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ABSTRACT 

Hereditary leiomyomatosis and renal cell carcinoma (HLRCC) syndrome is caused by heterozygous germline variants in the fumarate 
hydratase ( FH ) gene. Inheritance follows an autosomal dominant pattern. Loss of FH confers a predisposition for various benign and ma- 
lignant neoplasms, including cutaneous leiomyomas, uterine fibroids and FH-deficient renal cell carcinoma. While benign, cutaneous 
and uterine manifestations have a relevant impact on quality of life and risk for complications, the vast majority of FH-deficient RCCs 
exhibit an aggressive behaviour with invasive growth and the potential for early metastatic spread. Additionally, pathogenic germline 
FH variants have been associated with other neoplasms, such as adrenal gland and Leydig cell tumours. The aggressive behaviour of 
FH-deficient RCC challenges nephron-sparing resection strategies, as a wide margin is recommended. Even after early nephrectomy 
for surgical removal of FH-deficient renal cell carcinomas, there is a relevant risk for distant metastasis as well as the remaining 
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predisposition for de novo primary renal tumours in the other kidney. Active screening is central to HLRCC care since no preventative 
HLRCC-specific treatment exists. Vascular endothelial growth factor/epidermal growth factor receptor–directed treatment regimes, 
such as erlotinib/bevacizumab, demonstrate efficacy against HLRCC-associated RCC. This emphasizes the importance of establishing 
the correct diagnosis in HLRCC early on to guide therapeutic decisions. Morphologic criteria as well as specific immunohistochemical 
staining and molecular genetics allow the identification of FH-deficient RCC. Changes made in the recent 2022 World Health Organiza- 
tion classification impact the diagnosis of HLRCC in multiple ways. This commentary aims to discuss this impact and raise awareness 
among pathologists as well as clinicians involved in the care of patients with HLRCC. 

Keywords: fumarate hydratase (FH), hereditary leiomyomatosis and renal cell carcinoma (HLRCC), immunohistochemistry, pathology, 
renal cell carcinoma 
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HEREDITARY LEIOMYOMATOSIS AND 

RENAL CELL CARCINOMA (HLRCC): AN 

INTERDISCIPLINARY CHALLENGE WITH 

DISEASE-SPECIFIC IMPLICATIONS FOR THE 

MANAGEMENT OF KIDNEY INVOLVEMENT 

HLRCC syndrome is caused by heterozygous germline variants
in the fumarate hydratase ( FH ) gene [1 , 2 ]. Inheritance follows an
autosomal dominant pattern. Loss of FH confers a predisposi-
tion for various benign and malignant neoplasms, including cu-
taneous leiomyomas, uterine fibroids and FH-deficient renal cell
carcinoma [3 ]. While benign, cutaneous and uterine manifesta-
tions have a relevant impact on quality of life and risk for com-
plications [4 ]. The vast majority of FH-deficient RCCs exhibit an
aggressive behaviour with invasive growth and potential for early
metastatic spread [5 ]. HLRCC is an autosomal dominant disorder
characterized by the formation of cutaneous leiomyomas, uterine
fibroids and a predisposition to the formation of mostly aggressive
FH-deficient RCC. Approximately 10–30% of carriers develop RCC
in their lifetime [3 , 6 , 7 ]. The prevalence of RCC varies between
affected families. However, a genotype–phenotype correlation for
the development of RCC or other organ manifestations has not
been established. Also, patients with HLRCC are more likely to
develop multiple kidney cysts than the general population, po-
tentially leading to a phenotype resembling other renal tumour
syndromes associated with polycystic kidneys [e.g. Von Hippel–
Lindau (VHL) syndrome or Birt–Hogg–Dubé (BHD) syndrome]. Ad-
ditionally, pathogenic germline FH variants have been associated
with other neoplasms, such as pheochromocytomas and adrenal
gland [7 ] and Leydig cell tumours [8 , 9 ]. 

