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Abstract

Background Fumarate hydratase-deficient renal cell carcinoma is a rare pathological subtype that was defined

by the World Health Organization (WHO 5th edition) in 2022. At present, only a few hundreds of cases have been
reported worldwide, mainly in Europe and the United States. A case of a Chinese patient is reported here, along with a
literature review.

Case report A 60-year-old Asian male who complained of hematuria for 20 days was admitted to the hospital. Con-
trast enhanced Computer Tomography showed that the volume of the right kidney was increased, with a patchy low-
density shadow with infiltrative growth inside that had a significantly lower signal intensity than the renal cortex; thus,
the possibility of collecting duct carcinoma or lymphoma, was considered. Enlarged perirenal and retroperitoneal
lymph nodes were also seen, along with bilateral renal cysts. Eight years prior, ultrasonography had shown a complex
renal cyst in the right kidney, and no treatment was administered at that time. Laparoscopic radical nephrectomy of
the right kidney was performed this time, and the postoperative specimens were submitted for pathological exami-
nation. Because immunohistochemistry showed the loss of fumarate hydratase protein expression and the possibility
of fumarate hydratase-deficient renal cell carcinoma was considered, corresponding molecular pathological tests
were performed, and the results showed an FHp.R233H (arginine > histidine) germline mutation (inactivation muta-
tion). The postoperative pathological diagnosis was fumarate hydratase-deficient renal cell carcinoma in the right
kidney, T3aN1MO. The patient was treated with sunitinib, and bone and liver metastases developed half a year later.
The treatment was then changed to axitinib and toripalimab. At present, the patient is in stable condition, and there
has been no progression of the metastases.

Conclusion Fumarate hydratase-deficient renal cell carcinoma is a very rare renal tumor that is defined on a molecu-
lar basis. It is highly malignant and metastasizes early. Therefore, fully understanding the disease, enabling detection
and diagnosis and administering treatment are particularly important.
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Background

Fumarate hydratase-deficient renal cell carcinoma is a
rare pathological subtype caused by a pathogenic muta-
tion in the fumarate hydratase gene located in 1q42.3-
43 and was defined by the World Health Organization
(WHO 5th edition) in 2022 [1]. This type of renal cell
carcinoma is highly invasive and can metastasize when
the tumor volume is very small [2]. Due to its rarity and
the lack of understanding of its clinical manifestations,
the exact incidence of the disease is unknown. The lit-
erature shows that the disease occurs all over the world,
but it is mainly seen in Europe and the United States [3].
The incidence of fumarate hydratase-deficient renal cell
carcinoma is rare in Asian populations, especially in Chi-
nese populations. Thus, this report presents a case of a
rare form of this malignancy, fumarate hydratase-defi-
cient renal cell carcinoma; because of the rarity of this
disease, this article can be a valuable source of informa-
tion for other medical professionals facing similar condi-
tions. Moreover, this is an intriguing case of a very rare
renal tumor that was defined on a molecular basis, and
its characteristics will be thoroughly discussed below.

Case report

A 60-year-old Asian male who complained of hematuria
for 20 days was admitted to the hospital. Ultrasonogra-
phy showed an extremely hypoechoic mass at the lower
pole of the left kidney, enlargement of the right kidney,
and multiple hypoechoic areas of the right kidney (cysts
and space-occupying lesions were considered), and fur-
ther examinations were recommended. Subsequent con-
trast enhanced Computer Tomography (CT) showed
that the volume of the right kidney was increased, with
a patchy low-density shadow with infiltrative growth
inside that had a significantly lower signal intensity than
the renal cortex; the possibility of collecting duct carci-
noma or lymphoma was considered. Enlarged perirenal
and retroperitoneal lymph nodes were also seen (Fig. 1),
along with bilateral renal cysts, calcification of the left
renal cyst wall, and bilateral kidney stones. Eight years
prior, ultrasonography showed a complex renal cyst in
the right kidney, and no treatment was administered at
that time. The patient had a history of hypertension for
10 years, and his blood pressure was well controlled
by oral enalapril 10 mg daily. He had a healthy son and
denied a family history of genetic mutations. The other
laboratory tests showed no other abnormal findings. Lap-
aroscopic radical nephrectomy of the right kidney was
performed at this time, and the postoperative specimens
were submitted for pathological examination. Grossly, a
mass in the middle and upper poles of the right kidney
was seen, with a size of 65 x 35 x 20 mm. The mass broke
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Fig. 1 Contrast enhanced Computer Tomography showing that the
volume of the right kidney was increased, with a patchy low-density
shadow with infiltrative growth inside that had significantly lower
signal intensity than that the renal cortex. Enlarged lymph nodes can
be seen around the kidney

