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Abstract: Adenomatoid tumors have been described almost a century
ago, and their nature has been the subject of debate for decades. They
are tumors of mesothelial origin usually involving the uterus, the Fal-
lopian tubes, and the paratesticular region. Adenomatoid tumors of the
adrenal gland, the liver, the extragenital peritoneum, the pleura, and the
mediastinum have been rarely reported. They are usually small inci-
dental findings, but large, multicystic and papillary tumors, as well as
multiple tumors have been described. Their pathogenesis is related to
immunosuppression and to TRAF7 mutations. Despite being benign
tumors, there are several macroscopic or clinical aspects that could raise
diagnostic difficulties. The aim of this review was to describe the
microscopic and macroscopic aspects of adenomatoid tumor with a
special focus on its differential diagnosis and pathogenesis and the
possible link of adenomatoid tumor with other mesothelial lesions, such
as the well-differentiated papillary mesothelioma and the benign mul-
ticystic mesothelioma, also known as multilocular peritoneal cysts.
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A denomatoid tumors have been described almost a century
ago. However, their exact nature and histogenesis have

been the subject of debate for decades. Furthermore, given their
benign course and often incidental diagnosis, there has been
noted a relative paucity in the literature. Thus, their patho-
genesis remained unknown, as did their possible link to other
mesothelial lesions. Nevertheless, an important progress has
been recently noted with regard to their molecular biology.

The aim of this review was to provide a thorough
description of this interesting tumor, highlight probably
underrecognized macroscopic and microscopic features, and
report on the recent progress concerning this disease.

HISTORICAL ASPECTS
In 1945, Golden and Ash1 described the first large

series of 15 tumors of the epididymis, the testicular tunics,

and the serosal surface of the uterus, showing morphologic
similarities with tumors previously reported under various
names. The authors first proposed the name “adenomatoid
tumor” a term found “morphologically correct and genet-
ically neutral,” as they considered that “the primary unit of
the tumor is epithelial in nature and it tends to form gland-
like spaces, but the genesis of the tumor is obscure.”1 The
term rapidly gained acceptance, and it is used until today.
Before the term proposed by Golden and Ash, other authors
did describe a similar tumor, under various names, as
reviewed by Golden and Ash1: lymphangioma,2 mixed
leiomyoma and lymphangioma,3,4 adenoma,5,6 or low-grade
adenocarcinoma.7 The first description of this tumor seems
to belong to Leighton in 1912 (reviewed by de Klerk and
Nime8) who considered them lymphangiomas of the female
genital tract.9 The mesothelial origin of the adenomatoid
tumor was correctly proposed for the first time by Masson
et al,10 suggesting derivation from pelvic serosa, and
describing brush borders and supranuclear diplosomes with
flagella (as cited by Ferenczy et al11) and supported by
Evans12 and Fajers,13 but this suggestion did not gain great
acceptance, especially because no extragenital tumors have
been reported. In 1969, Craig and Hart14 reported probably
the first extragenital tumor, found at the small intestine.

When electronic microscopy started to be more system-
atically used, the mesothelial nature started to gain more
supporters and highlighted that cases diagnosed only on
morphologic grounds differed in further examination, as vas-
cular tumors were often misdiagnosed as adenomatoid tumors.
In 1972, Ferenczy et al11 provided evidence of mesothelial
origin by comparing the ultrastructure of 2 adenomatoid
tumors and 2 malignant mesotheliomas (MMs), showing
similar results. Adenomatoid tumors harbor microvilli, cyto-
plasmic filaments, dilated intercellular spaces, and scanty
micropinocytic vesicles.11 Nistal et al15 reported the ultra-
structure of 2 epididymal tumors being consistent with meso-
thelial origin. Three cases studied by Davy and Tang16 showed
a probable mesothelial nature for 2, but endothelial for the
third one. Similarly, Mucientes17 studied the ultrastructure of 3
epididymal tumors, supporting their mesothelial origin. Later,
immunohistochemistry started to be used in the study of ade-
nomatoid tumors. In 1982, Lehto et al18 showed keratin
expression in 4 epididymal adenomatoid tumors and no
staining of tumor cells with anti-factor VIII–related antigen
antibodies or with Ulex europaeus I-lectin, supporting the
mesothelial, nonendothelial origin of adenomatoid tumors. In
1985, antimesothelial cell serum was seen to be expressed in 5
of 6 adenomatoid tumors.19 In 1986, Detassis et al20 showed
the expression of keratin in 8 epididymal adenomatoid tumors,
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thus eliminating the diagnosis of an angioma. Mesothelial
origin was also suggested by Stephenson and Mills.21 In 1992,
Goddard and Grant22 also examined 16 cases of adenomatoid
tumors, showing that 14 of them expressed keratins and not
factor VIII–related antigen, but 2 showed the inverse immu-
nophenotype, and they should have been diagnosed as
angiomas. Delahunt and colleagues23,24 reported one of the
first studies evaluating a broad immunohistochemical panel in
paratesticular adenomatoid tumors, also supporting their
mesothelial nature. However, others proposed a derivation of
the Müllerian mesenchyme and not a direct mesothelial origin,
given the occasional absence of direct relation to a serosa.25–27

