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Abstract

Background Overlapping morphological features of mesothelial cells have been rendered it difficult to distinguish
between reactive and malignant conditions. The development of methods based on detecting genomic abnormali-
ties using immunohistochemistry and fluorescence in situ hybridization have contributed markedly to solving this
problem. It is important to identify bland mesothelioma cells on cytological screening, perform efficient genomic-
based testing, and diagnose mesothelioma, because the first clinical manifestation of pleural mesothelioma is pleural
effusion, which is the first sample available for pathological diagnosis. However, certain diagnostic aspects remain
challenging even for experts.

Case presentation This report describes a case of a 72-year-old man with a history of asbestos exposure who
presented with pleural effusion as the first symptom and was eventually diagnosed as mesothelioma. Mesothe-
lioma was suspected owing to prominent cell-in-cell engulfment in mesothelial cells on the first cytological sample,
and the diagnosis of mesothelioma in situ was confirmed by histology. Unexpectedly, sarcomatoid morphology

of mesothelioma was found in the second pathology samples 9 months after the first pathological examination. Both
the mesothelioma in situ and invasive lesion showed immunohistochemical loss of methylthioadenosine phosphory-
lase (MTAP) and homozygous deletion of cyclin dependent kinase inhibitor 2A (CDKN2A) on fluorescence in situ
hybridization. The patient received medication therapy but died of disease progression 12 months after the diagnosis
of the sarcomatoid morphology of mesothelioma.

Conclusion Our case suggests that cell-in-cell engulfment can be conspicuous in early-stage mesothelioma

with inconspicuous nuclear atypia and few multinucleated cells. In addition, the presence of MTAP loss and CDKN2A
homozygous deletion are suspected to be involved in early formation to invasive lesions and/or sarcomatoid mor-
phology. We believe that it is important to consider genetic abnormalities when deciding on individual patient
management. Furthermore, cases of mesothelioma, even those of an in situ lesion, with MTAP loss and/or CDKN2A
deletion should be carefully followed up or subjected to early treatment.
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Background

Pleural mesothelioma is a rare malignant tumor with a
poor prognosis, and the incidence of pleural mesotheli-
oma is increasing in some countries [1].The first clinical
manifestation of pleural mesothelioma is pleural effu-
sion, which comprises the first specimen for cytological
diagnosis. Historically, it has been difficult to distinguish
between reactive and malignant mesothelial cells owing
to their overlapping morphological characteristics [1-3].
However, the development of methods based on detect-
ing the genomic abnormalities using immunohistochem-
istry (IHC) and fluorescence in situ hybridization (FISH)
have contributed greatly to solve this problem. When
mesothelioma cells show no overt cytological atypia in
body cavity effusions, these cells are likely to be treated as
reactive cells and may not proceed to the following step.
However, it is important to identify bland mesothelioma
cells on cytological screening and subject these cases to
efficient IHC and/or FISH. Here, we report a notable case
of the sarcomatoid morphology of invasive mesothelioma
that first developed as mesothelioma in situ (MIS). One
of the significant aspects noted herein is that both the
MIS and invasive mesothelioma exhibited loss of meth-
ylthioadenosine phosphorylase (MTAP) and homozy-
gous deletion of cyclin-dependent kinase inhibitor 2A

(CDKN2A). These abnormalities were the same as those
found in the case of sarcomatoid mesothelioma aris-
ing from MIS previously reported by our group [4, 5].
Another important finding reported herein is the promi-
nent cell-in-cell engulfment evidenced in the pleural
effusion cytology of the first pathology examination. The
cell-in-cell engulfment, also known as cell-within-cell
arrangements or cell-in-cell invasion, is a cytomorpho-
logical finding indicating mesothelioma [6-8]. Our case
showed the possibility of a relatively high frequency of
cell-in-cell engulfment appearing in the body cavity effu-
sion in mesothelioma at an early stage without noticeable
cytological atypia or multinucleated cells.

