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A B S T R A C T

Clear cell Mullerian-type adenocarcinoma of the testis is an exceedingly rare entity, and its histogenesis and
clinical behavior are still poorly understood. We discuss three cases of clear cell carcinoma of the testis, compiled
from a review of the literature and our personal experience. Microscopically, the tumors closely resembled clear
cell carcinoma of the ovary, displaying papillae lined by clear cells with areas of hobnailing. The reported
immunophenotypic features were also similar to that of ovarian tumors, as positivity for epithelial markers (CK7,
CAM5.2, AE1/AE3, EMA) and Mullerian markers (PAX8, CA125) with negativity for estrogen and progesterone
receptors have been observed. The pathogenesis of testicular clear cell carcinoma is still poorly understood, with
reported cases displaying evidence of both mesothelial and Mullerian origin. In addition, molecular character-
ization of testicular clear cell carcinomas has yet to be accomplished; however, studies performed on ovarian
clear cell carcinomas may provide insight to the origin, biologic behavior, and potential therapeutic modalities
for this obscure, aggressive malignancy.

1. Introduction

Ovarian-type surface epithelial tumors may rarely occur in the
testis. Serous tumors are the most frequently reported and best char-
acterized, with about 60 cases described in the literature [1,2]. In
contrast, clear cell tumors of the testis are the least common subtype,
with very little information published about this entity [1,2]. We pro-
vide a review of cases of clear cell carcinoma arising from the testicular
region and describe salient clinical and histopathologic characteristics.
We also discuss important considerations in the differential diagnosis,
theories of pathogenesis, and potential trajectories for molecular ana-
lysis and therapy.

2. Review of cases

The first case of clear cell carcinoma of the testis was reported in
1954 by Teilum et al. and described a 44-year-old male who presented
with left-sided scrotal swelling, followed one month later by cervical
lymphadenopathy, dysphagia, and hemoptysis, with a chest X-ray
showed secondary pulmonary deposits (Table 1) [3]. An orchiectomy
was performed, revealing a hemorrhagic tumor occupying the upper
two-thirds of the testis with extension into the epididymis [3]. Micro-
scopically, the tumor was composed of papillary structures lined by
cuboidal cells with variable amounts of cytoplasmic clearing [3]. The

patient received a course of radiation with reported resolution of
symptoms five months following surgery [3].

In 2004, Tulunay et al. reported a second case from a 43-year-old
male who presented with a painful testicular mass, in addition to ab-
dominal pain, weight loss, hemoptysis, and inguinal lymphadenopathy;
computed tomography showed multiple pulmonary lesions and en-
larged paratracheal lymph nodes [4]. An orchiectomy was performed
and gross examination showed near-complete replacement of the tes-
ticular parenchyma with multiloculated cystic structures containing
numerous papillary excrescences, as well as a papillary tumor located
on the tunica vaginalis [4]. On microscopic exam, papillae lined by
clear cells with a hobnailed appearance were seen; occasional psam-
moma bodies and focal hyalinization of the papillary fibrovascular
cores were also present [4]. Immunohistochemically, the tumor cells
displayed positivity for cytokeratin (CK) 7, epithelial membrane an-
tigen (EMA), and CA125; and they were negative for CK20, calretinin,
estrogen receptor (ER), and progesterone receptor (PR) [4]. Interest-
ingly, a separate paratesticular mass was identified microscopically,
composed of atrophic endometrial-type glands and stroma; this lesion
was not recognized on initial gross examination [4]. Unfortunately, the
tumor progressed extremely rapidly and the patient died two weeks
after the orchiectomy [4].

A third case of clear cell carcinoma of the testis arose in a 71-year-
old male presenting with a 1-month history of right-sided hydrocele,
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previously diagnosed as epididymo-orchitis but unresponsive to oral
antibiotics. Scrotal ultrasound showed a large complex right hydrocele
with accompanying enlargement of the right epididymis; no evidence of
intratesticular mass was seen. A hydrocelectomy was performed. Gross
examination showed a 5× 4 cm fibromembranous saccular structure,
with a 2.4×1.8 cm slightly nodular mass located on the surface.
Microscopic examination showed a layer of fibromuscular tissue,
compatible with hydrocele sac, with an exophytic surface neoplastic
proliferation (Fig. 1) composed of papillary structures lined by cells
with abundant eosinophilic to clear cytoplasm and focally prominent
nucleoli (Fig. 2A, B). Mild cytologic atypia and occasional mitotic fig-
ures, with up to 3 mitoses per 10 high-power fields, were seen (Fig. 2C).
The tumor showed invasion of the underlying fibrous wall up to 0.2 cm
(Fig. 2D). Immunohistochemical studies showed positivity for EMA and
CAM5.2, and focal positivity for CK7 in the tumor cells. In addition,
nuclear expression of PAX8 and androgen receptor (AR) as well as focal
expression of CA19-9 and WT-1 were observed (Fig. 3A, B). Stains for
CK20, calretinin, D2-40, ER, and PR were negative. Finally, Ki-67 stu-
dies showed a high proliferative index, with up to 40% staining of the
tumor cells (Fig. 3C).