EPIDEMIOLOGY
It is difficult to estimate the exact epidemiological

aspects of this tumor, as most cases published are singles
cases or case series. Furthermore, in the incidental setting,
like in hysterectomies for other reasons, all the small nod-
ules resembling leiomyomas will not be sampled (Fig. 1). In
1958, Bolton and Hunter28 found that 0.14% of uteri harbor
adenomatoid tumors, and an even smaller percentage was
shown for tubal tumors by Ragins and Crane29 who found
only 3 Fallopian tube adenomatoid tumors (0.04%) in 7485
hysterectomies (Fig. 2). In 1980, Tiltman30 found 12 uteri
among 100 hysterectomies (1.2%) harboring adenomatoid

tumors. More recently, adenomatoid tumors were found in
5% of 199 consecutive benign uterine samples studied during
hysterectomies or tumor excisions.31 Huang et al32 reported
25 tumors of the female genital tract, all incidental findings,
23 occurring in the uterus and 2 at the salpinx, corre-
sponding to 0.37% of all hysterectomies processed. Thus, for
female genital tract tumors, an incidence of <1% to 5%
among hysterectomies can be assumed depending on the
rigorousness of sampling all nodules.

As regards male genital tumors, de Klerk and Nime8

reported an incidence of 1 tumor per 100,000 hospital admis-
sions, representing 5% of all intrascrotal tumors, excluding cord
lipomas, and 70% of all epididymal neoplasms. Most of them
have been reported at the tail of the epididymis.8 Lioe and
Biggart33 examined 85 paratesticular tumors showing that 78%
of them were benign and 33% corresponded to adenomatoid
tumors.

LOCALIZATION AND MACROSCOPIC ASPECTS
Most cases reported involved the female genital tract,

especially the uterus and the Fallopian tube, and the male
genital tract, usually being paratesticular tumors. Much less
commonly, cases involve the adrenal gland and even more
rarely, other peritoneal sites, the liver, the pleura, or the
mediastinum.

FIGURE 1. Uterine adenomatoid tumors. A, This myometrial nodule resembles a leiomyoma not only during macroscopic examination
but even in scanning microscopic examination. B, This nodule at the outer surface of the myometrium shows a microcystic aspect and
was sampled due to its macroscopic resemblance to nearby adenomyosis. C, Few angioma-like spaces penetrate the myometrium of the
nodule shown in (A). D, This adenomatoid tumor is more cellular containing more spaces (higher magnification of B). Please see this
image in color online.
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Scrotal tumors usually involve the epididymis, mostly the
inferior pole,25 but they often develop within the tunica albu-
ginea with secondary involvement of the parenchyma.34 In this
case, the lack of clear margination of nearby parenchyma can
lead to suspecting malignancy preoperatively.35 A few tumors
have been reported in intratesticular localization, involving
the testicular parenchyma without epididymis or tunic
involvement.36,37 In macroscopic examination, adenomatoid
tumors usually appear as paratesticular or juxtatesticular

lesions of usually 3 to 5 cm, but up to 7 cm, well-circumscribed
(Fig. 3), white, and firmer than seminoma.34 A 7mm prostatic
tumor has also been described.38

With regard to female genital tract tumors, among 60
uterine adenomatoid tumors reported by Nogales et al,39 56
were incidental findings, being small (0.2 to 3.5 cm) solid
lesions, either nodular (n= 48) or diffuse (n= 8), while 4
were large (7 to 10 cm) cystic tumors accompanied by small
papillae at the serosal surface. The presence of large, often

FIGURE 2. Tubal adenomatoid tumors. A, This tumor distance (arrow) would be macroscopically visible and would be probably sampled;
however, the tumors shown in (C) and (E) (arrows) are small and intramural, difficult to discern even in scanning microscopy. B, Calretinin
expression by the adenomatoid tumor shown in (A). D, Calretinin expression by the adenomatoid tumor shown in (C). F, Higher
magnification of the tumor in (E), tubal mucosa at the left. Of notice, this is the only site of the tube harboring a lymphocytic nodule, a
frequent finding of adenomatoid tumors.
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cystic tumors or of multiple tumors must be highlighted, as
they differ from what the pathologists are used to: the small
incidental finding of an adenomatoid tumor. Most reported
cystic tumors are of large size (Table 1), and most of them
are described in the uterus. In other locations, large tumors
are less common. Another pitfall would be the multiplicity
of adenomatoid tumors. In uterine lesions, one study
reported multiple tumors in 20% of the cases, as opposed to
a percentage of 2.8% of multiple tumors reported by Youngs
and Taylor.66 In their study of 60 uterine adenomatoid
tumors, Nogales et al39 showed that only 1 case presented
with > 1, and in particular 2, tumors.