Mechanistically, carcinogenesis occurs typically upon somatic
biallelic FH inactivation, which leads to metabolic reprogram-
ming with activation of adenosine monophosphate-activated pro-
tein kinase and hypoxia-inducible factor signalling [10 ] and accu-
mulation of oncometabolites [11 ]. Importantly, FH-deficient RCC
shows highly aggressive characteristics including early formation
of metastases. In patients with HLRCC, kidney cancer develops
earlier than sporadic RCC, with a mean age at diagnosis of 44 years
[12 ] and cases occurring even in young children [13 ]. This aspect,
as well as the continued risk for tumour formation after treatment
and the potential predisposition of other family members, empha-
sizes the importance of a timely and precise diagnosis of HLRCC
among patients with RCC. The common management strategy of
employing active surveillance for small tumours in other heredi-
tary RCC syndromes (e.g. in VHL [14 ] or BHD [15 , 16 ] syndrome) is
not appropriate in HLRCC cases, which require prompt tumour re-
moval upon detection [5 ]. In addition, early treatment might allow
nephron-sparing surgery, mitigating the impact of kidney function
loss. 

Clinical clues pointing towards a hereditary cause of RCC
include a positive family history, early onset ( ≤46 years) and
bilateral/multifocal tumours [17 ]. Specific histologic and im- 
munohistochemical features, along with extrarenal manifesta- 
tions such as skin leiomyomas or uterine fibroids in young women,
are critical in guiding the histopathological workup and referral to 
geneticists or clinical specialists. 

The recent update of the World Health Organization (WHO) 
classification introduced important changes with great rele- 
vance for HLRCC diagnostics, and awareness of these adaptations 
among all disciplines involved is pivotal to provide optimal patient 
care. 

MODERN WHO CLASSIFICATION OF KIDNEY 

TUMOURS AND THE PLACE OF HLRCC 

The 5th edition of the WHO Classification of Urinary and Male 
Genital Tumors [18 ] summarizes several tumour entities as 
‘molecularly defined renal cell carcinomas’. This category is very 
heterogeneous, both morphologically and regarding epidemiolog- 
ical and clinical features. However, this approach underscores the 
recent success of genitourinary pathology in identifying and sys- 
tematizing multiple RCC subtypes driven by a specific molecular–
genetic alteration. Besides the newly included FH-deficient RCC,
other new molecularly defined RCCs include transcription factor 
E3/transcription factor EB rearranged/altered RCCs and succinate 
dehydrogenase–deficient RCC, among others. 

Subclassification of type 1 and 2 papillary RCCs is no longer 
recommended. Clear cell papillary carcinomas have been redes- 
ignated as tumours instead of carcinomas, given their indolent 
clinical behaviour. Moreover, several provisional new papillary 
tumour entities are proposed, subject to more extensive research,
such as papillary renal neoplasm with reversed polarity with fre- 
quent renin–angiotensin system mutations [19 ], biphasic hyalin- 
izing psammomatous RCC with frequent NF2 mutations [20 ],
biphasic squamoid/alveolar RCC [21 ] or thyroid-like follicular RCC 

[22 ]. These subtypes might have been diagnosed as classical pap-
illary RCC earlier but might confer specific molecular driver al- 
terations and crystallize as recognized tumour entities in further 
editions. FH-deficient carcinomas occur in the context of HLRCC 

syndrome but can be also sporadic. While the updated approach 
to HLRCC diagnosis in histopathology is timely, it is now important 
that all disciplines involved are aware of these changes. Previously,
despite its shortcomings, the term type 2 papillary RCC was one of
the key triggers for clinicians to consider HLRCC, making aware- 
ness of this change an important asset. 

HISTOPATHOLOGICAL DIAGNOSIS OF 

FH-DEFICIENT CARCINOMAS 

From a histomorphologic point of view, FH-deficient carcino- 
mas were first described as papillary tumours. Although they 
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Figure 1: Morphological patterns and immunohistochemistry of FH-deficient RCC. (A) Papillary pattern with a single epithelial layer. (B) Papillary 
pattern with pseudostratification. (C) High-grade tubular pattern. (D) Low-grade clear cell tubular pattern. (E) Low-grade papillary clear cell pattern. 
(F) Cystic pattern. (G) Solid/sieve-like pattern. (H) FH-deficient RCC showing benign tissue (left side) and tumour tissue with papillary architecture 
(right side). (I) Higher magnification of region H, displaying benign tissue (left side) and tumour tissue with papillary architecture (right side). (J) 
Fumarate hydratase (FH) staining: retained expression in benign kidney tissue, immune cells and stromal cells (left side), with complete loss of FH 

expression in tumour cells (right side). Note positive staining in stromal cells within the papillary cores. (K) 2SC staining shows the opposite pattern of 
FH: significant positivity in tumour cells (right side), absent in benign kidney tissue and stromal and inflammatory cells (left side). 
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requently show papillary morphology (Fig. 1 A, B, H, I), it is now
ecognized that these tumours can show numerous histomor-
hological patterns, which makes their diagnosis challenging.
H-deficient carcinomas typically demonstrate multiple admixed 
orphological patterns, such as solid (Fig. 1 G) and tubulocystic

