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Intravenous pyelogram

• A scout film is obtained before contrast is given.

• On the five minute film, contrast is in the kidney and 

collecting system. 

•     Kidneys should be roughly equal in size. 

•     Calyces should be sharp in outline and 

symmetrical with equal filling. 

•     Ureters are just beginning to show.  

•      Slow filling in hypertension.



Intravenous pyelogram

• On the ten minute film, ureters are completely filled.

•       Any calculi (stones) or strictures would be seen 

here.

• At fifteen minutes, the bladder is filling. 

•      Any abnormalities in shape or filling voids within 

would be visible.

• Post void film would show whether bladder is 

emptying properly.



Adenoma

• Arise from renal tubular epithelium

•   Usually papillary

•   7-22% of patients

• <1.5 cm in diameter

• Increased risk of metastasis if >3cm in diameter.



Adenoma

• Pale yellow-gray, discrete, well-circumscribed 

cortical nodules. 

• Composed of complex, branching, papillomatous 

structures with numerous complex fronds. Cells may 

also grow as tubules, glands, cords, and sheets of 

cells. 

• The cells are cuboidal to polygonal in shape and 

have regular, small central nuclei, scanty cytoplasm, 

and no atypia.



Renal papillary adenoma

https://librepathology.org/w/images/thumb/d/d6/Renal_papillary_adenoma_--_very_low_mag.jpg/300px-Renal_papillary
_adenoma_--_very_low_mag.jpg

Accessed 02/20/2020



Renal papillary adenoma

http://www.pathologyoutlines.com/caseofweek/Case200643image2.jpg  accessed 02/20/2020



Oncocytoma

• Composed of large eosinophilic cells having small, 

round, benign-appearing nuclei that have large 

nucleoli. 

• Arise from the intercalated cells 

• Have numerous mitochondria. 

• Tan or mahogany brown, relatively homogeneous, 

and usually well encapsulated with a central scar in 

one-third of cases.



Renal Oncocytoma

http://www.pathologyoutlines.com/topic/kidneytumoroncocytoma.html   Contributed by Debra Zynger, MD  

Accessed 02/20/2020



Renal oncocytoma

https://upload.wikimedia.org/wikipedia/commons/d/d9/Renal_oncocytoma3.jpg

Accessed 02/20/2020

The tumor cells (left of the 

image) are arranged in 

nests, have slightly 

enlarged nuclei and have a 

more eosinophilic 

cytoplasm than the normal 

kidney (right of image). A 

glomerulus is seen at the 

bottom-center of the image. 

Normal renal tubules are 

seen on the right of the 

image. 



Angiolipoma

• Vessels, smooth muscle, and fat originating from 

perivascular epithelioid cells in the cortex

• Up to 50% of patients with tuberous sclerosis

•    Loss-of-function mutations in the TSC1 or TSC2 

tumor suppressor genes.

•    Loss of regulation of mTOR signaling 

• Tendency to spontaneous hemorrhage



Angiomyolipoma

Note that it is solid and has a 

tan to yellowish-tan cut 

surface. It is also multifocal. 

Most of these tumors are 

incidental findings. Those with 

tuberous sclerosis often have 

these tumors. This neoplasm is 

one form of perivascular 

epithelioid cell tumor 

(PEComa) derived from the 

perivascular epithelioid cell 

(PEC), and not present in 

normal tissue. 

[Image contributed by John Nicholls, MD, Hong 

Kong University] 

https://webpath.med.utah.edu/RENAHTML/RENAL1
15.html

  Accessed 01/20/2020



Angiomyolipoma

There is normal renal 

parenchyma at the 

left. The tumor has a 

strip of adipose tissue 

in the center that then 

blends in with 

interlacing bundles of 

smooth muscle in 

which are scattered 

vascular spaces.

https://webpath.med.utah.edu/RENAHTML/RENAL106.html

Accessed 01/20/2020



Mesoblastic nephroma

• Most common renal cancer in infancy

• 5% of all pediatric renal cancers

• May present in utero with polyhydramnios

• Classic type presents at 16 days of age

• Mixed type presents at 2 months of age

• Cellular type presents at 5 months of age

• 5-10% recur or metastasize

•     Usually by age 1

•     Metastases to lung and brain, NOT bone



Mesoblastic nephroma

• Classic (25%): 

• Resembles infantile fibromatosis or leiomyoma 

•    Fascicles and whorls of bland spindled 

myofibroblasts and thin collagen fibers 

•       No desmoplasia

•    Tumor surrounds tubules and glomeruli, has 

irregular borders

•    Chondroid metaplasia or dysplasia of the 

entrapped tubules is common

•    Mitoses are rare

• No recurrent genetic aberration



Mesoblastic nephroma
• Cellular (65%): 

• Resembles infantile fibrosarcoma 

•    Sheet-like proliferation of plump, atypical spindle 
cells with abundant cytoplasm, vesicular nuclei 
and nucleoli

•   Mitoses are common

•   Necrosis

•   The tumor has a pushing border 

• Shares the same translocation with infantile 
fibrosarcoma: t(12;15) and results in ETV6-NTRK3 
fusion protein

• Mixed (10%): 

•   A combination of classic and cellular features 



Mesoblastic 
Nephroma

https://www.archivesofpathology.org/action/showFullPopup?id=i1543-
2165-128-8-929-f01&doi=10.1043%2F1543-2165%282004%29128%
3C929%3APQCRMI%3E2.0.CO%3B2

  Accessed 02/20/2020

Cellular areas have

mitotic figures, cystic

degeneration, hemorrhage

and necrosis.

SMA and Vimentin positive.



