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Abstract

Fumarate hydratase-deficient renal cell carcinoma (FH-RCC) is an independent pathological subtype of renal cell carci-
noma with a clear driver gene and a high degree of malignancy. Recent studies have found that patients with somatic
FH mutations have similar clinico-biological behavior and poor prognosis to patients with germline FH mutations.
FH-RCC has the characteristics of early age of onset, atypical imaging manifestations, variable pathological patterns,
difficult clinical diagnosis and poor effect on traditional drug treatment, thus greatly endangering the life and health
of patients. Under the organization of the Rare Kidney Cancer Collaborative Group, Genitourinary Cancer Committee,
China Anti-Cancer Association, this guideline was developed based on basic research, clinical cohort and evidence-
based medicine evidence, including imaging manifestations, pathological diagnosis, genetic testing, surgical and sys-
temic treatment options, and provided recommendations and references for the diagnosis and treatment norms.
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1 Introduction of FH-RCC

As we are continually deepening our understanding of
the molecular characteristics of renal carcinogenesis,
more and more renal cell carcinomas with defined tumor
driver genes are being recognized as independent patho-
logical subtypes recognized by the world health organi-
zation (WHO). Hereditary leiomyomatosis and renal cell
carcinoma syndrome (HLRCC) is a hereditary disease
caused by germline mutations in the fumarate hydratase
(FH) gene, which can manifest as skin, uterine smooth
muscle disease, and renal malignancies. It is a separate
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subtype in the 2016 WHO classification of renal tumors
because of its unique clinical pathology and molecular
biology [1]. Somatic FH mutations may also lead to the
development of renal cell carcinoma and have a very
similar biological behavior to HLRCC caused by germline
FH mutations. Therefore, the new WHO renal tumor
classification 2022 has collectively referred to renal cell
carcinoma caused by FH germline or somatic mutations
as FH-deficient renal cell carcinoma (FH-RCC).

The early age of onset, atypical imaging, and variable
pathology, collectively contribute to the difficult clini-
cal diagnosis of FH-RCC and the lack of a standardized
diagnostic process as well. On the other hand, FH-RCC
is highly invasive, prone to early distant metastasis such
as lymph node and bone metastasis, and lacks effective
systemic treatment. Therefore, it is a major challenge for
urologists to detect the disease early by imaging, diag-
nose it accurately by histopathology, molecular pathol-
ogy, or even genetic testing, and formulate the best
treatment strategy after diagnosis.
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This collaboration group systematically reviewed the
current research results of FH-RCC worldwide, and syn-
thesized multidisciplinary physicians’ diagnostic and
treatment knowledge of FH-RCC. The following clini-
cal consensus on clinical imaging forewarning, patho-
logic precision diagnosis, and life-cycle management
of FH-RCC is proposed through expert discussion and
voting. The percentage of expert agreement is indicated
in parentheses after the clinical recommendations. This
consensus was developed to optimize the early diagnosis
and treatment of this disease and to improve patient sur-
vival and prognosis.

2 Radiography of FH-RCC

The average age of onset of FH-RCC is 40—46 years. Most
tumors appear as cystic solid lesions on CT (Fig. 1), but
occasionally they may appear as pure solid lesions [2, 3],
with progressive enhancement on enhanced scans. The
initial diagnosis is often combined with retroperitoneal
lymph nodes and/or distant metastases [2—4], including
bone, mediastinal and cervical lymph nodes, liver, adre-
nal glands, lung, and pleura (Fig. 1). Enhanced CT scans
of the chest and whole abdomen are recommended for
patients with a first clinical diagnosis of cystic renal occu-
pancy, especially in younger patients. Suppose the solid
component of the lesion shows progressive enhance-
ment combined with retroperitoneal lymph node metas-
tasis or distant metastasis, FH-RCC should be highly
alerted. Additional CT-enhanced scans of the neck and
SPECT should be performed in these patients to screen
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for enlarged lymph nodes and bone metastases in the
neck and to identify systemic metastases. PET-CT is also
of value in identifying systemic metastases. Some stud-
ies have shown that particular MR sequences such as
blood oxygenation level-dependent MRI (BOLD-MRI)
or magnetic resonance spectroscopy (MRS) can be used
to identify metastases. It is valuable to distinguish FH-
RCC from other cystic solid lesions that can show pro-
gressive enhancement and can be used as a direction to
further suggest FH-RCC: FH-RCC has a significant aer-
obic glycolytic effect and low local ferritin content, and
its solid component has a significantly lower R2* value in
BOLD-MR]I, unlike other renal cell carcinomas that show
progressive enhancement in CT; FH-RCC tumors have
a significant increase in yohimbezoic acid and a signifi-
cantly higher waveform corresponding to yohimbezoic
acid in MRS [5].

