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ABSTRACT

Objective: To evaluate the process of diagnosing patients with malignant pleural
mesothelioma (MPM) at a tertiary care hospital. Methods: This was a retrospective study
involving patients referred to a tertiary-care cancer center in Brazil between 2009 and
2020. The diagnostic process was divided into four steps: onset of symptoms, referral to
a specialist visit, histopathological diagnosis, and beginning of treatment. The intervals
between each phase and the factors for delays were evaluated. Data including clinical
status, radiological examinations, staging, treatment modalities, and survival outcomes
were collected. Results: During the study period, 66 patients (mean age = 64 years)
were diagnosed with MPM and underwent treatment. Only 27 (41%) of the patients
had knowledge of prior exposure to asbestos. The median number of months (IQR)
between the onset of symptoms and the first specialist visit, between the specialist visit
and histopathological characterization, and between definite diagnosis and beginning of
treatment was, respectively, 6.5 (2.0-11.4), 1.5 (0.6-2.1), and 1.7 (1.2-3.4). The knowledge
of prior asbestos exposure was associated with a shorter time to referral to a specialist
(median: 214 vs. 120 days; p = 0.04). A substantial number of nondiagnostic procedures
and false-negative biopsy results (the majority of which involved the use of Cope needle
biopsy) were found to be decisive factors for the length of waiting time. The mean overall
survival was 11.9 months. Conclusions: The unfamiliarity of health professionals with
MPM and the patient’s lack of knowledge of prior asbestos exposure were the major
factors to cause a long time interval between the onset of symptoms and beginning
of treatment. An overall survival shorter than 1 year is likely to have been due to the
aforementioned delays.

Keywords: Mesothelioma; Mesothelioma, malignant; Pleural effusion, malignant; Pleural
diseases.

position regarding asbestos production, Brazil was only
responsible for 22 of the 6,907 articles on asbestos and

Malignant pleural mesothelioma (MPM) has a proven
association with prior asbestos exposure. Despite this
correlation, most countries in Latin America (LA) have
yet to adopt broad restrictions on asbestos mining and
processing industries.) For decades, Brazil was the
third largest asbestos producer in the world, accounting
for 15.1% of global asbestos production in 2015.(»
Nevertheless, between 1980 and 2010, only 3,718
deaths caused by asbestos exposure were reported to
the Brazilian National Mortality Information System,
and such deaths were reported to have been caused by
some type of pleural cancer, including but not limited
to mesothelioma. In contrast, 2,497 deaths caused by
asbestos exposure were reported in the United States
in 2013 alone, where asbestos mining has been banned
since 2002.®

Studies of mesothelioma in LA are scarce and usually
limited to case reports, case series, or brief epidemiological
studies.** In addition, despite the historically critical

mesothelioma that were published between 1988 and
2011.@®

The lack of data hinders a more effective and targeted
intervention for the general population and health
professionals who still have difficulties in identifying
the disease, causing the current underdiagnosis and
underreporting.(*) As descriptive studies are pivotal for
the development of improved health care policies and
progress of research, the objective of the present study
was to evaluate the process of diagnosing patients
referred to a public, tertiary-care cancer center in Brazil.

METHODS

This was a retrospective study conducted at a cancer
center located in the city of Sdo Paulo, Brazil. All patients
diagnosed with MPM and treated between July of 2009 and
December of 2020 had their medical records reviewed. Only
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patients with a histopathological diagnosis of MPM were
included. Data including demographic characteristics,
past medical history, diagnostic procedures, radiological
examinations (including CT and 18F-FDG PET/CT),
histopathological reports, disease staging, treatment
modalities, and mortality were collected.

To evaluate the diagnostic process of MPM for
each patient, the medical records were specifically
reviewed for the following four events: onset of
symptoms; first specialist visit (with a pulmonologist,
a thoracic surgeon, or an oncologist); adequate
histopathological characterization; and beginning of
treatment, including chemotherapy, radiotherapy,
or surgery—extended pleural decortication (EPD) or
extended pleuropneumonectomy (EPP).

Performance status was classified using the ECOG
scale.® Since this study involves a time interval
when two different TNM editions (7th and 8th) were
in use, each medical record based on the 7th edition
was reviewed and reclassified in accordance with the
8th edition.