Wilm’s tumor (nephroblastoma)

• 6-7% of childhood malignancies.

• Most common pediatric renal tumor.

• 90% diagnosed before age 6

• 90% are sporadic

•     5% present with specific genetic syndromes

• May first present with pain

•    Flank or abdominal mass.

•          Unilateral in sporadic cases

•    Hypertension and hematuria.

• Arises from metanephric blastema. 



Wilm’s tumor
• Triphasic combination of blastemal, stromal, and 

epithelial cell types

• Sheets of small blue cells with few distinctive 

features characterize the blastemal component.

• Epithelial differentiation is usually in the form of 

abortive tubules or glomeruli. 

• Stromal cells are usually fibrocytic or myxoid in 

nature, although skeletal muscle differentiation is not 

uncommon.

• Rarely, other heterologous elements are identified.

• The presence of nephrogenic rests correlates with 

high risk of developing contralateral disease



Wilm’s tumor

• WT1 gene (zinc finger transcription factor at 11p13) 

controls blastema development. 

• The presence of anaplasia correlates with the 

presence of p53 mutation and chemotherapy 

resistance.

• 11q-, 16q-, 1q+ poor prognostic factors.

• Age >2 years poor prognosis

• Liver is most common site of metastasis

• Rarely metastasizes to bone



Wilm’s tumor

Left. The tumor is a lobulated tan mass.

Right: The tumor is comprised of nests and 

sheets of dark blue cells at the left with 

compressed normal renal parenchyma at the 

right.
https://webpath.med.utah.edu/RENAHTML/RENAL057.html and RENAL058
.html

 

Accessed 01/20/2020



Wilm’s tumor

http://webpathology.com/image.asp?n=13&Case=73

Accessed 02/20/2020

Classically, Wilms tumor is 

triphasic and consists of 

variable proportions of 

blastema, stroma, and 

epithelial cells. The blastemal 

component consists of small 

poorly differentiated round 

cells. The epithelial 

component consists of 

abortive tubules and 

glomerular structures. Stroma 

is usually fibroblastic or 

myxoid and may contain 

heterologous elements such 

as skeletal muscle, smooth 

muscle, bone, cartilage, 

adipose tissue, and neuroglial 

tissue. 



https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021









https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021



Genetic syndromes

• WAGR Syndrome

•    Wilms tumor

•    Aniridia (absence of iris)

•    Genitourinary abnormalities

•    Retardation (mental)

• Germline WT1 gene deletion occurs near PAX6 

gene (also at 11p13)

• 33% lifetime risk for Wilm’s tumor



Wilm’s tumor

• Denys-Drash syndrome

• Gonadal dysgenesis (male pseudohermaphroditism) 

and early-onset nephropathy leading to renal failure. 

• Diffuse glomerular sclerosis

• Dominant-negative missense mutation in the zinc-

finger region of the WT1 protein inactivates wild-type 

allele

•    Leads to gonadal dysgenesis

•    At risk for developing gonadoblastoma

• Bi-allelic loss of WT1 associated with Wilm’s tumor

•    90% of patients



Wilm’s tumor
• Beckwith-Wiedemann syndrome 

• Exophthalmos

• Microglossia

• Gigantism

• Hemihypertrophy

• WT2 gene at 11p15. 

•   This chromosomal region usually contains genes that 

are normally expressed from only one of the two 

parental alleles

•      Transcriptional silencing (imprinting) of the other 

gene by methylation of the promoter region. 

• Higher risk for hepatoblastoma, adrenal cortical and 

pancreatic tumors, rhabdomyosarcoma



Wilm’s tumor

• Predisposition to tumorigenesis 
•    Overexpression of insulin growth factor (IGF2) 

also in this region. 
•    Doubling of paternal IGF2 allele with maternal 

allele deletion  (uniparental paternal disomy) is also 
a cause.

• CDKNIC mutations (p57) and β-catenin mutations 
are also associated with tumor expression in 
Beckwith-Wiedemann syndrome.

• If either aniridia or Beckwith-Wiedemann syndrome 
is diagnosed in a child, screen for Wilm’s tumor.



Therapy
• Primary resection provides necessary biologic 

information for risk stratification and selection of 

appropriate therapy.

• Minimize treatment for low-risk patients

• Improve survival in higher risk patients.

• Transabdominal or a thoracoabdominal exposure 

with transperitoneal approach (preferred surgical 

approaches) and abdominal exploration, unilateral 

radical ureteronephrectomy with LN sampling.

•  LN sampling MUST be performed for adequate 

staging; recommend obtaining minimum >5 (nodes) 

from areas in renal hilum anatomically expected to 

represent nodes associated with kidney



Therapy
• Contraindications to Primary Resection

•  High risk of renal failure for those with germline 

WT1 mutations (Denys-Drash, WAGR) or bilateral 

WT.

• Overall risk of long-term renal failure is <1%. 

• Unacceptable anesthesia risk due to disease burden

• Massive pulmonary disease

• Very large abdominal tumors causing pulmonary 

compromise 



Therapy

• Contraindications to Primary Resection

• Surgeon judgment: 

•     Operation would lead to significant 

morbidity/mortality, tumor spill, or residual tumor 

• Solitary kidney

•  IVC tumor thrombus above the level of the hepatic 

veins



Therapy

• Goals of Surgery for Unilateral WT

• Complete clearance of all disease 

• Accurate LN staging

•  Complete pathologic evaluation

•  Resection without rupture of the tumor



Therapy

• Summary of Surgical Approach to Bilateral WT

•  Do not biopsy upon presentation of bilateral WT. 

