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Abstract Hereditary leiomyomatosis and renal cell cancer
(HLRCC) is an autosomal dominant condition in which sus-
ceptible individuals are at risk for the development of cuta-
neous leiomyomas, early onset multiple uterine leiomyomas
and an aggressive form of type 2 papillary renal cell cancer.
HLRCC is caused by germline mutations in the fumarate
hydratase (FH) gene which inactivate the enzyme and alters
the function of the tricarboxylic acid (Krebs) cycle. Issues
surrounding surveillance and treatment for HLRCC-associ-
ated renal cell cancer were considered as part of a recent
international symposium on HLRCC. The management pro-
tocol proposed in this article is based on a literature review and
a consensus meeting. The lifetime renal cancer risk for FH
mutation carriers is estimated to be 15 %. In view of the
potential for early onset of RCC in HLRCC, periodic renal
imaging and, when available, predictive testing for a FH
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mutation is recommended from 8 to 10 years of age. How-
ever, the small risk of renal cell cancer in the 10-20 years age
range and the potential drawbacks of screening should be
carefully discussed on an individual basis. Surveillance pref-
erably consists of annual abdominal MRI. Treatment of renal
tumours should be prompt and generally consist of wide-
margin surgical excision and consideration of retroperitoneal
lymph node dissection. The choice for systemic treatment in
metastatic disease should, if possible, be part of a clinical trial.
Screening procedures in HLRCC families should preferably
be evaluated in large cohorts of families.
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Fig. 1 The three main clinical characteristics of HLRCC: a piloleiomyomas of the skin, b multiple uterine leiomyomas, ¢ papillary renal cell
cancer with their accompanying histological pictures. Reproduced with permission from Refs. [6, 53 and 9], respectively

Introduction

Hereditary leiomyomatosis and renal cell cancer (HLRCC)
(OMIM #150800) is an autosomal dominant condition
clinically characterized by three main features: (a) multiple
cutaneous piloleiomyomas, which present as firm reddish
skin papules or nodules, often in a segmental fashion,
(b) multiple early-onset uterine leiomyomas which in many
cases lead to myomectomies or hysterectomy and (c) an
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early-onset form of type 2 papillary renal cell cancer which
has a propensity to metastasize early. The risk of renal cell
cancer in HLRCC is uncertain due to the considerable
variation of renal cell cancer prevalence among published
cohorts of families [1-5]. The main clinical characteristics
of HLRCC are illustrated in Fig. 1.

The following clinical criteria were proposed for a likely
diagnosis of HLRCC: (1) histologically confirmed multiple
cutaneous piloleiomyomas or (2) at least two of the
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following manifestations: surgical treatment for symptom-
atic uterine leiomyomas before age 40, type 2 papillary renal
cell carcinoma before age 40 or a first-degree family member
who meets one of these criteria [6]. Collecting duct renal
carcinoma before age 40 has been suggested as an additional
histological subtype indicative for the syndrome [7].

The gene alteration in HLRCC was identified in 2002 by
Tomlinson et al. This research group identified underlying
heterozygous germline mutations in the fumarate hydratase
(FH) gene, which encodes the tricarboxylic acid (TCA,
Krebs) cycle enzyme which catalyses the conversion of
fumarate to malate [8]. In a subsequent study among 35
North American HLRCC families 31 (89 %) had germline
FH mutations [9].

Pathogenic germline FH mutations have now been
detected in 76—100 % of families with suggestive clinical
features [7]. In families with characteristic features
but without a demonstrated germline FH mutation the
diagnosis HLRCC can be supported by immunohisto-
chemical studies of tumors. In tumors with fumarate
hydratase defects accumulated fumarate will lead to suc-
cination of proteins which can be revealed by an immu-
nohistochemical assay [10].

Wider application of FH mutation analysis will likely
reveal a more variable clinical picture of HLRCC than that
observed thus far in the “classic” pedigrees. Remarkably, a
recent study showed FH germline mutations in patients
with paragangliomas [11].

The uncertain renal cell cancer risk in HLRCC, the
documented childhood onset and the aggressive nature of
many type 2 papillary renal cell cancers in HLRCC have
raised questions concerning surveillance and treatment. We
have considered these issues as part of the Fifth Sympo-
sium on Birt-Hogg-Dubé syndrome and Second Sympo-
sium on HLRCC, held in Paris, France, on June 28 and 29,
2013. The management protocol proposed in this article is
based on a literature review and a consensus meeting.
Recently, an international collaboration has been estab-
lished for evaluation of renal cell cancer in HLRCC. The
outcome of this evaluation may lead to higher levels of
evidence for clinical recommendations in the future.

