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Abstract. Succinate dehydrogenase (SDH)‑deficient renal cell 
carcinoma (RCC) is an autosomal dominant syndrome caused 
by heterozygous pathogenic germline variants of the SDH 
gene. SDH mutations are associated with an increased risk of 
developing RCC, although studies describing SDH‑deficient 
RCC are currently limited. The present study reported a case 
of SDH‑deficient RCC with high malignancy and rare bone 
metastasis. The patient was diagnosed with a right renal mass 
through B‑mode ultrasound imaging and showed a carci‑
noma embolus in the right renal vein and inferior vena cava 
through kidney contrast‑enhanced computed tomography. A 
whole‑body bone scan showed radionuclide accumulation in 
the upper end of the left humerus, which indicated possible 
pathological bone destruction. As a result, surgical resec‑
tion was performed. The postoperative pathology indicated 
a high‑grade RCC and although the specific classification 
remained uncertain, hereditary leiomyomatosis and RCC 
was suspected. Subsequently, a germline mutation of the 
succinate dehydrogenase complex flavoprotein subunit A gene 
was identified through high‑throughput sequencing (c.1A>G, 
p. Met1?) and immunohistochemistry demonstrated the loss 
of succinate dehydrogenase complex flavoprotein subunit 
B expression. Postoperatively, the patient underwent radio‑
therapy and targeted therapy. After 6 months of follow‑up 
treatment, there was no indication of recurrence or metastasis 
on thoracoabdominal CT and whole‑body bone scintigraphy. 
Based on the present report, germline screening should poten‑
tially be encouraged in early‑onset patients as family history 

or pathological results may not provide sufficient information 
for the early, differential diagnosis of SDH‑deficient RCC.

Introduction 

Succinate dehydrogenase (SDH)‑deficient renal cell carcinoma 
(RCC) is a rare form of RCC that has a hereditary compo‑
nent (1). Renal cancer, a common tumor of the urinary system, 
accounts for 2‑3% of adult malignancies globally (2). However, 
SDH‑deficient RCC accounts for 0.05‑0.20% of all cases of 
renal cancer (3). This form of RCC is rare compared to more 
common subtypes such as clear cell RCC, which accounts for 
about 70‑80% of all RCC cases. In 2004, Vanharanta et al (4) 
first reported SDH‑deficient RCC. SDH‑deficient RCC was 
subsequently included as a new subtype of RCC in the 2016 
edition of the World Health Organization classification of 
renal tumors (5). 

SDH‑deficient RCC is an autosomal dominant disease 
caused by an SDH gene mutation. SDH, also known as mito‑
chondrial complex II, is formed from four protein subunits 
[SDH complex flavoprotein subunit A (SDHA), SDHB, SDHC 
and SDHD], which is involved in the tricarboxylic acid cycle 
and the respiratory electron transport chain (6,7). The func‑
tion of SDH is to catalyze the energy‑dependent conversion of 
succinate to fumarate (6). The four subunits are encoded by 
four genes respectively, and mutations in any one of the genes 
could cause the decrease, and even loss, of SDH activity (8), 
which results in the intracytoplasmic accumulation of 
succinate and potentially predisposes patients to neoplastic 
transformation (9,10). SDHB mutations are the most common, 
followed by SDHC and SDHA mutations (1). SDHD mutations 
are rare compared with other mutations, and ~30% are multi‑
focal or bilateral renal tumors (3,5,11). Studies have reported 
that succinate, the catalytic substrate of SDH, is involved in 
signal transduction pathways in renal cell cancer (7‑9,12), 
but the exact mechanism of the SDH gene mutation that 
leads to tumorigenesis is currently unclear. Mutations in the 
SDH gene are also associated with certain types of heredi‑
tary tumors, such as pheochromocytomas, gastrointestinal 
stromal tumors, familial paragangliomas and partial pituitary 
adenomas (13,14).
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SDH‑deficient RCC is more commonly diagnosed in 
young adults (age, 22 to 72 years) and slightly more prevalent 
in men (3,11). The diagnosis of SDH‑deficient RCC relies 
upon pathology, immunohistochemistry (IHC) and genetic 
testing (3). Macroscopically, the tumors are well‑circum‑
scribed, with mass or cystic growth that is grayish‑red or 
grayish‑brown in appearance and can be accompanied by 
hemorrhage. Microscopically, the tumor cells typically appear 
cuboidal or oval and are arranged in nests or tubules, often 
exhibiting cystic changes (15). The tumor cells typically have 
round or oval nuclei, scattered flocculent chromatin and incon‑
spicuous nucleoli (13,15). The most prominent histological 
feature of SDH‑deficient RCC is the presence of cytoplasmic 
vacuoles or inclusion bodies (13).