•  Use of standardized 3-drug neoadjuvant 

chemotherapy (VAD) followed by bilateral nephron-

sparing surgery (NSS) to preserve renal function

• Possible criteria for successful NSS: 

• Small tumor size

• Peripheral or polar location of the mass

• Lack of invasion or encasement of renal vessels



Therapy

• Relative contraindications to NSS: 

• Central location

• Proximity to the renal vessels



Therapy
• Week 6 re-evaluation

• Perform surgery if bilateral NSS is possible

• For less than a partial response to chemotherapy, 

consider open biopsy to assess for presence of 

anaplasia

• Continue chemotherapy if patient has some 

response but is not a candidate for NSS

•  Surgery should be performed within 12 weeks of 

starting neoadjuvant therapy

• Aim for bilateral NSS, if possible.  If operating after 

chemotherapy, enucleation is safe

• If disease recurrence, repeat NSS



Rhabdoid tumor

• 1-2% of childhood renal tumors

• 60% <1 year old; 30% 1-3 years old

• 15% associated with pineal neuroectodermal tumor 

in the midline fossa

• 82% present with metastases

• 90% mortality at 2 years

• Gross appearance is that of a fleshy mass.

• Histologically the tumor is composed of small round 

cells with prominent nuclei and nucleoli, growing in a 

sheath like pattern separated by thin fibrovascular 

septa.

• INI1 deletion



Rhabdoid tumor

https://www.archivesofpathology.org/

na101/home/literatum/publisher/pinnacle/

journals/content/arpa/2003/15432165-

127.9/1543-

2165%282003%29127%3Ce371%3Amrtot

k%3E2.0.co%3B2/production/images/

large/i1543-2165-127-9-e371-f01.jpeg

3A, Most of the cells stain 

positively for vimentin 

(original magnification 

×125). B, Focally, tumor 

cells also stain positively 

for epithelial membrane 

antigen (original 

magnification ×500). 

4. Large swirls of 

cytoplasmic intermediate 

filaments with some 

entrapped organelles 

(original magnification 

×22 400)
 



Renal cell carcinoma
• Usually men

• Usually >40  years old (median age, 60).

• Often in the upper pole of the kidney

• Usually present with hematuria

•    Flank mass and pain may also be present

•  Invade along renal vein

•  Lung is usual metastatic site

•       “Cannon ball” appearance on x-ray 

•    Osteolytic bone metastases

•    Hemorrhagic metastatic nodules in skin

•        Highly vascular lesion



Renal cell carcinoma

• Left renal kidney involvement may  be associated 

with left varicocele

•      Left renal vein involvement blocks drainage of 

left spermatic vein

•      As right spermatic vein drains directly into the 

inferior vena cava, no development of varicocele in 

right sided kidney involvement



Renal cell carcinoma

• Ectopic hormone production secondary to 

abnormalities with Hypoxia induction factor (HIF)

• May produce erythropoietin

•     Secondary polycythemia

• May produce parathyroid hormone related peptide

•     Hypercalcemia

• Renin overproduction

•     Hypertension



Renal  cell carcinoma

• Risk factors:

•    Tobacco use

•    Fried food consumption

•    Obesity 

•    Exposure to asbestos

•    Exposure to petroleum products.

• Adult polycystic disease also predisposes (30x 

greater risk)



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6075733/



Renal cell carcinoma

• Somatic alteration of BAP1 (3p21.1), PBRM1 

(3p21.1), and PTEN (10q23.21) and altered 

metabolic pathways correlate with subtype-specific 

decreased survival

•    BAP1 produces a deubiquinating enzyme

•      Inactivating mutations in the BAP1 gene are 

associated with poor prognosis in clear cell renal cell 

carcinoma (CC-RCC) and type 1 papillary renal cell 

carcinoma (PRCC1)

•    PBRM1 is an integral component of complexes 

necessary for ligand-dependent transcriptional 

activation by nuclear hormone receptors



Renal cell carcinoma

•    PTEN is a tumor suppressor in the 

PI3K/AKT/mTOR pathway

• Inactivation of TP53 or the CDKN2A tumor 

suppressors or a CpG island hypermethylation 

phenotype (CIMP) increases in the immune-related 

Th2 gene expression signature correlate with 

decreased survival within all major histologic 

subtypes. 



Renal cell carcinoma

• CpG island methylator phenotype subtype of clear 

cell renal cell carcinoma (CIMP-RCC) demonstrates 

an increased immune signature, including the Th2 

gene 

• A uniform and distinct metabolic expression pattern 

identifies a subset of metabolically divergent (MD) 

chromophobe renal cell carcinoma (ChRCC) that is 

associated with extremely poor survival.

•    



Renal cell carcinoma

• Increased expression of pyruvate dehydrogenase 

activation genes in and ChRCC

•     Oxidative phosphorylation

•   Decreased expression of pyruvate dehydrogenase 

activation genes in and CC-RCC and PRCC2

•    Glycolysis dependent energy production



Molecular alterations

• Clear cell renal cell carcinoma demonstrates significant 

loss of chromosome 3p and gain of 5q

• Type 1 papillary renal cell carcinoma demonstrates gains of 

chromosomes 7 and 17

• Chromophobe renal cell carcinoma demonstrates a pattern 

of CIMP-RCC or the type 2 papillary renal cell carcinoma 

(PRCC2)

•      Both demonstrated an increased loss of chromosome 

22 that encodes NF2 from the HIPPO pathway and 

SMARCB1, a fundamental component of the SWI/SNF 

complex



Molecular alterations

• The CIMP-renal cell carcinoma had loss of 

chromosome 13q at a similar rate to ChRCC (60% 

versus 61.3%) that encodes RB1 and BRCA2 

chromosomal losses that included 1, 2, 6, 10, 13, 

and 17

• CA IX abundantly expressed 

•   Inversely regulated by VHL wt



Molecular alterations
• Sarcomatoid and rhabdoid features may develop in any 

underlying Renal Cell carcinoma histology (papillary, clear 
cell, chromophobe) and have distinct molecular features 
such as BAP1 (3p21) and CDKN2A (9p21) mutations as 
well as heightened MYC transcriptional programs. 

