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Introduction
In the previous WHO classification (2015), the category of “meso-
thelial tumors” included the following subcategories: Adenomatoid 
Tumor (AT), Well-Differentiated Papillary Mesothelioma (WDPM), 
Multi-Cystic Peritoneal Mesothelioma (MCPM), malignant mesothe-
lioma in situ, diffuse malignant mesothelioma, and localized malig-
nant mesothelioma. However, in the new WHO classification (2021), 
the category has been changed to “pleural and pericardial tumors,” 
and the subcategory of MCPM, which is a peritoneal lesion, has dis-
appeared. Additionally, the word “malignant” has been omitted from 
“malignant mesothelioma”, and it has become “mesothelioma.” Hence, 
malignant mesothelioma in situ became Mesothelioma In Situ (MIS), 
while diffuse malignant mesothelioma and localized malignant meso-
thelioma became diffuse mesothelioma and localized mesothelioma, 
respectively. Furthermore, since the name “mesothelioma” now has 
a malignant connotation, well-differentiated papillary mesothelioma 
with a good prognosis was renamed Well-Differentiated Papillary Me-
sothelial Tumor (WDPMT) [1-3]. Nodular Histiocytic/Mesothelial 
Hyperplasia (NHMH) is a rare unique lesion that develops in various 
sites, including the peritoneum, lung, cardiac muscle, inguinal hernia, 
and spermatic cord, and can mimics a malignant tumor [4].

WDPMT of the peritoneum and NHMH of the spermatic cord are 
rare individual mesothelial diseases [4,5].  Herein, we report a case in 
which typical WDPMT of the peritoneum and NHMH of the spermat-
ic cord developed simultaneously, along with the clinical and immu-
nohistochemical findings of them. Additionally, regarding WDPMT 
of the peritoneum, we review the literature and discuss the laparo-
scopic, clinicopathological, and molecular pathological findings. 

Case Presentation
The patient was a man in his 40s with no history of asbestos expo-
sure. He visited our hospital for a detailed examination because his 
right inguinal hernia had gradually been enlarged over approximately 
2 months. A computed tomography scan revealed a hydrocele of the 
spermatic cord and ascites. The right spermatic cord lesion was extir-
pated using an anterior approach (Figure 1a). Laparoscopy revealed 
more than 10 scattered small nodules in the peritoneum (Figure 2a, 
b). A visceral peritoneal lesion in the right hepatic lobe (green arrow) 
was resected for pathological examination (Figure 2c)

Histological examination of the extirpated spermatic cord lesion re-
vealed a dilated hernia sac, with the inner surface was covered by one 
or two layers of swollen reactive mesothelial cells (Figure 1b). Within 
the sac, reactive mesothelial cells proliferated in an irregular reticu-
lar pattern with fibrin deposition and protruded into the cavity, and 
a cellular spherical nodule (N) (Figure 1c) was formed with dense 
proliferation of histocytes and a small number of reactive mesotheli-
al cells found in clustered or isolated patterns (Figure 1d). Reflecting 
such histology, the histiocytes were positive for CD68 (Figure 1e) and 

Abstract
Background: We report a case of incidental association between 
Well-Differentiated Papillary Mesothelial Tumor (WDPMT) of the peri-
toneum and Nodular Histiocytic/Mesothelial Hyperplasia (NHMH) of 
the spermatic cord. 

Case Presentation: The male patient was in his 40s with no history of 
asbestos exposure. A computed tomography scan of a gradually en-
larging inguinal hernia revealed seminal hydrocele and ascites. Lapa-
roscopy revealed multiple small nodules in the peritoneum. Histologi-
cally, the seminal hydrocele contained a nodule within the hernia sac. 
The nodule was mainly composed of histiocytes positive for CD68 
(Cluster of Differentiation 68), with a few scattered reactive mesotheli-
al cells positive for calretinin and epidermal growth factor-like domain 
1 (HEG1). The spermatic cord lesion was diagnosed as NHMH. The 
resected peritoneal nodule had an edematous stroma with a highly 
branching papillary pattern, and the surface was covered with a sin-
gle layer of non-dysplastic mesothelial cells positive for calretinin and 
HEG1. No nuclear deletion of BRCA1-Associated Protein 1 (BAP1), 
Methyl-Thioadenosine Phosphorylase (MTAP), or Merlin/Neurofibro-
matosis 2 (NF2) was found in the superficial mesothelial cells, and the 
diagnosis was WDPMT. 

