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I HAVE NO DISCLOSURES



OBJECTIVES

• Discuss common and uncommon renal tumors with 
eosinophilic cytoplasm

• Distinguish tumors with favorable prognosis from tumor 
with aggressive behavior

• Understand key morphologic and immonohistochemical
features useful to recognize distinct entities



TUMORS OF THE KIDNEY

• 2% of all cancer globally
• 2% of cancer deaths
• 5-year relative survival rates (2009-2015)

- Localized 93%
- Regional 70%
- Distant 12%
- All stage combined 75%

• Increase incidence since 1990s:
- 7th most common cancer in men 
- 10th most common cancer in women

• 60% incidental (and increasing)

2-5% associated with 
inherited 

syndromes
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Presentation Notes
Kidney cancer is among the 10 most common cancers in both men and women. Overall, the lifetime risk for developing kidney cancer in men is about 1 in 46 (2.02%). The lifetime risk for women is about 1 in 80 (1.03%). Renal cell carcinoma accounts for 2% of all cancers globally and is the cause of 2% of cancer deaths



RENAL TUMORS – WHO 5TH EDITION

Clear cell papillary renal cell tumor

SDH-deficient RCC

ACD-associated RCC

FH-deficient RCC



RENAL TUMORS WITH PINK EOSINOPHILIC CYTOPLASM

Tumor type Clinical features Morphology IHC Molecular features Prognosis

Oncocytoma ∼5% of renal 
neoplasms

Nests/tubules lined by cells with 
granular cytoplasm; myxoid/hyalinized
stroma; round, regular nuclei with 
visible central nucleoli

CK7-/+ (focal)
CD117+
Vimentin-

Diploid karyotype; 
loss of chr. 1 & Y Indolent 

behavior

Low-grade
oncocytic
tumor (LOT)

Emerging entity

Solid and compact nests, edematous 
stroma, loosely arranged cells with 
bland round to oval nuclei, focal 
perinuclear halos

CK7+
CD117-
GATA3+

Deletions at 
19p13.3, 1p36.33, 
19q13.11 

Indolent 
behavior

Chromophobe 
RCC (ChRCC)

∼10% of RCC
Abundant cytoplasm with prominent 
cell borders; perinuclear halos/clearing
irregular, wrinkled nuclear membrane 
(‘raisinoid’)

CK7+
CD117+
Vimentin-
GATA3-/+

Extensive 
chromosomal loss 
involving Y, 1, 2, 6, 
10, 13, 17, 21

Variable
behavior 

Hybrid 
oncocytic
tumor

Sporadic, in renal
oncocytosis, or 
Birt-Hogg-Dube
syndrome

Cells displaying cytologic features of 
ChRCC and oncocytoma

CD117+
CK7-/+
Cathepsin K+/-

Intermediate 
between ChRCC
and oncocytoma

Indolent 
behavior

Eosinophilic 
vacuolated 
tumor (EVT)

Sporadic; rare 
cases reported in 
TSC patients

Solid growth of cells with pink 
cytoplasm, intracytoplasmic vacuoles 
and prominent nucleoli 

CK7-/+
CD117+, 
CD10+
Cathepsin K+

Mutations in TSC1, 
or TSC2, or mTOR

Indolent 
behavior
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Presentation Notes
This is a heterogenous group of renal tumours with eosinophilic/oncocytic cytoplasm that show overlapping or intermediate (‘borderline’) features between oncocytoma and chromophobe RCC, and elude definitive classification. Importantly, this group of tumours are typically indolent, and therefore, it is important to distinguish such low-grade tumours from the "high-grade unclassified RCC" that typically behave aggressively {28833389}. In a setting of Birt-Hogg-Dubé (BHD) syndrome, tumours with such intermediate features also exist (‘hybrid oncocytic tumours’), and they are typically multifocal and bilateral. Microscopically, these BHD related tumours demonstrate intermediate features between oncocytoma and chromophobe RCC, and are also characterised by clusters and individual cells with clear cytoplasm, often exhibiting a “checkerboard” mosaic pattern. The remaining eosinophilic/oncocytic tumours with ‘borderline’ features, could be designated “oncocytic renal neoplasms of low malignant potential, not further classified”, a category that should be restricted to solitary, sporadic tumours with intermediate features {33664427}. As this is a heterogeneous group and does not represent a specific entity, it should be considered primarily a “clinical management” tumour category, rather than a specific diagnosis or entity.Recent evidence also indicates that within this broader category, there are two emerging entities, Eosinophilic Vacuolated Tumour (EVT) and Low-grade Oncocytic Tumour (LOT), both of which can be distinguished based on their clinical, morphologic, immunohistochemical and molecular features. EVT is characterised by a solid growth of eosinophilic cells with cytoplasmic vacuolation, prominent nucleoli and only very focal, if any CK7, expression. Whereas LOT is a neoplasm with bland low grade nuclei, diffusely strongly positive for CK7 and negative for CD117. Further work is needed to fully characterize these entities. 



RENAL ONCOCYTOMA

• 3-7% of  renal neoplasms
• Tan/mahogany brown cut surface, well demarcated
• Nested/tubular architecture and bland cytology
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Edematous myxoid or hyalinized stroma



RENAL ONCOCYTOMA

Presenter
Presentation Notes
Nests/tubules lined by cells with eosinophilic granular cytoplasmRound, regular nuclei with central nucleoliEdematous myxoid or hyalinized stroma



RENAL ONCOCYTOMA

oncoblasts hyalinized hypocellular stroma degenerative cytologic atypia

Presenter
Presentation Notes
However it is established that oncocytoma can contain areas with more scant cytoplasm, resulting in an appearance referred to as “small cell oncocytoma”, or “oncoblastic cells”;hyalinized hypocellular stroma can be seen; ‘degenerative cytologic atypia”, resulting in patches of tumor cells with large nuclei, irregular nuclear contour and smudged chromatin is considered compatible with a benign diagnosis, especially if other worrisome featuresare lacking.perinephric fat invasion is another permissible feature



RENAL ONCOCYTOMA
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Presentation Notes
Nuclei are characteristically round and regular. However it is established that oncocytoma can contain areas of ‘degenerative cytologic atypia”An unusual pattern sometimes encountered around the scar is a population of small cells with scanty cytoplasm, resulting in an appearance variably referred to as “small cell oncocytoma”, oncocytoma with pseudorosettes, or “oncoblastic cells”.