• Resistant to VEGF and mTTOR inhibitors, but respond to  
nivolumab plus ipilimumab

•    Benefit regardless of PDL1 status
•    CD8+ PD-1+ TIM3- LAG3-     
•   TILs stronest predictive biomarker
•      Inhibition of PD-1 on Tregs may support immune 

suppression
• LOF mutation in PBMR1 in VEGF-TKI refractory setting 

has been linked to enhanced response to nivolumab



Molecular alterations

•  9p and 14q losses are drivers of metastatic spread

•  9p loss poor prognosis in urothelial cancer, not 

renal cell

• TREM2+ APOE+ C1Q+ macrophages as risk factor 

for disease recurrence following nephrectomy

• HLA-A*03 carriage respond better to TKI



Molecular alterations

• Genes associated with kidney morphogenesis and 

angiogenesis respond to nivolumab

• Genes associated with metabolic processes do not 

respond to nivolumab

• SLAMF7+PD-1+CD8+ population that expresses 

residency markers (ZNF683/HOBIT and 

ITGAE/CD103) resistant to nivolumab

• SMP in IL7 intron associated with adverse events in 

immune therapy



https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC6075733/



10.1016/j.ccell.2020.10.011



10.1016/j.ccell.2020.10.011



10.1016/j.ccell.2020.10.011



Renal cell carcinoma

• Tumor is bright yellow as is rich in glycogen and 
lipids

• Larger tumors have areas of hemorrhage and 
necrosis

• Histology:
• Principal type is clear cell
•    Round or polygonal cells with clear cytoplasm 

containing glycogen or lipid
• Transitional cell carcinoma 50% of cases in renal 

pelvis or ureter
• Squamous carcinoma is rare



Renal cell carcinoma

The tumor is fairly circumscribed. The cut 

surface demonstrates a variegated 

appearance with yellowish areas.

 https://webpath.med.utah.edu/RENAHTML/RENAL062.html

Accessed 01/20/2020



Renal cell 

carcinoma

Renal vein invasion is shown here 

at the white arrow in a resected 

kidney surrounded by adipose 

tissue. Renal cell carcinomas may 

invade through the renal capsule. 

Renal cell carcinomas may 

metastasize to odd locations, and 

about a fourth of them first present 

as metastatic lesions.

https://webpath.med.utah.edu/RENAHTML/RENAL054.htm
l

  Accessed 01/20/2020



Renal cell 

carcinoma



Renal cell 

carcinoma



Renal cell carcinoma

Left: This is the classic clear cell histologic appearance of a renal cell carcinoma 

(clear cell carcinoma). The neoplastic cells have clear cytoplasm and are arranged 

in nests with intervening blood vessels. Mutation of the VHL gene may be found.

Right: The less common papillary variant of renal cell carcinoma is shown below. 

Note the eosinophilic cytoplasm. Mutation of the MET gene may be present. 
https://webpath.med.utah.edu/RENAHTML/RENAL055.html Accessed 01/20/2020



Renal cell carcinoma

solid variant

• 3% of renal cell carcinomas 
• Morphologically similar to Type 1 papillary renal 

carcinoma but lack true papillae containing 

fibrovascular cores
• Solid sheets of cells, often with distinct 

micronodules resembling abortive papillae or 

glomeruloid bodies
• Surrounded by a pseudocapsule 



Renal cell carcinoma

solid variant

• Cells have scant to abundant clear, basophilic or 

eosinophilic cytoplasm 
• Nuclei may have nucleoli or nuclear grooves 
• May have compact areas of low grade spindle 

cells lining thin, angulated tubules 
• No mucinous stroma
• May have foamy macrophages, psammoma 

bodies  



https://www.archivesofpathology.org/action/showFullPopup?i
d=i1543-2165-134-8-1210-f01&doi=10.1043%2F2009-0464-
CR.1

  Accessed 02/20/2020



Renal cell carcinoma

• Collecting duct neoplasms are rare

• 80% are clear cell carcinomas

• Arise from proximal tubular epithelium

• Sporadic

•    LOH 1q, 6p, 13q, 14, 15, 21q, and 22

•    del 9 has poor prognosis.

• Consequence of loss of VHL gene (3p25) is 

disruption of ubiquitin ligase complex. 

• Second VHL allele hyper-methylated in 80% of 

cases of renal carcinoma.



Renal cell carcinoma

• Most common type

• Bright yellow-gray-white masses

• Rounded or polygonal cells with clear or granular 

cytoplasm which contains glycogen and lipids

• Tend to invade renal vein



Renal cell carcinoma

• Chromophobe tumors account for fewer than 5% of 

renal neoplasms

• Arise from intercalated cells of collecting ducts

• Composed of cells with prominent cell membranes 

and pale eosinophilic cytoplasm

• Perinuclear halo common

• Largest cells found arranged about vessels

• Hypodiploid 

• 11% bilateral, 22% multifocal





Other cancers
• Xp11 translocation carcinoma

• Young patients

• TFE3 translocations at Xp11.2

•     Leucine zipper transcription factor

•     Five fusion factors identified

• Clear cytoplasm with a papillary architecture

• Bellini (collecting duct) carcinoma

• 1% of cancers

• Arise from medullary collecting duct cells

• Irregular channels lined by atypical epithelium with 

hobnail pattern enmeshed in fibrous stroma

• Sarcomatous change is poor prognostic sign



Renal cell carcinoma

• Von Hippel-Lindau disease

•    Bilateral

•    Younger adults

•    Autosomal dominant

•    Inactivation of VHL gene

•    Increased risk of developing hemangioblastoma

•    Increased risk of developing pheochromocytoma

• Not in papillary carcinoma



Renal carcinoma

• HIF accumulates as under normal oxygen 

conditions.

