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RENAL CELL CARCINOMA AND GENETIC TESTING

Date Developed: December, 2007

Last Reviewed: October, 2011

The recommendations contained in this guideline are a consensus of the Alberta Provincial Genitourinary Tumour
Team and are a synthesis of currently accepted approaches to management, derived from a review of relevant
scientific literature. Clinicians applying these guidelines should, in consultation with the patient, use independent
medical judgment in the context of individual clinical circumstances to direct care.
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BACKGROUND

Renal cell carcinomas (RCCs) are the major malignant neoplasm in von Hippel Lindau (VHL) syndrome
and a primary cause of inherited renal cancer. Renal cell carcinoma is reported to develop in 24%-45% of
VHL patients; if renal cysts are included, the finding of renal lesions increases to 60%." The incidence of
VHL has been estimated at 1 in 36,000 births with a mean age at presentation of 39 years,? which is 20
years earlier than the mean age of discovery for sporadic RCC.*> Renal tumors have been reported in
individuals with VHL as young as 15 years of age and has over 90% penetrance by age 65.

Unlike sporadic RCC, the male to female ratio is approximately equal in RCC associated with VHL.
Metastatic RCC historically has caused about one third of deaths among VHL patients and in some
studies it is the leading cause of death.®™® Renal cell carcinoma the first manifestation of VHL in <20% of
cases;>* eye and central nervous system (CNS) findings usually precede the discovery of renal
involvement.® Rarely, VHL may present as atypical autosomal dominant polycystic kidney disease.® RCC
in VHL disease is invariably clear cell type, and is both macroscopically and microscopically
indistinguishable from sporadic clear cell RCC. However the presence of multiple primary tumours and
renal cysts are highly suggestive of VHL disease.’

Clinical diagnosis of VHL is based on the presence of at least two characteristic tumors. Therefore,
diagnosis of VHL often lags several years behind onset of the first characteristic symptoms.® However,
early diagnosis of VHL has been shown to increase survival of patients with VHL-associated RCC, one of
the leading causes of mortality in VHL.®

Multiple enhancing lesions, or a family history of renal-cell carcinoma, particularly in persons younger than
50 years of age, suggests a hereditary predisposition to the disease. Since VHL has been associated with
autosomal dominant mutations in the gene VHL,™ genetic testing can confirm a diagnosis of VHL and
identify family members at risk for developing the disease before they become symptomatic. American
Society of Clinical Oncology (ASCO)* includes VHL as a category 1 hereditary cancer risk and includes
patients with a well defined inherited cancer syndrome where the genetic result will affect medical care.
Families with VHL disease have been divided into types | and I, based upon the likelihood of developing
pheochromocytoma.'? The subtypes of VHL are illustrated in Table 1.

Table 1. Subtypes of VHL (ASCO)

Subtype of VHL RCC and/or pancreatic tumors Typical VHL mutation
Type 1 high risk large deletion or truncation
Type 2A low risk amino acid substitution
Type 2B high risk large deletion or truncation
Type 2C low risk amino acid substitution

Use of molecular genetic testing for early identification of at-risk family members improves diagnostic
certainty and reduces the need for costly screening procedures in those at-risk family members who have
not inherited the disease-causing mutation.”* ASCO™ identifies VHL syndrome as a Group 1 disorder, i.e.,
a hereditary syndrome for which genetic testing is considered part of the standard management for at-risk
family members.

Early recognition of manifestations of VHL syndrome may allow for timely intervention and improved

outcome; thus, clinical surveillance of asymptomatic at-risk individuals, including children, for early
manifestations of VHL syndrome is appropriate.
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Screening is needed for people who test positive for a VHL mutation, and people who are found not to
have the family mutation can be spared from lifelong screening procedures. Genetic testing can also be
used to determine if a pregnant woman is carrying a fetus affected with VHL. Families work with a
physician, geneticist, or genetic counselor familiar with the most up-to-date information on VHL when
having genetic testing, in order to understand the risks, benefits, and current technological limitations prior
to testing. One goal of such testing is to free unaffected family members from continued cancer screening.

