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Summary Malignant mesothelioma (MM) arising from the serosal membranes of the tunica vaginalis testis
(TVT) is rare. Most examples in the published medical literature are individual case reports. This study pre-
sents the clinicopathological findings of mesothelioma of the TVT in one of the largest series to date. Indi-
viduals with mesothelioma of the TVT were identified from a database of more than 4000 mesothelioma
cases, and their clinicopathological features were recorded. Eighteen men with MM and 2 with well-
differentiated papillary mesothelioma of the TVT were identified, which represented 0.6% of males with
mesothelioma in study population. The median age at diagnosis was 72 years (range, 32-85 years). A neo-
plasm was not suspected preoperatively in 12 of the 17 (71%) men whose clinical presentation was known, 7
of whom presented with hydrocele and 5 with inguinal hernia. The other 5 had a clinically recognized mass.
Seven of the men underwent herniorrhaphy; 7, radical orchiectomy; 3, hydrocelectomy; and 3, paratesticular
mass biopsy or excision as the initial diagnostic procedure. Twelve of the MM cases were epithelioid and 6
were biphasic. Among the 6 men with MM who had =6 months of follow-up, 1 was alive with no evidence
of disease at 6 months, and 5 were known to have died of disease 8-74 months (median = 31.5 months) fol-
lowing diagnosis. Three men with MM had received either chemotherapy or radiation therapy. Of the 2 men
initially diagnosed with well-differentiated papillary mesothelioma, 1 was alive without evidence of disease
5 years after diagnosis, while the other had findings more compatible with MM with peritoneal involvement
2 years following initial diagnosis. In 15 of the 18 cases of MM (83%), there was documented occupational
or paraoccupational exposure to asbestos, the average duration of which was 33 years (range, 2-46 years).
Information regarding the presence or absence of pleural plaques was available in 5 of the MM cases, and
pleural plaques had been found in 4. Lung tissue was not available for fiber analysis in any of the cases.
One additional case originally diagnosed at another institution as MM of the TVT was reclassified as ade-
nocarcinoma following performance of additional immunohistochemical testing. TVT is a rare site of
MM, the diagnosis of which is often unsuspected preoperatively. Like its counterparts at other serosal sites,
MM of the TVT is an aggressive tumor with a poor prognosis that evidence would suggest is etiologically
associated with asbestos in at least some cases.
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1. Introduction

The tunica vaginalis testis (TVT) is subject to the
same spectrum of mesothelial lesions as the peritoneum
with which it has an embryologic connection. By far,
the most common mesothelial lesion of the TVT is reac-
tive mesothelial hyperplasia, which can occasionally be
so florid as to cause diagnostic confusion with malig-
nancy [1]. Rarely, the TVT is the site of well-differentiated
papillary mesothelioma (WDPM) or malignant mesothelioma
(MM). Examples of these number only in the hundreds in
the published medical literature, mainly as individual case re-
ports and small case series. The purpose of this study is to de-
tail the clinicopathological characteristics of mesotheliomas of
the TVT using a large consultation database to provide one of
the most comprehensive series to date.

2. Materials and methods

A retrospective search of a database compiled by one of the
authors (V. L. R.) containing more than 4000 mesotheliomas
received in professional and medicolegal consultation from
1982 to the present time was undertaken to identify tumors
arising in the TVT. Cases were excluded if the initial diagnosis
of mesothelioma had been made at a site other than the TVT.
The diagnosis of mesothelioma was based upon histologic
and immunohistochemical features, in accordance with the
World Health Organization classification, along with charac-
teristic macroscopic findings, as determined by imaging find-
ings and observations made at the time of surgical
exploration [2]. Information regarding age, clinical presenta-
tion, presence or absence of pleural plaques and asbestosis, as-
bestos exposure history, macroscopic features, histologic type
of mesothelioma, immunohistochemical findings, treatment,
and survival was recorded for each case when available. A
2-sided, 2-sample median test was used to compare the median
age of men with mesothelioma of the TVT and men with me-
sothelioma of either the pleura or peritoneum. Statistical anal-
ysis was performed using SAS Version 9 statistical software
(SAS Institute, Cary, NC). Statistical significance was based
on oo = .05. This study was approved by the Duke University
Institutional Review Board.

