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Abstract

Background: Malignant pleural mesothelioma (MPM) is a rare and aggressive malignancy that most commonly
affects the pleural layers. MPM has a strong association with asbestos, mainly caused by exposure to its
biopersistent fibers in at least 80% of cases. Individuals with a chronic exposure to asbestos might develop disease
with a 20–40-year latency with few or no symptoms. Such has been the case in the Italian regions of Piedmont and
Lombardy, where industrial production of materials laden with asbestos, mainly cements, has been responsible for
the onset of a large epidemic. Since 2018, a multidisciplinary team at San Matteo hospital in Pavia has been
collecting data on over 100 patients with MPM. The main goal of this project is to define and describe an
integrated profile for each MPM case at diagnosis by using data mining and partition analysis.

Methods: Here we bring together exhaustive epidemiologic, histologic and radiologic data of 88 MPM patients
that came to our observation and draw correlations with predictive and prognostic significance.

Results: The median overall survival (OS) was 15.6 months. Most patients presented with pleural effusion,
irrespective of disease stage. Quite unexpectedly, no statistically significant association was demonstrated between
OS and TNM disease stage at diagnosis. Although average OS is similar in male and female patients, partition
analysis of data underlined a significant differential hierarchy of predictor categories based on patient gender. In
females with no smoking history, full chemotherapeutic regimens are associated with better outcomes. Moreover,
concerning second line treatments, vinorelbine emerged as the most advantageous choice for female patients,
whereas in the male subgroup no statistically significant difference resulted between gemcitabine and vinorelbine.

Conclusion: A multidisciplinary approach to MPM is mandatory to define better therapeutic approaches,
personalize the management and improve patient outcomes.

Keywords: Mesothelioma, Multidisciplinary team, Asbestos, Imaging

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: g.stella@smatteo.pv.it
1Department of Medical Sciences and Infective Diseases, Unit of Respiratory
Diseases, IRCCS Policlinico San Matteo Foundation and University of Pavia
Medical School, 27100 Pavia, Italy
Full list of author information is available at the end of the article

Saracino et al. BMC Cancer          (2021) 21:762 
https://doi.org/10.1186/s12885-021-08532-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08532-x&domain=pdf
http://orcid.org/0000-0003-0929-4394
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:g.stella@smatteo.pv.it


Background
Mesothelioma is a rare and aggressive malignant tumor
which arises from mesothelial linings, most frequently
affecting the pleura (90%), but also the peritoneum, the
pericardium, and the tunica vaginalis. Although molecu-
lar steps leading to the onset of malignant pleural meso-
thelioma (MPM) are partially known, the disease is still
lacking effective therapies. Novel biological agents (from
small molecules to checkpoint inhibitors) although suc-
cessfully used for the treatment of different epithelial-
derived tumors, have shown scarce efficacy against
MPM [1–5]. It is well documented that at least 80% of
mesothelioma cases are caused by exposure to asbestos
[6–8]. In developed countries like Italy, roughly 1.15 per
100,000 cases are diagnosed annually [9, 10]. The Pied-
mont and Lombardy regions are the most affected, due
to industrial production. In the last decade, more than
300 new cases have been diagnosed per year in Lom-
bardy alone. In 2018, the incidence of MM in Italy was
6.08 cases/100,000 inhabitants, 8.48 cases/100,000 males
and 4.38 cases/100,000 females [11–13]. Since 2018, our
Institution has been dedicated to the organization of an
integrated path to MPM diagnostic and therapeutic
workup. This approach provides a unique opportunity to
analyze patient’s clinical data with a multidisciplinary
perspective. More specifically, we here aimed at match-
ing the clinical, pathological, and imaging features of the
disease to outline specific patterns predictive of patient
outcomes. The main goal of this project is to define and
describe an integrated profile for each MPM case at
diagnosis by using data mining and partition analysis.
Ultimately, this work will provide preliminary findings to
develop future omic-centered projects in the MPM
population.

