Hereditary Renal Cancer Predisposition
Syndromes

Check for
updates

Scott T. C. Shepherd and Samra Turajlic

Renal cell carcinoma (RCC) comprises a heterogenous group of cancers with dis-
tinct histopathological appearance and molecular drivers. In addition to smoking,
obesity and hypertension, genetic factors are implicated in the pathogenesis of the
disease. Pathogenic germline variants in at least 12 genes (Table 1) are associated
with an increased lifetime risk of RCC, accounting for 4-6% of all RCC diagnoses
[1]. It is likely that other undescribed genes and background germline genetic fac-
tors contribute to the development of familial RCC.

Hereditary RCC syndromes are usually inherited in an autosomal dominant man-
ner, although a lack of family history of RCC may occur if there is incomplete
penetrance or if the mutation has arisen de novo.

Most guidance agree that individuals with bilateral and/or multicentric disease;
early age of onset (<= 46 years of age [1]); or a first or second degree relative with
any renal tumour should be referred for genetic counselling [2]. In addition, the
presence of additional non-RCC clinical features in a patient or histopathological
features might suggest the diagnosis of a specific hereditary RCC syndrome and
guide molecular genetic investigations (Table 1).

Herein, we discuss the well described clinical syndromes, their molecular patho-
genesis and clinical management strategies. The clinical features, suggested renal
screening and management recommendations are summarised in Table 2.
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Table 1 Summary of known hereditary RCC syndromes, the associated variant germline gene and
RCC histological subtype

Syndrome Gene | Locus | Protein Type Renal Cancer Lifetime
Histology risk of
RCC
von Hippel-Lindau | VHL |3p25 |pVHL Tumour | ccRCC 60-70%
(vHL) disease suppressor | Clear cell
papillary
Cysts
Hereditary papillary | MET |7q31 | Hepatocyte Proto- Type 1 papillary | 100%
RCC growth factor | oncogene
Hereditary FH 1q43 | Fumerate Tumour | HLRCC- 15-35%
leiomyomatosis and hydratase suppressor | associated RCC
renal cell carcinoma (formally
(HLRCC) papillary type 2)
Hereditary SDHA | 5p15 | Succinate Tumour | SDH-deficient -
paraganglioma- SDHB | 1p36 | dehydrogenase | suppressor | RCC
phaeochromocytoma | SDHC | 1q23 | complex,
syndrome SDHD | 1123 | subunit A
Succinate
dehydrogenase
complex,
subunit B
Succinate
dehydrogenase
complex,
subunit C
Succinate
dehydrogenase
complex,
subunit D
Birt-Hogg-Dubé FLCN | 17pl1 | Folliculin Tumour | Chromophobe 15-29%
suppressor | oncocytic hybrid
Oncocytoma
Papillary
ccRCC
BAPI tumour BAPI |3p21 |BRCAI- Tumour | Clear cell -
predisposition associated suppressor
syndrome protein 1
Tuberous sclerosis | 7SCI | 9q34 | Hamartin Tumour | Angiomyolipoma | 2-3%
TSC2 | 16pl3 | Tuberin suppressor | Oncocytoma
Tumour | Chromophobe
suppressor | ccRCC
Cowden syndrome | PTEN | 10q23 | Phosphatase Tumour Papillary 34% [1]
and tensin suppressor | Chromophobe
homolog ccRCC
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Von Hippel Lindau (VHL) Disease

Clinicopathological Hallmarks

VHL disease is an autosomal dominant multi-organ tumour predisposition syn-
drome caused by inactivating germline variants in the von Hippel-Lindau tumour
suppressor gene (VHL). Incidence is approximately 1:34,000 live births and pene-
trance approaches 100% by age 60 [3, 4]. Affected individuals can develop a variety
of VHL deficient lesions across differing tissue contexts, including many hundreds
of renal cysts and clear cell renal cacners (ccRCCs) in addition to benign pancreatic
cysts, central nervous system (CNS) and retinal haemangioblastomas (HB), and
neuroendocrine tumors (NET) such as pheochromocytoma. Classifications have
been proposed based on predilection for phacochromocytoma (Table 3) although
clinical phenotypes vary considerably between and within families [5].

