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Background & objective: Primary pleural neoplasms are rare entities compared with 
the pleural involvement by metastatic carcinoma.

The current study aimed at investigating the complete spectrum of pleural neoplasms 
and differentiating between them with the aid of immunohistochemistry (IHC). 

Methods: Consecutive pleural biopsy specimens positive for a neoplasm, both 
primary and metastatic, were included in the study. Diagnosis or a differential diag-
nosis was suggested on histopathology confirmed by a panel of IHC markers such 
ascytokeratin(AE1/AE3), epithelial membrane antigen (EMA),vimentin, calretinin, 
CD34, CD99, SMA,bcl2, S100, CK7,CK20,TTF1,GCDFP, HMB45, LCA, synapto-
physin, chromogranin, and naspsin. 

Results: A total of 35 cases of pleural neoplasms included 15 (42.9%) primary pleu-
ral neoplasms and 20 (57.1%) metastatic carcinoma. Synovial sarcoma, malignant 
mesothelioma (MM), and solitary fibrous tumor (SFT) accounted for 14.2%,11.4%, 
and 8.5% of metastatic cases, respectively. Epithelioid sarcoma(ES), neuroendocrine 
carcinoma, and inflammatory myofibroblastic tumor were less common, each contrib-
uting to 2.9% of pleural neoplasms. Among the 20 cases of metastatic carcinoma, 13 
were from the lung and 7 from the breast. Lung neoplasms metastasizing to the pleura 
were adenocarcinoma (n=12) and atypical carcinoid (n=1).

Conclusion: Analysis of histopathological pattern along with a panel of appropriate 
IHC markers distinguished the rare entities of pleural neoplasms essential to deter-
mine the prognosis and treatment modality.
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Introdudtion
Metastatic carcinomas greatly outnumber primary 

neoplasms of the pleura including the diffuse malig-
nant mesothelioma (MM). Metastatic involvement 
of the pleura is observed in lung cancer, lymphoma, 
breast and carcinomas of the female genital tract, and 
gastrointestinal tract in the descending order of fre-
quency (1). A wide spectrum of lesions categorized 
as benign, low malignant potential, and malignant in-
volved pleura. The benign lesions include the solitary 
fibrous tumor (SFT), adenomatoid tumor, multicystic 
mesothelioma, and calcifying fibrous tumor. Pleural 

thymoma, desmoid tumor, and the well differenti-
ated papillary mesothelioma are neoplasms of low 
malignant potential (2). The pleura are infrequently 
involved in uncommon non-mesotheliomatous neo-
plasms such as synovial sarcoma, SFT, epithelioid 
sarcoma (ES), and inflammatory myofibroblastic 
tumor (2). Guniea DG and Erb CT further described 
other rare neoplasms as angiosarcoma, epithelioid he-
mangioendothelioma, and desmoplastic small round 
cell tumor (DSRCT) in their studies (3,4). Pleuropul-
monary blastoma is another extremely rare malignant 
pleural neoplasm with only two cases reported in the 
adults (2). Although rare, it is important to recognize 
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these entities and differentiate them from the meta-
static carcinoma and malignant mesothelioma since 
they have distinct treatment modality and prognosis 
(5). It is important to maintain a high index of sus-
picion to include these entities, while considering 
the differential diagnosis of a pleural tumor to en-
sure optimal treatment and prognosis. Diagnosis of 
malignant mesothelioma has legal implications (4). 
Literature search did not reveal any study encompass-
ing both primary and secondary pleural neoplasms 
although case reports of the less common primary 
pleural neoplasms are present. Thus, the current study 
aimed at analyzing the complete spectrum of pleural 
neoplasms, both primary and metastatic, and differen-
tiating between the entities with the aid of IHC.

