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Learning Objectives
• Describe key components of pre-test and post-test counseling 

in a urology setting, including risk assessment, test selection, 
and communication of results to patients and families.

• Interpret common genetic test results, including 
pathogenic/likely pathogenic variants, variants of uncertain 
significance (VUS), and negative results, and outline 
appropriate clinical management or follow-up for each.

• Evaluate the clinical utility of genetic testing in urology, including 
its impact on screening, treatment decisions, and cascade 
testing for family members.



All cancer is genetic but not all is hereditary 



Why do we need to know if cancer is hereditary?

• Germline mutations that impact 
treatment

• A ‘cause’ or ‘why’ a cancer diagnosis 
happened in the patient or family

• If the patient has increased cancer 
risk that changes medical 
screening/management

• It’s likely other family members need 
testing, increased screening, etc.



AUA Guidelines for Clinically 
Localized Prostate Cancer

4. Clinicians should perform an assessment of patient and tumor risk factors to guide the decision to 
offer germline testing that includes mutations known to be associated with aggressive prostate 
cancer and/or known to have im-plications for treatment.

 (Expert Opinion) Germline testing in patients with clinically localized prostate cancer has several 
potential goals, including enhanced risk stratification, identification of genes that may guide 
treatment decisions, and providing information to determine the need for personal and family 
member cancer screening. …Patient education, testing, and referral to a genetic counselor 
should be considered. …A number of the indications for germline testing are provided in Table 4. 
Importantly, patient and family history risk factors should be investigated by the clinician 
through careful history taking, while pathology from biopsy or radical prostatectomy should be 
reviewed in the consideration of germline testing

Eastham et al 2022 https://doi.org/10.1097/JU.0000000000002757

https://doi.org/10.1097/JU.0000000000002757


Genetic Counseling and Testing Defined

Genetic Counseling

• Genetic counseling is a specialized service that helps 
individuals understand and adapt to the medical, 
psychological, and familial implications of genetic 
contributions to disease. 

• Genetic counselors interpret family history and test 
results to assess risk for inherited conditions, offering 
support for informed decision-making regarding testing 
and management. 

• Key benefits include understanding personal disease 
risk, guidance on testing, and management strategies 
for conditions like cancer.

• Genetic counselors exist to support this service, but 
anyone can provide pre/post testing counseling

Germline Testing

• Germline testing is a type of genetic testing that 
analyzes DNA from healthy cells—usually blood or 
saliva—to identify inherited mutations (pathogenic 
variants). 

• It is used to determine if a person has a hereditary risk 
for diseases, most commonly cancers. 

• Germline testing can occur without formal GC

• Results help guide treatment, risk management, and 
inform family members of potential risk.

Three reasons for 
genetics:
1. Treatment
2. Explanation
3. Family



Shifts in Genetics Delivery

Patient sees 
genetic counselor

Genetic testing is 
ordered

Genetic counselor 
calls out test 

results/follow up Genetic testing results are 
disclosed

Patient 
initiates 

direct-to-
consumer 

testing

Provider 
orders 
genetic 
testing

Genetic 
counselor 
facilitates 

testing

2010s 2020s



Key components of facilitating germline testing

Pre-test counseling Post-test counseling

Credit: Progga Jayati Biswas on LinkedIn

https://www.linkedin.com/in/progga-jayati-biswas?miniProfileUrn=urn%3Ali%3Afsd_profile%3AACoAADHdRpcBW1BwPzcrC0VuqsZ5UUIqGKw6VIA


Comprehensive Family History is Crucial

• Family history should occur at 
time of diagnosis

• Assess for:
• Any cancers in FDRs/SDRs
• Cancer information:

• Type?
• Age at Dx?
• Bilateral?
• Previous GT?

Tung et al J Clin Oncol 42, 2599-2615(2024)



Required elements of genetic risk assessment

• Family history including type of cancer, relation to patient, and 
age at diagnosis

• Appropriate germline or somatic testing indicated and 
type/extent

• Discussion of limitations and outcomes of genetic testing

• Informed consent for genetic testing being ordered



Providing Adequate Informed Consent

• ClinGen’s CADRe workgroup 
generated expert consensus 
on informed consent for GT

• Core concepts:
• What is being tested and why?

• What will be learned?

• How could I be impacted?

• Limitations and next steps

J. Pers. Med. 2021, 11(12), 1304; https://doi.org/10.3390/jpm11121304



Concerns re: Privacy, Insurance and Data
• Genetic Information Non-discrimination Act (GINA)

• Prohibits employment and insurance discrimination based on genetic test results (i.e. GT 
results are not a pre-existing condition)

• Some of this is less relevant in the wake of the ACA.

• If anything changes, GINA will be here.

• Does NOT apply to long-term care, life insurance, or disability insurance.

• If your patient has cancer, that will impact their insurance rates before GT does.

• Limits ability for payers and employers to collect genetic health information.

• Privacy Concerns (‘Golden State Killer’ question)
• Everyone has unique genetic material that is inherently risky.