The present study reported the case of a 49‑year‑old 
patient with a highly malignant tumor who developed distant 
bone metastasis upon initial examination. The postoperative 
pathological diagnosis was at first unclear and, in combination 
with the patient's clinical manifestations and imaging data, 
hereditary leiomyomatosis and RCC syndrome (HLRCC) was 
considered. Finally, genetic screening identified a germline 
mutation in the SDHA gene, and IHC demonstrated loss of 
SDHB expression. The imaging and pathological data of 
the patient were similar to that of HLRCC and differential 
diagnosis was challenging. To the best of our knowledge, misdi‑
agnosed with HLRCC due to microscopic resemblance, but 
genetic testing later revealed an SDHA mutation, confirming 
SDHA‑deficient RCC, which has not been reported before and 
emphasizes the necessity for further genetic screening.

Case report

The present report was conducted in accordance with the 
Surgical CAse REport guidelines (16). A 49‑year‑old male 
patient presented to Linyi People's Hospital, Linyi, China) in 
November 2022 with a soft‑tissue mass on his right kidney, 
detected by B‑mode ultrasound imaging during a health 
check‑up (Fig. 1). The patient had a history of fractures, with 
a left humerus fracture occurring 1 month prior to admission 
due to minor external force, with no risk factors for malignancy 
and no family history of malignant disease. Upon physical 
examination, the patient demonstrated no abnormalities in 
both kidneys. Contrast‑enhanced computed tomography (CT) 
scan indicated a 55x68 mm mass in the right kidney along 
with a filling defect in the right renal vein and inferior vena 
cava (Fig. 1), which was suspected to indicate an intravascular 
tumor thrombus. A renal magnetic resonance imaging (MRI) 
scan showed enlargement of the right kidney with abnormal 
round signals covering an area of 55x68 mm, which included 
a mixed, slightly high T1 weighted image (T1WI) signal, a 
mixed T2 weighted image (T2WI) signal and an inhomoge‑
neous high diffusion‑weighted imaging (DWI) signal (Fig. 2). 
The perirenal contour was well circumscribed. The right 
renal pyelectasis was accompanied by a patchy homogeneous 
T1 signal, a high T2 signal and DWI exhibited a high signal 
(Fig. 2). Digital radiography demonstrated discontinuity in the 
cortical bone at the proximal end of the left humerus (Fig. 3A). 
A whole‑body bone scan demonstrated radionuclide accumu‑
lation at the upper end of the left humerus (Fig. 3B), which 
indicated possible pathological bone destruction. 