RENAL ONCOCYTOMA

Permissible features:
• Degenerative cytologic atypia
• Perirenal or sinus fat invasion
• Vascular invasion (small 

vessels)

Non-acceptable findings:
• Frequent/atypical mitoses
• Tumor necrosis
• Overt papillary architecture
• True cytologic atypia
• Sarcomatoid transformation
• Gross renal vein involvement CK7

Immunohistochemistry:
• CK7+ in scattered cells
• KIT (CD117) +
• Vimentin –
• Hale – or luminal 

staining

Genetics
• Diploid karyotype
• Loss of chr. 1 & Y
• Rearrangement of 

11q13, including CCND1 
locus - may represent a 
distinctive subset



ONCOCYTIC RENAL NEOPLASMS OF LOW MALIGNANT POTENTIAL

• Highly compact nested architecture, almost solid
• Variation in cell size or slight nuclear irregularity
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The remaining eosinophilic/oncocytic tumours with ‘borderline’ features, could be designated “oncocytic renal neoplasms of low malignant potential, not further classified”, a category that should be restricted to solitary, sporadic tumours with intermediate features {33664427}. As this is a heterogeneous group and does not represent a specific entity, it should be considered primarily a “clinical management” tumour category, rather than a specific diagnosis or entity. Recent evidence also indicates that within this broader category, there are two emerging entities, Eosinophilic Vacuolated Tumour (EVT) {30232607; 30303819; 32091432; 31002177; 31936678; 33526874} and Low-grade Oncocytic Tumour (LOT) {30895640; 32091432; 31936678; 33526874; 32918598; 32812119; 32299640}, both of which can be distinguished based on their clinical, morphologic, immunohistochemical and molecular features, summarized in Table <<#24565>> and the figures for EVT <<#24566>> and LOT <<#24569>>. EVT is characterised by a solid growth of eosinophilic cells with cytoplasmic vacuolation, prominent nucleoli and only very focal, if any CK7, expression. Whereas LOT is a neoplasm with bland low grade nuclei, diffusely strongly positive for CK7 and negative for CD117. Further work is needed to fully characterize these entities.



ONCOCYTIC RENAL NEOPLASMS OF LOW MALIGNANT POTENTIAL

Category expressing uncertainty between oncocytoma & eosinophilic ChRCC
Wobker & Williamson. J Kidney Cancer VHL. 2017
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The remaining eosinophilic/oncocytic tumours with ‘borderline’ features, could be designated “oncocytic renal neoplasms of low malignant potential, not further classified”, a category that should be restricted to solitary, sporadic tumours with intermediate features {33664427}. As this is a heterogeneous group and does not represent a specific entity, it should be considered primarily a “clinical management” tumour category, rather than a specific diagnosis or entity. Recent evidence also indicates that within this broader category, there are two emerging entities, Eosinophilic Vacuolated Tumour (EVT) {30232607; 30303819; 32091432; 31002177; 31936678; 33526874} and Low-grade Oncocytic Tumour (LOT) {30895640; 32091432; 31936678; 33526874; 32918598; 32812119; 32299640}, both of which can be distinguished based on their clinical, morphologic, immunohistochemical and molecular features, summarized in Table <<#24565>> and the figures for EVT <<#24566>> and LOT <<#24569>>. EVT is characterised by a solid growth of eosinophilic cells with cytoplasmic vacuolation, prominent nucleoli and only very focal, if any CK7, expression. Whereas LOT is a neoplasm with bland low grade nuclei, diffusely strongly positive for CK7 and negative for CD117. Further work is needed to fully characterize these entities.



• ~10% of RCC
• Tan-brown mass, 

sometimes with 
central scar

• Abundant cytoplasm 
with prominent cell 
borders

• Perinuclear 
halos/clearing

• Irregular, wrinkled 
nuclear membrane 
(‘raisinoid’)

CHROMOPHOBE RENAL CELL CARCINOMA



CHROMOPHOBE RENAL CELL CARCINOMA

CK7

Immunohistochemistry
• CK7 + (diffuse) (18% -)
• KIT (CD117) +
• Vimentin –
• Hale + (diffuse reticular 

cytoplasmic)

Genetics
• Extensive chr. loss (Y, 1, 2, 

6, 10, 13, 17, 21)
• TP53 & PTEN commonly 

mutated 
ISUP grade is NOT assigned



HYBRID ONCOCYTIC TUMORS

• Contain tumor cells displaying 
features of ChRCC and renal 
oncocytoma

• May be sporadic or occur in 
patients with renal oncocytosis
or Birt-Hogg-Dube (BHD) 
syndrome

• Existence of hybrid tumors 
may preclude a definitive 
diagnosis of oncocytoma on 
needle biopsy 

• Clinical behavior of tumors in 
BHD is less aggressive than 
that of sporadic 



RENAL TUMORS WITH EOSINOPHILIC CYTOPLASM

Tumor type Clinical features Morphology IHC Molecular features Prognosis

Eosinophilic 
solid & cystic 
RCC

Mostly females, 
≤10% in TSC 
patients

Solid and cystic, eosinophilic 
cytoplasmic; coarsely granular, 
basophilic cytoplasmic stippling

CK20+/-
CK7-, CD117− 
Cathepsin K+

Somatic bi-allelic loss 
or mutations 
of TSC1 and TSC2

Favorable;
rare cases 
aggressive

SDH-deficient 
RCC

∼0.1% of all RCC
Solid and cystic 
~30% multifocal or 
bilateral

Uniform cytology, flocculent 
cytoplasm, intracytoplasmic 
vacuolations or inclusions, round-
oval low-grade nuclei

SDHB-
CD117-
CK7-

Germline mutations of 
genes encoding SDH 
subunits 

Variable 
behavior;
11% 
metastatic

Acquired cystic 
disease-
associated RCC

ACKD patients on 
long-term dialysis;
often multiple & 
bilateral

Tubulocystic/papillary; microlumen
formation, eosinophilic cells with 
large nuclei and prominent nucleoli; 
intratumoral oxalate crystals

AMACR+
CD10+
CK7-, CAIX-
CD117-

No essential alterations

Usually 
indolent; 
can be 
aggressive

TFEB amplified 
RCC Older patients

High-grade poorly differentiated 
RCC with frequent oncocytic and 
papillary features

Melan A+/-
Cathepsin K+ 
HMB45 + 

Amplification of 6p21 
locus harboring TFEB 
(TFEB overexpression)

