenge with Pemetrexed in Advanced Mesothelioma: A Multi-Institu-
tional Experience. BMC Res Notes. 2012;5:482. https://doi.org/10.1186/
1756-0500-5-482.

Ceresoli GL, Zucali PA, De Vincenzo F, Gianoncelli L, Simonelli M, Lorenzi
E, Ripa C, Giordano L, Santoro A. Retreatment with Pemetrexed-Based
Chemotherapy in Patients with Malignant Pleural Mesothelioma. Lung
Cancer. 2011;72(1):73-7. https://doi.org/10.1016/jlungcan.2010.12.004.
Zucali PA, Simonelli M, Michetti G, Tiseo M, Ceresoli GL, Collova E, Follador
A, Lo Dico M, Moretti A, De Vincenzo F, Lorenzi E, Perrino M, Giordano L,
Farina G, Santoro A, Garassino M. Second-Line Chemotherapy in Malig-
nant Pleural Mesothelioma: Results of a Retrospective Multicenter Survey.
Lung Cancer. 2012;75(3):360-7. https://doi.org/10.1016/j.lungcan.2011.
08.011.

Petrini |, Lucchesi M, Puppo G, Chella A. Medical Treatment of Malignant
Pleural Mesothelioma Relapses. J Thorac Dis. 2018;10(Suppl 2):5333-41.
https://doi.org/10.21037/jtd.2017.10.159.

Stebbing J, Powles T, McPherson K, Shamash J, Wells P, Sheaff MT, Slater
S, Rudd RM, Fennell D, Steele JPC. The Efficacy and Safety of Weekly
Vinorelbine in Relapsed Malignant Pleural Mesothelioma. Lung Cancer.
2009,63(1):94-7. https://doi.org/10.1016/jlungcan.2008.04.001.

van Meerbeeck JP, Baas P, Debruyne C, Groen HJ, Manegold C, Ardizzoni
A, Gridelli C, van Marck EA, Lentz M, Giaccone G. A Phase Il Study of
Gemcitabine in Patients with Malignant Pleural Mesothelioma. European
Organization for Research and Treatment of Cancer Lung Cancer Coop-
erative Group. Cancer. 1999;85(12):2577-82 (https://doi.org/10.1002/(sici)
1097-0142(19990615)85:12%3c2577::aid-cncr13%3e3.3.co;2-)).
Abdel-Rahman O, Kelany M. Systemic Therapy Options for Malignant
Pleural Mesothelioma beyond First-Line Therapy: A Systematic Review.
Expert Rev Respir Med. 2015;9(5):533-49. https://doi.org/10.1586/17476
348.2015.1083426.

Zauderer MG, Kass SL, Woo K, Sima CS, Ginsberg MS, Krug LM. Vinorelbine
and Gemcitabine as Second- or Third-Line Therapy for Malignant Pleural
Mesothelioma. Lung Cancer. 2014,84(3):271-4. https://doi.org/10.1016/j.
lungcan.2014.03.006.

Page 8 of 8

22. Buikhuisen WA, Hiddinga BI, Baas P, van Meerbeeck JP. Second Line
Therapy in Malignant Pleural Mesothelioma: A Systematic Review. Lung
Cancer. 2015;89(3):223-31. https://doi.org/10.1016/jlungcan.2015.06.018.

23. Metaxas Y, Rivalland G, Mauti LA, Klingbiel D, Kao S, Schmid S, Nowak AK,
Gautschi O, Bartnick T, Hughes BG, Bouchaab H, Rothschild SI, Pavlakis N,
Wolleb S, Petrausch U, O'Byrne K, Froesch P, Loffler-Baumann M, Pratsch-
Peter S, Russell P, Mingrone W, Savic S, Thapa B, Friih M, Pless M, von Moos
R, JohnT. Pembrolizumab as Palliative Immunotherapy in Malignant
Pleural Mesothelioma. J Thorac Oncol. 2018;13(11):1784-91. https://doi.
0rg/10.1016/},jth0.2018.08.007.