• The VHL complex targets these factors for 

ubiquination:

•    HIF-1α, poor prognosis

•    HIF-2α, more favorable prognosis

• IL-4 and IL-13 share IL-4R chain in their structure.

•      Stimulate IgE production 

•      Mediate antigen stimulated T-cell activity.  

•      Mutation associated with propensity to renal 

cancer.









Renal cell carcinoma

• VEGFα (6p12), PDGFβ (5q33) production stimulated 

(angiogenesis); 

• CAIX (9p12), CAXII (15q22) stimulated (pH regulation 

through carbonic anhydrase);

• Erythropoietin (7q22), glut-1 (1p34) stimulated;

• TGF-α (2p13), TGF-β (19p13), IGF1 (12q23), EFGR 

(7p12) stimulated, leading to autocrine growth;

• CXRC4 (2q21) stimulated (associated with metastatic 

potential).

• All are downstream targets of HIF. 



Papillary carcinoma

• 10-15% of renal cancers

•  Frequently multifocal in origin

•  Arise from distal collecting tubules

•  Cuboidal or columnar cells in papillary 

configuration. Interstitial foam cells common in 

papillary cores. May find Psammoma bodie.

•  Trisomy 7 or 17 or loss of Y chromosome in 

sporadic cases 

•  Trisomy 7 in familial cases

•     MET activation (Hepatocyte growth factor)

 



Renal carcinoma
• Papillary adenocarcinomas constitute 10% of renal 

cancers.

• Arise from intercalated cells of ductal cells.

• Bilateral, multifocal papillary tumors type I

• Associated with:

•     Trisomy 7 (familial form)

•       C-MET gene (7q31) encodes tyrosine kinase 

receptor for hepatocyte growth factor. 

•            (Hypoxia upregulates MET gene normally.)

• del Y (male associated)

•     Trisomy 16

•     Trisomy 17.



Renal cell papillary carcinoma

Type 1

Photomicrographs of clear cell (conventional) RCC with low-grade 

nuclear features (A)  and high-grade nuclear features (B). 
(Reprinted by permission from Pheroze Tamboli, MD.) 
Fig. 29-1  Accessed 08/01/2010



Renal carcinoma

• Bilateral, multifocal papillary tumors type II

• Mutation in fumarate hydratase gene (1q42)

•    Deranges mitochondrial conversion of fumarate to 

malate.  

•    Hypoxia results (HIF upregulated).

• Papillae lined by tall columnar cells found in tumor.

• Spindle cell renal cell carcinoma is not associated 

with leiomyoma, rhabdomyoma, or squamous 

differentiation.



Renal cell carcinoma

Photomicrographs of clear cell (conventional) RCC showing papillae lined 

by short cuboidal cells (C), and type 2 papillary RCC showing papillae 

lined by tall columnar cells, with eosinophilic cytoplasm and high grade 

nuclear features (D).

 (Reprinted by permission from Pheroze Tamboli, MD.)   Fig. 29-1  Accessed 08/01/2010







https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021







https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021



https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021



Familial variants

• Von-Hippel Lindau syndrome

•    VHL gene at 3p25.3 is lost

•       Encodes E3 ubiquitin ligase

•      HIF elevated in normoxic conditions

•         Promotes angiogenesis

•         With MYC, promotes cell growth     

•    Renal cysts and multiple renal cell carcinomas

•    Nearly all will develop carcinomas over time





Familial variants

• Hereditary leiomyomatosis and renal cancer 
syndrome

•    Fumarate hydrase (FH) gene at 1q42-43
•       Accumulation of fumarate and succinate lead to 

HIF activation
•    Cutaneous and uterine leiomyomata and papillary 

carcinoma 
•    High metastatic potential
•    Rare to survive 5 years
• Succinate dehydrogenase B and D mutations also 

lead to accumulation of succinate and HIF activation



Familial variants

• Hereditary papillary carcinoma

•   Bilateral tumors

•   Autosomal dominant

•   Trisomy 7

•   MET gene at 7q31 activated



Familial variants

• Birt-Hogg-Dubé syndrome  

•   Fibrofolliculomas and lung cysts in 85% of patients

•   Autosomal dominant

•   FLCN gene at 7q (expresses folliculin) 

•     LOH mutations in both alleles

•     Negative feedback on PI3K-AKT-mTOR

•     Translational control of HIF











Treatment

• Tumors <4cm show 1% yearly progression to 

metastatic disease

•      5% progress to be symptomatic. 

• Partial nephrectomy may be utilized.

• Nephrectomy curative only for localized disease. 

• Lymphadenectomy if retroperitoneal 

lymphadenopathy present.

•  Ipsilateral adrenalectomy reserved for patients with 

large upper pole disease.



Treatment

• If patient has retroperitoneal lymphadenopathy and 

metastasis, nephrectomy and retroperitoneal 

lymphadenectomy indicated. 

•      Do not respond as well to adjuvant therapy as 

those patients without retroperitoneal 

lymphadenopathy but with metastasis.

• Solitary metastasis may be resected.



Treatment

• Stage I T1a cancer is treated with partial 

nephrectomy or nephron-sparing total nephrectomy.