Consensus 1: In patients with a first diagnosis of
cystic renal lesions, especially in younger patients,
CT enhancement of the chest and whole abdomen
is recommended; if the lesion shows progressive
enhancement, the possibility of FH-RCC should be
alerted. If metastasis is detected after the initial
diagnosis or confirmation of FH-RCC, the possibility
of cervical lymph node metastasis should be alerted.
Additional CT enhancement of the neck (75%) is
recommended in addition to the usual CT enhance-
ment of the chest and abdomen. Clinical studies are
recommended to explore the value of BOLD-MRI,

Fig. 1 The typical CT scan of FH-RCC: A NECT, B arterial phase, C venous phase, D coronal reconstruction
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MRS, and PET-CT as adjunctive imaging tools for
FH-RCC (75%).

3 Pathological diagnosis of FH-RCC

3.1 Morphological features

3.1.1 Gross morphology

FH-RCC tumors are predominantly cystic or solid. The
solid area is grayish white or grayish brown, solid, and
medium in texture; the cystic area has a smooth wall and
clear fluid. Unlike other hereditary renal cancers, FH-
RCC is mainly a unilateral, solitary lesion. The tumor
mainly involves the renal parenchyma, but a few involve
the renal medulla. The maximum diameter of the tumor
was reported to be 0.9-18.0 cm by foreign researchers [6]
and 3.0-16.9 cm by domestic researchers [7, 8].

3.1.2 Microscopic features

FH-RCC tumor cells are arranged in various ways,
including papillary, sieve tube, glandular or solid
arrangements, and in some cases, sarcoma-like or col-
lecting duct-like patterns. The heterogeneity of tumor
cell morphology is pronounced, and most cases show
high-grade morphology: eosinophilic cytoplasm, large
nuclei, and in some cases, inclusion body-like eosino-
philic nuclei and perinuclear halo, which suggest the
diagnosis of FH-RCC (Fig. 2G). In a few cases, eosin-
ophilic low-grade morphology is seen (Fig. 2H), and
these tumors tend to have a better prognosis. This mor-
phologic heterogeneity leads to a high rate of under-
diagnosis and misdiagnosis in cases without clinical
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suspicion or family history, which complicates the clin-
ical work [6]. The diagnosis of FH-RCC is still difficult
if based on morphological features alone.

Consensus 2: The morphologic diagnosis of FH-
RCC is difficult and requires a high level of
diagnostic experience for pathologists. It is rec-
ommended to combine relevant immunohisto-
chemical markers to assist pathological diagnosis
in suspected cases (75% of experts agree, same
below). Also, it is still necessary to confirm relevant
genetic testing after pathological diagnosis (100%).

3.2 Immunohistochemistry and FH detection

3.2.1 FHgene and protein defects

Most FH-RCC can be detected by immunohistochemi-
cal methods, but a few patients have positive FH pro-
tein expression. FH mutations are the most common
cause of FH protein expression deficiency or loss of
function (see “Section 4” for details).

FH germline mutations are specific to HLRCC, while
FH somatic mutations alone are previously designated
as FH-RCC [8, 9]. Since RCC due to FH germline and
somatic mutations or large segmental deletions have
the same pathological and biologic behavior, rare renal
cell carcinomas with germline and somatic FH muta-
tions will be uniformly classified as FH-RCC in the
forthcoming new WHO pathological classification
2022.

