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Introduction: The differentiation of mesothelioma from reactive mesothelial 
hyperplasia can be challenging, especially in effusion cytology or when tissue 
biopsies are not feasible. So immunohistochemical studies are considered 
substantial tools for establishing the appropriate diagnosis. Aim: The current study 
aimed to evaluate the immunohistochemical expression of MTAP as well as EMA in 
epithelioid pleural mesothelioma (EPM) and reactive mesothelial hyperplasia (RMH) 
in both cell block preparations and tissue specimens, and to compare the diagnostic 
utility of MTAP and EMA in EPM. Material and methods: After the confirmation of 
the mesothelial lineage, immunohistochemical expression of MTAP and EMA 
antibodies in both tissue biopsies and cell blocks was evaluated. The samples were 
obtained from 30 cases of EPM and 30 cases of RMH. Results: MTAP differentiated 
EPM from RMH with 63.3% sensitivity (64.7% for tissue biopsies and 61.5% for cell 
blocks) and 100% specificity (100% for both tissue biopsies and cell blocks); the 
optimal cut-off value for MTAP expression that could best distinguish EPM from 
RMH was 52.5%. On the other hand, EMA differentiated EPM from RMH with 93.3% 
sensitivity (88.2% for tissue biopsies and 100% for cell blocks) and 66.7% specificity 
(58.3% for tissue biopsies and 72.2% for cell blocks). Conclusion: MTAP is a highly 
specific marker for distinguishing EPM from RMH, whereas EMA showed significant 
sensitivity for the differentiation of EPM and RMH. Moreover, cell block 
preparations could be a reliable surrogate for tissue biopsies to differentiate 
mesothelial lesions. 
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INTRODUCTION 

Mesothelioma is a highly fatal and aggressive 
tumor of serosal surfaces and is closely 
attributable to prior asbestos exposure. Its 
incidence has globally increased during the past 
few decades (Schürch et al., 2017). A spectrum 
of hyperplastic and neoplastic mesothelial 
lesions arises from the serosal linings. 
Mesothelial neoplasms range from benign 
localized tumors to aggressive diffuse 
malignancies that can destructively infiltrate 
surrounding tissues and can metastasize distally 
as well. The distinction between benign and 
malignant mesothelial proliferations is critical 
to patient care and prognosis, but is often 
morphologically challenging. Hence, different 

ancillary techniques, mainly immunohisto-
chemistry, may be essential in such cases (Churg 
et al., 2016). A variety of immunohistochemical 
markers have been claimed to be beneficial in 
this context, yet have been reported with 
contradictory results in multiple studies.  5-
Methylthioadenosine phosphorylase (MTAP) is 
a key enzyme in the salvage pathway of 
methionine amino acid. It is frequently deleted 
in human cancers because of its chromosomal 
juxtaposition to the tumor suppressor gene 
CDKN2A. CDKN2A is located on 9p21 
chromosomal region, encoding the cell-cycle 
inhibitor p16CDKN2A. It is a well-known tumor 
suppressor gene that has been found to exhibit 
somatic mutations in different cancers 
(Mavrakis et al., 2016). 
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Multiple studies had described that the lost 
immunohistochemical expression for the 
protein product of the 5-methylthioadenosine 
phosphorylase (MTAP) gene, was correlated 
with the deletion status of 9p21 by FISH 
technique in pleural mesothelioma (Kinoshita et 
al., 2018a); implying that immunohistochemical 
loss of MTAP expression can act as a potential 
surrogate for detection of homozygous deletion 
of CDKN2A (Hiroshima et al., 2021). MTAP is one 
of the new generation markers and its loss is 
claimed to be a highly specific marker of 
malignancy in mesothelial lesions compared 
with conventional markers, and it attains an 
acceptable diagnostic utility, with a 
considerable sensitivity (Chapel) et al., 2020b). 