Methods
The Pavia experience: territorial diagnostic, therapeutic
and assistance planning
The PDTA (Percorso Diagnostico Terapeutico e
Assistenziale-Territorial Diagnostic, Therapeutic and
Assistance Planning) for MPM was first defined in 2014
within the Provincial Oncology Intercompany Depart-
ment (DIPO) of Pavia. In 2018, the PDTA established
two territorial outpatient facilities in view of local epi-
demiological data on asbestos-related diseases: a first-
level clinic, located at the PRESST in the town of Broni
(in the province of Pavia), and a second-level clinic man-
aged by the Pneumology Unit and Medical Oncology
Unit at the IRCCS Policlinico San Matteo (University
hospital, located in Pavia). The two structures cooperate
to provide care for patients with suspected asbestos-
related pathology. They perform first-level diagnostic in-
vestigations as well as those of greater complexity to
allow diagnosis and tumor staging. Moreover, they

cooperate to provide an individualized therapeutic path-
way and psycho-social care plan for the patients. In
addition, the PDTA manages the chemotherapy treat-
ments available at our territorial facilities (PRESST
Broni, Broni-Stradella Hospital), referring to IRCCS San
Matteo when high complexity investigations are needed.

Patients identification and selection
Since November 2018, we have been collecting data on
all mesothelioma patients managed through the PDTA.
The number of patients was then narrowed by several
criteria to be included in the study, as represented in
Fig. 1. Data were obtained from the anamnestic records,
outpatient reports and hospital discharge letters. In-
formed consent of each patients was collected routinely
at hospital admission in accordance with standard hos-
pital procedures. Imaging findings were graded by two
radiologists in blind; the experienced radiologist was the
referring radiologist for the “multidisciplinary board of
thoracic neoplasms” while the non-experienced radiolo-
gist was a radiology resident with less than 5-year-
experience in thoracic radiology. Disagreement between
the two radiologists were solved by mutual agreement.

Statistical analysis
Data collection was made in the form of Excel Spread-
sheets. Basic statistical analysis was conducted through
the Excel “Data Analysis” add-on package. Survival
curves were estimated with Kaplan-Meier method. Ad-
vanced statistical analysis of data was performed by
using the JMP partition algorithm (JMP-Statistical Dis-
coveries. From SAS, website at www.jmp.com) which is
able to search all possible splits of best response predic-
tors. Decision trees are a classification methodology,
wherein the classification process is constructed with the
use of a set of hierarchical decisions on the feature vari-
ables, arranged in a tree-like structure. The decision at a
particular node of the tree, which is referred to as the
split criterion, is typically a condition on one or more
feature variables in the training data. These splits (or
partitions) of the data are done recursively in top-down
fashion by using the split criteria, through an iterative
approach. A small number of features are removed in
each iteration, according to the split criteria. Then, the
classifier is retrained on the pruned set of features to re-
estimate the weights. The decision tree is typically
constructed as a hierarchical partitioning of the training
examples, just as a top-down clustering algorithm parti-
tions the data hierarchically. The main difference from
clustering is that the partitioning criterion in the deci-
sion tree is supervised with the class label in the training
instances. Partitioning is simple to implement and highly
interpretable and a useful application is to create a diag-
nostic heuristic for a disease. Given symptoms and
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outcomes for a population, partitioning can be used
to generate a hierarchy of questions to help diagnose
new patients. Predictors (split-criteria) can be either
continuous or categorical (nominal or ordinal). If a
predictor is continuous, then the splits are created by
a cutting value. Thus, the sample is divided into
values below and above the cutting one. If a predictor
is categorical, then the sample is divided into two
groups of levels: continuous or categorical (nominal
or ordinal). If the response is continuous, then the
platform fits the means of the response values. If the
response is categorical, then the fitted value is a
probability for the levels of the response. To properly
estimate the residual uncertainty of classification, sev-
eral numerical indexes are used. Among them the
Gini heterogeneity index (IG) is calculable from rela-
tive frequencies (pi) of each of the M total classes
[14]. Another one is the entropy (H) which is associ-
ated with the concept of quantity of uncertainty [15].
By using one of the above-mentioned indexes the al-
gorithm is able to make a decision on which partition
to make at each step of tree construction.

