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Major consensus conferences held over a decade ago laid the foundations for the current (2004) WHO
classification of renal carcinoma. Clear cell, papillary and chromophobe carcinomas account for 85–90%
carcinomas seen in routine practice. The remaining 10–15% of carcinomas consist of rare sporadic and
hereditary tumors, some of which had been long recognized, but many of which only emerged as distinct
entities in the decade leading up to the WHO publication. Collecting-duct carcinoma is a rare, often lethal form
of carcinoma. Medullary carcinoma associated with sickle cell trait, has emerged as a distinctive tumor showing
some overlapping features with upper tract urothelial carcinoma. Mucinous tubular and spindle-cell carcinoma
and tubulocystic carcinoma were earlier considered as patterns of low-grade collecting-duct carcinoma, but are
now recognized as separate tumor entities. Carcinomas associated with somatic translocations of TFE3 and
TFEB comprise a significant proportion of pediatric renal carcinomas. Oncocytoid renal carcinomas in
neuroblastoma survivors was recognized as a unique tumor category in the WHO classification. Renal
carcinoma associated with end-stage renal disease is now recognized as having distinct morphological
patterns and behavior. In addition there is a group of rare recently described carcinomas, including clear cell
papillary carcinoma, oncocytic papillary renal cell carcinoma, follicular renal carcinoma and leiomyomatous
renal cell carcinoma. It behooves the surgical pathologist to not only be capable of diagnosing the common
forms of renal cancer, but also to be aware of the rare types of renal carcinoma, many of which have emerged in
recent years.
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The taxonomy of renal epithelial neoplasms has
evolved greatly over the past two decades.1 Land-
mark consensus conferences held in Heidelberg
(1996) and Rochester (1997) laid the foundations
for our modern classification system.2,3 Detailed
morphological studies incorporating contemporary
immunohistochemical and molecular techniques
have resulted in the current classification of renal
epithelial neoplasms as outlined in the 2004 World
Health Organization (WHO) monograph.4 The com-
mon renal cell carcinomas of clear cell, papillary
and chromophobe types, account for 85–90% of the
renal tubular malignancies encountered in routine
practice. The remaining 10–15% includes a variety
of uncommon sporadic and familial carcinomas,

some of which have been recently described, along
with a group of unclassified carcinomas. Selected
uncommon, recently described and emerging forms
of renal cell carcinoma will be discussed in this
paper (Table 1). Although rare familial renal cell
carcinomas can be seen, emphasis will be placed on
the uncommon sporadic carcinomas. In particular,
the following topics will be reviewed—collecting-
duct carcinoma, renal medullary carcinoma, muci-
nous tubular spindle-cell carcinoma, tubulocystic
carcinoma, translocation carcinoma, carcinoma in
neuroblastoma survivors, dialysis associated carci-
noma and an interesting group of very recently
described and incompletely characterized renal
epithelial tumors.

Collecting-duct carcinoma

Collecting-duct carcinoma was first described in
19495 and was recognized as a separate entity of
renal cell carcinoma in 1986.6 Since then severalReceived 9 April 2009; accepted 9 April 2009
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case series have been reported, with these tumors
now being recognized as an aggressive form of renal
neoplasia.7–12

Collecting-duct carcinomas comprise approxi-
mately 1% of renal epithelial malignancies and
often present with advanced stage disease.13 They
have been described as occurring in a wide patient
age range, but generally affect patients in the 4th to
7th decades (mean age 55 years), with a male
predominance of approximately 2:1. These tumors
are frequently symptomatic, with typical presenting
features being one or more of the classic renal tumor
triad of hematuria, abdominal mass and intermittent
flank/back pain, and also fatigue and weight loss.
The frequency of symptomatic presentation of these
tumors reflects their rapid growth and early meta-
static spread, with approximately one-third of
patients being shown to have metastases at the time
of diagnosis.

Evidence of a collecting-duct origin for these
tumors is that when small, the primary tumor was
usually confined to the renal medulla. Despite this
these tumors are usually of large size when
diagnosed and involve both the renal cortex and
medulla. Typically collecting-duct carcinomas are
white to gray and have a firm consistency on
sectioning (Figure 1). Tumor necrosis is typically
present although hemorrhage is not usually seen
macroscopically. These tumors may extend into the
renal pelvis and on imaging studies may mimic
pelvic urothelial carcinoma.7

The microscopic features of collecting-duct carci-
noma may be somewhat variable, however, the
morphologic criteria for diagnosis are the presence
of an infiltrative tubular or tubulopapillary pattern,
associated with a desmoplastic stromal reaction
(Figure 2a and b). The tumor cells typically exhibit
a high grade of nuclear pleomorphism and nuclear
atypia is seen in the epithelium of adjacent renal
tubules (Figure 3).14 Mitotic figures are frequently
present and histochemically both acid and neutral
mucin may be seen.15 In addition to the tubulopa-
pillary architecture, these tumors may also contain
compact papillary structures, solid sheet-like areas
of tumor cells and microcysts. Occasionally foci
of spindle cells are present, however, if this is
more than a rare occurrence, the tumor should be
considered to be a sarcomatoid carcinoma arising

Figure 1 Gross photograph of collecting-duct carcinoma showing
infiltrating gray–white tumor centered on renal medulla.

Table 1 Uncommon and recently described renal carcinomas

Established a New and Emerging

Collecting duct carcinoma Tubulocystic carcinoma
Medullary carcinoma Carcinoma associated with end stage renal disease
Mucinous tubular and spindle-cell carcinoma Follicular renal carcinoma
Translocation carcinoma Clear cell papillary and cystic renal cell carcinoma
Post-neuroblastoma carcinoma Oncocytic papillary renal cell carcinoma

Leiomyomatous renal carcinoma

a
Recognized as distinct entities in WHO (2004) classification.

Figure 2 Photomicrographs of collecting-duct carcinoma. (a) Note
infiltrating irregular tubules embedded in fibro-inflammatory
stroma. (b) Tubules are lined by cells showing high-grade nuclear
atypia.
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within a collecting-duct carcinoma. There is usually
an associated chronic active inflammatory cell
infiltrate in and adjacent to the tumor, and in some
cases a neutrophilic infiltrate can be quite pro-
nounced. Tumor architecture may be recapitulated
in extra-renal metastases (Figure 4).

The immunohistochemical expression of collect-
ing-duct carcinoma reflects the origins of the tumor
from the collecting duct of the distal nephron.7,8,16,17

Tumors usually show positive reactions to lectins
such as Ulex europeaus agglutinin-1 and peanut
lectin, also e-cadherin, c-KIT, and both high and low
molecular weight cytokeratins. Vimentin staining of
tumor cytoplasm may also be present. There is a
variable expression of Leu M1 and EMA, whereas
markers of proximal renal tubules (CD10, RCC
antigen and AMACR) are almost always negative.

There are limited studies on the genetics of
collecting-duct carcinoma and the results to date
are inconclusive, with no consistent genetic
abnormality being noted. The karyotype of one

tumor was reported as showing trisomy for chromo-
somes 4, 7, 8, 17 and 20 and loss of chromosomes 14,
18 and 22.12 This compares with monosomy of
chromosomes 1, 6, 14, 15 and 22 noted in three
further cases.10 Loss of chromosomes 4 and 18
was also found in two of these tumors, although
in this latter series the diagnosis of some of the
cases has been questioned.14 In further studies
loss of heterozygosity of 8p and 13q has been
reported.18

The differential diagnosis of collecting-duct
carcinoma includes papillary renal cell carcinoma,
renal medullary carcinoma, metastatic carcinoma
and urothelial carcinoma with glandular differen-
tiation.