• Stage I T1b cancer is treated with partial 

nephrectomy or radical nephrectomy.

• No adjuvant therapy follows for Stage I cancers.

• There is no uniform treatment for Stage II cancers 

following partial nephrectomy or radical 

nephrectomy.



Treatment

• Sunitinib is recommended for systemic adjuvant 

therapy following nephrectomy only for clear cell 

histology as well as high-risk renal cell carcinoma.

• The presence of sarcomatoid or rhabdoid histology 

is associated with a more aggressive disease 

course and a low likelihood of response to TKI 

monotherapy



Treatment

•  87% are PD-L1 positive

• Ipilimumab and nivolumab if intermediate or poor 

prognosis in clear cell type

• Axitinib and pembrolizumab are the better choice 

across all histologic types

• Sunitinib and cabozantib (tyrosine kinase inhibitors) 

prolong time to disease progression. 

• PD1/PDL-1 and CTLA-4  or VEGFR inhibitors are 

the standard of care in metastatic renal cell 

carcinoma



https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021



Treatment

• Under some circumstances and if not poor risk, 

bevacizumab (anti-VEGF antibody) may be useful

• Hypertension, bleeding common with bevacizumab, 

particularly in elderly.  

•     Those who develop hypertension have better 

outcomes.



https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021



https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021



https://www.nccn.org/professionals/physician_gls/pdf/kidney_blocks.pdf

Accessed 03/17/2021
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Urothelial (transitional) cell 

carcinoma

Fig. 28-1  

Accessed 

08/01/2010



Urothelial (transitional) cell 

carcinoma

Characteristic 

genetic lesions in 

transitional cell 

carcinoma 

carcinogenesis. 

Fig. 28-2  Accessed 08/01/2010



Urothelial cancer

There is invasion of the renal parenchyma with obstruction 

and dilatation of the pelvis and the calyces to produce 

hydronephrosis.
https://webpath.med.utah.edu/RENAHTML/RENAL056.html Accessed 01/20/2020



Urothelial carcinoma

Note the frond-like 

papillary projections to 

the left. It is differentiated 

enough to resemble 

urothelium, but it is 

producing a mass effect. 

No invasion is seen to 

the right.

Below the thickness is 

much greater than 

normal urothelium, and 

the neoplastic cells show 

more pleomorphism.

https://webpath.med.utah.edu/RENAHTM
L/BLAD063.ht

ml and BLAD064.html

Accessed 01/20/2020



Ureteral cancer

• Ureteral carcinoma may present with ureteral 

obstruction 

•    And retrograde hydronephrosis or shrunken 

kidney depending upon time course.

•   Painless hematuria may also be seen.

• Papillary lesions  

•   9p- or 9q- abnormalities found in up to 60% of 

urothelial lesions 

•    (9p21 involves p16/INK4α as well as the related 

tumor suppressor gene p15).

•    With loss of chromosome 9, frank invasion 

identified.



Ureteral cancer

• 17p- found in carcinomas (p53).  

• Flat lesions

•     FGFR3/ cyclin D mutation (11p-)

•  Inverted papilloma cured by excision (not 

malignant).

•  Excise and stent ureteral carcinomas.



Inverted bladder papilloma

• <1% bladder neoplasms

• Generally benign

• Men, 6th and 7th decades

• Painless hematuria

• May have irritative bladder symptoms (urgency)

• Solitary with minimal exophytic component

• May have squamous differentiation



Inverted bladder papilloma

• Trabecular subtype is classic.

•   Urothelial buds at various points underlying urothelial 

surface   

•    Irregular downward growing cords from overlying 

epithelium

•   Spindle cells with central streaming and in palisade

• Glandular subtype

•    Nests of urothelium with pseudoglandular urothelial 

lined spaces or true glands containing mucous secreting 

goblet cells



Inverted bladder papilloma

https://www.spandidos-publications.com/article_images/ol/4/1/OL-04-01-0071-g00.jpg   Accessed 01/20/2020

A. The polypoid growth of the lesion is demonstrated. B. Thin cords are 

present in the lamina propria. Urothelium with central streaming and 

peripheral palisading.



Bladder cancer

• 3:1 men

• 80% are 50-80 years of age

• Not familial

• 50-80% associated with cigarette use

• Painless hematuria

• Cystoscopy with hexaminolevulinate imaging and 

urine cytology critical for detection and surveillance 

of bladder cancer.



Bladder cancer
• Risks:

• Exposure to 2-naphthylamine

•    Cancers occur 15-40 years after exposure

• Schistosoma hematobium infection

•    Chronic inflammatory changes from encystation in 

bladder wall

•    70% are adenocarcinomas

• Radiation exposure

• Cyclophosphamide use

• Long term analgesic use



Bladder cancer

• Two distinct precursors to invasive bladder cancer:

•      Papillary tumors 

•        Arising from previous transitional cell 

hyperplasia, 9q- (usually CDKN2A; PTCH and TSC1 

loss also possible with loss of mTOR signaling)

•       FGFR3 gain of function mutation

•      Flat urothelial carcinoma in situ 

•         FGFR3/cyclin D, HRAS, 11p-

• p53 mutation needed for high grade dysplasia. 

• Rb inactivation, 8p- needed for invasion. 



Fig. 28-1  

Accessed 

08/01/2010





Bladder cancer
• Presents with painless hematuria

• Irritative signs common

• 95% are urothelial cancers. 

•    3-5% are squamous carcinomas

•    Embryonal rhabdomyosarcoma occurs in children 

<5 years of age

•  “Field change” disease as the entire urothelium is at 

risk for tumor formation.  