Ethics statement
The study entered a main project that was approved by
local Ethical Commission and each enrolled patient gave
written informed consent before enrolment (Comitato di
Bioetica, Fondazione IRCCS Policlinico San Matteo, ap-
proval numbers: protocol #20090002344; procedure #
20090019080; date of approval: June 3rd, 2009).

Results
Data description and screening
Epidemiology and demographics
The total number of patients referred to our Territorial
Diagnostic, Therapeutic and Assistance Planning was
105. From there, 17 patients did not fit our inclusion cri-
teria. In our raw data, we looked at more than 30 param-
eters in 88 MPM patients between November 2018 and
May 2020. Exhaustive data are summarized in Table 1.
Of them, 26 (29.5%) were females and 62 (70.5%) were
males. The male-to-female ratio we report is roughly
2.4, which is near to that reported in the 6th edition of
the ReNaM report (M:F = 2.5) [6]. The male predomin-
ance was expected as exposure to asbestos often oc-
curred in and around industrial factories where most
employees were men. The average age at diagnosis was
68.9 years (st.dev 8.6) (from 47 to 85 years), with a me-
dian age of 71. This data is in line with that of the 6th
ReNaM report, which shows an average age at diagnosis
of 70 years [6]. No cases of diagnosis under the age of 47
were found in our study, confirming what is contained
in the ReNaM report where only 2% of recorded cases
occurred in patients younger than 45 years and coher-
ently to the significant latency associated with the dis-
ease onset after exposure to asbestos. The majority of
the observed patients had a significant exposure to as-
bestos as part of their employment/family/social history.
Indeed, 26 out of the 88 patients reported certain or
highly probable workplace exposure (either directly from
the factory or indirectly through various blue-collar

Fig. 1 The study population. A total of 105 patients were multidisciplinarly evaluated and entered the PDTA path. We excluded from the initial
study population, two only cases who were early enrolled in clinical trials in other Institutions. Based on exclusion criteria,17 patients were not
included in the analysis. HL = Hodgkin lymphoma
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work). Environmental and indirect exposure cases (pa-
tients who were relatives of workers in asbestos indus-
trial plants) were significantly higher (32 cases, 36.4%) as
the pollution from the factories had an effect on mem-
bers of the town. The significant environmental pollu-
tion and massive exposure during the company’s peak
activity period (1970s and 1980s) created this high inci-
dence, as previously mentioned. No relevant exposure
history was reported for 30 (34%) of the patients in our
cohort. Out of the 88 total patients, 36 (roughly 41%)
claimed to have never smoked, while 15 (17%) were ac-
tive smokers and 37 (42%) were ex-smokers. Thus, 59%
of the analyzed population referred a smoking history
which is coherent to previous studies. This correlation
highlights the important synergistic tumorigenic activity
of smoke and asbestos, as both exposures have inflam-
mation and direct DNA damage as common underlying
pathogenic mechanisms [16, 17]. Indeed, even with equal
asbestos exposure, cigarette smoke has been correlated
with increased risk of developing MPM [18].

Radiological and clinical diagnosis and staging algorithms
For all the 88 patients included in the analysis, we aimed
at identifying key radiological features at baseline (Table
1). History of thoracentesis or drain placement was per-
mitted as part of our selection criteria, as this would not
alter plaque/tumor size. It should be noted that pleural
plaques are a completely benign conditions and should
not be considered as a malignant radiological feature.
Even though a great number of our patients had a sig-
nificant pleural effusion, the majority of them did not re-
ceived thoracentesis or drainage before the “indicative”
or “diagnostic” CT scan was taken; only 14 patients
(16%) had evidence of a previous evacuation of pleural
fluid via drain or thoracentesis on radiologic reports or
CT images. On the other hand, only 4.5% (4 cases) of
patients had no pleural effusion. Four patients had evi-
dence of bilateral pleural effusion on pre-treatment CT
scans. It should be noted that this finding is not surpris-
ing, and it is coherent to literature evidence [19–22],
confirming that MPM does not behave like other