3. Results

Eighteen men with MM and 2 with WDPM of the TVT
whose cases were reviewed in consultation between the years
of 1987 and 2017 were identified from a database containing
3589 men with mesothelioma. These represented 0.6% of all
males with mesothelioma in the database. The clinicopatho-
logical findings of all 20 cases are summarized in Table 1.

One of the WDPM cases (WDPM case 1) was originally re-
ported in a previously published study, since which time addi-

tional clinical information has become available [3].

The median age at the time of diagnosis for men with me-
sothelioma of the TVT was 72 years (range, 32-85 years),
which was similar to men in the study database with mesothe-
lioma of the pleura (P = .65) but significantly older than men
with mesothelioma of the peritoneum (P = .007). The clinical
presentation was known in 17 men, only 5 (29%) of whom
were suspected to have a neoplastic process prior to surgery.
The most common presenting features were hydrocele (n =
7); groin, paratesticular, or testicular mass with associated
scrotal pain and/or swelling (n = 5); or inguinal hernia (n =
5). Several men had signs and/or symptoms months to years
prior to diagnosis. One man (MM case 1) had undergone hy-
drocele drainage 1 year prior to the diagnosis of MM, whereas
another (MM case 18) underwent hydrocelectomy 2 years ear-
lier. Two other men (MM cases 10 and 11) had longstanding
presumed hydrocele for 5 or more years. Two of the men pre-
sumed to have inguinal hernia had undergone ipsilateral ingui-
nal herniorrhaphy, one at 3 years prior to the diagnosis of MM
(MM case 3) and another (MM case 13) twice at 30 years and
6 years prior to his MM diagnosis. Another man (MM case 5)
had a history of ascites with atypical epithelial cells on perito-
neal biopsy that was presumed to represent tuberculous perito-
nitis 2 years prior to presenting with signs and symptoms that
were attributed to inguinal hernia. Preoperative imaging infor-
mation was available in 7 of the men. Two of the men had un-
dergone preoperative computed tomography of the abdomen
and pelvis (MM cases 5 and 9), and 6 had undergone scrotal/
testicular ultrasound (MM cases 1, 3,9, 11, 15, and 18), which
disclosed hydrocele in 5 cases and an array of other findings.
The types of specimens in which the diagnosis of mesotheli-
oma was initially established were as follows: herniorrhaphy
(n = 7), radical orchiectomy (n = 7), hydrocelectomy (n =
3), and paratesticular mass biopsy or excision (n = 3). Three
of the men who had not undergone radical orchiectomy ini-
tially (MM cases 1, 12 and 18) did so shortly after their diag-
nosis of MM. Operative findings ranged from gritty
excrescences and nodules or masses up to 5 cm in greatest di-
mension to rindlike thickening of the TVT.

Of the 18 MM cases, 12 were epithelioid (Fig. 1) and 6
were biphasic (Fig. 2). Among the epithelioid MMs, the most
common growth pattern was tubular, which predominated in 5
cases. Four cases were predominantly tubulopapillary,
whereas another 2 cases exhibited a prominent papillary pat-
tern. Most epithelioid cases also contained areas of sheets,
nests, and/or infiltrating cords surrounded by desmoplastic
stroma, which was the predominant appearance in 1 case.
Two epithelioid cases featured wispy basophilic secretions
(MM cases 3 and 7). One epithelioid case showed focally
myxoid stroma as well as foci resembling WDPM (MM case
6). At least focal stromal invasion was present in all of the ep-
ithelioid cases. The biphasic cases demonstrated an epithelioid