The lifetime risk of developing a renal cancer is 60—70% at a mean age onset of
44 years (two decades earlier than sporadic ccRCC) although cases affecting teen-
agers have been described [6]. In-situ RCC growth is typically indolent [7] and
primary tumour size appears to be an important determinant of outcome with the
risk of metastasis virtually nil below 3 cm in size [8].

Genetics and Molecular Pathogenesis

The VHL gene is located on the short arm of chromosome 3 (3p25) [9] and encodes
a 213 amino acid product, pVHL. pVHL forms the substrate recognition component
of a E3 ubiquitin ligase complex with Elongin B and C (collectively, VCB complex)
and plays a central role in cellular oxygen sensing and orchestrating the transcrip-
tional response to hypoxia (Fig. 1). The VCB complex targets the hypoxia-inducible

Table 3 VHL disease subgroup categorisation and genotype/phenotype correlations (see further
[1, 2]). HB, haemangioblastoma; PCC/PGL, phaeochromocytoma/paraganglioma; ccRCC clear
cel renal cell carcinoma; VHL, von Hippel-Lindau

VHL VHL Variant Type Clinical phenotype
Subtype High Risk Low Risk
Type 1 Deletions, insertions, truncations, | CNS/retinal HB, PCC/PGL
missense ccRCC
Type 1B Contiguous gene deletions CNS/retinal HB PCC/PGL, ccRCC
encompassing VHL
Type 2A Missense CNS/retinal HB, PCC/ | ccRCC
PGL
Type 2B Missense CNS/retinal HB, PCC/
PGL, ccRCC
Type 2C Missense PCC/PGL CNS/retinal HB,
ccRCC absent
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Fig.1 Pathogenic germline variants in a number of genes (coloured red figure) are associated with
increased lifetime risk of RCC. pVHL loss in tumors results in the inability of the VHL E3 ubiqui-
tin ligase complex to target the HIF transcription factors for proteosomal degradation, leading to
stabilisation of HIF and activation of the hypoxia response. Pseudohypoxia is pro-tumourigenic
through expression of growth factors that induce proliferation, survival, and angiogenesis, includ-
ing VEGEF, PDGF, and TGFa, and increases expression of proteins that regulate glucose metabo-
lism and cell proliferation, including GLUT1, LDHA, PDK1, and CCNDI. Activating mutations
of MET, inactivating mutations of PTEN, TSCI, TSC2, and FLCN in tumors result in increased
activation of the PI3K/AKT/mTOR pathway which regulates cell growth, proliferation, and sur-
vival. Dysregulation of the PI3K/AKT/mTOR pathway results in increased production of the HIF
transcription factors via MTORC1 and MITF signalling, indirectly influencing the VHL/HIF oxy-
gen-sensing pathway. Loss of fumarate hydratase (FH) or components of succinate dehydrogenase
(SDHB, SDHC, SDHD) changes the activity ofthe TCA cycle, leading to altered metabolism, and
the accumulation of the oncometabolites fumarate and succinate, respectively. Fumarate or succi-
nate can both inhibit a-ketoglutarate—dependent prolylhydroxylase enzymes that regulate the HIF
transcription factors, resulting in inhibition of the VHL/HIF oxygen-sensing pathway. Other
a-ketoglutarate—dependent enzymes include the Ten-eleven translocation (TET) and Lysine-
specific demethylase (KDM) enzymes that regulate DNA/histone methylation, acetylation and
effect chromatin remodeling. Loss of chromatin remodelling protein, BAP1 also alters gene-
expression profiles in RCC

factors (HIFla and HIF2a) for proteasomal degradation in an oxygen dependant
fashion. Under hypoxic conditions, there is an accumulation of HIF leading to tran-
scriptional activation of the so-called hypoxia response element (HRE) genes,
resulting in metabolic re-programming, increased proliferation, angiogenesis and
cellular survival. Inactivation of VHL leads to HRE activation in the absence of
hypoxia, ‘pseudohypoxia’, and is characteristic of both sporadic and heredi-
tary ccRCCs.

