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Abstract

Malignant pleural mesothelioma (MPM) is an aggressive tumor with a poor prognosis. In our study, we aimed to investigateb
specific clinical, laboratory, and radiological features of the tumor and the prognostic effect of SUVmax (maximum standardized
uptake values) according to PET/CT (positron emission tomography). Demographic, therapeutic, clinical, and survival information
of patients diagnosed with histologically-validated pleural mesothelioma in our hospital between January 2010 to December 2019
will be retrospectively scanned from the hospital records. A total of 116 patients, 61 men (52.6%), and 55 women (47.4%), were
analyzed. Thirty five patients (30.2%) were over the age of 65. Percentage of patients over 65 years of age, neutrophil count, and
PET SUV Max values, asbestos exposure and pleural thickening rate were significantly higher in the deceased patients’ group than
in the living patients’ group (P = .042, P = .039, P = .002, P = .004, P = .037). T stage (tumor stage), N stage (lymph nodes stage),
metastasis stage, and Grade distribution were significantly higher in the deceased patients’ group than in the living patients’ group
(P < .000, P<.000, P=.003, P<.000). The rates of chemotherapy and surgical treatment, right lung location, and epithelioid
pathology were significantly lower in the deceased patients’ group compared to the living patients’ group (P =.016, P = .030,
P =.018, P =.008). The mean follow-up time was 13 months. Key determinants of survival in MPM include age, male gender,
neutrophil increase, pleural thickening, high PET SUV max values, stage, histological type, asbestos exposure, and treatment
regimen.

Abbreviations: AJCC = American Joint Committee on Cancer, MPM = malignant pleural mesothelioma, N stage = lymph
nodes stage, NLR = neutrophil to lymphocyte ratio, PET CT = positron emission tomography, PLR = platelet to lymphocyte ratio,
SUVmax = maximum standardized uptake values, T stage = tumor stage, UICC = Union for International Cancer Control.
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1. Introduction

Malignant pleural mesothelioma (MPM) is a considerably
aggressive tumor linked with environmental asbestos expo-
sure.ll' MPM most commonly originates from the parietal
pleura® occurs most often in the male sex and between the ages
of 60 and 80.5

MPM has varied histologic types namely epithelioid, sar-
comatoid, and biphasic.*! Chronic inflammation, which is
a consequence of asbestos exposure, plays a critical part in
the pathogenesis of MPM. Inflammatory markers; neutrophil
lymphocyte ratio (NLR), and platelet lymphocyte ratio (PLR)
are valuable in determining prognosis.l’! Positron emission
tomography (PET) high maximum standardized uptake values
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(SUVmax [maximum standardized uptake values]) were found
to be adverse prognostic factors.l It has been accepted that
factors such as male gender, old age, and sarcomatoid type
reflect a more aggressive disease course in MPM.”! Female
patients have a better life expectancy than male ones.!’! With
an overall survival less than 12 months, the disease is highly
resistant to chemotherapy and radiotherapy.””! Platinum-based
chemotherapy offers the highest tumor response rates!'”! and
multimodal treatments combining have gained importance.
Treatment methods such as immunotherapy, immune check-
point inhibitor treatments, new targeted immune treat-
ments, and tumor treating fields are also being developed.!'!!
Epithelioid type and an early-stage disease show a solid sur-
vival chance following a surgical treatment.!"?! In addition to
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its high aggressiveness, the mean overall survival (OS) time of
MPM (regardless of tumor stage) is 9 to 17 months (averagely
12 months)."3!

2. Materials and Methods

2.1. Selection of patients

The age, sex, smoking history, asbestos exposure, basic labo-
ratory parameters, inflammation markers, tumor location,
bilateral pleural plaque presence, histologic subtype, stage,
PET SUVmax, surgery type and chemotherapy, and survival
information (OS) of patients diagnosed with histologically-val-
idated pleural mesothelioma in Ankara Ataturk Chest Diseases
and Thoracic Surgery Training and Research Hospital between
January 2010 and December 2019 were retrospectively scanned
(OS was defined as the time from diagnosis to death or to the
latest follow-up). The presence of benign mesothelial tumor and
the tumor sites located outside the pleura were set as the exclu-
sion criteria.