Table 1  Clinicopathological features of mesotheliomas of the TVT
Case Age Neoplasm Prior Preoperative  Diagnostic Operative Histologic Adjuvant Outcome Asbestos Cumulative Pleural
clinically  genitourinary imaging specimen findings type therapy exposure history asbestos plaques
suspected  history exposure (y)
MM1 80 N Hydrocele Hydrocele with Hydrocelectomy Polypoid Bi ND ND Laborer, 42 ND
internal debris projections dressmaker
MM2 66 N ND ND Herniorrthaphy ~ Roughening Bi ND ND ND ND ND
and nodules
MM3 84 Y Herniorrhaphy Hydrocele, Paratesticular Mass Epi Radiation ND US Navy, auto 46 ND
subcutaneous  mass excision mechanic
nodule at
herniorrhaphy
scar site
MM4 65 N ND ND Herniorrthaphy ~ Mass Bi Chemotherapy DOD Construction 20 N
worker
MM5 72 N ND Ascites Herniorrthaphy ~ Nodules Epi ND DOD Oil refinery 46 ND
extending into 50 mo  worker
scrotum
MM6 64 Y ND ND Paratesticular Mass Epi ND ND Laborer, 2 ND
mass biopsy vermiculite
insulation
manufacturing
MM7 81 ND ND ND Herniorrhaphy ~ Nodules Epi ND DOD Insulation ND Y
8 mo manufacturing
MMS8 73 Y ND ND Radical Nodularity  Epi ND ND Auto mechanic, ND ND
orchiectomy and welder
thickening
MMO 82 N ND Hydrocele, Radical Gritty Epi Chemotherapy ND Shipyard 39 ND
vascular mass  orchiectomy excrescence worker, trucker,
at lower and nodules construction
testicular pole worker
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MMI10 66
MMI11 73
MMI12 72
MM13 72
MM14 78
MMI15 85
MM16 69
MM17 60
MMI18 54
WDPM1 32
WDPM2 61

ND

ND

N

Hydrocele

Hydrocele

ND

Herniorrhaphy
ND
ND
ND
ND

Hydrocele

Hydrocele

ND

Hydrocele

Testicular
mass

Testicular
mass

Inguinal
hernia
ND
Hydrocele
Hydrocele

ND

Hydrocele

Hydrocele

Inguinal
hernia

ND

Scrotal mass

ND
ND

Hydrocele with
internal debris
ND

ND

Hydrocele,
enlarged
heterogenous
epididymis
ND

ND

Hydrocelectomy

Radical
orchiectomy

Paratesticular
nodule biopsy

Herniorrhaphy

Radical
orchiectomy
Radical
orchiectomy
Radical
orchiectomy
Radical
orchiectomy
Hydrocelectomy

Herniorrhaphy

Herniorrhaphy

ND

Shaggy and
granular
mass
Nodule

Nodules
Nodule

ND
Mulitlocular
cystic mass
Multiple

nodules
ND

ND

Epi

Epi

Epi

Bi

Epi

Epi

WDPM

WDPM

ND

ND

ND

ND

ND

ND

ND

ND

ND

ANED
6 mo

DOD
74 mo
DOD
13 mo

ND

ND

AWD
24 mo

ANED
60 mo

US Navy,
railroad worker
Millwright,
construction
worker
Mechanic,
maintenance
worker

ND

Crane operator

Electrician, auto
mechanic

US Navy
shipyard worker
ND

Carpenter/
construction,
service station
attendant
Household
contact of oil
refinery workers
(father and
grandfather)
Merchant
Marine seaman

44

40

33

ND

41

10

ND

ND

ND

ND

ND

ND

ND

ND

Abbreviations: ANED, alive with no evidence of disease; AWD, alive with disease; Bi, biphasic; DOD, died of disease; Epi, epithelioid; ND, not determined.
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Fig. 1  Epithelial variants of MM of the TVT. A, Low-power view shows epithelial malignancy (left) invading into testis (right). B, Higher-
power magnification shows tubular and lacelike patterns of growth. C, Immunostain for cytokeratins highlights invasion of keratin-positive tumor
cells into the seminiferous tubules. The tumor also stained positive for calretinin, cytokeratins 5/6, WT-1, and D2-40. D, Tubular epithelial malig-
nancy in a myxoid stroma. E, The tumor cells stain positively for calretinin in a nuclear and cytoplasmic distribution. The tumor cells also stained
positively for cytokeratins 5/6, WT-1, and D2-40 (A-C, MM case 8; D and E, MM case 10; A, original magnification x20; B-E, x100).