Fig. 1 C, D, F), and even including low-grade oncocytic morphol-
gy. This often leads to their classification as unclassified RCC.
n general, FH-deficient carcinomas are rare and therefore might
e underdiagnosed if awareness levels of pathologists are low or
ecause of a lack of experience in kidney tumour pathology. The
resence of eosinophilic macronucleoli is common but is a very
on-specific feature of FH-deficient RCC. 
Two immunohistochemical markers can be utilized in combi-

ation to establish the diagnosis of FH-deficient RCC: fumarate
ydratase (FH) and 2SC. Negative immunohistochemical staining
or FH is highly specific for diagnosis (Fig. 1 J). However, this marker
ight not be sensitive enough to exclude FH-deficient RCC [23 ],
onsidering that there are many different FH variants and some
athogenic variants maintain normal expression despite a loss of
eterozygosity [24 ]. 2SC positivity (Fig. 1 K) is highly sensitive in
etecting FH deficiency but has lower specificity [25 ]. 2SC genera-
ion is believed to be a direct result of the post-translational mod-
fication of cysteine residues due to aberrant levels of fumarate
26 ]. The application of both FH and 2SC markers is crucial for dif-
erentiating FH-deficient tumours from other papillary tumours.
rguably, in cases with either loss of FH staining or marked in-
uction of 2SC, this finding will often be sufficient to initiate ge-
etic testing. However, the combination of FH and 2SC staining
ncreases diagnostic confidence, particularly in ambiguous cases
ith mild 2SC positivity or uncertain results towards FH positivity,
nd will allow the community to learn how closely the findings in
hese two markers correlate. 
2SC staining can be considered a reflex immunohistochemical

IHC) test, especially in high-grade non-clear cell tumours, pap-
llary tumours with mixed morphological patterns, tubulocystic
umours and eosinophilic tumours and in cases with inactivat-
ng FH mutations or deletions identified through next-generation
equencing. 



J. Degenhardt et al. | 1431

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/40/7/1428/8026894 by guest on 21 July 2025
IMPORTANCE OF REFERRAL TO EXPERT 

CENTERS FOR EVALUATION AND GENETIC 

TESTING IN CASE OF FH DEFICIENCY 

Advances in understanding the mechanisms underlying heredi-
tary tumour predisposition further emphasize timely and accu-
rate diagnosis of these conditions. Meanwhile, diagnostic pathol-
ogy of kidney tumours besides the classic histological subtypes
can be very challenging. This underlines the critical role of the
interface between specialties, starting with detailed collection of
medical and family histories, as well as assessment of possible
HLRCC-associated extrarenal manifestations at RCC diagnosis. It
is of importance that unclear or complex cases from the morpho-
logical point of view, as well as cases where proper classification
will require additional stainings not established in all pathology
institutes, are being consulted with departments with sufficient
expertise. Diagnosis of FH-deficient RCC should trigger the offer
of genetic counselling and genetic testing to identify cases with
causative pathogenic germline variants in FH (as an alternative to
biallelic somatic inactivation). The majority of FH variants char-
acterized as pathogenic or likely pathogenic are missense vari-
ants, which are more likely to retain positive FH IHC staining com-
pared with the less frequent truncating variants or large deletions.
Also, as more clinical information becomes available, it is antici-
pated that many variants of uncertain significance will be reclas-
sified with greater accuracy [27 ]. A confirmation of the diagnosis
through genetic testing has substantial consequences for the RCC
patient and other affected family members. Extrarenal findings
underscore the importance of close interdisciplinary collabora-
tion, including urologists, nephrologists, radiologists, dermatolo-
gists, gynaecologists, geneticists and pathologists, with important
implications for early referral for genetic workup, both upon re-
nal and extrarenal findings pointing towards HLRCC, such as cu-
taneous leiomyomas. This close interaction is also crucial to co-
ordinate optimal genetic counselling, renal surveillance, surgical
and systemic RCC treatment and specific treatment for uterine
and skin manifestations and to provide psychosocial resources
and support for patients with HLRCC. 