NLR was established by dividing the absolute neutrophil
count by the absolute lymphocyte count. PLR was established
by dividing the absolute thrombocyte count by the absolute
lymphocyte count. LMR (lymphocyte to monocyte ratio) was
established by dividing the absolute lymphocyte count by the
absolute monocyte count.

18F-FDG PET-CT (PET/CT) was performed prior to surgery
or chemotherapy in all patients for the sake of preliminary
analysis. The stages of the disease were categorized according
to the eighth edition of tumor-lymph nodes-metastases (TNM
[tumor-lymph nodes-metastases]) classification of MPM by
Union for International Cancer Control (UICC) and American
Joint Committee on Cancer (AJCC)."¥ Extrapleural pneumo-
nectomy (EPP), pleurectomy/decortication or partial pleurec-
tomy was performed on resectable MPM patients who can
tolerate aggressive surgeries. Neo adjuvant or adjuvant che-
motherapy which includes pemetrexed and cisplatin or carbo-
platin was performed in four to six cycles in combination with
surgery. For patients not suitable for surgery, palliative chemo-
therapy together with pemetrexed and cisplatin or carboplatin
was performed instead. Chemotherapy cycles were repeated at
21-day intervals.

The requirement for informed consent from the patients
was waived off due to the retrospective nature of the study.
Confidentiality of patient data was maintained throughout the
study.

2.2. Statistical method

Mean, standard deviation, median, minimum, maximum value
frequency, and percentage were used for descriptive statistics.
The distribution of variables was checked with Kolmogorov—
Smirnov test. Independent Samples t test and Mann—-Whitney
U test were used for the comparison of quantitative data. Chi-
Square test was used for the comparison of the qualitative data.
Cox regression was used in the survival analysis. SPSS 27.0 was
used for statistical analyses.

3. Results

One hundred sixteen patients were analyzed in total out of which
61 were male (52.6%) and 55 were female (47.4%). Eighty
one patients (69.8%) were under the age of 65 and 35 patients
(30.2%) were over the age of 65.41.4% of the patients (n = 48)
were smokers. Laboratory data belonging to the patients are
shown below (Table 1).

The patients were interviewed. It was questioned whether
they were exposed to environmental asbestos. The answers given
by the patients to the questions were accepted. Environmental
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Laboratory data of patients.
Min-Max Median Mean = SD/n%

Age >65 35 30.2%

<65 81 69.8%
Gender Female 55 47.4%

Male 61 52.6%
Smoke 48 41.4%
Lymphocyte 0.4-5.4 1.8 1.9+08
Monocyte 0.0-16 05 06+0.3
Neutrophil 24-350 55 6.1+35
HGB 8.5-17.3 133 132+20
HCT 26.0-52.6  39.8 39.9+57
MCV 62.1-986 864 85.6 +6.8
RDW 11.8-24.2 14.7 149+ 21
PLT 82.0-950.0  306.0 331.5+121.3
MPV 0.0-175 78 8.0+18
NLR 09-222 30 35+25
PLR 36.6-877.5  164.5 200.0 £121.2
LMR 0.4-105 3.0 36+20

HCT = hematocrit, HGB = hemoglobin, LMR = lymphocyte to monocyte ratio, MCV = mean
corpuscular volume, Min—-Max = minimum-maximum, MPV = mean thrombocyte volume, NLR =
neutrophil to lymphocyte ratio, PLR = platelet to lymphocyte ratio, PLT = platelets, RDW = red cell
distribution width.

asbestos exposure was detected in 61.2% of the patients. As
for histologic MPM types, 82.8% of the patients had epithelial,
13.8% had biphasic, and 3.4% had sarcomatoid type MPM.
Percentages for the primary sites of the disease were 37.1%
right, 61.2% left, and 1.7% bilateral. Mean follow-up time was
13 months. Data regarding the staging rates, diagnosis meth-
ods, pleural thickening ratios, treatment methods, and mortality
rates of the patients are shown below (Table 2).