component showing the spectrum of patterns described above,
along with an infiltrating sarcomatoid component of cytologi-
cally malignant spindle cells with variable degrees of pleomor-
phism. The 2 cases of WDPM featured a single layer of
cytologically bland cuboidal mesothelial cells that lined fibro-
vascular to myxoid-appearing cores and lacked stromal inva-
sion. Focal psammomatous calcifications were noted in 1 of
the 2 WDPM cases.

Immunohistochemical evaluation had been performed in
18 of the 20 cases, the results of which are summarized in
Table 2. A panel of at least 2 mesothelium-associated markers
and at least 2 markers typically expressed in carcinomas had
been applied in most of the MM cases, in accordance with cur-
rent consensus recommendations [4]. However, several cases

had been initially evaluated prior to the routine use of immu-
nohistochemistry and/or before some immunohistochemical
antibodies were commercially available, and the paraffin
blocks were no longer available for additional testing. Staining
results were supportive of the diagnoses. In the few cases with
aberrant staining for carcinoma-associated markers, expres-
sion was usually focal and was accompanied by robust stain-
ing for 1 or more mesothelium-associated markers.

Clinical records were limited with respect to postoperative
treatment and survival. Follow-up information of >6 months
was available for 6 of the MM cases and both cases of WDPM.
Three men with MM had received either chemotherapy or ra-
diotherapy. One man with MM was alive with no evidence of
disease at 6 months after diagnosis. All of the other 5 men with
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Fig. 2
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Biphasic variant of MM of the TVT. A, Biphasic morphology with epithelial component (top and left) and sarcomatoid component (bot-

tom and right). B, Immunostain for cytokeratins highlighting epithelial (left) and sarcomatoid elements (right). The tumor also stained positively

for calretinin, cytokeratins 5/6, WT-1, and D2-40 (MM case 16; x100).

MM who had adequate follow-up were known to have died of
disease. The length of survival following initial diagnosis,
which was known in 4 of the men with MM who died, was
8-74 months (median = 31.5 months). One of the men with
WDPM was alive with no evidence of disease 5 years after di-
agnosis, whereas the other had subsequent findings more com-
patible with MM and evidence of peritoneal involvement 2
years after initial diagnosis.

A history of occupational or paraoccupational exposure to
asbestos had been documented in 15 of the 18 (83%) cases
of MM, as well as in both cases of WDPM. The average cumu-
lative duration of asbestos exposure was 33 years (range, 2-
46 years). Autopsy slides from 1 of the cases (MM case 4)
reviewed at the time of initial consultation showed several as-
bestos bodies without evidence of asbestosis on a hematoxylin

Table 2

and eosin—stained section of lung tissue. The paraffin block of
lung tissue was not available for fiber analysis in this case. Ad-
equate lung tissue was also not available in the other 19 cases
to perform fiber analysis and/or assess for the presence or ab-
sence of asbestos bodies or histologic asbestosis. None of the
cases had a documented radiographic diagnosis of asbestosis.
Information regarding the presence or absence of pleural pla-
ques was available in 5 of the MM cases, and pleural plaques
were radiographically apparent in 4 of them. Pleural plaques
were not noted in 1 of the 2 WPDM cases, and information re-
garding pleural plaques was not available in the other case.
One additional case identified in the database search con-
ducted for this study that bears mentioning is an adenocarci-
noma that had been originally diagnosed as MM of the TVT
at the treating institution. The diagnostic specimen was an