Another unusual finding causing diagnostic difficulties
would be the presence of an adenomatoid tumor in endometrial
curetting. In this case, gland-like spaces and the low suspicion
of finding this tumor at this site can lead to misdiagnosis.67 Of
course, in this case the tumor would not be of endometrial
origin, but a large serosal tumor extending through the myo-
metrium to the endometrium.67 Actually, 60% of uterine
tumors are subserosal, while the rest are intramural, only very
rarely involving the subendometrial myometrium.39 Ovarian
localization, although rare, has been reported.68 Adenomatoid
tumor has also been reported in the direct vicinity of an ectopic
tubal pregnancy, suggesting a pathogenetic role of the tumor in
its development.69

Adenomatoid tumors can also arise as adrenal tumors,
and a few dozens of such tumors have been reported. In a
review by Bisceglia et al,50 34 adrenal adenomatoid tumors
reported in the literature are presented, showing that most of
them are solid tumors, but, rarely, they present as solid-cystic or
entirely cystic tumors, in this case probably being misdiagnosed
as lymphangioma. This was actually true for the first reports of
genital tumors, too, and, as noted by Golden and Ash,1 it is the
cystic pattern of flattened cells that probably led to this mis-
diagnosis. In the cases of adrenal tumors, these present mostly
in male individuals, and they are nonfunctioning tumors.50 One
adrenal adenomatoid tumor has been reported associating with
a cortical adenoma,70 while 2 cases have been associated with a
myelolipoma.71 Adrenal tumors also pose histogenetic ques-
tions, as the adrenal gland is not lined by mesothelium.51

Proposed theories would be the presence of mesothelial inclu-
sions as the cell of origin, or a histogenesis from primitive
mesenchymal cells associated with the Müllerian tract.50,72

Extragenital adenomatoid tumors involving the peri-
toneum have also been reported. In 1979, Craig and Hart14

reported a 2 cm tumor of the small intestine mesentery with
no recurrence at 3 years of follow-up, probably the first
extragenital adenomatoid tumor reported, reinforcing the
mesothelial origin of this tumor. A hernial sac has been
another site for adenomatoid tumor.21 An adenomatoid
tumor of the ileocecal region extending from the serosa to
the mucosa caused hemoperitoneum due to bleeding
necessitating hemicolectomy.73 Multiple peritoneal tumors
have been reported, as described above.

Liver adenomatoid tumors also exist, suggesting an origin
from the mesothelial surface of the liver.52,54,56,74–76 An intra-
hepatic subcapsular tumor of 3 cm, already pointed out 8 years
earlier, and finally treated with partial resection, showing
moderate atypia but no mitotic activity with an MiB1 <1% has
been studied.75 A solitary 1.5 cm subcapsular liver tumor was
incidentally found in a 39-year-old patient with no medical
history.74 A 9 cm hepatic cystic tumor revealed to be of mes-
othelial origin.52 Another cystic hepatic tumor was also
adenomatoid.76 One pancreatic 1.5 cm adenomatoid tumor has
also been reported.77

An adenomatoid tumor has been reported in the
anterior mediastinum of a 56-year-old patient, being 5.5 cm
and multicystic, and probably originating from pleura or
heart pericardium.53 Other unique sites of adenomatoid
tumor have been a 0.9 cm mediastinal lymph node with the
authors suggesting a possible derivation of mesothelial cells
identified in sinuses78 and a 1 cm heart adenomatoid tumor
incidentally found during cardiac surgery.79

An intriguing question is the relative absence of pleural
cases of adenomatoid tumors. The first case reported seems to
belong to the Japanese literature; in 1989, Ikuta et al80 reported
an asymptomatic case of a localized well-circumscribed tumor
arising from the visceral pleura measuring 3 cm. No significant
atypia was seen. Later, in 1999, Kaplan et al81 reported another
2 visceral pleural cases. Both were incidental findings during
lung surgery, one measuring 2.5 cm and the other 0.5 cm.81

Another case is described in the French literature; this was also
an incidental finding also during lobectomy for lung cancer; it
measured 0.5 cm, and it was of visceral localization.82 In 2009,
Minato et al83 described another incidental pleural tumor of
7mm incidentally found during esophageal cancer surgery over

FIGURE 3. Paratesticular adenomatoid tumor. A, Excision of a well-circumscribed epididymal lesion. Presence of lymphoid aggregates. B,
Higher magnification of the adenomatoid tumor showing a microcystic pattern. Presence of muscular fibers (right), that are part of the
organ, not a neoplastic component. Please see this image in color online.
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the parietal pleura. The rarity of pleural cases could be attrib-
uted to a certain degree to undiagnosed cases more difficult to
detect than during genital tract surgeries, but it also resembles
the rarity of 2 other mesothelial lesions, well-differentiated
papillary mesothelioma and benign multicystic mesothelioma,
both usually found in the peritoneal and rarely in the pleural
cavity (see the Differential diagnosis and Pathogenesis sections).

MICROSCOPIC ASPECTS
As already described several decades ago, adenomatoid

tumors show gland-like spaces of variable pattern, from
almost solid cords of cuboidal and low-columnar cells to
greatly dilated spaces lined by markedly flattened cells
(Fig. 4).1 A microcystic/angiomatoid pattern is the most
frequent, followed by microcystic/trabecular and finally
retiform/adenoid pattern,84 but about half of the cases show
2 or more patterns.84 These components are often so closely
packed that the impression of a solid pattern can be given.34

As previously described (Table 1), macrocystic pattern,
despite being rare, can be seen. This pattern can also harbor
papillary structures at its surface. Taken by anatomic site,
most uterine cases are at least focally microcystic but not
retiform, while the retiform pattern dominates in male
genital tract tumors.84 The tumors have a fibrous stroma
varying from loose collagenous to dense hyalinized, while
when muscle fibers are found, they are considered as inclusion
of preexisting muscle and not as an integral part of the tumor.1