CONCLUSION 

The 5th edition of the WHO Classification of Urinary and Male
Genital Tumors [18 ] provides a timely and very reasonable update
to the approach towards diagnosis of hereditary forms of kidney
cancer by considering molecular pathogenesis. For HLRCC, this in-
cludes both abolition of the previous distinction of type 1 and 2
papillary RCC and the introduction of new IHC markers into clin-
ical routine. Considering the need for close interdisciplinary in-
teraction to allow for early diagnosis and optimal care in HLRCC,
it is important that all disciplines involved are aware of this
update. 

ACKNOWLEDGEMENTS 

The Genes & Kidney Working Group is an official body of the Eu-
ropean Renal Association (ERA). R.U.M., J.D., J.D.C., D.E., C.F., B.S.,
E.R.M., A.H. and G.L. are founding members of the HLRCC Alliance.
J.D. is the medical coordinator of the HLRCC Alliance. J.D.C. and D.E.
are members of the board of directors of the HLRCC Foundation.
G.L. is vice chair of the HLRCC Foundation Board of Trustees and
chair of VHL UK/Ireland. M.J. is chair of the board of directors of
the IKCC. R.U.M. is chair of the Genes & Kidney Working Group.
E.C.L.G. is vice chair of the Genes & Kidney Working Group. J.H. is
a board member of the Genes & Kidney Working Group and co-
chair of the AD Structural Disorders Working Group at ERKNet.
POL and IBG are members of the ERN GENTURIS. IBG is chairman
of the Board of National Coordinators and Spanish National Coor- 
dinator of the ERN GENTURIS. E.R.M. is a supporting partner of the
ERN GENTURIS. P.M. and G.M. are members and coordinators of 
the ERN eUROGEN. G.M. is president of the Italian Society of Pedi-
atric Urology. A.H. is a board member of the Uropathology Working 
Group of the European Society for Pathology (ESP). D.E.B. is chair
of the Uropathology Working Group of the ESP. M.C. is chair of the
Uropathology section of the European Society of Urology and past 
chair of the Uropathology Working Group of the ESP. 

FUNDING 

None declared. 

AUTHORS’ CONTRIBUTIONS 

RUM, BS, AH, YT and JD: Conception: JD and YT: Drafting of the
manuscript. all authors: Revising of the manuscript. 

DATA AVAILABILITY STATEMENT 

No new data were generated or analysed in support of this
research. 

CONFLICT OF INTEREST STATEMENT 

None declared. 

REFERENCES 

1. Tomlinson IP, Alam NA, Rowan AJ et al. Germline mutations 
in FH predispose to dominantly inherited uterine fibroids,
skin leiomyomata and papillary renal cell cancer. Nat Genet 
2002; 30 :406–10.

2. Toro JR, Nickerson ML, Wei M-H et al. Mutations in the fumarate
hydratase gene cause hereditary leiomyomatosis and renal cell 
cancer in families in North America. Am J Hum Genet 2003; 73 :
95–106. https://doi.org/10.1086/376435

3. Launonen V, Vierimaa O, Kiuru M et al. Inherited susceptibility 
to uterine leiomyomas and renal cell cancer. Proc Natl Acad Sci
USA 2001; 98 :3387–92. https://doi.org/10.1073/pnas.051633798

4. Uimari O, Ahtikoski A, Kämpjärvi K et al. Uterine leiomyomas 
in hereditary leiomyomatosis and renal cell cancer (HLRCC) 
syndrome can be identified through distinct clinical charac- 
teristics and typical morphology. Acta Obstet Gynecol Scand 
2021; 100 :2066–75. https://doi.org/10.1111/aogs.14248

5. Menko FH, Maher ER, Schmidt LS et al. Hereditary leiomyomato- 
sis and renal cell cancer (HLRCC): renal cancer risk, surveil- 
lance and treatment. Fam Cancer 2014; 13 :637–44. https://doi.org/
10.1007/s10689-014-9735-2

