Original Research Article

Cancer Control
Volume 30: 1-9

Methylthioadenosine Phosphorylase and © The Author(s) 2023

. . R Article reuse'guidelines: o
Breast Cancer | Protein-Associated Protein DS o T 080
| as Biomarkers for the Peritoneal Qr"g':z:”mm’h"me’“x
Mesothelioma

Yue Chen', Xuemei Du' , Ying Gao', Heliang Wuz, Hongyu Zhao', and Yandong su®

Abstract

Objectives: Combination of Breast Cancer | protein-associated protein | (BAPI) and methylthioadenosine phosphorylase
(MTAP) in the peritoneal mesothelioma (PeM) has yet to be explored. We aim to assess the diagnostic value of combined
BAPI and MTAP to distinguish biphasic mesothelioma (BM) from epithelioid mesothelioma (EM) with reactive stroma in
peritoneum, as well as its prognostic value in PeM.

Methods: This is a retrospective study from June 2014 to December 202 1. This study included 18 cases of BM and 27 cases of
EM with reactive stroma, excluded sarcomatoid, and EM without reactive stroma cases, and clinicopathological information was
collected. The associations between MTAP and BAPI levels and clinicopathological features or prognosis were analyzed.
Clinical follow-up data were reviewed to correlate with pathological prognostic factors using Kaplan—Meier estimator and
univariate/multivariate Cox proportional hazards regression models.

Results: Loss/decrease of BAPI/MTAP was observed in 6 (33.3%) BM cases and 12 (44.4%) EM cases. In 5 (27.8%) cases, loss of
or decreased BAPI/MTAP expression was observed in both EC and SC of BM. BAPI/MTAP loss/decrease was observed in 12
(44.4%) cases of only EC of EM but not in reactive stroma. Compared with histology alone, a combination of BAP| and MTAP
immunohistochemistry (IHC) in spindled PeM provides a more objective mean to distinguish BM from EM with reactive stroma.
Loss/decrease of BAPI/MTAP was associated with peritoneal cancer index (PCIl) score (P = 0.047) and completeness of
cytoreduction (CC) score (P = 0.038). BM patients have worse overall survival (OS) than EM with reactive stroma (P = 0.007).

Conclusions: Combination of BAPI/MTAP by IHC is helpful for differential diagnosis of peritoneal BM from EM with reactive
stroma. Nevertheless, BAPI/MTAP may help to evaluate the biological behavior of PeM.
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Introduction

Malignant mesothelioma (MM) is a highly aggressive neo-
plasm that mainly develops from the pleura or peritoneum.' The
peritoneal mesothelioma (PeM) is less common than pleural
mesothelioma, accounting for 7%-30% of MM.? The PeM has
a median OS of approximately 1 year due to delayed diagnosis
at relatively advanced stages with nonspecific symptoms.® The
PeM can be classified into epithelioid, sarcomatoid, or biphasic
subtypes according to World Health Organization (WHO)
criteria (2021).* The biphasic mesothelioma (BM) contains
both epithelioid and sarcomatoid components, and each
component accounts for at least 10% of total tumor cells. The
epithelioid subtype is known to have better outcome. The
prognosis of biphasic subtype was determined by the propor-
tion of sarcomatoid component.” Recently, studies demon-
strated that the prognosis of epithelioid mesothelioma (EM)
may be influenced by morphological features.® Therefore, it is
important to accurately differentiate MM subtypes.

When reactive stroma component is present, it is chal-
lenging to distinguish EM from BM with sarcomatoid com-
ponent based on histology alone.” BAP1 is a tumor suppressor
gene located on chromosome 3 (3p21.1).* The p16/CDKN24
gene located on chromosome 9 (9p21) can regulate cell cycle
by encoding cyclin-dependent kinase inhibitors.” Recently,
fluorescence in situ hybridization (FISH) assay of pl6/
CDKN24 and immunohistochemistry (IHC) analysis of
BAPI loss have been reported to be useful for differentiating
pleural BM from EM with reactive stroma.'® Besides, MTAP
immunostaining can be taken as a highly sensitive substitute
marker for pl6/CDKN2A deletion.'" However, to our
knowledge, no report has compared loss/decrease of BAP1/
MTAP in peritoneal BM and EM with reactive stroma.

The objective of our study was to investigate the differential
diagnostic value of BAP1/MTAP loss/decrease in spindled
PeM (BM and EM with reactive stroma). Furthermore, we
examined the association between BAP1/MTAP expression
and clinicopathological characteristics or prognosis of PeM.

Materials and Methods

Patient Selection

This is a retrospective study in Beijing Shijitan Hospital from
June 2014 to December 2021. The reporting of this study
conforms to STARD guidelines.'> We collected 45 PeM
patients with complete clinical data. This study included
18 cases of BM and 27 cases of EM with reactive stroma
(Figure 1(A) and (B)) and excluded sarcomatoid patients and
EM without reactive stroma. These patients were diagnosed
independently based on morphology and conventional IHC by
two pathologists. Each case was confirmed by Calretinin,
Cytokeratin 5/6, D2-40, and Wilms’ tumor-1 (WT-1) as
positive mesothelial markers, as well as carcinoembryonic
antigen (CEA) and BerEP4 as negative markers. In female

patients, we excluded serous carcinomas using ER and
Pax8 markers. Finally, pathological subtypes were reclassified
according to BAP1 and MTAP IHC.