Papillary renal cell carcinoma usually only poses
a problem if it is of high grade, but usually lacks the
desmoplasia and infiltrative pattern typical of
collecting-duct carcinoma. Immunohistochemical
staining can be useful in differentiating between
these two tumor types with papillary renal cell
carcinoma frequently showing positivity for CD10,
AMACR and RCC antigen. Medullary carcinoma
may show a morphologic overlap with collecting-
duct carcinoma, but usually exhibits reticular and
solid patterns of growth. The constant association
with sickle cell trait and young patient age at
diagnosis are further indicators in favor of a
diagnosis of medullary carcinoma. Metastatic ade-
nocarcinoma should always be considered in the
differential diagnosis of these tumors, as there is
usually a marked desmoplastic response to tumor
associated with a brisk inflammatory cell infiltrate.
A previous history of malignancy may be of
diagnostic assistance and appropriate clinical and
immunohistochemical investigations should be un-
dertaken to further characterize tumors as metastatic
rather than primary.

Upper tract urothelial carcinoma may cause some
difficulty in differentiation from collecting-duct
carcinoma, especially when glandular elements are
identified within the tumor. In such cases, the
presence of in situ urothelial carcinoma in adjacent
calyces or within the renal pelvis argues against the
diagnosis of collecting-duct carcinoma. Immunohis-
tochemical staining may also be useful in differ-
entiating between these two tumors, with positive
CK20 and low molecular weight cytokeratin indica-
tive of urothelial carcinoma. Results of staining for
markers of the distal nephron should be interpreted
with caution as expression of cytokeratin AE1/AE3
and Ulex Europeaus agglutinin-1 has been reported
in high-grade urothelial carcinoma arising from the
renal papilla and exhibiting adjacent carcinoma in
situ.19 Recently immunoexpression of transmem-
brane enzyme complex carbonic anhydrase IX has
been shown to differentiate urothelial carcinoma
(diffuse to multifocal strong membrane staining in
90% of cases) from collecting-duct carcinoma
(scanty, focal and weak membrane staining in 60%
of cases).20

Figure 4 Low-power photomicrograph showing metastatic col-
lecting-duct carcinoma in lung. Note respiratory bronchial on
right side. The metastatic tumor displays a similar pattern to the
primary neoplasm.

Figure 3 Photomicrograph showing dysplasia in medullary
tubules adjacent to collecting-duct carcinoma.

Uncommon renal carcinomas
JR Srigley and B Delahunt

S4

Modern Pathology (2009) 22, S2–S23



Survival data from case reports and small case
series indicates that these tumors have a poor
prognosis.14 From these reports up to 40% of
patients have metastatic spread of tumor at pre-
sentation and most patients die within 1–3 years of
diagnosis. The largest case series to consider out-
come to date was reported from Japan and consisted
of 81 patients.21 Regional lymph node metastases
were present in 44% of the patients in this series at
diagnosis, whereas 32% had distant metastases. The
1-, 3- and 10-year disease-specific survivals in this
series were 69, 45 and 14%, respectively.

Renal medullary carcinoma

Renal medullary carcinoma was recognized as a
novel form of renal malignancy in a series published
by Colonel Davis of the Armed Forces Institute of
Pathology in 1995.22 This study was based upon
retrospective analysis of tumors coded as renal
pelvic carcinoma from patients aged less than 40
years. Where race had been recorded, all patients
were black and all had sickled erthrocytes on
histological examination. On this basis the tumor,
which was termed medullary carcinoma on mor-
phologic grounds, was designated the seventh sickle
cell nephropathy (the others being gross hematuria,
papillary necrosis, nephrotic syndrome, renal in-
farction, inability to concentrate urine and pyelone-
phritis);23 since the original study over 160 cases
have been reported.24–33

Patient age at diagnosis ranges from 5 to 69 years
with a mean age of 19 years. There is a male
predominance with a male/female ratio of 2:1,
although for patients o10 years the male/female
ratio is 5:1.26 Where ethnicity was reported the
overwhelming majority of patients were African
American, whereas 15 patients were Hispanic/
Brazilian. Medullary carcinoma has only rarely
(o10 cases) been reported in Caucasians. Virtually
all patients have sickle cell trait/disease although
the tumor has been reported from a patient with a
normal blood profile.26

Virtually all patients are symptomatic at diagno-
sis, with pain and hematuria predominating,
whereas other presenting symptoms are abdominal
mass, dysuria and weight loss.

Medullary carcinoma more commonly occurs in
the right kidney (475%) and is generally a solitary,
poorly circumscribed mass. On sectioning the tumor
is tan or gray–white, with macroscopic evidence of
necrosis and hemorrhage. Microscopic examination
shows an infiltrative poorly differentiated carcino-
ma consisting of solid sheets with poorly formed
vacuoles (Figure 5). The tumor may also form cords,
and occasionally vacuolated nests (Figure 6), micro-
cysts, tubules and areas resembling yolk sac tumors
(Figure 7) or sarcomatoid carcinoma may be seen.
There is usually a pronounced desmoplastic reac-
tion with an associated chronic active inflammatory

cell infiltrate and areas of necrosis are often present
(Figure 6).

Tumor cells have an eosinophilic/granular cyto-
plasm and there is usually a marked degree of

Figure 5 Medullary carcinoma showing small sheets of poorly
differentiated tumor infiltrated by neutrophils.

Figure 6 Medullary carcinoma displaying vacuolated nests,
irregular infiltration and necrosis.

Figure 7 Medullary carcinoma showing a yolk sac-like morphol-
ogy. Note prominent microvesicular pattern.
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nuclear pleomorphism with prominent nucleoli.
Mitotic figures are common and cells resembling
those seen in rhabdoid dedifferentiation in renal cell
carcinoma may also be identified.32 Sickle-cell
erythrocytes are a frequent finding within the tumor
and adjacent renal tissue (Figure 8).

Ultrastructural studies show variable findings and
no consistent features were reported from one
study.24 Recently it has been noted that tumor cells
contain large intracytoplasmic vesicles lined by long
slender microvilli. Condensed fibrillary electron-
dense deposits were also present. Prominent desmo-
somes were identified, whereas glycogen and lipids
were universally absent.33

The immunohistochemical expression of medul-
lary carcinoma has been reported from several
studies.24,25,31 All tumors show positive and diffuse
expression for cytokeratin AE1/AE3, low molecular
weight cytokeratin, EMA, vimentin, HIF and VEGF.
Cytokeratin 7 and carcinoembryonic antigen was
focally expressed in all cases, whereas there was a
variable expression of high molecular weight cyto-
keratin, Ulex europeaus agglutinin-1 and TP53.
There was no expression of Her-2neu.

Genetic studies on medullary carcinoma are
limited. On CGH no gains or losses were found in
eight of nine tumors studied, whereas one case
showed loss of chromosome 22. Gene expression
profiling showed 487 genes to be expressed differ-
ently from that of other types of renal tumor, with an
expression most closely resembling urothelial carci-
noma.25 In three cases FISH analysis showed
amplification of the ABL gene, with increased
expression of ABL protein in two cases. In this
series no evidence of BCR-ABD translocation
was detected, in contradiction to the report of
Stahlschmidt et al34 based on a single case.

The differential diagnosis for medullary carcino-
ma is high-grade invasive urothelial carcinoma and
collecting-duct carcinoma. As noted above urothe-
lial carcinoma appears closely related to medullary
carcinoma on the basis of genetic profile. Clinical

evidence of sickle cell trait and young patient age
are seen with medullary carcinoma, whereas cyto-
keratin 20 positivity and the presence of adjacent
urothelial carcinoma in situ are often seen in
urothelial carcinoma. The infiltrative elements of
medullary carcinoma may show tubules that resem-
ble collecting-duct carcinoma and this has been
considered to be evidence that these two tumors are
related. Sickle cell trait is not associated with
collecting-duct carcinoma, which is usually positive
for high molecular weight cytokeratin and Ulex
europeaus agglutinin-1, and may be negative for
EMA.