Poor 
outcome

Epithelioid 
AML (EAML)

~5% of all AML
More common in 
TSC

80% epithelioid cells; lacks 
significant amount of intratumoral
fat & malformed vessels; epithelioid 
morphology

CK-, HMB45+
Melan A+
Cathepsin K+
S100+, PAX8-

Mutations of TSC2 
reported in sporadic 
EAMLs 

Malignant 
behavior 
may occur

Presenter
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• Sporadic and in 
patients with 
tuberous sclerosis

• Sporadic in ♀
• Solid/microcystic or 

solid appearance
• Most has indolent 

behavior
• Metastatic potential 

reported

EOSINOPHILIC SOLID AND CYSTIC RENAL CELL CARCINOMA



EOSINOPHILIC SOLID AND CYSTIC RENAL CELL CARCINOMA

CK20

Presenter
Presentation Notes
Mostly females, ≤10% in TSC patientsSolid and cystic, eosinophilic cytoplasmic; coarsely granular, basophilic cytoplasmic stippling



• 15 y/o female with multifocal 
ESC-RCC with liver and lung 
metastases

• 69 y/o female with 15 cm ESC-
RCC with hilar lymph node 
metastasis 

• 4/10 ESC were multifocal (one 
bilateral)

• 4/10 ESC occurred in males 

METASTATIC EOSINOPHILIC SOLID AND CYSTIC RCC

Li Y et al. Histopathology 2018; McKenney J et al. Histopathology 2018



SUCCINATE DEHYDROGENASE (SDH)-DEFICIENT RCC

• ~0.1% of all RCC
• ~30% multifocal or bilateral
• Many show cystic changes
• Some are solid
• Mostly low stage/low grade 

Gill et al. AJSP 2014
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Presentation Notes
The majority of SDH deficient renal cell carcinomas are well-circumscribed or lobulated and show distinctive morphological features at least focally, demonstrating sheets or compact nests of bland cells with eosinophilic cytoplasm. The eosinophilic cytoplasm, which may have a pale bubbly appearance, lacks the fine homogeneous granularity of oncocytoma. The cells also lack prominent cell borders, as in chromophobe renal cell carcinoma. The tumours commonly contain microcysts filled with pale eosinophilic fluid. Normal renal tubules are frequently entrapped at the periphery. A characteristic, but inconstant feature is the presence of cytoplasmic inclusions containing eosinophilic or pale flocculent material. Higher grade transformation may occur and is heralded by denser cytoplasm, increased nuclear atypia with prominent nucleoli, coagulative necrosis, and occasionally sarcomatoid change. Variant morphologies, sometimes with a papillary or sarcomatoid architecture, are increasingly recognized.Loss of IHC expression of SDHB is a prerequisite for the diagnosis of SDH deficient RCC. Care is required when performing and interpreting SDHB immunohistochemistry. An internal positive control displaying strong mitochondrial (that is granular and cytoplasmic) reactivity in non-neoplastic cells is always required before a stain is considered negative. Furthermore, weak diffuse cytoplasmic expression of SDHB should also be considered negative if it contrasts the strong granular mitochondrial expression in internal positive controls. Tumours associated with biallelic inactivation of SDHA also show loss of SDHA expression as well as SDHB; whereas tumours driven by SDHB, SDHC or SDHD mutation show preserved SDHA expression {21752896;23060355}. Although no other immunohistochemical stains are definitive, these tumours usually show negative staining for CD117 (scattered mast cells are typically highlighted) and are frequently negative for cytokeratins including CK7. Fumarate hydratase expression is consistently preserved.High grade SDH deficient RCC or cases with variant morphology may be unrecognizable; in some cases, the high-grade foci may be admixed with foci of typical low-grade morphology. Therefore, a low threshold for SDHB immunohistochemistry is recommended in any unusual or difficult to classify renal tumour, particularly with eosinophilic cytoplasm or occurring at a young age {28165631; 25025441}. Cases associated with SDHA mutation more commonly show variant morphologies, often with a higher nuclear grade and demonstrating papillary, solid, cribriform, or desmoplastic architectures



SDH-DEFICIENT RENAL CELL CARCINOMA

Presenter
Presentation Notes
The majority of SDH deficient renal cell carcinomas are well-circumscribed or lobulated and show distinctive morphological features at least focally, demonstrating sheets or compact nests of bland cells with eosinophilic cytoplasm. The eosinophilic cytoplasm, which may have a pale bubbly appearance, lacks the fine homogeneous granularity of oncocytoma. The cells also lack prominent cell borders, as in chromophobe renal cell carcinoma. The tumours commonly contain microcysts filled with pale eosinophilic fluid. Normal renal tubules are frequently entrapped at the periphery. A characteristic, but inconstant feature is the presence of cytoplasmic inclusions containing eosinophilic or pale flocculent material. Higher grade transformation may occur and is heralded by denser cytoplasm, increased nuclear atypia with prominent nucleoli, coagulative necrosis, and occasionally sarcomatoid change. Variant morphologies, sometimes with a papillary or sarcomatoid architecture, are increasingly recognized.Loss of IHC expression of SDHB is a prerequisite for the diagnosis of SDH deficient RCC. Care is required when performing and interpreting SDHB immunohistochemistry. An internal positive control displaying strong mitochondrial (that is granular and cytoplasmic) reactivity in non-neoplastic cells is always required before a stain is considered negative. Furthermore, weak diffuse cytoplasmic expression of SDHB should also be considered negative if it contrasts the strong granular mitochondrial expression in internal positive controls. Tumours associated with biallelic inactivation of SDHA also show loss of SDHA expression as well as SDHB; whereas tumours driven by SDHB, SDHC or SDHD mutation show preserved SDHA expression {21752896;23060355}. Although no other immunohistochemical stains are definitive, these tumours usually show negative staining for CD117 (scattered mast cells are typically highlighted) and are frequently negative for cytokeratins including CK7. Fumarate hydratase expression is consistently preserved.High grade SDH deficient RCC or cases with variant morphology may be unrecognizable; in some cases, the high-grade foci may be admixed with foci of typical low-grade morphology. Therefore, a low threshold for SDHB immunohistochemistry is recommended in any unusual or difficult to classify renal tumour, particularly with eosinophilic cytoplasm or occurring at a young age {28165631; 25025441}. Cases associated with SDHA mutation more commonly show variant morphologies, often with a higher nuclear grade and demonstrating papillary, solid, cribriform, or desmoplastic architectures