Epithelial membrane antigen (EMA), a high 
molecular weight transmembrane glycoprotein, 
is a member of mucin family, including O-
glycosylated proteins. It plays a major role in the 
formation of protective mucous barriers on 
epithelial surfaces as well as in intracellular 
signaling (Bruno et al., 2018). EMA is considered 
among the most valuable and widely used 
markers for distinguishing benign from 
malignant mesothelial effusion, with relatively 
good sensitivity and specificity among various 
reports (Lin et al., 2016). Yet, some authors 
claim that EMA is not a solely reliable marker for 
distinguishing atypical mesothelial proliferation 
from overt malignancy (Bruno et al., 2018) Thus, 
it should be used as a member of a panel for the 
diagnosis of individual cases of mesothelioma 
(Husain et al., 2018). 

The current work aimed to evaluate 
immunohistochemical expression of 5-
Methylthioadenosine Phosphorylase (MTAP) as 
well as Epithelial Membrane Antigen (EMA) in 
epithelioid pleural mesothelioma and reactive 
mesothelial hyperplasia in both cell block 
preparations and tissue specimens and to 
compare the diagnostic utility of both markers 
in mesothelioma. 

MATERIAL AND METHODS 
Included cases 

The current study included 60 formalin-fixed 
paraffin-embedded diagnostic specimens which 
were 30 specimens of pleural mesothelioma: 17 
tissue biopsies and 13 cell blocks prepared from 
pleural effusion.  

All of the 30 specimens were obtained from 
histopathologically and/or immunohisto-
chemically confirmed cases of mesothelioma, 
all of pleural origin and epithelioid subtype; 
epithelioid pleural mesothelioma (EPM).  The 
control group consisted of 30 specimens of 
reactive mesothelial hyperplasia: 12 tissue 
biopsies (decortication biopsies) and 18 cell 
blocks prepared from pleural effusion.  All of the 
30 specimens were obtained from 
histopathologically and/or immunohisto-
chemically confirmed cases of pleural reactive 
mesothelial hyperplasia (RMH). Cases included 
pleural specimens obtained from cases 
diagnosed with cardiovascular diseases, 
pneumonia, lung malignancies, and traumatic 
chest injuries. 

Inclusion criteria 
• Histopathologically and/or 

immunohistochemically confirmed cases of 
epithelioid pleural mesothelioma (EPM).  

• Histopathologically and/or 
immunohistochemically confirmed cases of 
pleural reactive mesothelial hyperplasia 
(RMH). 

•  Cases with complete clinico-pathological 
data regarding age, sex, and associated 
mesothelial lesion. 

• Diagnostic specimens of good quality of the 
paraffin block and sufficient tissue for 
immunostaining. 

 

Exclusion criteria 
• Histopathologically and/or immunohisto-

chemically confirmed cases of metastatic 
adenocarcinoma to the pleura. 

• Cases with incomplete history and clinico-
pathological data. 

• Diagnostic specimens with poor quality of 
the paraffin block or insufficient tissue for 
immunostaining. 

The design of the current work was a case-
control selection type of cross-sectional study. 
The study was approved by the research ethics 
committee of Tanta University (Approval code: 
34391/1/21). Specimens were collected 
retrospectively from Pathology Department, 
Faculty of Medicine, Tanta University, and from 
some private laboratories during the period 
from February 2021 till April 2022.  
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Methods 

The paraffin blocks were re-sectioned and 
stained by Hematoxylin and Eosin for routine 
examination and confirmation of the diagnosis. 
The mesothelial origin of each specimen was 
confirmed using Immunohistochemical assays. 
Calretinin was identified as a positive 
mesothelial marker, whereas TTF-1 and CEA 
were identified as negative mesothelial markers 
(Husain et al., 2013). Histological mesothelioma 
diagnosis and classification were established 
following the World Health Organization 
guidelines and classification (2021).  