The majority of the cells contain vacuoles of variable size sharply
demarcated.1 The nonvacuolated cells, are best seen where
the tumor forms cords.1 The nuclei are round or oval, centrally
placed.1 Golden and Ash1 and also Jackson25 had already
described that markedly vacuolated cells could be seen with only
thin cytoplasmic strands connecting them. This feature has been
better described by Hes et al,45 who examined 69 adenoma-
toid tumors and showed that this actually is a constant
finding of all tumors studied. They called them “thread-like
bridging strands”; these strands bridge the lumina of the
tubular and slit-like spaces of adenomatoid tumor and may
form a fine network (Fig. 5).45 They lie in optically empty
spaces and in spaces filled with basophilic fluid, but they are
less conspicuous in the latter form.45 The authors also
investigated the ultrastructure of these strands; they are
formed by apposition of attenuated cytoplasm of 2 adjacent
cells and thus covered by microvilli.45 The constant presence
of these strands has been noted by other studies, too.85 Often,
the vacuolation of tumor cells shows aspects of signet-ring–
like cells, resembling adenocarcinomas.72,86

Two less recognized morphologic aspects, oncocytic
and reactive ischemia, can pose diagnostic problems.85 In
6% of genital tract tumors, a nearly pure oncocytic mor-
phology has been reported (Fig. 6).85 Eosinophilic cells can
be sometimes prominent also in myometrial tumors.87

Similarly, ovarian tumors with eosinophilic cells can pose
diagnostic problems, especially because adenomatoid
tumors in this location are unusual.68 Adenomatoid tumors
with extensive necrosis probably due to infarction can also
pose diagnostic difficulty.88 This feature has been reported
in tumors of male and female patients.88 Microscopically,
they are characterized by central necrosis with pale mum-
mified adenomatoid tumor identified at least focally and
surrounded by a florid reactive process of fibroblasts and
myofibroblasts.88 As the authors highlight, this feature can
be mistaken for malignancy “because of blurring of junction
between adenomatoid tumor and adjacent tissue; irregular
pseudoinfiltration of fat by reactive tissue and adenomatoid
tumor; paucity of typical adenomatoid tumor due to the
infarction; viable tumor, if present, usually shows a solid
pattern; atypia of the associated reactive cells.”88 The
presence of infarction and prominent stromal hyalinization
with or without myofibroblastic proliferation, is seen in 6%
of genital tract adenomatoid tumors, and they seem to be
infiltrating neighboring tissues,34 raising consideration for
malignancy.85 In this case, gaps and smaller spaces, with no

TABLE 1. Unusual Macroscopic Findings (Large, Multicystic,
Diffuse, Multiple) of Adenomatoid Tumors

References Tumor Organ

39 4 (6.6% of cases) large (7 to 10 cm)
multicystic tumors with papillae at
their surface

Uterus

40 1 (8% of cases) large cystic tumor Uterus
41 2 large cystic tumors Uterus
42 One 5 cm multicystic tumor Uterus
43 One 8 cm cystic tumor Uterus
44 One 20 cm multicystic tumor—no

microscopy is available for this
tumor

Uterus

45 1 (1.4% of cases of various
localizations) tumor was multicystic

Uterus

46 2 (7.7%) cystic tumors studied by
magnetic resonance imaging

Uterus

47 One 13 cm multicystic tumor Uterus
48 One 10 cm cystic tumor with papillae

at its surface
Uterus

49 One 10 cm multicystic tumor Ovary
50,51 Cystic adenomatoid tumors Adrenal gland
52 One 9 cm cystic tumor Liver
53 One 5.5 cm multicystic tumor Anterior

mediastinum
54 Giant adenomatoid tumor Ovary
55 Multiple extragenital tumors Mesocolon

and omentum
56 Multiple peritoneal nodules (2 to

5 mm) below the diaphragm dome
and the surface of the liver

Peritoneal

57,58 Multiple adenomatoid tumors Uterus,
Fallopian
tubes

59 A 15 cm uterine tumor associated with 2
smaller foci in ovary and appendix in a
young patient with no immunosup-
pression mentioned and with no
recurrence at 3 years of follow-up

Uterus, ovary,
appendix

60 A diffuse adenomatoid tumor in an
immunocompromised renal
transplant patient, with no
recurrence at 4 y of follow-up

Uterus

61 A diffuse tumor without
immunosuppression history neither
the follow-up of the patient

Uterus

62 Diffuse multiple nodules of
adenomatoid tumor were described
in a renal failure patient

Uterus

63 Three multifocal or diffuse tumors in
immunosuppressed patients

Uterus

64 A giant adenomatoid tumor with
identical TRAF7 mutations

Uterus

65 A diffuse adenomatoid tumor in an
immunocompromised patient
showing a multicystic serosal
component harboring large cysts
and papillae and a diffusely
infiltrative myometrial component
composed of small cysts

Uterus
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evident lining, in a necrotic paratesticular mass, could help
in diagnosis.34 A helpful finding, mostly in testicular tumors,
would also be the presence of prominent lymphoid
aggregates.34 Lymphoid aggregates are prominent in about
30% to 36% of adenomatoid tumors, more often in the male
genital tract.45,85 Infarction of adenomatoid tumor can also
lead to pain, which is not an usual clinical finding for ade-
nomatoid tumors, adding to diagnostic difficulties.34