Clinical characteristics of renal cancer in HLRCC

Based on the distinct clinical, histological and cytological
features of renal cell cancer in HLRCC [4, 5] this tumour
type has recently been listed as a separate entity in the
classification of renal neoplasia as “HLRCC-associated
RCC” [12]. The histological picture is usually described as
type 2 papillary renal cell cancer. It should be noted,
however, that pathological features are variable and
include a spectrum of architectural patterns. Importantly,

Table 1 The prevalence of RCC among families with HLRCC

No. of HLRCC No. (%) of No. of References
families families with patients with

investigated RCC RCC

35 5 (14 %) 13 [9]

18 2 (11 %) [14]

41 12 %) 1 [3]

21 13 (62 %) 20 [15]

14 1 (7 %) 1? [6]

14 7 (50 %) [7]

40 11 (28 %) 17 [16]

% One additional FH mutation carrier had Wilms’ tumor

other syndromic features in affected patients may be absent
or inconspicuous. Therefore, the further development of
the immunological assay described by Bardella et al. may
yield an additional diagnostic tool in patients with sus-
pected HLRCC [4, 5, 10, 13]. In Table 1 renal cancer
prevalence figures are given for a series of studies. Renal
cancer has been observed in about 20 % of families, but the
prevalence figures vary greatly, probably largely due to
variable ascertainment of kindreds. Figure 2 shows the
distribution of age at diagnosis for 103 individuals with
HLRCC-associated renal cell cancer for which age at
diagnosis was reported. For this group the mean age at
diagnosis was 41 years with a range from 11 to 90 years.
Apparently, 7 % of cases have been diagnosed before the
age of 20 years.

Among the larger series of cases [4, 16, 18] 3/74 (4 %)
of patients had RCC before age 20 and this might indicate
publication bias of very early onset cases.

The lifetime renal cancer risk in HLRCC is around 15 %
based on expert opinion. The type of FH mutation does not
seem to be an essential factor in renal cancer risk. In
addition, there is no evidence that renal cancer risk is
especially high in families in which renal cancer has
occurred previously [8, 9, 31, 32].

In their study of 40 renal tumours resected from 38
patients belonging to HLRCC families with proven FH
germline mutations Merino et al. [4] found the renal tumours
to be predominantly unilateral and solitary. Treatment, fol-
low-up and outcome for 19 patients with HLRCC-associated
renal cancer was reported by Grubb et al. [5]. HLRCC
patients whose tumours were detected and managed surgi-
cally when they were small have been observed to have a
favourable prognosis with no evidence of disease after par-
tial or radical nephrectomy for localized disease. However,
the authors found the rate of distant metastasis in HLRCC to
be higher than observed for other hereditary renal cancer
syndromes such as Birt—-Hogg—Dubé syndrome. Among the
27 patients with HLRCC-associated kidney cancer described
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by Gardie etal. [16] 20 (74 %) died due to metastatic disease.
Since these patients were diagnosed after clinical symptoms
had occurred the poor outcome in this group may reflect both
delayed diagnosis and the aggressive nature of this renal
cancer subtype.

Genetic (DNA) testing and renal cancer surveillance

In general, the pros and cons of surveillance in individuals
with an increased cancer risk have to be weighed carefully,
since surveillance not only has potential advantages (early
detection and treatment of cancer) but also potential dis-
advantages. The efficacy of renal cancer surveillance in
HLRCC has not yet been formally analysed and the rarity
of HLRCC means that such an analysis would need to be
performed either by a multicentre international collabora-
tion or at centers with a large experience of this disorder.

DNA testing for late-onset hereditary tumour syndromes
and subsequent surveillance of mutation carriers is generally
performed from the age of 1618 years onward, based on the
assumption, that from this age, the individual can weigh the
pros and cons of DNA testing without parental involvement.
In contrast, DNA testing of children is advised for those
conditions in which the identification of the familial mutation
should lead to preventive measures starting in childhood.

In HLRCC the estimated cumulative renal cancer risk is
about 15 % and based on the age distribution of RCC in this
condition (Fig. 2), the risk for ¥H mutation carriers to develop
renal cancer before age 20 years is an estimated 1-2 %.

The varying recommendations for surveillance as given
in literature are summarized in Table 2. Based on the

Age distribution of renal cell cancer in HLRCC
25 -

20

Number of patients with renal cell cancer

NN I I )
PSSR S S OB N L I AN oI )
SN I R O N R R G Y

Age at diagnosis of renal cell cancer (years)

Fig. 2 Distribution of ages at diagnosis of renal cell cancer in
HLRCC in 103 patients reported in literature. References with
number of patients between brackets: [1] (1), [13] (9), [17] (1), [2, 3]
(1), [18] (12), [4] (37), [19] (1), [20] (2), [21] (1), [22] (1), [23] (3),
[24] (1), [25] (1), [6] (1), [16] (25), [26] (1), [27] (1), [28] (1), [291 (1)
(301 (2)
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occurrence of renal cancer as early as 10 years old (Line-
han, personal communication) childhood FH mutation
testing and surveillance have been recommended for
HLRCC from the age of 8 years onward (www.hlrccinfo.
org) or even as early as 5 years of age [23]. Other groups
apparently have concluded that for the young age group the
risk is small and that DNA testing and surveillance could
be postponed until the age of 18-20 years, thereby avoid-
ing the burden of surveillance for young children.