Fig. 2 Histopathologic characters of FH-RCC(HE): A cystic-solid, B papillary, C cri
body& perinuclear halos, H low grade eosinophilic tumor
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3.2.2 S-(2-succino)cysteine (25C)

FH is a key metabolic enzyme of the tricarboxylic acid
cycle, and its defect leads to intracellular accumulation
of ferredoxin, which in turn triggers a stable chemical
modification of intracellular proteins: abnormal suc-
cination, which can be detected by 2SC antibodies. The
positive rate of 2SC in FH-RCC is 100%, and the positive
expression is diffusely positive for nuclei and cytoplasm
(Fig. 3B), which can be used as an auxiliary diagnosis of
FH-RCC. However, a small number of renal clear cell
carcinomas and papillary renal cell carcinomas can also
express 25C weakly positively.

3.2.3 AKR1B10

FH deficiency can lead to abnormalities in the KEAP1-
NREF2 pathway [10, 11], and increased NRF2 expression
further promotes AKR1B 10 expression [12]. AKR1B10
immunohistochemical positivity is strongly positive for
diffuse cytoplasm and nucleus (Fig. 3C), which has high
sensitivity and specificity for the diagnosis of FH-RCC
and can be used as a potential marker for the diagnosis
of FH-RCC.

Consensus 3: Immunohistochemical detection of
FH protein is an important tool for diagnosing FH-
RCC, but some FH-RCC tumor cells can still express
FH protein. Combined detection of FH, 2SC, and
AKRIBI10 is recommended to improve the diagnos-

Fig.
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tic accuracy of FH-RCC (70%). In the search for the
cause of FH protein defects, if the corresponding FH
mutation is not detected by genetic testing, multi-
plex ligation-dependent probeamplification (MLPA)
is recommended in combination with clinicopatho-
logical features to determine the presence of FH
large fragment deletion (86%).

3.3 Immune microenvironment characteristics

Due to their immunogenic nature, immune checkpoint
inhibitor-based regimens have a pivotal role in treating
advanced kidney cancer. The results showed that most
FH-RCC had CD8+and CD4+T cell enrichment and
PD-L1 expression (Fig. 4A and B) [8, 13, 14]; multiplex
immunofluorescence also suggested increased immune
infiltration in FH-RCC tumors (Fig. 5), suggesting that
immunotherapy is one of the feasible treatment options
for FH-RCC [8].

Consensus 4: The degree of immune infiltration in
FH-RCC is generally high. Assessment of the immune
microenvironment (PD-L1 and CD8 + T cells) is nec-
essary for FH-RCC to more precisely guide the devel-
opment of clinical treatment strategies (60%).

3.4 Differential diagnosis
Prior to the discovery of FH mutations, most FH-RCC
were described as papillary renal cell carcinoma type II,

Magen

Fig. 4 IHC of FH-RCC tumor immune microenvironment: A PD-L1, B CD8+T infiltration
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Fig. 5 Representative immunofluorescence demonstrating the presence of overall CD8 +T cell, tumor-associated macrophage (CD68 and HLA-DR)

and NK cell (CD56) infiltration in selected sample

and in a few cases were diagnosed as collecting duct car-
cinoma or unclassified renal cell carcinoma. Morphologi-
cally, FH-RCC is mainly associated with papillary renal
cell carcinoma type II, Xp11.2 translocation/TFE3 gene
fusion-associated renal cell carcinoma, collecting ductal
carcinoma, medullary carcinoma, and unclassified renal
cell carcinoma types for differentiation, and immunohis-
tochemistry and genetic testing are of great value for dif-
ferential diagnosis.

Consensus 5: It is difficult for pathologists to make
the differential diagnosis of FH-RCC from other
pathological types of renal cell carcinoma based on
histomorphology alone, and it needs to be combined
with immunohistochemistry or even genetic testing
of related molecules to maximize accurate diagnosis
and differential diagnosis (100%).

4 FH-RCC gene detection

The FH gene is located on chromosome 1q42.3-43,
which is about 22 kb long and consists of 10 exons. Theo-
retically, mutations occurring in the above functional
domains or affecting their functions may reduce FH
activity and induce FH-RCC. 60-80% of FH-RCC patients
have germline FH mutations, and the presence of FH
mutations can be clarified by testing germline samples
(including blood or saliva). However, germline and tumor
samples should be tested for patients with possible sys-
temic FH mutations.