More than 500 unique germline pathogenic variants have been described in over
900 families with VHL disease [10, 11] from specific missence mutations to exon or
whole gene deletions (Table 3). Genotype/phenotype correlations have been
described based on predilection for phaeochromocytoma but these are imperfect
and manifestations of VHL vary considerably between and within kindred with an
identical inactivating mutation [5].

Clinical Management and Therapeutic Approaches

Regular radiological surveillance is the mainstay of management in individuals
found to have or be at risk of carrying a pathogenic variant in VHL. Surveillance
imaging protocols to monitor renal and non-renal manifestations of the disease have
been published and recommend imaging modalities that limit exposure to ionising
radiation [12].

In the kidney, management involves serial radiological monitoring and surgi-
cal intervention when the dominant lesion reaches 3 cm in maximal diameter [8].
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The risk of metastasis is minimal in lesions <3 cm in size, with the risk of sys-
temic spread increasing stepwise beyond this cut off [8]. Nephron sparing
approaches (partial nephrectomy or enucleation) are undertaken wherever feasi-
ble to preserve renal clearance (surgical approach reviewed in [13]). Kidney
transplantation in patients with end-stage renal disease appears to be safe and
does not appear to be associated with worse graft or overall survival outcomes
than non-VHL patients [14].

Receptor tyrosine kinase inhibitors targeting the VEGF-pathway have shown
clinical activity in patients with clinically localised disease [15, 16]. Objective
response to pazopanib was seen in 42% of VHL patients in one non-randomised
phase 2 tral; partial responses were observed in 52% of RCCs, 53% of pancreatic
lesions but only 4% of CNS haemangioblastomas. Median shrinkage varied between
organ site and was 40-5% (IQR 21-53) in the renal lesions, 30-5% (IQR 18-36) in
pancreatic lesions, and 13% (IQR 7-23) in the haemangioblastomas suggestive of
tissue specific sensitivity to VEGF-tareted therapy. Treatment related toxicity was
signficiant with 23% discontinuing therapy due to adverse events. Responses to
VEGF inhibition have been also been described in the context of metastatic disease
outwith clinical trial setting [17, 18]. https://www.fda.gov/drugs/resources-infor-
mation-approved-drugs/fda-approves-belzutifan-cancers-associated-von-hippel-
lindau-disease.

Germline MET Variants: Hereditary Papillary Renal Cell
Carcinoma (HPRC) Syndrome

Clinicopathological Hallmarks

HPRC is a rare autosomal dominant hereditary renal cancer syndrome characterised
by the development of multifocal, bilateral type 1 papillary RCC. HPRC is highly
penetrant (approaching 100%) although the age at onset varys widely (median
41 years (range, 19-66) [1, 19]. A single kidney may harbour over 3000 micro-
scopic papillary tumours [20, 21]. There are no known extra renal manifestations
[19, 22].

Genetics and Molecular Pathogenesis

Germline missence mutations [23, 24] in the tyrosine kinase domain of MET (7q31)
result in ligand independent MET activation [23-25] and downstream signalling
associated with cell proliferation, survival and motility [26]. Specific missence
MET mutation might influence the age of onset [19]. Altered MET gene status or
increased chromosome 7 copy number is seen in 81% of sporadic type 1 pRCC in
the TCGA dataset [27].


https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-belzutifan-cancers-associated-von-hippellindau-disease
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-belzutifan-cancers-associated-von-hippellindau-disease
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-belzutifan-cancers-associated-von-hippellindau-disease
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Clinical Management and Therapeutic Approaches

HPRC related tumours have been reported to metastasise [21] however growth is
typically indolent and patients are managed with active surveillance until the domi-
nant lesion reaches 3 cm in size. When considering surgery, a nephron sparing
approach is employed where possible [28].