The preoperative diagnosis was malignant tumor of the 
right kidney, accompanied by tumor cell emboli in the right 
renal vein and inferior vena cava. Subsequently, surgical resec‑
tion of the tumor was performed. Pathological assessment 
was performed on the formalin‑fixed, paraffin‑embedded 
(FFPE) tissue block of surgical specimen stained with hema‑
toxylin and eosin. Postoperative pathology demonstrated a 
high‑grade RCC with lymphatic and vascular involvement, 
as well as invasion of the renal sinus but not perirenal fat 
(Fig. 4A and B). Microscopically, the tumor cells exhibited a 
mixed growth pattern arranged in nests, papillae and tubular 
cysts with prominent nucleoli, increased mitotic figures and 
marked nuclear atypia. Immunohistochemical analysis was 
conducted on formalin‑fixed paraffin‑embedded (FFPE) 
tissue blocks. Specimens were fixed in 10% neutral buffered 
formalin at room temperature for 16‑24 h. Tumor sections, cut 
to a thickness of 4 µm, were deparaffinized and rehydrated 
through a series of solutions: xylene I for 15 min, xylene II for 
15 min, 100% ethanol for 5 min, 95% ethanol for 5 min, 80% 
ethanol for 2 min, and 70% ethanol for 2 min. The sections 
were washed in phosphate‑buffered saline (PBS) three times, 
each wash lasting 10 min. Antigen retrieval was performed in 
a pressure cooker using 0.01 M citrate buffer (pH 6.0) at 95˚C 
for 10 min. Following this, the slides were washed three times 
with 0.01 M PBS (pH 7.4), each wash for 5 min. Endogenous 
peroxidase activity was blocked by incubating the slides with 
3% hydrogen peroxide at 37˚C for 30 min, followed by three 
PBS washes, each lasting 10 min.

Non‑specific binding was blocked by incubating the 
sections with 10% goat serum (Fuzhou Maixin Biotechnology 
Development Co., Ltd.) at room temperature for 30 min, 
followed by three PBS washes, each for 10 min. Primary 
antibodies were applied at room temperature for 30 min and 
then at 4˚C for 12 h. The primary antibodies used included 
Cytokeratin 7 (ZM‑0071), α‑methylacyl‑coenzyme A race‑
mase (ZA‑0228), E‑cadherin (ZM‑0092), CD10 (ZM‑0092), 
carbonic anhydrase IX (TA500623), Pax‑2 (ZA‑0467), CD117 
(ZA‑0523), Anaplastic Lymphoma kinase (ALK)‑1A4/1H7 
(ZM‑0248), cytokeratin 20 (ZA‑0574), integrase interactor 1 
(ZA‑0696), tumor protein 63 (ZM‑0406), GATA binding 
protein 3 (ZA‑0661), S100 calcium‑binding protein P 
(ZM‑0494), Vimentin(ZM‑0260), and octamer‑binding tran‑
scription factor 4 (ZM‑0233). All primary antibodies were 
provided as ready‑to‑use formulations, requiring no further 
concentration or dilution, and were supplied by Beijing 
Zhongshan Golden Bridge Biotechnology Co., Ltd. Following 
incubation, the slides were brought to room temperature for 
30 min and then washed three times with PBS, each wash for 
10 min. A horseradish peroxidase‑conjugated goat anti‑rabbit 
IgG secondary antibody (ZB‑5301, 1:5,000, provided by 
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.) 
was added, and the slides were incubated at room temperature 
for 1 h. Diaminobenzidine (DAB) was used as the chromogen 
for visualization. The sections were counterstained with 
hematoxylin for 2 min at room temperature and then blued 
in ammonia water for 1 min, sealed with Permount Mounting 
Medium, and examined under a LEICA DM2000 light 
microscope. IHC demonstrated the following: Cytokeratin 7 (‑), 
α‑methylacyl‑coenzyme A racemase (+), E‑cadherin (+), 
CD10 (+), carbonic anhydrase IX (+), Pax‑2 (+), CD117 (‑), 
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ALK‑1A4/1H7 (‑), cytokeratin 20 (‑), integrase interactor 1 
(+), tumor protein 63 (‑), GATA binding protein 3 (‑), S100 
calcium‑binding protein P (‑), Vimentin (+), octamer‑binding 
transcription factor 4 (‑) and CK (+) (Fig. 5). The tumor stage 
was pT3bN0M1. Due to the microscopic appearance of the 
cancer cells closely resembling hereditary leiomyomatosis 
and renal cell carcinoma (HLRCC), and the characteristic 
markers of SDH‑deficient RCC‑cytoplasmic vacuolization or 
cytoplasmic inclusions‑were difficult to identify in this case. 
Pathological examination could not confirm the diagnosis and 
HLRCC was considered. The diagnosis of HLRCC requires 
genetic sequencing for confirmation. Consequently, genetic 
testing was conducted on the patient.