The clinicopathological characteristics included sex, age,
asbestos exposure, peritoneal cancer index (PCI) score, car-
bohydrate antigen (CA) 125, completeness of cytoreduction
(CC) score, ascites, treatment, pathological type, vascular
tumor emboli, and tumor node metastasis (TNM) stage. The
immunohistochemical characteristics included Ki-67 index
and BAP1/MTAP expression status. The prognostic indices
included survival status and OS.

All patients signed informed consent and agreed to use
postoperative specimens and clinical data for medical
research. We have de-identified all patient details.

Immunohistochemistry (IHC)

Chromogenic IHC assay was performed using an automated
immunostainer (intelliPATH FLX, Beijing Zhongshan Golden
Bridge Biological Technology Co., Ltd.). Briefly, formalin-
fixed (10% neutral formaldehyde) paraffin-embedded 4-pum-
thick sections were first deparaffinized by xylene and rehy-
drated in graded series of ethanol. Then, endogenous per-
oxidase activity was blocked by 0.3% H,0,. The primary
antibodies and final dilutions were as follows: Ki-67 (1:100,
ZM-0166, OriGene, China), BAP1 (1:75, ab255611, Abcam,
UK), and MTAP (1:1000, ab126770, Abcam, UK). The
sections were observed with a microscope (Nikon, Japan). KF-
PRO-400 scanner (Jiangfeng, China) was used for whole slide
scanning and image acquisition. Non-mesothelial cells (his-
tiocytes, lymphocytes, fibroblasts, and endothelial cells) were
used as internal positive controls for BAP1 and MTAP. BAP1
(nuclear staining) and MTAP (cytoplasmic/nuclear staining)
expression was preserved in EM (Figure 1(C) and (D)). BAP1
(nuclear staining) and MTAP (cytoplasmic/nuclear staining)
expression was preserved in BM (Figure 1(E) and (F)). Loss/
decrease of expression of BAP1 in tumor cells was defined as
completely absent nuclear staining or at an intensity lower
than the internal positive control (Figure 1(G)). For MTAP,
cytoplasmic/nuclear staining in tumor cells at an intensity
lower than the internal positive control was defined as loss/
decrease of expression (Figure 1(H))."* We set the cutoff value
at 50% for MTAP and BAP1 IHC as described previously.'?

Follow-Up

The PeM patients had been followed up until November 30,
2022. The frequency of follow-up was once every 3 months
within 2 years after surgery, once every 6 months after 2 years,
and once every 12 months after 3 years, respectively.

Statistical Analysis

Statistical analysis was performed using SPSS (version 22.0,
IBM Corp, Armonk, NY) and GraphPad Prism (version 8.0.1,
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Figure |. (A) Medium-power magnification. Inset: the biphasic mesothelioma is composed of the epithelioid component of polygonal cells
with round nuclei (left) and sarcomatoid component of malignant spindle cells (right). (B) Medium-power magnification. Inset: the reactive
stroma surrounding epithelioid mesothelioma of polygonal cells with round nuclei (hematoxylin and eosin [H&E] stain, X200/

800 magnification). (C) BAPI (nuclear staining) and (D) MTAP (cytoplasmic/nuclear staining) expression in epithelioid mesothelioma. (E) BAPI
(nuclear staining) and (F) MTAP (cytoplasmic/nuclear staining) expression in epithelioid component (left) and sarcomatoid component
(right) of biphasic mesothelioma. (G) Loss/decrease of BAPI expression in epithelioid component (red arrow) and sarcomatoid component
(green arrow) of biphasic mesothelioma. (H) Loss/decrease of MTAP expression in epithelioid component (red arrow) and sarcomatoid
component (green arrow) of biphasic mesothelioma (immunohistochemistry staining, X400 magnification).

GraphPad Software, San Diego, California USA). The Pear-
son’s chi-squared test or Fisher’s exact test was used for cat-
egorical variables. Univariable and multivariable Cox
regression models were used to explore the potential predicative
factors associated with OS, in which variables witha P <0.10 in
univariate analysis were selected for multivariate analysis. OS
was estimated using Kaplan—Meier plot and compared with log-
rank test. Statistical significance was set at a P < 0.05.

Results

Major Clinicopathological Characteristics

The clinicopathological characteristics of PeM patients are pre-
sented in Table 1. There were 22 males (48.9%) and 23 females
(51.1%) with a median age of 56 (24—73) years. Among them, 32
(71.1%) patients were <60 years and 13 (28.9%) patients
were >60 years. Histologically, 27 (60.0%) tumors were epithe-
lioid, whereas 18 (40.0%) were Biphasic. Eighteen (40.0%) pa-
tients had peritoneal cancer index (PCI) < 25, and 27 (60.0%)
cases had PCI >25. A total of 21 (46.7%) patients achieved
completeness of cytoreduction (CC) 0/1, and 24 (53.3%) cases
achieved CC 2/3. There were 42 (93.3%) and 3 (6.7%) patients
with and without cytoreductive surgery plus hyperthermic intra-
peritoneal chemotherapy (CRS + HIPEC), respectively.