GUIDELINE QUESTIONS

o What are the best strategies for facilitating earlier detection of von Hippel Lindau (VHL) syndrome in
patients presenting with renal cell carcinoma?

¢ How can treatment outcomes be improved for patients with renal cell carcinoma caused by VHL
syndrome?

o What strategies can be used to identify the presence or absence of the VHL gene in symptomatic and
asymptomatic individuals (e.g. at-risk family members)?

DEVELOPMENT PANEL

This guideline was reviewed and endorsed by the Alberta Provincial Genitourinary Tumour Team.
Members of the Alberta Provincial Genitourinary Tumour Team include medical oncologists, radiation
oncologists, urologists, nurses, pathologists, and pharmacists. Evidence was selected and reviewed by a
working group comprised of members from the Alberta Provincial Genitourinary Tumour Team and a
Knowledge Management Specialist from the Guideline Utilization Resource Unit. A detailed description of
the methodology followed during the guideline development process can be found in the Guideline
Utilization Resource Unit Handbook.

SEARCH STRATEGY

Entries to MEDLINE (April 2005 to December 2007) and clinical practice guideline databases were
searched for evidence relevant to this topic. A total of 20 citations were included in this review.

RECOMMENDATIONS

VHL is the only gene known to be associated with VHL syndrome. Molecular genetic testing of the VHL
gene detects mutations in nearly 100% of affected individuals and is indicated in all individuals known to
have or suspected of having VHL syndrome.** The tests outlined in Table 2 are used to establish the
diagnosis and determine the extent of clinical manifestations.*®

Table 2. Molecular Genetic Testing Used in VHL Syndrome (Schimke, et al. 2007)*°
Test Method Mutations Detected Mutation Detection Frequency *
Sequence analysis™ VHL sequence variants ~72%
Deletion analysis™"’ VHL partial or complete deletion ~28%
* proportion of affected individuals with a mutation(s) as classified by gene/locus, phenotype, population group,
genetic mechanism, and/or test method
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Evaluation criteria for von Hippel-Lindau (VHL)
° Individuals with a VHL associated lesion* AND a family history of VHL associated lesion(s)
° Any individual with TWO VHL-associated lesions including any from the list below, and including one
or more hemangiomas of the retina, especially if diagnosed <50 years old
. An individual with any of the following:
e Hemangioblastoma (HB) diagnosed <30 years old
e > 2 CNS hemangioblastomas (any age of diagnosis)
¢ 1 HB plus (RCC or pheochromocytoma or pancreatic neuroendocrine tumor)
¢ Clear cell Renal Carcinoma (RCC) diagnosed <40 years old
e Bilateral and/or multiple RCC
e RCC with a positive family history
e Pheochromocytoma (PHEO) diagnosed <40 years old
e Bilateral and/or multiple PHEO
e PHEO with a positive family history
e >1 pancreatic serous cystadenoma
e >1 pancreatic neuroendocrine tumor
¢ Multiple pancreatic cysts plus any VHL associated lesion
e Endolymphatic sac tumor (ELST)
¢ Epididymal papillary cystadenoma
¢ Any blood relative (see Table 3) of an individual diagnosed with VHL disease.

*VHL-associated lesions: hemangioblastoma (HB), clear cell renal carcinoma (RCC), pheochromocytoma
(PHEO), endolymphatic sac tumor (ELST), epididymal papillary cystadenoma, pancreatic serous
cystadenomas, pancreatic neuroendocrine tumors.

Table 3. Risk for VHL based on relationship to proband (Schimke, et al. 2007)*

Parents e About 80% of individuals diagnosed with VHL syndrome have an affected parent.

e De novo mutations of the VHL gene are estimated to occur in about 20% of probands.*®

0o Recommendations for the evaluation of parents of a proband with an apparent de novo
mutation include molecular genetic testing if the VHL disease-causing mutation in the
proband is known.

o If the disease-causing VHL mutation in the proband is not known, ophthalmologic
screening and abdominal ultrasound evaluation, at a minimum, should be offered to
both parents.

