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	 7.	 What are the commonly seen genetic alterations in 
Wilms tumor?
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	 9.	 Besides UroVysion assay, what are other molecular 
assays available for UC and their indications?

	10.	 What is the clinical utility of ETS gene fusions in diag-
nosis of prostate adenocarcinoma?

	11.	 Besides the ETS gene family, what are other commonly 
observed molecular genetic abnormalities in prostatic 
cancer and their prognostic significance?

	12.	 For prostatic cancer, what is the current utilization of 
gene expression profiling (GEP) assay?

	13.	 Is there a prostate cancer screening algorithm available?
	14.	 What are the commonly seen molecular changes in tes-

ticular germ cell tumors (GCTs)?

�Frequently Asked Questions

	1.	 What are the most common molecular assays cur-
rently available in the sporadic genitourinary (GU) 
system neoplasia?
•	 With increasing understanding of the genetic landscape 

of the tumors of the genitourinary system, it is proved 
that many types of GU tumors are associated with, and 
even defined by, recurrent genomic abnormalities.

•	 Table 11.1 reviews the majority of the clinically rele-
vant molecular assays currently available that may aid 
in the diagnosis, prognosis, and treatment of neoplasia 
in the genitourinary system.

•	 It should be noted that there remain significant prac-
tice gaps for the implementation of this increasing 
knowledge into clinical practice.

	2.	 When should a molecular assay for VHL mutations or 
3p deletions be considered in working up a renal cell 
carcinoma?
•	 More than 90% of sporadic clear cell renal cell carci-

noma (CCRCC) harbors genomic alterations, most 
commonly copy number loss, on chromosome arm 3p, 
on which the tumor suppressor genes, such as VHL, 
PBRM1, BAP1, and SETD2, are located [1–3].

•	 Most diagnostic pathology practice in a routine setting is 
based on histologic evaluation, possibly combined with 
immunohistochemistry (IHC). In rare challenging cases 
or in cases with a small biopsy or scant material, a molec-
ular assay, including mutation analysis, FISH assay, and 
methylation studies, for 3p loss or VHL mutation can cer-
tainly provide supporting evidence for diagnosis [2].

Y. Ding (*) 
Department of Laboratory Medicine, Geisinger Health, Danville, 
PA, USA
e-mail: yding1@geisinger.edu 

K. I. Al-Obaidy · L. Cheng 
Department of Pathology and Laboratory Medicine, Indiana 
University School of Medicine, Indianapolis, IN, USA
e-mail: lcheng@iupui.edu

11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-73227-1_11&domain=pdf
https://doi.org/10.1007/978-3-030-73227-1_11#DOI
mailto:yding1@geisinger.edu
mailto:lcheng@iupui.edu


234

•	 Notably, FISH analysis is unable to detect some cases 
of VHL loss, and other copy number assessment should 
be considered to identify copy number deletion, mis-
sense, and truncating mutations in VHL, which com-
monly occur in CCRCC.

•	 Emerging biomarkers, such as VHL, PBRM1, BAP1, 
and SETD2, although not being used routinely, may 
have increasing roles in renal cancer management. For 
example, it has been demonstrated that tumors harbor-
ing PBRM1 mutation have more favorable behavior, 
whereas tumors with BAP1 or SETD2 mutations likely 
to have more aggressive behavior [4, 5].

	3.	 What are the commonly seen genetic alterations in 
chromophobe renal cell carcinoma?
•	 Like other RCC, chromophobe RCC can be usually 

diagnosed by typical histologic evaluation, with IHC 
in some cases.

•	 Conventional cytogenetics can be used to detect com-
monly seen cytogenetic changes in chromophobe RCC 
including:
–– Hypodiploidy
–– Loss of chromosomes 1,2,6,10,13,17,21 and Y [6]

•	 Commonly seen gene mutations include [7]:
–– Mutations in tumor suppressor genes: TP53 (20–

30%), PTEN (5–10%)
–– Rearrangements in TERT promoter region (~10%)

•	 For tumors with hybrid chromophobe and oncocytic 
morphology and Birt-Hogg-Dube syndrome is sus-
pected; genetic counseling and analysis of the FLCN 
(folliculin) gene should be considered [8, 9].