We here propose that predictive FH mutation testing
(when technically possible) should be offered prior to renal
cancer surveillance in order to avoid unnecessary investi-
gations. However, refusal of genetic testing should not
prevent access to a surveillance programme. DNA testing
should be considered from the age of 810 years onward
but decided on an individual basis. While individuals who
test negative for the familial pathogenic FH mutation do
not need surveillance, mutation carriers should be offered a
yearly MRI with 1-3 mm slices through the kidneys in
order to detect very small tumours. If surveillance is started
at a childhood age (after a positive FFH mutation result) a
baseline MRI taking 1-3 mm slices through the kidneys
should be performed with subsequently annual MRI. Renal
ultrasound is not recommended due to the low sensitivity
of ultrasound to detect small lesions (unless ultrasound is
the only available imaging modality).

Based on the present state of knowledge, decisions about
predictive testing and surveillance before age 18 years should
be made on an individual basis and the results of all procedures
should be recorded to allow further audit and evaluation. We
recommend strongly that the results of HLRCC screening
investigations be collected prospectively and made available
to appropriate research and audit projects.

Treatment of renal cancer

In the following two paragraphs, surgical curative treat-
ment of localised renal cancer and palliative treatment of
metastatic disease in HLRCC will be considered. For a
general discussion of cytoreductive nephrectomy in meta-
static renal cancer and the current status of adjuvant and
neoadjuvant systemic therapy the reader is referred to a
recent review [33].

Surgical curative treatment of renal cancer in HLRCC

About 25 years ago the standard surgical treatment for
localised renal cancer was radical nephrectomy. At present,
however, nephon sparing therapy is generally recom-
mended for small renal tumours [34]. Nephron sparing
therapy is especially important for patients with hereditary
renal cancer which is associated with a predisposition to
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Table 2 Recommendations for surveillance in HLRCC reported in literature

Age to start Modalities  Interval Remarks References
surveillance for between
(years) surveillance imaging
procedures
5 CT, MRI, 6 months Baseline CT followed by [23]
ultrasound ultrasound; MRI if available
20 MRI, 6 months Alternating MRI and ultrasound [6]
ultrasound
18-20 Contrast- At least every Option for surveillance [71
enhanced 12 months <18 years in families with
MRI very early onset RCC
8 Contrast- 12 months HLRCC Family Alliance 2013; National Cancer Institute;
enhanced http://www.hlrccinfo.org
MRI
10 MRI 12 months Expert National Center for Rare Cancers PREDIR 2012;
French National Cancer Institute; http://www.predir.org/
View/maladies.aspx
bilateral and multifocal tumours. Synchronous or  aimed at intervention in the molecular pathways involved.

metachronous renal cancers may call for multiple episodes
of treatment and preservation of renal function is therefore
an essential consideration in these patients. Thus in von
Hippel-Lindau syndrome, hereditary papillary renal car-
cinoma and Birt-Hogg-Dubé syndrome, surgical inter-
vention is recommended when the diameter of the largest
tumour exceeds 3 cm. This “3 cm rule” is applied due to
the relatively slow growth of the renal tumours in these
syndromes [35-40]. However, HLRCC provides an
exception to this rule since in this condition metastasis can
occur even in cases of small primary tumours, which are
often unilateral and solitary. HLRCC-associated kidney
cancer represents a distinctive tumour type with a different
molecular pathogenesis and a more aggressive biological
behaviour than most other types of kidney cancer. Conse-
quently, an active surveillance approach is not recom-
mended for renal tumours in HLRCC patients.

In HLRCC, for the delineation of a tumour found at
renal MRI, subsequent abdominal CT scanning may be
recommended. Management of a suspected renal cancer
most often consists of open partial nephrectomy. Prompt
surgical extirpation with wide surgical margins and con-
sideration of retroperitoneal lymphadenectomy are
advised [5]. Radical surgery may be recommended if
there is doubt that a partial nephrectomy would be cura-
tive. Neither radiofrequency ablation (RFA) nor cryo-
therapy for renal cancer is advised for patients affected
with HLRCC.

