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LEARNING OBJECTIVES

After completing this couse, the reader will be able to:

1. Apply presymptomatic gene testing to family members with familial renal cancer in order to facilitate earlier

diagnosis and treatment for this population.

2. Use genetic testing for timely detection of familial renal cancer in carriers to enable earlier use and increased

efficacy of VEGF and mTOR pathway inhibiting drugs.

@ This article is available for continuing medical education credit at CME.TheOncologist.com.

ABSTRACT

We discuss recent advances in the diagnosis and manage-
ment of renal cell cancer (RCC) given the enhanced mo-
lecular genetics knowledge in this area. A number of
hereditary renal cancer syndromes have been described,
including von Hippel-Lindau disease, Birt-Hogg-Dubé

syndrome, hereditary leiomyomatosis/RCC syndrome,
and hereditary papillary renal cancer. Early molecular di-
agnosis now facilitates the management and prevention of
RCC in families. Recommendations for screening in fam-
ilies are discussed. The Oncologist 2010;15:532-538

INTRODUCTION

Renal cell cancer (RCC) affects around 1 in 100 people.
It is the seventh most common cancer in men and the
ninth in women [1]. The etiological factors have been
well described and are not discussed further in this re-

view. However, around 3%—4% of renal cancers have a
familial basis, and several (mainly autosomal dominant)
syndromes have been defined. This review discusses the
distinct phenotypes of these inherited cancer syndromes
and advances in diagnosis and management. Increased

Correspondence: Patrick J. Morrison, M.D., Regional Medical Genetics Centre, Belfast City Hospital HSC Trust, Belfast, BT9 7AB, U.K.

Telephone: +44-0-28-9026-3872; Fax: 44-0-28-9023-6911; e-mail: patrick.morrison @belfasttrust.hscni.net

Received January 26,

2010; accepted for publication April 14, 2010; first published online in The Oncologist Express on May 19, 2010. © AlphaMed Press

1083-7159/2010/$30.00/0 doi: 10.1634/theoncologist.2010-0023

The Oncologist 2010;15:532-538 www.TheOncologist.com



Morrison, Donnelly, Atkinson et al.

533

Table 1. Syndromes that include renal cancer

Syndrome MIM Gene symbol Locus

von Hippel-Lindau syndrome 193300 VHL 3p25
Birt-Hogg-Dubé syndrome 135150  FLCN 17pl1.2
Hereditary leiomyomatosis/renal cell cancer 605839 FH 1q42.1
Hereditary papillary renal cancer 605074  MET 7q31, 1q21
Clear cell renal cell cancer 604442  FHIT, others unknown 3pl2,3pl4.2
Tuberous sclerosis complex 191100  TSCI,TSC2 9q34, 16p13.3
Familial paraganglioma syndrome 185470  PGL4 1p36
Hyperparathyroidism—jaw tumor syndrome 145001  HRPT2 1g25-31
Familial papillary thyroid and renal cancer syndrome 605642  — 1921

Familial oncocytoma 553000 - -

Hereditary nonpolyposis colon cancer 114500 MLHI, MSH2, MSH6, PMS2  2p22, 3p22, 2q31, 2pl16

Abbreviation: MIM, Mendelian Inheritance in Man.
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Figure 1. Family tree showing a pedigree with Birt-Hogg-
Dubé syndrome displaying clear autosomal dominant inheri-
tance. Proband indicated with an arrow. Symbols: full shaded,
renal cancer and skin lesions; 75% shaded, renal cancer, pneu-
mothorax, and skin lesions; 50% shaded, skin lesions and
pneumothorax; 25% shaded, skin lesions only.