	4.	 What molecular assays can be used to aid the subtyp-
ing of papillary renal cell carcinoma (PRCC)?
•	 Papillary RCC (PRCC) is the second most common 

type of RCC and accounts for 15–20% of RCCs.
•	 Papillary RCC is further subdivided into type 1 and 

type 2 PRCC, in which type 1 is more uniform on mor-
phologic, immunophenotypic, and molecular features 
than type 2.

•	 The difference between type 1 and type 2 PRCC is not 
only histologic but also prognostic and genomic, as 
patients with type 2 PRCC typically have worse out-
comes than patients with type 1 PRCC.

•	 Type 1 PRCC is frequently associated with trisomy of 
chromosomes 7 and 17 and loss of chromosome Y, 
whereas recent studies have shown that although these 
cytogenetic changes can also be observed in type 2 
PRCC, it is more characterized by other genetic 
alterations. Indeed, type 2 PRCC is now considered 
likely more than one diagnostic entity (Table  11.2) 
[10, 11].

•	 Nonetheless, there is currently no clinically available 
molecular assay to aid in the diagnosis of type 2 PRCC, 

Table 11.1  Main molecular assays in the genitourinary neoplasms

Organ Target Diagnosis Method Specimen
Kidney VHL gene and chromosome 3 Clear cell RCC FISH, sequencing Fresh or FFPE tissue

Chromosome 7 and 17 trisomy
Chromosome Y deletion in male 
patients

Papillary RCC FISH Fresh or FFPE tissue

TFE3 and TFEB Translocation-associated RCC IHC, FISH Fresh or FFPE tissue
ALK ALK-rearranged RCC Gene sequencing, 

FISH
Fresh or FFPE tissue

Chromosome 7 and 17 trisomy
Chromosome Y deletion in male 
patients
KRAS mutation

Papillary renal neoplasm with reverse 
polarity

Gene sequencing, 
FISH

Fresh or FFPE tissue

NTRK Cellular congenital mesoblastic 
nephroma

IHC, FISH, 
sequencing

Fresh or FFPE tissue,

Bladder Chromosome 3, 7, 9p, and 17; 
TERT promoter mutations;
FGFR gene alterations

Urothelial carcinoma FISH, molecular 
techniques

Urine, fresh or FFPE tissue, 
cytology smear, urine

Prostate ERG Prostatic adenocarcinoma and small 
cell carcinoma

IHC, FISH Fresh or FFPE tissue

TMPRSS2: ERG and PCA3 Screening for prostatic adenocarcinoma TMA Urine
BRAF, RAF1 ETS-negative prostate cancer FISH, sequencing Fresh or FFPE tissue
AR signaling status, AR-V7 Castration-resistant prostatic 

adenocarcinoma
Molecular 
techniques

Fresh or FFPE tissue, blood

BRCA1, BRCA2, HOXB13 Pathogenic germline mutations 
increasing risk of prostate cancer

Molecular 
techniques

Fresh or FFPE tissue, blood

Testis Isochromosome 12p Germ cell tumor FISH FFPE tissue, semen

RCC renal cell carcinoma; FISH fluorescence in situ hybridization; IHC immunohistochemistry
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but FISH for trisomy 7 and/or 17 could be used in 
cases in which type 1 PRCC is a consideration. 
Notably, type 1 PRCC can have considerable morpho-
logic overlap with mucinous tubular and spindle cell 
carcinoma and clear cell papillary RCC, both of which 
lack trisomies 7 and 17; thus, FISH for trisomy 7 and/
or 17 may be especially useful in this differential 
diagnosis.

•	 Papillary renal neoplasm with reverse polarity is a 
newly proposed entity. It shows architectural and 
immunohistochemical overlap with PRCC. However, 
it has distinctively a single layer of apically located 
nuclei with positive GATA3 and LICAM and negative 
vimentin immunostaining. This sets it apart from 
PRCC, clear cell PRCC, and Xp11 translocation 
RCC. Recurrent KRAS point mutation identified in this 
entity is distinctly different from other renal cell 
neoplasms.