The presence of activating MET mutations in patients with hereditary and
sporadic papillary renal cancer has led to the evaluation of a targeted therapy
approach. Foretinib, an oral multikinase inhibitor targeting MET and VEGFR,
demonstrated a 100% disease control rate in patients with advanced disease and
a germline MET mutation [29], leading to FDA approval for this indication.
Clinical responses in patients with MET mutations have also been observed with
MET kinase inhibitors crizotinib [30] and savolitinib [31] and a randomised study
involving a number of MET targeting agents in papillary renal cancer is ongoing
(NCT02761057).

Herediatry Leiomyomatosis and Renal Cell Carcinoma
(HLRCC) Syndrome

Clinicopathological Hallmarks

HLRCC is an autosomal dominant familial cancer syndrome and affected individu-
als are at risk to develop benign cutaneous and uterine leiomyomas and an aggres-
sive form of RCC: HLRCC-associated RCC (formally type 2 papillary renal cancer)
[32]. The prevalence is unknown, although several hundred families have been
described in the literature. Given its rarity, it is likely that HLRCC is an underdiag-
nosed clinical entity although establishment of HLRCC-associated RCC in the most
recent WHO pathological classification and improved access to molecular diagnos-
tics may increase diagnoses.

The most common manifestations of HLRCC are cutaneous leiomyomata,
which occur in 76%—100% of patients [33—35] and present as multiple firm, flesh-
colored nodules (10 to >100, <2.5 mm in size) that develop on the trunk and
extremities [36]. Uterine leiomyomas are reported in over 80% of affected women
and many experience frequent, severe irregular bleeding requiring hysterectomy
[33]. Uterine leiomyomas have rarely been reported to transform to uterine leio-
myosarcoma [37].

Lifetime risk of developing RCC is estimated 15-35% [33, 38, 39] with median
age at presentation 41 years (range 10-90 years) and 5% of cases diagnosed under
the age of 20 [38]. RCC lesions are typically solitary and have the potential for rapid
primary tumour growth and early metastatic seeding, even when the primary tumour
is small [40].
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Germline Genetics and Molecular Pathogenesis

Pathogenic germline variants in the fumerate hydratase (FH) gene (1g43) [41, 42]
are detected in affected individuals. No genotype-phenotype correlations have been
described [42].

The FH enzyme plays an essential role in the Kreb’s Cycle which enables hydra-
tion of fumerate to malate (Fig. 1). FH-deficient cells undergo a Warburg metabolic
shift [43], characterised by a dependence on aerobic glycolysis, impaired oxidative
phosphorylation and an intracellular accumulation of fumerate (see below oncome-
tabolites in RCC). These changes give rise to a tumourigenic phenotype via stabili-
sation of HIFs, increased production of reactive oxygen species and histone
hypermethylation (reviewed, [44, 45]).

Clinical Management and Therapeutic Considerations

Radiological surveillance screening for HLRCC-associated RCC is recommended
from age 8 years [46]. Given the aggressive phenotype, prompt extiripation with
wide resection margins is undertaken in individuals with a detectable renal mass.
Lymphadenectomy may improve accuracy of staging given the frequency of lymph
node metastasis [38].

Synthetic lethality occurs when the simultaneous perturbation of two genes
results in cell death and this approach is being used to specifically target FH defi-
cient cells. For example, the combination of bevacizumab and erlotinib (anti-
VEGF-A and anti-EGFR, respectively) may constrain glucose delivery to tumour
cells, exploiting reliance on aerobic glycolysis. This combination has demonstrated
100% disease control rate and median progression free survival of >24 months in
HLRCC-associated RCC in one study [47]. Another strategy under clinical evalua-
tion is the sensitisation of FH/SDH deficient RCCs to poly(ADP)-ribose polymerase
(PARP) inhibition (see below oncometabolites in RCC).