SDH-DEFICIENT RENAL CELL CARCINOMA

Gill et al. AJSP 2014; Wang & Rao Arch Pathol Lab 
Med 2018; Williamson et al. Mod Pathol 2015

Immunohistochemistry
• EMA, CD10, PAX8 +
• AMACR, CD117, CK7, CK20 –
• SDHB loss of expression

Mutation analysis
• Double-hit inactivation of 

SDH-related genes (75% 
involve SDHB)

• SDHA-deficient RCC: genetic 
alteration likely somatic SDHB

Consider genetic testing of 1st degree relatives

• High grade features has 
been described

- Tumor necrosis
- High nuclear grade
- Sarcomatoid 

differentiation

• 11% metastatic rate at 
long-term follow-up
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Presentation Notes
The majority of SDH deficient renal cell carcinomas are well-circumscribed or lobulated and show distinctive morphological features at least focally, demonstrating sheets or compact nests of bland cells with eosinophilic cytoplasm. The eosinophilic cytoplasm, which may have a pale bubbly appearance, lacks the fine homogeneous granularity of oncocytoma. The cells also lack prominent cell borders, as in chromophobe renal cell carcinoma. The tumours commonly contain microcysts filled with pale eosinophilic fluid. Normal renal tubules are frequently entrapped at the periphery. A characteristic, but inconstant feature is the presence of cytoplasmic inclusions containing eosinophilic or pale flocculent material. Higher grade transformation may occur and is heralded by denser cytoplasm, increased nuclear atypia with prominent nucleoli, coagulative necrosis, and occasionally sarcomatoid change. Variant morphologies, sometimes with a papillary or sarcomatoid architecture, are increasingly recognized.Loss of IHC expression of SDHB is a prerequisite for the diagnosis of SDH deficient RCC. Care is required when performing and interpreting SDHB immunohistochemistry. An internal positive control displaying strong mitochondrial (that is granular and cytoplasmic) reactivity in non-neoplastic cells is always required before a stain is considered negative. Furthermore, weak diffuse cytoplasmic expression of SDHB should also be considered negative if it contrasts the strong granular mitochondrial expression in internal positive controls. Tumours associated with biallelic inactivation of SDHA also show loss of SDHA expression as well as SDHB; whereas tumours driven by SDHB, SDHC or SDHD mutation show preserved SDHA expression {21752896;23060355}. Although no other immunohistochemical stains are definitive, these tumours usually show negative staining for CD117 (scattered mast cells are typically highlighted) and are frequently negative for cytokeratins including CK7. Fumarate hydratase expression is consistently preserved.High grade SDH deficient RCC or cases with variant morphology may be unrecognizable; in some cases, the high-grade foci may be admixed with foci of typical low-grade morphology. Therefore, a low threshold for SDHB immunohistochemistry is recommended in any unusual or difficult to classify renal tumour, particularly with eosinophilic cytoplasm or occurring at a young age {28165631; 25025441}. Cases associated with SDHA mutation more commonly show variant morphologies, often with a higher nuclear grade and demonstrating papillary, solid, cribriform, or desmoplastic architectures



• Occurs in patients with 
ACKD on dialysis for long 
time (8-11yrs)

• Often multifocal and 
bilateral

• Well-circumscribed; some 
have focally calcified 
capsule

• Many arise in a cyst
• Hemorrhage and necrosis 

are common
• More favorable behavior 

than carcinomas occurring 
in sporadic setting

ACQUIRED CYSTIC DISEASE-ASSOCIATED RCC

tubulocystic pattern

papillary pattern



ACQUIRED CYSTIC DISEASE-ASSOCIATED RCC

AMACR

• Inter or intracellular 
microlumens leading to 
cribriform architecture 

• Eosinophilic cells with large 
nuclei, prominent nucleoli

• Frequent intratumoral
Ca++ oxalate crystals

CK7

Presenter
Presentation Notes
Architectural variability is common, including tubular, papillary, tubulopapillary, microcystic, and solid patterns. The cells have abundant eosinophilic cytoplasm and large nuclei with conspicuous nucleoli. Most characteristically, the tumour cells have intra- or intercystoplasmic lumina or holes, imparting a cribriform (sieve-like) appearance. Intratumoural oxalate crystal deposition is common. Metastases often shows a prominent cystic growth pattern {29851703; 32271189}.　Immunohistochemically, PAX8, CD10, RCC-marker, and AMACR are positive. Most ACD-RCCs are negative for GATA3, CK7, and c-kit {29851703; 32271189}.



• Emerging entity (∼50 cases)
• Independently or associated 

with TFEB rearrangement
• Older patients (mean 65 yrs)
• High-grade features
• Less distinctive appearance 

than t(6;11)
• Less reliable melanocytic 

markers expression:
- Melan A+
- Cathepsin K/HMB45+ (50%)

• Poor outcome

TFEB AMPLIFIED RENAL CELL CARCINOMA

Gupta Mod Pathol 2017; Skala et al. Mod Pathol 2018; Gupta et al. AJSP 2019



TFEB AMPLIFIED RENAL CELL CARCINOMA

Melan A

Cathepsin K

Presenter
Presentation Notes
The morphology of the TFEB-amplified RCC is less distinctive, and frequently demonstrates high-grade poorly differentiated RCC morphology and frequent oncocytic and papillary features.In contrast to most RCC, TFEB-rearranged RCC underexpress epithelial markers such as cytokeratins and EMA but do consistently express PAX8 and other renal tubular markers {24618616; 20679884}. The TFEB-rearranged RCC consistently express the melanoma markers Melan A and HMB45 and the cysteine protease cathepsin K.Nuclear immunoreactivity for TFEB protein is highly specific for the TFEB-rearranged RCC {15644781}, but a TFEB break-apart FISH assay is less affected by variable fixation and thus represents the preferred diagnostic test for establishing the diagnosis in formalin-fixed, paraffin embedded material {22892601}. Aberrant melanocytic marker expression and cathepsin K labeling or TFEB overexpression are less consistently seen in TFEB-amplified RCC, overall in about half of cases.



t(6;11) RENAL CELL CARCINOMA (TFEB REARRANGEMENT)