Immunohistochemical staining results of mesotheliomas of the TVT

Case Pan-CK  Calretinin CK5/6 D2-40 WT-1

HBME-1

CEA MOC-31 BerEp4 B723 Leu-M1 TTF-1

MMI1
MM2
MM3
MM4
MMS5
MM6
MM7
MMS8
MMO9
MMI10
MMI11
MMI12
MM13
MM14
MMI15 +
MMI16 +
MM17
MMI18 + + - + +
WDPM1 1

WDPM2  + + +

+ o+ o+ o+ A+ +

+ 4+ + A+ A+ +
+ + + +

+ + + +
+ + + + +

+ + +
+ + +
+ + +
+ + +

+

Abbreviations: f, focal staining; w, weak intensity staining.
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orchiectomy from a 67-year-old patient with a 1-month history
of testicular swelling and discomfort. The tumor was com-
posed of polygonal epithelioid cells with vesicular nuclei,
prominent nucleoli, and a moderate amount of eosinophilic cy-
toplasm arranged in sheets, papillary structures, and tubules
that featured wispy basophilic secretions. In addition to stain-
ing for pan-cytokeratins, the tumor was positive for LeuM1
and EMA (Fig. 3). There was focal weak positivity for WT-
1, but the tumor was negative for calretinin, D2-40, CK 5/6,
BerEp4, B72.3, CD30, a-fetoprotein, and carcinoembryonic
antigen (CEA).

4. Discussion

Achieving more than a modicum of understanding about
mesothelioma of the TVT has been constrained by the rarity
of this disease. Barbera and Rubino are generally credited with
the first report of mesothelioma of the TVT in the medical lit-
erature, which in all likelihood represented WDPM based on
their photomicrographic depictions [5]. In the ensuing 6 de-
cades, there has been a dearth of case series of mesothelioma
of the TVT. To our knowledge, the largest published series
of MM of the TVT have been from Winstanley et al (18 cases),
Recabal et al (15 cases), Mensi et al (13 cases), Perez-Ordonez
et al (13 cases), Jones et al (11 cases), An et al (7 cases), and
Antman et al (6 cases) (Table 3) [6-12]. In the series with 18

cases, 20 tumors were initially examined, 2 of which were ex-
cluded because of immunohistochemical staining results in-
consistent with MM [6]. Although an exhaustive review of
other previously reported cases of MM of the TVT is beyond
the scope of this study, additional cases reported through
2009 have been comprehensively reviewed in a prior publica-
tion [13]. The present study includes 18 cases of MM of the
TVT, equaling the largest previously published series of which
we are aware [6].

The findings in this study affirm that mesotheliomas of the
TVT are indeed uncommon, accounting for less than 1% of all
mesotheliomas. Similar to men with mesotheliomas of the
pleura, mesotheliomas of the TVT occur predominantly, al-
though not exclusively, in the sixth to eighth decades of life.
The youngest man in the current series was a 32 years old,
but cases have been reported in boys as young as 7 years old
[14]. A somewhat surprising finding in this study, given their
embryologic connection, is that peritoneal mesotheliomas in
males occurred at a younger age as compared to mesothelio-
mas of the TVT. The reason for this age disparity is unknown.

Mesotheliomas of the TVT are routinely mistaken clini-
cally for far more common benign entities, such as hydrocele
or inguinal hernia. Initial conservative management in some
cases has resulted in delayed diagnosis. At surgery, however,
the macroscopic appearance typically connotes a neoplastic
process, with most cases showing studding, nodularity, ex-
crescences, and/or irregular thickening of the TVT. As with
other serosal sites, most cases of MM of the TVT are