• Clinical germline labs have significant protections for privacy that are NOT the same as 
genealogy or direct to consumer companies.



Genetic testing has evolved…

Most suspicious 
gene is tested

If insurance allows, 
next suspect gene 

tested

Combination of 
sequencing  and/or 
deletion/duplication

Paired 
tumor/normal 

testing

(Germline + 
Somatic)

Multigene 
Germline 
Panels

Somatic 
and 

Molecular 
Diagnostics

Until 2015 2015-Present

+ RNA
+ LRS 
(future)



Multigene Panel testing:
Hereditary cancer and prostate risk

Buys, S. S., Cancer, 123(10), 1721-1730.
Pritchard, C. C., N Engl J Med, 375, 443-453.
Maxwell, K. N., European Urology, 81(3), 243-250.



Quick facts on Genetic Testing
Genetic testing logistics

• Typically blood or saliva sample

• 2-4 week turn around time

• Multiple labs and testing options

Genetic testing coverage

• Each insurance has testing criteria, most follow Medicare or NCCN guidelines

• Many laboratories (or GC) will take care of preauthorizations needed for GT

• Options for self pay or underinsured ($250), most patients pay <$100

• For family members needing testing: GINA applies

Not all labs are created equal!

Differences in: cost, family member testing, variant classification, genes included



If I were explaining 
genetics to your 

patients…



Genetic Testing Outcomes

• Pathogenic Variant: A change in the DNA that 
does not produce protein correctly, increasing 
cancer risk

• i.e. positive result, mutation, deleterious 
mutation

• Variant of Uncertain Significance: A change 
in the DNA with unclear impact on protein

• Typically re-classified as NOT a mutation

• Negative: No change in the DNA was detected 
that impacts health/cancer risk

Negative 
test result

A

Positive 
test result

?

A

Uncertain 
significance

(90+% Negative)



VUSs are not ‘created equal’ given historical 
patterns of research

Chen E, et al. JAMA Netw Open. 2023;6(10):e2339571. doi:10.1001/jamanetworkopen.2023.39571



Re-classification of variants in cancer genes

Most cancer VUSs are downgraded (~90%)

No. Unique Variants (n=3,574)

P/LP VUS Total

No. Initially detected 313 3,261 3,574

No. Reclassified (%) 7 (2.23) 240 (7.36) 247 (6.91)

Upgraded (%) 5 (71.4) 27 (11.3) 32 (12.9)

Downgraded (%) 2 (28.6) 213 (88.7) 215 (87.1)

*some underwent both upgrade and downgrade; Variant reclassifications were defined as downgrades if the 

variant was reclassified from P/LP to VUS, P to LP, or from VUS to B/LB, and upgrades if the converse 

happened.

Makhnoon et al 2022 Cancer Medicine https://doi.org/10.1002/cam4.5202Digital Object Identifier (DOI)

https://doi.org/10.1002/cam4.5202


Shifts in Genetics Delivery

Patient sees 
genetic counselor

Genetic testing is 
ordered

Genetic counselor 
calls out test 

results/follow up Genetic testing results are 
disclosed

Patient 
initiates 

direct-to-
consumer 

testing

Provider 
orders 
genetic 
testing

Genetic 
counselor 
facilitates 

testing

2010s 2020s



Incorporating video education into GU oncology GT
Paper Location

(n)

Who discusses GT Who orders GT Outcome

Hamilton MSK
(n=1,203)

Oncologist/Video Oncology support 90% uptake
High acceptability
10% PV rate

Kwon UCSF
(n=731)

Oncologist/Video Genetic support 83% uptake
10% cost savings
Higher odds of timely completion

Rana Multi-site 
GC vs video
(n=662)

Video or Genetic Team Genetic support No differences in uptake or genetic 
testing knowledge
DFCI switched to 100% video

Videos ranged from 8-11 minutes (when described) and most PV rates >10%

Hamilton, J. G (2021). Genetics in Medicine, 23(11), 2105-2113.
Kwon, D. (2023). JCO Oncology Practice, 19(5), e773-e783.
Rana, (2023). JCO Oncology Practice, 19(11), 1069-1079.



Diverse range of models used in GU Germline Testing

• Post-referral, when patients given video versus genetic counseling choice, 
71% selected video (Russo)

• Patient-driven internet-based programs recruited 816 patients with an 86% 
genetic testing completion rate (Cheng)

• Clinician-led genetic counseling resulted in 98% satisfaction rate (n=265) 
with a 74% genetic testing uptake rate (Abusamra)

Though we are shifting to new models, we continue to see disparities in germline 
testing uptake that must be addressed

Russo, J., (2021). JCO Precision Oncology, 5, 1377-1386.
Cheng, H. H (2023) JCO Precision Oncology, 7, e2200104.
Abusamra, S. M (2022). Urology, 208(5), 1007-1017.