TFEBCathepsin K

Presenter
Presentation Notes
The most distinctive pattern of TFEB-rearranged RCC is that of a biphasic neoplasm, comprising nests of larger epithelioid cells and smaller cells clustered around basement membrane material. t(6;11) RCC can overlap morphologically with the Xp11 translocation RCC, and vice versa (171). When the smaller cell population is limited or absent, the differential diagnosis of the t(6;11) RCC is broader and also includes clear cell RCC and various oncocytic renal neoplasms.CHARACTERIZED BY EPITHELIOID MORPHOLOGY, BASEMENT MEMBRANE PRODUCTION.The pseudorosettes were formed by smaller lymphocyte-like cells grouped around collagenous spherules formed by basement membrane material and frequently contained areas with conspicuous clear cell change.The TFEB-rearranged RCC characteristically entrap single native renal tubules at their periphery. TFEB-rearranged RCC can overlap morphologically with the TFE3-rearranged RCC, and vice versa. When the population of smaller cells is small or absent, the differential diagnosis of the TFEB-rearranged renal cell carcinoma is broader and includes clear cell renal cell carcinoma, oncocytic renal neoplasms, and epithelioid angiomyolipoma {29052596}.



EPITHELIOID ANGIOMYOLIPOMA

• Some features can predict 
malignant behavior:

- Tumor size >7 cm
- Tuberous sclerosis 

syndrome
- “Carcinoma-like” pattern
- ≥2 mitoses/10 HPFs
- Atypical mitoses
- Necrosis
- Renal vein involvement 

Nese et al. Am J Surg Pathol 2011; He et al. Mod Pathol 2013

• May be misdiagnosed as 
high-grade carcinoma 
(PAX8-, CK-)

• ~ 8% of all AML
• More common in TS 

patients 
• WHO requires ≥ 80% of 

tumor to be epithelioid 
• Lacks significant 

intratumoral fat and 
malformed vessels



EPITHELIOID ANGIOMYOLIPOMA

HMB45

Cathepsin K

Melan A

Presenter
Presentation Notes
EAML displays two different scenario: carcinoma-like pattern or epithelioid and plump spindle cells in diffuse growth. The first is characterized by nests of atypical large eosinophilic cells, resembling ganglion cells, with prominent nucleoli and intranuclear inclusions (ganglion cell-like appearance). Nests are separated by thin vessel-rich septa. Some tumours have ≥2 mitotic figures/50HPF(≥2 mitotic figures/50 mm2), but most of them have none or 1/50HPF(1/50 mm2). Epithelioid and plump spindle cells in diffuse growth pattern consists of sheets with voluminous cells and spindle cells with moderate atypia and pale cytoplasm. Mitotic activity as well as intranuclear inclusions are uncommon or lacking. Multinucleated giant cells, lipomatous foci and inconspicuous thick-walled vessels may be present in both morphologic patterns{20410812; 21263237; 32574890}.



EOSINOPHILIC CLEAR CELL RENAL CELL CARCINOMA



EOSINOPHILIC CLEAR CELL RENAL CELL CARCINOMA

CCRCC WITH RAHBDOID/SARCOMATOID FEATURES!



DIFFUSE AND STRONG CAIX EXPRESSION IN CLEAR CELL RCC

CAIX clone M75 CAIX clone NB100-417

Al-Ahmadie et al. Am J Surg Pathol 2008

Presenter
Presentation Notes
Both antibodies produced intense membrane-predominant expression, limited to tumor cells. More than 95% of the tumors with low nuclear grade, compared with 84% and 88% of tumors with high nuclear grade, showed 3+ expression using both antibodies. Thus, most CRCC show strong and diffuse expression of CAIX, and the expression is comparable using both antibodies. Therefore, similar to the clone M75, NB100-417 can be used as a diagnostic and potentially a prognostic marker in CRCC, with the advantage of its commercial availability.



RENAL TUMOR WITH EOSINOPHILIC CYTOPLASM

Tumor type CK7 CD117 CK20 GATA3 Cathepsin K Vimentin HMB45/Melan A SDHB
Oncocytoma -/+ + - - -/+ +

Hybrid oncocytic
tumor

-/+ + +/- +

LOT + - - + - - - +

ChRCC + +/- - -/+ - - - +

ESC-RCC -/+ - +/- + + -/+ +

SDH-deficient RCC - - - -

ACD-RCC - - - - +

TFEB amplified +/- + + +

Epithelioid AML - - - - + + + +

CCRCC - - - - - + - +

Presenter
Presentation Notes
A panel including CK7, CAIX and AMACR is useful to triage tumors, particularly in high grade clear cell tumors, since overlapping morphology is common and each subtype has different prognosis.DOG1+ in ChRCC and ONC, but negative in CCRCCVIM positive in CCRCC and PRCC; negative in UCCyclinD1+ in ONC (81%), but negative in ChRCC and CCRCC



RENAL TUMOR WITH PAPILLARY ARCHITECTURE & PINK CELLS

Tumor type Clinical features Morphology IHC Molecular features Prognosis

Oncocytic
papillary RCC

Sporadic and in patients 
with ESRD,  ACKD

Papillary/tubulopapillary,
hyalinized cores, single layer of 
eosinophilic cells with low grade 
nuclei, reverse polarity

CK7+
AMACR+ 
CD10+/-
GATA3+

Frequent KRAS 
mutations

Favorable 
prognosis

FH-deficient 
RCC
(HLRCC)

Cutaneous and uterine 
smooth muscle tumors; 
unilateral renal tumors

Papillary/tubulopapillary, solid 
architecture; enlarged nuclei with 
prominent eosinophilic nucleolus;
abundant eosinophilic cytoplasm

FH-
2SC+
CK7-, CAIX-

Germline mutation 
of FH (1q42.3-
1q43), encoding 
fumarate hydratase

Aggressive 
behavior 

ALK-RCC

Adults (younger middle 
age or older), pediatric 
with sickle cell trait, 
medullary location

Variable admixed patterns, often 
mucinous/myxoid background;
medullary CA-like morphology in 
children; papillary

ALK+, INI1+
TFE3+ rare in
children - no 
translocation

ALK rearrangement 
(various fusion 
partners)

Adverse  
(metastasis, 
death) in 
about 25%

Upper tract 
urothelial 
carcinoma
(UTUC)

Positive urine cytology;
prior or concurrent 
history of UC elsewhere 
in the urinary tract

Papillary, solid architecture;
enlarged nuclei; infiltrates renal 
parenchyma, between tubules

CK7+, 
GATA3+
P63+
PAX8-/+

Chr. amplification 
and losses; p53
mutations; Lynch 
syndrome

Aggressive 
behavior

Presenter
Presentation Notes
Non-uniformity in morphological definitional criteria (~ 100 cases reported in literature)Papillary renal neoplasm with reverse polarityOncocytic low grade variant of PRCC (Saleeb et al)Oncocytic papillary renal neoplasm with inverted nucleiWhereas the former type 1 papillary RCC is now regarded as the classical morphology of papillary RCC, diagnostic criteria for type 2 papillary RCC need to be re-evaluated. 