In the deceased patients’ group, the percentage of patients
over the age of 65 was significantly higher than in the living
patients’ group (P =.042). Regarding sex distribution and
smoking rates, no significant difference was observed between
the deceased patients’ group and living patients’ group (P > .05).
Also, no significant difference was seen in lymphocyte, mono-
cyte, neutrophil, hemoglobin, hematocrit, MCV (mean cor-
puscular volume), RDW (red cell distribution width), PLT
(platelets), MPV (mean thrombocyte volume), NLR, PLR and
LMR values between both groups (P > .05). Neutrophil values
were significantly higher in the deceased patients’ group than
in the living patients’ group (P =.039 Fig. 1). In the mortality
group, PET SUV Max values were significantly higher than in
the living patients’ group (P = .002 Fig. 2) (Table 3).

Asbestos exposure rate was significantly higher in the deceased
patients’ group than in the living patients’ group (P =.004).
The ratio of tumor presence on the right side was significantly
lower in the deceased patients’ group (P = .018). Left side pres-
ence and bilateral presence ratios show no significant difference
between the deceased patients’ group and living patients’ group
(P >.05). Bilateral pleural plaque ratios show no significant dif-
ference between the deceased patients’ group and living patients’
group (P >.05). T stage (tumor stage) distribution was signifi-
cantly higher in the deceased patients’ group (P < .000). N stage
(lymph nodes stage) distribution was significantly higher in the
deceased patients’ group (P < .000). metastasis stage (M stage)
distribution was significantly higher in the deceased patients’
group (P =.003). Grade distribution was significantly higher in
the deceased patients’ group (P < .000 Fig. 3) (Table 4).

In the mortality group, epithelioid pathology ratio was sig-
nificantly lower than in the living patients’ group (P =.008).
Biphasic pathology ratios and diagnosis distribution show no
significant difference between both groups (P >.05). Pleural
thickening ratio was significantly higher in the mortality group
(P =.037) (Table 4).
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Tumor characteristics.

Min-Max Median Mean = SD/n%
Follow-up time 1.0-108.0 13.0 19.0 + 18.6
Asbestos 71 61.2%
PET CT SUV Max 1.5-21.1 7.6 8.0+4.0
TM side Right 43 37.1%
Left 71 61.2%
Bilateral 2 1.7%
Bilateral pleural plaque 5 4.3%
T stage | 77 66.4%
Il 19 16.4%
Il 11 9.5%
v 9 7.8%
N stage 0 13 11.2%
| 55 47.4%
I 33 28.4%
i 15 12.9%
M stage 0 109 94.0%
| 7 6.0%
Grade | 1311.2%
I 47 40.5%
I 3025.9%
v 2622.4%
Pathology Epithelioid 96 82.8%
Sarcomatous 4 3.4%
Biphasic 16 13.8%
Diagnosis Pleura biopsy 110 94.8%
Thoracoscopy 3 2.6%
TTNAB 3 2.6%
Pleural thickening >1cm 60 51.7%
<lcm 56 48.3%
Chemotherapy 96 82.8%
Radiotherapy 15 12.9%
Surgical treatment 18 15.5%
Surgical method
Extrapleural pneumonectomy 316.7%
Decortication 1161.1%
Partial pleurectomy 211.1%
No comment 2 11.1%
Pleurodesis 5244.8%
Mortality (+) 53 45.7%
() 63 54.3%

M stage = metastasis stage, Min—-Max = minimum-maximum, N stage = lymph nodes stage, PET CT = positron emission tomography, SUVmax = maximum standardized uptake values, TM = tumor, T

stage = tumor stage.

Chemotherapy rate was significantly lower in the deceased
patients’ group (P =.016). Radiotherapy rates show no signifi-
cant difference between the deceased patients’ group and living
patients’ group (P >.05). In the deceased patients’ group, sur-
gical treatment ratio was significantly lower than in the living
patients’ group (P = .030) (Tablo 4).

3.1. Univariate analysis

Factors such as age, neutrophil, PET SUVmax, asbestos, T stage,
N stage, grade, pathology, pleural thickening, chemotherapy,
and surgical treatment have shown significant efficacy in pre-
dicting the mortality in univariate model (P <.05) (Table 5).

3.2. Multivariate analysis

Grade has shown significant efficacy in predicting the mortality
in reduced multivariate model (P < .05) (Table 3).