Fig. 3  Paratesticular adenocarcinoma. A, Epithelial malignancy with lacelike growth pattern. B, The tumor cells stain diffusely and strongly
positive for cytokeratins. C, The tumor cells also stain diffusely positive for CD15 in a predominately membranous pattern. The tumor cells stained
focally and weakly positive for WT-1 and were negative for calretinin, cytokeratins 5/6, and D2-40 (x100).
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Table 3  Summary of published series of MM of the TVT
Study No. of Median age (y) Commonest clinical Asbestos exposure Histologic type Died of disease
cases (range) presentation
Antman et al, 1984 [12] 6 55 Testicular/scrotal mass 4/6 (67%) 4/6 (67%) 5 Epi 3/6 (50%)
(23-73) 1 NS
Jones et al, 1995 [10] 11 58 Hydrocele 1/5 (20%) 5 Epi 3/7 (43%)
(12-76) 7/11 (64%) 6 Bi
Perez et al, 1998 [9] 13 64° Hydrocele 3/13 (23%) 10 Epih 2/10 (20%)
(31-84) 8/13 (62%) 3 Bi
1 Sarc
Winstanley et al, 2006 [6] 18 59 Hydrocele 1/8 (13%) 15 Epi 3/13 (23%)
(45-79) 9/14 (64%) 3 Bi
Mensi et al, 2012 [8] 13 69 Hydrocele 8/12 (67%) 7 Epi 11/13 (85%)
(34-99) 8/13 (62%) 2 Bi
3 Sarc
1 NS
An et al, 2017 [11] 7 67 Hydrocele 2/7 (29%) 3 Epi 1/6 (17%)
(43-85) 4/7 (57%) 2 Bi
2 NS
Recabal et al, 2017 [7] 15 62 Scrotal mass 2/15 (13%) 8 Epi 5/15 (33%)
(39-66) 7115 (47%) 4 Bi
3NS
Present study 18 72 Hydrocele 15/18 (83%) 12 Epi 517 (71%)
(54-85) 717 (41%) 6 Bi

Abbreviations: NS, not specified; Sarc, sarcomatoid.
? Mean (median not provided).

" Total number of cases discordant with number based on histologic types.

epithelioid, often exhibiting a tubulopapillary architecture. No
purely sarcomatoid examples were seen in the present study.
Sarcomatoid MM of the TVT has been only rarely reported
in the last 25 years [8,9].

Meaningful conclusions regarding the most appropriate
treatment of MM of the TVT were unable to be drawn from
this study. The rarity of these tumors has hampered the devel-
opment of specific management guidelines. Some investiga-
tors have proposed radical orchiectomy as affording the best
chance for long-term recurrence-free survival [15]. It remains
unclear whether adjuvant chemotherapy and/or radiotherapy
is beneficial [11,15,16]. What is clear is that, like its counter-
parts in the pleura, pericardium, and peritoneum, MM of the
TVT generally pursues an aggressive clinical course. More
than 70% of men with MM in the present study who had ade-
quate clinical follow-up died of disease an average of
31.5 months following initial diagnosis. It is difficult to com-
pare outcomes among published series of MM of the TVT be-
cause of limited follow-up data. One prior series reported a
median survival of only 20 months [8]. There are, however,
notable exceptions. No recurrences were observed in 6 of 7
men with MM of the TVT in another previous series [11].
Cases are also on record as having a remarkably indolent
course, including a man who was alive without evidence of
disease 10 years after the diagnosis of MM of the TVT and 2
who did not experience recurrence for 15 or more years
[10,12,17].

Much remains to be elucidated about factors that influence
the outcome of MM of the TVT. An epithelioid histology ap-
pears to confer better survival, and one study suggested that a
younger age at diagnosis portends a more favorable prognosis
[7,15]. Interestingly, the longest survivor in the present study
was diagnosed at the age of 78 years with a biphasic MM.