Data were assessed for normality of distribution using
the Shapiro-Wilk test and described as means and
standard deviations or as medians and interquartile
ranges, respectively, when distribution was normal
or non-normal. The association between categorical
and continuous variables with non-normal distribution
was analyzed using the Mann-Whitney U test. The
correlation between non-normal continuous variables
was tested with Spearman’s correlation coefficient. The
Kaplan-Meier estimator and the log-rank test were
adopted for survival analysis.

All statistical analyses were conducted using the R
software, version 4.1.1, and R Studio, version 3 (R
studio, Boston, MA, USA). A significance level of p <
0.05 was adopted.

The local institutional review board approved this
study (Protocol no. 02213612.8.0000.0068). Individual
patient consent was waived due to the retrospective
nature of the research and the fact that all data were
managed anonymously.

RESULTS

Between 2009 and 2020, a total of 66 patients were
treated. The medical records of all these patients were
reviewed, and some of the characteristics evaluated
are summarized in Table 1. The male-to-female ratio
was 3.7:1.0, and the subjects had a mean age of
64.3 = 11.3 years at diagnosis. Twenty-six patients
had an ECOG score of 2 or higher. Remarkably, 30
(45%) and 11 (17%) of the subjects were smokers
and former smokers, respectively. Also, less than a
half of the patients (41%) had knowledge of prior
exposure to asbestos.

Epithelioid mesothelioma was the main
histopathological subtype, accounting for 88% of the
cases, and predominated on the right side (in 56%).
The mean standardized uptake value (SUV) for half
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Table 1. Characteristics of patients (N = 66) and disease
at diagnosis.?

Characteristic Result

Age, years 64.3 +11.3
Gender

Male 52 (78)

Female 14 (22)
BMI, kg/m? 24.3+4.38
ECOG at first medical visit

0 14 (21)

1 35 (53)

2 10 (15)

3 4 (6)

4 3 (5)
Smoking status

Current smoker 30 (45)

Former smoker 11 (17)

Never smoker 25 (38)
Asbestos exposure

Yes 27 (41)

No 39 (59)
Histological subtype

Epithelioid 58 (88)

Sarcomatoid 4 (6)

Biphasic 4 (6)
TNM staging

| 15 (22.7)

1l 5 (7.6)

1] 25 (37.9)

v 21 (31.8)
PET-CT 33 (50)
PET-CT, SUV 8.60 + 4.05
Laterality

Right 37 (56)

Left 29 (44)

SUV: standardized uptake value. ?Values expressed as
n (%) or mean % SD.

of the patients who underwent 18F-FDG PET/CT was
8.60 £ 4.05.

The number of months spent in each stage of the
diagnostic process is outlined in Figure 1. After the
onset of symptoms, a median of 6.5 months (2.0-11.4
months) lapsed before the patient had a specialist visit.
Prior to undergoing pleural biopsy or being referred to
our cancer center, the patients had undergone a median
of 2 procedures (range, 0-5), majorly thoracentesis,
with the sole purpose of relieving symptoms since
oncologic cytology had rarely been requested. The
Mann-Whitney U test was used in order to test the
hypothesis that there was a correlation between
knowledge of previous asbestos exposure and shorter
time to referral. The median number of days to referral
was 214 vs. 120 days (Mann-Whitney U test:: 231.5 vs.
419.5 days; p = 0.04) for the group with no knowledge
of prior asbestos exposure and the group with that
knowledge. The correlation between the number of
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Figure 1. Timeline of the process of diagnosing patients with malignant pleural mesothelioma. mo: months.

procedures prior to a specialist visit and the number
of days to referral was analyzed using the Spearman’s
correlation coefficient. A nonsignificant small negative
relationship was found (p = —0.07; 95% CI: —-0.39
to 0.26; p = 0.68).

The median time to adequate histopathological
characterization of the neoplasm was 1.5 months
(0.6-2.1). Only 27 (40.9%) of the patients had
undergone pleural biopsy prior to referral, 7 (25.9%)
of whom having been reported as negative for any
kind of neoplastic processes. Due to inadequate
histopathological examination or lack of histopathological
diagnosis, 40 patients underwent pleural biopsy
(surgical biopsy, in 23; Cope needle biopsy, in 14; and
radiologically guided biopsy, in 3) after being referred
to our cancer center. Of those, 9 had a negative biopsy
result which was later diagnosed as MPM—8 who
underwent Cope needle biopsy (false-negative rate
of 57.1%); and 1 of those who underwent surgical
biopsy (false-negative rate = 4.3%). Cytological
pleural effusion analysis prior to pleural biopsy was
carried out in 26 patients, 15 of whom (57.7%) had
a negative result.