4. Discussion

MPM is a tumor with an aggressive course and is only partially
responsive to conventional treatments. Due to its aggressive
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Figure 2. PET CT SUV Max levels. PET CT = positron emission tomography;
SUVmax = maximum standardized uptake values.

course, identifying decisive prognostic factors is important and
thus is pursued. This study was carried out on a Turkish patient
group with the aim of exploring potential prognostic factors
including demographic and clinicopathologic features, basic
laboratory parameters, inflammatory markers, tumor location,
histologic subtype, stage, PET SUVmax, surgery type and che-
motherapy, and survival information.

MPM is generally caused by professional or environmen-
tal exposure to asbestos. In Turkey, environmental exposure
to asbestos and erionite initially begins with birth in an envi-
ronment containing asbestos."’! Consequently, MPM is diag-
nosed at younger ages, and the both sexes are affected equally.
Environmental asbestos exposure was present in 61.2% of the
patients. Male to female ratio showed similarities, and most of
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the patients were under the age of 65 (69.8%). In our study,
asbestos exposure rate was significantly higher in the deceased
patients’ group than in the living patients’ group (P <.03).
Primary disease site percentages were 37.1% right side, 61.2%
left side, and 1.7% bilateral. In our study, the rate of tumor
presence on the right side was significantly lower in the deceased
patients’ group than in the living patients’ group (P <.05).

Even though the age factor was a topic of controversy in iden-
tifying the prognosis in mesothelioma patients, a recent study
has shown that the risk of death due to MPM increases with the
increasing age."'®! In our study, the percentage of patients over
the age of 65 was significantly higher in the deceased patients’
group than in the living patients’ group (P < .05). Also, similar
to prior studies, no significant relationship between smoking
and prognosis was found.*!

As for histologic MPM types, 82.8% of the patients had epi-
thelial, 13.8% had biphasic, and 3.4% had sarcomatoid type
MPM. Non-epithelioid histology is generally considered as an
adverse prognostic factor.!®! Similarly, in our study, epithelioid
pathology rate was significantly lower in the deceased patients’
group than in the living patients’ group (P < .05).

Pleural thickening over 1cm by lung CT scan is a specific
MPM symptom.l'”! In our study, 51% of the patients had pleu-
ral thickening over 1cm in width. An increased thickening on
the pleural region increases the tumor load on the same region.
In short, patients with thicker pleurea have worsened survival.
In our study, pleural thickening rate was significantly higher in
the deceased patients’ group than in the living patients’ group
(P <.05).

With the wide spread use of PET/CT in the oncology field,
it has become an invaluable imaging technique for identifying
and staging of MPM and estimating its prognosis. PET/CT
accurately diagnoses the MPM, and it estimates survival and
recurrence of the disease. Higher SUVmax levels were found to
be associated with a lower survival.l®! Similarly to our study,
Flores et al''s! have demonstrated that high PET SUVmax levels
are correlated with an adverse prognosis. In our study, PET SUV
Max values were significantly higher in the deceased patients’
group than in the living patients’ group (P < .05).

Group characteristics comparison data.

Deceased Living
Mean = SD/n% Median Mean = SD/n% Median P
Age >65 21 39.6% 14 22.2% 042 +
<65 32 60.4% 49 77.8%
Gender Female 26 49.1% 29 46.0% 745 ¥
Male 27 50.9% 34 54.0%
Smoke 25 47.2% 23 36.5% 245 ¥
Lymphocyte 20+09 1.8 19+07 1.9 .883 t
Monocyte 06+0.3 0.5 06+0.2 0.5 243 t
Neutrophil 7.0+47 5.9 54+15 51 .039 t
HGB 128+1.8 12.8 135+2.1 13.6 .054 .
HCT 38.9+5.1 39.1 40.7 £ 6.1 40.7 .058 t
MCV 853+55 85.5 85877 86.8 .265 t
RDW 149+18 14.8 149+23 14.5 .559 t
PLT 3342 +127.5 303.0 329.2 +116.7 314.0 .901 t
MPV 78+16 7.8 81+20 7.8 .805 t
NLR 3.8+ 3.1 3.1 33«19 2.7 224 t
PLR 206.6 + 146.8 161.7 1945+ 955 165.9 .940 t
LMR 32+16 2.8 3.8+22 3.2 272 t
PET CT SUV Max 92+36 9.5 7.0+39 6.1 .002 ’

Bold and italic indicate significant values: P < .05.