ONCOCYTIC PAPILLARY RCC, LOW-GRADE

• Papillary/tubulopapillary architecture
• Hyalinized/edematous cores
• Single layer of eosinophilic cells with low 

grade nuclei (ISUP grade 1-2)
• Inverted nuclear pattern
• CK7, AMACR, GATA3 +; CD10 +/-
• KRAS missense mutation 

Kunju et al. Hum Pathol 2008; Park et al. Pathol Int 2009; Hes et al. Pathology 2013; Al-Obaidy et al. AJSP 2019, Chang et al. Histopathology 2021

Presenter
Presentation Notes
 The results showed that all cases of PRNRP were pT1N0M0, none of which followed a course of recurrence or tumor-related death. Immunohistochemical analysis revealed diffuse staining of CK7, EMA, PAX8, and GATA3 but weak or negative staining of CD10, CD15, and AMACR in PRNRP. By NGS and PCR, KRAS missense mutation was detected in 11 of 14 PRNRP cases, although pathogenic KRAS mutation was not observed in PRCC1 and PRCC2. NGS analysis revealed less tumor mutation burden in PRNRP than in PRCC. PRNRP also showed no specific chromosomal copy number abnormalities, including gains of 7 and 17. In conclusion, we propose that PRNRP is a distinct condition from PRCC.



ONCOCYTIC PAPILLARY RCC, LOW-GRADE

GATA3

CK7

CD10



HEREDITARY LEIOMYOMATOSIS AND RENAL CELL CARCINOMA 
SYNDROME-ASSOCIATED RCC (HLRCC)

• Autosomal dominant
• Germline mutation of FH gene (1q42.3-1q43), encoding enzyme 

fumarate hydratase
• Cutaneous and uterine smooth muscle tumors
• Unilateral renal tumors (4th decade):

- papillary, tubulopapillary, tubular, solid architecture
- abundant eosinophilic cytoplasm
- enlarged nuclei with margination of chromatin
- prominent eosinophilic nucleolus surrounded by a clear halo

• High stage at presentation, poor clinical outcomes



HEREDITARY LEIOMYOMATOSIS AND RENAL CELL CARCINOMA 
SYNDROME-ASSOCIATED RCC (HLRCC)

Features definitional for HLRCC:

• Multiple biopsy-proven 
cutaneous piloleiomyomas

Or
• 2 of the following minor criteria: 

- Surgical treatment for 
symptomatic uterine 
leiomyomas before age 40

- RCC with papillary features 
before age 40

- 1st degree family member 
who meets these criteria

Merino et al. AJSP 2007



FH-DEFICIENT RENAL CELL CARCINOMA

papillary tubular

tubulopapillary solid

cystic intracystic growth

collecting duct carcinoma-like

tubulocystic

sarcomatoid cribriform

Chen et al. Am J 
Surg Pathol 2014 



FH-DEFICIENT RENAL CELL CARCINOMA

CK7 CAIX



FH-DEFICIENT RENAL CELL CARCINOMA

FH



FH-DEFICIENT RENAL CELL CARCINOMA

2SC FH



LOW-GRADE FH-DEFICIENT RCC REMINISCENT OF SDH-DEFICIENT RCC

• Novel form of FH-deficient RCC with 
low-grade oncocytic morphology

• 4 males (aged 11-41 years)
• Solid, nested/tubular architecture; 

uniform polygonal cells; vacuolated 
eosinophilic cytoplasm, scattered 
inclusions, fine chromatin, small 
nucleoli 

• FH-deficient with retained SDHB 
expression

A distinctive low-grade oncocytic FH-deficient RCC, morphologically 
reminiscent of SDH-deficient RCC

FH

Presenter
Presentation Notes
Despite these features suggestive of SDH‐deficient RCC, each tumour was confirmed as an FH‐deficient carcinoma with retained SDHB expression. One case showed a synchronous, anatomically separate, typical high‐grade FH‐deficient RCC; one other showed such a tumour at nephrectomy 4 years later. No progression has been noted at 3 and 7 years in the cases with only the SDH‐like lesions; the two cases with separate, typical FH‐deficient RCCs progressed.ConclusionsIn summary, we characterize a novel oncocytic type of FH‐deficient RCC with a striking resemblance to SDH‐deficient RCC, posing a diagnostic challenge and raising concerns about sampling and multifocality for syndrome‐associated cases under surveillance protocols.



LOW-GRADE FH-DEFICIENT RCC REMINISCENT OF SDH-DEFICIENT RCC

14 y/o female with renal lesion, subsequently known to have HLRCC 

Have a low-threshold for ordering SDHB, FH and 2SC IHC stains 
in pink renal tumors!

Presenter
Presentation Notes
Despite these features suggestive of SDH‐deficient RCC, each tumour was confirmed as an FH‐deficient carcinoma with retained SDHB expression. One case showed a synchronous, anatomically separate, typical high‐grade FH‐deficient RCC; one other showed such a tumour at nephrectomy 4 years later. No progression has been noted at 3 and 7 years in the cases with only the SDH‐like lesions; the two cases with separate, typical FH‐deficient RCCs progressed.ConclusionsIn summary, we characterize a novel oncocytic type of FH‐deficient RCC with a striking resemblance to SDH‐deficient RCC, posing a diagnostic challenge and raising concerns about sampling and multifocality for syndrome‐associated cases under surveillance protocols.