Immunohistochemistry 

MTAP and EMA immunohistochemical staining 
were performed on formalin-fixed paraffin-
embedded sections, which were cut at 3 µm, 
then collected on positively charged slides. 
Slides were transferred to the Autostainer Link 
48 instrument (Dako, Agilent Technologies Inc, 
Santa Clara, USA). The autostainer applies the 
polymer chain two-step indirect technique for 
staining.  

Primary antibodies 

MTAP: rabbit IgG polyclonal antibodies; 
ABclonal, Massachusetts, USA, with dilution 
1:100. EMA: rabbit IgG polyclonal antibodies; 
ABclonal, Massachusetts, USA, with dilution 
1:100. Primary antibodies were used after heat-
induced epitope retrieval, employing High pH 
EnVision™ FLEX Target Retrieval Solution (Dako, 
Agilent 99 Technologies Inc, Santa Clara, USA) at 
pH 9.0 at 95ºC for 30 minutes, and were blocked 
and visualized using The Dako EnVision™ FLEX 
Detection system (Kinoshita(a) et al., 2018).  

Secondary antibodies 

Polyclonal Rabbit Anti-FITC/HRP, Rabbit F(Ab'), 
Blot/ISH, solid-phase absorbed and affinity-
isolated secondary antibody conjugated with 
(horseradish peroxidase) HRP, 0.5 mL. For 
MTAP, sections from human tonsils served as a 
positive control (Zimling et al., 2012). For EMA, 
a section of colorectal adenocarcinoma served 
as a positive control (Cho et al., 2009). MTAP 
immunohistochemical expression was defined 
as lost/decreased when the intensity of 
cytoplasmic staining is lower than that of the 
cytoplasmic staining of the internal positive 
control. Nuclear staining was neglected 

(Yoshimura et al., 2019). Non-mesothelial 
immunoreactive inflammatory cells, including 
histiocytes, lymphocytes as well as fibroblasts 
and endothelial cells served as an internal 
positive control. For each specimen, at least 500 
mesothelial cells were evaluated (Kinoshita et 
al., 2018a). The optimal diagnostic cut-off 
points to distinguish EPM from RMH, 
representing the percentage of MTAP-
lost/decreased expression in tumor cells, was 
calculated using the Receiver operator 
characteristic (ROC) curve. 

EMA immunohistochemical expression was 
defined as positive when demonstrating 
brownish cytoplasmic staining that often-
displayed membranous accentuation. The 
scoring of EMA was graded on a semi-
quantitative basis using the percentage and the 
intensity of the stained cells; percentage scores 
(0: no stained cells (0), 1: less than 10% of cells 
were stained, 2: 10%-50% of cells were stained, 
3: more than 50% of cells were stained), and 
Intensity score: (0: no staining, 1: mild staining, 
2: moderate staining, 3: intense staining). The 
final scoring of the marker was calculated by 
adding percentage and intensity score; cases 
with a final score equal to or more than 4 were 
identified as positive (Nautiyal et al., 2017). 

Statistical analysis 

Qualitative data were described using numbers 
and percentages. Quantitative data were 
described using range (minimum and 
maximum), mean, median, and standard 
deviation (SD).  Sensitivity, specificity, positive 
predictive value (PPV) and negative predictive 
values (NPV), and accuracy were used to assess 
the diagnostic utility of the two tested markers 
with the histopathological evaluation 
considered the gold standard. EPM cases with 
lost/decreased cytoplasmic MTAP expression 
are defined as true positive, whereas RMH cases 
with retained cytoplasmic MTAP expression are 
defined as true negative. Chi-square (X2) test 
was used for categorical variables, to compare 
different groups, and Fisher’s exact test was 
employed for the correction of chi-square. The 
receiver operator characteristic (ROC) curve 
was used in conjunction with Youden's (J) index 
to select the optimal cut-off point for MTAP by 
assessing the diagnostic values of different 
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percentages of MTAP expression. The area 
under the curve (AUC) is calculated through the 
ROC curve analysis and measures the diagnostic 
test's accuracy. The significance of the obtained 
results was judged at the 5% level (p<0.05). 
Statistical analysis of the data was done using 
the statistical package for the social sciences 
(SPSS) software version 23.0.   