Summary

• Germline testing is an essential part of cancer workup in GU space

• Testing should include family history and risk assessment

• Administration of germline testing can occur with genetic providers, 
urologists, or in partnership

• Patients are comfortable with multiple types of genetics service 
delivery



Genetic evaluation of 
urothelial cancer of the 
bladder and upper tract

Jonathan Coleman, MD

Memorial Sloan Kettering Cancer Center

May 11, 2026
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Overview and Objectives

• Understand indications for genetic testing

• Differentiate germline vs somatic alterations

• Integrate results into clinical care



Case: Hematuria Evaluation

• 71 yo woman, microhematuria

• PMH: lung cancer (NED x 5 yrs) 

• PSH: VATS pneumonectomy

• Social Hx: 35 pack year, quit 15 yrs

• Family History: Poor historian, No known cancers

• Exam: Unremarkable

• GFR = 63 



CT scan

No Lung  or other masses



Course: 

Diagnostic 

Endoscopy

Diagnostic Ureteroscopy: 

 -Ureteroscopy and Biopsy, Laser Fulguration

• Pathology: High grade TCC, Solitary lesion

Path Addendum: MMR Immunohistochemistry

MLH1: Staining present in tumor

MSH2: Staining absent in tumor

MSH6: Staining focally present in tumor

PMS2: Staining present in tumor

Next?

Nephroureterectomy

Neoadjuvant Therapy

Endoscopic Resection

Further Testing



What is MMR Testing? 

• MMR = DNA Mismatch Repair
• MLH1, MSH2, MSH6, PMS2/1, EPCAM

• Loss of function or deficiency results in failure to 
repair DNA mismatches and increases risk of 
mutations and  Microsatellite Instability (MSI)

• Gene function can be checked with 
Immunohistochemistry (protein) or PCR (MSI). 
These tests are complementary

• Germline dMMR = Lynch Syndrome 

• MMR status testing is not genetic testing

Moon et al. Int. J. Mol. Sci. 2021



Biomarker Testing vs Genetic Testing

Geissler, et al, Therapeutic Advances in Medical Oncology (2024) 



Risk Factors: Lynch Syndrome

• Lynch syndrome (LS, HNPCC): autosomal dominant, multi-
organ cancer syndrome caused by a germline mutation in 
mismatch repair (MMR) genes

• Characterized by:

– Malignancy at young age (<50 yo)

– High risk of colorectal (25 – 70%) and endometrial cancer (30 – 70%)

– Increased risk of developing extra-colonic cancers

– Ovarian, small bowel and biliary tract, sebaceous gland tumors, and 
UT urothelial cell carcinomas (22 fold increase)



Lynch Syndrome

Koornstra et al, Lancet  (2009) 

1 in 279 people carry LS

80% of affected individuals will 

develop cancer 

3.5 Million patients fall within LS 

spectrum cancers each year

3 – 2 – 1 rule:

3+ relatives with LS tumors

2+ generations affected

1+ first degree relative

1+ with LS cancer < 50 yo

Prostate Cancer



5. Universal histologic testing of UTUC with additional studies, such as immunohistochemical (IHC) or 

microsatellite instability (MSI), should be performed to identify patients with high probability of Lynch-related 

cancers whom clinicians should refer for genetic counseling and germline testing. (Strong Recommendation; 

Evidence Level: Grade B)

Lynch Syndrome: Universal Testing

IHC Testing is Not Germline Testing and will miss 20% of Lynch Patients

Therefore, germline testing is also supported with appropriate counseling

AUA/SUO Guideline in Non-Metastatic UTUC (2023)



Germline genetics of urothelial carcinoma

12

High MSI in UC is associated with Lynch Syndrome

50% of LS-

associated MSI-H 

tumors were NOT 

CRC or EC

If BCa or UTUC is MSI-High, what is the probability of Lynch Syndrome?

Latham A. et al., JCO 2018



Germline genetics of urothelial carcinoma

13

Universal screening for Lynch in UTUC?

115 consecutive UTUC cases without known 

history of Lynch syndrome

Screened for MSI, deficient MMR on IHC or 

meeting Amsterdam criteria

13.9% met any criteria, 5.2% were confirmed to 

have Lynch syndrome

Cases in 

US/Year

MSI-High Lynch 

Syndrome

Colorectal 150,000 15% 3%

Uterine 66,000 30% 2-5%

Upper tract 

UC

4-10,000 6-10% 5%

Metcalfe et al., Journal of Urology, 2018



• Click to edit Master text style

Audenet et al (Clin Cancer Res 2018) 

Microsatellite Instability (MSI-H)

Lynch-Like:

Demonstrates LS Phenotype

but is germline negative 

High Clinical Suspicion may warrant referral for germline testing



Germline genetics of urothelial carcinoma

15



Screening Lynch Syndrome Patients: Lifetime Risks

16Llach, et al. (2022)



Germline genetics of urothelial carcinoma

17

Urothelial cancer screening in Lynch syndrome

NCCN Guidelines Version 2.2023 Lynch Syndrome

There is no clear evidence to support surveillance for urothelial cancers in LS.