Disease staging and treatment decision required a
median of 1.7 months (1.2-3.4) before the beginning
of treatment. Only 15 patients were oncologically and/
or clinically suitable for any major surgical treatment;
therefore, EPP and EPD could be performed in 11 and
4 patients, respectively. In our sample, 44 patients
received chemotherapy, 15 received chemotherapy and
radiotherapy, and 1 was treated with immunotherapy.
However, 6 patients were unable to undergo any kind
of treatment and received supportive care only.

The overall survival time after diagnosis was 11.9
months (95% CI: 8.4-15.3). Survival analyses
considering all subjects and according to disease
staging are set forth in Figures 2 and 3, respectively.
A survival analysis based on histological subtypes was

not carried out due to the small number of patients
with sarcomatoid and biphasic subtypes, and thus no
attempt was made to compare those groups statistically.

DISCUSSION

Unfortunately, few cancer centers in LA have a
reasonable number of MPM cases to allow for an
optimal experience with the disease. In 2019, the
largest observational study of mesothelioma in LA was
published, including 302 patients from nine different
countries/centers.” The analysis was focused on the
overall response rate to first-line chemotherapy and
on progression-free, survival-related factors. Although
the study” provided pivotal information about clinical
and pathological features, it compiled data from
countries with distinct features, such as diverse health
care systems and different types of asbestos fibers to
which the populations were exposed.®

To date, the present study is the largest observational
study in Brazil evaluating clinical and pathological
features of MPM. The demographic characteristics,
such as the male-to-female ratio and age, are similar
to those in a report based on the WHO database
concerning MPM patients.® In contrast, 45% of
the patients in our study were smokers, which is
considerably higher than the Brazilian national rate of
smokers between 2008 and 2019, which decreased from
18.5% to 12.6% over that period.® The trend toward
a stronger smoking habit among MPM patients was
observed in several studies, which may be explained
by a greater prevalence of smoking among asbestos
workers.(1%11) Additionally, due to the high latency
between asbestos exposure and development of
mesothelioma, the patients treated tend to be older,
and this part of the population is generally more prone
to smoking.*?) The correlation between a previous
environmental exposure and a pathological condition
is a milestone in terms of improving the diagnostic
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Figure 2. Survival analysis of the patients included in the
study (N = 66).

process of occupational diseases.*®) Surprisingly, less
than half of the patients in the present study had any
knowledge of prior exposure to asbestos, according
to their medical records, which contradicts current
world statistics that associates 80% of the cases of
MPM with exposure to asbestos.*¥) The disparity can
certainly be explained by the patients’ unawareness
of their environmental exposure that has happened
throughout their lives. Unfortunately, such disparity
may have consequences for the diagnosis of such
patients since a significantly shorter time to referral
to a specialist was observed among the patients who
were aware of their prior exposure when compared
with those who were unaware of such exposure.

On average, patients waited more than 6 months
after the onset of symptoms to seek medical assistance.
During this time, they underwent a median of two
procedures before being referred to a specialist visit.
A possible reason behind this delay was the use of
procedures that had no clear diagnostic intention,
mainly thoracentesis, performed in primary and
secondary health care centers prior to referral. Moreover,
despite the abovementioned delay, over 60% of the
patients were referred without a definitive biopsy
result/diagnosis. Although this finding may contain
inaccuracies related to imprecise patient reporting
their past medical history, it may provide valuable
information for policy makers to develop targets for
improvement of the recognition of the disease.

After the first specialist visit (with a thoracic surgeon,
an oncologist, or a pulmonologist), an additional
waiting time of almost 2 months was necessary to
reach the diagnosis of MPM. As stated above, more
than half of the subjects were referred without an
established diagnosis, and therefore pleural biopsy had
to be performed. However, there were an unexpected
number of re-biopsies due to false-negative results.
MPM has been a diagnostic challenge to pathologists
even with the advances of immunohistochemistry over
the last decades.*® Two critical prospective studies
have evaluated the diagnostic yield of different biopsy
methods.®'7) One prospective study analyzed 188
patients with MPM between 1973 and 1990 and showed
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Figure 3. Survival analysis of the patients (N = 66)
according to TNM staging.

that the diagnosis was confirmed using thoracoscopy,
pleural fluid cytology, and needle biopsy in 98%, 26%,
and 21% of the subjects, respectively,*® and one
randomized clinical trial compared Abram’s needle
biopsy and CT-guided biopsy and showed a significant
superiority of the latter method regarding sensitivity
(47% vs. 87%) and negative predictive value (40%
vs. 80%).17 Such findings support the fact that Cope
needle biopsy had the highest false-negative rate among
the pleural biopsy methods used in the present study.