• Tobacco, exposure to aniline dyes, Schistosoma 

infection are major environmental risk elements.

• Lifelong surveillance needed.

• Men three times more likely to have bladder cancer





Papillary lesions

• Papillary lesions are red, elevated excrescences 

ranging in size from less than 1 cm in diameter to 

large masses up to 5 cm in diameter

• Most arise from the lateral or posterior walls at the 

bladder base. 

• Multiple discrete tumors are often present

• Exophytic papillary lesions are attached to the 

mucosa by a stalk 

•   Individual finger-like papillae have a central core of 

loose fibrovascular tissue covered by bland 

epithelium 

• Recurrences and progression are rare 



Papillary lesions

• Papillary urothelial neoplasms of low malignant 

potential have a thicker epithelium

• Low-grade papillary urothelial carcinomas 

•   Have an orderly architectural and cytologic 

appearance. The cells are evenly spaced 

(maintain polarity) and cohesive. 

• There is a mild degree of nuclear atypia consisting 

of scattered hyperchromatic nuclei, infrequent 

mitotic figures predominantly toward the base, and 

slight variation in nuclear size and shape

• <10% of low-grade cancers invade muscle 



Papillary lesions
• High-grade papillary urothelial cancers contain 

poorly cohesive cells with large hyperchromatic 
nuclei.

•  Mitotic figures are frequent.

• Architecturally, there is disarray and loss of polarity.

• 80% are invasive. 

• May extend into the bladder wall and adjacent 
structures. 

• About 40% of these deeply invasive tumors 
metastasize to regional lymph nodes. 

• Hematogenous dissemination, principally to the liver, 
lungs, and bone marrow, may result.



Bladder cancer

• Carcinoma in situ (CIS) may range from full-

thickness cytologic atypia to scattered malignant 

cells in an otherwise normal urothelium (pagetoid 

spread)

• A common feature shared with high-grade papillary 

urothelial carcinoma is a lack of cohesiveness, 

which leads to the shedding of malignant cells into 

the urine

• Invasive bladder cancer.

• The extent of the invasion into the muscularis 

mucosae is of prognostic significance 



Bladder cancer
The opened bladder removed 

surgically reveals a mass of a 

neoplasm that histologically 

proved to be urothelial 

carcinoma (previously known 

as a transitional cell 

carcinoma). 

Urothelial carcinoma can arise 

anywhere in the urothelium 

lining the urinary tract from the 

urethra to the calyces, but is 

most common in bladder. 

Urothelial carcinoma is often 

multifocal and has a tendency 

to recur.

https://webpath.med.utah.edu/RENAHTML/BLAD069.html

Accessed 01/20/2020





Urothelial carcinoma variants

• Micropapillary urothelial carcinoma 

•     HER2 amplifications or mutations 

• Plasmacytoid urothelial carcinoma

•     Loss of E-cadherin and CDH1 gene loss of 

function mutations or methylation 

• Worse prognosis associated with micropapillary and 

plasmacytoid urothelial carcinoma variants 

• Uniformly poor prognosis for sarcomatoid, poorly 

differentiated and giant cell urothelial carcinoma 



Urothelial carcinoma variants

• No significant association with Epstein-Barr virus 

(EBV) or human papillomavirus (HPV) infection and 

urothelial carcinoma development 

• Nested variant, lipid rich and urothelial carcinoma 

with divergent differentiation (squamous, glandular, 

or trophoblastic) are more likely to present with 

advanced disease but when adjusted by stage had 

no survival differences with respect to conventional 

urothelial carcinoma.



Squamous carcinoma

• Pure squamous carcinomas associated with chronic 

inflammation.

• Mixed urothelial carcinomas with areas of squamous 

carcinoma are more frequent than pure squamous 

cell carcinomas. 

• Most are invasive, fungating tumors or are infiltrative 

and ulcerative.

• 7% of bladder cancers

• Other cancers include adenocarinoma and small cell 

carcinoma



Squamous carcinoma

https://img.medscapestatic.com/pi/meds/ckb/83/9383tn.jpg

https://www.auanet.org/images/education/

pathology/bladder-carcinomas/squamous-

figureA_Big.jpg



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7690647/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7690647/



Molecular characterization of subtypes

• Luminal Papillary tumors were mainly enriched in 

FGFR3 (55%)

•   Homozygous/deep deletions of CDKN2A in 33%. 

•   Younger age at presentation

• The Luminal Non-specified subtype was mainly 

characterized by enrichment of mutations in ELF3 

(35%), which is an early regulator of urothelial 

differentiation and is activated by PPARG 

•      PPARG was significantly altered as well (76%)

•   Older age at presentation 



Molecular characterization of subtypes

• Luminal Unstable tumors harbored frequent PPARG 

alterations (89%) 

•    High-level amplifications of a 6p22.3 region that 

contains E2F3 and SOX4 (76%), 

•    ERBB2 amplifications were noted in 39%

•      No significant association was found between ERBB2 

mutations and any of the consensus classes

•   Frequent  mutations in TP53 (76%) and in ERCC2, 

which codes for a core nucleotide-excision repair 

component (22%)

•  Generally the most genomically altered subtype



Molecular characterization of subtypes

• For Basal/Squamous tumors, the most frequently 

mutated genes based are TP53 (63% of cases) and 

RB1.