3. Discussion

Ovarian-type epithelial tumors of the testis are very rare, with ap-
proximately 100 cases reported in the literature; they are estimated to
comprise 5–7% of non-germ cell testicular tumors [1,2,5]. Serous tu-
mors are the most commonly reported, followed by (in descending
order of frequency) mucinous, Brenner, endometrioid, and clear cell
tumors [1,2]. While these tumors are histologically similar to their

ovarian namesakes, in some cases, they display distinct clinical asso-
ciations and immunohistochemical characteristics, and also warrant a
unique approach to the differential diagnosis. In addition, due to their
rarity, their clinical behavior and overall prognostication in comparison
to ovarian tumors is still not well understood.

The pathogenesis of ovarian-type epithelial tumors of the testis has
still not been fully elucidated, and several theories have been proposed
for their histologic origin. One of the more widely propounded theories
states that ovarian-type tumors arise from Mullerian remnants in the
testicular region, including the appendix testis (a Mullerian vestige
located at the upper pole of the testis); rests of Mullerian epithelium are
also found in the connective tissue between the testis and epididymis
and in the spermatic cord [1,6]. As many tumors are found in the
paratestis, particularly the testiculo-epididymal groove, this theory
would sufficiently explain the histogenesis of these tumors [6,7]. An-
other possible origin of ovarian-type neoplasms in the testis is via
Mullerian metaplasia of mesothelium lining the tunica vaginalis, which
is consistent with the large proportion of tumors arising from the tunica
vaginalis [6,7]. As the mesothelium of the ovary is widely believed to
undergo Mullerian metaplasia to differentiate into surface epithelial
neoplasms, it is not unreasonable to surmise that the mesothelium of
the tunica vaginalis has a similar capacity. The pathogenesis of in-
tratesticular tumors is less clear, but they have been hypothesized to
develop from entrapped Mullerian or mesothelial inclusions within the
testicular parenchyma [6,7].

Clear cell carcinoma is the least common of the ovarian-type epi-
thelial tumors encountered in the testis [1,2]. Morphologically, clear
cell carcinoma of the testis resembles its ovarian counterpart, with all
three reported cases displaying papillary structures lined by cuboidal to
columnar cells with cytoplasmic clearing and focal hobnailing. The
immunohistochemical profile also resembles that of ovarian clear cell
carcinoma, as reported cases have shown expression of epithelial
markers (CK7, EMA, and CAM5.2) and markers of Mullerian differ-
entiation (including PAX8 and CA125) as well as high Ki-67 prolifera-
tion index (up to 40%) [3,4]. The differential diagnosis of clear cell
adenocarcinoma is broad and includes other entities which may display
clear cell change with papillary architecture. Malignant mesothelioma
of the tunica vaginalis is often characterized by a papillary growth
pattern and may uncommonly exhibit cells with cytoplasmic clearing,
and thus may resemble clear cell adenocarcinoma histologically; how-
ever, on immunohistochemistry mesothelioma displays expression of
the mesothelial markers calretinin and D240, while clear cell carcinoma
(and other ovarian epithelial-type tumors) do not [7]. Serous carci-
nomas may also display clear cell change, mimicking clear cell carci-
noma, but typically more numerous psammoma bodies and character-
istic stratification with cellular budding and tufting are seen [7]. One
final consideration in the differential diagnosis is metastatic carcinoma,
especially renal cell carcinoma. Usually, clinical history and imaging
can facilitate the exclusion of possible metastasis; in the case of renal

Table 1
Clinical and pathologic characteristics of testicular clear cell carcinoma cases.