HCT = hematocrit, HGB = hemoglobin, LMR = lymphocyte to monocyte ratio, MCV = mean corpuscular volume, MPV = mean thrombocyte volume, NLR = neutrophil to lymphocyte ratio, PET CT = positron
emission tomography, PLR = platelet to lymphocyte ratio, PLT = platelets, RDW = red cell distribution width, SUVmax = maximum standardized uptake values.

*t test.
tMann-Whitney U test.
FChi-square test.
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Figure 3. Grade levels.

Inflammation is an important component of the tumor micro-
environment" and plays a significant part in the development
of MPM. White blood cell (WBC), neutrophil, lymphocyte, and
NLR are systemic inflammatory markers. Systemic inflamma-
tory response is vital in cancer progression.?’! Inflammation
plays a role from the diagnosis to the advanced stages of cancer.
The severity of this inflammation can be an identifying factor
for the prognosis. High neutrophil counts provide the tumor
with a suitable environment for growth, thus reflecting tumor
progression, and weak response.?!! Numerous studies have

www.md-journal.com

demonstrated the role of inflammatory parameters such as NLR
and PLR in MPM prognosis./ In our study, neutrophil values
were significantly higher in the deceased patients’ group up than
in the living patients’ group (P <.05).

Additionally, chronic inflammation related to asbestos exposure
is reported to have a critical role in the development and advance-
ment of MPM and found to be a prognostic factor in foresee-
ing OS.22 In our study, asbestos exposure ratio was significantly
higher in the deceased patients’ group than in the living patients’
group (P <.05). There are various staging systems for showing
the prognostic importance of tumor stages in survival of MPM
patients. The eighth edition of UICC/AJCC staging system for
MPM has been recently published.!"l Tumour stage and histology
are the most often studied tumor related prognostic factors. This
proposed staging system has been accepted as the international
MPM staging system by UICC (Union for International Cancer
Control) and AJCC (American Joint Commission on Cancer)
in their latest staging guidelines.”?’! Rusch et al*¥! reported in an
international database analysis that the T, N and M stages con-
siderably affect the survival. In this study, we have identified the
advanced tumor stage to be a poor prognostic factor. T stage, N
stage, M stage and grade was significantly higher in the deceased
patients’ group than in the living patients’ group (P < .05).

MPM generally has an adverse prognosis, and its median sur-
vival time is 8 to 12 months.S! Surgery, radiotherapy and neo-
adjuvant or adjuvant chemotherapy together with multimodal
treatment is the only way to long survival for selected patients
with suitable prognostic factors. With this method, the mean
survival is raised up to 20 to 29 months.**! In our study, mean
follow-up was 13 months.

Deceased group data.

Deceased Median
n % n % P
Asbestos 40 75.5% 31 49.2% .004
Right 1324.5% 30 47.6% .018
M side Left 38 71.7% 33 52.4% .053
Bilateral 23.8% 00.0% .206°
Bilateral pleural plaque 35.7% 2 3.2% 5117
T stage | 27 50.9% 50 79.4% .000
I 8 15.1% " 17.5%
I 9 17.0% 2 3.2%
1% 9 17.0% 0 0.0%
N stage 0 0 0.0% 13 20.6% .000
| 22 41.5% 33 52.4%
I 17 32.1% 16 25.4%
I 14 26.4% 1 1.6%
M stage 0 46 86.8% 63 100.0% .003
| 7 13.2% 0 0.0%
Grade | 0 0.0% 13 20.6% .000
I 16 30.2% 31 49.2%
I 12 22.6% 18 28.6%
v 25 47.2% 1 1.6%
Pathology Epithelioid 38 71.7% 58 92.1% .008
Sarcomatous 4 7.5% 0 0.0% .087°
Biphasic 11 20.8% 5 7.9% 847
Diagnosis Pleura biopsy 50 94.3% 60 95.2% 839
Thoracoscopy 1 1.9% 2 3.2% 1.000°
TTNAB 2 3.8% 1 1.6% 591"
Pleural thickening >1cm 33 62.3% 27 42.9% .037
<1cm 20 37.7% 36 57.1%
Chemotherapy 39 73.6% 57 90.5% .016
Radiotherapy 5 9.4% 10 15.9% .303°
Surgical treatment 4 7.5% 14 22.2% .030
Pleurodesis 27 50.9% 25 39.7% 224