Surveillance may be considered in selected individuals such as those

with a family history of urothelial cancer. 

Surveillance options may include annual urinalysis starting at age 30–35 y. However, there is 

insufficient evidence to recommend a particular surveillance strategy.



Treatment for Lynch Related Cancers





Doudt et al, (2024)

Checkpoint Inhibitors for Lynch Syndrome UTUC



Phase 2 Trial: Patients with 

MMR deficient Colorectal 

Cancers treated with anti-

PD-1 (dostarlimab) x 6 mo

CR: 12/12 (100%) by 12 mo

FU: 6-25 mo

No Grade 3 or higher ASEs

None treated with surgery 

or radiation



Targeted therapy 

• Phase 2 trial

• Stage I, II, and III dMMR cancers

• Single agent anti-PD-1 dostarlimab

• Primary endpoint: complete 

response at 12 months



Nonoperative Management of Mismatch 

Repair–Deficient Tumors

• PD1 blockade instead of surgery for MSI-High Cancers (N= 117 patients)

• Single Arm Trial; Dostarlimab (500mg IV every 3 weeks for 9 cycles)

• 6 Patients with UTUC – 100% Complete Response

• 5 Remain in long-term follow up, all NED and off therapy

• Toxicity:  4 grade 3 or 4 AEs (diabetes, pneumonia, encephalitis, neutropenia x 2)

April 27, 2025 N Engl J Med 2025;392:2297-2308



66 yo Woman, Newly Dxd UTUC, Endometrial Ca, Lynch Syndrome

Pre and Post Imaging – 3 Mos Dostarlimab (MSK 19-288)

5 years off therapy



Targeted therapy 

Loriot et al. NEJM. 2019. PMID: 31340094.



• Click to edit Master text style

Genomic Profile UTUC vs UCB

Sfakianos, Cha et al (E Urol, 2015)

• Similar genes mutated in bladder 

cancer  (UCB)

– Except RB1

• Frequency of mutations significantly 

different in UTUC 

– ↑FGFR3, HRAS, CDKN2B
– ↓TP53, RB, ARID1A

• Implies a subtle biologic difference 

between UTUC and UCB reflected in 

clinical behavior



Loriot et al. NEJM. 2019. PMID: 31340094.

Targeted therapy 



Targeted therapy 



What about other germline variants in urothelial cancers? 



Germline genetics of urothelial carcinoma

Carlo et al. JCO 2020 



Germline genetics of urothelial carcinoma

Carlo et al. JCO 2020 



Summary

• Lynch syndrome is associated with an increased risk of UTUC and likely 

bladder cancer, especially for carriers of MSH2 mutations

• Better data is needed to guide optimal UC screening strategies in Lynch 

syndrome patients 

• Possible UC increase risk with germline DNA-damage repair mutations (i.e. 

BRCA2)

• There may be a future role of genetic testing for systemic therapy choice or 

clinical trial enrollment

• Immunotherapy in MSI-H tumors

• FGFR3 

• PARP inhibitor and other trials



Brian Shuch, MD

Professor of Urology, 

Director, Kidney Cancer Program

Alvin & Carrie Meinhardt Endowed Chair

UCLA School of Medicine, Los Angeles, CA, USA

Adrenal and Renal 

Genetic Risk Assessment



Pre-Test Questions

• Which of the following patients would NOT be 

automatically referred for genetic counseling/testing and 

require additional suspicion

A. A 72 year old man with a 3 cm pre-aortic paraganglioma

B. A 31 year old man with a 5 cm pheochromocytoma 

C. A 11 year old girl with a 5.2 cm adrenocortical carcinoma

D. A 48 year old female with a 5 cm chromophobe RCC

2



Pre-Test Questions

• A 32-year-old woman is diagnosed with adrenocortical carcinoma (ACC). 

She has no significant family history of cancer. According to current 

guidelines, which is the next step regarding genetic evaluation?

• A. Test only for TP53 because it is the most common hereditary cause of ACC

• B. Recommend comprehensive germline testing, including TP53 and Lynch 

syndrome genes

• C. Genetic testing is only indicated for pediatric patients with ACC

• D. No genetic testing is needed unless a first-degree relative has ACC

3



Pre-Test Questions
• A 27-year-old man with confirmed VHL disease is found with a new, asymptomatic 

3.2 cm pheochromocytoma. He asks whether belzutifan could be used instead of 

surgery, noting that HIF-2α inhibitors are approved for metastatic 

pheochromocytoma. Which of the following is the most accurate recommendation?