Material and Methods
Consecutive pleural biopsy specimens positive for a 

neoplasm, both primary and metastatic were included 
in the study at a tertiary care hospital from January 
2012 to October 2016. Diagnosis or a differential di-
agnosis was suggested on histopathology confirmed 
by IHC. The biopsies were subjected to a panel of 
IHC markers selected based on the morphology (2). 
The three major cell types were spindle cell, epithe-
lioid/epithelial, and small blue cell. The IHC panel 
for neoplasms with spindle cells included cytokera-
tin, vimentin, calretinin, CD34, CD99, SMA, bcl2 
and S100; for epithelioid/epithelial cell neoplasms-

cytokeratin, calretinin, epithelial membrane anti-
gen (EMA), vimentin, CK7, CK20, TTF1, GCDFP, 
HMB45; and for small blue cell neoplasms includ-
ing EMA, cytokeratin, LCA, synaptophysin, chromo-
granin, naspsin, and vimentin . For biphasic tumors 
the panel included cytokeratin, EMA, vimentin, cal-
retinin, HMB45, CD34, CD99, SMA, bcl2, and S100 
appropriate positive controls were run. Microwave 
antigen retrieval was done at 95°C (6). Ready to 
use Dako antibodies (vimentin- V9, EMA- E29, CK 
cocktail AE1/AE3, CK7 (OVTL12/30), CK20 (ITKs 
20.8), TTF-1 (BGX-397A), napsinA (IP64), CK5/6 
(D5/16B4), CD45-2B11, PD7/26/16, chromgrani-
nA SP12, SMA-1A4, bcl2-100, CD99-12E7, CD34 
(QBEnd), calretinin (calret-1), synaptophysin SP-11, 
ER, PR, GCDFP, S100 (polyclonal Abs) were used. 

Results 
 A total of 35 cases of pleural neoplasms included 15 

(42.9%) primary pleural neoplasms and 20 (57.1%) 
metastatic carcinoma. The distribution of neoplasms 
is shown in Table 1.

Of the five cases of primary pleural synovial sar-
coma, two were biphasic and three monophasic vari-
ants. The biphasic synovial sarcoma showed cleft-
like glandular spaces amidst long cellular fascicles of 
spindle cells (Figure 1A).

The IHC pattern is shown in Table 2.

Table1 . The Spectrum of Pleural Neoplasms 

Pleural Neoplasm No. of Cases Percentage 

Primary (15)

Synovial sarcoma 
Malignant Mesothelioma
The Ewing sarcoma 
Neuroendocrine carcinoma
Solitary fibrous tumor 
 Inflammatory myofibroblastic tumor

5
4
1
1
3
1

14.2
11.4
2.9
2.9
8.5
2.9

Metastatic carcinoma (20)

Pulmonary adenocarcinoma
Breast carcinoma
Atypical carcinoid

12
7
1

34.3
20
2.9
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Positive staining for vimentin, Bcl2, CD99 (Figure 
1B, C) along with CK/EMA in biphasic confirmed the 
diagnosis of synovial sarcoma. The monophasic vari-
ants were composed of spindle cells immunoreactive 
to CK and vimentin in addition to bcl2 expression. 

The four cases of mesothelioma (Figure 2A) con-
sisted of three epithelioid (Figure 2C) and one des-

moplastic variant (Figure 2D). The epithelioid variant 
showed cells with abundant eosinophilic cytoplasm, 
granular chromatin, and conspicuous nucleoli immu-
noreactive to calretinin (Figure 2B) and cytokeratin 7 
and negative to epithelial markers-TTF1, CK20, and 
HMB45- as shown in Table 3.

Table 2. IHC Staining Pattern in Synovial Sarcoma

Synovial sarcoma(5) CK Vim EMA Bcl2 CD99 SMA CD34 Calretinin S100

Monophasic(3) 0 3 0 3 3 1 Focal expression 0 0 0

Biphasic (2) 2 2 1 2 2 1 0 0 0

Figure 1. A, Biphasic synovial sarcoma; cleft-like space 
observed in the center, H&E staining, 100X; B, CD99+ 
tumor cells, 100X; C, bcl-2 positive cells, 100X; D, ki67 
expression, 100X

Figure 2. A, Nests of invasive mesothelial cells, H&E 
staining, 40X; B, caletinin positivity in these cells, 100X; 
C, Epithelioid mesothelioma cells with prominent nucleoli, 
H&E staining, 100X; D, Atypical spindle cells in desmo-
plastic mesothelioma, H&E staining, 100X

Table 3. IHC Staining Pattern in Malignant Mesothelioma

Malignant Mesothelioma 
(4)

CK CK7 Vim Calretinin CD99 SMA CD34 Bcl2 S100

Epithelioid (3) 2 2 2 3 0 0 0 0 0

Desmoplastic (1) 1 0 1 1 0 0 0 Focal 
expression 0
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Vimentin expression varied. One other case was 
paucicellular and showed collagenous stroma with 
atypical invasive cells immunoreactive to calretinin 
and cytokeratin and, therefore, was designated as des-
moplastic mesothelioma. 