Video-assisted thoracoscopy is the procedure
with the highest sensitivity to diagnose MPM when
compared with image-guided biopsy or Cope needle
biopsy. Furthermore, it allows for the removal of a
sufficient amount of tissue in order to perform all kinds
of molecular analyses which are crucial for oncology
today.(**1”) In the present study, although only a few
cases of image-guided biopsies were analyzed, the same
superiority of thoracoscopy regarding false-negative
results was observed when it was compared with Cope
needle biopsy. The recently released Brazilian national
guidelines for the diagnosis of MPM states that there
are advantages of thoracoscopy over other modalities.
Therefore, thoracoscopy should be considered the
mainstay method for the diagnosis of MPM as it may
reduce eventual delays in terms of achieving proper
histopathological characterization.®®

Although epithelioid mesothelioma was the most
frequent subtype in our sample, its proportion (88%)
was higher than that reported in previous research,
in which the presence of this subtype ranged from
60-75%. 1% The high frequency of epithelioid
mesothelioma may have improved the overall survival
rate, despite the adversities mentioned above with
respect to the diagnostic process, since epithelioid
morphology remains one of the dominant prognostic
factors, together with TNM staging.(?%:2)

To our knowledge, this is the first study to describe
the mean SUV (8.6) of 18F-FDG PET/CT in MPM
patients from a Latin American country. The use



of this radiological parameter as a tool to predict
several outcomes and to help the differentiation of
MPM from benign pleural diseases is currently under
development.?> However, in countries where infectious
diseases are most of the times the main differential
diagnoses of pleuropulmonary diseases, the SUV may
have a different clinical implication. As such, the SUV
data gathered in the present study may guide further
research in those locations.

A well-known randomized feasibility study(?® that
compared surgical treatment with systemic therapy
alone found a lower survival rate (adjusted hazard ratio
= 2.75) in patients who underwent trimodal therapy
(including EPP) than in patients who received only
systemic therapy. There was a great deal of criticism
about that study, including the use of an underpowered
sample size and poor compliance with the indication
criteria for surgery.?® On the other hand, a study®®
that included 14,228 patients with MPM found an
improved survival rate (adjusted hazard ratio = 0.64)
for patients who received cancer-directed surgery.

Even if we consider the uncertainty of the benefits
of surgery in MPM, the current guidelines recommend
surgical therapy for those who have resectable disease
and are fit for surgery.®® In the present study sample,
due to advanced staging and poor performance status,
less than 20% of the patients could undergo EPD or
EPP. Consequently, aside from a lower overall survival
rate when compared with other studies, poor baseline
conditions also prevented those patients from receiving
the recommended treatment modalities such as surgery,
which could potentially be beneficial.®

The current stagnation of treatment options offered
to MPM patients can be identified by a comparison

Gregorio PHP, Terra RM, Lima LP, Pego-Fernandes PM

between the results of the present study and those
of a study carried out in Brazil 14 years ago.®”) That
retrospective study, which reviewed the medical
records of 17 patients treated for MPM between 2000
and 2005, found a low proportion of MPM patients
who could undergo surgical treatment, and the mean
overall survival was 11 months. The present study,
carried out more than 10 years later, found very similar
results, corroborating the lack of improvement in the
management of the disease.

It is expected that mesothelioma in Brazil will reach its
peak incidence by the year 2026, but health care systems
are still not properly prepared to manage MPM.(2®
Several factors, including the patient’s lack of awareness
of previous asbestos exposure and unfamiliarity of
health professionals with this disease, threaten the
capacity to offer the best available treatment for this
type of cancer in Brazil.*® Therefore, it is critical that
progressive improvements in the abilities to recognize
MPM be made in order to increase the survival rate of
these patients, which today is very low.
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