Another peculiar finding is the association of paratesticular
adenomatoid tumor with a Brenner tumor.89,90

DIFFERENTIAL DIAGNOSIS
Given their mesothelial nature, adenomatoid tumors

should raise the suspicion of diffuse MM, especially when their
appearance is not the typical small incidental lesion of the
genital tract; when large or multiple or of unusual localization
lesions are found, then the differential diagnosis should always
include diffuse MM. It must be noticed that MM shows vari-
ous degrees of atypia, and tumors with less atypical cells show a
slightly better prognosis.91 Moreover, despite the rather char-
acteristic morphologic aspect of adenomatoid tumor, it should

FIGURE 4. Various architectural patterns of adenomatoid tumors. A, Trabecular glandular-like architecture. B, Microcystic spaces and
solid nests. C, Microcystic angiomatoid pattern. D, Microcystic angiomatoid pattern with more dilated cystic spaces at the left edge of
the tumor. Please see this image in color online.

FIGURE 5. Thread-like bridging strands, a constant finding of
adenomatoid tumors, corresponding to apposition of attenuated
cytoplasm of 2 adjacent cells. Please see this image in color online.

FIGURE 6. Eosinophilic cells arranged in a solid pattern in this
adenomatoid tumor. Please see this image in color online.
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be noted that an adenomatoid variant of epithelioid MM does
exist and has been named so due to its resemblance to ade-
nomatoid tumor. An, at least, focal adenomatoid pattern has
been described in 5% of epithelioid MM.92 However, this MM
shows diffuse invasion of the underlying tissues, increased
atypia, prominent nucleoli, and mitotic activity (Fig. 7).93 It
also shows the same poor prognosis as the rest of epithelioid
diffuse MMs, with a mean survival of less than a year.93

In the same context, other lesions of mesothelial nature
should be considered. Of the most important, in our opinion,
should be the localized MM, another rare and difficult to
diagnose entity. This tumor is histologically similar to diffuse
MM, showing similar subtypes of epithelioid, biphasic, or
sarcomatoid morphology, but it is solitary and circumscribed
macroscopically and radiologically,94 while it shows only
limited invasion of surrounding tissues. It is usually pleural and
less often peritoneal, measuring 2.2 to 15 cm (mean almost
6 cm).94 It shows much lower association with asbestos expo-
sure and better prognosis than diffuse MM.94 Local recur-
rences or metastases can develop but usually no diffuse serosal
disease.94 Its molecular analysis recently showed what it was
probably long suspected for—that this probably is a hetero-
genous entity. Hung et al95 reported on the genetic features of
6 localized pleural mesotheliomas, comprising 0.5% of all
pleural MM. BAP1mutations with deletions of CDKN2A and
NF2 were seen in 2 tumors, TRAF7mutations in 2 tumors (see
the Pathogenesis section), and genomic near-haploidization in
one tumor.95 Thus, a relatively large circumscribed mesothelial
tumor, usually pleural but eventually peritoneal, could represent a
localized mesothelioma, which is a malignant tumor, although of
good prognosis, or an adenomatoid tumor, a benign tumor. The
distinction seems difficult, especially given the possibility of
absence of the usual molecular events found in diffuse MM.
However, none of the cases of localized mesothelioma described
above94,95 seem to resemble morphologically to adenomatoid
tumor, even the cases with TRAFmutations, at least by the given
microphotographs. Thus, in front of a typical adenomatoid
tumor’s morphology of an otherwise round noninfiltrating tumor
with no significant atypia or mitotic activity harboring no BAP1,
p16, or other typical diffuse MM alterations,96,97 a diagnosis of
adenomatoid tumor could be made.

Next in the differential diagnosis of the mesothelial family
of lesions, especially for the cases of adenomatoid tumors
harboring papillary structures on their surface, as previously

mentioned, should be the well-differentiated papillary meso-
thelioma (Fig. 8). This is a rare tumor with only few cases
reported in the literature; it is generally considered a low-grade
tumor with long survival after complete resection. Micro-
scopically, it is characterized by papillary structures, with
broad fibrovascular cores, lined by a single layer of uniform
flattened or cuboidal cells with bland cytomorphology.99 The
difficulty arises when this tumor contains rare foci of under-
lying invasion.100 It is not clear whether these cases represent a
variant of this tumor or a form of a classic MM. Two of the
largest series of well-differentiated papillary mesothelioma
have been recently described. The first study is reported by the
RENAPE observational registry, the French network for the
treatment of rare primary peritoneal surface malignancies.101

Fifty-six well-differentiated papillary peritoneal mesotheliomas
were diagnosed during a 7-year period in the registry.101 The
patients were relatively young with a mean age at diagnosis of
52 years (range: 21 to 74 y).101 Almost half of the cases were
incidental diagnoses.101 Invasion was found in 16% of the
cases.101 The median disease-free survival was 144 months,
while 4 patients suffered relapse in a median period of
27 months.101 Another large series included 75 patients diag-
nosed during a period of 17 years; the mean age at diagnosis
was 42 years (range: 18 to 69 y).99 Most patients were women,
and most cases were abdominal, with rare pleural or testicular
localizations.99 Six of the tumors also harbored invasive foci.99

Interestingly, 8 tumors of this series, all larger than 2 cm,
showed components of adenomatoid tumors or multicystic
mesotheliomas.99

