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Hereditary renal cell carcinoma associated with von Hippel-Lindau
disease: a description of a Nova Scotia cohort
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Abstract

Background: von Hippel-Lindau (VHL) disease is an autosomal
dominant condition characterized by the development of benign
and malignant tumours, including cases of renal cell carcinoma
(RCCQ). Early detection of RCC through routine surveillance can
lead to decreased morbidity and mortality. Data on the number
of patients in Nova Scotia (NS) who have VHL disease, disease
manifestations and the frequency and mode of the surveillance
have not previously been collected or reported. This project was
designed to obtain that information.

Methods: The number and management of patients with VHL dis-
ease was determined by multiple sources: the Maritime Medical
Genetics Service, patient charts, and pathology, radiology and lab-
oratory data. The actual surveillance being performed was com-
pared with that recommended in the literature.

Results: Twenty-one patients from 11 families in NS were iden-
tified. Manifestations included cases of RCC (31.6%), central nerv-
ous system (CNS) hemangioblastoma (73.7%), retinal hemangioma
(47.4%), renal cyst (47.4%) and pheochromocytoma (10.5%).
Of the 6 patients with RCC, 4 had bilateral tumours, 2 required
kidney transplants and 1 developed metastatic disease. Routine
surveillance was being done for the CNS in 62.5% of patients,
retina in 47.4%, abdomen in 43.8% and urine catecholamines
in only 10.5%. Only 1 of the 6 patients who developed RCC
was undergoing routine abdominal imaging. Surveillance inves-
tigations were ordered by a number of different specialists.
Conclusion: Patients with VHL disease in NS have a number of man-
ifestations associated with their disease, including RCC, in a sim-
ilar frequency to that reported in the literature. The surveillance
of these patients is suboptimal in frequency and coordination.
von Hippel-Lindau disease is a complex condition that requires
a coordinated approach to care to ensure proper surveillance and
treatment. Our study highlights current deficiencies and offers
an enormous opportunity for improvement.
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Résumé

Généralités : La maladie de von Hippel-Lindau (VHL) est une mal-
adie a transmission autosomique dominante caractérisée par la for-
mation de tumeurs bénignes et malignes, dont I’hypernéphrome.
Le dépistage précoce de I'hypernéphrome par des examens réguliers

peut amener une réduction de la morbidité et de la mortalité. On
ne sait pas combien de personnes sont atteintes de VHL en
Nouvelle-Ecosse, quelles sont les manifestations de la maladie chez
ces patients et quels tests de dépistage sont effectués et a quelle
fréquence. Le projet décrit ici visait a obtenir ces renseignements.
Méthodologie : Le nombre et la méthode de prise en charge des
patients atteints de VHL ont été établis a I'aide de plusieurs sources :
la Clinique de génétique médicale des Maritimes, des dossiers de
patients, des rapports de pathologie et de radiologie et des analy-
ses de laboratoire. Les méthodes de surveillance mises en place
ont été comparées aux méthodes recommandées dans la littéra-
ture médicale.

Résultats : Vingt et un patients de 11 familles de Nouvelle-Ecosse
ont été cernés. Les manifestations incluaient : hypernéphrome
(31,6 %), hémangioblastomes siégeant au niveau du SNC (73,7 %),
hémangiomes rétiniens (47,4 %), kystes rénaux (47,4 %) et
phéochromocytomes (10,5 %). Sur les six patients porteurs d’un
hypernéphrome, 4 avaient des tumeurs bilatérales, 2 ont eu besoin
d’une transplantation rénale et un patient a présenté des métas-
tases. De tous les patients atteints de VHL, 62,5 % ont subi des
tests réguliers de dépistage au niveau du SNC, 47,4 %, au niveau
de la rétine, 43,8 %, au niveau de I'abdomen, et seulement 10,5 %
des patients ont subi des tests réguliers de dépistage des caté-
cholamines urinaires. Sur les 6 cas d’hypernéphrome, un seule-
ment subissait des épreuves régulieres d’imagerie au niveau de
I"abdomen. Les tests de dépistage avaient été prescrits par dif-
férents spécialistes.

Conclusion : Les cas de VHL en Nouvelle-Ecosse présentent un cer-
tain nombre de manifestations liées a cette maladie, dont I"hyper-
néphrome, a une fréquence proche de celle mentionnée dans
la littérature. La fréquence et la coordination des épreuves de
dépistage sont sous-optimales. La maladie de VHL est une affec-
tion complexe nécessitant une bonne coordination des soins
afin d’assurer une surveillance et un traitement adéquats. Cette
étude montre les lacunes actuelles et pointe vers des améliora-
tions substantielles.