Conclusion: In some cases, WDPMT may not be differentiated from 
Mesothelioma In Situ (MIS), or from diffuse or localized mesothelioma. 
In cases of MIS as well as diffuse or localized mesothelioma with a 
conspicuous papillary pattern, these tumors are difficult to differentiate 
from WDPMT when only the superficial components are obtained by 
biopsy, particularly owing to the lack of confirmation of invasion. In 
such cases, the findings of nuclear deletion of BAP1 (BRCA1-asso-
ciated protein 1), MTAP, and Merlin/NF2 using immunohistochemistry 
and homozygous deletion of p16 cyclin-dependent kinase 1 inhibitor 
2A using fluorescent in situ hybridization help to exclude the possibility 
of WDPMT or diagnose MIS, and diffuse or localized mesothelioma. 
Given the rarity of WDPMT, molecular studies are still underway, and 
further research is needed.
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Figure 1: Microscopic and immunohistochemical findings of the present NHMH of the spermatic cord.  A cut surface showing a dilated hernia 
sac (a. H&E × 12.5). Swollen reactive mesothelial cells form one or two layers in the inner surface (b. H&E × 40).  Within the hernia sac, a 

cellular nodule (N) is present (c. H&E × 400). Higher magnification of a part of the nodule consists of many histiocytes and isolated or clustered 
reactive mesothelial cells (d. H&E×200).  Reflecting the histology, the cellular nodule contains histiocytes positive for CD68 (e. × 100), reactive 

mesothelial cells positive for calretinin (f. × 100) and BAP1 nuclear retention of histiocytes and reactive mesothelial cells (g. × 100).

Note: NHMH: Nodular Histiocytic/Mesothelial Hyperplasia, H&E: Hematoxylin-Eosin stain, BAP1: BRCA1-associated protein 1.

the mesothelial cells were for calretinin (Figure 1f) and heated devel-
opment protein with epidermal growth factor like domain 1 (HEG1). 
Additionally, both the histiocytes and mesothelial cells showed nu-
clear retention in immunohistochemistry for BRACA1-Associated 
Protein 1 (BAP1) (Figure 1g). Methyl-Thioadenosine Phosphorylase 
(MTAP), and Merlin/Neurofibromatosis 2 (NF2) (Table 1). Based on 
these findings, this lesion was diagnosed as NHMH.

The resected peritoneal lesion (Figure 2c) was histologically (green ar-
row) characterized by edematous stroma with a highly branched pap-

illary structure and was covered by a single layer of well-ordered me-
sothelial cells with little atypia (Figure 2d-f). These mesothelial cells 
did not exhibit any mitotic figures. Mesothelial cells were immuno-
histochemically positive for Calretinin (Figure 3a), and HEG1 (Fig-
ure 3b), but negative for carcinoembryonic antigen (Figure 3c). Ad-
ditionally, Nuclear retention of the tumor cells by BAP1 (Figure 3d), 
MTAP (Figure 3e), and Merlin/NF2 (Figure 3f) was observed (Table 
2). Based on these findings, the lesion was diagnosed as WDPMT.
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Figure 2:  Endoscopic and microscopic findings of the present WDPMT of the peritoneum. Endoscopically, multiple small nodules are found at 
the pelvic site (a, b) and at the right diaphragm and hepatic lobe (c. green arrow). Microscopically, a highly branched papillary stroma covered 

with a single layer of well-ordered mesothelial cells with little atypia is seen (d. ×12.5, e. × 100, f. × 200).
Note:WDPMT:Well-Differentiated Papillary Mesothelial Tumor

Figure 3: Immunohistochemical findings of the present WDPMT of the peritoneum. Tumor cells covering a highly branched papillary stroma are positive for 
calretinin (a. × 200) and HEG1 (b. × 200) but not for CEA (c. × 200), and they show the nuclear retention of BAP1(d. ×200), MTAP (e. × 200) and Merlin/NF2 

(f. × 200).
Note: HEG1: Heart development protein with EGF like domains 1, CEA: Carcinoembryonic antigen, BAP1: BRCA1-Associated pro-

tein1, MTAP: Methyl Thioadenosine Phosphorylase, Merlin/NF2: Merlin/Neurofibromatosis 2.
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Antibody Lesion Tissue

Caletinin Positive for a few mesothelial cells

HEG1 Positive for a few mesothelial cells

CD68 Positive for many histiocytes

CEA Negative for histiocytes abd mesothelial cells

BAP1 Retained in nuclei of mesothelial cells

MTAP Retained in nuclei of mesothelial cells

Merlin/NF2 Retained in nuclei of mesothelial cells

Note: HEG1: Heart development protein with EGF like domains 1 CEA: Carcinoembryonic Antigen, BAP1: BRCA1-as-
sociated protein 1, MTAP: Methyl-Thioadenosine Phosphorylase, Merlin/NF2: Merlin/Neurofibromatosis 2.