	5.	 What molecular assays should be considered to help 
differentiate translocation-associated TCC (tRCC) 
from other subtypes of RCC?
•	 Translocation-associated RCC (tRCC) is a subtype of 

RCC defined by a translocation involving the microph-
thalmia (MiT) subfamily of transcription factors 
includes the most common TFE3 located at Xp11.2 
and less common TFEB, TFC, and MITF [19].

•	 The diagnosis of tRCC is mainly based on typical mor-
phologic features such as nested and papillary growth 
pattern, mixture of clear and eosinophilic cells with 
unusually voluminous cytoplasm, psammomatous cal-
cifications, and hyalinized stroma.

•	 In the difficult cases with considerable morphologic 
overlap between tRCC and other RCC subtypes, such 
as CCRCC and PRCC.
–– Immunohistochemistry, such as melanocytic mark-

ers, TFE3 or TFEB, is often useful but not sensitive 
or specific for tRCC.

–– Break-apart FISH analysis for TFE3 and TFEB 
gene rearrangements is highly sensitive and specific 

for tRCC and should be used to aid the diagnosis of 
tRCC [20, 21].

–– Other molecular techniques including sequencing 
can be used to detect gene rearrangement in cases 
with suspected false-negative FISH results and 
uncommon fusions not covered by FISH.

	6.	 What molecular assays are available when a heredi-
tary RCC syndrome is considered?
•	 Hereditary RCC syndromes mainly include:

–– Hereditary leiomyomatosis and RCC (HLRCC) 
syndrome

–– Succinate dehydrogenase (SDH)-deficient RCC
–– von Hippel-Lindau syndrome
–– Hereditary papillary RCC
–– Birt-Hogg-Dube syndrome
–– Tuberous sclerosis

•	 When encountering one or multiple renal tumors in a 
young patient, communication with clinicians, genetic 
counseling, and molecular assays for germline muta-
tions should be considered to evaluate for a hereditary 
renal cancer syndrome (Table 11.3).

	7.	 What are the commonly seen genetic alterations in 
Wilms tumor?
•	 Wilms tumor is the most common childhood renal 

malignancy and could be associated with a variety of 
syndromes, which mainly include:
–– WAGR syndrome: Wilms tumor, aniridia, genito-

urinary abnormalities, and mental retardation
–– Denys-Drash and Frasier syndrome
–– Beckwith-Wiedemann syndrome

•	 Genetic alteration has been identified in one-third of 
Wilms tumor-associated syndromes and is summa-
rized in Table 11.4. In addition, mutations in CTNNB1, 
WTX, and TP53 are identified in 10–15% of these syn-
dromes [27].

	8.	 What is the most used molecular test in urothelial car-
cinoma (UC) screening?
•	 The most widely used molecular assay in UC screen-

ing is urine-based UroVysion (Vysis Inc) test.
•	 UroVysion is a FISH assay performed on exfoliated 

cells in urine that assesses the aneuploidy of 
chromosomes 3, 7, and 17, as well as the loss of chro-
mosome 9p21 locus, all of which are abnormalities 
characteristic of UC [28].

•	 UroVysion test can be used as an aid for the initial 
diagnosis of bladder carcinoma in patients with hema-
turia. Because of its relatively high sensitivity and 
specificity for UC, this test has been implemented into 
many bladder cancer screening programs.

•	 UroVysion can also be used to monitor tumor recur-
rence in patients with a history of UC or for stratifica-
tion of patients with an abnormal cytology result and 
no clinical or cystoscopic evidence of a bladder tumor 

Table 11.2  Comparison of type 1 and type 2 PRCC

Type 1 PRCC Type 2 PRCC
Histology and 
immunophenotype

More uniform Likely a mixture 
of multiple 
entities

cytogenetic changes Trisomy or polysomic 
chromosomes 7 and 17
Loss of chromosome Y
Gain of chromosomes 
3,12,16, and 20

Gain of 
chromosomes 
12,16, and 20

Gene mutations MET mutations in the 
hereditary papillary 
RCC syndrome and 
sporadic type I PRCC 
[12–18]

CDKN2A 
silencing, SETD2 
mutations [10]

11  Genitourinary Neoplasms
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[29]. However, more recent studies demonstrate that 
the sensitivity and positive predictive value of 
UroVysion, particularly for low-grade urothelial carci-
noma, may not be as optimal as initially thought [30].