Background

Renal cell carcinoma (RCC) comprises 95% of kidney can-
cers and is estimated to be the ninth most common can-
cer diagnosed in Canada in 2008. In Canada, the incidence
of RCC is rising and an estimated 4400 new cases will be
diagnosed in 2008 and 1600 deaths will result.!
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Most cases of RCC occur sporadically; how-
ever, 5% have a hereditary basis. The most com-
mon and well-studied form of hereditary RCC
is that associated with von Hippel-Lindau (VHL)
disease. It is an autosomal dominant condition
characterized by the formation of both benign
and malignant tumours, including cases of cere-
bellar, spinal, brainstem and retinal heman-
gioblastoma, RCC, renal cyst, pheochromocy-
toma, pancreatic cyst, broad ligament and
epididymal cyst and endolymphatic sac tumour.?
Up to 45% of all people diagnosed with VHL dis-
ease will develop RCC. Those who develop RCC
have a shortened life expectancy, and RCC is the
leading cause of death in patients with VHL dis-
ease.? In these patients, RCC tends to occur at
a young age, and is often multiple and bilateral.
Detection of small tumours, early in the disease
course, offers a better chance of organ preser-
vation as well as cure. Surveillance programs for
not only RCC, but also the other manifestations
of VHL disease, have been recommended to
detect abnormalities early and influence the
course of disease.

The goal of our study was to determine how
many patients in Nova Scotia (NS) had VHL dis-
ease and how they were being cared for. Our spe-
cific objectives included the following: document-
ing how many patients in NS had VHL disease, the
pattern of tumour development, the frequency and
mode of surveillance, and which specialists were
involved in the care with a focus on RCC. We
planned to compare the actual surveillance being
performed in NS with published surveillance
protocols.

Methods

Research ethics board approval for this project was
obtained. To establish how many patients in NS
had been diagnosed with VHL disease, we used
several sources, including the following: a list of
all patients who had genetic testing for VHL dis-
ease by the IWK Molecular Diagnostic Laboratory
in Halifax, a list of patients who had genetic coun-
selling regarding VHL disease at the Maritime
Medical Genetics Service in Halifax, pedigree
analysis from the Maritime Medical Genetics
Service charts, pathology reports coded for cases
of central nervous system (CNS) hemangioblas-
toma, and individual specialists in neurosurgery,

Hereditary RCC associated with VHL disease

neurology, ophthalmology, urology and internal
medicine were asked to provide the names of
patients with known VHL disease under their care.

From these sources, a review of patients’ hos-
pital charts, radiology reports and laboratory
reports was conducted. Information including the
date and method of diagnosis, VHL disease gene
mutation, pattern of tumour development, frequen-
cy and modality of imaging, and treatment, along
with the frequency and type of follow-up was
obtained. Patients were not contacted directly.

Published guidelines for the surveillance of
patients with VHL disease were obtained from the
literature** and from recommendations by the
Newfoundland VHL Care Group,” Massachusetts
General Hospital® and the VHL Family Alliance.’
These guidelines vary slightly but the general con-
cept of regular retinal examinations, urine cate-
cholamine testing, as well as abdominal and CNS
imaging was consistent. For the purposes of our
study, the recommendations from these 6 avail-
able guidelines were coalesced and are summa-
rized in Table 1. Compliance to surveillance with
each screening modality was defined as having
the recommended screening test at least 75% of
the time.

Results

Demographics

Twenty-one patients with VHL disease from
11 families in NS were identified. Two patients
were excluded from further analysis: there was no
data available for 1 pediatric patient except for

Table 1. Protocol for the surveillance of pediatric and
adult patients with von Hippel-Lindau disease*

Infants and children < 11 yr Adults and children > 11 yr

e Annual retinal examination e Annual retinal examination
(every 6 mo if lesions) (every 6 mo if lesions)
e Annual urine catecholamine e Annual urine catecholamine
testing testing
e Annual abdominal imaging
(US/CT)
e Annual brain/spine imaging
(CT/MRI)
CT = computed tomography; MRI = magnetic resonance imaging; US =
ultrasonography.
*Two surveillance protocols recommend biannual central nervous system (CNS)

imaging,"® and 2 recommend baseline CNS imaging at the time of diagnosis and only
again when symptoms arise.”’
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his genetic diagnosis, and 1 patient moved out of
province 1 year after diagnosis and follow-up data
was not available. The mean age at diagnosis was
22.4 (0-48) years. Seventy-nine percent of patients
were diagnosed with VHL disease on the basis
of their clinical signs and the remaining patients
were diagnosed based on genetic testing after a
positive family history was identified. The clini-
cal manifestations and age at first presentation are
presented in Table 2 along with a comparison

to data from the published literature.