BAPI/MTAP Immunohistochemistry

Three BM cases diagnosed by morphology and routine im-
munohistochemical staining were reclassified to EM with

reactive stroma according to BAP1 and MTAP IHC
(Figure 2(A) and (B)). Two of eighteen (11.1%) cases with
BM were loss/decreased in both epithelioid component (EC)
and sarcomatoid component (SC). Nine of twenty seven
(33.3%) cases with EM with reactive stroma were loss of or
decreased BAP1 expression; however, reactive stroma was
positive for BAP1 in all EM. Four of eighteen (22.2%) cases
with BM were loss/decreased MTAP expression, and three
(16.7%) cases were loss/decreased in both EC and SC, and one
case was loss/decreased in only SC (Figure 2(C) and (D)).
Four of twenty seven (14.8%) cases with EM were loss/
decreased staining of MTAP. However, reactive stroma was
positive for MTAP in all EM. BAP1/MTAP loss/decrease was
observed in 6 (33.3%) cases of BM and 12 (44.4%) cases of
EM, but not in reactive stroma. In 5 (27.8%) cases, loss of or
decreased BAP1 or MTAP expression was observed in both
EC and SC of BM (Table 2).

Correlation Analysis Between BAP|/MTAP Expression
Status and Clinicopathological Characteristics of PeM

According to expression of BAP1/MTAP, 45 PeM cases were
divided into two groups: loss/decreased group (n = 18) and
normal group (n = 27). There were significant differences
between expression status of BAPI/MTAP with PCI score
(P =.047) and CC score (P =.038), but not with gender (P =
0.088), age (P = 0.893), history of asbestos exposure
(P = 0.777), ascites (P = 0.220), CA125 level (P = 0.712),
pathological type (P = 0.456), history of CRS + HIPEC
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Table I. Clinicopathological Characteristics of PeM.

Variable Value
Gender, n (%)

Male 22 (48.9)

Female 23 (51.1)
Age (years), n (%)

<60 32 (71.1)

>60 13 (28.9)
Asbestos exposure, n (%)

No 34 (75.6)

Yes 11 (24.4)
PCI score, n (%)

<25 18 (40.0)

225 27 (60.0)
CC score, n (%)

0/1 21 (46.7)

2/3 24 (53.3)
Ascites (mL), n (%)

0 7 (15.6)

0-1000 20 (44.4)

>1000 18 (40.0)
CAI125 level (U/mL), n (%)

<35 19 (42.2)

>35 26 (57.8)
CRS + HIPEC, n (%)

No 3(6.7)

Yes 42 (93.3)
Pathological type, n (%)

Epithelioid 27 (60.0)

Biphasic 18 (40.0)
Vascular tumor emboli, n (%)

No 36 (80.0)

Yes 9 (20.0)
Ki-67 index (%), n (%)

<0 4 (8.9)

>10 41 (91.1)
TNM stage, n (%)

i 24 (53.3)

n 21 (46.7)

Abbreviations: PeM, peritoneal mesothelioma; PCI, peritoneal cancer index;
CC, completeness of cytoreduction; CA25, carbohydrate antigen (CA)125;
CRS + HIPEC, cytoreductive surgery plus hyperthermic intraperitoneal
chemotherapy; TNM, tumor node metastasis.

(P = 0.143), vascular tumor emboli (P = 0.761), Ki-67 index
(P =10.521), or TNM stage (P = 0.714), as shown in Table 3.

Survival Analysis

As of November 30, 2022, the median follow-up time was
13.13 months (range 2.03—60.53 months), and the median OS
was 16.13 months (95% CI: 10.12-22.14 months). Thirty-two
patients (71.1%) were dead, and thirteen (28.9%) were alive.
According to pathological type, patients with BM had worse
OS than that of EM with reactive stroma (P =.007). There was

no significant difference in OS according to BAP1, MTAP, or
BAPI/MTAP expression status (P = .375, .235, and .859,
respectively). However, when patients were stratified into two
groups based on age, older patients (>60 years) had a worse
prognosis (P = .011). In addition, patients without CRS +
HIPEC had poorer OS (P = .005) (Figure 3).

Analysis of Risk Factors Affecting OS in PeM Patients

Univariate Cox regression analysis was applied to analyze risk
factors affecting prognosis. Age (HR = 2.635, 95% CI: 1.217-
5.706, P=.014), history of CRS + HIPEC (HR =5.415, 95% CI
1.443-20.323, P = .012), and pathological type (HR = 2.730,
95% CI: 1.278-5.831, P = 0.009) were correlated with OS of
PeM patients. In order to include as many as significant risk
factors, those with a P-value below .1 in univariate Cox re-
gression were selected into multivariate Cox analysis model. Age
(HR=2.927,95% CI: 1.311-6.536, P=0.009), history of CRS +
HIPEC (HR = 6.951, 95% CI = 1.693-28.538, P = 0.007), and
pathological type (HR =2.309, 95% CI: 1.067-5.000, P = 0.034)
were independent risk factors for PeM prognosis. Unfortunately,
the expression statuses of BAP1 or MTAP were not independent
prognostic factors in PeM (Table 4).