Succinate Dehydrogenase Deficient RCC

Clinicopathological Hallmarks

Germline pathogenic SDH variants are associated with hereditary phaeochromocy-
toma (PCT) and paraganglioma (PGL) syndrome and at lower penetrance gastroin-
testinal stromal tuomurs (GIST) and RCCs [48]. The incidence is unknown.

The lifetime tumour risk exceeds 70% and clinical manifestations vary depen-
dant on the mutated SDH subunit (reviewed [49]). The lifetime risk of developing a
renal tumour has been estimated at approximately 5% for SDHB carriers but may be
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less in other affected subunits [48]. RCCs are typically solitary and unilateral.
Median age of diagnosis was 37 years [50], although presentation with RCC as
young as 14 has been reported [51]. Distant metastasis occurred in 9 of the 27
patients in one series and may be associated with sarcomatoid differentiation in the
priamry [28].

Genetics and Molecular Pathogenesis

SDH is a tetrameric enzymatic complex consisting of four subunits (SDHA, SDHB,
SDHC, SDHD) that localise to the inner mitochondrial membrane and are involved
in both the Kreb’s cycle and electron transport chain, catalysing the oxidation of
succinate to fumerate (Fig. 1) [52].

SDH-deficient RCC was added to the WHO classification of renal tumours as a
unique subtype in 2016 [32]. In patients with RCC, the most commonly mutated
gene is SDHB, followed by SDHC, SDHD, and SDHA [50, 53]. Biallelic inactiva-
tion of SDH leads to a Warburg shift to aerobic glycolysis and impaired oxidative
phosphorylation and intracellular accumulation of succinate (see oncometabolites
in RCC below).

Clinical Management and Therapeutic Considerations

There are no specific clinical guidelines for the management of SDH deficient
RCC. Proposed surveillance strategies [51, 54] reccomend lifelong radiological sur-
veillance for metachronous RCCs and/or PCT/PGL. Upon detection of a renal mass,
prompt extirapative surgery is performed given the risk of early metastatic seeding.
SDH and HLRCC related RCCs are profoundly FDG PET avid which may be use-
ful in identifying occult metastatic disease.

Disruption of the TCA Cycle: Oncometabolites in RCC

Loss of function of the SDH and FH enzymes leads to an accumulation of succinate
and fumerate (so-called oncometabolites) that have pro-oncogenic functions [45].
Oncometabolites inhibit a family of enzymes known as a-ketoglutarate (aKG)-
dependent dioxygenases, leading to epigenetic dysregulation and induction of a
pseudohypoxic phenotype. Inhibition of specific «KG-dependent dioxegenases,
KDM4A and KDM4B, leads to suppression of the homologous recombination
DNA-repair pathway and a loss of genome integrity. Homologous recombination
deficiency was shown to confer sensitivity to PARP inhibition in pre-clinical models
and might offer a novel targeted therapy approach [55].
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Birt-Hogg-Dube (BHD) Syndrome

Clinicopathological Hallmarks

BHD syndrome is an autosomal dominant cancer predisposition syndrome charac-
terised by benign cutaenous fibrofolliculomas and cystic lung disease (occurring in
>85% of kindred) that present in in young adulthood [56-58]. Lung cysts can pre-
dispose to spontaneous pneumothorax [59]. The exact prevalence is unknown but
BHD has been reported in more than 200 families globally [12].

Bilateral and multifocal renal neoplasms occur in 15-29% of BHD patients; the
median age at tumour diagnosis is 46-50 years although may occur as young as
20 years [58, 60]. The histological subtype can vary between and within patients
(Table 1) with hybrid oncocytic tumours (50%) the most commonly seen followed
by chromophobe RCC (chRCC) (34%) and oncocytoma (9%) [56, 57].
Macroscopically normal kidney contain scattered microscopic foci of oncocytic
cells which may be precursor lesions [56].