RESULTS 
Clinico-pathological data 

Regarding EPM cases, ages ranged between 60 
and 83 years, with mean age 70.7. Considering 
the 30 cases diagnosed with RMH, ages ranged 
between 45 and 75, with mean age 56.07; a 
statistically significant difference was found 
between the two study groups EPM and RMH 
(p-value=0.00). The included tissue biopsies 
from cases diagnosed with EPM included the 
following architectural patterns/cytological 
features: 9 cases (53%) of tubulopapillary EPM, 
4 cases (23.5%) of solid EPM. 1 case (5.9%) of 
clear cell EPM, and 3 cases of mixed 
tubulopapillary/micropapillary EPM (17.6%). 

Immunohistochemical results 
Selection of the cut-off value for MTAP 
expression: ROC curve analysis was performed 
to identify the optimal cut-off value for MTAP 
expression that could best distinguish EPM from 
RMH. The optimal cut-off point was generated 
by SPSS software (Graph 1) and was set at 
52.5%. At this point, Youden's index showed the 
maximum value (J= 0.633).  Accordingly, cases 
were diagnosed as EPM if equal to or greater 
than 52.5% of the tumor showed 
loss/decreased cytoplasmic staining of MTAP 
(nuclear staining is neglected) (Table 1). 

MTAP immunohistochemical expression: 
MTAP showed lost/decreased cytoplasmic 
staining in 19 cases (63.3%) out of the 30 cases 
of EPM, which included 11 tissue biopsies 
(Figures 1A and 1B) and 8 cell blocks (Figure 2A). 
The remaining 11 cases (36.7%) retained the 
MTAP expression (Table 2). On the contrary, all 
RMH cases (100%) retained the MTAP 
expression (Figures 1E and 2B) (Tables 2). 

Table 2 shows that there was no statistically 
significant difference in MTAP expression as 
regard the type of the specimens (tissue 

biopsies or cell blocks) obtained in EPM or RMH 
(P1= 0.858 and P2= 0.4). 

EMA immunohistochemical expression: 
Among the 30 EPM cases, EMA showed positive 
staining in 28 cases (93.3%); 15 tissue biopsies 
(Figures 1C and 1D) and 13 cell blocks (Figure 
2C). Meanwhile, the remaining 2 cases (6.7%) 
which were in the form of tissue biopsies only, 
showed negative staining for EMA (Table 3). 
Regarding RMH cases, 10 cases (33.3%) 
including 5 tissue biopsies and 5 cell blocks 
showed positive staining for EMA. Meanwhile, 
the remaining cases (66.7%), including 7 tissue 
biopsies (Figure 1F) and 13 cell blocks (Figure 
2D) did not show an expression for EMA (Table 
3). Table 3 shows that there was no statistically 
significant difference in EMA expression as 
regard the type of the specimens (tissue 
biopsies or cell block) obtained in EPM or RMH 
(P1= 0.492 and P2= 0.461).  

Table 4 illustrates the diagnostic utility of MTAP 
and EMA in differentiation between epithelioid 
pleural mesothelioma (EPM) and reactive 
mesothelial hyperplasia (RMH) in both tissue 
biopsies and cell blocks. 

DISCUSSION 

The key feature for the diagnosis of 
mesothelioma is the demonstration of either 
stromal or sub-serosal fat invasion by malignant 
mesothelial cells. However, not all cases are 
illegible for tissue biopsy to establish such a 
diagnosis. Besides, serosal effusion is the 
earliest and most common clinical sign reported 
in many patients (Kinoshita et al., 2018a).  