Systemic treatment of metastatic renal cancer
in HLRCC

Insight into the molecular pathogenesis of renal cancer has
led to the development of new forms of “targeted” therapy

Since clear cell renal cancer (ccRCC) is the most common
histological subtype of renal cell cancer and since much of
the molecular pathogenesis of this tumour type has been
clarified, most forms of targeted therapy have been studied
in cohorts of patients with sporadic ccRCC. At the
molecular level, the most well-studied genetic pathways
involved in the pathogenesis of ccRCC include the VHL
tumour suppressor/hypoxia inducible factor (HIF) pathway
[including HIF targets, such as vascular endothelial growth
factor (VEGF), platelet derived growth factor (PDGF) and
epidermal growth factor (EGF)] and the mTOR pathway.
For common clear cell renal cancer there is renewed
interest in the role of immunotherapy (notably the only
potentially curative form of therapy for patients with
advanced clear cell carcinoma) and a main role for
approaches targeting the VHL/HIF pathway. In the US, the
FDA has currently approved seven agents targeting the
VHL/HIF and mTOR pathways, i.e. bevacizumab,
pazopanib, axitinib, sunitinib, sorafenib, temsirolimus and
everolimus [41, 42].

Recently, aberrant metabolism in renal cell cancer has
been identified as an essential factor in kidney tumour
formation and newer forms of targeted therapy are aimed at
deranged metabolic pathways, in particular abnormalities
of the TCA cycle and glycolysis [43, 44].

In HLRCC the main histological tumour type is papillary
type 2 and a primary molecular alteration is a disruption of
the TCA cycle. Germline mutations in the FH gene resulting
in fumarate hydratase deficiency lead to a decrease in oxi-
dative phosphorylation due to alteration of the function of the
TCA cycle [45] and impairment of the oxidative function of
the electron transport chain [46]. Accumulated fumarate
functions as an oncometabolite. This effect is due to multiple
mechanisms, including HIF stabilisation with subsequent
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effects on HIF targets and disrupted function of multiple
proteins due to succination [47, 48]. In addition, metabolic
abnormalities associated with FH inactivation are associated
with epigenetic abnormalities [49, 50]. The pathways
involved and the interaction between these pathways in
HLRCC are manifold and complex and reviewed in several
recent articles [51, 52].

At present, no standard therapy has been developed for
patients with metastatic type 2 papillary RCC associated
with germline FH mutations. Currently, a phase 2 study of
bevacizumab and erlotinib targeting VEGF and EGFR,
respectively, is open to subjects with advanced HLRCC-
associated renal cancer or sporadic papillary RCC (www.
clinicaltrials.gov). The rationale for this form of treatment is
the presumed role of reduced fumarate hydratase activity in
HIF stabilisation and activation of HIF targets.

Yamasaki et al. [26] described the case of a 24-year-old
woman with HLRCC and metastatic papillary type 2 renal
cancer, initially treated with a mTOR inhibitor. When
progression of disease occurred after 5 months, 2-deoxy-p-
glucose (2DG), an inhibitor of glycolysis, was administered
based on the notion that inhibition of glycolysis might be
especially effective for tumour cells with a TCA cycle
defect since these tumours are dependent on glycolysis for
ATP production. Unfortunately, however, this therapy had
no clinical effect and further studies are needed to deter-
mine whether disruption of glycolysis in HLRCC-associ-
ated cancers will be feasible and effective. Various other
forms of targeted therapy in HLRCC are currently being
developed as summarized by Linehan and Rouault [52].

Summary and conclusion

The estimated lifetime renal cancer risk for FH mutation
carriers is probably about 15 %. The exact cumulative risk
figure should be determined in future studies. Currently, we
cannot identify FH mutation carriers with a lower versus a
higher renal cell cancer risk. As outlined above, no clear
genotye—phenotype correlations have been found and there
is no evidence for a lower RRC risk in kindreds with a
negative family history for RCC. In view of the documented
early onset of RCC in HLRCC, periodic renal imaging and,
when available, predictive testing for a FH mutation should
be offered starting from 8 to 10 years of age. However, the
small risk of renal cell cancer in the 10-20 years age range
and the potential drawbacks of screening should be carefully
discussed on an individual basis in order to reach the opti-
mum decision for each case. Imaging preferably consists of
yearly renal MRI. Treatment of local tumours should be
prompt since the 3 cm rule (see above) is not applicable for
HLRCC. Treatment generally consists of wide-margin sur-
gical excision and consideration of retroperitoneal lymph
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node dissection. The choice for systemic treatment in
metastatic disease should preferably be part of a clinical trial.
Current clinical trials including treatment of renal cell cancer
in HLRCC are summarized at www.clinicaltrials.gov.

HLRCC exemplifies the challenges posed by rare dis-
eases in which there is wide phenotypic variation ranging
from minor skin involvement to fatal metastatic RCC.
Clinicians have to balance the likely benefits and draw-
backs of screening procedures with a paucity of evidence
from prospective studies and an absence of biomarkers to
indicate which FH mutation carriers are at especially high
risk of RCC. Hence screening procedures in HLRCC
families should preferably be evaluated in large cohorts of
families through international collaboration.
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