Table 1 Exhaustive demographic and clinical data of the cohort
analyzed

Features Patients

Gender

Males 62

Females 26

Asbestos exposure

Work 26

Environmental 32

None 30

Smoking habit

Never 36

Active smokers 15

Past smokers 37

Radiologic findings

Pleural effusion 84

Bilateral alterations 34

Mediastinal involvment 34

Diaphragm involvement 45

Diagnostic approach

Medical thoracoscopy 50

VATS 19

CT-guided biopsy 19

Histology

Epitheliod 66

Sarcomatoid 6

Biphasic 7

NOS 9

Disease stage (TNM)

I 37

II 30

IIIA 5

IIIB 9

IV 7

Therapy

Surgery

P/D 46

Palliative surgery 6

Chemotherapy

I line

Platinum-pemetrexed 67

Monochemotherapy 18

II line 52

Gemcitabine 30

Vinorelbine 19

Re-challenge 3

Table 1 Exhaustive demographic and clinical data of the cohort
analyzed (Continued)

Features Patients

Radiotherapy

Debulking 3

Palliative 4

Outcome Months

PFS 9.8

OS 15.6

VATS: video-assisted thoracoscopy, CT: computed-tomography, NOS: not
otherwise specified, TNM: tumor-nodes-metastases, PFS: progression free
survival, OS: overall survival
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malignancies when it comes to pleural effusions. Overall,
the 96% pleural effusion prevalence reported in our
study population was higher than already published data
[23, 24]. For instance, Dogan et al. found a 79% preva-
lence in a CT analysis of 212 patients with MPM in
Turkey [25], although this cohort of patients was defined
by different features in terms of patient population,
time-period analysis, environmental and epidemiological
factors. In our study, 34 (39%) patients showed bilateral
alterations (pleural effusion, pleural plaques or chest wall
infiltration) whereas 64 (73%) showed mediastinal in-
volvement at the time of diagnosis. Roughly half of our
patients (45 patients or 51%) had some sort of involve-
ment of the diaphragm before receiving chemotherapeu-
tic treatment.
MPM diagnosis confirmation has been reached

through three main approaches, namely, medical thora-
coscopic, percutaneous and surgical biopsy (Table 1). Of
them, medical thoracoscopy was the most common (50
patients or 56.8%). Percutaneous biopsies and surgical
procedures (VATS) were used in 19 patients (21,5%) re-
spectively, while no patient received diagnosis through
cytology on pleural fluid. Biopsy results showed that
most of our patients received a diagnosis of epithelioid-
type MPM (66 patients or 75%). This result is in-line
with the reports from AIOM 2018 guidelines that
showed a prevalence of the epithelioid histotype in 75–
80% of cases [26], which is significantly higher than the
percentage of epithelioid cases reported in the ReNaM
(55% of cases) [6]. Similar to already reported data, the
epithelioid histotype was associated with an increased
overall survival (15.72 months vs 13.2 months in sarco-
matoid cases and 11.8 in biphasic ones). The diagnosis
of a sarcomatous/desmoplastic lesion was found in 6 pa-
tients (6,8%) and the biphasic type in 7 patients (7,9%)
respectively, being less represented than the data re-
ported in ReNaM, where the biphasic histotype accounts
for 10.5% of cases [6]. These percentages are also slightly
different from those reported in the AIOM guidelines,
where the biphasic histotype corresponds to 10–25% of
cases and the sarcomatoid about 10%. In nine patients
(10.2%) it was not possible to define a precise histotype
even in the presence of certain MPM (defined as un-
specified mesothelioma). This data is broadly in line with
the ReNaM data, where 12% of MPM are not otherwise
specified (NOS).
Of the 88 patients observed, 23 were stage IA, 14 pa-

tients were stage IB, 30 patients were stage II, 5 patients
were classified as IIIA and 9 as stage IIIB, according to
the 8th TNM version published by the International
Association for the Study of Lung Cancer (IASLC) [27].
Finally, seven patients were classified as stage IV (Table
1). With respect to each component of the TNM classifi-
cation, the vast majority of cases presented with a T1