Case 1 (Teilum et al.) Case 2 (Tulunay et al.) Case 3 (current case)

Age 44 43 71
Clinical presentation Scrotal swelling, cervical lymphadenopathy,

dysphagia, hemoptysis
Painful testicular mass, abdominal pain, weight loss,
hemoptysis, lymphadenopathy

Painless scrotal swelling,
hydrocele

Location of tumor Testicular parenchyma Tunica vaginalis, with extension into the testicular
parenchyma

Tunica vaginalis

Immunoprofile Not performed - CK7+, CK20-, EMA+
- CA125+, ER-, PR-
- Calretinin-

- CK7+, CK20-, EMA+,
CAM5.2+
- PAX8+, WT-1+ (focal),
CA19-9+ (focal)
- ER-, PR-, AR+
- Calretinin-, D2-40-

Metastasis Pulmonary metastases Pulmonary and lymph node metastases None
Clinical course Resolution of symptoms following radiation therapy Death two weeks after orchiectomy Follow-up not available

Fig. 1. Clear cell adenocarcinoma arising from tunica vaginalis, showing a layer
of fibromuscular tissue with a surface exophytic proliferation.
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cell carcinoma, differences in the immunoprofile (CK7-negative, RCC-
positive) also can guide the diagnosis [7].

There is evidence to support that clear cell carcinomas of the testis
may originate from either mesothelium or Mullerian epithelium. Two of
the three cases describe tumors arising from the tunica vaginalis, which
is consistent with mesothelial origin. However, the immunoprofile of
testicular clear cell tumors (PAX8-positive, CA125-positive, calretinin-
negative, and D240-negative) suggests derivation from Mullerian
tissue. In addition, the case reported by Tulunay et al. also displayed an
atrophic uterus-like structure composed of endometrial glands, which
was hypothesized to originate from paratesticular Mullerian remnants
[4]. As the tumor showed continuity with this uterus-like structure, it is
possible that the tumor was also derived from foci of Mullerian epi-
thelium in the testicular region. Furthermore, ovarian clear cell carci-
nomas, which display a strong association with endometriosis, are
generally regarded to arise from endometrial tissue from retrograde
menstruation in endometriosis, therefore lending further support to the
pathogenesis of testicular clear cell carcinomas (which display analo-
gous histologic and immunophenotypic characteristics) from Mullerian,
rather than mesothelial, tissue [8,9].

Molecular analysis of testicular clear cell carcinomas has heretofore
not been performed; however, the molecular characteristics of ovarian

clear cell carcinomas have been recently characterized. Unlike the more
well-studied serous carcinomas of the ovary (which typically show
KRAS or BRAF mutations if low-grade or p53 mutations if high-grade),
clear cell carcinomas have been shown to harbor mutations in the
PIK3CA and ARID1A genes [10,11,12]. The PIK3CA gene encodes a
subunit of the PI3K protein, a part of the PI3K/AKT/mTOR intracellular
signaling pathway which has been linked to the pathogenesis of many
different types of cancers [11]. The ARID1A gene encodes BAF250a, a
subunit of the SWI-SNF chromatin remodeling complex involved in
multiple facets of the regulation of gene expression [12]. ARID1A de-
letions have been shown to cause aberrant activation of the PI3K/AKT/
mTOR pathways and have been implicated in many cancers; thus the
gene has been hypothesized to act as a tumor suppressor [12]. De-
creased ARID1A expression has also been associated with chemoresis-
tance in patients with ovarian clear cell carcinoma [13,14]. Investiga-
tions of therapies targeting the altered signaling involved in these
mutations (particularly the mTOR inhibitors everolimus and temsir-
olimus) have shown some promising initial results; however, no phase
III trials have been reported [15]. Experience with treatment for testi-
cular clear cell carcinoma is woefully sparse, with only one case re-
portedly improving with radiation therapy, as described above [3].
Nevertheless, the molecular abnormalities and therapeutic strategies

Fig. 2. (A) The neoplasm is composed of papillary structures lined by cells with clear to eosinophilic cytoplasm. (B) The cells display mild cytologic atypia, focal
hobnailing, and variably prominent nucleoli. (C) Occasional atypical mitotic figures were identified. (D) Superficial invasion of the underlying fibromuscular wall
was seen.

Fig. 3. (A) Diffuse positivity for PAX8. (B) Focal positivity for CA19-9. (C) High proliferation index highlighted by Ki-67.

M. Lin, et al. Annals of Diagnostic Pathology 40 (2019) 26–29

28



studied in ovarian clear cell carcinoma will help guide future studies on
the biological and molecular characterization of testicular clear cell
carcinoma, and potentially help to establish the optimal therapies for
this rare, clinically aggressive entity.
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