Medullary carcinoma has a poor prognosis22,24–26,31,33

Metastatic disease is seen at presentation in 95% of
patients with metastases encountered, in descend-
ing frequency, in lymph nodes (retroperitoneal and
mediastinal), lungs, liver and adrenal glands. Me-
tastases to breast, bone and contralateral kidney at
the time of diagnosis have also been reported. In a
published series post-presentation survival for pa-
tients ranged from 1 day to 68 weeks with a mean
survival of approximately 18 weeks. Three patients
with organ-confined disease were alive 9 months, 2
years and 8 years post-nephrectomy.26,31 One patient
with pleural, mediastinal and retroperitoneal me-
tastases was alive 85 weeks post-diagnosis, follow-
ing nephrectomy and post-operative cisplatin,
gemcitabene and paclitaxel chemotherapy, with
tandem autologous bone marrow transplantation.33

Mucinous tubular and spindle-cell
carcinoma

Mucinous tubular and spindle-cell carcinoma is an
uncommon and recently described variant of renal
cell carcinoma, which is recognized as a distinct
entity in the 2004 World Health Organization tumor
classification.35 The current WHO terminology is
descriptive reflecting the three salient histology
elements—tubules, spindle-cell areas and mucinous
stroma. Previously, this tumor had been referred to
under a variety of terms including low-grade
collecting-duct carcinoma,36 unusual renal cell
carcinoma with prominent spindle-cell change
possibly related to loop of Henle,37,38 low-grade
myxoid renal epithelial neoplasm with distal ne-
phron differentiation,39 low-grade tubular mucinous
renal neoplasm40 and spindle and cuboidal renal
cell carcinoma.41 Other large series have also been
reported.42,43

Mucinous tubular and spindle-cell carcinoma has
a wide age range and female predominance
(F:M¼ 4:1). An association with nephrolithiasis
has been noted.41 The tumor may be found in a
cortical or central location and generally displays a
uniform homogenous tan, gray or pale yellow cut
surface (Figure 9). There is a wide size range from
less than 1 cm diameter to greater than 18 cm, with

Figure 8 Renal medulla adjacent to medullary carcinoma. Note
prominent sickling of the erythrocytes in dilated capillaries.
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most tumors being 2–4 cm in width. Areas of
necrosis may be seen, but these are unusual.

Under the microscope the neoplasm shows elon-
gated tubules, which may be curvilinear and
stretched, separated by variable amounts of muci-
nous stroma (Figure 10). Parallel and collapsed
tubules impart a spindle-cell appearance and when
this pattern predominates, the tumor may mimic a
mesenchymal neoplasm such as leiomyoma (Figure
11). The nuclei are uniform and display low nuclear
grade characteristics. Foam cells, lymphocytic in-
filtrates and small psammoma bodies may also be
present (Figure 12a and b). Occasionally necrosis,
solid tubular growth and areas of high nuclear grade
change may be identified.

A recent publication has highlighted non-classic
patterns of mucinous tubular and spindle-
cell carcinoma including mucin-poor tumors
(Figure 13) and those showing focal papillary
change.44 Mucinous tubular and spindle-cell carci-
noma with focal neuroendocrine differentiation

have also been described.45 More recently examples
of mucinous tubular and spindle-cell carcinoma
with sarcomatoid change have been reported.46–48

Immunohistochemical studies of mucinous tubu-
lar and spindle-cell carcinoma generally show

Figure 10 Photomicrograph of mucinous tubular and spindle-cell
carcinoma showing classical pattern with elongated tubules,
spindle-cell areas and stromal mucin.

Figure 9 Mucinous tubular and spindle-cell carcinoma. Note
tumor circumscription and uniform light tan coloration.

Figure 11 Mucinous tubular and spindle-cell carcinoma showing
prominent spindle-cell pattern simulating a smooth muscle
neoplasm.

Figure 12 Mucinous tubular and spindle-cell carcinoma. Note
collections of foam cells and lymphocytes in tumor (a) and focal
microcalcification (b).
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positivity for low molecular weight cytokeratins
(eg, CAM5.2) and cytokeratin 7.35,37–43,49,50 High
molecular weight keratins (34BE12, CK20) are
usually negative. P504S (racemase) is typically
positive whereas CD10 and renal cell carcinoma
antigen are often negative. CD15 and RCC markers
show variable expression.

At the genetic level, several studies have identi-
fied multiple chromosome losses in mucinous
tubular and spindle-cell carcinoma.35,38,51,52 It has
been suggested that some examples of the tumor
showed trisomies of chromosomes 7 and 17, but the
most extensive study failed to identify this
feature.52,53

The histogenesis of mucinous tubular and spin-
dle-cell carcinoma is unknown. Although the tumor
was initially thought to arise from either a collecting
duct or loop of Henle, the complex immunopheno-
type with cytokeratin 7 and racemase expression
suggests proximal nephron origin.35–40,43,50 Indeed
there is significant immunohistochemical overlap
between mucinous tubular and spindle-cell carci-
noma and papillary renal cell carcinoma.43,50

The differential diagnosis of mucinous tubular
and spindle-cell carcinoma is relatively limited. In
its classic form this tumor is a highly distinctive
neoplasm and easily diagnosed. In situations where
variant patterns exist, for instance when there is a
paucity of mucin, diagnostic difficulties may arise.44

Recently, there has been a description of papillary
renal cell carcinoma with low-grade spindle-cell
foci.54 In this report of five cases, the tubular and
spindle-cell areas bear some resemblance to muci-
nous tubular and spindle-cell carcinoma. Differ-
ences exist in that papillary carcinomas have a male
predominance and they generally show areas of
distinct papillation, at least focally. Papillary carci-
noma and mucinous tubular and spindle-cell carci-
noma show overlapping immunohistochemical

features with the expression of cytokeratin 7 and
P504S (racemase). However, mucinous tubular and
spindle-cell carcinoma often stains negatively for
CD10. In cases where genetic studies are carried out,
the presence of trisomies 7 and 17 confirm the
diagnosis of papillary renal cell carcinoma.52,54

In very rare examples of mucinous tubular and
spindle-cell carcinoma with spindle-cell predomi-
nance, the tumor bears resemblance to smooth
muscle neoplasms such as leiomyoma and low-
grade leiomyosarcoma. However, the latter have a
more distinct fascicular architecture and more
elongated cigar-shaped nuclei. Usually there is some
evidence of tubular growth, at least focally, in
mucinous tubular and spindle-cell carcinoma.
Furthermore, the presence of extensive cytokeratin
7 positivity eliminates the possibility of a smooth
muscle neoplasm.

Although some examples of mucinous tubular
and spindle-cell carcinoma with prominent spindle-
cell change have been previously interpreted as
sarcomatoid renal cell carcinomas, the bland low-
grade appearance of the spindle element and the
relatively innocuous behavior of this tumor distin-
guish mucinous tubular and spindle-cell carcinoma
from typical sarcomatoid renal cell carcinoma.

The great majority of mucinous tubular and
spindle-cell carcinomas behave in a low-grade fash-
ion. However, Rakozy et al40 have described one
patient with multiple intra-abdominal recurrences.
There are few reports demonstrating regional lymph
node involvement.37,38,41 Recently there have been
three reports describing a total of four patients with
mucinous tubular and spindle-cell carcinoma show-
ing sarcomatoid differentiation.46–48 In two patients
distant metastases have been documented.46,48 Inter-
estingly, in one case with histologic documentation
the metastatic component consisted of the high-
grade sarcomatoid pattern.46 It is noteworthy that
the authors have seen one example of mucinous
tubular and spindle-cell carcinoma with classical
morphology showing metastases to retroperitoneal
lymph nodes and liver. The tumor in the liver had
an appearance identical to that of the classical renal
morphology.