through the renal capsule and invaded the perirenal adi-
pose tissue. The mass contained cystic and solid regions
and was grayish red. The focal area was yellowish, and
the texture was moderately hard. Microscopic examina-
tion showed that the cystic areas of the tumor were lined
by a monolayer of tumor cells (Fig. 2a). The tumor cells
in the solid areas were arranged into papillary shapes,
glandular tubes, nests and sheets. The tumor cells were
enlarged in size and irregular in shape. The cell bounda-
ries were unclear, and the cytoplasm was eosinophilic or
slightly transparent. The nucleus was enlarged and atypi-
cal, with a significant eosinophilic nucleolus and periph-
eral halo (Fig. 2b). Abnormal mitoses were clearly seen.
A small amount of lymphocyte infiltration could be seen
in the stroma. There was no definite bleeding or necrosis.
Cancer metastasis was observed in 2 renal hilar lymph
nodes. Immunohistochemistry (IHC) showed CK, EMA,
PAX8 (+) (Fig. 2c), CD10 focal (+), CK7, Vim, FH (—)
(Fig. 2d), and Ki-67 80% (+). Due to the negative expres-
sion of fumarate hydratase (FH) protein in a renal tumor
that was morphologically similar to fumarate hydratase-
deficient renal cell carcinoma (FH-deficient RCC), cor-
responding molecular pathological tests were performed,
and the results showed an FHp.R233H (arginine > his-
tidine) germline mutation (inactivation mutation). The
postoperative pathological diagnosis was fumarate
hydratase-deficient renal cell carcinoma of the right kid-
ney, T3aN1MO.
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eosin staining (b) showing tumor cells in the solid areas arranged into a papillae pattern, as well as an enlarged nucleus with prominent
eosinophilic nucleoli and a peripheral halo x 200 magnification. Immunohistochemistry (c) showing positive nuclear expression of PAX8 protein in
the tumor cells x 200 magnification. Immunohistochemistry (d) showing the absence of Fumarate hydratase protein in the tumor cells; additionally,
the nonneoplastic renal cells that served as the internal control showed granular positive expression in the cytoplasm. x 200 magnification

Discussion

FH-deficient RCC is mainly caused by inactivating
mutations in the FH gene located in 1q42.3-q43. The
inactivation mutation of the FH gene is caused by the
germline mutation of one allele and somatic mutation
of another allele. The most common type of mutation
is missense mutation. Frameshift mutations, nonsense
mutations, insertion/deletion mutations and splice site
mutations have also been reported [4]. FH catalyzes the
conversion of fumaric acid to malic acid in the tricar-
boxylic acid cycle. The functional defect caused by the
inactivation mutation of the FH gene leads to the accu-
mulation of FH and a decrease in iron levels in cells,
which inhibits hypoxia inducible factor (HIF) prolyl
hydroxylase and increases the level of intracellular HIF.
Thus, the mutation affects the transcription of down-
stream products, angiogenesis, cell proliferation and
tumorigenesis [5].

FH-deficient RCC is highly malignant and can metas-
tasize when the tumor volume is very small. The exact
incidence of the disease is unknown, and it is mainly seen
in Europe and the United States; conversely, this disease

is rare in Asian populations, especially in the Chinese
population.

The age of onset of the disease is 10-90 years old, and
the average age of onset in Europe and the United States
is 20-25 years earlier than that of sporadic RCC in the
general population [6]. The main manifestations of such
patients were hematuria, osphyalgia and other nonspe-
cific symptoms. The main symptom of this patient was
hematuria for 20 days without osphyalgia, abdominal
pain or symptoms of urinary tract irritation.

The pathological features of the tumor are usually
invasive growth and invasion into the surrounding tis-
sue. Microscopically, the tumor cells are arranged into
papillary, tubular, solid or cystic patterns. The histologi-
cal structure is diverse, similar to that of type II papillary
renal cell carcinoma, collecting duct carcinoma, sarco-
matoid carcinoma and so on [7]. The tumor cells had a
significant eosinophilic nucleolus and peripheral halo.
The 2 immunohistochemical biomarkers that show a
high correlation with the diagnosis of FH-deficient RCC
are FH and S-(2-succino)-cysteine (2SC). Although the
2SC protein was not detected in this study because there
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is no such antibody in our laboratory, the possibility of
FH-deficient RCC was considered due to the loss of FH
protein expression in a renal tumor that was morphologi-
cally similar to FH-deficient RCC. Then, corresponding
gene mutation detection was performed for the patient in
this article.