FH mutations are highly random and there are no
clear high-frequency mutation hotspots. More than 280
pathogenic and potentially pathogenic FH mutations
associated with the development of HLRCC have been
identified, with missense mutations (50-60%) being the
most common mutation type, followed by nonsense and
shift mutations (together accounting for approximately
30%). It should be noted that FH large fragment deletions
are present in 3 to 5% of patients. This type of mutation
is a structural variant. Genetic testing based on common
second-generation sequencing platforms (whole-exome

sequencing and panel testing) and Sanger sequencing
are not sensitive to this structural variant and therefore
are prone to underdiagnosis. Thus, if HLRCC is clinically
highly suspected and the genetic test shows negative,
MLPA should be performed to clarify the presence of FH
large segment deletion. If the above methods cannot clar-
ify the mutation status, there may be promoter regions,
intron regions, or more minor structural variants that
require whole genome sequencing for clarification. In
addition to the FH mutation, FH-RCC may harbour other
oncogenic mutations, including NF2, ARID1B, KMT2D,
SMARCCI, etc. FH-RCC combining these mutations
may have a more malignant biological behavior. There-
fore, single-gene assays for FH are insufficient to fully
characterize the mutation profile of the FH-RCC system.
In addition, loss-of-function FH mutations cause reduced
FH activity, leading to a considerable accumulation of
ferredoxin in cells and mitochondria, which can fur-
ther mediate abnormal tumor transcription and epista-
sis regulation by inhibiting a-ketoglutarate-dependent
dioxygenase family-related molecules. The above features
are closely related to the patient’s clinical prognosis and
drug therapy response. Therefore, whole-exome, tran-
scriptome, and methylation sequencing for FH-RCC is
an essential guide for patient prognosis assessment and
treatment option selection.

Consensus 6: Simultaneous germline and systemic
FH mutation testing are required for patients with
suspected FH-RCC. For patients with high clinical
suspicion of FH-RCC but negative mutation test-
ing, MLPA is recommended to clarify the presence
of FH large fragment deletion (85%). After the diag-
nosis of FH-RCC is confirmed, relevant genetic test-
ing such as whole exome, transcriptome, and meth-
ylation sequencing is recommended to assist in the
in-depth understanding of the disease and clinical
decision-making (54%). Current genetic testing pro-
vides limited information for FH-RCC diagnosis and
treatment strategies, and the relevant genetic test-
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ing tools and technologies after diagnosis should be
determined according to the actual situation (27%).

5 Treatment options for FH-RCC

5.1 Local treatment of the primary lesion

For organ-confined FH-RCC, surgical resection of the
primary lesion remains an important treatment. Because
of FH-RCC’s aggressive nature and high risk of metas-
tasis, the surgical strategy is also different from that of
common kidney cancer. On the one hand, FH-RCC is
often combined with cystic solid degeneration, which is
highly prone to intraoperative cyst rupture and cyst fluid
contamination of the operative area; on the other hand,
FH-RCC is extremely aggressive, and the results of a
cohort from West China Hospital of Sichuan University
(West China Hospital) showed that the proportion of
patients with tumor maximum diameter <10 cm (<cT2a
stage) who had a postoperative pathological upgrade
(>pT3a stage) was as high as 50% (29/58). Literature
also reported that a group of patients in North America
presented with non-organ confined pathological escala-
tion in 65% (15/23) [15]. Therefore, radical nephrectomy
is preferentially recommended for patients with a high
preoperative clinical diagnosis of FH-RCC, regardless of
tumor size, while partial nephrectomy with wide margins
of preserved renal units may be considered for patients
with functional or anatomic isolated kidneys or with
underlying renal dysfunction. When laparoscopic surgery
is considered, whether by the transabdominal or retro-
peritoneal route, the possibility of channel implantation
needs to be fully considered, the benefits and risks asso-
ciated with it should be communicated to the patient,
and the nephrectomy should be done strictly outside the
renal fascia. There is a lack of reliable clinical evidence
on whether hilar and retroperitoneal lymph node dissec-
tion is required for FH-RCC. However, since retroperi-
toneal lymph node metastasis often occurs early in this
disease, a comprehensive preoperative imaging exami-
nation is recommended to determine whether to per-
form concurrent lymph node dissection and the extent
of dissection based on preoperative imaging changes
and intraoperative conditions. There is insufficient clini-
cal evidence to determine whether patients diagnosed
with FH-RCC after undergoing partial nephrectomy with
preserved renal units need to undergo remedial radical
nephrectomy as soon as possible. In patients with oligo-
metastases who are in a stable stage of systemic therapy,
reduction and metastasectomy may be considered after
adequate case screening.