Genetics and Molecular Pathogenesis

Pathogenic germline variants in the FLCN gene (17pl1) are detected in affected
kindred with [61, 62] no clear genotype/phenotype correlation [58, 60]. Inactivation
of the FLCN gene promotes RCC tumourigenesis through dysregulation of the
PI3BK/AKT-mTOR pathway and activation of mitochondrial biogenesis leading to
ROS production and activation of HIF transcriptional activity [52].

Clinical Management and Therapeutic Approaches

Life-long radiological surveillanve for renal tumours is reccomended [12, 46] and a
nephron sparing surgical approach should be considered once the largest lesion
reaches 3 cm in maximal diameter [63]. Metastasis can occur when patients are not
receiving regular radiological surveillance [59] and are typically of clear cell histol-
ogy and associated with a poor prognosis [56, 59]. There are no specific targeted
therapy approaches for patients with BHD related RCC.

BRCA1-Associated Protein (BAP1) Tumour
Predisposition Syndrome

Clinicopathological Hallmarks

This autosomal dominant tumour predisposition syndrome is characterised by an
increased life-time risk of mesothelioma, uveal and cutaneous melanoma and RCC
[64] with the full spectrum of associated tumours still to be defined. Penetrance is
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high with 85% of mutation carriers affected with a cancer [65]. The lifetime risk of
RCC is approximately 10%, at a mean age of diagnosis for RCC 42 years (range
36-70). RCCs are typically solitary and of the clear cell subtype although other
histologies have been described [66] and larger cohorts are needed to more clearly
define the phenotype. Germline BAP-] mutation was detected in 0.8% of the TCGA
ccRCC cohort, suggesting that BAPI tumour predisposition may be an underrecog-
nised clinical entity [67].

Genomics and Molecular Pathogenesis

BAPI (3p21) encodes a multifunctional deubiquitinating hydrolase enzyme that is
involved in a number of biological processes including a key role in regulating chro-
matin dynamics, the DNA damage response and cell growth [68—70]. BAP1 altera-
tions are seen in about 10—15% of patients with sporadic RCC, and are associated
with a poor prognosis [67].

Pathogenic germline variants in BAP/ (3p21) are detected in affected kindred
with at least 46 unique mutations reported [65] and no clear genotype/phenotype
correlations noted. Most families have at least two different tumour types diagnosed
amongst kindred.

Clinical Management and Therapeutic Approaches

Evidence based guidelines have not been established but management involves regu-
lar examination/screening of affected organs to facilitate early diagnosis of tumours.
Patients with a renal mass have have immediate surgery with wide surgical margins
[65]. There are no approved targeted therapies for BAP1 driven malignancies.

Tuberous Sclerosis Complex (TSC) Syndrome

Clinicopathological Hallmarks

TSC is an autosomal dominant multiorgan tumour predisposition syndrome charac-
terised by cutaneous lesions (hypopigmented macules, angiofibromas), CNS lesions
(hamartomas, cortical dysplasia, subependymal giant cell astrocytoma), cardiac
rhabdomyomas, retinal hamartomas and neurocognitive deficits and renal tumours
[71]. The incidence of TSC is 1 in 6000-10,000 live births [72].

In the kidney, benign manifestations include angiomyolipomas (AMLs, present
in up to 70%), oncocytomas and renal cysts. TSC associated RCCs occur in less
than 5% of carriers and various histolopathological subtypes including ccRCC,
pRCC and chRCC are seen (Table 1).
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Genetics, Molecular Pathogenesis and Morphology

Pathogenic germline variants in either 7.SC/ (chromosome 9p34; encoding hamar-
tin) or 7SC2 (chromosome 16p13; encoding tuberin) are associated with TSC syn-
drome. Approximately 2/3 of carriers are new presentations with no family history.
Hamartin and tuberin form part of a heterotrimeric complex with GTPase-activity
involved in the negative regulation of the mTOR complex 1 (mTOR1), the key
effector of the PI3K/AKT/mTOR pathway.