mass (43 cases, 48.9%), whereas 30 cases (34.1%) fea-
tured a T2 disease, 9 (10.2%) T3 and 4 (4.5%) a T4 pri-
mary mass, respectively. The lymphnode involvement
was the following: 37 cases (42%) presented with N0 and
N1 disease, respectively; 10 cases (11.4%) with N2 dis-
ease and 4 (4.5%) with N3 involvement. Three cases
(3.41%) presented with distant metastases (two patients
carried brain and 1 case pelvis bone secondary lesions,
respectively). Overall, 76% of patients have an early stage
of disease (IA-B, II). As a result, most patients were sus-
ceptible to surgical therapy and/or multimodal
approaches.

Treatments
The main therapeutic strategies for MPM are surgery,
chemotherapy, and radiation therapy. The optimal pre-
cise sequence of treatments within the trimodality is un-
clear and should be decided upon by a multidisciplinary
consensus for each individual patient [28]. It is thus
clearly recommended by guidelines (AIOM [25], NCCN
[29]) that MPM patients susceptible to multimodal ap-
proaches encompassing surgery, should be referred to
specialized centers, and evaluated by multidisciplinary
team to assess the most optimal treatment sequence in a
personalized manner. In accordance with the previously
described guidelines, each of the patients in our cohort
was referred to surgery as the first therapeutic approach
after a multidisciplinary evaluation considered clinical
stage (early disease, epitheliod histotype, good perform-
ance status in absence of relevant comorbidities) and
demographic parameters (age). More than half of the 88
patients in our study received some form of surgery as a
treatment for MPM (52 patients or 59,1%). Of these, 46
patients received pleurectomy/decortication surgery;
among them 10 patients underwent video-assisted thora-
coscopic surgery (VATS). Six patients received various
other palliative surgical approaches. These data correlate
with the fact that most of the evaluated patients had
low-stage tumors (TNM stage I or II) and were thus eli-
gible for surgery. No significant complications and/or
serious adverse events followed surgery. In all cases, P/D
was followed by conventional chemotherapy and 21 pa-
tients had a progression free survival greater than 10
months. Chemotherapy was the most common thera-
peutic option and 67 out of the 88 patients received the
standard first line chemotherapy regimen of pemetrexed
and cisplatin, while 18 patients underwent mono-
chemotherapy (carboplatin) due to low performance sta-
tus and comorbidities. The timing of the treatment was
not the same for all patients though: 4 (6%) of the 67 pa-
tients received neoadjuvant treatment and the remaining
underwent adjuvant chemotherapy. Side effects of the
chemotherapy were not specifically monitored, but we
did encounter severe toxicities. Second line treatments
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were performed in 52 patients: 30 of them were treated
with gemcitabine, 19 with vinorelbine and three under-
went first line chemotherapy re-challenge.
Only seven patients of the entire cohort (8%) received

radiotherapy (RT). In three cases RT was a part of multi-
modal treatment, while 4 patients received radiotherapy
for palliation.
Data are detailed in Table 1.

Outcome
The number of months that a patient was “disease-free”
was largely heterogeneous between 3 and 45months
with an average value of 9.8 months. The average time
to progression after second line chemotherapy was 4.6
months. The average overall survival (OS) was 15.6
months (Fig. 2) irrespective of tumor histotype whereas
higher OS values were observed in female patients
(mean of 18.2 months vs 14.6 months in women and
men, respectively).