24. Scherpereel A, Mazieres J, Greillier L, Lantuejoul S, D6 P, Bylicki O, Monnet
I, Corre R, Audigier-Valette C, Locatelli-Sanchez M, Molinier O, Guisier F,
Urban T, Ligeza-Poisson C, Planchard D, Amour E, Morin F, Moro-Sibilot
D, Zalcman G, French Cooperative Thoracic Intergroup. Nivolumab or
nivolumab plus ipilimumab in patients with relapsed malignant pleural
mesothelioma (IFCT-1501 MAPS2): a multicentre, open-label, randomised,
non-comparative, phase 2 trial. Lancet Oncol. 2019;20(2):239-53. https://
doi.org/10.1016/51470-2045(18)30765-4.

25. Manegold C, Symanowski J, Gatzemeier U, Reck M, von Pawel J, Kortsik C,
Nackaerts K, Lianes P, Vogelzang NJ. Second-Line (Post-Study) Chemo-
therapy Received by Patients Treated in the Phase Il Trial of Pemetrexed
plus Cisplatin versus Cisplatin Alone in Malignant Pleural Mesothelioma.
Ann Oncol. 2005;16(6):923-7. https://doi.org/10.1093/annonc/mdi187.

26. Razak ARA, Chatten KJ, Hughes AN. Retreatment with Pemetrexed-Based
Chemotherapy in Malignant Pleural Mesothelioma (MPM): A Second Line
Treatment Option. Lung Cancer. 2008,60(2):294-7. https://doi.org/10.
1016/j.lungcan.2007.08.031.

27. Hayashi H, Okamoto |, Ichikawa Y, Miyazaki M, Yoshioka H, Kunimasa K,
Nakagawa K. Retreatment of Recurrent Malignant Pleural Mesothelioma
with Cisplatin and Pemetrexed. Int J Clin Oncol. 2010;15(5):497-9. https://
doi.org/10.1007/510147-010-0064-7.

28. Margery J, Riviere F, Planchard D, Le Floch H, Ferrand F-R, Mairovitz A,
Besse B, Vaylet F, Ruffié P. Second-line therapy in patients with malignant
pleural mesothelioma. A French retrospective study (2005-2006). Rev
Pneumol Clin. 2010;66(4):255-9. https://doi.org/10.1016/j.pneumo.2010.
07.013.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1200/JCO.2016.67.2675
https://doi.org/10.1200/JCO.2016.67.2675
https://doi.org/10.1200/JCO.2003.11.136
https://doi.org/10.1097/JTO.0b013e31817c73d6
https://doi.org/10.1016/S0140-6736(15)01238-6
https://doi.org/10.46883/ONC.2020.3411.0502
https://doi.org/10.1200/JCO.2006.09.9887
https://doi.org/10.1186/1756-0500-5-482
https://doi.org/10.1186/1756-0500-5-482
https://doi.org/10.1016/j.lungcan.2010.12.004
https://doi.org/10.1016/j.lungcan.2011.08.011
https://doi.org/10.1016/j.lungcan.2011.08.011
https://doi.org/10.21037/jtd.2017.10.159
https://doi.org/10.1016/j.lungcan.2008.04.001
https://doi.org/10.1002/(sici)1097-0142(19990615)85:12%3c2577::aid-cncr13%3e3.3.co;2-j
https://doi.org/10.1002/(sici)1097-0142(19990615)85:12%3c2577::aid-cncr13%3e3.3.co;2-j
https://doi.org/10.1586/17476348.2015.1083426
https://doi.org/10.1586/17476348.2015.1083426
https://doi.org/10.1016/j.lungcan.2014.03.006
https://doi.org/10.1016/j.lungcan.2014.03.006
https://doi.org/10.1016/j.lungcan.2015.06.018
https://doi.org/10.1016/j.jtho.2018.08.007
https://doi.org/10.1016/j.jtho.2018.08.007
https://doi.org/10.1016/S1470-2045(18)30765-4
https://doi.org/10.1016/S1470-2045(18)30765-4
https://doi.org/10.1093/annonc/mdi187
https://doi.org/10.1016/j.lungcan.2007.08.031
https://doi.org/10.1016/j.lungcan.2007.08.031
https://doi.org/10.1007/s10147-010-0064-7
https://doi.org/10.1007/s10147-010-0064-7
https://doi.org/10.1016/j.pneumo.2010.07.013
https://doi.org/10.1016/j.pneumo.2010.07.013

	Systemic treatment in patients with malignant pleural mesothelioma – real life experience
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Statistical methods
	Results
	First line
	Second line

	Discussion
	Conclusion
	Acknowledgements
	References