Although there is a lack of clinical evidence, given the
highly malignant features of FH-RCC, and most of them
have a more active tumor immune microenvironment,
postoperative adjuvant immune checkpoint inhibitor
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therapy can be considered for high-risk patients regard-
ing renal clear cell carcinoma [16], and the specific drugs
and treatment courses can be decided after considering
the relevant patient conditions. In patients with de novo
metastatic FH-RCC, there is also a lack of clinical evi-
dence on whether primary site reduction is worthwhile.
The feasibility of reduction is recommended to be fully
evaluated on a patient-by-patient basis.

Consensus 7: In patients with high preoperative sus-
picion of FH-RCC, it is recommended to prioritize
radical surgical treatment in the absence of an abso-
lute indication for renal preservation and to care-
fully evaluate the imaging presentation to decide
whether to complete retroperitoneal lymph node
dissection at the same time (70%). After a compre-
hensive assessment of tumor size, location, and other
specific conditions, partial nephrectomy can be cho-
sen (26%). Due to the high malignancy of FH-RCC,
postoperative adjuvant therapy is necessary despite
the lack of sufficient evidence (100%). It is recom-
mended that adjuvant therapy be implemented
after the completion of the surgery, as determined
by multidisciplinary discussion (64%). In patients
with metastatic FH-RCC, a primary focal reduction
is worth trying (75%), and a reduction treatment
plan should be developed based on a comprehensive
evaluation by a multidisciplinary urologic oncology
team (54%).

5.2 Systemic treatment

FH-RCC is less common, thus standardized diagnosis is
difficult. There is a lack of data from multicenter clini-
cal trials with large sample sizes; also there is significant
heterogeneity in the available real-world treatment out-
comes, and no consistent standardized treatment regi-
men is available.

5.2.1 Bevacizumab combined with erlotinib (E-B regimen)

In 2014, the results of a phase II clinical trial of the
E-B regimen for patients with HLRCC showed that
the combination had good clinical efficacy (objec-
tive remission rate of 60% and median progression-
free survival time of 24.2 months) [17]. Subsequently,
data from a single-center study at the National Cancer
Institute were reported at the 2020 American Society
of Clinical Oncology annual meeting, again showing
good efficacy of the E-B regimen (objective remission
rate 64% and median progression-free survival time
of 21.1 months) [18]. However, due to the inclusion of
patients with hereditary FH-RCC in this study, long
enrollment time, single-center nature, and lack of clin-
ical validation, the E-B regimen was delayed in gaining
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approval by the US Food and Drug Administration.
Subsequently, data from a multicenter study from
France and the Renji Hospital of Shanghai Jiaotong
University School of Medicine (Renji Hospital) showed
similar limitations [7, 19]. However, given the lack of
effective systemic treatment options for FH-RCC, the
E-B regimen is still recommended for treating FH-
RCC in the NCCN kidney cancer treatment guidelines
and the 2021 Chinese Society of Clinical Oncology
guidelines [19, 20].