Tubulocystic carcinoma

Tubulocystic carcinoma is a recently described
entity that is not listed in the 2004 WHO classifica-
tion.4 Descriptions and images of tubulocystic
carcinoma are found in older literature dealing with
collecting-duct carcinoma. Masson55 described ‘Bel-
linian epitheliome’ as a tumor of the ducts of Bellini
and his superb line drawing shows many of the
salient features of tubulocystic carcinoma. George
Farrow56 in the Armed Forces Institute of Pathology
(Series III) fascicle devoted to renal tumors de-
scribed tumors identical to tubulocystic carcinoma
under the rubric, low-grade collecting-duct carcino-

Figure 13 Mucinous tubular and spindle-cell carcinoma with a
mucin-poor pattern. Note prominent elongated and branching
tubules.
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ma. In a subsequent paper from the Mayo Clinic, 13
examples of low-grade collecting ducts were de-
scribed, eight of which showed typical features of
tubulocystic carcinoma.36 The remaining five cases
were characteristic examples of mucinous tubular
and spindle-cell carcinoma.57 Recently three major
series of tubulocystic carcinoma have reported
55 cases.58–60

Tubulocystic carcinoma is a tumor of adults with a
wide age range, 30–94 years. Most patients are
present in the fifth and sixth decade and there is a
strong male predominance (male/female ratio of
7:1).58–60 Patients are often asymptomatic, although
they may also present with abdominal pain, disten-
tion and hematuria. Reported tumors are more often
left sided (27/44).59,60 As the tumor has cystic
elements it has a broad radiological differential
diagnosis and can be classified as a Bosniak type II,
III or rarely a type IV lesion.

At the macroscopic level, tubulocystic carcinoma
is usually solitary, although multifocal examples
may be seen.59,60 The tumors show a variable size,
ranging from 0.5 to 17 cm, with a mean of around
4 cm. The tumors are circumscribed and usually
unencapsulated, and they demonstrate a white or
gray spongy cut surface, often compared with
‘bubblewrap’. Co-existing renal papillomas and
papillary renal cell carcinomas with their typical
gross features have also been described.59

Tubulocystic carcinoma has a typical microscopic
appearance. It is composed of tightly packed tubules
and cysts measuring up to a few millimeters in
diameter (Figure 14), separated by bland fibrous
stroma (Figure 15). Solid growth is not seen. No
desmoplastic reaction or cellular ovarian-like stro-
ma is present. The lining cells are cuboidal to
columnar and may have an attenuated appearance.
Hobnail cells are commonly seen. The cells have
abundant eosinophilic or amphophilic cytoplasm

and the nuclei are large and have prominent
nucleoli (Figure 16). Occasional cells with low-
grade nuclear changes may be seen but they rarely
predominate. Rarely minor areas with clear cell or
papillary features are noted.60 Foam cells, calco-
spherites and hemosiderin encrustation is not
found, unless there is an accompanying papillary
renal cell carcinoma. Most tubulocystic carcinomas
are pT1 tumors, with occasional pT2 and pT3
lesions being reported.60

Immunohistochemical studies58–60 demonstrate a
wide range of marker positivity with cytokeratins
(CK8, CK18, CK19) and parvalbumin being consis-
tently positive. CD10 and P504S (racemase)
(Figure 17) are positive in greater than 90% of
tumors. CK7 is commonly expressed, although
that pattern may be weak and focal. Staining for

Figure 14 Low-power photomicrograph of tubulocystic carcino-
ma. Note sharp circumscription of a tumor composed of variably
sized tubules and small cystic spaces.

Figure 15 Tubulocystic carcinoma. Note variably sized tubules
and cysts lined by a single layer of eosinophilic cells.

Figure 16 Tubulocystic carcinoma. High-power photomicrograph
showing tubules lined by cells with abundant eosinophilic
cytoplasm. Note high nuclear grade with prominent nucleoli.
Hobnailed cells are focally present.
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kidney-specific cadherin and Pax2 may also be
seen. High molecular weight cytokeratin (34BE12)
is nearly always negative.

Electron microscopy reveals interesting find-
ings.60 Most cells have abundant microvilli with a
brush border appearance resembling proximal con-
voluted tubules. Admixed cells with short, sparse
microvilli and complex cytoplasmic interdigitation,
reminiscent of intercalated cells of collecting duct
are also seen.

Gene expression profiling studies indicate that
tubulocystic carcinoma has a distinct molecular
signature.59,60 A comparative study looking at gene
expression profiles of tubulocystic carcinoma and
collecting-duct carcinoma showed significant differ-
ences, indicating that these two tumor types are
unrelated.61 Some studies suggest a relationship
between tubulocystic and papillary carcinoma.59,62

Indeed, in one study tubulocystic carcinoma was
commonly associated with papillary carcinoma,
with both tumors showing gains in chromosomes
7 and 17.62

The histogenesis of tubulocystic carcinoma is
unclear. The marker studies and electron micro-
scopic observations indicate that the tumor cells
express aberrant tubular differentiation.60 The tumor
cells have some features of proximal nephron
differentiation and others related to the distal
nephron. The weight of evidence argues against an
origin from cells of collecting duct or loop of Henle.
The more than occasional association of tubulocys-
tic carcinoma with papillary carcinoma is intri-
guing. Sometimes tubulocystic and papillary renal
cell carcinoma are found separately in the kidney
and at other times they are closely admixed.59,62 The
relationship between tubulocystic and papillary
renal cell carcinoma, along with the overlapping
immunohistochemical and molecular patterns, sug-
gest a taxonomic relationship. We would argue that

tubulocystic carcinoma is a subset of papillary renal
cell carcinoma, just as multiloculated clear cell
renal cell carcinoma is considered a variant of clear
cell renal cell carcinoma.

The differential diagnosis is interesting and
mostly includes other tumors with a multiloculated
gross appearance, namely, multiloculated clear cell
renal cell carcinoma, cystic nephroma, mixed
epithelial and stromal tumor and cystic oncocyto-
ma.63 Multiloculated clear cell carcinoma is lined by
clear cells usually with a low nuclear grade.
Furthermore, nests of clear cells are also found in
the septae. The typical lining cells of tubulocystic
carcinoma have eosinophilic cytoplasm and demon-
strate high nuclear grade. Both tubulocystic and
cystic nephroma have cysts, lined in part by hobnail
cells, but in cystic nephroma the cells have a low
nuclear grade. In addition, the stroma in cystic
nephroma is often cellular, at least focally, whereas
in tubulocystic carcinoma the stroma is paucicellu-
lar and fibrotic. Mixed epithelial and stromal tumor
of kidney is usually seen in middle aged women64

and has solid areas and broad septae, in contrast to
the thin fibrous septae of tubulocystic carcinoma. In
addition ovarian-like cellular stroma is commonly
seen in mixed epithelial and stromal tumor. A rare
form of oncocytoma can have a dominant or
exclusive cystic appearance, however, the constitu-
ent cells lack the nuclear atypia of tubulocystic
carcinoma.65 Cystic oncocytoma usually displays, at
least focally, solid nest of oncocytic cells along with
the loose myxoid stroma. Although these entities are
the main diagnostic considerations, tubulocystic
carcinoma are not uncommonly referred to as
atypical cysts or even benign cysts with unusual
features. It is important to recognize that this rare
tumor is a carcinoma and although appearing
relatively bland, tubulocystic carcinoma can behave
aggressively.