FH-deficient RCC is a renal tumor newly defined by the
WHO (5 edition) in 2022 [1] and was named hereditary
leiomyomatosis renal cell carcinoma (HLRCC)-asso-
ciated RCC by the WHO (4th edition) in 2016 [8]. The
definitive criterion for the diagnosis of HLRCC is the
detection of germline mutations in the FH gene. Hansen
et al. [9] also summarized some major and minor crite-
ria for diagnosis. The former includes the following: (1)
at least one lesion histologically confirmed as multiple
cutaneous leiomyoma (CLM); and (2) a family history
of HLRCC and at least one minor criterion. The minor
criteria are as follows: 1. single solitary histologically
confirmed CLM; (2) multiple uterine leiomyomas with
severe symptom onset in a patient<40 years old; and
(3) Onset of type II papillary renal cell carcinoma in a
patient <40 years old. Meeting the major criteria is highly
suggestive of HLRCC. Meeting the minor criteria should
raise a suspicion for HLRCC. If the patient has CLM, we
should confirm whether the patient has HLRCC through
further examinations to avoid a missed diagnosis.
Although the first finding in most patients is CLM, the
first finding of this patient was RCC, and no CLM was
found in this patient or his children.

In terms of differential diagnosis, although FH-defi-
cient RCC has a variety of histological structures, it can
be distinguished from other types of RCC based on a
combination of molecular pathology characteristics
and immunohistochemical findings. For example, type
IT papillary renal cell carcinoma is characterized by the
amplification of chromosome 7/17. MiTF/TFE family
translocation RCC shows rearrangement of TFE3 and
TEEB. Germline mutation of the SDH gene and loss of
SDH protein expression have been found in SDH-defi-
cient RCC. Clear cell renal cell carcinoma shows the loss
of 3P and strong positive expression of CAIX protein on
the tumor cell membrane. Collecting duct carcinoma is
a high-grade RCC that invades the renal medulla, with
histological findings of an obvious fibrogenic reaction of
the tumor stroma and no characteristic molecular patho-
logical changes. FH-deficient RCC shows a pathogenic
germline FH mutation, with negative FH and/or positive
2SC protein expression, but other subtypes of renal cell
carcinoma show positive expression of the FH protein,
with no inactivated mutation of the FH gene.

In terms of treatment, FH-deficient RCC is highly inva-
sive, and metastasis can occur when the tumor is less
than 3 cm [10]. After diagnosis, radical nephrectomy
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plus lymph node dissection is preferred. Targeted drug
therapy or immunotherapy may also bring new break-
throughs in the treatment of these patients. Laparoscopic
radical nephrectomy of the right kidney was chosen in
combination with postoperative targeted drug therapy
and immunotherapy for this patient.

In terms of follow-up monitoring, we recommend that
family members at risk of the disease undergo the follow-
ing assessments:

1. A thorough dermatological examination every other
year starting at 10 years of age to assess the existence and
development of CLM.

2. Annual gynecological examinations for women start-
ing at 20 years of age to assess the growth of uterine
leiomyomas.

3. Renal monitoring for patients with FH gene muta-
tions according to the following recommendations:

3.1 Yearly MRI scans starting at the age of 8—10 years.
3.2 If renal cysts are detected, closer monitoring is
indicated, as follows:

3.2.1 during the 1st year: at 3, 6, and 12 months after
the detection of the cysts, if no solid nodules appear.
3.2.2 during the 2nd—4th years: every 6 months, if
no solid nodules appear.

3.2.3 from the 5th year and onward: yearly MRI
scans.

3.3 If solid nodules are detected, brain MRI and
whole-body  fluorodeoxyglucose-positron  emis-
sion tomography (PDG-PET) should be for staging
(repeat 1 x after 3 months) [11, 12].

After the patient in this case was diagnosed, his son and
grandson were tested for the FH gene, and no mutations
were found. The patient was treated with targeted drugs:
oral administration of sunitinib 50 mg once a day. The
patient took the medicine for 4 weeks and then stopped
for 2 weeks. The tumor progressed, and bone and liver
metastasis occurred half a year later. The treatment was
then changed to oral axitinib 5 mg twice a day and tori-
palimab 240 mg every 21 days via an intravenous drip. At
present, the patient is in stable condition, and there has
been no progression of the metastases.

