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REVIEW

Hereditary leiomyomatosis and renal cell 
carcinoma: a case series and literature review
Zahraa Chayed1* , Lone Krøldrup Kristensen2, Lilian Bomme Ousager2, Karina Rønlund3 and Anette Bygum4

Abstract 

Background: Hereditary leiomyomatosis and renal cell carcinoma (HLRCC) is a rare genodermatosis characterized 
by cutaneous leiomyoma (CLM), uterine leiomyoma (ULM) and renal cell carcinoma (RCC). Five HLRCC patients are 
presented with a compiled database of published HLRCC cases to increase understanding of HLRCC. Furthermore, a 
surveillance program is suggested. Our review is based on a PubMed search which retrieved case reports and cohort 
studies published before November 2019. The search yielded 97 original papers with a total of 672 HLRCC patients.

Results: CLMs were present in 474 patients (71.5%), developed at the mean age of 28 years. Five patients had 
cutaneous leiomyosarcomas. ULMs were present in 356 women (83%), while two had uterine leiomyosarcoma. ULMs 
were diagnosed at a mean age of 32 years, with the youngest diagnosed at age 17 years. The most common surgical 
treatment for ULMs was hysterectomy, performed at a mean age of 35 years, with the youngest patient being 19 years 
old. RCCs were present in 189 patients (34.9%), of which half had metastatic disease. The mean age of diagnosis was 
36 years with the youngest patient diagnosed with RCC at the age of 11 years.

Conclusion: We suggest a surveillance program for HLRCC including a dermatological examination once every 
2 years, annual magnetic resonance imaging starting at the age of 10 years to monitor for early RCCs, annual gyneco-
logical examinations from the age of 15 years and counseling regarding risk of hysterectomy and family planning at 
the age of 18 years. CLMs are often the earliest manifestation of HLRCC, which is why recognizing these lesions, per-
forming a biopsy, and making a prompt referral to genetic counseling is important in order to diagnose HLRCC early.
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Background
Hereditary leiomyomatosis and renal cell carcinoma 
(HLRCC) is a syndrome with an autosomal dominant 
inheritance pattern, characterized by the development 
of cutaneous leiomyoma (CLM), uterine leiomyoma 
(ULM) and renal cell cancer (RCC) [1]. HLRCC has 
been reported in more than 300 families worldwide 
although it may be underdiagnosed [2, 3]. While CLMs 
are often painful, the actual morbidity of the syndrome 
is connected to the RCCs, which tend to be aggressive 
and metastasize early. ULMs in HLRCC often require 

hysterectomies [3, 4]. Understanding the patient group 
and diagnosing the disease early is therefore very impor-
tant in order to adequately manage the symptoms and 
enroll patients in a surveillance program.

HLRCC is caused by a germline mutation in the fuma-
rate hydratase (FH) gene. A pathogenic variant in FH 
can be detected in 71–100% of families with features 
suggestive of HLRCC [4, 5]. The FH gene is located on 
chromosome 1q43 and encodes an enzyme that cata-
lyzes the conversion of fumarate to malate in the Krebs 
cycle [4–6]. Mutations in FH cause an accumulation of 
fumarate, which leads to the activation of hypoxia induc-
ible factor 1 (HIF1). HIF1 induces expression of mul-
tiple genes involved in cell survival and proliferation, 
thus leading to an inappropriate activation of oncogenic 
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hypoxia pathways [4, 7]. Biallelic mutations in FH lead to 
the development of fumarate hydratase deficiency, which 
is a rare condition characterized by neurologic dysfunc-
tion and a significantly shortened lifespan [1].