	 9.	 Besides UroVysion assay, what are other molecular 
assays available for UC and their indications?
•	 Besides cytogenetic alterations in UC, TERT pro-

moter point mutations are commonly present in 60% 
to 80% of UC, and it appears to be early events in the 
oncogenesis of UC [31, 32].

•	 Because TERT promoter mutations do not occur in 
reactive urothelial lesions [33], it has practical impli-
cations to test this mutation under at least three 
situations:
1.	 In the differential diagnosis of UC versus non-

neoplastic benign mimics (e.g., cystitis 
glandularis)

2.	 In the differential diagnosis of UC versus other 
GU malignancy, such as prostatic cancer

3.	 In urine cytology case suspicious for recurrent UC 
screening

•	 Limitations of TERT promoter mutation test include 
the following:

––   It is not specific for UC. TERT promoter mutations 
are also present in benign urothelial neoplasms, 
such as urothelial papilloma, papillary urothelial 
neoplasm of low malignant potential, bladder 
squamous cell carcinoma, sarcomatoid carci-
noma, and urachal carcinomas [34–37]. In addi-
tion, they are also reported to be present in 
neoplasms of other organs, such as glioblastoma 
and melanoma.

––    A negative TERT promoter mutation result does 
not exclude the possibility of a urothelial 
neoplasm.

•	 FGFR3 mutations, primarily point mutations and 
translocations, can be detected in nonmuscle-invasive 
bladder cancer as well as up to 10–15% of muscle-
invasive bladder cancer cases [38, 39]. Because 
FGFR3 is a target of pan-FGFR inhibitors, the 
National Comprehensive Cancer Network (NCCN) 
has recently recommended that molecular tests for 
FGFR3 mutations should be considered in patients 
with advanced stage bladder cancer.

Table 11.3  Major molecular genetic alterations in hereditary renal cell syndromes

Hereditary RCC syndromes Associated neoplasms Germline mutation Mutation detection
Hereditary leiomyomatosis 
and RCC (HLRCC) 
syndrome [22, 23]

Leiomyomatosis of the skin and 
uterus
RCC with type 2 papillary 
RCC-like morphology with 
prominent nucleoli
Pheochromocytoma (rarely)

Fumarate hydratase (FH) 
gene with autosomal-
dominant fashion

IHC for FH;
IHC for 2SC (accumulates in the cytoplasm 
of HLRCC-associated RCC);
Sequencing of FH gene

Succinate dehydrogenase 
(SDH)-deficient RCC [24, 
25]

Paraganglioma/
pheochromocytoma
Gastrointestinal stromal tumor
SDH-deficient RCC
Pituitary adenoma

One of the SDH genes 
(A–D), most commonly 
SDHB with autosomal-
dominant fashion

SDHB IHC (loss of SDHB expression by 
IHC confirms inactivation of an SDH gene 
but is not necessarily diagnostic of 
inactivation of the SDHB gene)
Sequencing of SDH genes

von Hippel-Lindau 
syndrome [26]

Multiple CCRCC and renal 
cysts
Hemangioblastoma of the CNS 
and retina
Pheochromocytoma
Pancreatic cysts and 
neuroendocrine tumors
Epididymal and broad ligament 
cystadenomas
Endolymphatic sac tumors of the 
inner ear

VHL gene Gene sequencing, FISH

Hereditary papillary RCC Multiple, bilateral PRCCs MET gene Gene sequencing
Birt-Hogg-Dube syndrome Multiple, bilateral kidney tumors, 

including a characteristic hybrid 
oncocytic tumor

FCLN gene Gene sequencing

Tuberous sclerosis A morphologically unique RCCs TSC1 and TSC2 genes Gene sequencing

