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Well-differentiated papillary mesotheliomas have rarely been reported to involve the testis tunica vaginalis.

While the classic histology of the originally described well-differentiated papillary mesotheliomas consisted of

papillae lined by a single layer of bland cuboidal cells, more complex architectural patterns have been

described. This report details our experience with eight paratesticular mesotheliomas that span the histological

spectrum from classic well-differentiated papillary mesotheliomas to those with more complex patterns. We

attempt to determine whether there are prognostic or immunohistochemical differences between these lesions

and 28 diffuse malignant mesotheliomas. All cases had papillary/tubulopapillary in addition to more complex

architectures (cribriform, condensed) and none showed evidence of invasion. Mitotic figures were present in

seven cases and averaged 2.1 mitosis per 50 h.p.f. All cases showedr1% of positive cells staining for Ki-67 and

p53, and only one case stained positive for GLUT-1 in comparison with 50% positivity for GLUT-1 in diffuse

mesotheliomas. Of five patients with follow-up information of more than 1 year, three patients were alive at 2, 3

and 9 years, and two died of unknown causes at 5 and 47 years, suggesting that these lesions behave more

indolently than typical malignant mesotheliomas of the tunica vaginalis. If these cases were diffuse malignant

mesotheliomas, one would have expected at least some of the patients to have died of disease within a couple

of years after diagnosis. However, detailed and long-term follow-up were not sufficiently available to reach

definitive conclusions on the true biological behavior of these tumors. The morphological continuum noted

between our cases and classic well-differentiated papillary mesotheliomas, combined with their immunohis-

tochemical profile and indolent behavior, contrasts with that of diffuse malignant mesotheliomas. We propose

that these tunica vaginalis mesotheliomas, which are more complex than the classic well-differentiated

papillary mesotheliomas, and yet are not overtly histologically malignant, be classified as ‘mesotheliomas of

uncertain malignant potential’.
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Mesotheliomas are relatively rare tumors that arise
from the serosal surface of the pleura, peritoneum
and pericardium. On rare occasions, they originate
from the tunica vaginalis of the testis in which
case they manifest as a paratesticular mass.
Although diffuse malignant mesotheliomas are

highly malignant tumors, rare forms that are much
less aggressive, exist. These include multi-cystic
mesotheliomas and well-differentiated papillary
mesotheliomas.1,2 Well-differentiated papillary me-
sotheliomas usually occur in the peritoneum of
young women, but on rare occasions they have been
reported to involve the testis tunica vaginalis. While
the histology of the originally described classic well-
differentiated papillary mesothelioma consisted of
papillae lined by a single layer of bland cuboidal
cells, more complex architectural patterns of
growth, including tubulopapillary and even solid
patterns, have been described and included by some
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investigators as part of the spectrum seen with this
entity.1–3 This report details our experience with
eight paratesticular mesotheliomas that have histo-
logical features that are borderline between classic
well-differentiated papillary mesothelioma and dif-
fuse malignant mesothelioma. We also attempt to
determine whether there are immunohistochemical
differences between these borderline cases and overt
diffuse malignant mesothelioma.

Materials and methods

Eight cases of paratesticular mesotheliomas with
borderline histological features between well-
differentiated papillary mesothelioma and diffuse
malignant mesothelioma were identified from
the consultation files of one of the authors. Although
there has been a controversy in the literature
regarding the definition of well-differentiated papil-
lary mesothelioma, for the purposes of this study
and as defined by most investigators in the litera-
ture, we use this term for a localized solitary tumor
exhibiting exclusively a papillary architecture in
which the papillae are lined by a single layer of
bland cuboidal cells. Clinical information, includ-
ing treatment and follow-up, was obtained when
available by contacting the treating physician. In all
cases, death status was searched ‘online’ using the
Social Security Death Index Database website
(http://www.genealogybank.com/gbnk/ssdi/). Hema-
toxylin and eosin-stained slides were available for
review in each case. Immunohistochemical staining
was performed on formalin-fixed, paraffin-em-
bedded tissue in all cases using an avidin–biotin
peroxidase complex method. Sections from the
paraffin block were cut at 4–5 mm, placed on
positively charged slides, deparaffinized in organic
solvents, treated with methamolic H2O2 and rehy-
drated. P53 (1:2000, monoclonal; Ventana), Ki-67
(1:1000, monoclonal; Ventana) and GLUT-1 (1:100,
monoclonal; Dako) stains were performed. Immu-
noreactivity was visualized using diaminobenzidine
as the chromogen. We also included in this study 28