Case presentation

A 72-year-old man, who was a heavy smoker (50 pack-
year), underwent treatment for right pleural effusion
at a different hospital. He had a history of occupational
asbestos exposure as a welder. His past medical his-
tory included lung emphysema, diabetes, hypertension,
hyperlipidemia, and spinal canal stenosis. Eleven months
after the initial onset of pleural effusion, he experienced
recurrent effusion and was referred to our hospital. Chest
computed tomography (CT) showed a moderate amount
of right pleural effusion (Fig. 1a). Thoracoscopically,

Fig. 1 Clinical images. a Chest computed tomography showed a moderate amount of right pleural effusion with a slight bilateral pleural
thickening. b A video-assisted thoracoscopic surgery biopsy of the right parietal pleura showed plague-like pleural thickening, but no visible tumor.
¢ The right pleural effusion decreased within five months from the first biopsy. d A nodular tumor approximately 3 cm in size appeared in the right

pleura nine months from the first biopsy
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multiple plaques and pleural effusion (600 mL in vol-
ume) were detected, but no visible tumors were identified
(Fig. 1b). A right pleural biopsy assisted by video-assisted
thoracic surgery (VATS) led to the diagnosis of MIS. We
continued careful follow-up.

The pleural effusion decreased after 5 months from the
first biopsy (Fig. 1c). However, a solid nodule appeared in
the right parietal pleura at 9 months post-biopsy (Fig. 1d).
A second histological examination (CT-guided biopsy)
showed spindle cells without any epithelioid atypical
cells, with clear invasion. The patient underwent immu-
notherapy with ipilimumab and nivolumab followed by
combination chemotherapy (including carboplatin and
pemetrexed). However, the target lesions were clinically
evaluated as a progressive disease during treatment. The
patient died 33 months after the onset of the first symp-
toms of pleural effusion (21 months after the first biopsy
and 12 months after the second biopsy).

Pathological findings

The first pathological examination included right-side
pleural fluid cytology and a right-side parietal pleural
biopsy with VATS. In the pleural-fluid cytology sample,
1,201 mesothelial cells per cytocentrifuge smear speci-
men made from 6 mL were found, which was much lower
than that evidenced in the overt mesothelioma in our
department (over 10,000 cells on average in 3 cases).
The mesothelial cells were scattered in the inflammatory
cells, with occasional cell-to-cell apposition (Fig. 2a, b).
The mesothelial cells were mainly mononuclear. Binucle-
ated cells and multinucleated mesothelial cells with 3-5
nuclei were scarce (4.0% and 1.2%, respectively). The
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nuclear-cytoplasm ratio was low and nuclear atypia was
mild. These findings were inconsistent with the typical
pathological observations of mesothelioma. However,
cell-in-cell engulfment with or without hump-like cyto-
plasmic processes and/or paired cells (Fig. 2c—f) were
conspicuous in 7.3% of the evaluated cells. The pleural
biopsy assisted by VATS was performed from five dif-
ferent sites. Histologically, a single layer of mesothelial
cells with atypia spread along the surface of the pleura
(Fig. 3a, b). The mesothelial cells were positive for mes-
othelial markers such as calretinin (DAK Calretl, 1:15;
Dako, Glostrup, Denmark), D2-40 (D2-40, 1:100; Dako),
WT-1 (WT49, 1:40; Leica Biosystems, Wetzlar, Ger-
many), HEG1 (SKM9-2, prediluted; Nichirei Biosciences,
Inc., Tokyo, Japan), and pan-cytokeratin (CAM5.2, 1:10;
BD Biosciences, Haryana, India) (Fig. 3c). The mesothe-
lial cells were negative for carcinoma markers, including
Ber-EP4 (Ber-EP4, prediluted; Dako), MOC31 (MOC-
31, 1:60; Dako), and Claudin 4 (3E2C1, 1:200; Invitro-
gen, Waltham, MA, USA). All mesothelial cells retained
BAP1 expression (C-4 1:100, Santa Cruz Biotechnology)
(Fig. 3d), while some mesothelial cells lost MTAP expres-
sion (2G4, 1:200, Abnova Corporation) (Fig. 3e). In the
areas where MTAP expression was lost, 61.5% (115/187)
of the mesothelial cells showed homozygous deletion of
CDKN2A on FISH (Agilent Technologies, Santa Clara,
CA, USA) (CDKN2A probe, red label; chromosome 9
centromeric probe, green label) (Fig. 3f). Based on these
findings and multidisciplinary discussion, this pleural
lesion was concluded to be MIS.