Genefic abnormalifies

Sixteen patients diagnosed with VHL disease had

Table 2. Clinical manifestation in 19 patients with
von Hippel-Lindau disease in Nova Scotia (actual %

plus published ranges)

2,5,8,10

% of patients

Mean age of
NS patients at

first diagnosis,

Manifestation NS Literature yr (range)
Cerebellar 68.4 44-72 32.0 (10-46)
hemangioblastoma

Spinal 31.6 13-50 26.0 (16-48)
hemangioblastoma

Brainstem 5.2 10-25 16.0 —
hemangioblastoma

Retinal angioma 47.4 25-60 29.0 (11-36)
Renal cell carcinoma 31.6 17-45 34.0 (22-41)
Renal cyst 47.4 50-70 1. (22-50)
Pheochromocytoma 10.5 0-19 335 (33-34)
ELST 0.0 11

Pancreatic cyst 21.0 14-70 40.0 (19-56)
Broad ligament/ 5.2 17-54 33.0 —

epididymis cysts

ELST = endolymphatic sac tumour.

Table 3. Overall compliance with screening modality

(% of patients undergoing recommended screening at

least 75% of the time)

RCC patients, All patients,
Screening test n==6 n=19
Brain CT/MRI 33.3 62.5
Spine CT/MRI 33.3 62.5
Retinal examination 16.7 47.4
Abdominal US/CT 16.7 43.5
Urine catecholamine 0.0 10.5

CT = computed tomography, MRI = magnetic resonance imaging, RCC = renal cell

carcinoma, US = ultrasonography.
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genetic testing. The most common mutation iden-
tified in the VHL disease gene was the point muta-
tion A544G found in 9 patients. Another 2 patients
had the point mutation A446G and 3 patients
were found to carry a deletion. Two other patients
had negative genetic testing; however, they were
still felt to have VHL disease, on clinical grounds.
Among patients with RCC, the A544G mutation,
A446G mutation and a deletion were all identi-
fied.

Renal cell carcinoma

Six (31.6%) VHL disease patients had been diag-
nosed with RCC. The mean age at diagnosis was
34 years with a range of 22—41 years. All tumours
had clear cell pathology. Four patients had bilat-
eral tumours and 2 of these patients underwent
bilateral nephrectomies and subsequent renal
transplant surgery. Three patients underwent
nephron-sparing surgery with no subsequent recur-
rence of disease. One patient underwent a radiofre-
quency ablation procedure at the National Institute
of Health. The only patient to have died in this
series had metastatic RCC.

Surveillance

Screening interventions included computed tomog-
raphy (CT) or magnetic resonance imaging (MRI)
of the brain and spinal cord, abdominal ultrasonog-
raphy or CT, retinal examination and measure-
ment of urine catecholamines (Table 3). Com-
pliance was highest with neuroimaging of the brain
and spinal cord by CT or MRI and lowest with
measurement of urine catecholamines. Of the
patients who developed RCC, only 1 was under-
going routine abdominal imaging.

Care providers

A number of types of specialists were involved
in the care of VHL disease patients in NS (Table 4).
Patients were followed up by specialists in oph-
thalmology, neurology, neurosurgery, urology,
medical genetics, internal medicine and pediatrics.
The majority of patients had been seen by a med-
ical geneticist, ophthalmologist and neurosurgeon
at least once. There was no one physician or team
responsible for ordering and following up on the
various surveillance modalities.
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Over the past 10 to 15 years, there has been an
explosion of information regarding the VHL dis-
ease gene and its importance in VHL disease as
well as sporadic RCC.""? VHL disease gene muta-
tions are found in 60%-85% of sporadic RCC."
A normal function of the VHL disease gene
includes the regulation of hypoxia-inducible
genes. The normal VHL disease protein forms a
complex with hypoxia inducible factor 1 o
(HIFTo) and targets it for ubiquitinylation and
degradation. When VHL disease is mutated, the
abnormal gene product is unable to bind HIFTa,
which leads to its accumulation and downstream
transcription of many factors involved in angio-
genesis and cell growth including vascular
endothelial growth factor, platelet-derived growth
factor, transforming growth factor—o. and trans-
forming growth factor—f.">"*'* Novel targeted ther-
apies have been developed to exploit the VHL
disease mutation and its downstream events in
the treatment of advanced RCC.