cases of diffuse malignant mesotheliomas taken
from a recently constructed tissue microarray that
included pleural-based mesotheliomas. Those cases
were stained with p53 and GLUT-1 to compare their
staining pattern with cases from this series. Ki-67
staining on the pleural mesotheliomas’ tissue micro-
array was attempted but was unsuccessful because
of the lack of tissue. The percentage of cells showing
nuclear staining for p53 and Ki-67, and membranous
staining for GLUT-1, was recorded by visual estima-
tion, and a case was considered positive for p53 only
when strong nuclear staining was noted.

Results

Clinical Features

The salient clinical features of cases are summarized
in Table 1. The age of patients at presentation ranged
from 34 to 73 years (mean 52.5). In seven out of eight
cases, hydrocele was the initial manifestation of
disease, and only one patient (no. 4) presented with
a scrotal mass. Detailed history of asbestos exposure
was unavailable.

Pathological Findings

In six cases (no. 1, 3, 4, 6, 7, 8) the tumor presented
as a solitary polypoid papillary mass protruding out
of the surface of the tunica vaginalis, and in one case
multiple separate nodules were present (no. 5)
(Figures 1a and b). In one case (no. 2), the tumor
formed a plaque-like lesion (Figure 1c). The greatest
size of the tumor (or of the largest lesion in multi-
focal cases) ranged from 0.3 to 2 cm (mean 1 cm).

All cases had a papillary/tubulopapillary archi-
tecture at least focally (occupying 10–95% of the
tumor) (Figure 1d). The fibrovascular papillary cores
were of different sizes, with the stroma being
hypocellular edematous, myxoid or with hypocel-
lular fibrosis. In all cases, at least focally the papillae
were lined by a single layer of cuboidal cells
(Figure 1e). In six cases, the papillary projections

Table 1 Clinical features

Case no. Age (years) Clinical presentation Treatment Follow-up

1 43 Hydrocele Hydrocelectomy 3 years, NED
9 years, A

2 49 Hydrocele Orchiectomy 1.5 years, NED
2 years, A

3 73 Hydrocele Orchiectomy 2 months, NED
8 months, A

4 34 Scrotal mass Orchiectomy 3 years, A
5 61 Hydrocele Hydrocelectomy 1.5 years, NED

5 years, D
6 53 Hydrocele Hydrocelectomy 47 years, D
7 57 Hydrocele Hydrocelectomy Recent
8 50 Hydrocele Hydrocelectomy Recent

Abbreviations: A, alive; D, dead unknown causes; NED, no evidence of disease.
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also contained anastomosing cords of tumor cells
that formed cribriform structures (Figures 1f–2a). In
some areas, the cords had a back-to-back arrange-
ment with minimal intervening stroma, showing a
condensed appearance (seven cases), and in two
cases (no. 2 and 5) this was the predominant pattern
in the tumor (Figures 2a and b). One case had
prominent acellular sclerosis (Figure 2c) and in
another case (no. 6) psammoma bodies were identi-
fied. In one case (no. 8) the tumor contained a well-
circumscribed area that was indistinguishable from
giant cell tumor of bone/soft tissue, with a prolifera-
tion of monotonous mononuclear cells and osteo-
clast-like giant cells in a background of hemorrhage
and hemosiderin-laden macrophages. While the
osteoclast-like giant cells stained positive for
CD68, the mononuclear cells stained focally positive

with epithelial and mesothelial markers (Figure 2e
and f). In all the cases, despite the complex
architectural patterns, none showed clear-cut evi-
dence of invasion of the sub-mesothelial tissue,
lacking downward irregular infiltrative borders or a
surrounding cellular desmoplastic stromal reaction.