Table 2. Histology of renal cancer

Histology Frequency Associated conditions

Clear cell 70%-80% VHL, FHIT, FLCN, TSC,
SDHB

Papillary 10%-15% MET, FH, PGLA, FLCN,

HPT-JT, FPTC-PRN, SDHB
Chromophobe 3%-5% FLCN, SDHB
Oncocytic 1%—-4% FLCN, PGL4, SDHB, FO
Abbreviations: FO, familial oncocytoma; FPTC-PRN,
familial papillary thyroid and renal cancer syndrome;
HPT-JT, hyperparathyroidism—jaw tumor syndrome;

SDHB, familial paraganglioma syndrome; TSC,
tuberous sclerosis complex; VHL, von Hippel-Lindau

syndrome.

effort is being devoted to cancer prevention and early de-
tection of RCC in individuals with an inherited suscepti-
bility to these tumors.
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HEREDITARY RENAL CANCER

Around 3%—4% of RCC cases result from familial suscep-
tibility. Hereditary RCC cases, as in other hereditary can-
cers, tend to present earlier than sporadic cancers and may
be bilateral at the time of diagnosis. The main RCC disor-
ders are shown in Table 1. The majority are autosomal dom-
inant (Fig. 1), and a typical family history of RCC in
multiple generations can often be elucidated. Careful ques-
tioning can also help to identify other extrarenal features,
including skin and central nervous system manifestations.

PATHOLOGY

The histological type of renal cancer varies with the inher-
ited disorder, and is shown in Table 2. At least 75% of cases
have clear cell histology, but knowing the histological type
and then taking a careful family history and examining pa-
tients for extrarenal clinical signs help in identifying the
particular genetic disorder and subsequently allow tailored
prevention and screening programs. Papillary RCCs are
usually divided into a milder type I (basophilic) and a more
aggressive type II (eosinophilic). Chromophobe, medul-
lary, collecting duct, and unclassified histology are rare
subtypes. Angiomyolipomas and oncocytomas are gener-
ally benign and are considered here because of the charac-
teristic findings in particular syndromes, including
tuberous sclerosis and familial oncocytoma. Generally, the
age at onset of hereditary renal cancer is one or two decades
earlier than the age at onset of sporadic RCC cases. Spo-
radic cancers usually occur in the sixth or seventh decades
of life, with a mean age at diagnosis of 60 years.

VON HIPPEL-LINDAU DISEASE
von Hippel-Lindau (VHL) disease is an autosomal domi-
nant disorder characterized by clear cell RCC (CCRCC),
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Figure 2. Characteristic multiple dome-shaped papules on the nose and cheek of a carrier of a folliculin gene mutation.

retinal hemangiomata, cerebellar and spinal hemangioblas-
tomas, pheochromocytomas, and endocrine pancreatic tu-
mors [2]. The mean age at renal cancer onset is 39 years,
and around 30% of patients develop cancer, primarily of
clear cell histology [3]. The prevalence of VHL disease is
around one in 50,000 cases. The VHL gene is a tumor sup-
pressor gene on chromosome 3p25 and forms a ubiquitin
ligase complex in the hypoxia induced factor (HIF)-1a
pathway. The mutated VHL protein promotes overex-
pression of HIF-activated genes, leading to increased an-
giogenic activity resulting in a hypervascularized state in
the majority of VHL tumors. VHL can be associated with
erythrocytosis secondary to constitutive activation of
erythropoietin caused by impaired degradation of HIF
[4]. Renal cysts are also commonly present but transition
from a cyst to a solid lesion is rare [5], although there is
debate as to whether carcinoma in situ arises from the
walls of complex cysts. Cysts therefore require careful
follow-up, and surgical management may be appropriate
if there is a change suggestive of cancer on further imag-
ing. Because cases in patients as young as 16 years old
have been reported, screening by ultrasound needs to
start in adolescence [1].

BIRT-HOGG-DUBE SYNDROME

Birt-Hogg-Dubé (BHD) syndrome is caused by abnormal-
ities in the folliculin (FLCN) gene, an autosomal dominant
tumor suppressor gene [6, 7]. The incidence of BHD
syndrome is unknown [8]. BHD has characteristic skin
manifestations, including multiple fibrofolliculomas, tri-
chodiscomas, and achrocordons (Fig. 2), which typically

appear over the scalp, midface, and upper trunk and breast.
The associated RCCs have primarily an oncocytic or chro-
mophobe histological type, although papillary RCC
(PRCC) and CCRCC have also been described [9]. The
mean age at onset is around 38 years, with an age range of
20-75 years. Associated features include colon cancer, re-
nal cysts, and lung cysts, with the lung abnormalities often
predisposing to multiple pneumothoraces, which may be a
presenting feature in isolation [10]. Around 25% of BHD
patients eventually develop renal cancer [8]. The onset of
renal cysts should alert clinicians to provide more frequent
and detailed surveillance because they may precede overt
renal cancer. FLCN functions within the mammalian target
of rapamycin (mTOR) pathway, with downregulation of
FLCN leading to mTOR inhibition [11].

