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Abstract Background Complexities in TNM staging in epithelioid malignant pleural mesotheli-
oma (MPM) may lead to errors in treatment selection, leading to major surgical
interventions in patients with low survival expectations.

Methods Sixty-nine stage | epithelioid MPM patients, including 27 patients treated
with pleurectomy/decortication (P/D) and multimodal therapy (MMT) (the P/D [MMT]
group), and 42 patients treated with chemotherapy or chemoradiotherapy (the CRT
group), were included in the study. After an initial evaluation of overall survival, all
patients were grouped in terms of histopathological parameters and treatment types,
and then, a secondary survival evaluation was performed for the groups.

Results Forty-one patients were male, the mean age was 61.8 years. The median
survival time was 26 months in the P/D (MMT) group, and 19.6 months in the CRT
group, but the difference was not statistically significant. After grouping according to
pathological criteria, a median survival time of 32.4 +2.9 months in the P/D (MMT)
group and 21.9 +3.2 months in the CRT group was obtained among patients with
histopathological low-grade tumors. Among patients with high-grade tumors, the
median survival time was 18.3 +2.6 months in the P/D (MMT) group and 17 +4.4
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grading months in the CRT group. Among patients with low-grade tumors, the P/D (MMT)
= nuclear grading group had longer survival. Median survival times were similar among patients with
system high-grade tumors.

Conclusion In epithelioid MPM, histopathological grading by video-assisted thoracic
surgery pleural biopsy can prove accurate in selecting patients for P/D and MMT.
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Importance of Histopathological Grading for Treatment Selection in Malignant Mesothelioma

Introduction

Malignant pleural mesothelioma (MPM) is a rare malignancy
that originates from mesothelial cells and is associated with
asbestos exposure.! Whereas macroscopic complete resec-
tion accompanied by a multimodal approach with systemic
chemotherapy and radiotherapy is preferred in early-stage
MPM, most patients undergo chemotherapy since they are
diagnosed at an advanced stage.2 There are no routinely used
factors other than clinical data, such as stage, histological
type, and performance status, in the selection of patients for
multimodal treatment (MMT) that can increase survival in
appropriate cases and prevent unnecessary surgeries in
unfavorable ones.>

TNM staging is crucial in selecting patients for MMT but
may be insufficient by itself since the clinical presentation
and growth and spread patterns of MPM differ substantively
from other solid tumors, and local invasions into organs, such
as the pericardium and diaphragm, can in some cases only be
detected intraoperatively.*~” Therefore, in the past 10 years,
various studies have been performed to determine the
pathological parameters that can better evaluate the differ-
ences in survival time and prognosis compared with the TNM
staging, and some alternative grading systems have been
proposed.®? In their 2020 study Nicholson et al have rec-
ommended that pathologists routinely grade biopsy material
from all MPM patients.'?

The present study aims to evaluate the histopathological
grading of biopsy specimens in patients diagnosed with
epithelioid MPM by video-assisted thoracic surgery (VATS)
pleural biopsy and graded stage I as per the TNM system,
regarding its impact on survival and its efficacy in patient
selection for pleurectomy/decortication (P/D) and MMT.

Materials and Methods

Study Group

The study included 69 clinical stage I patients diagnosed with
epithelioid MPM via VATS pleural biopsy in our clinic be-
tween 2016 and 2020. Twenty-seven of the patients had
undergone P/D and MMT, and 42 chemotherapy or chemo-
radiotherapy. Patient data, including age, gender, presenting
complaints, tumor location, treatment modality (MMT, che-
motherapy, chemoradiotherapy), and survival, were evalu-
ated retrospectively. Local ethics committee approval was
obtained for the investigation (No: 2012-KAEK-15/2178).

VATS pleural biopsy involved multiple biopsies containing
subpleural adipose tissue taken from at least four different
areas, including the diaphragmatic surface, costodiaphrag-
matic recess, cardiophrenic space, parietal pleura lateral
wall, and, if necessary, visceral pleura. Mediastinal pleura,
chest wall, diaphragm, pericardium, and visceral pleura were
evaluated to select patients for P/D during VATS.