CLMs are often the first manifestation of the syndrome. 
They are developed at a mean age of 24 years and present 
as skin-colored to hyperpigmented erythematous papules 
or nodules, either solitary or multiple, appearing in vari-
ous patterns and distributions [3–5]. CLMs are typically 
described in 3 different types: (1) piloleiomyomas (most 
common), which originate from arrector pili muscles 
around the hair follicles, (2) angioleiomyomas, which 
originate from the smooth muscles of blood vessels and 
(3) genital leiomyomas, which originate from the tunica 
dartos of the genital skin and mammary muscles of the 
nipples. Piloleiomyomas and angioleiomyomas tend to be 
painful [3, 5]. The pain can occur spontaneously or can 
also be induced by the application of touch or pressure, 
temperature changes or emotional stress. The transfor-
mation of leiomyomas to leiomyosarcomas is rare.

ULMs are benign tumors, originating from the smooth 
muscle of the uterus. HLRCC associated ULMs are diag-
nosed on an average age of 10 years earlier than sporadic 
fibroids, are larger and usually appear in greater num-
bers. ULMs often give rise to irregular menstrual cycle, 
menorrhagia, pain and complications related to fertility, 
pregnancy and birth [3–5]. Due to the severity of symp-
toms most patients undergo myomectomies or hysterec-
tomies, often before the age of 30 years [4].

RCCs are tumors originating from the renal tubule 
epithelium. RCCs have a lower penetrance compared to 
the other two manifestations, as approximately 18–20% 
of FH mutation carriers have been diagnosed with RCC 
[4, 7]. The most common symptoms include hematu-
ria, pain in the flank or lower back and a palpable mass. 
These tumors are more aggressive than sporadic ones 
and 70% of patients will die within 5  years due to dis-
seminated disease [3–5]. RCCs tend to metastasize early, 
when the tumor is no larger than 1  cm. The main dif-
ferential diagnoses to hereditary RCCs are Birt–Hogg–
Dube syndrome (BHDS), Von Hippel–Lindau syndrome 
and hereditary papillary renal cancer (HPRC). BHDS is 
characterized by several manifestations other than RCCs, 
such as lung cysts and various skin lesions. VHLS is char-
acterized by renal cysts, central nervous system heman-
gioblastoma and pancreatic tumors. Lastly, HPRC’s only 
manifestation is RCCs [5]. Another syndrome which 
can present with RCCs is BAP1 tumor predisposition 
syndrome, which is also associated with atypical Spitz 
tumors, uveal and cutaneous melanomas, basal cell carci-
noma and malignant mesothelioma [8].

Although rare, pheochromocytomas have also been 
reported in relation to FH mutations. Patients with 

HLRCC are therefore likely to have an increased risk of 
developing pheochromocytoma [9–11].

Possible genotype–phenotype associations have been 
searched for but have not yet been clearly established [12, 
13]. Also, a large intrafamilial variation in disease mani-
festations is seen, arguing against a clear genotype–phe-
notype correlation [14, 15].

The diagnostic criteria for HLRCC proposed by 
Schmidt et  al. include one major criterion and three 
minor criteria [16]. The major criterion, which points 
to a high likelihood of HLRCC, is presence of multiple 
CLMs with at least one histologically confirmed leio-
myoma. The minor criteria, which raise the suspicion of 
HLRCC, include: (1) solitary CLMs and a family history 
of HLRCC, (2) early onset type 2 papillary tumors of the 
kidney or (3) multiple symptomatic uterine fibroids of 
early onset (< 40 years old). A definitive diagnosis can be 
made when a pathogenic variant in FH is identified [16].

As patients with HLRCC have a tendency to develop 
early onset RCCs and symptomatic, early onset ULMs, 
surveillance is important in order to detect RCCs and 
ULMs as early as possible. Furthermore, a surveillance 
program should also monitor CLMs for transformation 
to leiomyosarcoma. Various HLRCC surveillance pro-
grams have been proposed so far, although a definitive 
surveillance program is yet to be established [17].

This paper presents five HLRCC patients and charac-
terizes a series of published HLRCC cases in order to get 
a better understanding of this syndrome. Furthermore, a 
surveillance program is proposed. The following param-
eters will be explored: presence and characteristics of 
RCCs, CLMs and ULMs, age at onset or diagnosis, family 
history, FH variant status and diagnostic work-up.