Cytologically, individual tumor cells in six cases
showed scattered mild degenerative atypia, with
moderately abundant eosinophilic cytoplasm, cen-
tral vesicular nuclei and occasional conspicuous
nucleoli (Figure 2d). In the other two cases, the
nuclei were uniformly bland. Nuclear pseudo-
inclusions were abundant and were identified to
some extent in all cases. Mitotic figures were present
in seven out of eight cases, and averaged 2.1 mitosis
per 50 high-power field (h.p.f.) (range 0–6) (Figure 2d).
In the case that showed the highest mitotic activity

Figure 1 (a) A low-magnification view of multiple papillary masses studding the surface of the tunica vaginalis. (b) Two small papillary
excrescences of mesothelioma on tunica vaginalis. (c) Plaque-like growth of mesothelioma seen in one case. (d) A low-magnification view
of the papillary growth pattern of mesothelioma. (e) A high-magnification view of mesothelioma showing single layer of bland cuboidal
cells. (f) In addition to papillary projections, the base of the stalks shows hyalinization with anastomosing cords of tumor cells forming
cribriform structures.
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(no. 3), mitoses were mainly seen in the areas of the
tumor with complex architecture (cribriform, or
condensed patterns of growth) rather than in the
cells lining the papillary structures. All cases lacked
atypical mitotic figures or necrosis (Table 2).

Immunohistochemical Findings

Only one of the eight cases of the series (12.5% of
cases) stained positive for GLUT-1 and the staining
was very focal (1% of the cells). In comparison, 50%
(n¼ 14) of the cases of diffuse malignant mesothe-
liomas were positive for GLUT-1, with the majority
showing less than 25% positivity for the cells. The

same pattern was noted for Ki-67, which labeled
r1% of the cells in all cases of our tunica vaginalis
mesotheliomas. p53 was negative in five cases of
tunica vaginalis mesotheliomas and r1% in the
remaining three cases in comparison with 31%
positivity (8 out of 26 evaluable cases) in the diffuse
malignant mesothelioma cases with a mean of 33%
positive cells in individual cases (range 1–90%).

Treatment and Follow-up

Three patients underwent radical orchiectomy,
which showed no evidence of residual disease.
In five patients the only surgical procedure was a

Figure 2 (a) Anastomosing cords of tumor cells forming cribriform (top and inset) and condensed growth patterns (bottom) alternating
with the papillary architecture (left). (b) The spectrum of patterns ranging from papillary (left) to cribriform and condensed. (c) In one
case, cells were surrounded by a prominent acellular sclerotic stroma, resulting in a pseudo-infiltrative growth pattern. (d) The
individual tumor cells may show mild degenerative atypia with occasional conspicuous nucleoli and mitotic figures (arrow).
(e) Paratesticular mesothelioma (right) admixed with a well-circumscribed area rich in giant cells. (f) A giant cell tumor-like area
composed of monotonous mononuclear cells and osteoclastic giant cells.

Mesothelioma of the tunica vaginalis

1168 F Brimo et al

Modern Pathology (2010) 23, 1165–1172



hydrocelectomy. None of the patients received
adjuvant chemotherapy or radiation therapy. Fol-
low-up information (Z1 year) from urologists was
available in three of the eight cases. Among the three
patients with follow-up information from urologists,
all did not show evidence of disease recurrence or
progression at 1.5 years (two patients) and 3.5 years
(one patient) post-surgery; on the basis of the Social
Security Death Index, two were alive at 2 and 9
years, and the third died of unknown causes
after 5 years. In addition, on the basis of the Social
Security Death Index, one of the eight patients was
alive (disease status unknown) at 3 years and
another patient died of unknown causes 47 years
following diagnosis. The three remaining cases were
recent; in one case, the patient was free of disease 2
months after surgery, and two cases are too recent
for follow-up.