RCC WITH PAPILLARY, PINK & SARCOMATOID FEATURES 

• 40 y/o female 
- H/O “papillary RCC with sarcomatoid features (4.5 cm)” in 2015 (TFE3-)
- PET positive nodes in 2017



PAX-8 2SC

FH2020:
Lung lesion 

RCC WITH PAPILLARY, PINK & SARCOMATOID FEATURES 

Presenter
Presentation Notes
Few months later, patient presented with brain mass, morphologically consistent with metastatic PRCC.Anaplastic lymphoma kinase rearrangement-associated RCC (ALK-RCC) was previously listed in the 2016 WHO classification as an “emerging/provisional” entity [29]. The newly accumulated data however supports the conclusion that ALK-RCC represents a novel and genetically distinct entity, typically demonstrating a heterogeneous morphology (Fig. 5). ALK-RCC is characterized by an ALK gene rearrangement resulting in fusion with various partner genes leading to aberrant ALK activation and formation of oncogenic chimeric proteins. Despite the morphologic diversity, ALK rearrangement can be consistently identified either by IHC, fluorescence in situ hybridization (FISH) or by sequencing methods. ALK-RCC has also attracted clinical interest because of the availability of targeted ALK inhibitor therapies [49], with documented response to therapy in some aggressive ALK-RCC cases [50, 51].  It is clear that ALK can be activated by translocation, as well as by mutation.The first clinically approved drug to target ALK — crizotinib — is a tyrosine kinase inhibitor (TKI) that was approved by the US Food and Drug Administration (FDA) for use in ALK-positive non-small-cell lung cancer. Recent reports suggest that ALK TKIs will be useful in the treatment of other less frequently occurring ALK-positive cancer types. A number of second-generation ALK TKIs are currently in clinical trials and are able to inhibit secondary 'resistance' mutations that are found in patients treated with crizotinib.



ANAPLASTIC LYMPHOMA KINASE REARRANGED RCC (ALK-RCC)

NGS: EML4-ALK fusion

ALK

• patient has been treated 
with ALK TKI 

• she died few weeks later

2021: Brain lesion 

Metastatic RCC, consistent with ALK-RCC

Presenter
Presentation Notes
NGS detected an EML4-ALK fusion; stains for ALK highlighted cytoplasmic staining, consistent with ALK rearrangement associated RCC.The first clinically approved drug to target ALK — crizotinib — is a tyrosine kinase inhibitor (TKI) that was approved by the US Food and Drug Administration (FDA) for use in ALK-positive non-small-cell lung cancer. Recent reports suggest that ALK TKIs will be useful in the treatment of other less frequently occurring ALK-positive cancer types. A number of second-generation ALK TKIs are currently in clinical trials and are able to inhibit secondary 'resistance' mutations that are found in patients treated with crizotinib.Anaplastic lymphoma kinase rearrangement-associated RCC (ALK-RCC) was previously listed in the 2016 WHO classification as an “emerging/provisional” entity [29]. The newly accumulated data however supports the conclusion that ALK-RCC represents a novel and genetically distinct entity, typically demonstrating a heterogeneous morphology (Fig. 5). ALK-RCC is characterized by an ALK gene rearrangement resulting in fusion with various partner genes leading to aberrant ALK activation and formation of oncogenic chimeric proteins. Despite the morphologic diversity, ALK rearrangement can be consistently identified either by IHC, fluorescence in situ hybridization (FISH) or by sequencing methods. ALK-RCC has also attracted clinical interest because of the availability of targeted ALK inhibitor therapies, with documented response to therapy in some aggressive ALK-RCC cases. It is clear that ALK can be activated by translocation, as well as by mutation.They may show cytoplasmic vacuolization but often have papillary or cribriform architecture and mucinous stroma. Intracytoplasmic mucin, scattered psammoma bodies, and rhabdoid morphology may be seen. Variant morphology resembling metanephric adenoma or mucinous tubular and spindle cell carcinoma has also been reported {32467651}.Immunohistochemistry for ALK protein is a useful screening test for ALK-rearranged RCC. SMARCB1 protein (also known as INI1, SNF5 or BAF47), which is typically lost in the renal medullary carcinomas that affect patients with sickle cell trait, is retained. TFE3 protein immunoreactivity is frequently seen using automated staining techniques, but is usually negative using more standardized overnight incubation procedures and TFE3 gene rearrangements are not present. Melanocytic markers HMB45 and Melan A are negative.



RENAL TUMORS – NOVEL ENTITIES

ESC RCC

RCC FMS

ALK-RCC

Trpkov et al. Mod Path 2021



HIGH-GRADE UPPER TRACT UROTHELIAL CARCINOMA

• May present as infiltrative 
mass with ambiguous 
histology

• Extensive involvement of renal 
parenchyma can resemble 
primary RCC

• Desmoplastic response and 
glandular differentiation can 
be seen

• Gross and microscopic 
examination for in situ 
component does not always 
yield results

CK7+, GATA3+, P63+ PAX8 -/+

Presenter
Presentation Notes
UTUC invades as variable sized nests, cords, trabeculae, small clusters, or single cells that are often separated by a desmoplastic or myxoid stroma; focal nests and clusters are generally present. Cells shows   show a moderate to abundant amount of eosinophilic cytoplasm with enlarged variably pleomorphic and hyperchromatic nuclei with irregular contour.UTUC with luminal profile (CK5/6-/CD44-/CK20+) is a high-risk group with poor outcome.



RENAL TUMOR WITH PAPILLARY ARCHITECTURE & PINK CELLS 

Tumor type CK7 CAIX AMACR TFE3 TFEB GATA3 FH 2SC ALK* HMB45/Melan A Cathepsin K
Oncocytic
papillary 
RCC

+ - + - - + + - -

FH-deficient 
RCC - - - - - - + -

ALK-RCC -/+ - + - + - -

UTUC + +/- +/- - - + + - - - -

TFE3 RCC - + - - + - - +/- +/-

TFEB RCC - + - + - - + +

*D5F3 is the most sensitive clone 

Presenter
Presentation Notes
A panel including CK7, CAIX and AMACR is useful to triage tumors, particularly in high grade clear cell tumors, since overlapping morphology is common and each subtype has different prognosis.