Materials and methods
This study is a review of published HLRCC case reports 
and cohorts. The data used in this study consists of 
papers collected through a literature search using Pub-
Med. The search was conducted between 14/11/2019 
and 28/11/2019 using the following keywords: HLRCC, 
hereditary leiomyomatosis and renal cell cancer, heredi-
tary leiomyomatosis and renal cell carcinoma, Reed’s 
syndrome, leiomyomatosis cutis et uteri and MCUL 
(multiple cutaneous leiomyomas with uterine leiomyo-
mas). Papers included were HLRCC case reports or 
cohorts that described the presentation of CLMs, ULMs 
and RCCs. Papers were excluded if they did not contain 
the relevant information describing these characteris-
tics, and if they were not in English. Some additional 
papers were found by searching through the reference 
list of other papers. In total, we identified 97 papers of 
which 82 were case reports and 15 were papers describ-
ing cohorts or families, with a total of 672 HLRCC cases. 
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Data extraction was conducted by the first author, who 
looked for the following categories of data: gender, age of 
cases (at onset of disease or at diagnosis), presence and 
description of CLMs (age of onset, symptoms, number, 
location), ULMs (age at diagnosis, treatment, age at treat-
ment) and RCCs (age at diagnosis, metastases, treat-
ment), family history, presence of FH mutation and how 
the diagnosis was made (by determining what resulted 
in the referral: RCC symptoms, CLM symptoms, ULM 
symptoms or other) (Additional files 1 and 2). The data 
was analyzed, and mean age of onset/diagnosis were 
calculated by combining the data from individual case 

reports and the existing means from cross-sectional 
studies, using StataCorp 16.

HLRCC cases
See Table 1 and Fig. 1.

Results
Review of the literature resulted in inclusion of a total 
of 672 patients with HLRCC in our database, 239 men 
(35.6%) and 433 women (64.4%).

Table 1 HLRCC case presentations

Age, gender Family 
number

Family history Phenotype Genotype

CLMs ULMs RCC Pathogenic variant

Patient 1 55, F I Daughter with HLRCC 
(patient 2)

Multiple (> 5 CLMs) Yes (hysterectomy at age 40) No c.595G > C, p.Ala199Pro

Patient 2 31, F I Mother with HLRCC (patient 
1)

Multiple (> 5 CLMs) No No c.595G > C, p.Ala199Pro

Patient 3 36, F II Mother with CLMs and 
hysterectomy due to ULMs. 
Maternal uncle with RCC, 
onset at age 65. Several 
family members on the 
maternal side with HLRCC 

Multiple (> 5 CLMs) Yes (hysterectomy at age 36) No c.450 T > A, p.Asn150Lys

Patient 4 41, M III Father with CLMs. Paternal 
grandmother underwent 
hysterectomy at the age of 
28 years. Sister with HLRCC 
(patient 5)

Multiple (> 5 CLMs) - No c.1058_1108 + 19del, p.?

Patient 5 43, F III Brother with HLRCC (patient 
4)

Multiple (> 5 CLMs) Yes (hysterectomy at age 28) No c.1058_1108 + 19del, p.?

Fig. 1 Typical appearance of cutaneous leiomyomas. a A single prominent red nodule, surrounded by two smaller flat lesions located at the right 
breast of patient 3. b A cluster of skin colored to reddish CLMs located on the upper arm in the mother of patient 3
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Cutaneous leiomyoma
Table 2 provides an overview of CLMs. CLM status was 
reported for 663 patients (98.7%), of which 474 (71.5%) 
had CLMs. The mean age of onset was reported in 120 
patients (25.3%) and calculated to be 28.4  years ± 11.08 
standard deviation (SD) (range 11–79  years). The num-
ber of lesions was reported in 97 patients (20.5%), of 
which the majority had multiple (more than 5) lesions. 
CLM symptoms were described in 171 patients (36.1%): 
31 (18.1%) were asymptomatic, 124 (72.5%) had pain, 14 
(8.2%) had pruritus and two patients (1.2%) had CLMs 
that were both painful and pruritic. Many patients were 
found to have more than one stimulus that triggered pain. 
The distribution of these stimuli can be seen in Fig.  2. 
Pain in response to cold was the most common type of 
painful stimuli, closely followed by pain in response to 
tactile stimuli (touch, pressure). The location of CLMs 