The current study was carried out on 60 cases of 
mesothelial lesions, which were divided equally 
into two groups: epithelioid pleural 
mesothelioma (EPM) and reactive mesothelial 
hyperplasia (RMH). Thirty cases of epithelioid 
pleural mesothelioma were included; many 
publications related to the current work 
included a variable number of cases, up to 99 as 
in Chapel et al. (2020a). Such studies included 
either only cell blocks (Kinoshita et al., 2018a; 
Berg et al., 2020), or only tissue biopsies 
(Yoshimura et al., 2019), or both (Chapel et al., 
2020a).  



Immunohistochemical Study of MTAP and EMA in Epithelioid Pleural Mesothelioma … 

IJCBR Vol. 7(1): 13-23  17 

 
Graph 1. ROC curve analysis for evaluating the diagnostic 
value of MTAP in distinguishing epithelioid pleural 
mesothelioma (EPM) from reactive mesothelial 
hyperplasia (RMH). The red circle highlights the optimal 
cut-off point according to Youden's index. 
 
Table 1. Coordinates of the ROC curve for calculation of 
MTAP cut-off point 

*Cut-off 
points (%) Sensitivity 1 – Specificity 

19.0000 1.000 1.000 
22.5000 1.000 .867 
27.5000 1.000 .833 
32.5000 .900 .533 
37.5000 .900 .433 
42.5000 .667 .133 
52.5000 .633 .000 
65.0000 .467 .000 
75.0000 .133 .000 
81.0000 .000 .000 

*Cases were diagnosed as EPM if greater than or equal to (…%) of 
the tumour showed lost/decreased cytoplasmic staining of MTAP 
(Nuclear staining is neglected) 

The current study incorporated both tissue 
biopsies and cell blocks to be more 
comprehensive, covering the cytological and 
histological aspects of mesothelial lesions. 

The current study included only mesothelioma 
of pleural origin. Mesothelioma of peritoneal, 
pericardial, and para-testicular origin were not 
included in the current study owing to their 
rarity. Regarding the age of the two studied 
groups, the mean age of patients diagnosed 
with epithelioid pleural mesothelioma was 
about 70.7 years. This was close to the mean 
age in the study of Kinoshita et al. (2018a), 
which was 69.7 years. However, it was slightly 
less than the mean ages in the work of Hida et 
al. (2017) and Yoshimura et al. (2019) which 

were 63.8 years and 65.3 years, respectively. 
These findings are consistent with the fact that 
pleural mesothelioma is typically a disease of 
the elderly, with a median age at presentation 
is 74 years for pleural mesothelioma (Thomas et 
al., 2015).  However, the current study revealed 
that the mean age for the diagnosis of reactive 
mesothelial hyperplasia was about 56.07 years. 
This was found to be much lower than the mean 
age of the cases included in the study of 
Kinoshita et al. (2018b) which was 70.5 years, 
and conversely, higher than the mean ages of 
the cases included in the work of Hida et al. 
(2017) and Yoshimura et al. (2019) which were 
34.4 years, and 32.5 years, respectively. 
Reactive pleural mesothelial hyperplasia can be 
associated with many pathological conditions, 
which could be seen in all age groups, justifying 
the variability in the mean ages among 
publications.   

The current study found a statistically 
significant difference in the mean ages between 
the two study groups (EPM and RMH). 
Variability in the mean age between the two 
studied groups could be explained as follows: 
the reactive mesothelial hyperplasia was 
associated with inflammatory, cardiovascular 
and traumatic conditions, which can be 
encountered in young and old ages as well. 
Meanwhile, pleural mesothelioma is typically 
diagnosed in the elderly (Thomas et al., 2015).  