  ES, composed of sheets of round to polygonal cells 
with fine granular chromatin, moderate amount of eo-
sinophilic cytoplasm, and foci of necrosis (Figure 3A) 
expressing both cytokeratin and Vimentin were ob-
served (Figure 3B,C). No expression of mesothelial 
markers was observed 

The three cases of SFT showed cellular pattern with 

varying cellularity (Figure 4A). The tumor cells were 
positive for Vimentin, CD34 (Figure 4B), and CD99. 
Two of the cases also expressed bcl2 and one of them 
SMA. Inflammatory myofibrobroblastic tumor (IMT) 
(Figure 4C) composed of spindle cells immunore-
active to SMA (Figure 4E) and round cells positive 
to CD68 constituted one of the cases in the current 
study. Few desmin positive cells were observed. Mas-
son’s trichome staining showed the myofibroblasts 
(Figure 4D).

Table 4 summarizes the IHC staining of SFT and 
IMT. 

Figure 4. A, Solitary fibrous tumor with varying cellularity, 100X; B, CD34 positive cells in SFT, 100x; C, IMT with 
plasma cells (left upper half) and myofibroblasts (right half), H&E staining, 100X; D, Masson’s trichome staining, 
400X; E, SMA+ IMT,100X

Figure 3. A, Epithelioid sarcoma with polygonal cells and necrosis, right half, H&E staining, 100X; B, Cytokeratin 
positive tumor cells, 100X; C, vimentin positive tumor cells, 100X; Necrosis is observed in B and C.
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Table 4. IHC Staining Pattern in Solitary Fibrous Tumor and Inflammatory Myofibroblastic Tumor

Neoplasm CK Vim Calretinin CD34 CD99 SMA Bcl2 S100

SFT(3) 0 3 0 3 2 1 2 0

IMT (1) 0 1 0 0 0 1 0 0

A single case of primary pleural malignant neuro-
endocrine tumor was observed (Figure 5A) positive 
for EMA, synaptophysin, chromogranin (Figure 5B), 
and negative for napsin, leucocyte common antigen, 
desmin, and CD99.

Proliferative index by immunohistochemical stain-
ing for Ki67 was 5%. A lung/gastrointestinal (GI) pri-
mary was ruled out by fiberoptic bronchoscopy and 
endoscopic examination. Positron emission tomogra-

phy–computed tomography (PET-CT) showed no oc-
cult primary tumor.

The 18 cases of metastatic pleural neoplasms are 
shown in Table 5.

Pulmonary adenocarcinoma was the most common 
metastasis followed by infiltrating duct carcinoma of 
the breast (Figure 5C, D). One case of atypical car-
cinoid with 4MF/10HPF metastatic to pleura was  
observed. 

Table 5. Metastatic Pleural Neoplasms

Primary Neoplasm No. of Cases IHC Profile 

Pulmonary adenocarcinoma 12 CK7+,TTF1+, napsin+ calretinin-

Infiltrating duct carcinoma breast 7 CK7+,ER+,PR+,GCDFP+,TTF-calretinin-

Atypical pulmonary carcinoid 1 CK7+,CK5/6+, chromogranin+, synaptophysin+, 
and napsin-

Figure 5.  A, Cords of tumor cells in neuroendocrine carcinoma, H&E staining, 100X; B, Chromogranin expression in these 
cells, 100X; C, Pleura with metastatic breast carcinoma cells, H&E staining, 100X; D, ER expression in these cells, 100X
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Discussion
  Metastatic pleural neoplasms are more common 

compared with the primary pleural neoplasms (1,2). 
The same was observed in the current study with 
42.9% of primary neoplasms compared with 57.1% 
of secondary pleural tumors. A wide variety of un-
common primary pleural neoplasms were encoun-
tered. These entities need to be identified, which often 
requires a panel of IHC markers in addition to light 
microscopy. Primary pleural neoplasms are first dis-
cussed followed by metastatic tumors.