The biologic behavior of tubulocystic carcinoma
has not been fully established; however, in two of
the three major series published to date, a total of
four patients have developed metastatic disease.59,60

In one study a single patient developed recurrent
local disease and two patients had metastases, both
to bone and one to liver.60 It is very interesting that
both patients with metastatic disease had focal
cytoplasmic clearing in the primary tumors. In the
other study, one patient with co-existing tubulocys-
tic carcinoma and papillary renal cell carcinoma
developed metastases from the latter.59 Another
patient had metastases involving three pelvic
lymph nodes and the morphology was typical of
tubulocystic carcinoma.59 Until we have more
information on the biology of tubulocystic carcino-
ma one should be cautious in rendering a prognosis.
Although the great majority of tumors behave
in an indolent fashion, one cannot at present be
certain of the outcome, especially in unusual
cases where there is focal clear cell or papillary
change.

Figure 17 Tubulocystic carcinoma showing strong racemase
(P504S) positivity.
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Translocation carcinoma

Renal translocation carcinomas are uncommon
tumors generally arising in children and young
adults.66–69 In the pediatric literature they have
sometimes been referred to as ‘juvenile carcinomas’.
Most translocation carcinomas (about 90%) involve
the transcription factor E3 (TFE3) located on
Xp11.2.67,69 The most common fusions are ASPL-
TFE3 and PRCC-TFE3 but others have been de-
scribed including PSF –TFE3, NonO-TFE3 and
Clathrine-TFE3.67,69 Xp11.2 translocation carcinoma
is recognized in the 2004 WHO renal tumor
classification.4 Another rare group of renal carcino-
mas showing a translocation [t (6; 11) (p21; q12)]
involving transcription factor EB (TFEB) has been
reported.67,69,70 In one large series TFEB carcinomas
numbered only 2 of 31 cases (6.4%). Both TFE3 and
TFEB belong to the microphthalmia transcription
factor (MiTF) subfamily, which also includes MiTF
and transcription factor EC (TFEC). Argani and
Ladanyi67 have proposed to regroup these neo-
plasms into the category of ‘MiTF/TFE family
translocation carcinomas’. Importantly, the translo-
cations associated with TFE3 and TFEB are asso-
ciated with overexpressed proteins that can be
identified by immunohistochemistry. TFE3 nuclear
staining is specific for the Xp11.2 translocation and
nuclear TFEB staining is specific for [t (6; 12) (p21;
q12)].67,69

Translocation carcinomas are generally found in
children and young adults and the average age in a
recent large series was 24.7 years, with a median of
20 years and with a female to male ratio of 2.5:1.69

These tumors account for at least one-third of
carcinomas seen in childhood and adolescence.67

Rare examples are found in adulthood and in one
study the prevalence of renal carcinomas across all
ages was estimated to be about 1%.67 Occasional
examples of translocation carcinoma have been
associated with a history of prior chemotherapy.67

Most patients with translocation carcinoma pre-
sent symptomatically with hematuria, abdominal
pain, abdominal mass or fever; however, about one-
third of patients present asymptomatically. In one
series, 42% of patients presented with lymph node
or visceral metastases.69

The tumors are generally large (6–7 cm mean
diameter) with some being up to 20 cm.67,69 They
have a macroscopic appearance similar to clear cell
renal cell carcinoma. Variegated coloration and
necrosis are often identified (Figure 18). There is a
tendency towards extra-renal extension and regional
node involvement at diagnosis.69

Histologically, papillary, nested and compact
(solid) patterns of growth are seen.69 A mixture of
large clear and eosinophilic cells is often present.
The presence of a papillary tumor in which the
papillae are lined by large clear cells (Figure 19)
should raise the possibility of translocation carci-
noma, especially in a young patient. A nested

pattern containing cells with voluminous, clear or
granular eosinophilic cytoplasm (Figure 20) should
also suggest the possibility of a translocation
carcinoma. Psammoma bodies and intracytoplasmic
hyaline droplets are frequent findings (Figures 19,
21), although foam cells and lymphoid infiltrates are
uncommon.67,69 Necrosis is present in about one-
third of cases.69 The nuclei are generally large with
open chromatin and prominent nucleoli. Mitoses
are regularly present.

In the initial description of TFEB translocation
carcinoma, a biphasic growth pattern consisting of
nests of large polygonal eosinophilic cells and
intermingled clusters of small epithelial cells
centered on hyaline nodules (Figure 22), was

Figure 18 Gross photograph of TFE3-positive translocation
carcinoma. Note large size, variegated coloration and necrosis.

Figure 19 Xp11.2 translocation carcinoma. Note papillary archi-
tecture with mixture of clear and eosinophilic cells. Focal hyaline
droplets are noted.
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emphasized.70 Although initially thought to be
specific for the TFEB carcinomas, this biphasic
pattern may also be seen in carcinomas associated
with TFE3 fusion.69

By immunohistochemistry, translocation carcino-
mas lack or only weakly express keratins and have
variable vimentin expression.67,69 Epithelial mem-
brane antigen and CK7 are typically negative. These
tumors characteristically express CD10, renal cell
carcinoma antigen, racemase (AMACR; P504S) and
E-cadherin. TFEB associated tumors regularly ex-
press melanocytic markers (HMB45, Melan A),
whereas occasional expression of these markers is
seen in the TFE3-positive carcinomas. From a
practical perspective, the typical phenotype of
translocation carcinoma (CK7�, racemaseþ , CD10þ ,
EMA�) helps separate them from clear cell renal
carcinoma (CK7�, racemase�, CD10þ , EMAþ ) and
papillary carcinoma (CK7þ , racemaseþ , CD10þ ,
EMAþ ).69

TFE3 and TFEB immunostains are sensitive and
specific markers for their respective translocation
carcinomas (Figure 23), although the stains can be
technically difficult to perform and are best done by
laboratories where there is sufficient volume to
ensure quality. The sensitivity of TFE3 staining
when compared with genetic studies ranges from 82
to 97.5%.66,67,69 There are rare examples of geneti-
cally confirmed translocation carcinomas where
weak or absent TFE3 staining was noted; however,
in general a moderate to strong nuclear staining
pattern should be recognizable at relatively low
magnification.66,71

Ultrastructurally, most Xp11.2 carcinomas show
features, including intracytoplasmic fat and glyco-
gen, microvilli and cell junctions, similar to clear
cell renal cell carcinoma.67 Most ASPL–TFE3 carci-
nomas contain membrane bound cytoplasmic gran-
ules and occasionally rhomboidal crystals identical
to those seen in alveolar soft part sarcoma.72 In

Figure 22 TFEB-positive translocation carcinoma showing bipha-
sic morphology. Most of the tumor consists of nests of large cells
with abundant eosinophilic cytoplasm. Two areas consisting of
small cells encircling hyalin droplets are noted.

Figure 20 Translocation carcinoma composed of voluminous
cells in nested pattern. Note prominent eosinophilic cytoplasm
and high-grade nuclear atypia.

Figure 21 Translocation carcinoma with papillary and compact
growth patterns. Note presence of psammoma body centrally.