Bold and italic indicate significant values: P < .05.
M stage = metastasis stage, N stage = lymph nodes stage, TM = tumor, T stage = tumor stage.
*Chi-square test.
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Univariate and multivariate analysis.

Multivariate model

95% Cl P

Univariate model

OR 95% Cl P OR

Age 0.435 0.194-0.978 .044

Neutrophil 0.787 0.651-0.952 .013
PETCTSUVMax  0.856 0.771-0.950  .003
ASBEST 0.315 0.142-0.699  .004
T stage 0.358 0.211-0.607  .000
N stage 0.281 0.160-0.495 .000
Grade 0.226 0.129-0.395 .000 0.226 0.129-0.395 .000
Pathology 0.489 0.274-0.873 .016
Pleural Thickening 2200  1043-4642  .038
Chemotherapy 3410  1206-9643 .021
Surgical treatment 3500  1076-11,386 .037

Logistic regression (forward LR).

Bold and italic indicate significant values: P < .05.

Cl = confidence interval, N stage = lymph nodes stage, OR = odds ratio, PET CT = positron
emission tomography, SUVmax = maximum standardized uptake values, T stage = tumor stage.

Among chemotherapeutic agents, pemetrexed and a plati-
num-based regimen have been recommended as a first-line treat-
ment due to their proven capabilities in increasing the survival
rate.?” If and when the disease advances, a second-line treatment
with a single-agent medication containing pemetrexed (if not
used in the first-line), gemsitabin or vinorelbine?®! can be pro-
posed. In the deceased patients’ group, chemotherapy ratio was
significantly lower than in the living patients’ group (P < .05).

Surgical methods are pivotal for improving the clinical results,
and such methods (e.g., extraplural pneumonectomy [EPP] or
pleurectomy/decortication) must be picked according to the
patient’s status.*’ In the deceased patients’ group, surgical treat-
ment ratio was significantly lower than in the living patients’
group (P <.05). In our study, no relationship between the pleu-
rodesis presence and survival was found. Multimodality therapy
is recommended for good-performing patients with early-stage
disease.

To estimate the prognosis of MPM, parameters whose
measurements are beneficial, feasible and affordable must be
defined. MPM generally has a poor prognosis. The best-known
clinical prognostic scoring systems for MPM are developed by
European Organisation for Research and Treatment of Cancer
(EORTC) and Cancer and Leukaemia Group B (CALGB).%)
We have found and validated that bad performance, male sex,
non-epithelioid histology, high WBC count, and low hemoglo-
bin levels are independent adverse prognostic factors in MPM.
Similar to our results, the age,'*”! male sex,**! advanced stage
and non-epithelioid histology factors are found to be MPM-
related prognostic factors in other studies as well.

Factors such as age, neutrophil, PET CT SUVmax, asbestos,
T stage, N stage, grade, pathology, pleural thickening, chemo-
therapy, and surgical treatment have shown significant efficacy
in predicting the mortality in univariate model (P < .05). Grade
has shown significant efficacy in predicting the mortality in
reduced multivariate model (P < .035).

This is a single-center research project. Our study had a num-
ber of flaws, including a retrospective design and a small sample
size. Our study’s strongest feature is that it uses real-world data.

5. Conclusions

MPM is still a disease with an adverse prognosis. In this study,
we have discussed certain parameters that might have an impact
on the MPM prognosis. Among the key survival determinants
are male sex, increasing neutrophil count, pleural thickening,
high PET SUV max values, stage, histologic type, asbestos expo-
sure, and treatment regimens. Understanding the importance of
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these determinants on the prognosis of MPM will benefit the
development of targeted therapies. Therefore, we believe further
studies on larger samples are needed to thoroughly study the
prognostic determinants.
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