Discussion

It is difficult to distinguish BM from EM with reactive stroma
by morphology alone. In pleura, BAP1/MTAP protein de-
termination is a diagnostic tool to differentiate biphasic me-
sothelioma from epithelioid mesotheliomas with reactive
stroma.'*'> To the best of our knowledge, this study is the first
to evaluate BAP1/MTAP expression in peritoneal mesothe-
lioma to differentially diagnose BM from EM with reactive
stroma. The sensitivity of loss of BAP1 in EM and BM as
detected by IHC had been 61%—77% and 33%—49%, re-
spectively, which is higher than that in sarcomatoid meso-
thelioma (SM) (0%—22%).'®'” Multiple studies have reported
that BAP1 loss was virtually with 100% specificity for dif-
ferential diagnosis of MM.'® The sensitivity of MTAP was
relatively unsatisfactory (43%—65%), but MTAP had 96%—
100% specificity in pleural MM.' Loss of MTAP by THC had
96%—-100% specificity and ~80% sensitivity for predicting
pl6/CDKN2A homozygous deletion (HD) by FISH.?® Con-
sidering that FISH detection requires specialized technology
and is relatively expensive, MTAP IHC offers a potential
advantage, although FISH analysis is more accurate.”' Pre-
vious studies have generally demonstrated that combination of
MTAP and BAPI1 by IHC in MM diagnosis had greater
sensitivity (74%—90%) and specificity (96%—100%), although
the sensitivity was slightly lower (approximately 10%) than
that of p/6/CDKN2A FISH combined with BAP1 THC.'"-'**2

Loss/decrease of BAP1/MTAP in the spindle cell com-
ponent supports the diagnosis of BM and that if BAP1/MTAP
loss/decrease is confined to the EC a diagnosis of BM should
be made only if the spindled component shows unequivocal
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Figure 2. (A, B) Biphasic mesothelioma (BM) was reclassified to epithelioid mesothelioma (EM) with reactive stroma according to
BAP| expression [loss/decreased was observed in only epithelioid component (EC)]. (C, D) | case of BM was loss/decreased MTAP
expression only in sarcomatoid component (SC). (hematoxylin and eosin [H&E] stain, immunohistochemistry stain, X800 magnification).

Table 2. Summary of the Results of BAPI and MTAP Expression in PeM.

Epithelioid Mesothelioma

Biphasic Mesothelioma (n = 18) (n =127)

EC/SC EC SC EC Stroma

BAPI Normal 16 (88.9%) 16 (88.9%) 16 (88.9%) 18 (66.7%) 27 (100.0%)
Loss/decreased 2 (11.1%) 2 (11.1%) 2 (11.1%) 9 (33.3%) 0 (0.0%)

MTAP Normal 14 (77.8%) 15 (83.3%) 14 (77.8%) 23 (85.2%) 27 (100.0%)
Loss/decreased 4 (22.2%) 3 (16.7%) 4 (22.2%) 4 (14.8%) 0 (0.0%)

BAPI/MTAP Normal 12 (66.7%) 13 (72.2%) 12 (66.7%) 15 (55.6%) 27 (100.0%)
Loss/decreased 6 (33.3%) 5 (27.8%) 6 (33.3%) 12 (44.4%) 0 (0.0%)

Abbreviations: PeM, peritoneal mesothelioma; EC, epithelioid component; SC, sarcomatoid component; BAPI, Breast Cancer | protein-associated protein |;

MTAP, methylthioadenosine phosphorylase.

morphologic features of malignancy.'® In this study, 3 cases
(BAP1/MTAP only loss/decrease in EC) were finally diag-
nosed as an EM with reactive stroma but not BM. The sen-
sitivity of BAP1/MTAP loss/decrease was 33.3% (6/18) and
44.4% (12/27) in BM and EM in this study, respectively, as
detected by IHC, with 100% specificity. In previous literature,
loss of BAP1 and MTAP expression was observed in 12 (67%)
PeM (11 epithelioid and 1 biphasic) and 3 (17%) PeM, re-
spectively.”> Comparable to this report, our results show
slightly lower BAP1 or MTAP loss in MPM. It was reported
that 5 of 13 (38.5%) cases of pleural BM were negative for
BAPI1, among which, 4 cases were negative for both EC and
SC." We observed that 2 of 18 (11.1%) cases were loss/

decreased BAP1 for both EC and SC of peritoneal BM. These
results indicate that loss of BAP1 expression in SC of peri-
toneal BM is similar to that in pleura. While 4 of 18 (22.2%)
cases with BM were loss/decreased MTAP expression, 3
(16.7%) cases were loss/decrease in both EC and SC, and
1 case was loss/decreased in only SC. And BAP1/MTAP loss/
decrease was observed in 5 (27.8%) cases in both EC and SC.
Loss/decrease of BAP1/MTAP was not observed in reactive
stroma of EM, which was comparable to those in reports that
have been published thus far.'®'"® These results show that
combination of BAP1/MTAP by IHC is helpful for differential
diagnosis of peritoneal BM from EM with reactive stroma.
However, due to a limited sample size, further studies should
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Table 3. Correlation Between BAPI/MTAP Expression Status and Clinicopathological Characteristics of PeM.