 Synovial sarcoma was the most common primary 
pleural neoplasm (14.2%) slightly outnumbering ma-
lignant mesothelioma (11.4%) in the current study 
contrary to other reports (7). Only 17 cases of pri-
mary synovial sarcoma of pleura are reported to date 
[8,9,10] with equal incidence of monophasic and 
biphasic variants, mean age of presentation being 
40 years (ranged 15-60) and slight male preponder-
ance (57%)  (8). Similar findings were observed in 
the current study with 80% incidence in males, mean 
age of 43 years, and 2:3 ratio of monophasic: biphasic 
variants. Differential diagnosis of synovial sarcoma 
(SS) includes sarcomatoid MM, SFT with its malig-
nant variant, malignant peripheral nerve sheath tumor 
(MPNST), metastatic spindle cell melanoma for the 
monophasic variant, and a biphasic malignant meso-
thelioma for the biphasic variant. Compact cellular 
long spindles as observed in the current study dif-
ferentiate SS from sarcomatoid MM. Other features 
include the presence of mast cells and PAS+ (diastase 
resistant), mucicarmine + (hyaluronidase resistant) 
secretions in biphasic SS, but not in biphasic MM 
(10). Immunoreactivity to bcl-2, and CD99 with fo-
cal cytokeratin reactivity in the epithelial component 
as observed in the current study readily differentiate 
it from MM, which exhibits diffuse positivity for CK 
and calretinin. Diagnostic utility is another marker 
for WT1 expressed only in the latter (10). In difficult 
cases, with overlapping features, the diagnosis is by 
demonstration of chromosomal translocation t (x; 18) 
(p11.2; q11.2) in SS. The cellular variant of SFT mor-
phologically resembles SS. CD34 immunoreactivity 

in SFT clinches the diagnosis. However, the malig-
nant SFT defined by the presence of nuclear atypia, 
necrosis, hypercellularity, and >4 mitoses/10 HPF can 
be negative for CD34. The absence of these features 
differentiates SS from malignant SFT. Prominent nu-
cleoli with HMB45 positivity differentiate melanoma 
from SS. A negative S100/GFAP rules out MPNST. 

Malignant mesothelioma was the second most com-
mon category. All the patients were elderly males 
with history of environmental exposure to asbestos 
as reported in the literature (11). Non-asbestos fibre 
erionite was also associated with mesothelioma in 
Turkey (11). Epthelioid mesothelioma outnumbered 
the desmoplastic variant, similar to other studies 
(11,12). Immunoreactivity to calretinin and negativity 
to HMB45 and other epithelial markers ruled out the 
possibility of metastatic melanoma, carcinoma. The 
differentiation of malignant mesothelioma from SS 
is already discussed. The single case of desmoplastic 
variant showed dense collagenous stroma with atypi-
cal mesothelial cells lining the haphazardly arranged 
slit-like spaces satisfying the 2004 WHO (the World 
Health Organization) criteria for desmoplastic meso-
thelioma. Fibrinous pleurisy needs to be differentiated 
from this variant. MM is an aggressive disease with 
a median survival of 12 to 18 months and epitheli-
oid types have better prognosis than the sarcomatoid/
desmoplastic variants. Unusual patterns of MM such 
as signet ring cell mesothelioma, lymphocytoid type, 
deciduoid, and mesothelioma with heterologous ele-
ments need to be identified as they mimic signet ring 
cell carcinoma, lymphoma, metastatic trophoblastic 
disease, and sarcoma (11).