CNS central nervous system; 2SC 2-succinyl-cysteine

Table 11.4  Major genetic changes of Wilms tumor-associated 
syndromes

Congenital syndromes 
associated with Wilms 
tumor Genetic changes
WAGR syndrome Deletion mutations in WT1 gene
Denys-Drash syndrome Missense mutations in WT1 gene
Beckwith-Wiedemann 
syndrome

Loss of imprinting or uniparental 
disomy of IGF2 gene in chromosome 
11p15.5

Y. Ding et al.
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	10.	 What is the clinical utility of ETS gene fusions in 
diagnosis of prostate adenocarcinoma?
•	 The ETS family of transcription factors is composed 

of approximately 27 members which are frequently 
involved in gene fusions. ETS fusion genes have been 
detected in a variety of malignancies such as EWS 
gene fusions in Ewing’s sarcoma, TEL(ETV6) gene 
fusions in leukemia, and ERG gene fusions in pros-
tate cancer [40–42].

•	 More than 20 ERG fusion partners have been reported 
in prostate cancer, and about 50% is fusion of 
TMPRSS2 to ERG [43, 44].

•	 ERG fusion transcripts can be detected in up to 50% 
of prostate tumors. Although the diagnosis of most 
prostate tumors are based on histologic and immuno-
histochemistry evaluation, FISH or sequence for 
ERG may provide help in the difficult cases to aid the 
diagnosis of prostatic adenocarcinoma versus a 
benign process.

•	 Most ETS rearrangements can be detected by FISH 
using a break-apart probe for ERG (chromosome 
21q22). IHC using an anti-ERG antibody, which 
detects the ERG gene fusion product, can also detect 
ERG aberrations.

•	 Limitations:
–– A negative ERG FISH or IHC result does not 

exclude the diagnosis of prostatic 
adenocarcinoma.

–– IHC for ERG may be positive in high-grade pros-
tatic intraepithelial neoplasia (HGPIN).

–– Overexpression of ERG by itself is not a diagnos-
tic criterion for malignancy.

	11.	 Besides the ETS gene family, what are other com-
monly observed molecular genetic abnormalities in 
prostatic cancer and their prognostic significance?
•	 PTEN, the tumor-suppressor gene, and proliferation 

index Ki67 are emerging biomarkers in  localized 
prostate cancer and may be used to guide clinical 
management.

•	 PTEN inactivation, either by gene deletion, rear-
rangement, or truncation mutations, have been 
described in about 20% of primary and up to 40% of 
metastatic prostate cancer. Depending on the muta-
tion type, FISH or IHC assays are the commonly 
used methods to assess PTEN status [45–48].

•	 Clinical significance of PTEN inactivation in prostate 
cancer include [46, 48–50]:

–– PTEN inactivation is associated with rising levels 
of prostate-specific antigen (PSA) in the serum.

–– Patients with heterogeneous or subclonal PTEN 
loss generally have worse outcomes than those 

with intact PTEN but better outcome than patients 
with homogenous or clonal PTEN loss.

–– Patients with compound PTEN inactivation and 
ERG rearrangement have better clinical outcomes 
compared with those with PTEN inactivation but 
wild-type ERG gene.

•	 Because PTEN inactivation shows a strong positive 
correlation with pathologic stage in prostate cancer, 
the analysis of PTEN status and Ki67 level should be 
considered to facilitate the assessment of the patho-
logic grade of the tumor especially in the core biopsy 
settings [51].

	12.	 For prostatic cancer, what is the current utilization 
of gene expression profiling (GEP) assay?
•	 Gene expression profiling (GEP) is introduced to 

risk-stratify prostatic cancer patients and guide treat-
ment decisions between therapeutic intervention and 
active surveillance.

•	 Several commercially available clinical GEP assays 
have been developed, including Prolaris® assay 
(Myriad Genetics, Salt Lake City, UT), OncotypeDX® 
Prostate Cancer Assay (Genomic Health, Redwood 
City, CA), Decipher® Prostate Cancer Classifier 
(GenomeDx Biosciences, Vancouver, BC, Canada), 
and ProMark™ Protein Biomarker Test (Metamark 
Genetics, Cambridge, MA). The characteristic fea-
tures of these assays are summarized in Table 11.5 
[52–57].