BAPI/MTAP Status (n, %)

Variable n (%) Loss/Decreased (n = 18) Normal (n = 27) P-Value

Gender 0.088
Male 22 (48.9) 6 (33.3) 16 (59.3)
Female 23 (51.1) 12 (66.7) Il (40.7)

Age (years) 0.893
<60 32 (71.1) 13 (72.2) 19 (70.4)
>60 13 (28.9) 5 (27.8) 8 (29.6)

History of asbestos exposure 0.777
No 34 (75.6) 14 (77.8) 20 (74.1)
Yes 11 (24.4) 4(22.2) 7 (25.9)

PCI score 0.047
<25 18 (40.0) 4 (22.2) 14 (51.9)
>25 27 (60.0) 14 (77.8) 13 (48.1)

CC score 0.038
0/1 21 (46.7) 5 (27.8) 16 (59.3)
2/3 24 (53.3) 13 (72.2) Il (40.7)

Ascites (mL) 0.220
0 7 (15.6) 2 (11.1) 5 (18.5)
0-1000 20 (44.4) 6 (33.3) 14 (51.9)
>1000 18 (40.0) 10 (55.6) 8 (29.6)

CAI125 level (U/mL) 0.712
<35 19 (42.2) 7 (38.9) 12 (44.4)
>35 26 (57.8) I (6l.1) 15 (55.6)

History of CRS + HIPEC 0.143
No 3(6.7) 0 (.0) 3(I1.1)
Yes 42 (93.3) 18 (100.0) 24 (88.9)

Pathological type 0.456
Epithelioid 27 (60.0) 12 (66.7) 15 (55.6)
Biphasic 18 (40.0) 6 (33.3) 12 (44.4)

Vascular tumor emboli 0.761
No 36 (80.0) 14 (77.8) 22 (81.5)
Yes 9 (20.0) 4 (22.2) 5 (18.5)

Ki-67 index (%) 0.521
<0 4 (8.9) 1 (5.6) 3(11.1)
>10 41 (91.1) 17 (94.4) 24 (88.9)

TNM stage 0.714
i 24 (53.3) 9 (50.0) 15 (55.6)
n 21 (46.7) 9 (50.0) 12 (44.4)

Abbreviations: PeM, peritoneal mesothelioma; PCl, peritoneal cancer index; CC, completeness of cytoreduction; CA 125, carbohydrate antigen (CA) 125; CRS +
HIPEC, cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy; TNM, tumor node metastasis; BAPI, Breast Cancer | protein-associated
protein |; MTAP, methylthioadenosine phosphorylase. Bold in Table 3 means P -Value < 0.05.

be conducted. In addition, HD of p/6/CDKN2A occurred in
96.6% (28/29) of pleural BM (both in EC and SC) and 77.8%
(7/9) of EM. However, none of these harbored deletions of
p16/CDKN24 in reactive stroma, which could allow for more
accurate differentiation of BM from EM with reactive stroma
when in combination with BAP1 expression by IHC.'” The
sensitivity of MTAP by IHC is slightly lower than that of p16/
CDKN24 by FISH. Therefore, FISH testing of p/6/CDKN2A
will be conducted in future studies.

The diagnostic value of BAP1/MTAP expression had been
explored in MM, while the association between BAP1/MTAP
expression status and clinicopathological features of MM
remains unclear, especially in PeM. In our study, loss/
decrease of BAP1/MTAP was not related to gender, his-
tory of asbestos exposure, ascites, CA125 level, patho-
logical type, history of CRS + HIPEC, vascular tumor
emboli, Ki-67 index, or TNM stage. Notably, BAP1/MTAP
loss/decrease was associated with higher PCI and CC
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Figure 3. Survival analysis. (A) Pathological type; (B) BAPI protein expression; (C) MTAP protein expression; (D) BAPI/MTAP protein

expression; (E) age; and (F) therapy.

Table 4. Univariate and Multivariate Cox Regression Analysis of OS in PeM Patients.

Univariate Analysis

Multivariate Analysis

Variable HR (95% Cl) P-Value HR (95% Cl) P-Value
Gender (female vs male) 1.650 (.813-3.348) 0.165

Age (;60 vs< 60 years) 2.635 (1.217-5.706) 0.014 2.927 (1.311-6.536) 0.009
History of asbestos exposure (yes vs no) 1.016 (.449-2.299) 0.970

PCI score (225 vs < 25) 1.092 (.768-1.551) 0.624

CC score (2/3 vs 0/1) 1.012 (.503-2.036) 0.974

CAI125 level (U/mL) (235 vs < 35) 1.210 (.651-2.646) 0.447

Ascites (yes vs no) 1.695 (.853-1.715) 0.286

History of CRS + HIPEC (no vs Yes) 5.415 (1.443-20.323) 0.012 6.951 (1.693-28.538) 0.007
Pathological type (biphasic vs epithelioid) 2.730 (1.278-5.831) 0.009 2.309 (1.067-5.000) 0.034
Vascular tumor emboli (yes vs no) 1.008 (.661-1.538) 0.969