The second pathology samples included a CT-guided
biopsy tissue sample and needle-washing cytology used

Fig. 2 Cytological findings of cytocentrifuge smear specimen of the fist cytological sample (right pleural effusion cytology). a Mesothelial
cells were scattered and were accompanied by severe inflammatory cells. b Cell-to-cell apposition were also seen. Cell-in-cell engulfment
including cytoplasmic inclusion (c), nuclear inclusion (d) typical molded cells with hump-like cytoplasmic processes (e), and paired-cells (f), were

evidenced
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Fig. 3 Histological findings from the first sample (video-assisted thoracoscopic surgery biopsy for right pleura) (a—f). a, b A single layer

of proliferating mesothelial cells with atypia was detected. ¢ These mesothelial cells were positive for pan-cytokeratin (CAM5.2). d BAP1

was retained. @ MTAP was lost in focal areas of the surface mesothelium. f Homozygous deletion of CDKN2A (61.5%) was detected in the surface
mesothelium by fluorescence in situ hybridization (CDKN2A probe, red label; chromosome 9 centromeric probe, green label)

in the CT-guided biopsy. The needle-washing cytol-
ogy showed atypical spindle cells in the necrotic debris
(Fig. 4a, b). Histologically, the tumor was composed
of atypical spindle cells arranged in abortive fascicles
within the fibrous stroma (Fig. 5a, b). The atypical cells
were positive for pan-cytokeratin. The cells were weakly
or focally positive for WT1 (Fig. 5¢) and HEG1 and were
negative for calretinin and D2-40. Atypical cells were
positive for BAP1 (Fig. 5d), while most atypical cells lost
cytoplasmic MTAP expression (Fig. 5e). At least 31%
(31/100) of mesothelial cells showed homozygous dele-
tion of CDKN2A on FISH (Fig. 5f). These finding are con-
sistent with sarcomatoid mesothelioma cells. There was a
possibility of biphasic mesothelioma, but the absence of

20um

epithelioid atypical cells in either needle-washing cytol-
ogy sample or histological sample highly suggested the
possibility of sarcomatoid mesothelioma.

Discussion and conclusions

To our knowledge, the case reported herein is the sec-
ond case of sarcomatoid morphology of mesothelioma
that first developed as MIS, following the first reported
case—which was also presented by our research group
[4, 5]. Notably, both cases shared the same genomic
abnormalities (BAP1 retain, MTAP loss, and CDKN2A
homozygous deletion). The presence of MTAP loss and
CDKN2A homozygous deletion are suspected to be

20um

Fig.4 Cytological findings of the washing cytology sample of needle-washing cytology used in biopsy (a, b). Spindle-shaped and loosely
connective atypical cells appeared with necrosis in Papanicolaou stain (a) and Giemsa stain (b)
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Fig. 5 Histological findings from the second sample (computed tomography-guided biopsy for a solid nodule in right pleura) (@—
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Spindle-shaped tumor cells with strong nuclear atypia and nuclear disparities in size show diffused growth with loose connectivity. ¢ WT1 was focal
positive. d BAP1 was retained. e MTAP was absent in almost all tumor cells. f Homozygous deletion of CDKN2A (31.0%) was confirmed in tumor

areas

involved in the early formation of invasive lesions and/
or sarcomatoid morphology.

MIS was first proposed in 1992 [9]. However, until
recently, it had been unclear if there was truly an in situ
state. The concept of MIS has recently become accepted
with the development of genome-based diagnostic
methods [10]. BAP1 IHC, MTAP IHC, and CDKN2A
FISH are gold-standard methods for distinguishing
malignant mesothelioma from benign mesothelial
lesions, with high sensitivity (80-90% in combination)
and 100% specificity [11]. BAP1 loss is detected more
in epithelioid mesothelioma (60-70%) than in sarco-
matoid mesothelioma (<40%), while MTAP loss and
CDKN2A homozygous deletions are detected more in
sarcomatoid mesothelioma (~90%) than in epithelioid
mesothelioma (60-70%) [11, 12]. High homozygous
deletion of CDKN2A in pleural mesothelioma corre-
lates with poor prognosis [13], which may be associ-
ated with a high proportion of sarcomatoid features in
MTAP-loss mesothelioma.