HEREDITARY LEIOMYOMAS AND RENAL CANCER
Hereditary leiomyomas may occur with PRCC (HL-
RCC). Families have been described with multiple uter-
ine leiomyomata and occasionally leiomyosarcoma. The
gene fumarate hydratase (FH) is an autosomal dominant
tumor suppressor gene. The finding of cutaneous
leiomyomas or uterine fibroids should prompt further
consideration of this disorder in patients, with appropri-
ate screening for renal cancers [12, 13]. Type II papillary
renal cancer has been associated with HLRCC, with an
onset often at 30-50 years of age, but cases as young as
11 years have been described; hence, screening may need
to start in late childhood even if there is later onset in
other family members [14].
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Figure 3. Characteristic facial angiofibromas in the nasolabial folds of the face of a carrier of a tuberous sclerosis complex 2 gene

mutation.

HEREDITARY PRCC

PRCC is divided into type I (basophilic) and type II (eosin-
ophilic). Hereditary PRCC, caused by mutations in the c-
MET proto-oncogene, is inherited in an autosomal
dominant manner and is associated with type I PRCC.
Breast, pancreas, and stomach cancers have been associated
in some families [15]. By age 50, around 30% of MET car-
riers develop renal cancer [16].

CCRCC witTH CHROMOSOME 3 TRANSLOCATION
Some families have been described with various chromo-
some 3 rearrangements, including one with a balanced
translocation interrupting the FHIT gene on 3p14, and may
be involved in somatic loss of VHL leading to RCC. Other
families have had 3q translocations, and these families have
had other cancers including thyroid, gastric, pancreatic, and
bladder cancers [17].

CCRCC WITHOUT CHROMOSOME

3 TRANSLOCATION

Some autosomal dominant families without obvious rear-
rangements or linkage to chromosome 3 have been de-
scribed, characterized by earlier onset and often bilateral
tumors, compared with sporadic cases [18, 19].

TUBEROUS SCLEROSIS COMPLEX

Tuberous sclerosis complex (TSC) is an autosomal domi-
nant disorder characterized by facial angiofibromas (Fig.
3), periungal fibromas, hypopigmented macules, and
shagreen patches. The prevalence is around one in 25,000
RCC cases. Learning problems and epilepsy are associated.
Renal manifestations include angiomyolipomata, and cases
of multifocal CCRCC have also been noted in up to 3% of

www.TheOncologist.com

cases [20]. Two tumor suppressor genes, 7SCI and TSC2,
are causal. They are inherited in an autosomal dominant
fashion on chromosomes 9q34 and 16p13.3, respectively.
They are involved in regulation of the mTOR pathway.
Downregulation of 7SC/ and 7SC2 leads to mTOR activa-
tion, in contrast to the role of FLCN [21]. Interestingly, both
TSC and BHD (see earlier) cause facial rash, which is often
in the same nasolabial distribution with a similar appear-
ance, and a propensity for lung cysts. Renal ultrasound
screening usually starts in early childhood, with cases diag-
nosed as early as 5 years of age. Larger angiomyolipomas
may need surgical removal or detailed imaging to ensure
that they do not mask renal carcinoma [22].

FAMILIAL PARAGANGLIOMA SYNDROME

The prevalence of hereditary paraganglioma disorders is
currently unknown, but clear cell, chromophobe, type II
papillary, and mixed RCCs, and oncocytomas have all been
described in families with succinate dehydrogenase B
(SDHB) gene mutations. The age at onset of renal cancer is
variable, with cases as young as 16 years of age being de-
scribed with papillary cancer [23], but the age range is
broad, with cases typically aged 2073 years [24]. SDHB
mutations cause hereditary paraganglioma in association
with extra-adrenal pheochromocytoma and (very rarely)
thyroid cancer. No significant associations with renal can-
cer have been described as yet with SDHC or SDHD muta-
tions [25, 26].