Table 2: Immunohistochemistry results in present WDPMT of the peritoneum.

Antibody Tumor Tissue 

Caletinin Positive 

HEG1 Positive 

CEA Negative

Claudin 4 Negative

BAP 1 Retained in nuclei of tumor  cells 

MTAP Retained in nuclei of tumor  cells 

Merlin/NF2 Retained in nuclei of tumor  cells 

Table 1: Immunohistochemistry results in present NHMH of the spermatic cord.

Note: HEG1: Heart development protein with EGF like domains 1 CEA: Carcinoembryonic Antigen, BAP1: BRCA1-as-
sociated protein 1, MTAP: Methyl-Thioadenosine Phosphorylase, Merlin/NF2: Merlin/Neurofibromatosis 2.

Discussion
As mentioned above, the patient had NHMH associated with a sper-
matocele. A similar case has been reported, so far [6,7]. NHMHs are 
rare reactive lesions consisting of a mixture of histiocytes and reactive 
mesothelial cells. This disease concept was first established in 1975 
by Rosai et al. [6]. As benign mesothelial hyperplasia, Chen HJ et al. 
named this disease NHMH in 1997 [7], and the name has now become 
common [8,9], although Ordonez NG et al. used the name nodular 
histiocytic hyperplasia because the disease was primarily composed 
of histiocyte proliferation. Regarding localization, rare NHMH show-
ing reactive changes occurs at various sites, including the peritoneum, 
lungs, and cardiac muscle, although the lungs and cardiac muscle have 
no mesothelial cells [8, 10-12]. Concerning its etiology or mechanism, 
NHMH is related to various conditions, including inflammations, in-
fections, and tumors and it has been speculated that adhesion mol-
ecules and ligands after mesothelial cell damage and cytokine stim-
ulation occur [5,13]. Grech J et al. reviewed 74 cases of NHMH in 
2022 [5]. Accordingly, the age range was wide (1.5 years  to 87 years), 
and the male/female ratio was 32/39, with an unknown 3. The lesions 
ranged in size from 2 mm to 6.0 cm and were either single or multiple. 
They occurred in various locations, with lung lesions being associat-
ed with rickettsial pneumonia, lung cancer, and lung adenocarcino-
ma; groin lesions associated with inguinal hernia and spermatocele; 
pericardium lesions associated with rheumatic pericarditis, coronary 
artery disease, and pericardial cyst; and pelvic cavity lesions associat-
ed with abortion and endometriosis. Histologically, 72 cases showed 
a predominance of large histiocytes, 1 case showed a predominance 
of mesothelial cells, and 1 case showed an equal distribution of his-
tiocytes and mesothelial cells, with histiocyte predominance in most 
case. In the case, which occurred in a man in his 40s, histiocytes pre-
dominantly proliferated to a greater extent than mesothelial cells. Al-

though it is only a speculation, it is believed that chronic physical irri-
tation persisted in the inguinal hernia with the spermatic cord tissue, 
which protruded from the patient’s body surface, causing histiocytes 
to accumulate around the detached mesothelial cells, resulting in the 
development of NHMH.

In the present case, the peritoneal lesion was diagnosed as WDPMT 
according to the new WHO classification (2021). The patient is alive 
and doing well 10 months after the biopsy. Representative peritoneal 
mesothelial tumors include AT, WDPMT, MCPM, MIS, diffuse me-
sothelioma, and localized mesothelioma [1-3]. Their main character-
istics are as follows.: AT occurs more frequently in the uterus and the 
retroperitoneum than in the peritoneum. Histologically, enlarged me-
sothelial tumor cells grow in a cord-like arrangement between fibrous 
and hyalinized tissues. WDPMT occurs as single or multiple small 
nodular lesions in the peritoneum. Histologically, it shows a highly 
branched papillary pattern of edematous stroma covered by aligned 
mesothelial cells with little atypia. MCPM forms multiple cysts of var-
ious sizes, which are composed of mesothelial cells with little atypia. 
In MIS, mesothelial cells with nuclear atypia spread on the peritoneal 
surface with no invasion, and MIS slowly progresses to diffuse meso-
thelioma [14,15]. However, when MIS grows in a papillary pattern, it 
may be difficult to distinguish it from WDPMT [16]. In diffuse and 
localized mesothelioma, mesothelial cells with nuclear atypia prolif-
erate in various patterns [1,3]. When both the tumors grow in a pap-
illary fashion, it can be difficult to determine the presence or absence 
of invasion if only the superficial components are biopsied, making 
distinguishing them from WDPMT challenging [1,2]. On the other 
hand, immunohistochemically, MIS essentially shows nuclear deletion 
of BAP1 [2], and diffuse mesothelioma and localized mesothelioma 
demonstrate not only nuclear deletions of BAP1, but also MTAP and 
NF2, as well as homozygous deletion of p16 (CDK1N2A) using fluo-
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rescent in situ hybridization, but WDPMT does not. These findings 
are useful in distinguishing WDPMT from the other three diseases 
[1,2].