varied widely and it was common to have lesions cover-
ing more than one location. Figure 3 shows the distribu-
tion of CLMs across various anatomical regions. A total 
of five patients developed cutaneous leiomyosarcomas.

Table 2 Overview of CLMs

1 Not available (NA) data due to lack of mention in the case reports and cohort 
studies
2 CLM painful stimuli and CLM distribution were not known for all patients. 
Furthermore, most cases had more than one pain triggering stimuli and more 
than one location which was affected by CLMs.

Characteristic Reported value (%)

CLM reported (n = 672)

 Yes 474 (70.5%)

 No 189 (28.1%)

 NA1 9 (1.4%)

 CLM mean age at onset, mean ± SD (range) 28.4 years ± 11.08 
(11–79 years) 
(n = 120)

CLM number

 Few (< 5) 6/474 (1.3%)

 Multiple (≥ 5) 91/474 (19.2%)

 NA 377/474 (79.5%)

CLM symptoms

 Asymptomatic 31/474 (6.5%)

 Painful 124/474 (26.2%)

 Pruritic 14/474 (3%)

 Painful and pruritic 2/474 (0.4%)

 NA 303/474 (63.9%)

CLM painful  stimuli2

 Pain in response to tactile stimuli (touch, pres-
sure)

48/121 (39.7%)

 Pain in response to unspecified temperature 
changes

4/121 (3.3%)

 Pain in response to cold 56/121 (46.3%)

 Pain in response to heat 10/121 (8.2%)

 Pain in response to emotional stress 3/121 (2.5%)

CLM  distribution2

 Head and neck 33/300 (11%)

 Trunk 119/300 (39.7%)

 Upper limbs (including shoulders) 80/300 (26.7%)

 Lower limbs (including buttocks and genitals) 68/300 (22.6%)

Fig. 2 Distribution of pain triggering stimuli

Fig. 3 Distribution of CLMs
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The majority of CLMs can be found on the trunk, fol-
lowed by the upper extremities, the lower extremities and 
lastly the head and neck area.

Uterine leiomyoma
Table  3 provides an overview of ULMs. ULM sta-
tus was known in 429 women (99.1%), of which 356 
(83%) had ULMs. The age at diagnosis was known for 
67 patients (18.8%) and the mean was calculated to be 
32.06  years ± 6.6 SD (range 17–48  years). The choice of 
surgical treatment for ULM was known for 232 women 
(65.2%): 179 (77.2%) received a hysterectomy, 40 (17.2%) 
received a myomectomy and 13 (5.6%) had an unspecified 
surgery. Hysterectomies, the most common treatment for 
ULMs, were performed at a mean age of 34.7 years ± 6.2 
SD (range 19–50  years). Two women developed uterine 
leiomyosarcomas.

Renal cell carcinoma
Table  4 provides an overview of RCCs. RCC status was 
known for 542 patients (80.7%) of which 189 (34.9%) had 
RCCs, 101 (53.4%) in a metastatic state. The mean age of 
diagnosis for RCC was reported in 51 patients (27%) and 
calculated to be 36.1 years ± 13.4 SD (range 11 –79 years).