Another mesothelial entity to be considered in the differ-
ential diagnosis of adenomatoid tumors is the benign multicystic
mesothelioma, known under various names such as benign cystic
mesothelioma, multilocular cyst of the peritoneum, multilocular
peritoneal inclusion cyst, inflammatory cysts of the peritoneum,
and postoperative peritoneal cyst.102,103 These lesions are com-
posed microscopically of thin-walled, unilocular or multilocular
cysts separated by fibrous septa and cytologically bland cuboi-
dal or flattened mesothelial cells, but it can contain foci of cel-
lular proliferation and often squamous metaplasia (Fig. 9).102,103

Interestingly, foci resembling adenomatoid tumor have been
described in their walls.102,104 This entity still poses questions as
for its nature, neoplastic or reactive.103 It has been often but not
always associated with chronic inflammation, previous surgery,
and endometriosis, while asbestos exposure is not a feature of

FIGURE 7. Malignant mesothelioma can show a microcystic pattern resembling an adenomatoid tumor (A), but the tumor is infiltrative
and cellular atypia is more prominent (B). Please see this image in color online.
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this disease.102–104 They mostly occur in women of repro-
ductive age, but cases involving men and children are
described.103,104 They may be adherent to surrounding
structures, with a strong predilection for the pelvic peri-
toneum, but they can also be free-floating in the peritoneal
cavity.103 The cystic formations range from few millimeters to
20 cm.105 Long-term prognosis is good even with incomplete
resection, but relapses are seen.104 Like adenomatoid tumors
and well-differentiated papillary mesothelioma, pleural106 or
even pericardial107 cases of benign multicystic mesothelioma
have been only rarely described.

Mesothelial lesions are one aspect in the differential
diagnosis of adenomatoid tumors. The other aspect includes
nonmesothelial lesions that may resemble adenomatoid
tumors. These include vascular lesions, especially in unusual
locations as in the mediastinum, where lymphangioma with
D2-40 expression can be seen, or when considering WT1
expression, which is positive in both mesothelial and vas-
cular lesions,108 and also epithelioid hemangioendothe-
lioma; this latter tumor can also express epithelial markers
and can be found in localizations, such as the pleural cavity,
the liver, and the adrenal gland, where adenomatoid tumor
can be also expected.97 However, vascular lesions could be
excluded by an adequate vascular/mesothelial marker panel.
A probably underrecognized pattern that should be

mentioned is an adenomatoid pattern of thymomas, and,
similarly, a representative immunohistochemical panel,
clinical/radiologic thymoma suspicion, and foci of typical
thymoma should help in avoiding misdiagnosis.109 The
glandular-like, sometimes signet-ring–like, pattern of ade-
nomatoid tumors will possibly raise suspicion of adeno-
carcinoma; however, the absence of significant atypia and
the correct mesothelial immunoprofile will avoid this mis-
diagnosis. Similarly, the vacuolated cells of adenomatoid
tumor could remind one of lipoblasts of liposarcomas, but,
again, immunohistochemistry will be indicative of meso-
thelial origin. Cases with prominent eosinophilic cells and
solid growth, especially in ovarian or testicular localization
could remind one of Sertoli or Leydig cell tumor, and cau-
tion should be exercised, as calretinin is also a sex-cord
marker. An adrenal cortical adenoma with cystic degener-
ation could be suspected for adrenal gland tumors, and
immunoexpression of the corresponding markers, such as
SF1, inhibin alpha, and melan-A, would aid in the correct
diagnosis.

IMMUNOHISTOCHEMISTRY
Immunostaining for keratins, like AE1E3 and CAM5.2 is

diffusely positive in adenomatoid tumors,26,85 while CEA, factor
VIII, and CD31 are negative.26 D2-40 has been shown to be

FIGURE 8. Well-differentiated papillary mesothelioma. A, Multiple papillary foci overly the surface of the omentum without infiltrating
the underlying adipose tissue. B, Papillary structures with broad fibrovascular cores. C, Bland lining cells. D, This tumor arises in the
tuboperitoneal junction, a region where tubal lesions often arise.98 At the middle, the tumor, at the left and the right, the tubal fibriae.
E, Bland tumor cells at the left and ciliated tubal cells at the right. F, Calretinin expression by tumor cells. G, A well-differentiated papillary
mesothelioma with papillary architecture at the left and multicystic spaces at the right overlying the omentum. H and I, This well-
differentiated papillary mesothelioma contains adenomatoid tumor-like areas. Please see this image in color online.
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expressed in 100% of 48 adenomatoid tumors studied.85,110,111

Calretinin85,105 (Fig. 10) and WT185,112 show diffuse reactivity,
while CK5/6 is positive in a few cases, 8% of female and 16% of
male tumors85; caldesmon is only exceptionally expressed.85

Mesothelin was found to be expressed by 3 adenomatoid tumors
in a study of 471 tumors of various origins.113 Another meso-
thelial marker, HBME-1, is also expressed in adenomatoid
tumors.23 OCT4 is not expressed as investigated in 2 tumors.114

Female genital tract adenomatoid tumors are estrogen receptor

and progesterone receptor negative.39,115 GATA-3 expression
was examined in 20 adenomatoid tumors, 9 paratesticular and
11 of the female genital tract, being positive in 2 urological
cases.116 Strong diffuse p16 expression has also been found.63