Discussion

During embryonic life, the tunica vaginalis forms
from an outpouching of the peritoneal fold and thus
mesotheliomas may rarely develop in the paratesti-
cular tissues.4–6 Paratesticular mesotheliomas,
which comprise less than 1% of all cases of
mesothelioma, are usually malignant and aggressive
tumors that are morphologically identical to me-
sotheliomas at other sites, and may therefore show
an epithelial, spindle cell or biphasic morphol-
ogy.1,2,7 Well-differentiated papillary mesothelioma
is a rare form of mesothelioma that typically arises
from the peritoneum or pleura and only rarely
involves the testicular tunica vaginalis. Differentiat-

ing diffuse malignant mesothelioma from well-
differentiated papillary mesothelioma has prognos-
tic and therapeutic implications.

In the literature, different morphological criteria
for what constitutes a well-differentiated papillary
mesothelioma have been described over the years,
which have contributed in major part to the
controversy surrounding this entity in terms of the
terminology used and the behavior of those tumors.
The definition provided by most experts in the vast
majority of cases, including those in the World
Health Organization (WHO) classification of tumors
and in three of the four largest published series,
is that of a localized solitary tumor showing
exclusively a papillary architecture in which the
papillae are lined by a single layer of bland cuboidal
cells.2,8–12 In other reports, a tubular architecture
was included as part of the histological spectrum of
changes that can be seen in this entity.1,3,6 In the
original series of Daya et al, some cases with more
complex architectural patterns, including focal solid
growth, were also described. However, the authors
acknowledged that the lack of long-term follow-up in
their series precluded reaching definite conclusions
on whether those cases with more complex archi-
tecture can be considered with certainty as well-
differentiated papillary mesotheliomas, and there-
fore as indolent tumors, or whether they should be
considered as diffuse mesotheliomas.3 The common
histological features in all the reported cases of well-
differentiated papillary mesotheliomas are the bland
nuclear cytology and low or absent (r1 mitotic
figure per 10 h.p.f.) mitotic activity. In a series of 19
peritoneal mesotheliomas in women, Goldblum et al
reported six cases of incidental, small and localized

Table 2 Pathological findings

Case no. Focality Size (cm) Architectural
pattern of growth

Atypia Mitotic count
(per 50 h.p.f.)

1 Solitary 0.3 50% Pap
50% C
20% Cr

Mild 2

2 Multi-focal 1.1 90% C
10% Pap

Mild 2

3 Solitary 2 75% Pap
20% Cr
5% C

No 6

4 Solitary 1.4 95% Pap
5% C

Mild 1

5 Multi-focal 0.3 50% C
30% Cr
20% Pap

Mild 1

6 Solitary 0.7 90% Cr
10% Pap

No 0

7 Solitary 0.6 30% Pap
60% Cr
10% C

Mild 3

8 Solitary 1.3 80% Cr
10% C
10%Pap

Mild 2

Abbreviations: C, condensed; Cr, cribriform; Pap, papillary; h.p.f, high-power field.
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peritoneal mesothelial neoplasms with some mor-
phological features similar to those reported in the
current series: one was exclusively composed of
papillary structures lined by bland cells and five
had a tubulopapillary architecture, with two cases
showing small foci of nests and cords of neoplastic
cell in the sub-mesothelial tissue. Nuclei were
bland, with the exception of two cases in which
grade 2 nuclei were present, and four out of their
six cases had mitotic activity that ranged from 1
to 3 mitoses per 10 h.p.f. in ‘selected areas of the
tumors’. Although all of their cases had a benign
follow-up, the authors preferred using the term
‘localized mesothelioma’ or ‘localized mesothelioma
of low-grade malignancy’ rather than ‘well-differ-
entiated papillary mesothelioma,’ cautioning of the
potential ‘benign’ connotation (and therefore the
potential under-treatment) that a diagnosis of ‘well-
differentiated papillary mesothelioma’ might give to
similar cases without a thorough and long-term
clinical follow-up.11