In addition to VATS pleural biopsy, all patients underwent
positron emission tomography/computed tomography for
assessment of distant metastases and lymph nodes. MMT
was administered in patients who accepted surgical treat-
ment, and chemotherapy and prophylactic local radiothera-
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py were given in those who were considered clinically
inoperable and refused surgical treatment, thus forming
the two patient groups. Platinum-based pemetrexed was
used as chemotherapeutic agent. All patients on curative
radiotherapy underwent intensity-modulated radiotherapy.

Pathological Examination
All pathological analyses were performed on large biopsy
specimens obtained by VATS. Following the confirmation of
epithelioid MPM diagnosis by immunohistochemical evalu-
ation, hematoxylin and eosin stained slides (2-18 slides)
representing the tumor were examined for each case. All
slides were examined for nuclear atypia, mitotic count, and
necrosis. Mitosis counting was done with an Olympus BX53
microscope in 10 high-power fields (x400) on the most
mitotically active area. Pathological scoring was performed
as per the nuclear grading system criteria for epithelioid
MPM proposed by Kadota et al (~Table 1).8

Adding the necrosis parameter to Kadota et al's nuclear
grading system, Rosen et al classified nuclear grade I and
nuclear grade II patients without necrosis as “low-grade
MPM,” and nuclear grade II patients with necrosis and
nuclear grade Il patients as “high-grade MPM.”%1°

In our study, we compared the survival times between
patients receiving P/D (the P/D [MMT] group) and those on
chemo/chemoradiotherapy (the CRT group) in terms of
nuclear atypia, mitotic count, nuclear grade, necrosis, and
histopathological grade.

Statistical Analysis

IBM SPSS Statistics Standard Concurrent User V 26 (IBM
Corp., Armonk, New York, United States) software package
was used for the statistical analysis of data. Descriptive
statistics were given in number of units (n), percentage (%),
and median + standard deviation values for survival times.
Comparisons between survival times in the groups by cate-
gorical variables were made using the log-rank (Mantel-Cox)
test in the Kaplan-Meier analysis. The effects of sociodemo-
graphic and clinical characteristics of the patients on survival
were evaluated with a single-index Cox regression model. A p-
value <0.05 was considered statistically significant.

Results

The mean age of the patients was 61.8 years. Forty-one of 69
patients were male (59.4%), and 28/69 patients were female
(40.6%). Note that 50.7% of the cases were on the left side
(n=35), 49.3% were on the right side (n=34).

Twenty-seven of 69 patients received P/D (MMT), and 42/
69 patients received chemotherapy or chemoradiotherapy.
There was no significant difference between the two treat-
ment groups by age (p =0.078), gender (p =0.206), nuclear
atypia grade (0.752), mitotic count (0.165), nuclear grade
(0.968), presence of necrosis (0.237), and histopathological
grade (0.255). =Fig. 1 shows samples of the pathological
examinations of patients.

The median follow-up of the study group was 22.5+2.0
months. An evaluation of patients by survival time regardless

Thoracic and Cardiovascular Surgeon  Vol. 71 No. 6/2023 © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Importance of Histopathological Grading for Treatment Selection in Malignant Mesothelioma Tirk et al.

Table 1 Kadota et al’s nuclear grading system8

Histopathological parameter | Score Description

Nuclear atypia

cells

Mild 1 Small, uniform nuclei with indeterminate nucleoli
Moderate Variable nuclear shape and variable prominent nucleoli
Severe 3 Bizarre, enlarged nuclei, multinucleation, and macronucleoli in > 5% of tumor

Mitotic count

Low 1 0-1 mitosis on the most mitotically active area
Moderate 2 2-4 mitosis on the most mitotically active area
High 3 5 or more mitosis on the most mitotically active area
Total score
2-3 Nuclear grade |
4-5 Nuclear grade Il
6 Nuclear grade llI

BEF
s

Fig. 1 (A) Tumor cells with uniform nuclei, hematoxylin and eosin (HE) x200 (mild nuclear atypia). (B) Cells with indeterminate nucleoli, HE
%400 (mild nuclear atypia). (C) Nuclei of various diameter and shape, HE x400 (moderate nuclear atypia). (D) Macronucleolus, HE x 1000 (severe
nuclear atypia). (E) Areas of necrosis, HE x400. (F) Mitotic figures, HE x1000.

of the treatment approach showed that nuclear atypia grade,
nuclear grade, and histopathological grade were statistically
significant variables (~Table 2).