FAMILIAL PAPILLARY THYROID AND RENAL
CANCER SYNDROME

A distinct, but rare, inherited tumor syndrome with familial
papillary thyroid cancer (PTC), nodular thyroid disease,
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and papillary renal neoplasia has been described in a large
three-generation PTC kindred with apparent autosomal
dominant inheritance [27].

FAMILIAL RENAL HAMARTOMAS AND
HYPERPARATHYROIDISM—JAW TUMOR SYNDROME
This rare disorder presents predominantly with renal
hamartomas and ossifying fibromas of the jaw in associa-
tion with parathyroid adenoma or carcinoma. Occasionally
renal carcinomas with PRCC histology are noted in later
life. The gene is an autosomal dominant tumor suppressor
gene [28].

AUTOSOMAL RECESSIVE RENAL CANCER

Analysis of Swedish and Icelandic cancer registry data sug-
gests a possible association between renal cancer and pre-
sumed autosomal recessive inheritance. Such inheritance
should be considered when there are affected siblings with
no obvious mutations in the relevant genes discussed ear-
lier, with normal parents at an older age, apparently free
from renal cancer and no prior history. No genes or specific
causes have yet been identified, and the majority of hered-
itary renal cancers still appear to have an autosomal domi-
nant pattern of inheritance [29]. Those with possible
autosomal recessive inheritance have an age at onset <50
years [29].

FAMILIAL ONCOCYTOMA

Oncocytoma of the kidney is usually a benign tumor with
eosinophilia, different from CCRCC. The familial inheri-
tance pattern is typically autosomal dominant and most af-
fected individuals have FLCN mutations. Those without
may have another gene, or an unidentified FLCN mutation.
One family has been described with a reciprocal transloca-
tion (8;9)(q24.1;q34.3), which may or may not be coinci-
dental. Further examination of families with renal
oncocytoma for skin and other physical signs, and FLCN
analysis, is needed [30]. Renal oncocytomas in patients as
young as 25 years old and as old as 65 years of age have
been described [25].

HEREDITARY NONPOLYPOSIS COLON CANCER

Hereditary nonpolyposis colon cancer is an autosomal
dominant disease characterized by colon, stomach, and en-
dometrial tumors. Around 5% of colon cancer cases may be
hereditary and part of this condition. Four main genes in-
volved in the colon mismatch repair pathway—MLH],
MSH2, MSH6, and PMS2—are present in ~80% of fami-
lies fitting the Amsterdam criteria (three cases of gastroin-
testinal or endometrial cancer in two generations, one
patient affected at age <50). Immunohistochemistry of the

Genetics of Familial Renal Cancer

tumor is helpful in identifying a mismatch repair gene ab-
normality. Cancers of the renal and ureteric tracts, includ-
ing bladder, are occasionally associated; they are usually
transitional cell cancers and occur in 2% of cases. Screen-
ing in families with renal cancer in a relative should start
from ~40 years of age [31]. It is debated whether prostate
cancer is also a feature [32].

SCREENING OF AT RiSK FAMILY MEMBERS
Depending on the histological and syndromic features, ge-
netic testing for a particular mutation can be initiated in an
affected member. In most cases, this provides presymptom-
atic diagnosis, or confirms the diagnosis, especially in cases
in which a family mutation is already known. Mutation neg-
ative cases can be reassured that there is no significantly
higher risk for renal cancer in them or their children. Muta-
tion carriers can be entered into a screening program.

For BHD syndrome, this includes renal screening with
at least ultrasound from 20-25 years of age, because can-
cers mainly occur at ages 25—80 years. Regular computed
tomography (CT) scanning would provide too high a radi-
ation dose over a patient’s lifetime, and increasingly mag-
netic resonance (MR) imaging is used. Ultrasound is useful
in distinguishing a simple benign cyst from a more complex
cyst or a solid tumor mass. Screening should be every 1 to 2
years and can be tailored appropriately for family members
with advice from clinical genetics and nephrology or uro-
oncology specialists dealing with the disorder. More com-
plex renal cysts may be evaluated by the Bosniak
classification [33], which is based on the morphologic and
enhancement characteristics determined by CT scanning
with contrast. Nephron-sparing surgery is generally recom-
mended for indeterminate cystic masses with thickened, ir-
regular, or smooth walls when there is measurable
enhancement on a contrast CT scan. If cysts contain con-
trast-enhancing soft tissue, then again surgical removal is
recommended.