Family history, FH variants and diagnosis
The majority of the patients had a positive family his-
tory for RCCs, CLMs or ULMs. Of the 227 patients who 
had been asked about family history, 199 (87.8%) could 
confirm a positive family history. FH mutational testing 
was conducted in 333 patients and revealed a pathogenic 
variant in 332 (99.7%) of those. In the remaining patient, 
sequencing of the FH exon regions (using RNA extracted 
from a leiomyoma) did not reveal any genetic variants; 
however, this does not exclude gross deletions or the 
presence of a pathogenic variant in the promotor region 
or in the intron regions.

Figure 4 gives an overview of how the clinical diagnosis 
was made: 85 patients (45.5%) were diagnosed based on 
CLM symptoms, 21 (11.2%) were diagnosed due to RCC 
symptoms, 8 (4.3%) were diagnosed due to ULM symp-
toms, 61 (32.6%) were diagnosed due to a positive fam-
ily history or the diagnosis of a close family member and 
lastly 12 (6.4%) were diagnosed due an incidental finding 
of HLRCC manifestations.

Discussion
We conducted a literature search and characterized the 
clinical features of 672 HLRCC patients. Based on our 
findings we propose the surveillance program for HLRCC 
presented in Table 5 and discussed below.

We found that CLMs were often the earliest manifes-
tation of HLRCC, appearing at a mean age of 28.4 years. 
In a study by Toro et al. CLMs appeared at a mean age 
of 25 years [18]. This makes these cutaneous lesions very 
important to recognize in order to diagnose the disease 

Table 3 Overview of ULMs

ULM reported (n = 672)

 Yes 356/433 (82.2%)

 No 73/433 (16.9%)

 NA 4/433 (0.9%)

 ULM age at diagnosis mean ± SD (range) 32.06 years ± 6.6 (17–48 years) (n = 67)

ULM treatment

 Myomectomy 40/356 (11.2%)

 Hysterectomy 179/356 (50.3%)

 Unspecified surgery 13/356 (3.7%)

 NA 124/356 (34.8%)

 ULM age at hysterectomy, mean ± SD (range) 34.7 years ± 6.2 (19–50 years) (n = 60)

Table 4 Overview of RCCs

RCC reported (n = 672)

 Yes 189 (28.1%)

 No 353 (52.5%)

 NA 130 (19.4%)

 RCC mean age at diagnosis, mean ± SD (range) 36.1 years ± 13.4 
(11–79 years) 
(n = 51)

RCC metastases

 Yes 101/189 (53.5%)

 No 49/189 (25.9%)

 NA 39/189 (20.6%)

RCC treatment

 Nephrectomy (unspecified type) 31/189 (16.4%)

 Nephrectomy (radical) 25/189 (13.2%)

 Nephrectomy (partial) 6/189 (3.2%)

 NA 127/189 (67.2%)
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early. With CLM symptoms also being the most com-
mon symptoms, that lead to a diagnosis of HLRCC, this 
further highlights the importance of recognizing CLMs, 
performing a biopsy and making a prompt referral to 
genetic counseling to uncover family history and test for 
FH variants. The majority of CLMs in our study were 
described as painful, but this could perhaps be due to 
selection bias as patients with asymptomatic CLMs are 
less likely to seek medical intervention and thus less likely 
to be reported. We found five cases of cutaneous leio-
myosarcomas in our study. For early detection of CLM 
transformation into leiomyosarcomas, Patel et  al. rec-
ommends dermatological examination annually or once 
every 2  years in patients diagnosed with HLRCC [3]. 
With the low prevalence of cutaneous leiomyosarcomas 
in mind, we suggest that a dermatological examination 

once every 2 years is sufficient. Furthermore, it is impor-
tant to notify patients to seek a dermatologist if they 
notice a change in their lesions.