Despite Ber-EP4 having been reported to be negative in ade-
nomatoid tumors,26 Gaffey et al117 showed an almost 20%
expression of Ber-EP4 inMMs and adenomatoid tumors (n=9),
compared with 86% of adenocarcinomas, but, even in the cases
expressing this antigen, the staining was more focal than in
adenocarcinomas. MOC-31, also used in favor of a carcinoma
diagnosis, is negative in adenomatoid tumors,23 while another
carcinoma marker, Claudin-4, which is useful in the differential
diagnosis of MM,118 has not yet been studied in adenomatoid
tumors, to the best of our knowledge. The MMR proteins
(MLH1, MSH2, MSH6, and PMS2) are retained in adenoma-
toid tumors.63 PAX8, which is often used in the diagnosis of
Müllerian lesions, including ovarian serous tumors, is also being
expressed in a substantial proportion of benign mesothelium and
MM cases, especially in women,119 and in most well-differ-
entiated papillary mesotheliomas.99,120 Adenomatoid tumors
show negativity for PAX8 expression.84,120,121

BAP1 immunohistochemistry is now widely used in favor
of an MM diagnosis over an atypical mesothelial hyperplasia
when its expression is lost.96,97 Thus, in cases wherein exclusion
of MM is needed when encountering an adenomatoid tumor,
BAP1 would be an attractive factor. Joseph et al122 examined
16 adenomatoid tumors showing retained BAP1 expression in
comparison with MM. Lee et al123 examined 8 adenomatoid

FIGURE 9. Benign multicystic mesothelioma/multilocular peritoneal cysts. A, Thin fibrous walls of a multilocular lesion. B, Bland cuboidal
cells lining the cystic formations. C, Squamous metaplasia is frequent. D, Adenomatoid tumors can show dilated cystic structures. Please
see this image in color online.

FIGURE 10. Strong and diffuse cytoplasmic and nuclear calretinin
expression of adenomatoid tumor cells. Please see this image in
color online.
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tumors for BAP1 expression, showing that its expression is
retained. Furthermore, they studied 8 well-differentiated pap-
illary mesotheliomas showing that, in 3 of them, BAP1
expression was lost, and only these cases were associated with
the development of underlying MM.123 More recently, Erber
et al124 examined 42 adenomatoid tumors for BAP1 expression
showing that its expression is retained, while BAP1 is lost in
almost half of the mesotheliomas studied.

HEG1 (heart development protein with EGF-like
domains 1) is highly sensitive for MMs, including sarcomatoid
ones, and stains also for reactive mesothelial lesions,125–128 but
no data exist in adenomatoid tumors, to the best of our
knowledge. Enhancer of zeste homolog 2 is overexpressed in
MM where it also has prognostic significance129–131; however,
its expression has not been studied yet in adenomatoid tumors.
Moreover, 5-hydroxymethylcytosine118,132 and cyclin D1133

can be used in favor of MM diagnosis in comparison with
reactive mesothelial lesions, but no data exist for adenomatoid
tumors. Methylthioadenosine phosphorylase immunohis-
tochemical expression can act as surrogate marker of
CDKN2A deletion and thus helps in MM diagnosis118–136;
however its profile in adenomatoid tumors remains unknown.

Thus, after morphologic suspicion of adenomatoid tumor,
if the mesothelial nature needs to be ascertained, any of the
classic mesothelial markers, such as calretinin, WT1, D2-40,
HBME-1, or mesothelin can be used. To exclude malignant
mesothelial lesions, BAP1 retention, absence of p16 deletion,
and L1CAM expression as a TRAF7 mutation surrogate
marker64 (see below) could be of diagnostic aid, while newer
markers, such as methylthioadenosine phosphorylase are still
needed to be investigated. In the differential diagnosis of vas-
cular lesions, CD31 and CD34 would be more useful than D2-
40 andWT1, and, for sex-cord or adrenal cortical tumors, SF1,
inhibin, and melan-A would be more useful than calretinin.

PATHOGENESIS
Several questions are posed with regard to the

pathophysiology of adenomatoid tumors. First, its nature. Is it
a true tumor or a reactive lesion? Most evidence, including the
monoclonality of these tumors,137 is in favor of a neoplastic
nature. Being a mesothelial lesion, the first reaction would be to
investigate the same molecular events found in mesotheliomas.
Few relevant data exist. In contrast to MMs, no deletion of the
9p21 or other chromosomal gains or losses are found in ade-
nomatoid tumors.138,139

Second, several cases of adenomatoid tumors have been
reported in immunocompromised patients. Could an etiological
link exist? In 1992, Livingston et al65 reported an uterine ade-
nomatoid tumor diffusely infiltrating the myometrium and
associated with a papillary component at the surface in an
immunosuppressed kidney transplant patient due to systemic
lupus erythematosus. Similarly, in 1997, Angeles-Angeles
et al140 described an incidentally found adrenal adenomatoid
tumor in a 34-year-old acquired immunodeficiency syndrome
patient who died due to disseminated coccidiomycosis. The
tumor measured 3 cm, and it was enclosed in adrenal cortical
tissue and showed no atypia or mitoses.140 Despite no immu-
nohistochemistry of mesothelial markers being performed, the
morphology was typical of adenomatoid tumor.140 In 2011,
another adrenal adenomatoid tumor was reported in an human
immunodeficiency virus patient.141 A 1 cm testicular tumor was
found in a patient treated with imatinib for chronic myeloid
leukemia.142 Diffuse multiple nodules of adenomatoid tumor
were described in the uterus of a renal failure patient.62 More