5.2.2 Anti-vascular targeted drugs combined with immune
checkpoint inhibitors

According to the results of the FH-RCC histology study
in this center, immunotherapy combined with targeted
therapy was proposed in West China Hospital, and the
relevant clinical data showed that the median progres-
sion-free survival time of sindilizumab combined with
axitinib for metastatic FH-RCC reached 18.7 (unpub-
lished data), which is significantly higher than the 5.5
months of tyrosine kinase inhibitor monotherapy regi-
men [8]. The center is also conducting sindilizumab in
combination with axitinib. A prospective phase II clini-
cal trial (NCT01130519) for the treatment of metastatic
FH-RCC, evaluated as of May 2022, showed a disease
control rate of 90% (18/20) and a median progression-
free survival time of 22.7 months in the 20 patients
included. A national multicenter retrospective study led
by Renji Hospital included 77 patients with FH-RCC;
26 of them with advanced FH-RCC applied anti-vascu-
lar targeted drugs combined with immune checkpoint
inhibitors as first-line treatment and had an objec-
tive remission rate of 27%, disease control rate of 85%,
median progression-free survival time 18.0 months,
and median overall survival time was not reached; 12
cases applied E-B regimen had an objective remission
rate of 25%, disease control rate of 67%, median pro-
gression-free survival time of 10.0 months, and median
overall survival time of 16.0 months; 29 cases applied
anti-vascular targeted drugs as first-line treatment had
an objective remission rate of 10%, disease control rate
of 62%, and median progression-free survival time of
12.0 months and median overall survival time of 30.0
months [7]. In the literature, it was reported that one
patient with metastatic HLRCC had survived more than
58 months with a combination of axitinib and nabumab
by tumor reduction [20]. Another literature reported
that one patient with HLRCC achieved complete remis-
sion after 31 weeks of treatment with nabumab com-
bined with epitumumab [21]. These findings suggest
that combination therapy based on immune checkpoint
inhibitors may be effective in metastatic FH-RCC.
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5.2.3 mTOR inhibitor combined with anti-vascular targeting
regimen

Data from Memorial Sloan-Kettering Cancer Center
showed that 18 of 26 patients with FH-RCC received
the combination of mTOR inhibitors and anti-vascular
targeting drugs, with an objective remission rate of 44%,
which was significantly better than anti-vascular target-
ing drug monotherapy (objective remission rate of 20%)
and mTOR inhibitor monotherapy (objective remission
rate of 0) [22]. Based on this result, it seems that the
mTOR inhibitor combined with anti-vascular targeting
drug regimen can also benefit patients.

5.2.4 Other regimens

Real-world data from multiple centers in China and
abroad suggest that neither anti-vascular targeted drug
monotherapy, mTOR monotherapy, nor immune check-
point inhibitor monotherapy can achieve an adequate
therapeutic response, and therefore, monotherapy is not
recommended.

Consensus 8: There is a lack of definitive systemic
treatment options for FH-RCC. Patients are rec-
ommended to participate in relevant clinical trials
(85%) as a priority. Considering the tumor immune
microenvironment characteristics and drug acces-
sibility, we recommend also prioritizing treatment
with immune checkpoint inhibitors in combination
with anti-vascular targeting agents (89%). In addi-
tion, patients with FH germline mutations may also
be treated with E-B regimens (62%).

5.3 Follow-up

Given the highly aggressive and metastatic nature of FH-
RCC, imaging review is recommended every 3 months
for 2 years and every 6 months thereafter for patients
who underwent radical resection with or without adju-
vant therapy. Patients with metastatic FH-RCC receiv-
ing systemic therapy are recommended to undergo safety
examinations every month and effectiveness examina-
tions every 3 months. Since FH-RCC can metastasize to
the neck, mediastinum, retroperitoneal lymph nodes,
and abdominal organs such as lung and liver, bone
metastases are relatively common, routine CT-enhanced
scans covering the neck, chest and whole abdomen are
recommended, together with SPECT bone scans. MRI
has apparent advantages over CT in showing liver, brain,
and bone metastases. If metastases are suspected in the
areas mentioned above and CT and bone scan cannot
confirm the diagnosis, MRI can be added to assist in the
diagnosis. Since some patients with FH-RCC have cystic
metastases, which may appear as small cyst-like changes
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in the early stage, patients with FH-RCC should undergo
MRI to identify new cystic lesions, especially those
located in the liver, during CT follow-up. In addition,
since most bone metastases in FH-RCC show osteolytic
bone destruction, SPECT and PET-CT show false nega-
tives, MRI can provide diagnostic evidence for such bone
metastases. Finally, PET-CT can also be used to help
identify small lesions that are difficult to determine their
nature.

6 Summary

FH-RCC is a rare type of renal cell carcinoma with an
extremely aggressive and metastatic nature, which is
challenging to diagnose and lacks effective systemic treat-
ment. Clinical work needs to deepen our understanding
of this disease, make clinical recognition as early as possi-
ble with imaging manifestations and medical history, and
choose reasonable radical surgery or systemic treatment
plan to improve patient prognosis.
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