WDPM of the TVT is distinctly more heterogeneous in its
behavior than MM, in part perhaps because not all reports
have used the same definitional criteria. In a recent study that
scrutinized the pathologic findings of 24 cases reported as
WDPM of the TVT up to that time, only 8 were deemed “true”
examples of WDPM of the TVT by the authors, which they
defined as having a papillary or tubular-papillary structure
lined by a single row of cuboidal cells with bland nuclear cy-
tology, low mitotic activity, and absent stromal invasion [18].
No recurrences were observed in 6 of the 8 cases for which
follow-up information was available, although only 1 had
greater than 36 months of follow-up [5,18-24]. Nonetheless,
there appear to be rare cases of WDPM of the TVT that do
not follow a stereotypically benign/indolent course, as evi-
denced by 1 of the cases in the present study. The possibility
of inadequate sampling of invasive foci exists for cases that ap-
pear to represent WDPM histologically yet demonstrate ag-
gressive behavior. As with MM of the TVT, treatment
guidelines for WDPM of the TVT are lacking. However, given
they do not always behave in a benign manner, long-term
follow-up would appear warranted.
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Several mesotheliomas of the TVT that do not fit neatly
into either the category of WDPM or MM have been described
[22,25]. The designation of mesothelioma of the TVT with un-
certain malignant potential has been proposed for tumors that
are more complex than classic WDP, but are not overtly histo-
logically malignant [22]. Under this proposal, which has not
yet been formally recognized by the World Health Organiza-
tion, the term WDPM is restricted to localized solitary tumors
exhibiting exclusively papillary architecture in which the pa-
pillae are lined by a single layer of bland cuboidal cells. To
date, 9 cases of mesothelioma of the TVT with uncertain ma-
lignant potential have been reported, all of which exhibited in-
dolent behavior [22,25]. Long-term follow-up was not
available in every case, limiting the robustness of conclusions
and treatment recommendations that can be made regarding
the prognosis of tumors that fall along the morphologic contin-
uum between WDPM and MM.

A limitation of this study is the potential bias toward
asbestos-related TVT MM being overrepresented due to the
medicolegal consultative nature of the database from which
cases were identified. If Helsinki criteria were to be applied,
4 of the 18 (22%) cases of MM of the TVT in the present study
would be attributable to asbestos based on the presence of
pleural plaques [26]. However, the role of asbestos in the de-
velopment of MM of the TVT remains controversial. Because
of the rarity of this disease, there have been no formal epidemi-
ological studies supporting asbestos causation. That being
said, 15 of the 18 men with MM (83%) in the present study
had a documented history of either employment in occupa-
tions where there was a likelihood of asbestos exposure or
paraoccupational exposure, as did the 2 with WDPM [27].
The percentage of cases with known asbestos exposure in
other published series has ranged from 13% to 67% [6-12].
The potential for the prevalence of asbestos exposure in men
with MM of the TVT to have been underestimated in some
of these series exists because of incomplete exposure informa-
tion. The most detailed examination of asbestos exposure
among previously published series evaluated cases from the
Italian Mesothelioma Registry over a 10-year period and
found that two thirds of men with MM of the TVT for whom
extensive histories were available had documented asbestos
exposure [8]. Although there was insufficient lung tissue avail-
able in any of the cases in the present study for fiber analysis,
based on their occupational histories, some of the men had the
potential to have been exposed to sizable amounts of commer-
cial forms of amphibole asbestos [27].

The mechanisms by which asbestos may exert a carcino-
genic effect on the mesothelium of the TVT remain uncertain.
The presence of an accompanying inguinal hernia would allow
direct communication with the peritoneum. Asbestos has been
postulated to gain direct access to the peritoneum via trans-
diaphragmatic migration of inhaled fibers passing from the
lungs through the pleura and/or penetration of ingested fibers
through the wall of the gastrointestinal tract [28]. Lymphatic
and hematogenous routes of dissemination have also been pro-
posed [29,30].

A number of nonasbestos factors have been implicated in the
development of MM, including radiation [31]. We are not
aware of any published cases of MM of the TVT in which ra-
diation was specifically invoked, nor did any of the cases in the
present study have a known history of prior radiation. Chronic
serosal irritation/inflammation has been postulated to be an in-
citing factor in MM of other serosal sites [32-35]. Whether it
can be considered an etiologic factor in MM of the TVT is un-
clear. There have been several reports of MM of the TVT aris-
ing in the setting of longstanding hydrocele, prior ipsilateral
testicular trauma, or preceded by multiple hernia repairs and
even a case developing on the same side in a man who had a
recurrent epididymal adenomatoid tumor excised over a de-
cade earlier [12,36-38]. In the present study, 1 of the men
had a remote history of prior ipsilateral herniorrhaphy.