We found that 83% of women in our study had ULMs, 
diagnosed at a mean age of 32.06  years. This indicates 
that ULMs are a highly penetrant manifestation of 
HLRCC, and is supported by other studies, which show 
that 81.7%-98% of women with FH mutations are affected 
with ULMs [7, 18]. Sporadic fibroids, in comparison, 
have been found to have an overall prevalence of 9.6% in 
the general population with the highest incidence in age 
group 45–49 years [19]. This means that HLRCC related 
ULMs are diagnosed approximately 13–17  years earlier 
than their sporadic counterparts. ULMs pose a signifi-
cant risk to fertility in themselves but also due to their 
highly symptomatic nature which often require early hys-
terectomies. This study found that 77.2% of women with 
ULMs had a hysterectomy performed at the mean age 
of 34.7 years. A Portuguese study found the mean age of 
hysterectomies in the general population to be approxi-
mately 55.2 years, while the mean age of hysterectomies 
due to sporadic uterine fibroids was 48.6 years [20]. This 
means that hysterectomies due to HLRCC associated 
ULMs are performed 14–21  years earlier than in the 
general population. The high risk of early hysterectomies 
raises a serious concern for the affected women’s fertility, 
which is why Smit et al. argues that these patients should 
receive early adulthood counseling on family planning 
[21]. The youngest patient to undergo hysterectomy in 
our study was 19 years of age. Therefore, we suggest that 
the optimal time for consultation regarding risk of hys-
terectomy and family planning would be at the age of 
18 years. With the age of the youngest patient diagnosed 
with ULMs in mind, we suggest that the surveillance pro-
gram includes annual gynecological examinations start-
ing from the age of 15 years. The recommended method 
of surveillance is ultrasound examination [21].

HLRCC associated RCCs have long been known to 
develop at early age and to have early metastatic poten-
tial. Additionally, HLRCC-associated RCCs can metasta-
size when the tumor is no larger than 1  cm. The mean 
age of diagnosis found in our study confirms the early 

Fig. 4 Overview of cardinal symptoms leading to a diagnosis of 
HLRCC 

Table 5 Proposed HLRCC surveillance program for confirmed FH mutation carriers

CLM

 Dermatological examination once every 2 years, starting from onset of CLMs

 Instructions to contact a dermatologist in case of changes in CLMs

ULM

 Annual gynecological ultrasound examination, starting from the age of 15 years

 Counseling regarding risk of hysterectomy and family planning at the age of 18 years

RCC 

 Annual contrast enhanced MRI of the abdomen, starting from the age of 10 years
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development of RCCs. To emphasize how early these 
tumors develop, it is worth noting that sporadic RCCs 
have a mean age of diagnosis of 63–68  years [22, 23], 
which is approximately 27–32  years later than HLRCC 
associated RCCs. This highlights the necessity of an early 
screening program. Patel et al. recommends starting the 
screening program at the age of 10 years while Schmidt 
et  al. recommends starting as early as 8  years [3, 16]. 
Menko et al. recommends that decisions about renal sur-
veillance before the age of 18 years should be made on an 
individual basis [17]. However, we found four patients in 
our study who developed RCC before the age of 20, the 
youngest being 11 years old, while a recent review iden-
tified 7 more patients, the youngest being 10  years old, 
which is why we will also recommend starting the screen-
ing program at the age of 10 years [24]. The method for 
surveillance should be annual contrast enhanced MRI of 
the kidneys [2–4]. Lastly, it is worth pointing out that our 
review found 34.9% of the patients to have RCCs while 
previous studies have showed a penetrance of approxi-
mately 18–20%. This higher prevalence is likely caused by 
publication bias as cases with RCCs are more likely to be 
reported on.

To start surveillance early would also require early 
genetic testing. Genetic testing of children always impli-
cates important concerns on best interest and autonomy 
(including loss of their own adult choice about knowing 
their genetic status). Decisions to test must always bal-
ance the likely benefits and risks. The suggested surveil-
lance program aims for early detection of tumors at a 
more favorable prognostic level. We believe that the child 
and parents should be offered genetic counselling and 
FH variant test before entry in the surveillance program. 
Informed consent should be given by the parents and the 
child should be engaged in the decision at a developmen-
tally appropriate level, in keeping with ethics guidance.