Malignant mesothelial cells may not exhibit 
obvious morphological features of malignancy, 
and occasionally, the evident histological 
pattern of invasion may not be apparent, 
particularly in small tissue biopsies. On the 
other hand, benign proliferating mesothelial 
cells may demonstrate atypical morphological 
and sometimes deceiving architectural features 
of malignancy. Thus, the differentiation of 
mesothelioma from reactive mesothelial 
proliferation can be challenging in small tissue 
biopsies and even more in cytological 
specimens (Berg et al., 2020). Thus, ancillary 
techniques are of great importance for 
discrimination between malignant and benign 
mesothelial growth, especially when there are 
no overt malignant criteria or when small tissue 
biopsies or cytological specimen is the only 
available specimens (Davidson et al., 2018).   
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Table 2. The distribution of MTAP expression status among tissue biopsies and cell blocks in cases of epithelioid pleural 
mesothelioma (EPM) and reactive mesothelial hyperplasia (RMH) 

ns: non-significant difference. EPM: epithelioid pleural mesothelioma, RMH: reactive mesothelial hyperplasia, N: number 
 
Table 3. The distribution of EMA expression status among tissue biopsies and cell blocks in cases of epithelioid pleural 
mesothelioma (EPM) and reactive mesothelial hyperplasia (RMH) 

 

 

ns: non-significant difference, EPM: epithelioid pleural mesothelioma, RMH: reactive mesothelial hyperplasia, N: number 
 
Table 4. Comparison of the diagnostic utility of MTAP and EMA in differentiation between epithelioid pleural mesothelioma 
(EPM) and reactive mesothelial hyperplasia (RMH) in both tissue biopsies and cell blocks 

 MTAP Sensitivity 
63.3% 

Specificity 
100% 

PPV 
100% 

NPV 
73.2% 

Accuracy 
81.7% 

Tissue biopsies 64.7% 100% 100% 66.7% 79.3% 
Cell blocks 61.5% 100% 100% 78.3% 83.9% 

EMA Sensitivity 
93.3% 

Specificity 
66.7% 

PPV 
73.7% 

NPV 
90.9% 

Accuracy 
80% 

Tissue biopsies 88.2% 58.3% 75% 77.8% 75.9% 
Cell blocks 100% 72.2% 72.2% 100% 83.9% 

PPV: positive predictive value, NPV: negative predictive value 

 
Numerous immunohistochemical markers have 
been suggested for distinguishing malignant 
mesothelial cells. While the early generation of 
these markers has revealed considerable 
sensitivity, yet unsatisfactory specificity, most 
recent studies do not recommend these 
markers for routine diagnostic use and 
emphasize the significance of marker's 

specificity, taking into account the implications 
of the grave diagnosis of mesothelioma (Chapel 
et al., 2020b). It should be asserted that all of 
the previously discussed studies evaluating the 
MTAP expression were conducted on cases 
diagnosed with mesothelioma of pleural origin 
only.  

Diagnosis MTAP expression Total Statistical 
test value P-value 

Retained Lost/decreased 

EPM 
N=30  

Type of  
Specimen 

Tissue biopsies 
N=17 
100% 

 
6 

35.3% 

 
11 

64.7% 

 
17 

100 % X2= 
0.032 0.858 ns Cell blocks 

N=13 
100% 

 
5 

38.5% 

 
8 

61.5% 

 
13 

100% 

RMH 
N=30 

Type of  
Specimen 

Tissue biopsies 
N=12 
100% 

 
12 

100% 

 
0 

0.% 

 
12 

100% Fisher Exact 
Test=1.885 0.4 ns Cell blocks 

N=18 
100% 

 
18 

100% 

 
0 

0% 

 
18 

100% 

Diagnosis EMA expression Total Fisher 
Exact Test P-value Negative Positive 

EPM 
N=30 

Type of 
Specimen 

Tissue biopsies 
N=17 
100% 

 
2 

11.8% 

 
15 

88.2% 

 
17 

100% 

 
 
 

2.381 

 
 
 