In the P/D (MMT) group, the 2-year survival rate was
64.5% and 3-year 13.6%; in the CRT group, the 2-year survival
rate was 29.8% and 3-year was 15.9%. The median survival
time (95% confidence interval) was 26 (20.3-31.7) months in
the P/D (MMT) group and 19.6 (16.8-22.3) months in the CRT
group, and the difference was not statistically significant
(log-rank =2.736; p = 0.098) (~Fig. 2A). An evaluation of the
impact of nuclear atypia grade, mitotic count, nuclear grade,
presence of necrosis, and histopathological grade on survival

between the P/D (MMT) group and the CRT group revealed a
significant difference only for low-grade patients (32.4 +2.9
vs. 21.9 & 3.2 months, respectively; p = 0.041). No significant
difference was obtained for the other variables (~Table 3).
~Fig. 2B shows the survival curves of low-grade tumors by
treatment groups.

Discussion

Our survival analysis in terms of histopathological grade
showed that the median survival time difference of 10.5
months in favor of the P/D (MMT) group for low-grade
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Table 2 Survival analysis variables

independent of groups (n=69)

by pathological

HR (95% confidence p
interval)

Nuclear atypia grade

Mild (ref) 1
1.361 (0.709-2.613) 0.354
3.204 (1.487-6.901) 0.003

Moderate

Severe

Mitotic count

Low (ref) 1
Moderate 0.431 (0.178-1.046) 0.063
High 0.563 (0.279-1.133) | 0.108

Nuclear grade
| 1
I 1.990 (1.014-3.905) 0.045

I 6.689 (2.602-17.196) | < 0.001
Necrosis
None (ref) 1
Present 1.565 (0.855-2.865) 0.146
Histopathological
grade

Low (ref) 1

High 1.961 (1.095-3.510) | 0.023

Abbreviation: HR, hazard ratio. n =69.

tumors was statistically significant. There was no significant
difference in survival times between the treatment groups
for high-grade tumors. This indicates that patients deter-
mined as low-grade according to VATS biopsy material can be
selected for P/D and MMT (~Fig. 3).

In patients with epithelioid diffuse MPM, clinical stage is
the current primary prognostic factor. Many authors de-
scribed the prognostic importance of histologic subtyping.
Kadota et al suggested that the pleomorphic subtype is a
predictor of aggressive behavior in epithelioid MPM with no
survival difference from biphasic or sarcomatoid.!’ The
difficulty of selecting a treatment approach with TNM stag-
ing in MPM prompted Kadota et al to propose a patholog-

Groups

10 .
1 S0 MU
et
1 PID (MUT) consennd
- CaT.omsens

Cumulative survival

A Follow-up time (months]
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ically convenient new grading system published in 2012. In
their study on 232 patients previously diagnosed with
epithelioid MPM, they reported that nuclear atypia and
mitotic count in pathology specimens were predictive of
survival and, hence, defined a nuclear grading system using
the two parameters. The authors stated that the new system
was more accurate than TNM staging and other tools in
estimating survival times for grades and could also help in
predicting tumor recurrence times. In their study, they
indicated a median survival time of 28 months in the nuclear
grade [ patient group, 14 months in the nuclear grade II
group, and 5 months in the nuclear grade IlI group. However,
the investigators had obtained MPM paraffin blocks by
different methods such as P/D, extrapleural pneumonecto-
my, and VATS pleural biopsy.® Mlika et al also noted a
significant relationship between nuclear atypia and survival
time in their smaller-scale study.'? In the present study, we
determined that nuclear atypia grade and nuclear grade
significantly affect survival time regardless of treatment
type.