Conclusion

FH-deficient RCC is a very rare renal tumor, and the
definitive criterion for diagnosis is the detection of ger-
mline mutations in the FH gene. Early genetic test-
ing and renal surveillance are of significant importance
in high-risk family members. Moreover, FH-deficient
RCC is highly malignant and metastasizes early. There-
fore, fully understanding the disease, enabling detection
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and diagnosis and providing treatment are particularly
important.

Abbreviations

FH Fumarate hydratase

RCC Renal cell carcinoma

HLRCC Hereditary leiomyomatosis renal cell carcinoma
HIF Hypoxia inducible factor

CLM Cutaneous leiomyoma

cT Computed tomography

FDG Fluorodeoxyglucose

PET Positron emission tomography

HE Hematoxylin/eosin

HC Immunohistochemistry

Acknowledgements
The authors would like to thank Dr. Shiling Zhang for his contribution to this
paper.

Author contributions

LS performed the clinical examination and surgeries, supervised the whole
process, conducted the follow-up and served as the corresponding author. YL
contributed to writing the case report and the review. MH contributed to the
pathological analysis. All authors read and approved the final manuscript.

Funding
This research received no external funding.

Availability of data and materials
PubMed was used as a source of information, using the search terms fumarate
hydratase AND deficient AND renal cell carcinoma.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication

Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written consent
is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Received: 28 December 2022 Accepted: 24 February 2023
Published online: 20 April 2023

References

1. WHO Classification of Tumours Editorial Board. Urinary and male genital
tumours[M], 5th, Lyon(France): International Agency for Research on
Cancer; 2022: 78-79.

2. Amin MB, Tickoo SK. Diagnostic pathology genitourinary[M], 2", Salt
Lake City: Elsevier Inc; 2016. p. 20-2.

3. Patel VM, Handler MZ, Schwartz RA, et al. Hereditary leiomyomatosis and
renal cell cancer syndrome: an update and review. J Am Acad Dermatol.
2017,77(1):149-58.

4. Reyes C, Karamurzin'Y, Frizzell N, et al. Uterine smooth muscle tumors
with features suggesting fumatate hydratase aberration: detailed mor-
phologic analysis and correlation with S-(2-succino)-cysteine immunohis-
tochemistry. Mod Pathol. 2014;27(7):1020-7.

5. Ooi A. Advances in hereditary leiomyomatosis and renal cell
carcinoma(HLRCC) research. Semin Cancer Biol. 2020,61:158-66.

6. Doehn C, GrunwaldV, SteinerT, et al. The diagnosis, treatment, and fol-
low-up of renal cell carcinoma. Dtsch Arztebl Int. 2016;113(35-36):590-6.

Page 5 of 5

~

Muller M, Ferlicot S, Guillaud-Bataille M, et al. Reassessing the clini-

cal spectrum associated with hereditary leiomyomatosis and renal

cell carcinoma syndrome in French FH mutation carries. Clin Genet.

2017,92(6):606-15.

8. Moch H, Cubilla AL, Humphrey PA, et al. The 2016 WHO classificaion of
tumours fo the urinary system and male genital organs-part A: renal,
penile, and testicular tumours. Eur Urol. 2016;70(1):93-105.

9. Hansen AW, Chayed Z, Pallesen K, et al. Hereditary leiomyomatosis and
renal cell cancer. Acta Derm Venereol. 2020;100(1):adv00012.

10. Schultz KAP, Rednam SP, Kamihara J, et al. PTEN, DICER1, FH, and their
associated tumor susceptibility syndromes: clinical features genet-
ics, and surveillance recommendations in childhood. Clin Cancer Res.
2017,23(12):e76-82.

11. Menko FH, Maher ER, Schmidt LS, et al. Hereditary leiomyomatosis and
renal cell cancer(HLRCC): renal cancer risk, surveillance and treatment.
Fam Cancer. 2014;13(4):637-44.

12. Hol JA, Jongmans MCJ, Littooij AS, et al. Renal cell carcinoma in young

FH mutation carriers: case series and review of the literature. Fam Cancer.

2020;19(1):55-63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Fumarate hydratase-deficient renal cell carcinoma: a case report and review of the literature
	Abstract 
	Background 
	Case report 
	Conclusion 

	Background
	Case report
	Discussion
	Conclusion
	Acknowledgements
	References