• A. Belzutifan is appropriate as it can be used for any VHL tumor

• B. Belzutifan may delay surgery for adrenal masses but should only be used after 

biochemical testing

• C. Belzutifan is preferred over adrenalectomy for localized VHL pheochromocytoma 

D. Belzutifan is not indicated for adrenal tumors in VHL and should not be used for 

suspected pheochromocytoma

4



Why Genetics Matters in GU Oncology

5

• RCC and adrenal tumors have higher hereditary cause than 

previously recognized

• Genetics drives management in adrenal & renal tumors

 -This is no longer purely academic

• Belzutifan and other targeted agents require early identification

• Germline testing recommended more broadly (NCCN Guidelines 2024–
2026)

• Tele-genetics & mainstreaming have removed access barriers



Hereditary Adrenal/Chromaffin Tumors

6

•Pheochromocytoma (85%) and Paraganglioma (15%)

•Rare Tumors with Annual US cases/year 
-PCC: 1500; PGL:250, ACC: 300

•All PCC and all PGL patients should undergo 

germline testing

•Germline Component: PCC: 30–40% & PGL: ~60%

•Malignancy risk: PCC: 10–15% PGL: up to 30%



Paraganglioma (PGL)

• 80% of PGL’s occur in the abdomen and pelvis
-1/2000 bladder tumors (micturation syncope)

• Functional variability

-Sympathetic derived (abdominal)- more likely secretory

-Parasympathetic derived (H&N)- silent

• Up to 30% of cases are malignant/metastatic

All patients with PGL should have genetic testing

7



PCC/PGL Germline Alterations

8



9

Neumann, H. P. H., Jr., W. F. Y. & Eng, C. Pheochromocytoma and 

Paraganglioma. New Engl J Med 381, 552–565 (2019).
Zavoshi, S. et al. Fumarate Hydratase Variants and their Association with 
Paraganglioma/Pheochromocytoma. Urology (2023), ePub

Fumarate Hydratase now implicated in PCC



Adrenocortical Carcinoma (ACC)

• ~300 cases a year in the US (~5-10% in children)

• Aggressive

-Median size of diagnosis is 10 cm and 50% stage 3/4

-20% 5-year survival with invasive/metastatic disease

• 60% of cases have endocrine hypersecretion

• ~10-15% of cases linked to a germline predisposition

• Early identification, testing, screening save lives

10

Petr, E. J. & Else, T. Adrenocortical carcinoma (ACC): 
When and why should we consider germline testing? La 
Press Médicale 47, e119–e125 (2018).



ACC Genetic Testing
• 50% of Children with ACC have genetic factors5

 -Li-Fraumeni Syndrome (LFS)-TP53 

 -Beckwith-Wiedemann (IGF2 overexpression) and hemi-hyperplasia

• Adults with ~10% germline factors

 -unselected series 7.5% carried germline mutation6

 -Lynch syndrome may predispose (MLH1, MSH2, MSH6, PMS2)

 -Brazilian TP53 p. R337H founder mutation very common

• Genetic testing increasingly recommended universally 
especially for LFS and Lynch Syndrome  

 

11

5. Wasserman JD, et al. J Clin Oncol 33 (6): 602-9, 2015

6. Raymond, V. M. et al.. 98, E119–E125 (2013).



12

Petr, E. J. & Else, T. Adrenocortical carcinoma (ACC): When and why 
should we consider germline testing? La Press Médicale 47, e119–e125 
(2018).
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• 0.3% of population in Southern Brazil

• The ACT penetrance in PR for probands followed 

from birth to 12 years was 3.9%

• Routine surveillance (PE, imaging, labs) for ACC

Achatz, et al. Lancet Oncol 10, 920–925 (2009).
Costa, T. E. J. et al. Cancers 11, 1804 (2019).



Hereditary Cancer and the Kidney

• “2-8% of RCC” believed hereditary cited but not based on evidence 

• Now >15+ recognized genes associated with RCC syndromes 

• There is an even stronger inheritance pattern (twin studies and registries) 

-various risk alleles identified

• FLCN and FH are incredibly common!!

• Management may be dictated by the presence of a germline alteration

Unlike the adrenal lesions, there are 35X more 

RCC cases annually, so not feasible to refer all, 

unless you want an angry genetic counselor….



15



Hereditary RCC’s Often Hide in Plain Sight 

16

If you don’t look for it, you won’t find it….



2022 WHO Renal Tumor Categorization: 
Designation of Hereditary Categories But Most Hide Within Subtypes

17

Raspollini MR, Moch H, Tan PH, Amin MB, Turajlic S. Renal

cell tumours: Introduction. In WHO Classification of Tumours

online, WHO Classification of Tumours Editorial Board eds.
WHO classification of urinary and male genital tumours. 5th

(beta version). Lyon: IARC Press, 2022 WHO Classification of

Tumours



18

“Sporadic Appearing” Renal Cancers 
And Potential Hereditary Background

Type: Clear Cell Papillary 1 Papillary 2 Chromophobe Collecting Duct

Gene:
VHL

SDHC

BAP1

FH FLCN

PTEN

Type: Translocation Angiomyolipoma Oncocytic Low Grade Onc (LOT)

Gene:TFE3,TFEB, MITF TSC1,TSC2 SDHB, SDHD TSC1/2

MET

PTEN

MITF

FH

Slide Adapted from Linehan



Kidney Cancer Genetic Syndromes

Shuch, B. & Zhang, J. Genetic Predisposition to Renal Cell Carcinoma: 
Implications for Counseling, Testing, Screening, and 
Management. Journal of Clinical Oncology JCO2018792523 (2018)



Germline Mutations Causing RCC May NOT be Rare

20

• Analysis of databases demonstrate FH pathogenic variants very common (~1/1500)

• Follow-up Report from 120,000 Invitae patients demonstrates similar results

• Geisenger MyCode shows similar results in FLCN, 60X more common that estimates

Shuch, B. et al. Cancer 59, 86 (2020).
Savatt, J. M. et al.. Genet Med 24, 1857–1866 (2022).