recently, a study aiming to answer the question of a possible
relationship between these tumors and renal transplantation,
showed that, among almost 1000 hysterectomies, 17 adeno-
matoid tumors were found (1.5%). Of those, 10 (58.8%) were
found in immunosuppressed renal transplant patients, while the
other 7 patients had no special medical history.143 Its associa-
tion with immunosuppression was also strongly suggested by
Tamura et al63 who found that, of 611 consecutive hysterec-
tomies, 14 harbored an adenomatoid tumor (2.3%), and that
the incidence was higher in patients who were immunosup-
pressed (25%) than in nonimmunosuppressed patients (1.52%).
Notably, of the 5 tumors in the immunosuppressed patients, 3
were multifocal or diffuse, whereas most tumors in the non-
immunosuppressed patients were single nodular.63 In 1 case of
the 12 studied, a TRAF7 mutation was detected.63 Given the
relative rarity and often small size of adenomatoid tumors but
also their benign nature, it is not surprising that their molecular
biology has not been thoroughly studied; the only cases
reported were in terms of comparison with MMs. Thus, the
recent reports on the role of TRAF7 are of great interest.
TRAF7, which is also mutated in perineuriomas and menin-
giomas, encodes an E3 ubiquitin ligase, a member of the family
of tumor necrosis factor receptor–associated factors (TRAFs)
and may regulate immunomodulatory signaling pathways
involving NF-kB; all 31 adenomatoid tumors studied harbored
somatic missense mutations in the TRAF7, and this could
provide a possible explanation for adenomatoid tumors’ asso-
ciation with immunosuppression.64 Interestingly, 4 separate
tumors were found in the same immune-suppressed patient,
and genetic analysis identified different somatic TRAF7 muta-
tions in each tumor, confirming that these were genetically
distinct tumors, while, at the same time, no germline mutations
were found in this patient.64 Moreover, different regions of a
giant adenomatoid tumor were sequenced showing identical
TRAF7 somatic mutations.64 However, more studies are
needed to explain the exact association of this mutation with
immunosuppression and with tumor development, and with the
“preferred” peritoneal over pleural localization of these tumors.

A third question is its possible relation to other peritoneal
mesothelial lesions, which, like adenomatoid tumor, are not
frequently encountered in other mesothelial cavities, such as the
pleura: the benign multicystic mesothelioma and the well-
differentiated papillary mesothelioma. This question is even
more relevant when considering, as earlier mentioned, that (a)
multicystic adenomatoid tumors have been reported, (b) ade-
nomatoid tumors can harbor papillary components, and (c)
benign multicystic mesothelioma and well-differentiated papil-
lary mesothelioma can harbor adenomatoid-like areas. In 1996,
Chan and Fong144 described an uterine adenomatoid tumor
associated with multicystic mesothelioma in a 45-year-old
woman. A 17mm subserosal nodule was found at the uterine
fundus, showing typical adenomatoid tumor features; it was in
continuity with a papillary tuft of 25mm projecting over the
serosa.144 This consisted of cystic spaces of 1 to 4mm.144

Livingston et al65 reported a diffuse uterine adenomatoid tumor
in an immunocompromised patient; the tumor showed a mul-
ticystic serosal component harboring large cysts and papillae
and a diffusely infiltrative myometrial component composed of
small cysts. No further peritoneal disease was found, and no
recurrence was seen in 4 years of follow-up.65 Interestingly,
mutually exclusive somatic mutations of TRAF7 and CDC42
were also found in all 10 well-differentiated papillary peritoneal
mesotheliomas studied, confirming the clonal and not reactive
nature of this lesion, but also adding solid evidence for sharing
features with adenomatoid tumors.145 In contrast, these tumors
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show intact BAP1 expression and lack alterations in the BAP1,
NF2, CDKN2A, DDX3×, SETD2, TP53, and ALK genes,
which are commonly altered in MMs.145

Finally, rare cases of adenomatoid tumor have been
associated with cryptorchidism,146,147 whereas a tumor was
also reported in an infant with hydrocele.148 An adrenal
adenomatoid tumor has been reported in a patient with
SDHD mutation.149

CONCLUSIONS
Adenomatoid tumors are uncommon but not rare neo-

plasms mostly affecting the uterus, the Fallopian tubes, and
the paratesticular tissues. Unusual sites that could lead to
pitfalls in diagnosis are the adrenal gland, the pleura, the
mediastinum, the liver, and other extragenital peritoneal sites.
It shows a benign course. Nevertheless, worrisome and often
underrecognized features are multiple, diffuse, or large
tumors, as well as multicystic or papillary tumors. Their
association with immunosuppression is now well-documented
and an oncogenic etiology to TRAF7 mutations is well-sup-
ported. Morphologic and topographic features suggest a link
with well-differentiated papillary mesothelioma and benign
multicystic mesothelioma, while molecular events further
support a pathogenetic link with the former. Further studies
are needed to better explain the pathway that connects
inflammation with the development of adenomatoid tumors
as well as the exact link to other mesothelial lesions.
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