•	 Although with potential benefit in providing addi-
tional information in aiding treatment decisions and 
preventing unnecessary rebiopsy procedure and its 
related cost, GEP assay’s clinical utility is still not 
well defined at current practice, and most of such 
tests are performed upon clinician’s requests. Further 
evidence of GEP performance and patients’ follow-
up is desirable to evaluate its value to guide future 
utilization.

	13.	 Is there a prostate cancer screening algorithm 
available?
•	 A review of more than 60 studies of screening for 

prostate cancer including approximately 2 million 
people demonstrated that prostate-specific antigen 
(PSA) screening has been shown to substantially 
reduce prostate cancer mortality. It is also known to 
be associated with false-positive results, overdiagno-
sis, unnecessary biopsies with associated risks of 
morbidity, and increased risks associated with treat-
ments that may not prolong life. A novel or modified 
screening algorithm is imperative to replace the PSA-
alone prostate cancer screening practice.

11  Genitourinary Neoplasms
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•	 Several new screening tests, including serum or 
blood-based such as 4Kscore, prostate health index 
(PHI), and Stockholm3(STHLM3) test and urine-
based such as prostate cancer antigen 3 (PCA3) and 
HOXC6/DLX1, have been shown to be more accu-
rate and generally better than PSA-alone screening. 
Combinations of molecular tests with multiparamet-
ric magnetic resonance imaging (mpMRI) are also 
gaining popularity for its ability to determine clini-
cally significant cancer.

•	 In summary, a shared decision-making approach is 
currently used for prostate cancer screening, and 
patients are encouraged to decide for themselves 
whether the benefits of screening outweigh the harms.

	14.	 What are the commonly seen molecular changes in 
testicular germ cell tumors (GCTs)?
•	 Germ cell tumors (GCTs) account for most testicular 

neoplasms, especially in young adult men.
•	 Alteration of chromosome 12p is the hallmark bio-

marker of germ cell tumors. Isochromosome 12p is 
the most common alteration observed in about ~80% 
of cases seen in almost all invasive tumors, but not in 
isolated germ cell neoplasia in situ without an adja-
cent invasive component [58].

•	 Most common genetic changes in GCTs are the copy 
number gain of chromosome 12p, which can be 
detected in ~80% of GCTs by FISH, microarray, or 
next-generation sequencing (NGS).

•	 Driver mutations in KIT, KRAS, and NRAS genes 
have also been reported in 5–30% of seminoma and 
up to 15% of non-seminoma patients [59–62].

�Case Presentations

�Case 1

�Learning Objective
Histological, immunophenotypic, and molecular features of 
papillary renal neoplasm with reverse polarity.

�Case History
The patient is a 54-year-old female with a history of end-
stage renal disease who was found to have an incidental 2-cm 
right renal mass during routine workup for consideration of 
renal transplantation. She underwent total nephrectomy.

�Histologic Findings
Histologic examination showed an intracystic papillary 
tumor. The papillae were arborized and covered by a single 
layer of cuboidal cells with eosinophilic cytoplasm. The 
nuclei were monotonous and rounded and were characteristi-
cally apical in location. They had a low WHO/ISUP nuclear 
grade with no prominent nucleoli. The papillary cores were 
fibrotic and contained sparse inflammatory cells. No hemor-
rhage, necrosis, or mitotic figures were seen. The tumor was 
positive for GATA3 and L1CAM and negative for AMACR 
and vimentin by immunohistochemistry (Fig. 11.1a–d).

•	 Question 1: After reviewing this preliminary information, 
what are the major differential diagnosis?

•	 Question 2: Which molecular studies could be ordered to 
help the diagnosis?