As illustrated by a case of adenocarcinoma initially mis-
taken for MM of the TVT in the present study, mesotheliomas
of the TVT can be challenging to diagnose. The application of
immunohistochemistry can be quite useful in this regard.
However, as no single immunohistochemical stain is entirely
sensitive and specific, using a panel that includes both meso-
thelial and carcinoma-associated markers is prudent [4]. The
main nonmesothelial neoplasms that are differential consider-
ations of MM of the TVT are likewise uncommon. Adenocar-
cinoma of the rete testis can exhibit a papillary or
tubulopapillary architecture and stain positively for some
mesothelial-associated markers, such as calretinin, CK 5/6,
and WT-1 [39]. However, adenocarcinoma of the rete testis
also expresses carcinoma-associated markers such as BerEp4
and MOC-31, is centered on the testicular hilum rather than
the TVT, and has a tendency to exhibit more slitlike branched
tubules and greater nuclear pleomorphism than MM. Parates-
ticular serous tumors resembling epithelial-type tumors of
the ovary can also show some morphologic overlap with me-
sotheliomas of the TVT but are more likely to display tumor
budding, psammomatous calcifications, positivity for
carcinoma-associated markers such as BerEp4 and CEA, and
negative staining for mesothelial-associated markers [40].
Paratesticular ovarian epithelial-type serous tumors are re-
ported to be less likely associated with large hydroceles than
MM [41]. Papillary or tubulopapillary growth can also be seen
in adenocarcinoma of the epididymis, but the tumor cells are
negative for mesothelial markers, usually more columnar than
those seen in MM, and have a propensity to display cytoplas-
mic clearing [42]. Both primary testicular germ cell tumors, in
particular, embryonal carcinoma and yolk sac tumor, and me-
tastases to the testis from a variety of extragonadal sites can in-
filtrate paratesticular structures, causing diagnostic confusion
in limited samples. Knowledge of the anatomic distribution
of disease and thorough immunohistochemical evaluation
can assist in this distinction [43].

The anatomic distribution of disease is also critical for sepa-
rating MM of the TVT from MM originating in nearby sites.
Very rare examples of primary MM of the testis, spermatic cord,
and epididymis have been reported [44-46]. Other mesothelial
lesions from which MM of the TVT must be distinguished
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include adenomatoid tumor and reactive mesothelial hyperpla-
sia. MM occasionally features a prominent adenomatoid
growth pattern in which flattened/attenuated cells line tubules
that sometimes form lacelike arrangements. The macroscopic
appearance and invasion of adjacent structures, such as the
subtunical connective tissue, spermatic cord, testicular paren-
chyma, epididymis, or scrotum, aid in diagnosis [47]. Addi-
tionally, in contrast to MM, adenomatoid tumors are
typically solitary, well-demarcated lesions that tend to arise
from the lower pole of the epididymis. Reactive mesothelial
hyperplasia is more commonly observed in hernia sacs but
can occasionally be prominent enough in hydroceles as to sim-
ulate a neoplastic mesothelial proliferation [1]. Reactive meso-
thelial hyperplasia lacks the bland papillae with fibrovascular
cores that characterize WDPM. No formal cutoff has been
established for separating reactive and malignant mesothelial
processes based on the thickness of the proliferation. More
useful is the presence of a zonal distribution in reactive meso-
thelial hyperplasia, in which the greatest degree of cellularity is
near the luminal surface and is abruptly demarcated from un-
derlying typically fibrotic tissue [48,49]. Layering of linear ar-
rays of mesothelial cells is also a feature of reactive
mesothelial processes and may be evident in hydroceles with
organizing hematocele.

5. Conclusions

The present study ties the largest previously published study
of MM of the TVT in terms of the number of cases reported [6].
Not infrequently, MM of the TVT is misinterpreted clinically
as a commoner benign entity, such as hydrocele, belying the
generally aggressive nature of this rare neoplasm. The opera-
tive impression, however, is usually not banal. Typical macro-
scopic findings include studding, nodularity, and/or irregular
thickening of the TVT. Most cases are epithelioid with tubular
and tubulopapillary patterns predominating. Criteria for attri-
bution have not been established, but evidence of asbestos ex-
posure in the form of pleural plaques has been found in some
cases of MM of the TVT.
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