Ki-67 (>10% vs < 10%) 4.670 (.635-34.352) 0.130

TNM stage (Il vs I/11) 1.087 (.766—1.543) 0.641

BAPI (loss/decreased vs normal) 819 (.525-1.278) 0.379

MTAP (loss/decreased vs normal) 1.296 (.840-2.000) 0.241

BAPI/MTAP (loss/decreased vs normal) 1.068 (.517-2.204) 0.859

Abbreviations: PeM, peritoneal mesothelioma; OS, overall survival; PCI, peritoneal cancer index; CC, completeness of cytoreduction; CA125, carbohydrate
antigen (CA)125; CRS + HIPEC, cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy; TNM, tumor node metastasis; BAPI, Breast Cancer |
protein-associated protein |; MTAP, methylthioadenosine phosphorylase. Bold in Table 4 means P -Value < 0.05.
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scores. PCI score (range 0-39) can evaluate the spread of
peritoneal cancer during laparotomy or CT examination.**
The residual tumors were intraoperatively classified by CC
scores, including 4 groups: CC-0 (no residual tumors), CC-
1 (residual tumor with a diameter of <2.5 mm), CC-2
(residual tumor with a diameter of between 2.5 mm and
2.5 cm), and CC-3 (residual tumor with a diameter
of >2.5 ¢m).?® Previous study had shown that PCI score and
CC score were related to the prognosis of PeM.?® We
speculated that BAP1/MTAP expression status was asso-
ciated with PeM prognosis. In previous study, loss of ex-
pression of BAP1 is related to a more favorable prognosis in
pleural MM.?” While in this study, although there was a
trend affecting OS by BAPI1 expression, it was not statis-
tically significant. In addition, loss of MTAP and BAP1/
MTAP were not associated with PeM prognosis. However,
BM subtype was correlated with shorter OS than EM with
reactive stroma subtype (P = 0.007). This can be attributed
to essential difference between SC in BM and reactive
stroma in EM. In addition, older patients (>60 years) and
those without CRS + HIPEC also had poorer OS (P =
0.011 and P = 0.005, respectively). The above 3 factors
were all independent risk factors for worse prognosis.
Compared to traditional treatment, CRS + HIPEC has
improved the median OS by up to 19-92 months, which is
currently the preferred choice for PeM.?®

The limitation of this study is a relatively small sample size.
Thus, it is necessary to conduct multi-center studies with
larger sample sizes to identify more precise molecular markers
for differential diagnosis of PeM with spindle cells.

Conclusion

In our study, we found that expression of BAPI/MTAP by
IHC is helpful for the differentiation between peritoneal BM
and EM with reactive stroma. BAP1/MTAP expression status
was correlated with PCI score and CC score, while, to a certain
extent, BAP1 was associated with clinical outcome, indicating
that BAP1/MTAP might help to evaluate the biological be-
havior of PeM.

Abbreviations

BAP1 Breast Cancer 1 protein-associated protein 1

BM Biphasic mesothelioma

CA125 Carbohydrate antigen (CA) 125

CC Completeness of cytoreduction

CRS + HIPEC  Cytoreductive surgery plus hyperthermic
intraperitoneal chemotherapy

EC Epithelioid component

EM Epithelioid mesothelioma

FISH Fluorescence in situ hybridization

HC Immunohistochemistry

PeM peritoneal mesothelioma

MTAP Methylthioadenosine phosphorylase
OS Overall survival

PCI Peritoneal cancer index

SC Sarcomatoid component

TNM Tumor node metastasis.

Acknowledgments

The authors would like to thank professor Yan Li (Department of
Surgical oncology, Beijing Tsinghua Chang Gung Hospital) and Dr.
Hong Chang (Department of Pathology, Beijing Shijitan Hospital,
Capital Medical University) for their guidance.

Authors’ Contributions

YC was responsible for searching literature and drafting the
manuscript and performed statistical analyses. XD reviewed the
slides and participated in the analysis and interpretation of data.
YG performed the immunohistochemistry. HW and Y'S collected
demographic and clinical data and followed up. HZ was in charge
of routine pathology.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

Research Ethics and Patient Consent

The study protocol was approved by the Medical Ethics Com-
mittee of Beijing Shijitan Hospital, Capital Medical University
(Beijing, China; approval number: 2022-36; date of approval:
August 12, 2022). All patients signed informed consent and
agreed to use postoperative specimens and clinical data for
medical research.

ORCID iD

Xuemei Du @ https://orcid.org/0000-0002-2218-044X

References

1. Kinoshita Y, Hida T, Hamasaki M, et al. A combination of
MTAP and BAP1 immunohistochemistry in pleural effusion
cytology for the diagnosis of mesothelioma. Cancer Cytopathol.
2018;126(1):54-63. doi:10.1002/cncy.21928

2. Li CY, Alexander HR Jr. Peritoneal metastases from malignant
mesothelioma. Surg Oncol Clin. 2018;27(3):539-549. doi:10.
1016/j.50¢.2018.02.010.

3. Ettinger DS, Akerley W, Borghaei H, et al. Malignant pleural
mesothelioma. J Natl Compr Cancer Netw. 2012;10(1):26-41.
doi:10.6004/jnccn.2012.0006

4. Sauter JL, Dacic S, Galateau-Salle F, et al. The 2021 WHO
classification of tumors of the pleura: advances since the


https://orcid.org/0000-0002-2218-044X
https://orcid.org/0000-0002-2218-044X
https://doi.org/10.1002/cncy.21928
https://doi.org/10.1016/j.soc.2018.02.010
https://doi.org/10.1016/j.soc.2018.02.010
https://doi.org/10.6004/jnccn.2012.0006

Chen et al.