In this case, high‑throughput sequencing was performed. 
The sequencing process was contracted out to a certified 
company, ensuring high‑quality and reliable data. The 
procedure employed high‑throughput sequencing combined 

with targeted region capture technology. The DNA/RNA 
samples for sequencing were prepared using the MagPure 
Buffy Coat DNA Midi KF Kit, which is catalogued under 
D3537‑02#; Magen Biotech. Agarose gel electrophoresis was 
employed to verify the quality/integrity of processed samples. 
The sequencing was executed using the MGISEQ‑2000RS 
High‑Throughput Sequencing Kit (catalog number 
1000012554# (two‑part), supplied by MGI. The kit supports 
paired‑end sequencing (PE100+100+10). The sequencing 
strategy employed was paired‑end sequencing, with a sequence 
length of 100 base pairs. Finally, the loading concentration of 
the final library was measured at 26.42 fmol/ul using the Qubit 
ssDNA Assay. Postoperative high‑throughput sequencing 
was performed and indicated a mutation in the SDHA gene 
[c.1A>G (p. Met1?)]. On this basis, the disease was diagnosed 
as SDHA‑deficient RCC. Human genetic counseling indicated 
that this specific mutation leads to the alteration of the protein 

Figure 1. Ultrasound examination and renal CT scan. (A) A soft tissue mass in the right kidney was found by B‑ultrasound during the patient’s health check‑up. 
(B) Plain abdominal CT scan showing enlargement of the right kidney, irregular filling of the inferior vena cava and the right renal vein. (C) Contrast‑enhanced 
CT scan showing a mass shadow in the right renal vein; the enhancement of the mass was not obvious compared with the left normal kidney in the arterial 
stage. (D) An inhomogeneous density shadow was observed in the right renal vein and inferior vena cava in the venous and delayed stage. White arrows 
indicate tumor and yellow arrows indicate tumor embolus. CT, computed tomography.
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translation start codon, resulting in a change to the initiation 
site of protein synthesis and ultimately impacting the function 
of the encoded protein. 

In order to identify histopathological features and confirm 
the lack of SDHB expression in cancer cells, the patho‑
logical tissue excised from the patient was reprocessed into 
histological sections and subjected to hematoxylin & eosin 
(H&E) staining as well as IHC staining. The specimen was 
fixed using a 10% neutral buffered formalin solution. The 
fixation process was carried out at room temperature for a 
duration ranging from 16 to 24 h. The tissue sections were 
cut to a thickness of 4 µm. Following sectioning, the slides 
were stained using Harris hematoxylin solution. The staining 
was performed at room temperature and the sections were 
left in the stain for 5 min. After rinsing, the sections were 
counterstained with eosin for 1 min. Similar to hematoxylin 
application, the eosin staining process was also conducted at 

room temperature. The stained slides were examined under 
a light microscope. Due to the extremely scarce presence of 
vacuoles in paraffin‑embedded specimens, they were very 
difficult to detect. Upon examination, the rare characteristic 
cytoplasmic vacuoles were identified (Fig. 4C). IHC for SDHB 
revealed its loss of expression (Fig. 4D). 

The patient underwent radiotherapy and targeted therapy 
1 month after the surgery. The patient is prescribed Sunitinib 
Malate capsules at a dosage of 50 mg daily, administered 
orally. The regimen consists of taking the medication continu‑
ously for 4 weeks followed by a 2‑week break. Immediate 
discontinuation of the drug is advised in the event of severe 
adverse reactions. Targeted radiotherapy was administered to 
a metastatic lesion located at the upper end of the left humerus. 
The radiation field measured 12x9 cm with a depth of 8 cm. 
The treatment utilized a Source‑to‑Axis Distance (SAD) tech‑
nique with anterior and posterior opposed fields, employing 