Few reports have been published on the clinicopathological findings 
of WDPMT, Sun M et al. reviewed 75 cases [17]. The ages of the pa-
tients ranged from 18 years to 69 years (median, 42 years), and the 
male-female ratio was 58:17. The lesions occurred as a single nodule 
or multiple miliary lesions in the visceral or parietal peritoneum. 
Histologically, 67 cases showed typical findings of WDPMT, 6 cases 
indicated microinvasion, and 1 case revealed malignant transforma-
tion. Four cases were associated with AT, 2 cases with MCM, and 2 
cases with both AT and MCM. Malpica A et al. reviewed 26 cases of 
peritoneal WDPMT in women [18]. The ages of the patients ranged 
from 23 yeras  to 75 years (median 47 years). None of the patients 
had a history of asbestos exposure. In 24 of the 26 cases, the tumor 
was discovered incidentally during surgery for benign or malignant 
lesions. In 13 cases, the tumor was found as single or multiple lesions, 
measuring 0.1cm to 2 cm, and was found anywhere in the peritone-
um of the abdominal cavity. Regarding the prognoses, 22 cases were 
disease-free, 1 recurred after 4 years, and 3 died of other causes in the 
follow-up period of 5 months to 112 months. Furthermore, an inter-
esting study has been reported on the prognosis. In the hyperthermia 
registration cases in Sweden, the 5-year disease-free survival period 
was compared between the peritoneal benign mesothelioma group 
(WDPMT and MCPM) and the peritoneal malignant mesothelioma 
group treated with hyperthermia-chemotherapy. The former had a 
disease-free survival rate of approximately 60%, whereas the latter 
had a disease-free survival rate of approximately 30% [19]. Regard-
ing malignant transformation of WDPMT, Costanzo L et al. in 2014 
reported a case as malignant transformation of WDPMT. In the case, 
a 66-years-old patient developed mediastinal lymph node metasta-
sis and pulmonary infiltration 13 years after the diagnosis of pleural 
WDPMT, and malignancy was confirmed by biopsy. Hower, because 
BAP1 immunohistochemical staining was not performed for the pleu-
ral lesion and pleural WDPMT was exceptional, whether it was really 
a WDPTM case is questionable [20].

As already mentioned, the present MDPMT showed immunohisto-
chemical nuclear retention of BAP1, MTAP, and Merlin/NF2, but de-
tailed molecular studies were not performed. Molecular or genetical 
studies on diffuse mesothelioma and MIS have included detailed anal-
yses using whole exome sequencing [21,22]. Such studies have been 
rarely performed. Hassan A et al. [23] advocated that BAP1 nuclear 
retention was require to diagnose WDPMT or differentiate it from 
MIS. Nemoto H et al. [24] analyzed NF2 at 22q12.3 in a female patient 
who was diagnosed with WDPMT through laparoscopic biopsy and 
survived for 4.5 years and found LOH. Thus, the authors speculated 
that this abnormality was an early change in WDPMT. NF2 abnor-
malities are related not only to malignant mesothelioma but also to 
its development. However, abnormalities in BAP1 are considered ear-
ly events in tumor development in diffuse mesothelioma, while ab-
normalities in NF2 are late events [25]. Based on these findings, it is 
reasonable to conclude that WDPMT and diffuse mesothelioma have 
different molecular mechanisms of action. However, research on ge-
netic abnormalities in WDPMT is limited, and further data should be 
accumulated.

Conculsion
Herein, we reported a case of typical peritoneal WDPMT occurring 
simultaneously with NHMH of the spermatic cord. The association 
should be coincidental, as the co-occurrence of the two lesions has not 
been reported previously. It is important to recognize that unlike MIS 
and mesothelioma, peritoneal WDPMT is classified as a benign tumor 
in the new WHO classification, develops more frequently in women 
with no history of asbestos exposure, grows in a distinct papillary pat-

tern, and shows no nuclear deletions on BAP1, MTAP, or Merlin/NF2 
immunostaining.
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