0.492 ns Cell blocks 
N=13 
100% 

 
0 

0% 

 
13 

100% 

 
13 

100% 
RMH 
N=30 

Type of 
Specimen 

Tissue biopsies 
N=12 
100% 

 
7 

58.3% 

 
5 

41.7% 

 
12 

100% 

 
 
 

0.62 

 
 
 

0.461 ns 
 

Cell blocks 
N=18 
100% 

 
13 

72.2% 

 
5 

27.8% 

 
18 

100% 
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Figure 1. Immunohistochemical expression of MTAP and EMA antibodies in tissue biopsies in cases of epithelioid pleural 
mesothelioma (EPM) and reactive mesothelial hyperplasia (RMH): (A) A case of EPM with tubulopapillary architecture 
showing loss of MTAP expression. Note the MTAP-positive endothelial cells and fibroblasts (x400). (B) A case of EPM with 
solid architecture showing decreased cytoplasmic expression of MTAP with intensity of staining less than that of the internal 
positive control. Note the MTAP-positive endothelial cells and fibroblasts (x400). (C) A case of EPM with mixed 
tubulopapillary/micropapillary architecture showing positive cytoplasmic staining for EMA with membranous accentuation 
(x400). (D) A case of EPM with solid architecture showing positive cytoplasmic staining for EMA with membranous 
accentuation (x400). (E) A case of RMH showing mesothelial cells with retained cytoplasmic staining of MTAP (nuclear staining 
is neglected) (x400). (F) A case of RMH showing negative staining for EMA (x400). 
 
  

A B 

C D 

E F 
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Figure 2. Immunohistochemical expression of MTAP and EMA antibodies in cell blocks in cases of epithelioid pleural 
mesothelioma (EPM) and reactive mesothelial hyperplasia (RMH): (A) A case of EPM showing loss of MTAP expression (x400). 
(B) A case of EPM showing positive staining for EMA with membranous accentuation (x400). (C) A case of RMH showing 
retained cytoplasmic staining of MTAP (nuclear staining is neglected) (x400). (D) A case of RMH showing negative staining for 
EMA (x400). 
 
To the best of our knowledge, there are no 
published reports regarding immunohisto-
chemical expression of MTAP in peritoneal 
mesothelioma. However, Chapel et al., (2020b) 
presume that the number of lesions exhibiting 
MTAP loss would be low since CDKN2A 
homozygous deletion in peritoneal 
mesothelioma is a relatively rare phenomenon. 
Thus, the current work focused on analyzing the 
expression status of MTAP in mesothelioma of 
pleural origin only.  

Hamasaki et al. (2019) concluded that the loss 
of cytoplasmic MTAP expression correlates best 
with CDKN2A homozygous deletion, unlike the 
loss of nuclear staining. Thus, the cytoplasmic 
MTAP expression is a more reliable and 
consistent parameter for the assessment of 
MTAP immunoreactivity of examined 
specimens and is easier as well to evaluate for 

diagnostic purposes (Berg et al., 2018).  The 
calculated cut-off point in the current study for 
distinguishing EPM from RMH cases was 52.5%. 
This cut-off point was very close to the one 
adopted by Hida et al. (2017), Kinoshita et al. 
(2018a) and Yoshimura et al. (2019), which was 
50%. The previously mentioned studies 
reported that the percentage of MTAP-positive 
cells exhibited a bimodal distribution. 
Accordingly, a simplified cut-off point like 50% 
would be of a practical advantage.   