21

Estimation of Germline Alterations in Kidney Cancer

-Enriched cohorts above, significantly biased
-Unclear role of other genes like CHEK2 (LOF), ATM, BRCA1/2, etc. 

-Unselected cohorts estimate 4-6% (2/3rd RCC genes)

Series

Cohort/

Testing Population Cohort

RCC Associated

Genes

Expanded

Gene Set Journal

Nguyen* Ambry All RCC / RenalNext 1235 6.1% - Cancer 2017

Carlo MSKCC Advanced RCC 211 5.5% 16.1% JAMA Onc 2018

Hartman Ambry RCC Age < 60 844 3.7% 12.8% Scientific Reports 2020

Abou Alawai DFCI Any RCC 1829 5.1% 17.0% Cell Reports 2021

Wu Fudan, China RCC <46 190 6.3% 9.8% Cancer 2019

Smith Cambridge, UK

RCC <46, 2+ tumors <60, family 
history, negative Renal Genes 119 - 16.1% Genes Chrom Cancer 2021

Yngvadottir, B. et al. Hum Mol Genet 31, (2022).

Sekine, Y. et al. Hum Mol Genet 31, 1962–1969 (2022).



Red Flags to Consider Risk Assessment

• No universally accepted consensus

• Specific features are useful for selection for individuals

Early age of RCC diagnosis ≤45 years 
Bilateral renal cancer (especially young)

Multifocal renal cancer

Strong family history of RCC (≥2 relatives in same blood line)
RCC with a) personal of family history of ≥1 tumor types*

Unusual Skin Conditions (ex. Leiomyomas, Fibrofolliculomas, Angiofibromas)

Family history of a Kidney Cancer Syndrome

*pheochromocytoma, brain/spinal hemangioblastoma, pancreatic neuroendocrine tumors, retinal tumors, papillary 

cystadenoma, endolymphatic sac tumor, GI stromal tumors, uterine fibroids (≤35 years of age), uveal and cutaneous melanoma, 
and solid cancers occurring in childhood 

Shuch, B, JCO, 2018

• Specific histologic findings**. (FH/SDH deficient/HOCT)





New Additions to Guidelines: AUA and NCCN

24



Changing Management of VHL Disease

25



Von Hippel-Lindau

• 1 in 30k individuals; nearly 100% penetrant

• 80-90% with family history of VHL (~10% de novo mutation)

• Median survival previously 30-40 but with modern 

management, improved outcomes (median survival now 60-65)

• Highly morbidity with multiple procedures 

-many patients unable to work  and have permanent neurologic, ocular, 
and renal functional compromise

Holy Grail is Medical Management









VHL Kidneys



Intra-Operative VHL Kidneys





Launch of VHL Program

9/2018

LA and OC the 

#1 and #3  

VHL counties 

in the US 



Jonasch, ASCO 2020



Target RCC Lesions: Median Linear Growth
+3.63 mm/year (range, 3.06-10.91) before treatment

-6.40 mm/year (range 23.32-4.48) after treatment
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Updated Series:

Tumor Type Response CR

RCC 59% 3%

Panc NET 90% 16.6%

CNS HB 38% 15.7%
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Jonasch, E. et al. Belzutifan for Renal Cell Carcinoma in von Hippel–
Lindau Disease. New Engl J Med 385, 2036–2046 (2021).
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Tolerability & Adverse Events (AEs)

• Belzutifan well-tolerated with G3+ AE in 9.8% 
-Treatment interrupted in 43%

-Dose reduced in 15% due to AEs

• On-Target effect on EPO leads to Anemia in 53/61 (87%)
-3.3% (2/61) with G3 anemia

-on trial ESA used but transfusion now recommended 

• Fatigue 57.4% but grade 3 only 4.9%

• Hypoxia seen likely on target effect (2%)
-Higher frequency in metastatic trials

Jonasch, E. et al. Belzutifan for Renal Cell Carcinoma in von Hippel–
Lindau Disease. New Engl J Med 385, 2036–2046 (2021).
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Trial involved urologists, medical oncologists, medical geneticists, 

endocrinologist, and neurologists

Drug can be given across specialties by VHL experts



Post-Test Questions

• Which of the following patients would NOT be 

automatically referred for genetic counseling/testing and 

require additional suspicion

A. A 72 year old man with a 3 cm pre-aortic paraganglioma

B. A 31 year old man with a 5 cm pheochromocytoma 

C. A 4 year old girl with a 5.2 cm adrenocortical carcinoma

D. A 48 year old female with an 5 cm chromophobe RCC

40



Pre-Test Questions

• A 32-year-old woman is diagnosed with adrenocortical carcinoma (ACC). 