Therefore, there seems to be a consensus among
different authors that cases, which are exclusively
composed of papillary structures lined by bland
cells, can be labeled as well-differentiated papillary
mesotheliomas and can be expected to follow a
benign clinical course if completely excised. How-
ever, there is disagreement on how to classify cases
that show any of the following features: (1) tumor
multi-focality, (2) intermediate-grade nuclei, (3)
increased mitotic activity and (4) growth patterns
more complex than the simple papillary architecture
(similar to the cases reported in the current
series).3,11,13,14 Another point worth mentioning, as
Baker et al and Goldblum et al emphasized, is that
one should be aware that individual foci within an
unequivocal diffuse malignant mesothelioma might
be indistinguishable from a well-differentiated
papillary mesothelioma. Therefore, it is imperative
that most, if not all, of the lesions be removed before
such a diagnosis be rendered.11,13

To our knowledge, there have only been 11
well-documented cases reported as paratesticular
‘well-differentiated papillary mesothelioma’ to
date.3,6,8,12,15–21 However, on the basis of microscopic
descriptions and illustrations five had more com-
plex areas within them, similar to the cases reported
here.6,12,16,18,20 Among the 11 cases, only one
recurred and progressed to diffuse malignant me-
sothelioma. A fact that is frequently overlooked is
that the only reported ‘malignant’ case, which was
part of a series of 11 cases of mesotheliomas of the
tunica vaginalis by Jones et al, was not originally
labeled by the authors as a well-differentiated
papillary mesothelioma, but rather as a ‘mesothe-
lioma with prominent papillary features’.20 How-
ever, it is often referred to in the literature as an
example of paratesticular well-differentiated papil-
lary mesothelioma with an aggressive behavior.2,6,20

In the original article, this tumor was described as
having ‘focal microscopic invasion of the hydrocele

wall,’ which is a finding not usually seen in well-
differentiated papillary mesotheliomas; this case
was not illustrated in the paper.20 Therefore, it is
unknown whether the only case of paratesticular
‘well-differentiated papillary mesothelioma’ that
was reported to have recurred and progressed
represents diffuse malignant mesothelioma with
prominent papillary features rather than well-differ-
entiated papillary mesothelioma.

The cases in the current series showed morpho-
logical features bridging classic well-differentiated
papillary and diffuse malignant mesothelioma. In
addition to the papillary/tubulopapillary architec-
ture, all cases at least focally showed more complex
growth patterns. These included cribriform and
condensed growth patterns. We are aware that some
of these features might be interpreted by some as
evidence of sub-mesothelial stromal invasion and
therefore of overt malignancy. However, the neo-
plastic cells in these areas did not show irregular
downward growth and lacked a surrounding cellu-
lar desmoplastic stromal reaction, and we favor that
they represent proliferating mesothelial cells rather
than infiltration. In addition, the giant cell tumor-
like growth that was noted in one case from the
current series (no. 8) is a feature that has never
been reported earlier. Although giant cell tumor of
bone/soft tissue follows an indolent course with
the potential for local recurrence and very rarely
malignant behavior, it is unknown whether the
presence of such areas in the current example
carries an adverse prognosis. That the giant cell
tumor-like areas were intimately admixed with the
neoplastic mesothelial cells as part of the same
lesion and that some cells within the giant cell
tumor-like areas stained focally positive for me-
sothelial markers make us favor the position that
this pattern is a peculiar stromal reaction to
mesothelial cells rather than being a separate
primary tumor. Other morphological features in the
current series that are borderline between well-
differentiated papillary mesothelioma and diffuse
malignant mesothelioma are the presence of mitotic
activity in the vast majority of cases (7 out of 8
cases), in contrast to only one of the 60 cases of well-
differentiated papillary mesothelioma included
in the three major series recorded to date.3,10,15 It
should be noted that mitoses in our cases were
relatively rare and averaged 2.1 mitosis per 50 h.p.f.,
and in no case atypical mitotic figures were seen.