Table 11.5  Representative gene expression profiling assays for prostate cancer

GEP Sample type Targets Risk calculation
ConfirmMDx® 
Prostate Cancer 
Assay

Previously biopsied prostate 
cancer negative tissue

Detect the DNA methylation status of 
GSTP1, APC, and RASSF1 genes using 
methylation-specific PCR (MSP)

The likelihood of GS ≤ 6 and GS ≥ 7 
prostate cancer being detected on repeat 
biopsy is
calculated by incorporating DNA 
methylation intensity with clinical risk 
factors, including PSA, DRE, age, and 
histopathology of the
previous biopsy

Decipher® Prostate 
Cancer Classifier

Radical prostatectomy 
tissue in newly diagnosed 
patients with localized 
cancer

A GEP panel of 22 genes A continuous risk score between 0 and 1 
to predict the probability of clinical 
metastasis within 5 years of radical 
prostatectomy

OncotypeDX® 
Prostate Cancer 
Assay

Prostate biopsy A GEP panel of 17 genes (12 cancer-
related and 5 reference genes) to generate 
a GPS.

Combination of GPS (0–100) with PSA, 
Gleason score, and tumor stage

Prolaris® assay Prostate biopsy or 
prostatectomy sample

A GEP panel of 46 genes (31 CCP genes 
and 15 housekeeper genes) to generate a 
CCP score

Combination of GS, PSA, clinical stage, 
and CCP score

ProMark™ Protein 
Biomarker Test

Prostate biopsy A quantitative protein based multiplex 
immunofluorescence in situ imaging 
platform measuring eight protein 
biomarkers

An algorithmically derived risk score 
between 1 and 100

GS Gleason score; PSA prostate-specific antigen; DRE digital rectal exam; CCP cell cycle progression; GPS genomic prostate score [58]
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Based on the described histologic findings, the major dif-
ferential diagnosis includes papillary renal cell carcinoma, 
type 1 or type 2, and other papillary renal cell neoplasms. 
FISH analysis to identify the presence of chromosomal 
abnormalities including gains or losses of 3p, 7, 17, and Y 
would provide useful information to diagnose.

�Molecular Genetic Study
FISH analysis showed the presence of trisomy of chromo-
some 7 and disomy of chromosome 17 (Fig.  11.2). Next-
generation sequencing identified KRAS p.G12V (c.34G > T) 
mutation.

a b

c d

Fig. 11.1  Papillary renal neoplasm with reverse polarity. It is formed 
by arborizing papillary architecture with centrally hyalinized fibrovas-
cular core (H&E stain, 100×) [53] (a). The papillae are covered by a 
single layer of cuboidal cells with eosinophilic cytoplasm and apically 

located nuclei (reversely polarized) (H&E stain, 200×) (b, c). Prominent 
intracytoplasmic vacuolization is present (c). GATA-3 immunostain is 
uniformly positive (H&E stain, 200×) (d)

11  Genitourinary Neoplasms
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�Final Diagnosis
Papillary renal neoplasm with reverse polarity

�Follow-Up
The patient was followed up for 48 months and had no evi-
dence of tumor recurrence or metastasis.

�Discussion
Papillary renal neoplasm with reverse polarity is an epithe-
lial renal tumor and a newly proposed entity [63]. Although 
papillary renal neoplasm with reverse polarity has papil-
lary or tubulopapillary architecture, which overlaps with 
PRCC, it also has distinctively apically located nuclei 
away from the basement membrane. Together with other 
morphological findings, including the single layer of 
eosinophilic cells with finely granular cytoplasm, incos-
picuous nucleoli, and lack of intracellular hemosiderin, 
mitotic figures or necrosis, these features set this entity 
apart from PRCC, clear cell PRCC, and Xp11 transloca-
tion RCC.  Immunophenotypically, papillary renal neo-
plasm with reverse polarity are positive for GATA3 and 
LICAM and negative for vimentin and AMACR (except 
for blush-like positive in some cases).

Besides the well-known histologic heterogeneity in papil-
lary renal cell carcinoma (PRCC), especially in type 2, type 
1 PRCCs are associated with  MET alterations, whereas a 
variety of gene alterations, such as  CDKN2A  inactivation 
and SETD2 mutations, have been reported in type 2. KRAS 
point mutation is associated with papillary renal neoplasm 

with reverse polarity which is distinctly different from other 
renal cell neoplasms [64].