Figure 23 Translocation carcinoma showing strong nuclear
positivity for transcription factor E3 (TFE3).
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PRCC-TFE3 carcinomas intracisternal microtubules,
similar to those seen in malignant melanoma, may
be noted.73

A confirmation of the diagnosis of translocation
carcinoma requires immunohistochemical identifi-
cation of the nuclear transcription factor (TFE3,
TFEB) and/or cytogenetic or molecular genetic
(FISH, PCR) identification of the translocation.67,69

Gene expression profiling of translocation carcino-
mas shows them to be distinct from other well
recognized subtypes of renal carcinoma.69 Further-
more, TFE3 and TFEB tumors cluster together
adding support for the unifying concept of the
MiTF/TFE tumor family.69

The differential diagnosis of translocation carci-
noma consists of other sporadic renal cell carcino-
mas (clear cell, papillary and unclassified), which
may occur in children and young adults. Separation
among these entities requires detailed microscopy
and immunohistochemistry, sometimes coupled
with molecular genetic analyses. There should be a
high index of suspicion for translocation carcinoma
in tumors showing papillary and nested patterns,
where there is a mixture of clear and eosinophilic
granular cells. The presence of voluminous cells
may also be a clue to the diagnosis. The presence of
psammoma bodies and hyaline droplets are also
helpful. The characteristic immunoprofile, with
absent or weak cytokeratin expression and positivity
for CD10, racemase, E-cadherin and melanoma-
associated antibodies, should initiate immunohisto-
chemical investigation for transcription factors and
genetic and/or molecular studies.67,69

From a clinical outcome perspective, TFE3 trans-
location carcinomas seem to have a relatively
indolent course, despite their often advanced stage
at presentation.67,69,74,75 Late recurrences, including
one over three decades after original diagnosis,
have been seen.76 Although the overall follow-up
interval of reported cases remains relatively short
(11–81 months), only 13.6% of cases have resulted
in tumor-related deaths, which is low considering
the percentage of tumors that are metastatic at
presentation.4 Too few TFEB translocation carcino-
mas have been reported in the literature to accu-
rately comment on the biological outcome, although
tumor-related death associated with this type of
tumor has been reported.69

Renal cell carcinoma in neuroblastoma
survivors

There have been a number of publications describ-
ing renal cell carcinomas occurring in patients
surviving neuroblastoma diagnosed in early child-
hood. Nineteen cases were culled from the literature
in a review by Eble in 200377 and since then there
have been occasional cases described.78 Some
tumors are clear cell carcinomas but many others
have been insufficiently described or illustrated to

confidently identify the histologic subtype.
Although most neuroblastoma survivors with renal
carcinoma had received radiation and /or che-
motherapy, a few patients received no modality. A
recent epidemiological study indicated that child-
hood neuroblastoma survivors had a 329-fold in-
creased risk of renal carcinoma.79

In 1999 four cases of a distinctive tumor occurring
post-neuroblastoma were reported by Medeiros
et al80 A series of four similar tumors was described
by Koyle in 2001.81 These unusual tumors did not
conform to the well recognized subtypes and were
thought to be sufficiently distinctive to be recog-
nized in the 2004 WHO classification.4 Although the
authors have seen an additional example in con-
sultation practice, the tumors from the two pub-
lished series will be the focus of this section.

The affected children included two boys and six
girls who were diagnosed with neuroblastoma in the
first 2 years of life. The interval between diagnosis of
neuroblastoma and the development of renal cell
carcinoma ranged from 3 to 11.5 years (mean 9
years) with the patients aged between 5 and 14
years.77 Metastases to liver and lymph nodes were
seen in one patient. Two patients received no
radiation or chemotherapy and the remainder
received chemotherapy with or without radiation.

Limited gross findings have been reported in four
cases. Four examples of multiple bilateral tumors
are noted. The main tumors ranged from 3.5 to
8.0 cm in diameter. Two tumors showed involve-
ment of renal capsule, renal vessels and peripelvic
lymphatics.

Typical post-neuroblastoma renal carcinoma has
papillary and solid growth patterns (Figure 24) and
is composed of oncocytoid cells with abundant
eosinophilic cytoplasm (Figure 25). The nuclei are
irregular and nucleoli are readily seen. Mitoses are
present but not plentiful. One tumor described
by Medeiros80 showed high nuclear grade and dis-
played extensive parenchymal infiltration.

Figure 24 Post-neuroblastoma renal carcinoma. Note Oncocytoid
cell arranged in papillary and compact nested pattern.
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There is limited immunohistochemical informa-
tion. The four tumors studied by Medeiros et al80

showed positivity for cytokeratin (Cam 5.2), epithe-
lial membrane antigen and vimentin. There was less
frequent positivity for CK19 and CK20. Stains for
CK7, S-100 protein and HMB45 were negative.

Although there are no molecular studies of these
histologically distinctive tumors, the possibility
exists that this carcinoma represents part of some
unusual genetic cancer syndrome. Interestingly
there is a recent report documenting a similar
oncocytoid renal carcinoma in a child who received
chemotherapy for cardiac leiomyosarcoma.82

Carcinoma associated with end-stage
renal disease

The relationship between end-stage renal disease,
and the development of renal neoplasia has
been debated, although recent studies indicate an
increased prevalence of carcinoma in these
patients.83–85 From 852 patients with end-stage renal
disease studied prospectively from 1994 to 2000,85

19 had clinical evidence of renal neoplasia. Seven-
teen of these patients underwent nephrectomy with
14 being subsequently diagnosed with renal cell
carcinoma, giving a prevalence of 1.64%. This
compares with a renal cancer incidence of 0.04%
for the general population. In a multinational study
of 831 patients, in 804 there was an increased risk
factor for renal neoplasia of 3.6 in patients who were
on maintenance dialysis.86

The spectrum of renal tumors associated with
end-stage renal disease is quite varied and in single
cases and small series clear cell renal cell carcino-
mas, papillary renal cell carcinomas, chromophobe
renal carcinoma, collecting-duct carcinoma, tubulo-
cystic carcinoma, angiomyolipoma, oncocytoma and
mixed epithelial and stromal tumor have been

reported.87–94 In up to 70% of cases more than one
tumor was present in a single kidney.95

In a detailed study of 66 tumor-bearing kidneys
from patients with end-stage renal disease, a wide
spectrum of renal neoplasia was noted.96 In total 261
tumors were examined with 54.5% of kidneys
containing 41 tumor in each kidney ranging from
0.6 to 8.5 cm (mean 3.0 cm, median 2.6 cm). Of
recognized morphotypes of renal cell carcinoma,
papillary renal cell carcinomas were most frequently
encountered (18%), whereas 23% were clear cell
renal cell carcinoma or chromophobe renal carcino-
ma. Sarcomatoid dedifferentiation has been reported
in association with these tumors.97

Genetic studies on carcinomas associated with
end-stage kidneys are limited, however, clear cell
carcinoma arising in these kidneys have shown VHL
gene mutations.98,99

Additional to recognized forms of renal neoplasia,
two novel tumors associated with end-stage renal
failure have been described.96 One of these desig-
nated acquired cystic disease-associated renal cell
carcinoma, was present in 46% of kidneys with
acquired cystic disease. These tumors are usually
well circumscribed and where large, showed pseu-
doencapsulation—often with dystrophic calcifica-
tion. Microscopically there are a variety of
architectural patterns with solid, acinar, cystic and
papillary patterns being present. In all cases the
presence of irregular lumina give the tumor a
cribriform appearance (Figure 26). In 67% of
reported cases the tumor appeared to arise in a cyst.