Statistical analysis and data mining
We further analyzed the records through partition ana-
lysis to explore a combination of factors that could im-
pact clinical outcome, to identify and select the most
relevant predictive and prognostic variables. Differences
emerged by subdividing the cohort based on patient gen-
der. We thus focused on the most relevant outcome par-
ameter, namely overall survival. We expected that the
high number of early-stage diseases in our population
study would correlate with a relatively better prognosis
if compared to advanced ones, but, quite surprisingly, no
statistically significant association could be identified be-
tween OS and TNM stage at diagnosis (Fig. 3, panel I).
The most relevant variable associated to OS in women
was determined by access to second line treatment, since
those patients who did not receive it displayed a signifi-
cantly lower OS (12.5 months vs 22.4 months, Fig. 3,
panel II-C). Among patients who received second line
therapy, the subsequent split underlined that exposure
to cigarette smoke (past and/or current) significantly af-
fected mortality (average OS 18.7 months). Although,
performance status (PS) should be a limitation in defin-
ing therapeutic strategies, these data suggested that, at
least in females who never smoked, comprehensive che-
motherapeutic regimens can assure better outcomes
(mean OS 25.6 months). Concerning males, it should be
noted that no significant splits could be found when pa-
tients were stratified by age. When removing this vari-
able from the analysis (Fig. 3, panel II-D), chemotherapy
schedule significantly impacted OS and treatment with
platinum and pemetrexed was associated with OS rates
(15.4 months) that were higher than treatment with
platinum alone (11.4 months). Coherently, concomitant
advanced disease stage was associated with worse

prognosis (mean OS of 5 months). Again, although PS
and comorbidities might guide the decision between dif-
ferent treatment schedules, our study demonstrated that
such decisions were irrelevant and all patients without
contraindication should receive dual chemotherapy regi-
mens. It should be noted that the results of the analysis
impacted long term overall outcome and no significant
differences could be found by evaluating chemotherapy
regimen and progression free survival (PSF) in both men
and female patients (Fig. 3, panel III). Since no clear data
are available in the literature on the most beneficial con-
ventional chemotherapy agent [30, 31], we proceeded to
analyze data regarding second line treatments. Specific-
ally, we compared the efficacy of gemcitabine (30 pa-
tients) vs vinorelbine (19 patients). We excluded from
the analysis the three patients who underwent first line
chemotherapy re-challenge. Based on distribution com-
parison a statistically significant different has been ob-
served in OS in female patients treated with vinorelbine
in second line setting (Fig. 3, panel IV-G) whereas in the
male subgroup the Student’ t test comparing the pair did
not reach a statistical significance. Within the limit of
the cohort in analysis, this finding could be an interest-
ing open point requiring deep investigation in dedicated
works in next future.

Discussion
Malignant pleural mesothelioma is an aggressive cancer
linked to industrial pollution that causes increased death
rates in correlation with areas of higher asbestos expos-
ure, as is found in certain regions of Northern Italy. In
the present study we evaluated the data from a cohort of
MPMs, that was collected by the PDTA, which is dedi-
cated to the management of this disease, with the ultim-
ate goal of detecting and identifying predictive and
prognostic variables for routine management. Prelimin-
ary findings of this work allow us to conclude the fol-
lowing: first, despite the male predominant occupational
exposure to asbestos (and thus increased M:F ratio), no
significant difference emerges between men and women
regarding median age at diagnosis. This observation sug-
gests that susceptibility to asbestos fibers is independent
of gender and confirms the absence of a dose limiting
cancerogenicity, since the outcome is similar in cases of
higher (work) and lower (environmental/indirect) rates
of exposure. Second, the stage of the tumor at diagnosis
in the vast majority of cases was lower than TNM III.
The main reason for the large proportion of patients di-
agnosed in early-stage disease can be explained by the
elevated incidence in the North-Western Regions of Italy
due to the asbestos-laden cement factories that were
open until roughly 20 years ago. The Lombardy Region
has the highest incidence of MM in Italy (18% of all
cases). Within this Region, the province of Pavia (where
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Fig. 2 Kaplan-Meier survival curves by stage. Plot of overall survival (OS) probability (Y-axis) by TNM disease stage. Time (X-axis) is expressed in
months. Crosses indicate censored patients