6. Shuch B, Li S, Risch H et al. Estimation of the carrier frequency
of fumarate hydratase alterations and implications for kidney 
cancer risk in hereditary leiomyomatosis and renal cancer. Can- 
cer 2020; 126 :3657–66. https://doi.org/10.1002/cncr.32914

7. Sánchez-Heras AB, Castillejo A, García-Díaz JD et al. Hereditary 
leiomyomatosis and renal cell cancer syndrome in Spain: clin- 
ical and genetic characterization. Cancers (Basel) 2020; 12 :3277.
https://doi.org/10.3390/cancers12113277

8. Acosta AM, Colecchia M, Berney DM. Fumarate hydratase- 
deficient testicular sex cord-stromal tumour (FH-TSCST): pro- 
posal for reclassification of a subset of Leydig cell tumours with

https://doi.org/10.1086/376435
https://doi.org/10.1073/pnas.051633798
https://doi.org/10.1111/aogs.14248
https://doi.org/10.1007/s10689-014-9735-2
https://doi.org/10.1002/cncr.32914
https://doi.org/10.3390/cancers12113277


1432 | Nephrol Dial Transplant, 2025, Vol. 40, No. 7

9  

 

1  

1  

 

1  

 

 

1  

 

1  

 

 

 

1  

 

1  

 

 

1  

 

1  

 

 

1  

 

 

2  

 

 

2  

 

2  

 

 

2  

 

 

 

 

2  

 

 

 

 

 

2  

 

 

 

2  

 

 

2  

 

R
© RA. T
C
r

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/40/7/1428/8026894 by guest on 21 July 2025
distinct molecular and clinicopathologic features. Histopathology 
2023; 82 :646–7. https://doi.org/10.1111/his.14859

. Carvajal-Carmona LG, Alam NA, Pollard PJ et al. Adult Leydig
cell tumors of the testis caused by germline fumarate hydratase
mutations. J Clin Endocrinol Metab 2006; 91 :3071–5. https://doi.org/
10.1210/jc.2006-0183

0. Linehan WM, Rouault TA. Molecular pathways: fumarate
hydratase-deficient kidney cancer—targeting the Warburg ef- 
fect in cancer. Clin Cancer Res 2013; 19 :3345–52. https://doi.org/
10.1158/1078-0432.CCR-13-0304

1. Valcarcel-Jimenez L, Frezza C. Fumarate hydratase (FH) and
cancer: a paradigm of oncometabolism. Br J Cancer 2023; 129 :
1546–57. https://doi.org/10.1038/s41416-023-02412-w

2. Forde C, Lim DHK, Alwan Y et al. Hereditary leiomyomatosis and
renal cell cancer: clinical, molecular, and screening features in a
cohort of 185 affected individuals. Eur Urol Oncol 2020; 3 :764–72.
https://doi.org/10.1016/j.euo.2019.11.002

3. Taniguchi R, Muramatsu H, Okuno Y et al. A patient with
very early onset FH-deficient renal cell carcinoma diagnosed at
age seven. Fam Cancer 2022; 21 :337–41. https://doi.org/10.1007/
s10689-021-00268-8

4. Sundaram M, Song Y, Freimark J et al. Real-world treatment
patterns in von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC): costs of tumor reduction procedures
and their complications. J Clin Oncol 2022; 40(16 Suppl) :4539.
https://doi.org/10.1200/JCO.2022.40.16_suppl.4539

5. Menko FH, van Steensel MAM, Giraud S et al. Birt-Hogg-
Dubé syndrome: diagnosis and management. Lancet Oncol 2009;
10 :1199–206. https://doi.org/10.1016/S1470-2045(09)70188-3

6. Geilswijk M, Genuardi M, Woodward ER et al. ERN GEN-
TURIS clinical practice guidelines for the diagnosis, surveil-
lance and management of people with Birt-Hogg-Dubé syn-
drome. Eur J Hum Gene 2024; 32 :1542–50. https://doi.org/10.1038/
s41431-024-01671-2

7. National Comprehensive Cancer Network. NCCN Clinical Prac-
tice Guidelines in Oncology, Kidney Cancer, Version 1.2025. 2024.
https://www.nccn.org/docs/default-source/business-policy/
nccn-referencing-guidance.pdf