Siblings of a e The risk of VHL syndrome to siblings depends upon the genetic status of the parents.

proband e If a parent of a proband is clinically affected or has a disease-causing VHL mutation, the
siblings of the proband are at 50% risk of inheriting the altered gene.

e If neither parent has the disease-causing VHL mutation identified in the proband, the
siblings have a small risk of VHL syndrome because of the possibility of germline mosaicism
in one parent.

Note: Mosaicism has been described; the incidence is not known *®

Offspring of a e Each offspring of an affected individual has a 50% risk of inheriting the mutant VHL gene;
proband the degree of clinical severity is not predictable.

Other family e The risk to other family members depends upon their biological relationship to the affected
members family member and can be determined by pedigree analysis and/or

molecular genetic testing
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Since the detection rate for VHL gene mutations is nearly 100%, molecular testing may also be used to
evaluate individuals with a single VHL-associated tumor and a negative family history of the disease. For
individuals with manifestations of VHL syndrome who do not meet strict diagnostic criteria and who do not
have a detectable VHL germline mutation, somatic mosaicism for a de novo VHL disease-

causing mutation should be considered.® In some instances, molecular genetic testing of the offspring of
such individuals reveals a VHL mutation.

Because not all people with VHL will meet these diagnostic criteria, VHL may be an under-diagnosed
disease. Genetic testing can confirm a diagnosis of VHL in a person with clinical symptoms, who may or
may not meet the above diagnostic criteria.

Surveillance

Individuals with known VHL syndrome, individuals without clinical manifestations but known to have a VHL
disease-causing mutation, and at-risk relatives who have not undergone DNA-based testing need regular
clinical monitoring by a physician or medical team familiar with the spectrum of VHL syndrome.

Monitoring includes the following:

« Annual ophthalmologic screening, preferably beginning before age five years.*

e Annual blood pressure monitoring supplemented by measurement of urinary catecholamine metabolites
beginning at age five years in those families with a high incidence of pheochromocytoma.

e Annual abdominal ultrasound examination beginning at age 16 years. Suspicious lesions in the kidney,
adrenal gland, or pancreas should be evaluated by more sophisticated techniques, such as CT or MRI.

e Audiologic evaluation of individuals with any recognized hearing deficit, followed by T1-weighted MRI of
the temporal bone if abnormalities are found.?

Even with the VHL gene, once an individual has reached the age of sixty and still has no evidence of VHL
on these screening tests of VHL and has no known children with VHL, imaging tests may be
recommended every two years for CT and every three years for MRI.

GLOSSARY OF ABBREVIATIONS

Acronym Description

ASCO American Society of Clinical Oncology
CNS central nervous system

CT computed tomography

ELST endolymphatic sac tumor

HB hemangioblastoma

MRI magnetic resonance imaging

PHEO pheochromocytoma

RCC renal cell carcinoma

VHL von Hippel Lindau

DISSEMINATION

* Present the guideline at the local and provincial tumour team meetings and weekly rounds.
* Post the guideline on the Alberta Health Services website.
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» Send an electronic natification of the new guideline to all members of Alberta Health Services, Cancer
Care.

MAINTENANCE

A formal review of the guideline will be conducted at the Annual Provincial Meeting in 2012. If critical new
evidence is brought forward before that time, however, the guideline working group members will revise
and update the document accordingly.

CONFLICT OF INTEREST

Participation of members of the Alberta Provincial Genitourinary Tumour Team in the development of this
guideline has been voluntary and the authors have not been remunerated for their contributions. There
was no direct industry involvement in the development or dissemination of this guideline. Alberta Health
Services, Cancer Care recognizes that although industry support of research, education and other areas is
necessary in order to advance patient care, such support may lead to potential conflicts of interest. Some
members of the Alberta Provincial Genitourinary Tumour Team are involved in research funded by
industry or have other such potential conflicts of interest. However the developers of this guideline are
satisfied it was developed in an unbiased manner.
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