Fig. 3 Statistical and partitioning analysis of MPM patient data. Panel I. Distribution of overall survival vs TMN by gender. Distribution of OS
showed no statistically significant difference if compared to TNM disease stage, except for a very slight difference related to stage IB MPM in
females (A) vs males (B). Positive values show pairs of means that are significantly different. Standard deviation error bars are shown as well. Panel
II. Partition analysis for overall survival of whole data. The split criterion divides the tree through a top-down clustering algorithm. Results are
represented in female (C) and male (D) subgroups, respectively. Count: number of training observation; G2: Gini index. Lower values indicate
better fit. Panel III. Comparison of progression free survival vs chemotherapy schedule. Distribution of PFS showed no statistically significant
difference if compared to first line chemotherapy in both females (E) vs males (F). Positive values show pairs of means that are significantly
different. Standard deviation error bars are shown as well. Panel IV. Comparison of overall survival vs second line chemotherapy schedule.
Distribution of OS showed moderate significant difference in female patients treated with vinorelbine vs those treated with gemcitabine (G); no
statistically significant differences can be shown in males (H). Positive values show pairs of means that are significantly different. Standard
deviation error bars are shown as well. OS: overall survival, PFS: progression free survival, R: first line re-challenge chemotherapy, V: vinorelbine, G:
gemcitabine, P: platinum. P-A: platinum-pemetrexed, NO: second line chemotherapy not performed
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our Institution is located and where most enrolled pa-
tients live) has by far the highest incidence of MPM due
to the presence of the second oldest and largest asbestos
cement factory in Italy. Asbestos cement production
began in 1932 and was halted following the approval of
law 257/1992 on asbestos ban [32]. Every year, more
than 40 new cases of MPM are diagnosed in the
province of Pavia alone, confirming that MPM in the
Lombardy region represents a major public health issue.
Thus, diagnosis was made early because of the increased
awareness of MPM in our region and the specific
diagnostic and therapeutic processes that have been im-
plemented at a provincial and regional level. These
diagnostic and therapeutic strategies serve as secondary
and tertiary prevention for the community by providing
prompt and comprehensive evaluation of at-risk sub-
jects, and optimal care of affected patients.
Third, we concluded, quite unexpectedly, that there was

no significant correlation between TNM disease stage and
OS. Based on the partition analysis approach, this finding
means that the considered variables (TNM stages) cannot
predict disease outcome (OS), when conventionally
treated. The multidisciplinary management of each case
allowed for accurate disease staging and no serious/ad-
verse complications in patients that underwent P/D. Thus,
the observed data outline how TNM classification should
be integrated with other variables (such as performance
status, comorbidities, tumor histology and genetic data) to
define integrated scores that can correlate with clinical
outcome. Further research is needed, especially in the ac-
celerating field of tumor genomics to allow an appropriate
MPM classification and better patient stratification.
Although several limitations affect the analyzed cohort,

these results confirm that the TNM staging system is
likely inadequate to manage MPM alone. Furthermore,
differing amounts of pleural effusion did not significantly
correlate with the disease stage. One would expect that
the presence of pleural effusion would correlate with more
advanced stages of disease, but this did not seem to be the
case, and to a small extent, the opposite seemed true.
Within the limit of the MPM population evaluated,

patient gender seemed to impact outcome and OS since
females displayed better average OS, especially when
fully treated and in absence of exposure to cigarette
smoke. Conversely, a worse prognosis was observed in
males who underwent mono-chemotherapy and dis-
played advanced disease at diagnosis. No significant im-
pact on OS was associated with surgery whereas no
conclusions could be drawn with respect to radiotherapy
due to the small number of patients treated.

Conclusion
In conclusion, the preliminary results of this study sug-
gest that, at least in routine settings with acceptable

performance status and limited disease stage, an exten-
sive chemotherapeutic program should be chosen to as-
sure better outcomes. Moreover, our data showed a
slight advantage of vinorelbine vs gemcitabine as second
line standard chemotherapy in female patients. Thus, a
multidisciplinary management of MPM should help to
identify those patients who can really benefit from a
more aggressive pharmacological approach. A wider set
of data is needed to confirm the findings of this work
and exclude a statistical fluctuation as possible explan-
ation of the observed correlations. Overall, these results
point out the high complexity of MPM, the substantial
inadequacy of conventional diagnostic and therapeutic
approaches, and contribute to a better understanding of
the starting point for personalized therapeutic strategies.
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