Figure 2. MRI scan showing enlargement of the right kidney with abnormal round signals. (A) A mixed, slightly high T1WI signal, (B) a mixed T2WI signal 
and (C) an inhomogeneous high DWI signal. (D) The right renal pyelectasis was accompanied by a patchy homogeneous T1 signal and a high T2 signal, while 
DWI exhibited a high signal. White arrows indicate tumor and yellow arrows indicate tumor embolus. MRI, magnetic resonance imaging; T1WI, T1 weighted 
image; T2WI, T2 weighted image; DWI, diffusion‑weighted imaging.
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6 MV X‑rays. A total dose of 50 Gy was delivered over 25 
fractions. The patient underwent three radiotherapy sessions. 
Chest and abdominal CT scans performed 3 months after the 
surgery showed no signs of metastasis while a whole‑body 
bone scan demonstrated reduced radionuclide concentration 
at the upper end of the left humerus (Fig. 3C). At the time of 
writing (July 2023), the patient was under observation for 6 
months and their condition remained stable.

Discussion 

In the present case, the patient was diagnosed with a right renal 
mass during a health check‑up without any particular clinical 
symptoms, and no tumor was identified in other parts of the 
body during preoperative examination, therefore secondary 
SDH‑deficient RCC was excluded. The patient was postopera‑
tively diagnosed with SDH‑deficient RCC with tumor emboli 
and bone metastasis following identification of an SDHA 
germline mutation by genetic screening. To the best of our 
knowledge, this is the first report of such a case according 
to a search using MEDLINE via PubMed using the terms 
‘SDHA‑deficient RCC’, ‘tumor emboli’ and ‘bone metastasis’. 
A previous study reported two cases of SDHA‑deficient 
RCC with bone metastases (17). However, based on the 

currently available literature, there have been no reports of an 
SDHA‑deficient RCC case concurrently presenting with both 
intravascular tumor emboli and bone metastasis. Therefore, 
the present case is rare.

Preoperatively differentiating SDH‑deficient RCC 
from other types of renal cancer based solely on clinical 
manifestations and imaging data is challenging. Diagnosis 
of SDH‑deficient RCC in the present case used genetic 
screening and IHC to confirm the loss of SDHB expression. 
Histologically, these tumors tend to exhibit solid, nested or 
tubular structures, often accompanied by varying degrees of 
cysts (3). Typically, nucleoli are not prominent and there is low 
nuclear atypia, whilst the cytoplasm appears eosinophilic and 
contains characteristic flocculent inclusions or vacuoles (15). 
However, in the present case, the observed tumor cells were of 
a high nuclear grade, and characteristic cytoplasmic vacuoles 
or inclusions were rare, resembling HLRCC morphologically, 
which distinguished the tumor cells from typical SDH‑deficient 
RCC presentation. 

The occurrence of HLRCC is related to the fumarate hydra‑
tase gene mutation (18). Histologically, HLRCC tumor cells 
typically present a mixed pattern of growth, including papil‑
lary, tubular, tubulopapillary, solid and cystic elements (18). 
The morphologic hallmark of HLRCC tumors is proposed 

Figure 3. Left humerus digital radiography and radioactive whole‑body bone imaging. (A) Left shoulder X‑ray showed left upper humerus bone discontinuity. 
Black arrows indicate the site of the fracture. (B) Whole‑body bone scan showed radionuclide accumulation at the upper end of the left humerus (Red arrow). 
(C) A whole‑body bone scan demonstrated reduced radionuclide concentration at the upper end of the left humerus three months after surgery.

https://www.spandidos-publications.com/10.3892/ol.2024.14485
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to be the characteristic feature of a large nucleus with a 
very prominent inclusion‑like, eosinophilic nucleolus which 
is surrounded by a perinucleolar halo (19). The tumor cell 
morphology in the present case resembled the aforementioned 
HLRCC microscopic features. HLRCC tumor cells typically 
show fumarate hydrated enzyme deletion, 2‑butylcysteine 
overexpression and positive SDHB staining, IHC features 
which could be used to distinguish HLRCC diagnosis from 
SDH‑deficient RCC (20).

At present, there is no consensus on the optimal treatment 
of SDH‑deficient RCC (13,21). Surgical intervention is the 
primary treatment option. Nephron‑sparing surgery can be 
considered in the early stage of treatment when the tumor is 
smaller. In cases of advanced stage tumors, it is recommended 
to conduct a comprehensive examination to determine the 
tumor status, followed by consideration of surgical interven‑
tion or molecular targeted therapy based on the patient's 
overall condition (15). 