She has no significant family history of cancer. According to current 

guidelines, which is the next step regarding genetic evaluation?

• A. Test only for TP53 because it is the most common hereditary cause of ACC

• B. Recommend comprehensive germline testing, including TP53 and Lynch 

syndrome genes

• C. Genetic testing is only indicated for pediatric patients with ACC

• D. No genetic testing is needed unless a first-degree relative has ACC
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Pre-Test Questions
• A 27-year-old man with confirmed VHL disease is found with a new, asymptomatic 

3.2 cm pheochromocytoma. He asks whether belzutifan could be used instead of 

surgery, noting that HIF-2α inhibitors are approved for metastatic 

pheochromocytoma. Which of the following is the most accurate recommendation?

• A. Belzutifan is appropriate as it can be used for any VHL tumor

• B. Belzutifan may delay surgery for adrenal masses but should only be used after 

biochemical testing

• C. Belzutifan is preferred over adrenalectomy for localized VHL pheochromocytoma 

D. Belzutifan is not indicated for adrenal tumors in VHL and should not be 

used for suspected pheochromocytoma
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• Which patients with prostate cancer should undergo genomic profiling?

• Which patients with prostate cancer should undergo germline genetic testing?

• How should we screen for prostate cancer in patients with germline alteration?

• How should we treat prostate cancer in patients with germline alteration?

Overview and Objectives
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How are germline and somatic alterations different?

Source: ib.bioninja.com.au

Germline mutation Somatic mutation

Origin Inherited from a parent

De novo

Arise within the cancer

Hereditary Yes No

Cells in which the 

mutation is present

All nucleated diploid 

cells in the body

Some or all cancer cells

Tissue used for 

testing

Lymphocyte (blood)

Buccal cells (saliva, 

buccal swab)

Cancer tissue (primary 

or metastatic)

Predict risk of cancer 

development

Yes No

Guide treatment Yes Yes

Define cancer 

prognosis

Yes Yes
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Clinical genomic/genetic tests

Inherited cancer syndromes
(Ex: Invitae, Myriad, GeneDx, 

Color, etc.)

Tumor sequencing:
(Ex: Foundation Medicine, Caris)

Gene expression analysis
(Ex: Decipher, Prolaris, 

OncotypeDx, etc)

Tumor genomic profiling

Tumor tissue

Germline genetic testing

Blood/saliva

• Mutation in cancer 

susceptibility genes

• Treatment consideration

• PARP inhibitor

• Immunotherapy

• Clinical trials

• Cancer screening and 

prevention

• Cascade testing for at-risk 

family members

• Tumor profiling

• Microsatellite instability

• Tumor mutation burden

• Mismatch repair 

deficiency

• Treatment consideration

• PARP inhibitor

• Immunotherapy

• Clinical trials

• Mutations in cancer 

susceptibility genes may be 

somatic or germline in origin

• Risk stratification for clinically 

localized disease

• Prognostic biomarkers for

• Distant metastasis

• Prostate cancer specific 

mortality

• Adverse pathology
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Nature Communications. 2015 Apr 1; 6:6605

Tumor heterogeneity
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Distribution of germline & somatic alterations in prostate cancer 

Truong et al. Eur Urol 2022
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Question: 

A 70-years old man with metastatic prostate cancer had tumor 

sequencing of his metastatic retroperitoneal lymph node. The test 

report shows a BRCA2 Y1894* pathogenic variant. Without 

knowing more, which is the best description of this variant?

A. This is a germline mutation.

B. This is a somatic mutation. 

C. This mutation may be germline or somatic in origin.

D. This mutation is both germline and somatic since it is found in 

the metastatic lesion. 
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Cancer susceptibility allele

Moderate Penetrance

Rare Cancer Predisposition Genes

(Relative risk ≥ 1.5 and < 5.0)

High Penetrance

Rare Cancer Predisposition Genes

(Relative risk ≥ 5)

Low Penetrance

Common risk allele

(Relative risk < 1.5)

Stadler et al. JCO 2010

Polygenic risk score
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Who should undergo genomic testing

Criteria for germline testing

Prostate cancer 

grade and stage
Personal history

Localized high risk 

& very high risk 

PCa

Node + 

Metastatic PCa
Breast cancer

Pancreatic cancer

Colorectal cancer

Gastric cancer

Upper tract urothelial CA

Glioblastoma

Biliary tract

Small intestine

Tumor* / somatic testing for

• Homologous recombinant DNA repair genes

• Microsatellite stability

• Mismatch repair deficiency

* Metastatic biopsy preferred; if not possible, plasma circulating tumor (ctDNA) assay is an option NCCN Prostate Cancer v. 1.2023 
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Localized high risk PCa