�Case 2

�Learning Objective
Utilization of UroVysion FISH analysis for bladder cancer 
screening

�Case History
The patient is an 84-year-old male with a history of prosta-
tectomy for high-grade prostatic adenocarcinoma with sal-
vage radiation and hormonal therapy. Fifteen years after his 
prostatectomy, he presented with gross hematuria, and cytol-
ogy showed rare atypical urothelial cell suspicious for high-
grade urothelial carcinoma. The urine specimen was sent for 
UroVysion analysis.

�Molecular Genetic Study
UroVysion FISH analysis was positive for polysomy of 
chromosomes 3, 7, 17, and 9p21 (Fig.  11.3). The patient 
underwent a cystoscopy which was sent for pathology 
evaluation.

Fig. 11.2  FISH analysis showed the presence of trisomy 7 and disomy 
of chromosome 17

Fig. 11.3  UroVysion FISH analysis was positive for polysomy of 
chromosomes 3, 7, 17, and 9p21

Y. Ding et al.
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�Histologic Findings
Histologic examination shows neoplastic urothelial prolifer-
ation formed of multiple fibrovascular cores, covered by 
variably thickened urothelial cells. The cells show moderate 
to significant cytologic atypia, nuclear enlargement, and 
hyperchromasia. Loss of nuclear polarity and prominent 
nucleoli are also seen (Fig. 11.4a–d).

�Final Diagnosis
Papillary urothelial carcinoma, noninvasion, high grade

�Follow-Up
The patient had a tumor recurrence 2 years later which was 
cystoscopically resected and showed invasion into the lam-
ina propria. He was followed up for 70 months with no evi-
dence of recurrence.

�Discussion
This case represents a typical situation when UroVysion 
FISH study is indicated for bladder cancer screening. Besides 
it can also be used to monitor tumor recurrence based on its 
high specificity for high-grade urothelial carcinoma.

a b b

c d

Fig. 11.4  High-grade papillary urothelial carcinoma. The papillae are covered by proliferating urothelial cells (H&E stain, 100×) (a), showing 
disorderly oriented nuclei, with marked cytologic atypia, nuclear hyperchromasia, and prominent nucleoli (H&E stain, 200×) (b–d)
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�Case 3

�Learning Objective
Emerging gene expression profiling (GEP) assay for risk-
stratify patients with increased risk for prostate cancer

�Case History
The patient is a 69-year-old male with no known significant 
medical history, who presented for evaluation of two epi-
sodes of elevated prostate specific antigen (PSA) of up to 
6.25 ng/ml during surveillance examination within 6 months.

�Histologic Findings
Histologic examination showed cores of prostatic tissue 
composed of glands with dilated lumens that are lined by 
cells with minimal amount of cytoplasm and crowded nuclei. 
Stromal fibrosis is also prominent (Fig. 11.5a–b).

�Molecular Genetic Study
The case was sent to ConfirmMDx for prostate cancer DNA 
(GSTP1, APC, and RASSF1) methylation study and was 
negative.

�Final Diagnosis
Benign prostatic tissue with atrophy

�Follow-Up
Given the negative biopsy and ConfirmMDx findings, the 
patient elected to be followed up by serial PSA monitoring. 
The subsequent PSA levels fell below 4 ng/ml.

�Discussion
The ConfirmMDx assay (MDxHealth, Irvine, CA) is a com-
mercially available test designed to improve patient stratifi-
cation, and it could be considered in men with an elevated 
PSA level (≥4.0 ng/ml) and/or abnormal digital rectal exam 
(DRE) but with cancer-negative prostate biopsy [65, 66]. The 
DNA methylation status of three genes, GSTP1, APC, and 
RASSF1, is evaluated on the core biopsy, and the result indi-
cates the likelihood of Gleason score (GS) ≤ 6 and GS ≥7 
prostate cancer being detected. Urologists should incorpo-
rate the ConfirmMDx result together with PSA, DRE, age, 
and histopathology findings to stratify patients for active 
monitoring or repeat biopsy/MRI examination.
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