8. Moch H, Amin MB, Berney DM et al. The 2022 World Health Or-
ganization classification of tumours of the urinary system and
male genital organs—Part A: renal, penile, and testicular tu-
mours. Eur Urol 2022; 82 :458–68. https://doi.org/10.1016/j.eururo.
2022.06.016

eceived: November 13, 2024; Editorial decision: January 23, 2025 
The Author(s) 2025. Published by Oxford University Press on behalf of the E

ommons Attribution-NonCommercial License ( https://creativecommons.org/licen
eproduction in any medium, provided the original work is properly cited. For com
9. Al-Obaidy KI, Eble JN, Cheng L et al. Papillary renal neo-
plasm with reverse polarity: a morphologic, immunohistochem-
ical, and molecular study. Am J Surg Pathol 2019; 43 :1099–111.
https://doi.org/10.1097/PAS.0000000000001288

0. Argani P, Reuter VE, Eble JN et al. Biphasic hyalinizing psam-
momatous renal cell carcinoma (BHP RCC): a distinctive neo-
plasm associated with somatic: NF2: mutations. Am J Surg Pathol
2020; 44 :901–16. https://doi.org/10.1097/PAS.0000000000001467

1. Hes O, Condom Mundo E, Peckova K et al. Biphasic squamoid
alveolar renal cell carcinoma: a distinctive subtype of papillary
renal cell carcinoma? Am J Surg Pathol 2016; 40 :664–75. https://
doi.org/10.1097/PAS.0000000000000639

2. Amin MB, Gupta R, Ondrej H et al. Primary thyroid-like follic-
ular carcinoma of the kidney: report of 6 cases of a histologi-
cally distinctive adult renal epithelial neoplasm. Am J Surg Pathol
2009; 33 :393–400. https://doi.org/10.1097/PAS.0b013e31818cb8f5

3. Muller M, Guillaud-Bataille M, Salleron J et al. Pattern mul-
tiplicity and fumarate hydratase (FH)/S-(2-succino)-cysteine
(2SC) staining but not eosinophilic nucleoli with perinucleo-
lar halos differentiate hereditary leiomyomatosis and renal cell
carcinoma-associated renal cell carcinomas from kidney tu-
mors without FH gene alteration. Mod Pathol 2018; 31 :974–83.

4. Muller M, Guillaud-Bataille M, Salleron J et al. Pattern mul-
tiplicity and fumarate hydratase (FH)/S-(2-succino)-cysteine
(2SC) staining but not eosinophilic nucleoli with perinucle-
olar halos differentiate hereditary leiomyomatosis and re-
nal cell carcinoma-associated renal cell carcinomas from kid-
ney tumors without FH gene alteration. Mod Pathol 2018; 31 :
974–83.

5. Chen Y-B, Brannon AR, Toubaji A et al. Hereditary leiomyomato-
sis and renal cell carcinoma syndrome–associated renal can-
cer: recognition of the syndrome by pathologic features and the
utility of detecting aberrant succination by immunohistochem-
istry. Am J Surg Pathol 2014; 38 :627–37. https://doi.org/10.1097/
PAS.0000000000000163

6. Bardella C, El-Bahrawy M, Frizzell N et al. Aberrant succination
of proteins in fumarate hydratase-deficient mice and HLRCC
patients is a robust biomarker of mutation status. J Pathol
2011; 225 :4–11. https://doi.org/10.1002/path.2932

7. Zavoshi S, Lu E, Boutros PC et al. Fumarate hydratase variants
and their association with paraganglioma/pheochromocytoma.
Urology 2023; 176 :106–14. https://doi.org/10.1016/j.urology.2022.
11.053

his is an Open Access article distributed under the terms of the Creative 

ses/by-nc/4.0/), which permits non-commercial re-use, distribution, and 
mercial re-use, please contact journals.permissions@oup.com