In the current study, MTAP sensitivity was equal 
to 63.3% (64.7% for tissue specimens and 61.5% 
for cell blocks). This result was higher than those 
obtained by Yoshimura et al., (2019) who 
reported a sensitivity of 47.4%.  Hida et al., 
(2017) recorded a sensitivity of 45.1% but 
argued that the employment of a ROC-based 
cut-off value in their work may be the 

A B 

C D 
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underlying cause of decreased sensitivity, 
compared with the result obtained by Zimling et 
al., (2012) who recorded a sensitivity as high as 
71% when applying a semi-quantitative H score.  
Meanwhile, the current study applied the ROC 
curve-based method for the calculation of the 
optimal cut-off point. The higher sensitivity 
recorded by Zimling et al. (2012) compared with 
the present work could be explained by the 
difference in the methods used for the 
determination of the optimal cut-off point. 
Moreover, Berg et al. (2020) obtained much 
lower sensitivity equal to 33%, which could be 
attributed to the application of a higher cut-off 
point equal to 75%.   In the work of Kinoshita et 
al. (2018b) and Terra et al. (2022), who 
conducted their studies on sarcomatoid 
mesothelioma cases only, the sensitivity was 
80% and 61%, respectively.  

Regarding the specificity of MTAP, the current 
study revealed that all of the 30 cases diagnosed 
with reactive mesothelial hyperplasia retained 
the cytoplasmic MTAP staining, rendering that 
lost immunohistochemical expression for MTAP 
represents a 100% specific marker for diagnosis 
of mesothelioma. This result is identical to those 
obtained by Hida et al. (2017), Kinoshita et al. 
(2018a), Yoshimura et al. (2019) and Berg et al. 
(2020). 100% specificity was reported as well in 
the study of Kinoshita(b) et al. (2018). Only the 
work of Zimling et al. (2012) recorded lower 
specificity equal to 90%. To summarize, the 
reported sensitivity of MTAP for the detection 
of pleural mesothelioma showed variability 
among different publications, ranging from 33% 
to 80%. Inversely, most recent reports stated 
that MTAP has 100% specificity.  

One of the well-known early-generation 
markers is EMA, which has been reported to be 
one of the most reliable markers in the 
differential diagnosis of mesothelioma and 
reactive mesothelial proliferation with 
considerably high sensitivity. Nevertheless, it 
has been recommended to be a member of the 
panel to achieve significant diagnostic 
advantage (Sato et al., 2010). 

In the current study, EMA sensitivity was 93.3% 
(88.2% for tissue specimens and 100% for cell 
blocks). This result is near to what was obtained 
by Sato et al. (2010), who recorded sensitivity of 

95%. Many studies stated that EMA is an 
excellent negative marker for the diagnosis of 
mesothelioma with a 100 % sensitivity for the 
detection of malignant cells (Hasteh et al., 2010; 
Ikeda et al., 2011). Meanwhile, other 
publications recorded lower values as Shen et 
al. (2009) and Minato et al. (2014) who reported 
sensitivity of 86% and 79%, respectively. 

However, EMA showed a specificity equal to 
66.7% (58.3% for tissue specimens and 72.2% 
for cell blocks). This result came much lower 
than those obtained by King et al. (2006) and 
Hasteh et al. (2010), who reported a specificity 
of 89% and 91%, respectively, as well as Sato et 
al. (2010) and Minato et al. (2014) who both 
reported specificity of 88%.  This notable 
difference between the specificity recorded by 
the present study and the other publications 
may be explained by the variation in methods 
applied for the interpretation of EMA 
expression. Studies that support or argue the 
specificity of EMA immunoreactivity for 
mesothelioma continue to be published.  

However, many studies define EMA as a reliable 
sensitive marker (Churg et al., 2016). Within 
each of the two study groups (EPM and RMH), 
no statistically significant difference was found 
in the expression of both MTAP and EMA 
between tissue biopsies and cell blocks, 
suggesting that cell block preparations could be 
a fairly reliable surrogate for tissue biopsies to 
distinguish EPM from RMH.     

CONCLUSION 

MTAP could be considered a reliable and highly 
specific marker for distinguishing EPM from 
RMH. However, its sensitivity is considered low 
compared with that of EMA. The diagnostic 
value of MTAP is similar in both cytological and 
histological preparations, and the same is true 
regarding EMA, signifying that cell block 
preparations are a reliable surrogate for tissue 
biopsies to distinguish EPM from RMH.  
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