Regular colonoscopy is also probably indicated for pa-
tients with BHD syndrome, but the exact starting age and re-
peat interval are still to be determined. Our own practice is to
offer an initial colonoscopy screen at 25-30 years and there-
after to repeat it every 3 years, but this may be insufficiently
frequent and will need to be revised as evidence accumulates.

For renal-specific syndromes, a similar annual or every-
2-years ultrasound or MR screening from the age of 25 is
appropriate, continuing throughout life. For complications
in other organs, specific recommendations have been pub-
lished. For VHL, additional screening for pheochromocy-
toma and ocular and cerebellar complications is needed,
with renal screening starting around 18 years of age, or ear-
lier if indicated from the age at onset in family members;
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Table 3. Age at onset and ultrasound screening in common renal cancer syndromes
Age at earliest Screening age

Syndrome onset (yrs) range (yrs)? Reference
von Hippel-Lindau syndrome 16 16-67 [1]
Birt-Hogg-Dubé syndrome 20 20-75 [9]
Hereditary leiomyomatosis/renal cell cancer 11 11-50 [14]
Hereditary papillary renal cancer 32 32-55 [16]
Clear cell renal cell cancer 21 21-73 [19]
Tuberous sclerosis complex 5 5-60 [22]
Familial paraganglioma syndrome 16 16-73 [23]
Familial papillary thyroid and renal cancer syndrome 67 67-76 [27]
Hyperparathyroidism—jaw tumor syndrome 54 54-70 [28]
Autosomal recessive 25 25-50 [29]
Familial oncocytoma 25 25-65 [25]
Hereditary nonpolyposis colon cancer 40 40-65 [31]
“Because the lower end of the range is currently the youngest reported, screening may need to start earlier in families
dependent on clinical judgment.

and for TSC, screening should include regular CT brain im-
aging. SDHB mutation carriers should be offered screening
for paraganglioma and pheochromocytoma [24], although
it has to be recognized that there is insufficient experience
as yet. Table 3 shows the earliest recorded renal cancer in
the literature for the more common renal cancer syndromes,
and the range of age at onset. Screening with ultrasound can
therefore be tailored for families depending on the heredi-
tary disorder.

TARGETED TREATMENT

Surgical and pharmaceutical treatment options have been
detailed elsewhere, and aim to spare renal function, reduce
metastatic disease, and maximize quality of life. Targeted
therapies have great potential given characterization of the
mTOR and vascular endothelial growth factor (VEGF)
pathways, and a series of recently developed VEGF and
mTOR inhibiting drugs is improving treatment in this area
[35]. VEGF-inhibiting drugs include sunitinib, sorafenib,
and bevacizumab. The latter is a monoclonal antibody that
binds and neutralizes circulating VEGF protein. mTOR-
inhibiting drugs include temsirolimus and everolimus, both
rapamycin analogs.

CONCLUSIONS

Advances in the molecular genetics of RCC syndromes
have allowed targeted genetic testing and surgical and ther-
apeutic approaches in the 3%—4% of renal cancers that have
a familial basis. Early screening is allowing rapid detection
and better treatment of known gene mutation carriers. Im-
provements in our understanding of the molecular basis of
these disorders will continue to refine and redefine the clas-
sification of this group of disorders and can result in earlier
diagnosis, better treatment, and longer term management of
this challenging group of patients. Genetic testing and early
detection of renal cancer in carriers of these disorders will
allow VEGF and mTOR pathway inhibiting drugs to be
used early, thus raising the possibility of greater efficacy of
treatment. Over the next decade, it will be important to as-
sess if the prognosis can be improved significantly using
carefully targeted screening and therapy.
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