The tumor cells contain bulky eosinophilic cyto-
plasm with a rounded nucleus and large nucleolus
(Figure 27). Occasional cells have vacuolated cyto-
plasm and focally clear cells are present. Oxalate
crystals are present in the majority of tumors and
also calcium aggregates, rarely forming psammoma
bodies, are seen. These tumors are positive for
vinculin and AMACR on immunohistochemical

Figure 25 Post-neuroblastoma renal carcinoma with papillary
pattern. Note cells with abundant eosinophilic cytoplasm. Figure 26 Renal cell carcinoma in end-stage renal disease. Sheets

of cells with prominent vacuolation are present.
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examination, and in a proportion of cases show
variable and predominantly focal staining for cyto-
keratin 7 and parvalbumin. These tumors have also
been shown to have positive immunoexpression for
cytokeratin AE1/AE3 and CD10, and variable ex-
pression for vimentin CAM 5.2 and AMACR.
Staining for EMA, cytokeratin 7, high molecular
weight cytokeratin is negative.99

A similar tumor had earlier been described in a
kidney showing acquired cystic disease and genetic
analysis of the tumor showed gains of chromosomes
7 and 17.100 FISH analysis showed gains of chromo-
somes 1, 2 and 6 in two cases with an additional
gain of chromosome 10 in one case.98 Mutations of
the VHL gene have not yet been identified in these
tumors.101

The second form of novel tumor associated with
end-stage renal disease is papillary clear cell renal
cell carcinoma (Figure 28).96 This tumor occurs in
kidneys both with or without acquired cystic
disease and frequently contain a prominent pseu-
docapsule. In 50% of cases there is a pronounced
cystic component and solid, tubular and microcystic
areas are also present. The tumor cells show low-
grade nuclear pleomorphism with nuclei situated
towards the surface of the papillary tufts. These
tumors show positive staining for cytokeratin 7 and
are negative for AMACR and parvalbumin.96

Although these tumors were originally described
in end-stage renal disease they have also been
described in apparently normal kidneys (see section
on New and emerging entities).

Outcome data for acquired cystic disease-asso-
ciated renal cell carcinoma are limited, with one
death from metastatic disease 34 months following
diagnosis, being reported. In two other cases
regional lymph node metastases were seen.96 No
deaths from clear cell papillary renal cell carcinoma
associated with end-stage renal disease have been
reported.

New and emerging entities

Follicular Renal Carcinoma

In 2004, four cases of a novel form of renal
parenchymal neoplasia, with a follicular architec-
ture resembling follicular carcinoma of the thyroid,
were reported.102 A further case was described in
2006103 and this was followed in 2009 by a more
detailed study in which the original series was
expanded by the addition of two further cases.104

The seven tumors reported to date were from four
female patients and three male patients with an age
range of 29 to 83 years (median 45 years). All tumors
were incidental findings and two patients had a past
history of unrelated malignancies. The tumors were
tan colored and ranged in size from 1.9 to 11.8 cm
(median 3.0 cm). There was no evidence of extra-
renal extension on macroscopic examination.

Microscopically the tumors contain a prominent
pseudocapsule and are composed of cells showing
low-grade pleomorphism with amphophilic to eosi-
nophilic cytoplasm, forming micro and macrofolli-
cles (Figure 29). Colloid-like proteinaceous fluid is
present in 450% of follicles in each of the tumors.
No areas of papillary architecture or clear cells have
been reported. Pseudoinclusions and nuclear
grooves may be present (Figure 30).

Of the reported cases, one showed positive
immunoexpression for cytokeratin 7 and for
CD10,103 whereas the remainder of cases were
CD10 negative. Six of the cases were negative for
RCC, WT1, vimentin, Ksp-cadherin, Pax 2, AMACR,
CD56 and CD57, whereas all cases were negative for
TTF1. One case showed gains of chromosome 8q24,
12 and 16, and loss of 1p36.3 and 9q21.33,103

whereas gene expression profiling showed wide-
spread underexpression or overexpression, particu-
larly involving chromosomes 1, 2, 3, 5, 6, 10, 11, 16
and 17.104 Follow-up data were available for all

Figure 28 Clear-cell papillary carcinoma in acquired cystic
disease. Note delicate papillae lined by cuboidal cells with clear
cytoplasm. Prominent eosinophilic secretion is present on the left
side.

Figure 27 Renal cell carcinoma in end-stage renal disease. Note
prominent cytoplasmic vacuolation.
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seven of the cases and all patients remained tumor
free after 6–84 months.

The main differential diagnosis for these tumors is
metastases from either a primary thyroid follicular
carcinoma or thyroid carcinoma arising in a terato-
ma. In view of this, evaluation of TTF1 expression
should always be undertaken in tumors showing
this morphology to exclude metastatic disease.

Clear-Cell Papillary and Cystic Renal cell carcinoma

Although clear cell papillary renal cell carcinoma is
one of the forms of renal cell carcinoma associated
with end-stage renal disease,96 this morphotype has
also been described in otherwise normal kidneys.105

There were three male patients and one female
patient in this small reported series, with ages of

patients ranging from 55 to 64 years. The tumors
were 1.6–5 cm in maximum diameter with a thin
pseudocapsule. Histologically clear cell papillary
structures were associated with cysts lined by
epithelial cells with clear cytoplasm. The papillae
had prominent fibro-vascular cores and were cov-
ered with a single layer of clear cells with pre-
dominantly apical nuclei, exhibiting low-grade
nuclear pleomorphism (Figure 31). Tumor cells
showed immunoexpression of CA-IX and cytoker-
atin 7. In one case focal expression of CD10 was
seen, while AMACR and TFE3 were negative. FISH
analysis showed gains of chromosome 17 in two
tumors.

In all cases the tumors were confined to the
kidney at diagnosis and no recurrence or metastases
were reported in follow-up, which ranged from 1 to
48 months.

The principal differential diagnosis for these
tumors in TFE3 translocation carcinomas with a
prominent papillary pattern. Translocation carcino-
mas often require confirmation of TFE3 immunoex-
pression for diagnosis. Translocation carcinoma may
also be differentiated by the absence of epithelial-
lined cystic spaces surrounding papillary structures
and the frequent presence of psammoma-like calci-
fication.

In view of the constant occurrence of the papillary
structures within cysts lined by clear cells in these
tumors, the term clear cell papillary and cystic renal
cell carcinoma is preferred to that of clear cell
papillary renal cell carcinoma.

Oncocytic Papillary Renal Cell Carcinoma

Although the great majority of papillary renal cell
carcinomas are classified as type 1 or type 2,
principally on the absence or presence of nuclear
pseudostratification and cytoplasmic eosinophi-
lia,106,107 a third variant, designated oncocytic

Figure 29 Follicular renal carcinoma. This low-power photo-
micrograph shows tightly packed follicles, some of which contain
bright eosinophilic secretion.

Figure 30 Follicular renal carcinoma. Note tightly packed
follicles lined by cells showing features resembling thyroid
cancer. Prominent nuclear pseudoinclusions and some nuclear
grooves are seen.

Figure 31 Clear cell papillary and cystic carcinoma. Note delicate
papillary structures lined by cells with mostly clear cytoplasm.
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papillary renal cell carcinoma was first reported in
2006. These tumors are characterized by the pre-
sence of a papillary architecture, with tumor cells
exhibiting a voluminous and intensely eosinophilic
cytoplasm.108

In series published to date,108–111 there is a strong
gender association with 87% of cases occurring in
male patients. Age at diagnosis is similar to that for
other forms of adult renal cell carcinoma with
patient ages ranging from 40 to 80 years (mean 65
years). Reflecting the current trend for renal neo-
plasms to be diagnosed at an early stage through
imaging studies, oncocytic papillary renal cell
carcinomas reported to date ranged in size from
0.8 to 27 cm at diagnosis (mean 4.9, median 3 cm).
Macroscopically the tumors are well demarcated
with a cut surface of varying shades of brown.
Intratumoral hemorrhage is a relatively frequent
finding, even in small tumors.