•    Found principally in women

• For Neuroendocrine-like tumors, TP53 was almost 

always mutated (94%)and co-occurred with RB1 

alteration by either mutations or deletions (94%)

• The Stroma enriched subtype is characterized by the 

presence of smooth muscle, fibroblasts and 

myofibroblasts, as well as B cell infiltrates

•   No characteristic mutations



Chemotherapy response

• FGFR mutations found in up to 20% 

• Defective DNA repair (DDR) germline mutations 

found in 13-19%

• Somatic mutations  of ATM/RB1/FANCC/ERCC2 

were found to correlate with better response and 

survival in patients treated with cisplatin-based 

neoadjuvant chemotherapy followed by radical 

cystectomy



Chemotherapy response

• DDR genomic alterations (excluding ATM) are 

associated with overall survival benefit in general 

but not with response to platinum-based chemo-

therapy.

• ATM mutations associated with shorter survival



Chemotherapy response

• ATM gene at 11q22–23, encodes a PI3K-related 

serine/threonine protein kinase 

•    Maintains genomic integrity by its central role in 

activation of DDR pathways, including those 

involved in cell-cycle checkpoint arrest (CHK2), DNA 

repair(BRCA1 and RAD51), and apoptosis (p53)

•   ATM acts as a binary switch that dictates the effect 

of p53 activation on tumor response to 

chemotherapy in lung and breast cancer 



Chemotherapy response

• ATM function loss has been implicated in 

accelerated epithelial mesenchymal transformation 

(and metastasis)

• FAS inhibitors sensitize cancer cells to cisplatin 

through apoptosis





Bladder cancer treatment

• Transurethral resection of the bladder tumor is the 

first step in the initial management of bladder 

cancer. 

• Resection of the prostatic urethra considered if 

tumor is at the bladder neck or within the prostatic 

urethra. 

• Following transurethral resection, intravesical 

therapy is instituted within 6 hours. 

•     Mitomycin C (with heat) and gemcitabine are the 

agents of choice for non-muscle invasive bladder 

cancer.

•    BCG is also an option



Bladder cancer

• Patients who fail an initial course of intravesical 

chemotherapy will respond to BCG.

• Patients who fail an initial course of intravesical 

BCG therapy will likely not respond to 

chemotherapy.  

•     A second course of BCG (with interferon-α) may 

be effective in up to half these failures. 

• Refractory patients should be considered for 

cystectomy.



Bladder cancer treatment

• 20% low risk develop invasive disease, 10% 

metastasize

• High grade, high risk (45% invade and 50% 

metastasize)

• Non-urothelial carcinomas, those urothelial 

carcinomas with lymphovascular invasion, as well 

as those with deep prostatic involvement should be 

considered for cystectomy even though no muscle 

invasion is detected.



Bladder cancer

• Invasion into the detrusor muscle is associated with 

high mortality rates.

•     Radical cystectomy is the treatment of choice.

• Patients with large or extensive bladder lesions as 

well as those with metastatic disease are treated 

with gemcitabine and cisplatin chemotherapy or 

methotrexate, vinblastine, doxorubicin, cisplatin 

chemotherapy.

• Entry into a clinical trial is recommended as no 

optimal chemotherapy regimen has been identified.



Bladder cancer treatment

• Invasion into the detrusor muscle is associated with 

high mortality rates.

•     Radical cystectomy is the treatment of choice.

• Considered for cystectomy even though no muscle 

invasion is detected:

•   Non-urothelial carcinomas

•   Urothelial carcinomas with lymphovascular 

invasion

•   Urothelial carcinomas with deep prostatic invasion



Bladder cancer treatment

• Radiation therapy may be given following trans-

urethral resection of the bladder

• Patients with large or extensive bladder lesions 

• Are treated with radiation therapy as well in 

combination with chemotherapy with cisplatin (with 

or without 5-FU) or mitomycin C with 5FU.

• No optimal chemotherapy regimen has been 

identified.



Bladder cancer treatment

• Those with metastatic disease are treated with 

gemcitabine and cisplatin chemotherapy or dose-

dense methotrexate, vinblastine, doxorubicin, 

cisplatin chemotherapy.

• No optimal chemotherapy regimen has been 

identified.



Bladder cancer treatment

• A PD1/PDL1 inhibitor such as avelomab post 

platinum based chemotherapy has shown to be 

active in refractory disease

• Bladder cancer cells usually have the Nectin-4 

protein on their surface. 

•     Enfortumab vedotin-ejfv is an anti-Nectin-4 

antibody attached to the drug, monomethyl 

auristatin E (MMAE). Is an FGFR inhibitor.

•    Useful in platinum-pretreated, post-PD1/PDL1 

failures



Prognosis depends on the histologic 

grade and the stage at diagnosis



Urethra
• Urethritis is either gonococcal or non-gonococcal in 

origin
•    Chlamydia trachomatis or Mycoplasma urealyticum 

each as causes of >25% of cases
• May be accompanied by cystitis (woman) or 

prostatitis (man)
•     Reactive arthritis (Reiter’s syndrome) is manifest 

by urethritis, uveitis, and reactive polyarthritis
•     HLA-B27 common
•     Salmonella, Shigella, or Campylobacter as 

triggers
•    May resolve spontaneously in 12 months
• Primary carcinomas are uncommon



Urethra

• Tumors arising within the proximal urethra tend to 

show urothelial differentiation and are analogous to 

those occurring within the bladder

• Tumors arising within the distal urethra are more 

often squamous cell carcinomas (males).



Squamous cell carcinoma of the 
urethra



Squamous cell carcinoma of urethra

Fig. 9-14

Young, Robert H., Srigley, John R., Amin, Mahul B., Ulbright, Thomas, M, Cubrilla, Antonio, L. , “Tumors of 

the prostate gland, seminal vesicles, male urethra, and penis.”  Atlas of Tumor Pathology. Third series. 

Fascicle 28. Armed Forces Institute of Pathology. Washington, DC.  2000.