Demirag et al associated the presence of necrosis with
poor prognosis in MPM."3 In a multicenter study including
776 MPM patients published in 2018, Rosen et al proposed a
new histopathological grading system to better estimate
overall survival times by including necrosis in the nuclear
grading system. The study indicated a significant correlation
between survival and nuclear grade, necrosis status, growth
pattern, nuclear atypia, and mitotic count. The authors
reported a median survival time of 29 months for nuclear
grade I patients without necrosis, 16 months each for nuclear
grade I with necrosis and nuclear grade II without necrosis,
10 months for nuclear grade II with necrosis, and 8 months
for nuclear grade IIl. However, the type of surgery was not
randomized in that study, and biopsy materials obtained by
different methods were used, as in the study of Kadota et al.
Besides, in the multicenter study of Rosen et al, the patients’
staging data were lacking, so those who underwent biopsy
could have been at more advanced stages than patients with
surgical resection.’ In contrast, in our study, we formed an
isolated group consisting of only grade I patients within a
certain date range so that our comparison of survival times
by histopathological grade would not be affected by changes
in survival time depending on the TNM stage. The necrosis
parameter alone was not predictive of survival, but the

Cumulative survival

B Follow-up time (months)

Fig. 2 (A) Survival curves of treatment groups. (B) Survival curves of low-grade tumors by treatment groups.
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Table 3 Comparison and evaluation of survival rates in treatment groups by histological characteristics and pathological findings

Tirk et al.

P/D (MMT) CRT p
n=27 % Survival (mo) n=42 % Survival (mo)
median (95% Cl) median (95% Cl)

Nuclear atypia

Mild 13 48.2 33.8 (23.7-44.0) 24 57.1 21.9 (16.3-27.6) 0.085

Moderate 9 33.3 24.9 (19.0-30.7) 11 26.2 18.3 (9.1-27.5) 0.540

Severe 18.5 16.5 (16.0-17.0) 7 16.7 15.9 (3.7-28.2) 0.551
Mitotic count -

Low (0-1) 6 22.2 33.8 (30.8-36.8) 3 7.1 23.7 (17.1-30.2) 0.106

Moderate (2-4) 18.5 29.9 (25.0-34.8) 12 28.5 21.9 (4.1-39.7) 0.446

High (> 5) 16 59.3 20.4 (15.9-24.9) 27 64.4 18.3 (14.6-22.0) 0.398
Nuclear grade

| 9 333 33.8 (23.8-36.0) 13 31 23.7 (12.2-35.1) 0.259

[ 14 51.9 26.0 (17.7-34.2) 22 52.4 18.3 (13.9-22.6) 0.219

1 4 14.8 16.2 (9.5-22.9) 7 16.6 15.9 (6.1-21.9) 0.852
Necrosis

None 10 37.0 20.4 (14.4-26.4) 10 23.8 17.0 (5.5-27.5) 0.435

Present 17 63.0 29.9 (23.8-36.0) 32 76.2 21.9 (14.4-29.4) 0.084
Histopathological grade

Low 15 55.6 32.4 (26.6-38.3) 29 69.0 21.9 (15.5-28.4) 0.041

High 12 44.4 18.3 (13.0-23.5) 13 31.0 17.0 (8.3-25.7) 0.586

Abbreviations: Cl, confidence interval; CRT, chemoradiotherapy; MMT, multimodal therapy; P/D, pleurectomy/decortication.

VATS/Pleural Biopsy:

Epithelioid Malignant Pleural Mesothelioma

l

Histopathological Grading:
- Nuclear atypia grade

- Mitotic count

- Nuclear grade

- Necrosis

||

High Grade:
- Nuclear Grade 1 - Nuclear Grade 2 (with necrosis)
- Nuclear Grade 2 (without necrosis) - Nuclear Grade 3

| |

Low Grade:

Pleuroctomy/Decortication Chemotherapy
and or
Multimodal Therapy Chemoradiotherapy

Fig. 3 Recommendation of treatment algorithm according to his-
topathological grading in malignant pleural mesothelioma.

histopathological grade, a combination of nuclear grade and
necrosis parameters, was a significant predictor of survival
time.