10.

I1.

12.

13.

14.

15.

16.

2015 classification. J Thorac Oncol. 2022;17(5):608-622. doi:
10.1016/j.jtho.2021.12.014

Breic L, Kern 1. Clinical significance of histologic subtyping of
malignant pleural mesothelioma. Trans! Lung Cancer Res.
2020;9(3):924-933. doi:10.21037/t1cr.2020.03.38

Kadota K, Suzuki K, Sima CS, Rusch VW, Adusumilli PS, Travis
WD. Pleomorphic epithelioid diffuse malignant pleural meso-
thelioma: a clinicopathological review and conceptual proposal to
reclassify as biphasic or sarcomatoid mesothelioma. J Thorac
Oncol. 2011;6(5):896-904. doi:10.1097/JTO.0b013e318211127a
Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG.
Introduction to the 2015 World Health organization classi-
fication of tumors of the lung, pleura, thymus, and heart.
J Thorac Oncol. 2015;10(9):1240-1242. doi:10.1097/JTO.
0000000000000663.

Cigognetti M, Lonardi S, Fisogni S, et al. BAP1 (BRCA1-asso-
ciated protein 1) is a highly specific marker for differentiating
mesothelioma from reactive mesothelial proliferations. Mod Pathol.
2015;28(8):1043-1057. doi:10.1038/modpathol.2015.65

Berg KB, Dacic S, Miller C, Cheung S, Churg A. Utility of
methylthioadenosine phosphorylase compared with
BAP1 immunohistochemistry, and CDKN2A and NF2 fluorescence
in situ hybridization in separating reactive mesothelial proliferations
from epithelioid malignant mesotheliomas. Arch Pathol Lab Med.
2018;142(12):1549-1553. doi:10.5858/arpa.2018-0273-0A

Wu D, Hiroshima K, Yusa T, et al. Usefulness of pl6/
CDKN2A fluorescence in hybridization and
BAP1 immunohistochemistry for the diagnosis of biphasic
mesothelioma. Ann Diagn Pathol. 2017;26:31-37. doi:10.
1016/j.anndiagpath.2016.10.010

Hida T, Hamasaki M, Matsumoto S, et al. Immunohisto-
chemical detection of MTAP and BAPI1 protein loss for
mesothelioma diagnosis: comparison with 9p21 FISH and
BAP1 immunohistochemistry. Lung Cancer. 2017;104:
98-105. doi:10.1016/j.lungcan.2016.12.017

Bossuyt PM, Reitsma JB, Bruns DE, et al. Stard 2015: an
updated list of essential items for reporting diagnostic accuracy
studies. BMJ. 2015;351:h5527. doi:10.1136/bm;j.h5527
Kinoshita Y, Hamasaki M, Yoshimura M, et al. A combination of
MTAP and BAP1 immunohistochemistry is effective for dis-
tinguishing sarcomatoid mesothelioma from fibrous pleuritis. Lung
Cancer. 2018;125:198-204. doi:10.1016/j.lungcan.2018.09.019
Chapel DB, Hornick JL, Barlow J, Bueno R, Sholl LM. Clinical
and molecular validation of BAP1, MTAP, P53, and Merlin im-
munohistochemistry in diagnosis of pleural mesothelioma. Mod
Pathol. 2022;35(10):1383-1397. doi:10.1038/s41379-022-01081-z
Righi L, Duregon E, Vatrano S, et al. BRCAIl-Associated
protein 1 (BAP1) immunohistochemical expression as a diag-

situ

nostic tool in malignant pleural mesothelioma classification: a
large retrospective study. J Thorac Oncol. 2016;11(11):
2006-2017. doi:10.1016/j.jtho.2016.06.020

Sheffield BS, Hwang HC, Lee AF, et al. BAP1 immunohisto-
chemistry and pl6 FISH to separate benign from malignant me-
sothelial proliferations. Am J Surg Pathol. 2015;39(7):977-982. doi:
10.1097/PAS.0000000000000394

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Nasu M, Emi M, Pastorino S, et al. High Incidence of Somatic
BAP1 alterations in sporadic malignant mesothelioma. J Thorac
Oncol. 2015;10(4):565-576. doi:10.1097/JTO.0000000000000471
Andrici J, Jung J, Sheen A, et al. Loss of BAP1 expression is very
rare in peritoneal and gynecologic serous adenocarcinomas and can
be useful in the differential diagnosis with abdominal mesothelioma.
Hum Pathol. 2016;51:9-15. doi:10.1016/j.humpath.2015.12.012
Chapel DB, Schulte JJ, Husain AN, Krausz T. Application of
immunohistochemistry in diagnosis and management of ma-
lignant mesothelioma. Trans! Lung Cancer Res. 2020;9(Suppl
1):S3-S27. doi:10.21037/t1cr.2019.11.29