MEDULLARY BASED TUMORS WITH PINK CELLS  

Tumor type Clinical features Morphology IHC Molecular 
features

Prognosis

SMARCB1
(INI1)-deficient 
renal medullary 
carcinoma

Patients with sickle 
cell trait; hematuria,
flank pain, male 
predominance, 
African ancestry

Infiltrating cords, nests, 
microcysts, sheets, and tubules; 
cribriform, adenoid cystic 
carcinoma-like appearance; 
myxoid desmoplastic reaction 

SMARCB1
(INI1)-
PAX8+, 
OCT3/4+
CK7+/-
HMWCK+/-

Inactivating 
genomic 
alterations in 
SMARCB1/INI1

Highly 
aggressive

Collecting duct 
carcinoma

Male predominance
High stage @ 
presentation

Tubular or tubulopapillary pattern 
with angulated glands; 
desmoplastic stromal reaction

PAX8+
HMWCK+/-
CK7+/-
AMACR-

Inconsistent and 
variable results

Aggressive 
behavior 

Upper tract 
urothelial 
carcinoma
(UTUC)

Positive urine 
cytology; prior or 
concurrent history of 
UC elsewhere in the 
urinary tract

Papillary, solid architecture;
enlarged nuclei; infiltrates renal 
parenchyma, between tubules

CK7+, GATA3+
P63+
PAX8-/+
INI1+/-

Chr. amplification 
and losses; p53
mutations; Lynch 
syndrome

Aggressive 
behavior

Include Melanoma, Metastatic carcinoma, Lymphoma in your differential diagnosis!

Baniak et al. Arch Pathol Lab Med 2021

Presenter
Presentation Notes
Non-uniformity in morphological definitional criteria (~ 100 cases reported in literature)Papillary renal neoplasm with reverse polarityOncocytic low grade variant of PRCC (Saleeb et al)Oncocytic papillary renal neoplasm with inverted nucleiWhereas the former type 1 papillary RCC is now regarded as the classical morphology of papillary RCC, diagnostic criteria for type 2 papillary RCC need to be re-evaluated. 



SMARCB1/INI1 DEFICIENT RENAL MEDULLARY CARCINOMA

INI1



COLLECTING DUCT CARCINOMA

Diagnosis of exclusion!!!

Ohe et al. AJSP 2018

Presenter
Presentation Notes
Predominant tubule formationDesmoplastic stromal reactionHigh-grade cytologyInfiltrative growth pattern



Comparison of morphologic patterns

Ohe et al. AJSP 2018

FH-
2SC+
INI1+

INI1-
FH+
2SC-

CK7+/-
FH+
2SC-
INI1+

Presenter
Presentation Notes
*Statistically not significant.



MEDULLARY BASED RENAL TUMORS WITH PINK CELLS 

Tumor type CK7 CAIX AMACR GATA3 FH 2SC ALK SMARCB1/INI1 OCT3/4 PAX8

FH-deficient RCC - - - - + - + - +

SMARCB1 (INI1)-
deficient renal 
medullary carcinoma

+/- +/- + - - - + +

Collecting duct 
carcinoma +/- - - - + - - + - +

ALK-RCC + - + + -

UTUC + + + - - + - -/+



RENAL TUMORS ON NEEDLE BIOPSY

Multiple R renal masses in a 62 year-old gentleman

Low-grade oncocytic neoplasm

Presenter
Presentation Notes
Accurate classification of different renal tumors on needle biopsy is important for therapy planning. A diagnosis of angiomyolipoma or low-grade oncocytic neoplasm has different implications than CCPRCC and RCC.



RENAL TUMORS ON NEEDLE BIOPSY

L renal mass in a 73 year-old gentleman

Renal cell carcinoma with eosinophilic features

Presenter
Presentation Notes
Accurate classification of different renal tumors on needle biopsy is important for therapy planning. A diagnosis of angiomyolipoma or low-grade oncocytic neoplasm has different implications than CCPRCC and RCC.



VHL syndrome HLRCC syndrome TSC BHD SDH deficiency

SDHBFH 2SC

FH= fumarate hydratase; 2SC=2-succinocysteine; SDHB=succinate dehydrogenase B 

Hereditary Renal Tumors – Tissue Biomarkers 

Family History + Clinical Syndrome Findings + Molecular Testing

CK20

Presenter
Presentation Notes
The recognition of these renal tumors relies on family history, clinical syndromic findings, and molecular testing in addition to morphologic features. Few IHC markers are helpful in distinguishing these entities, such as FH and 2SC for FH-deficient RCC, and SDHB for SDH-deficient RCC.



Molecularly Defined Renal Tumors – Tissue Biomarkers 

Cathepsin K Melan A

TFE3-translocation TFEB-translocation TFEB-amplified

ALK

ALK-translocationINI1-associated

INI1 TFEB

Presenter
Presentation Notes
Molecularly defined renal tumors include INI-1 associated RCC, TFEB RCC (translocated or amplified), TFE3 translocation RCC, and ALK translocation RCC. Specific molecular futures are associated with morphologies or patterns of morphologies and corresponding IHC profiles (such as INI1 and ALK). Given the importance of diagnosis and the impact on therapeutic options and predicted outcomes, improved recognition of these trends can facilitate improved patient care in the future.Some of these “molecularly”- defined tumors show an overly broad morphological spectrum without unequivocal genotype-phenotype correlation. Therefore, molecular testing including NGS is increasingly used to classify RCC and has broadened especially the differential diagnosis of tumors considered in the oncocytoma-chromophobe RCC category  and which now include fumarate hydratase (FH)-deficient RCC, epithelioid angiomyolipoma, TFE3 and TFEB translocation associated carcinoma  and eosinophilic solid and cystic (ESC) renal cell carcinoma.  ESC-RCC can show TSC gene mutations or biallelic losses. Recent studies identified many tumors with eosinophilic cytoplasm and oncocytic or chromophobe-like features in the group of “unclassified” RCC with somatic inactivating mutations of TSC2 or activating mutations of MTOR as the primary molecular alterations. However, TSC/MTOR-associated neoplasms are a morphologically and immunohistochemically very heterogeneous group. To get a better understanding of this heterogeneous group of oncocytic tumors, which are not classifiable as oncocytomas or chromophobe RCC, a category of unclassified oncocytic tumors has been introduced. This category of unclassified oncocytic tumors encompasses “low grade” and “high grade” oncocytic tumors, because the behavior of such tumors is poorly understood.



TAKE HOME POINTS

Pap & Pink • Common things happen commonly! 

• Review clinical/family history & gross 
appearance 

• Identify predominant morphologic 
pattern (pink, papillary & pink, solid, 
cystic)

• Is it a low-grade or high-grade tumor?

• Exclude things you cannot afford to miss 
(FH-deficient, ALK-RCC, INI1-deficient 
medullary RCC, TFEB amplified) 

• Consider a panel of useful IHC markers

Pink Pink



THANK YOU!

cmagigalluzzi@uabmc.edu
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