Histologically the tumors are composed of papil-
lae and trabeculae, with fibro-vascular cores covered
by tumor cells with eosinophilic cytoplasm exhibit-
ing a low nuclear/cytoplasmic ratio (Figure 32). In
the majority of cases the nuclei are round although
in some tumors nuclei show varying degrees of
pleomorphism. The distribution of nuclear grades
from published series to date are grade 1; 17 cases,
grade 2; 18 cases and grade 3; 11 cases,108–111 with
grading apparently being based upon the degree of
nucleolar prominence. Ultrastructure studies show
the tumor cytoplasm to be packed with mitochon-
dria with lamella cristae.109,111 The position of the
nuclei within the cytoplasm of the neoplastic cells
appears to be somewhat variable in these tumors. In
the majority of reported cases there was no evidence
of pseudostratification, with nuclei predominantly
having a luminal rather than basal distribution.108,110

In other reported cases pseudostratification of
nuclei was occasionally observed.111,112

In some cases aggregates and individual foamy
macrophages were frequently seen, whereas tumor

necrosis appears to be a common feature.108,111

Occasionally psammoma bodies have also been
identified.110,111

Although these tumors commonly have a papil-
lary architecture, solid variants have been reported
(Figure 33).112 In these cases the identification of the
tumors as papillary renal cell carcinoma was based
upon the presence of foamy tumor cells (Figure 34),
abortive papillary structures and necrosis, and
immunoexpression of neoplastic cells.

Immunohistochemical expression of oncocytic
papillary renal cell carcinoma varied somewhat
between series,108–111 with CD10 and AMACR
showing strong diffuse cytoplasmic staining in
virtually all cases. Expression of cytokeratin 7,
cytokeratin 19, e-cadherin, RCC antigen and vimen-
tin was variable, with positive cytoplasmic staining
observed in 50, 65, 50, 50 and 60% of cases
respectively. EMA was either negative or only
weakly positive.

Figure 32 Oncocytic papillary renal carcinoma. Note papillae
lined by eosinophilic cells resembling oncocytes.

Figure 33 Oncocytic papillary renal carcinoma. Note solid
growth pattern of cells with oncocyte-like cytoplasm.

Figure 34 Oncocytic papillary renal carcinoma. Note foam cells
in papillary cores. Tumor cells are large with abundant granular
cytoplasm-resembling oncocytes.
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The genetics of these tumors appears to be similar
to those of typical papillary renal cell carcinoma
with trisomy 7, (13 of 19 cases), trisomy 17 (14 of 19
cases) and loss of Y (5 of 14 cases) being shown on
FISH.110,111 Karyotyping to date is limited to four
cases and three of these showed loss of chromo-
somes 1, 14 and Y, whereas in one case trisomy 3
was present.108 In a single case CGH showed partial
loss of the long arm of chromosome 11.108

The main differential diagnosis for these tumors is
oncocytoma and chromophobe renal carcinoma.
Although papillary architecture is impermissible
in oncocytoma, oncocytic papillary renal cell carci-
noma with solid architecture can resemble oncocy-
toma. The presence of foamy macrophages, foamy
tumor cells and extensive microscopic necrosis
favors oncocytic papillary renal cell carcinoma, as
does positive immunoexpression for AMACR, CD10,
RCC, cytokeratin 7 and vimentin. Eosinophilic
chromophobe renal carcinoma usually contains foci
of classic chromophobe cells, albeit focally. Immu-
nohistochemical staining may provide further diag-
nostic evidence as AMACR and vimentin are
usually negative, whereas EMA is frequently posi-
tive in chromophobe renal carcinoma.

There may be some overlap between oncocytic
papillary renal cell carcinoma and type 2 papillary
renal cell carcinoma. In those cases where there is
no evidence of pseudostratification then type 2
papillary renal cell carcionoma can be excluded. In
those cases where this is present, diagnosis relies on
assessment of the cytoplasmic volume of tumor
cells, although in reality it may be that these two
tumor types are closely related morphotypes of
papillary renal cell carcinoma.

Assessment of outcome for oncocytic papillary
renal cell carcinoma is, to date, limited. Virtually all
tumors in published series were organ confined at
diagnosis108,110,111 (pT1a, 16 cases; pT1b, 8 cases;
pT2, 3 cases; pT3-2). One of the pT3 cases was
staged on the basis of spread of a co-existing clear
cell renal cell carcinoma. Outcome data were
available for 29 cases with follow-up ranging from
3.5 to 144 months. One pT2 tumor recurred 2 years
post-nephrectomy and the patient died 2 years later.
For all other cases the patient was either alive
without evidence of recurrence or had died of
unrelated causes.

Leiomyomatous Renal cell carcinoma

In 2006, five cases of renal cell carcinoma described
as having angioleiomyoma-like stroma were de-
scribed.113 Four similar cases had been previously
reported in which angioleiomyoma-like stroma was
admixed with clear cells that were interpreted as
being either renal cell carcinoma or benign.114–117

Since the publication of the original series two
further reports have detailed the features of a further
six cases.118,119

Clinical details of these tumors were available for
12 cases. There were eight female and four male
patients with ages ranging from 18 to 93 years (mean
54 years). In nine of the cases there was no
significant past medical history. Two of the patients
had co-existing cancer (breast carcinoma and papil-
lary renal cell carcinoma) and one patient had
tuberous sclerosis. In the majority of cases the
tumors were incidental findings, although three
patients presented with hematuria.

Grossly the tumors measured 1.8–14 cm (mean
4.6 cm) and were variously described as tan,
brown, yellow or white with the frequent presence
of a thick investing capsule. Microscopically the
tumors are composed of nests, cords and sheets of
epithelial cells (Figure 35) frequently forming
solid areas, tubules or papillary structures. There
is minimal nuclear pleomorphism with abundant
clear cytoplasm. The stroma has the appearance of
mature smooth muscle (Figure 36) sometimes

Figure 35 Leiomyomatous renal cell carcinoma. Nests, cords and
tubules lined by clear cells are embedded in background spindle
cells.

Figure 36 Leiomyomatous renal carcinoma. Note nests and
tubules lined by clear cells embedded in smooth muscle.
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with scattered, often dilated vascular spaces. The
stromal component of the tumor is often pro-
nounced at the periphery and in some cases appears
to extend into adjacent renal tissue or into perirenal
fibrofat.

The epithelial component of the tumor showed
positive immunoexpression of cytokeratins AE1/
AE3, 7 and CAM 5.2, CD-10, S-100 protein (focal),
EMA and vimentin. There was variable expression
of 34bE12, whereas smooth muscle actin and
HMB45 was negative. The stroma component was
positive for a smooth muscle actin (Figure 37),
caldesmon, desmin, vimentin and negative for
HMB45, CD117, cytokeratins, EMA, ER and PR.
Ultrastructural studies are limited to two cases and
these showed the epithelial component to have
features similar to clear cell renal cell carcinoma,
whereas the stroma was typical of smooth muscle
cells.

Genetic studies on these tumors are contradic-
tory.118,119 In three cases FISH showed loss of VHL
and FHIT, with loss of chromosome 3 in one case
and 3p in another. In a separate study there was no
evidence of 3p deletion in the three cases examined.

The differential diagnosis for these tumors is clear
cell renal cell carcinoma, angiomyolipoma with co-
existing clear cell renal cell carcinoma and sarco-
matoid renal cell carcinoma, although the presence
of a pronounced smooth muscle stroma should
present few diagnostic difficulties. Unlike clear cell
renal cell carcinoma, the epithelial components of
these tumors are positive for cytokeratin 7 and
34bE12. The stromal component of leiomyomatous
renal cell carcinoma has bland cytological features
unlike that of sarcomatoid renal cell carcinoma and
further there is no merging of the epithelial and
stromal components.

Outcome studies for leiomyomatous renal cell
carcinoma are limited. Of cases for which details are
available, four were pT1a and one pT1b at diagnosis.
No evidence of recurrence or metastases was seen in

these and two other cases followed from 6 months to
5 years (mean 3 years).
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