Clinical Management and Therapeutic Approaches

MRI surveillance to screen/monitor AMLs and/or RCCs is conducted and renal
tumour biopsy may be necessary to differentiate between benign AMLs and RCC
[73]. AMLs >3 cm in diameter are at risk of acute haemorrhage and should be
treated with an mTOR inhibitor as the most effective first-line therapy [73—75]. This
approach appears to be effective and well tolerated with surgery/ablation reserved
as second line therapy [74]. Suspected malignant epithelial tumours are biopsied to
confirm the diagnosis (if safe and practical to do so) and referred for nephron spar-

ing surgery.

Cowden Syndrome

Clinicopathological Hallmarks

Cowden syndrome is an autosomal dominant tumour predisposition syndrome char-
acterised by hamartomas, cutaneous manifestations (trichilemmomas, oral fibro-
mas, and punctate palmoplantar keratoses), and an increased risk of breast,
endometrial, thyroid, kidney and colorectal cancers [76]. There is an estimated inci-
dence of 1 in 200,000 live births and nearly 100% of patients present in their 20s
with mucocutaneous lesions.

Germline Genetics and Molecularpathogenesis

Pathogenic missense germline variants in PTEN (10g23) [77] are typically seen.
PTEN is a negative regulator of the PI3K-AKT-mTOR signalling pathway.
Heterogeneity of the genetic locus is observed in 20-34% of patients with clinical
diagnosis of Cowden Syndrome, where germline variants are observed in related
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proteins such as KLLN, PIK3CA and AKTI [78, 79]. There are no clear genotype
phenotype correlations. Estimated lifetime risk of renal cancer may be as high as
34% with increased risk from 40 years [80]. Histopathological subtype can vary,
with case reports describing pRCC, chRCC, and ccRCC.

Conclusions

Hereditary RCC syndromes are caused by a number of pathogenic germline vari-
ants and each syndrome is associated with varying incidence of renal neoplasms and
specific extrarenal manifestations. Management of such syndromes should be in the
context of a bespoke specialist multidisciplinary team with underlined by principles
of careful surveillance and patient centred management.

Identification of the culprit genes has given insight into the molecular drivers of
the various RCC subtypes and highlights that an interconnected signalling network
involving cellular sensing to oxygen, nutrients and/or energy production drive renal
cancer growth. An improved understanding of these cellular processes can lead to
rationally designed targeted therapeutic approaches to improve outcomes in both
hereditary and sporadic manifestations of the disease.

Hereditary RCC syndromes are likely an under diagnosed clinical entitiy and this
has implications for screening and surveillance of metachronous cancers and for
identification of at risk family members. As manifestations of herediatary syn-
dromes become clinically tractable, prompt diagnosis will optimise outcomes
through use of novel targeted therapeutic strategies.

Key Points

1. Hereditary RCC syndromes account for 4—6% of all RCC diagnoses but
some syndromes may be underecognised in the clinic.

2. Diagnosis may be suspected on the basis of family history, clinical features
(multifocal or bilateral lesions; <46 years of age) or histopathological find-
ings (e.g. HLRCC-associated RCC).

3. Management should be in the context of a multidisciplinary team, expert
in the management of the renal and non-renal manifestations of the disease.

4. Active surveillance is the mainstay of management in asymptomatic
patients with or suspected to have a pathogenic germline variant.

5. Wherever possible and clinically appropriate, imaging modalities such as
MRI should be employed to minimise exposure to ionising radiation.

6. In syndromes where growth is likely to be indolent and the risk of metas-
tasis is small, deferral of surgery until the solid component of the dominant
lesion >3 cm is recommended.
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7. In syndromes where risk of metastasis is high even when the primary
tumour is small, immediate exiripative intervention with wide surgical
margin is recommended.

8. A nephron sparing surgical approach (partial nephrectomy/enucleation) to
preserve renal clearance is important in patients with a predisposition to
bilateral and multifocal tumours that might require repeated surgical
intervention.

9. An understanding of the consequences of the germline genetic event is
leading to the development of targetetd therapeutic strategies in some syn-
dromes and patients should be entered into clinical studies where possible.
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