ES is a rare neoplasm accounting for less than 1% of 
soft tissue sarcoma (13). Primary ES of the pleura is 
extremely rare with only two case reports published 
so far (14,15). ES are of two types, conventional dis-
tal and proximal type (15). Unlike the distal type, 
which occurs in distal extremities, the proximal type 
is observed in perineum, genital tract, head, and trunk. 
Presence of necrosis and polygonal to spindle cells 
are common features. The absence of granulomas and 
the frequent presence of rhabdoid cells are unique to 
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the proximal type (15). The single case of ES showed 
polygonal cells in sheets with necrosis with expres-
sion of CK and vimentin. No granulomas or rhabdoid 
cells were observed. ES is immunoreactive to CK and 
vimentin (15).Immunostaining for INI 1(tumor sup-
pressor gene) is used to confirm the diagnosis as a 
complement to the IHC markers.

SFT accounts for less than 5% of all pleural tumors 
and 10%-30% of these tumors are malignant (16). 
Three patterns are described: patternless pattern of 
Stout, hypocellular tumor with ropey collagen and 
few spindle cells in slit –like spaces; Hemangio-peri-
cytomatous pattern; and storiform pattern spindle cell 
(2).The three cases in the current study showed the 
cellular pattern. Positivity for CD34, bcl2 with Vi-
mentin characterises the tumor as seen in the present 
study (17). Zhu Y et al., reported a few CD34 negative 
cases of SFT (17). SMA expression as observed in 
one of the current study cases is reported by Martorell 
(18). The criteria to diagnose malignant SFT include: 
hypercellularity, > 4 MF/10 HPF, hemorrhage, and 
necrosis. They have poor prognosis, unlike SFT (16).

IMT is an intermediate biological potential neo-
plasm, which can recur and infrequently metastasize, 
accounting for less than 1% of pulmonary tumors. 
Pleural involvement is described as an extension of 
pulmonary IMT (19). Exclusive pleural IMT is ex-
tremely rare, with three cases reported in the literature 
(19,20,21), characterized by the presence of myofi-
broblasts and chronic inflammatory cells, the tumor 
is positive for SMA and vimentin, and negative for 
CD34 as observed in the current study case; CD68 
expression was also observed. ALK gene is expressed 
in 50% of IMT cases and the other 50% are malignant 
(20).

A single case of primary malignant neuroendocrine 
tumor of pleura is reported (21) so far in the literature. 
This rare tumor was observed in the current study, im-
munoreactive to chromogranin and synaptophysin. 
PETCT ruled out an occult primary similar to the case 
reported by Das and Pratap (21). Immunonegativity 
for LCA, CD99, and desmin ruled out other small 
blue cell tumors such aslymphoma, the Ewing/PNET, 

and DSRCT, respectively. 

Metastatic pleural tumors are more common ma-
lignant neoplasms of pleura, lungs, breast, and he-
matologic malignancy (lymphoma) are the common 
primary metastasizing neoplasms (1). In the current 
study, pulmonary adenocarcinoma was the most com-
mon followed by breast. One case of metastatic neu-
roendocrine tumor from an atypical bronchial carci-
noid was observed. Pleural metastasis from bronchial 
carcinoids is rare as described by Klee H and others 
(22).

Recognition of this spectrum of uncommon primary 
pleural neoplasms and differentiating them from each 
other is essential, since they have distinct treatment 
and prognosis as in malignant mesothelioma (sarco-
matoid/desmoplastic) vs synovial sarcoma (mono-
phasic variant). SS is responsive to chemotherapy, 
has longer survival (five-year disease free period of 
20.9%) while MM has an average survival of less 
than 12 months and is chemoresistant, especially sar-
comatoid variant (7,10). In addition, a diagnosis of 
MM has legal implications due to its strong associa-
tion with asbestos exposure.

Assessment of histological pattern along with a pan-
el of appropriate IHC markers clinches the final diag-
nosis. Thus, the panel of markers used in the current 
study- cytokeratin, calretinin, EMA, vimentin, CK7, 
CK20, TTF1, GCDFP, and HMB45 for epithelial/epi-
thelioid neoplasms, cytokeratin, vimentin, calretinin, 
CD34, CD99, SMA, bcl2, and S100 for spindle cell 
neoplasms, and EMA, cytokeratin, LCA, synap-
tophysin, chromogranin, naspsin and vimentin for 
small blue cell tumors provide sufficient clarity and 
distinction among the rare entities. In difficult situa-
tions, however, cytogenetic study and EM are needed 
to make a definitive diagnosis.
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