NCCN Prostate Cancer v. 1.2023 
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Family history criteria

NCCN Prostate Cancer v. 1.2023

Cheng et al. J Natl Compr Canc Netw. 2019

• Ashkenazi Jewish ancestry

• Known family history of familial cancer risk mutation

• Especially BRCA1, BRCA2, ATM, PALB2, CHEK2, MLH1, MSH2, MSH6, PMSH2

• Father or brother or multiple family members with prostate cancer

• Diagnosed < 60 years

• Regional / metastatic / or died of prostate cancer

• ≥ 3 cancers on the same side of family, especially diagnosed <50 years
• Breast, colorectal, endometrial, gastric, bile duct, upper tract urothelial cancer, melanoma, ovarian, 

pancreatic, small bowel, prostate cancers
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What genetic test to order 

Giri et al. JCO 2020. 

Germline multigene testing 

should include 

BRCA1, BRCA2, ATM, PALB2, 

CHEK2, HOXB13, MLH1, 

MSH2, MSH6, and PMS2

*Additional genes based on clinical context
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Prevalence of germline mutation

Finch et al. npj Precision Oncology. 2022
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More aggressive prostate cancers are associated with higher 
risk of having a germline mutation

Prostate cancer stage Proportion with pathogenic 

germline variant

No cancer diagnosis 2.7%

Low/intermediate risk localized 4 – 5%

High risk localized 5 – 9%

Metastatic 12 – 17%
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Hereditary prostate cancer characteristics

• Higher risk of PCa
• BRCA1 carrier: 3.8-fold

• BRCA2 carrier: 8.6-fold

• Early onset 

• Aggressive phenotype
• Higher Gleason grade ≥ 8
• More advanced disease (T3/4, N+, M+)

• Worse outcome
• Lower cancer specific survival 

Castro et al. JCO 2019

Page et al. Eur Urol 2019
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How to screen for PCa in patients with germline alterations

For men with personal history of pathogenic variants in prostate-
cancer associated risk genes, such as BRCA2

• Begin screening at age 40

• Annual PSA and DRE
• “Normal” serum PSA range

• Age 40 – 49: 0 – 2.5

• Age 50 – 59: 0 – 4.0

• Age 60 – 69: 0 – 4.5

• Age 70 – 79: 0 – 5.5 

• Stop screening at age 75 unless patient 

is very healthy with little comorbidities

Prostate-cancer 

associated risk genes

BRCA2

BRCA1

ATM

CHEK2

PALB2

HOXB13

MLH1

MSH2

MSH6

PMS2

TP53

NCCN Prostate Cancer Early Detection 01.2023

Page et al. Eur Urol 2019

PSA cutoff > 3 ng/ml 

for BRCA1/2 carrier
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NCCN Prostate Cancer Early Detection 01.2023

How to screen for PCa in patients with germline alterations
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How to treat localized PCa in patients with germline alterations

• Active surveillance: higher likelihood of grade reclassification in men with 
BRCA1/2 or ATM

Carter et al. Eur Urol 2019
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• Definitive treatment with surgery or radiation in men with BRCA mutation
• Worse metastasis-free survival (HR 2.36, CI 1.38 – 4.03)

• Worse cancer specific survival (HR 2.17, CI 1.16 – 4.07)

Castro et al. Eur Urol 2015

Metastasis-free survival Cancer specific survival

How to treat localized PCa in patients with germline alterations
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• Currently no guideline recommendation for management of localized prostate 
cancer in men with BRCA mutation

• Close follow up in setting of active surveillance or definitive treatment

• The role of germline testing in management of men with localized prostate 
cancer is unclear

• Low prevalence of germline mutation

• Unclear management strategy in germline carriers

How to treat localized PCa in patients with germline alterations
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How to treat advanced PCa in patients with germline alterations

Source: Forbes & Linguamatics.com
Source: Forbes & Linguamatics.com
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Metastatic castration resistant prostate cancer

DNA repair gene mutations

BRCA1/2*, ATM, 

PALB2, CHEK2 
FANCA, RAD51D

PARP inhibitors

Olaparib

Rucaparib*

Mismatch repair deficiency

Microsatellite instability

Tumor mutation burden > 10
(Associated with 

Lynch syndrome) 

Pembrolizumab

How to treat advanced PCa in patients with germline alterations
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• Genetic and genomic profiling is the standard of care in the management of patients with 
prostate cancer.

• Most important prostate-cancer susceptibility genes: BRCA2, BRCA1, PALB2, HOXB13, ATM, 
CHEK2

• Patients across the spectrum of prostate cancer qualify for genetic evaluation with implications 
for cancer surveillance, treatment, and family counseling. 

• Patients qualify for germline genetic testing regardless of personal or family history

• High risk localized PCa

• N+ and M+ PCa

• Precision therapies are now approved in prostate cancer – olaparib, rucaparib, pembrolizumab

Conclusion
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