Most cases of VHL disease result when a per-
son inherits a mutated germline copy of the VHL
disease gene from an affected parent and then,
the remaining normal copy of the gene is inac-
tivated by an event at the somatic level. Twenty
percent of patients develop VHL disease as a result
of a de novo mutation. More than 300 different
VHL disease mutations have been identified with
most being point mutations, but partial and com-
plete gene deletions can occur.” Some correla-
tion between genotype and phenotype exists but
is complex and incompletely understood. Variable
expressivity is known in VHL disease as patients
with identical VHL disease mutations can have
very different clinical manifestations.

Hereditary RCC associated with VHL disease

dinated fashion in the current health care system.

Despite recent advances in the molecular genet-
ics and pathophysiology of VHL disease as well
as developing targeted therapy for RCC, the foun-
dation to the management of patients with VHL
disease continues to be early detection through
genetic screening and regular clinical surveillance
of both patients with VHL disease and their fam-
ilies. Increased sensitivity of imaging techniques
and advances such as radiofrequency ablation and
nephron-sparing surgery are allowing discovery
and management of tumours at earlier stages,
thereby decreasing the morbidity and mortality
associated with VHL disease.*'*'7'®

For the 19 patients with VHL disease surveyed
in NS, the clinical manifestations are much the
same as that published in the literature. The
adherence to a standard surveillance protocol,
however, is less than optimal, with only 63%
of patients having regular brain and spine imag-
ing, 47% having retinal examinations, 44% hav-
ing abdominal imaging and 11% having urine
catecholamines. Only 1 of the 6 patients who
developed RCC was undergoing regular abdom-
inal imaging. Given the retrospective nature of
our study, it is possible that some patients under-
went surveillance investigations that were not
captured, leading to a falsely low surveillance
rate. But, given the extensive data collection
sources that were reviewed, the chances of this
are low unless patients had their investigations
out of province, which did not appear to be the
case. Also, for our study, compliance was defined
as having the recommended screening test at least

Table 4. Specialists involved in the care of patients with von

Hippel-Lindau disease (% of patients seen at least once by each
specialist, and % of time each specialist was arranging screening

Our study found that 21 people from 11 fami-  test)
lies in NS had known VHL disease. This number is i )
probably an underestimate of the true incidence L Eve b e )
. . . . at exam imaging imaging screen
and prevalence of VHL disease in NS, which is least arranged arranged arranged  arranged
probably the most important limitation of this ret-  Specialty once by by by by
rospective study. In fact, having reviewed the fam-  Ophthamology 84.2 10.5 6.3 12.5 0.0
ily pedigrees of these patients, there were many  Neurology 15.8 0.0 0.0 0.0 0.0
other family members who had not had genetic ~ Neurosurgery 737 15.8 81.3 25.0 5.3
testing/counselling or any surveillance tests for VHL  Urology 42.1 0.0 0.0 12.5 0.0
disease yet were known to be at high risk and may ~ Medical genetics ~ 89.5 316 0.0 25.0 10.5
potentia”y have had undiagnosed VHL disease. Internal medicine/  63.2 15.8 12.5 18.8 31.6
pediatrics

This emphasizes the point, however, that these

. . . CNS = | .
patients are not diagnosed or managed in a coor- centranervous system
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75% of the time, and thus one could point out
that if the definition of compliance chosen was
100%, the compliance rates would be even lower
than those reported here.

Our study did not address why compliance with
surveillance was low, which is a limitation. The
2 main possibilities are that patients did not fol-
low through with the ordered investigations or that
doctors did not arrange the appropriate investi-
gations. We strongly suspect the latter given that
the management of patients with VHL disease in
NS appears to be largely uncoordinated and dif-
ferent aspects of care were delivered by many dif-
ferent specialists. Some aspects of care were not
delivered by anyone. This may be the case in many
areas of Canada. Recognition of these deficiencies
offers an enormous potential for improvement.

von Hippel-Lindau disease is a complex disease
requiring a multidisciplinary team of specialists
including ophthalmology, neurosurgery, neurol-
ogy, medical genetics, urology, internal medicine
and pediatrics. It is also a disease that involves a
pediatric population who need adequate transition
and follow-up into the adult health care system.
What our study points out is that current manage-
ment of patients with VHL disease is haphazard
and uncoordinated, resulting in poor surveillance
of patients. Care must be coordinated by a desig-
nated team that helps arrange the surveillance and
care of patients and their families with regular
involvement of other multidisciplinary team mem-
bers as needed. Currently this is not being done
in NS but there is a great opportunity to develop
such a model to the benefit of all.

From the *Division of Medical Oncology, Queen Elizabeth Il Health Sciences Centre,
Halifax, NS, the tMaritime Medical Genetics Service, IWK Health Centre, Halifox,
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