Although attention towards MIS has increased, indica-
tions for and timing of MIS treatment are under discus-
sion. Klebe et al. reported that a majority of MIS patients
had received only follow-up, while the remaining patients
received active treatment [14]. These researchers also
reported variation in the time of progression from MIS;
15% of the MIS cases progressed to invasive mesothe-
lioma within 6—12 months, while 35% showed progres-
sion >4 years later [14]. We speculate that one reason for
this variation may be due to genetic abnormalities. We
believe that careful follow-up or early intervention can be
crucial for MIS patients, at least those with MTAP loss
and/or CDKN2A homozygous deletions.

Cell-in-cell engulfment, also known as cell-within-
cell arrangements or cell-in-cell invasion, is one form of
the nonapoptotic cell death process in matrix-detached
cells [15]. Cell-in-cell engulfment is distinguished from
cell-to-cell apposition, which is adhesion; cell-to-cell
apposition is found in stimulated mesothelial cells,
whether malignant or benign, while cell-in-cell engulf-
ment is more frequently observed in mesothelioma
[7, 8]. Pleural mesothelioma cells with 9p21 homozy-
gous deletion have been reported to show significantly
higher frequent cell-in-cell engulfment than benign
reactive mesothelial cells (mean, 17.4-20.6% for mes-
othelioma, 3.5-4.1% for benign reactive mesothelial
cells) [7, 8]. The percentage of cell-in-cell engulfment in
the first cytological sample of our case was 7.3%, which
was much lower than that in mesothelioma but almost
twice as frequent as that in benign reactive mesothelial
cells [7, 8]. Cell-in-cell engulfment is infrequently seen
in histological samples, suggesting that this pattern
occurs during or after exfoliation of tumor cells into the
body cavity fluid [2]. The International Mesothelioma
Interest Group guidelines suggest the following nine
cytomorphological criteria indicating mesothelioma,
which includes cell-in-cell engulfment as a cell-within-
cell arrangement: 1) high cellularity, 2) large size, 3)
papillary clusters, 4) acidophilic matrix, 5) macronucle-
oli, 6) protrusion from the cell membrane, 7) prominent
degree of cell-within-cell arrangement, 8) multinucle-
ated cells, and 9) vacuoles overlapping the nuclei on
Giemsa staining [6]. Although it is challenging to sus-
pect malignant mesothelioma because cytological find-
ings of our first cytology sample met few of these
criteria and were not typical of invasive mesothelioma,
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our case shows that cell-in-cell engulfment may be
prominent in the cytomorphology of early-stage mes-
othelioma. This also suggested the necessity of paying
attention to not only overt cytomorphological findings
but also cell-in-cell engulfment, because this might be
observed from the very early stages of mesothelioma.

Our study has a few limitations. First, there is always a
limitation in regard to the representativity of the samples,
especially in the second biopsy, where cytology was also
performed using the washing of the needle used for the
biopsy (which explains the same cell population). Because
of this sampling issue, a biphasic mesothelioma can not
be completely ruled out. A great opportunity to be able to
do proper sampling would have been an autopsy, but this
was unfortunately not performed. Second, whether MIS
really progressed to this tumor consisting of sarcomatoid
or spindle cells can only be proven with a clonal-evolu-
tion type of genomic analysis. However, it is noteworthy
and interesting that sarcomatoid tumor cells occurred
9 months after the initial MIS diagnosis.

In conclusion, MTAP loss and/or CDKN2A homozy-
gous deletion in MIS may indicate aggressive fea-
tures, based on our two MIS cases with MTAP loss
and CDKN2A homozygous deletions that ultimately
showed invasive mesothelioma with sarcomatoid mor-
phology. Re-biopsy of invasive lesions after diagnos-
ing MIS is essential, especially for MIS presenting with
these types of genetic abnormalities. When the number
of mesothelial cells with cell-in-cell engulfment is high,
the possibility of mesothelioma should be considered,
even if there are no overt atypical cytological findings
on effusion cytology.
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