In their study, Nicholson et al stated that histopathological
grading can be used to distinguish aggressive tumors and to
select patients for a treatment involving MMT and surgery.
Therefore, they recommended that pathologists routinely
grade biopsy material from all MPM patients. Drawing on the
grading system proposed by Rosen et al, they histopatholog-

ically classified nuclear grade I and nuclear grade II tumors
without necrosis as “low-grade tumors,” and nuclear grade II
with necrosis and nuclear grade III tumors as “high-grade
tumors.” The authors indicated that this classification could
prove beneficial in estimating survival.>'® Elsewhere,
Habougit et al analyzed histopathological criteria, mostly
based on VATS pleural biopsy specimens, in 116 MPM
patients and found a significant correlation between survival
and mitotic count, atypical mitoses, nuclear atypia, nucleolar
prominence, and necrosis status. But the authors empha-
sized that the results were only valid for epithelioid MPM.
The aim of their study was to determine the patient group
that would actually benefit from surgery.' ~Table 4 sum-
marizes the published literature on histological parameters
in MPM.

In contrast with the literature, the present study investi-
gated the usability of histopathological grading criteria in
patient selection for different treatment types by comparing
epithelioid MPM patients who underwent surgery and those
who did not. The median survival times were different
between the groups regarding nuclear atypia and nuclear
grade, but no significant difference in survival could be
obtained, which may be due to the small number of patients
and the presence of patients still alive in both groups.

Pleural biopsy should ideally involve multiple materials
containing subpleural adipose tissue taken from at least
three different areas without fibrosis. Thus, the depth of
tumor invasion can be inferred in the pathological
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Table 4 Published literature on histological parameters in malignant pleural mesothelioma

Number of
patients
and subtype

Study Center

Diagnostic
procedure

TNM staging | Significant histopathological
parameters for survival

Kadota et al 2012

Single-center | 232 epithelioid | P/D, EPP, Bx, other | Stage I: 14

Nuclear atypia, mitotic count,

Stage II: 54 nuclear grade
Stage lll: 130
Stage IV: 34
Habougit et al 2017 | Single-center | 116 %96.55 Bx N/A Nuclear atypia, mitotic count,
(77 epithelioid) | %3.45 P/D, EPP, necrosis
autopsy

Rosen et al 2018 Multicenter

776 epithelioid | P/D, EPP, Bx, other | N/A

Nuclear atypia, mitotic count,
nuclear grade, necrosis,
mitosis-necrosis score,
histopathological grade

Mlika et al 2019 Single-center | 30 Cytology, FNAB, Stage I: 12 Nuclear atypia
(17 epithelioid) | thoracoscopy, Stage II: 3
thoracotomy Stage lll: 14
Stage IV: 1
Present study 2022 | Single-center | 69 epithelioid Only Only Nuclear atypia, nuclear grade,
VATS Bx Stage I: 69 histopathological grade

Abbreviations: Bx, biopsy; EPP, extrapleural pneumonectomy; FNAB, fine-needle aspiration biopsy; N/A, not available; P/D,

pleurectomy/decortication; VATS, video-assisted thoracic surgery.

examination.'? A large amount of tumor tissue is required for
accurate diagnosis and histological subtyping of MPM.'>
VATS is a preferred method thanks to its visual advantage
and safety, as well as the fact that it allows adequate tissue
biopsy by dissection of all layers of the parietal pleura.'® In
MPM, the European Respiratory Society and European Soci-
ety of Thoracic Surgeons guidelines particularly recommend
pleural biopsy by VATS, whose predictive value is reported to
be as high as 99.7%, to obtain multiple and deep tissue
biopsies.” Besides its diagnostic accuracy, VATS allows for
wide observation of the intrapleural space, enabling the
performance of staging procedures in patients, the identifi-
cation of potentially resectable tumors, and the selection of
patients for surgical modalities.'” In our clinic, a diagnostic
VATS approach is used in all patients, along with preopera-
tive imaging, to accurately detect the “T” component of TNM
staging and differentiate potentially resectable tumors.
Patients who turned out to be T4 were excluded from this
study.

Published literature had established the effect of histo-
pathological parameters on survival. Our study is valuable
since it is the first to compare these parameters between
MPM patients who underwent surgery and those who did
not. The fact that we included only stage I epithelioid MPM
patients within a certain date range in the survival analysis is
the reason for our limited study population on the one hand
and a unique aspect of our study on the other.

In conclusion, histopathological grading with VATS pleu-
ral biopsy should be performed in all cases of suspected
MPM. Patients thus determined as “low-grade” can obtain
the highest benefit from P/D and MMT in terms of survival.
Future studies with larger series of patients will potentially
confirm our conclusions.
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