It is unclear whether the prognosis of patients with 
SDH‑deficient RCC depends upon the specific SDH subtype 
affected. According to the currently available literature, 
postoperative histopathology suggests that SDH‑deficient 
RCC tumors exhibiting low‑grade nuclear morphology are 

indolent following complete resection (12). On the contrary, 
tumors with a high nuclear grade accompanied by cellular 
necrosis or displaying features of dedifferentiation often 
signify aggressive invasion, high malignancy grade and poor 
prognosis (13,15). The predominant nuclear grade of tumor 
cells in SDHB‑deficient RCC is low (Furhman grade 1‑2), 
which suggests a comparatively lower degree of malignancy, 
and ~11% of patients may present with metastasis (1). There 
is no unified conclusion on the degree of malignancy of 
SDHA‑deficient RCC. Yakirevich et al (22) reported a case of a 
54‑year‑old patient with a 10 cm tumor in the upper pole of the 
right kidney. The postoperative pathology suggested unclassi‑
fied stage III RCC (pT3aNxMx), and lung metastasis occurred 
22 months postoperatively. Kamai et al (17) reported three 
cases of SDHA‑deficient RCC with systemic metastasis within 
5 years from surgery, and systemic treatment was ineffective 
on the metastatic lesions. McEvoy et al (21) reported a case of 
SDHA‑deficient RCC with no obvious metastasis indicated by 
preoperative CT and a 11 cm tumor. Postoperative pathology 
confirmed SDHA‑deficient RCC, and further genetic testing 
showed two SDHA gene mutations: 91C>T (p. Arg31*) and 
1765C>T (p. Arg589Trp). A positron emission‑CT scan was 
performed at 10 months following surgery which demonstrated 

Figure 4. Tumor cells exhibiting glandular or tubular arrangement, with abundant cytoplasm, large nuclei and pronounced nuclear pleomorphism (magnifica‑
tion, x100). (A) Green boxes indicate tumor cells arranged in a papillary pattern and the red oval represents tumor cells arranged in a tubular/cystic pattern. 
(B) The black oval indicates significant cellular pleomorphism. (C) The yellow arrow indicates characteristic cytoplasmic vacuoles (magnification, x200). 
(D) The blue circle denotes lymphocytes expressing SDHB, appearing brownish‑red; black arrows indicate cancer cells lacking SDHB expression, appearing 
gray‑blue. SDHB, SDH complex flavoprotein subunit B.
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the presence of metastasis in the peritoneum, retroperitoneum 
and lung. Reports of RCC caused by SDHC and SDHD gene 
mutations are limited (17,23). Thus far, only the mutational 
profile of SDHD gene mutations has been described and the 
prognosis of patients with RCC carrying an SDHD gene muta‑
tion remains unclear (23). Therefore, based on the available 
data and the present case, a potential preliminary conclu‑
sion could be that SDHA‑deficient RCC is aggressive and 
associated with poor prognosis due to the high nuclear grade 
and dedifferentiation of the tumor cells. A larger patient cohort 
is still needed to confirm this.

In conclusion, SDHA‑deficient RCC is a rare entity that can 
present challenges for differential diagnosis, particularly when 
the histological features closely resemble those of HLRCC. 
For this reason, it could be recommended that patients with 
suspected SDH‑deficient RCC or HLRCC undergo postopera‑
tive genetic screening to determine the presence and subtype 
of gene mutations, as well as highlight the necessity for 
postoperative complementary therapy (targeted therapy, radio‑
therapy, chemotherapy, or immunotherapy). Due to the rarity 
of this hereditary condition and the uncertainty of long‑term 
prognosis, it is recommended to conduct prolonged follow‑up 
on affected patients. Family members of affected patients 
should potentially be advised to seek consultation with a 
genetic specialist and establish a cancer screening profile. 

Meanwhile, further exploration of the underlying mechanisms 
of SDH deficiency‑induced tumorigenesis is warranted.
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