At the immunohistochemical level, no study to
date has compared the expression of different
markers between diffuse malignant mesothelioma
and well-differentiated papillary mesothelioma.
Rather, studies have focused on differentiating
diffuse malignant mesothelioma from reactive me-
sothelial proliferations. Although no single antibody
has been shown to carry a discriminatory value,
several markers have been reported to be more
commonly expressed in diffuse malignant mesothe-
lioma than in reactive mesothelium. King et al, who
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analyzed the results of 10 previous studies con-
ducted on the subject, showed that p53 carries a
sensitivity of 58% and specificity of 91% for diffuse
malignant mesotheliomas, and in the majority of
those studies, positive p53 staining was considered
to be present when any positive staining was seen in
an individual case regardless of the percentage of
positive cells.22–26 Using this latter criterion, three
out of our eight cases of tunica vaginalis mesothe-
liomas showed positivity in comparison with 8 out
of 26 evaluable cases (31% of cases) of pleural
diffuse malignant mesothelioma that we studied.
However, the percentage of cell staining was
significantly different between the two groups;
whereas the mean of positive cells was 33% in
diffuse mesothelioma (range 1–90%), only extre-
mely focal staining (r1% positive cells) was noted
in the three positive cases of our series. The same
applies to Ki-67, which has shown in the literature
higher expression in diffuse malignant mesothelio-
mas (mean: 24.6% positive cells; range: 1–70%) in
comparison with reactive mesothelial cells (mean:
6.2% positive cells; range: 0–25%).27–29 GLUT-1, a
member of the glucose transporter family, has also
recently been reported to be a useful marker in that
differential diagnosis by showing higher expression
in diffuse malignant mesotheliomas (63–100% of
cases) in comparison with reactive cases (0–27% of
cases).30,31 In our hands, GLUT-1 was positive in
50% of the diffuse malignant mesothelioma cases.
Only one case of tunica vaginalis mesothelioma was
labeled with GLUT-1 and did so only very focally.
The immunoprofiles of our cases are closer to that of
reactive mesothelial cells than that of diffuse
malignant mesotheliomas.

Although a substantial proportion of peritoneal
diffuse malignant mesotheliomas have been shown
to behave indolently unlike their pleural counter-
parts, these tumors are still lethal with 60% of
patients dying of the disease in the first 4 years after
diagnosis, according to the largest series reported to
date by Kerrigan et al.14 Furthermore, one cannot
necessarily equate the behavior of diffuse peritoneal
malignant mesotheliomas in women with tunica
vaginalis mesotheliomas in men. Malignant me-
sothelioma of the tunica vaginalis is reported to
carry a mean disease-specific survival ranging from
26 to 36 months in comparison with 6 to 12 months
for pleural mesothelioma.32–34 Of our five patients
with follow-up information over 1 year, patients
were alive at 2, 3 and 9 years, and died of unknown
causes at 5 and 47 years, suggesting that these
lesions behave more indolently than typical malig-
nant mesotheliomas of the tunica vaginalis. If these
cases were diffuse malignant mesotheliomas, one
would have expected at least some of the patients to
have died of disease within a couple of years after
diagnosis. However, detailed and long-term follow-
up on these cases was not sufficiently available to
reach definitive conclusions on the true biological
behavior of these tumors.

We propose restricting the term ‘well-differen-
tiated papillary mesothelioma’ in the paratesticular
region to those localized tumors that show an
exclusive papillary architecture in which the
papillae are lined by a single layer of bland cuboidal
cells. Cases from the current series represent a
morphological continuum between classic well-
differentiated papillary mesothelioma and diffuse
malignant mesothelioma. Although the evidence
suggests that these lesions should not be labeled as
diffuse malignant mesothelioma on the basis of
immunohistochemical and follow-up data, we do
not believe that there are sufficient data in the
literature or in the current series to recommend
labeling of those tumors as well-differentiated
papillary mesothelioma. If additional data become
available showing that a minority of these cases is
associated with more aggressive behavior, then the
term ‘mesothelioma of low malignant potential’
could be applied. However, on the basis of the
current data, we propose that tunica vaginalis
mesotheliomas, which are more complex than the
classic well-differentiated papillary mesotheliomas,
and are yet not overtly histologically malignant, be
classified as mesotheliomas of uncertain malignant
potential.
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