In this study we found that the majority of patients with 
HLRCC had a positive family history. This highlights the 
need to inquire about the family history of CLMs, ULMs 
(including hysterectomies), and RCCs in patients who are 
suspected of having HLRCC. Especially the gynecolo-
gists should be alert and ask for a personal and familial 
history regarding skin and renal tumors, when they treat 
women with early onset ULMs. A positive family history, 
together with cutaneous leiomyomas, is one of the minor 
diagnostic criteria proposed by Schmidt et al. to make the 
HLRCC diagnosis [16]. A diagnosis of HLRCC can defin-
itively be made when a germline FH mutation is found. 
In this review we found that 333 patients with charac-
teristics indicative of HLRCC were tested genetically 
and of these 99.7% had a pathogenic FH variant. Earlier 
data showed germline FH variants in ~ 90% (76–100%) of 
families with clinical features suggestive of HLRCC [4]. 

Genetic testing of the FH gene is strongly recommended 
in order to confirm the diagnosis and be able to iden-
tify family members who should also be offered genetic 
counseling, genetic test, and enrolled in the suggested 
surveillance program if they are found to be carriers of a 
detected FH variant. Based on the above information, we 
have outlined our recommendations for FH genetic test-
ing in Table  6. In the few patients with clinical HLRCC 
wherein a pathogenic FH variant can’t be detected, addi-
tional immunohistochemical studies of tumors may sup-
port the diagnosis [25].

The study is based on published case reports and case 
series, which are prone to selection bias, as more severely 
affected patients may have been reported with a focus on 
the organ manifestations of interest of the author group. 
Most were cross-sectional studies, which might skew the 
results towards the earlier appearing manifestations, as 
the disease manifestations are age related and especially 
RCC may develop later in life. We may also have over-
looked some patient reports in the literature.

Finally, our review included 239 men and 433 women. 
The big difference in number might point to an under-
diagnosis of HLRCC in men, although that cannot be 
confirmed. Only two HLRCC manifestations are seen 
in men, CLMs and RCCs, which could perhaps limit 
their diagnosis options when compared to women. Case 
reports for women could be found in gynecology, urology 
and dermatology journals which might explain the over-
representation of women.

Conclusion
HLRCC is a rare genodermatosis, yet important to know 
and identify due to its morbidity and high risk of early 
malignancy, which also stresses the necessity of an appro-
priate surveillance program.

We suggest a dermatological examination once 
every two years as part of the surveillance program to 
monitor for transformation of CLMs to leiomyosar-
coma. CLMs were found to be the first manifestation 
of HLRCC and the most common symptom that led to 
the diagnosis. It is therefore important that physicians 
are able to recognize these lesions based on patient 
symptoms and clinical appearance combined with 

Table 6 Recommendations for FH genetic testing

Test for FH variants should be carried out in patients with

 More than one cutaneous leiomyoma

 One or more cutaneous leiomyomas and uterine leiomyomas (females)

 One or more leiomyoma and renal tumor

 One or more leiomyoma (cutaneous or uterine) and 1st degree relatives 
with multiple cutaneous leiomyomas, uterine leiomyomas or renal 
tumors



Page 8 of 9Chayed et al. Orphanet J Rare Dis           (2021) 16:34 

histopathology, and to immediately suspect HLRCC in 
order to diagnose the disease early.

Furthermore, ULMs are diagnosed approximately 
13–17  years earlier than their sporadic counterparts 
and have a great impact on fertility, which is why we 
suggest annual gynecological examinations from the 
age of 15 years and a counseling regarding risk of hys-
terectomy and family planning at the age of 18  years. 
Finally, we suggest an annual contrast enhanced MRI 
of the kidneys from the age of 10 years in order to find 
RCCs at an early stage.

Supplementary Information
The online version contains supplementary material available at https ://doi.
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