Alsugair Z, Kepenekian V, Fenouil T, et al. 5-hmC loss is an-
other useful tool in addition to BAP1 and MTAP immunostains
to distinguish diffuse malignant peritoneal mesothelioma from
reactive mesothelial hyperplasia in peritoneal cytology cell-
blocks and biopsies. Virchows Arch. 2022;481(1):23-29. doi:
10.1007/s00428-022-03336-1

Chapel DB, Schulte JJ, Berg K, et al. MTAP immunohisto-
chemistry is an accurate and reproducible surrogate for
CDKN2A fluorescence in situ hybridization in diagnosis of
malignant pleural mesothelioma. Mod Pathol. 2020;33(2):
245-254. doi:10.1038/s41379-019-0310-0

Berg KB, Churg AM, Cheung S, Dacic S. Usefulness of
methylthioadenosine phosphorylase and BRCA-associated
protein 1 immunohistochemistry in the diagnosis of malig-
nant mesothelioma in effusion cytology specimens. Cancer
Cytopathol. 2020;128(2):126-132. doi:10.1002/cncy.22221
Devins KM, Zukerberg L, Watkins JC, Hung YP, Oliva E.
BAP1 and claudin-4, but not MTAP, reliably distinguish bor-
derline and low-grade serous ovarian tumors from peritoneal
mesothelioma. Int J Gynecol Pathol. 2022;42(2):159-166. doi:
10.1097/PGP.0000000000000877.

Salo SAS, Lantto E, Robinson E, et al. Prognostic role of ra-
diological peritoneal cancer index in malignant peritoneal
mesothelioma: national cohort study. Sci Rep. 2020;10(1):
13257. doi:10.1038/541598-020-70044-8

Sugarbaker PH, Chang D, Jelinek JS. Concerning CT features
predict outcome of treatment in patients with malignant peri-
toneal mesothelioma. Eur J Surg Oncol. 2021;47(9):2212-2219.
doi:10.1016/j.€js0.2021.04.012

Wu HL, Yang ZR, Su YD, et al. Loss of NPM2 expression is a
potential immunohistochemical marker for malignant peritoneal
mesothelioma: a single-center study of 92 cases. World J Surg
Oncol. 2022;20(1):350. doi:10.1186/512957-022-02811-y

SM, McElherne J, Minor A, et al
BAP1 immunohistochemistry has limited prognostic utility
as a complement of CDKN2A (pl16) fluorescence in situ
hybridization in malignant pleural mesothelioma. Hum
Pathol. 2017;60:86-94. doi:10.1016/j.humpath.2016.09.026
Su YD, Yang ZR, Li XB, Yu Y, Du XM, Li Y. Key factors for
successful cytoreductive surgery plus hyperthermic intra-
peritoneal chemotherapy to treat diffuse malignant peritoneal
mesothelioma: results from specialized peritoneal cancer
center in China. IntJ Hyperther. 2022;39(1):706-712. doi:10.
1080/02656736.2022.2066728

McGregor


https://doi.org/10.1016/j.jtho.2021.12.014
https://doi.org/10.21037/tlcr.2020.03.38
https://doi.org/10.1097/JTO.0b013e318211127a
https://doi.org/10.1097/JTO.0000000000000663
https://doi.org/10.1097/JTO.0000000000000663
https://doi.org/10.1038/modpathol.2015.65
https://doi.org/10.5858/arpa.2018-0273-OA
https://doi.org/10.1016/j.anndiagpath.2016.10.010
https://doi.org/10.1016/j.anndiagpath.2016.10.010
https://doi.org/10.1016/j.lungcan.2016.12.017
https://doi.org/10.1136/bmj.h5527
https://doi.org/10.1016/j.lungcan.2018.09.019
https://doi.org/10.1038/s41379-022-01081-z
https://doi.org/10.1016/j.jtho.2016.06.020
https://doi.org/10.1097/PAS.0000000000000394
https://doi.org/10.1097/JTO.0000000000000471
https://doi.org/10.1016/j.humpath.2015.12.012
https://doi.org/10.21037/tlcr.2019.11.29
https://doi.org/10.1007/s00428-022-03336-1
https://doi.org/10.1038/s41379-019-0310-0
https://doi.org/10.1002/cncy.22221
https://doi.org/10.1097/PGP.0000000000000877
https://doi.org/10.1038/s41598-020-70044-8
https://doi.org/10.1016/j.ejso.2021.04.012
https://doi.org/10.1186/s12957-022-02811-y
https://doi.org/10.1016/j.humpath.2016.09.026
https://doi.org/10.1080/02656736.2022.2066728
https://doi.org/10.1080/02656736.2022.2066728

	Methylthioadenosine Phosphorylase and Breast Cancer 1 Protein ...
	Introduction
	Materials and Methods
	Patient Selection
	Immunohistochemistry (IHC)
	Follow
	Statistical Analysis

	Results
	Major Clinicopathological Characteristics
	BAP1/MTAP Immunohistochemistry
	Correlation Analysis Between BAP1/MTAP Expression Status and Clinicopathological Characteristics of PeM
	Survival Analysis
	Analysis of Risk Factors Affecting OS in PeM Patients

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ Contributions
	Declaration of Conflicting Interests
	Funding
	Research Ethics and Patient Consent
	ORCID iD
	References