https://doi.org/10.1111/his.14859
https://doi.org/10.1210/jc.2006-0183
https://doi.org/10.1158/1078-0432.CCR-13-0304
https://doi.org/10.1038/s41416-023-02412-w
https://doi.org/10.1016/j.euo.2019.11.002
https://doi.org/10.1007/s10689-021-00268-8
https://doi.org/10.1200/JCO.2022.40.16_suppl.4539
https://doi.org/10.1016/S1470-2045(09)70188-3
https://doi.org/10.1038/s41431-024-01671-2
https://www.nccn.org/docs/default-source/business-policy/nccn-referencing-guidance.pdf
https://doi.org/10.1016/j.eururo.2022.06.016
https://doi.org/10.1097/PAS.0000000000001288
https://doi.org/10.1097/PAS.0000000000001467
https://doi.org/10.1097/PAS.0000000000000639
https://doi.org/10.1097/PAS.0b013e31818cb8f5
https://doi.org/10.1097/PAS.0000000000000163
https://doi.org/10.1002/path.2932
https://doi.org/10.1016/j.urology.2022.11.053
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


Click here for Prescribing Information
®

This is a promotional advertisement intended for  
UK HCPs only, produced and funded by MEDICE UK

Vafseo® is indicated for the treatment of symptomatic anaemia associated 
with chronic kidney disease (CKD) in adults on chronic maintenance dialysis1 

A once-daily oral treatment for 
anaemia associated with CKD in 
patients receiving dialysis1

Vafseo® is now recommended by NICE, within its marketing authorisation, as 
an option for treating symptomatic anaemia caused by CKD in adults having 
maintenance dialysis2

Contact MEDICE UK now to be put in touch with your 
regional Vafseo® Key Account Manager

Abbreviations: CKD, chronic kidney disease; HCP, healthcare professional; NICE, National Institute of Health 
and Care Excellence. References: 1. Vafseo 300 mg film-coated tablets Summary of Product Characteristics 
(SmPC). Available at: https://www.medicines.org.uk/emc/product/15656/smpc (Accessed March 2025).  
2. NICE Guidance TA1035. Vadadustat for treating symptomatic anaemia in adults having dialysis for chronic 
kidney disease. Available at: https://www.nice.org.uk/guidance/ta1035 (Accessed March 2025).

MEDICE UK makes no warranties or representations of any kind as to the accuracy, completeness, 
reliability or usefulness of any information contained in third party sites and shall have no liability for 
any loss or damage of any kind that may arise from your use of such content or information.  
Inclusion of any third-party link does not imply an endorsement or recommendation by MEDICE UK.

UK-VAF-2024-1963-v2 
March 2025

 This medicinal product is subject to additional monitoring. This will allow quick identification of new safety 
information. Adverse events should be reported. Reporting forms and information can be found at  

https://yellowcard.mhra.gov.uk/ or search for MHRA Yellow Card in Google Play or Apple App Store. 
Adverse events should also be reported to Medice UK Ltd, 0204 582 2845, medicalinformation@medice.co.uk

Contact Us

https://cdn.pepperapps.io/medice/public/65f46cdd65ddba3d1038bbc9?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..iWLGS_Kq1X1Jd-eor-i6zA.maXFpANU38bmCzmqpynQeD4ycw8cEXBPhHjzZODmpWkeRtGZmzm7NmxfWzQMbuCVakHS_HmUb7t9UafY1qAZuZ3ljWGlM6K4370YlxUMtkXD02h95_C0vSxrTNm9Qpqi4DYyb4BCFKJw-HYQttA-wzXcbcB7ukEkR34bHotu3TDTXGGNfpIO-tu8GVcUfTXM.2gQ1kTAciyoF8FAoVPylZQ
https://yellowcard.mhra.gov.uk/
mailto:medicalinformation%40medice.co.uk?subject=
https://medice.co.uk/hcp/contact/

	HEREDITARY LEIOMYOMATOSIS AND RENAL CELL CARCINOMA (HLRCC): AN INTERDISCIPLINARY CHALLENGE WITH DISEASE-SPECIFIC IMPLICATIONS FOR THE MANAGEMENT OF KIDNEY INVOLVEMENT
	MODERN WHO CLASSIFICATION OF KIDNEY TUMOURS AND THE PLACE OF HLRCC
	HISTOPATHOLOGICAL DIAGNOSIS OF FH-DEFICIENT CARCINOMAS
	IMPORTANCE OF REFERRAL TO EXPERT CENTERS FOR EVALUATION AND GENETIC TESTING IN CASE OF FH DEFICIENCY
	CONCLUSION
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

