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Abstract: According to the WHO new renal tumor classification (2016), the clinical and pathologic characteristics,
immunophenotype and molecular genetic characteristics of 2 cases of succinate dehydrogenase (SDH)-deficient
renal cell carcinoma were retrospectively analyzed, and the relevant literature was reviewed. In 2 cases, there was
1 male and 1 female, the average age was 52.5 years old. The renal tumor average length was 4.2 cm. Tumor cut
surface was solid, grayish yellow and soft. The tumor boundary was clear, and the cells were arranged in solid,
nested, or small tubular growth. The cytoplasm was vacuolated or contained eosinophilic or light-stained flocculent
substance, with a regular nucleus and no obvious nucleoli, showing low-grade nuclei. No atypical mitotic figures or
necrosis were found. SDH-deficient renal cell carcinoma has a characteristic morphologic manifestation, and lack
of SDHB expression in the immunophenotype. During the clinical diagnosis and treatment, the patient’s condition
and family genetic history should be asked for in detail, and genetic detection should be performed to confirm the

diagnosis if necessary.
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Introduction

Succinate dehydrogenase-deficient renal cell
carcinoma is a new classification in WHO renal
tumors for 2016 [1], that occurs in young
people and slightly more in men than in wo-
men. The tumor is highly genetically related.
Patients often have germline mutations of
SDH-related genes, with SDHB mutations the
most common, followed by SDHC, SDHA and
SDHD more rarely, causing mitochondrial
complex Il function defects resulting in tumori-
genesis. About 30% of patients present with
multifocal or bilateral renal tumors. SDH-
deficient renal cell carcinoma is a rare renal
tumor, with few reports. This article retrospec-
tively analyzes 2 cases of SDHB-deficient renal
cell carcinoma and reviews relevant literature.
The purpose is to improve clinicians’ and
pathologists’ understanding of the clinical
and pathological characteristics of such
tumors.

Materials and methods
Case selection and histologic review

Two cases of SDHB-deficient renal cell carcino-
mas were collected from Department of
Pathology of the First Affiliated Hospital of
Bengbu Medical College from January 2017
to September 2019. Clinical and pathologic
data available from the patients’ medical
records were reviewed. All available histologic
and immunohistologic sections were indepen-
dently reviewed by two experienced patholo-
gists according to the new 2016 WHO classifi-
cation of renal tumors.

Pursuant to Research Ethics Committee
approval at the First Affiliated Hospital of
Bengbu Medical College, follow-up information
was obtained by review of medical records or
direct communication with patients or their
family by telephone.
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Clinical information

First case: The patient, a 58-year-old female,
was admitted to the hospital in April 2019 for
“left renal mass lesion on physical examin-
ation about one week”. The patient had no fre-
quent urination, urgency, dysuria, gross hema-
turia, no waist and abdominal pain or chills
and fever. Physical examination showed no
abnormalities. Abdominal CT in the other
hospital showed that the left renal inferior
pole was occupied, renal carcinomas was pos-
sible; and there were mixed density nodules in
front of the left kidney. The patient had a previ-
ous physical examination and had a right
thigh mass resection in a hospital in January
2016. Postoperative pathology in the other
hospital showed that the mass was cystic and
solid, about 5.5 cm x 5.0 cm x 3.5 cm in size,
and the contents of the cystic area had been
lost. Pathologic diagnosis was poorly dif-
ferentiated synovial sarcoma (Rhabdomyoid
differentiation) of right thigh. Immunohis-
tochemical results: CKP and Vimentin were all
positive, LCA, CD3, CD20, and CD79a were all
negative, and Ki-67 was about 10%. Two of
the five siblings had a history of renal tumors
and had renal tumor resection (pathologi-
cally suggestive of renal carcinoma), but they
had no other tumors. Their parents had no
physical examination and the specifics were
unknown.

Second case: The patient, a 47-year-old male,
was admitted to the hospital in July 2017 for
“left waist pain for more than a month”. The
patient had no frequent urination, urgency, dys-
uria, gross hematuria, no chills and fever.
Physical examination showed no abnormalities.
The enhanced CT of the abdomen in our hospi-
tal suggested that the left inferior pole had
significant uneven enhancement, and renal
carcinomas was possible.

Immunohistochemistry and genetic testing

Specimens were fixed in 10% neutral formalin,
embedded in conventional paraffin, 4 pm
thick serial sections, stained with H&E, and
observed under a light microscope. For immu-
nohistochemical staining, envision two-step
method was used, and TBS buffer was used
instead of the primary antibody as a blank
control. Primary antibodies PAX8, CK (AE1l/
AE3), EMA, P504s, CD117, CD10, CKS,
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Vimentin, CK7, CA9, Claudin-7, SDHB, HMB45,
TFE-3, ALK-1, and MyoD1 all were purchased
from Fuzhou Maixin Biological Technology
Development Co., Ltd. The secondary anti-
body is a mouse and rabbit universal anti-
body, and DAB was the chromogen. With the
first patient’s informed consent, the patient’s
wax block was sent to Anhui Boao Medical
Genetic Testing Co., Ltd. for complete exon
gene sequencing, and then further verified by
one-generation sequencing.

Results
Gross

First case: The left nephrectomy specimen was
7.0 cm x 5.0 cm x 4.0 cm in size, and a gray-
yellow nodule was observed on the section, the
size was 2.5 cm x 2.0 cm x 2.0 cm, and soft
texture with a capsule in some areas.

Second case: The left nephrectomy specimen
was 8.5 cm x 6.3 cm x 4.7 cm in size, and a
brown-yellow nodule was observed on the cut
surface; the size was 5.8 cm x 4.3 cm x 3.2
cm, with soft texture with a capsule in some
areas.

Microscopic examination

First case: The tumor boundary was clear. The
cells were arranged in solid, nest-like, small
tubular growths. Cytoplasm was vacuolated,
and the cytoplasm contained eosinophilic or
light-stained flocculent substances. The nucle-
us was regular with light staining and incon-
spicuous nucleoli. Atypical mitotic figuresand
necrosis were not seen (Figure 1A). The surgi-
cal margin was negative. WHO/ISUP classifica-
tion: G2, pTla.

Second case: The tumor boundary was clear.
The cells were arranged irregularly. Cytoplasm
was lightly stained with eosinophilic particles.
The nuclei was regular, the staining was fine,
and the nucleoli were not obvious, consistent
with low-grade (Figure 2A). The surgical margin
was negative.

Immunohistochemical features

First case: PAX8, CK (AE1/AE3), EMA, P504s
CD117, CD10, CK8, and MyoD1 were positive;
Vimentin, CK7, CA9, Claudin-7, SDHB (Figure
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Figure 1. A. Tumor formations are solid, nested, or small tube-shaped. There
is abundant cytoplasm, mildly eosinophilic, vacuole-like or flocculent/feath-
ery. Normal renal tubules are engulfed in the stroma (H&E stain x 400). B.
Immunohistochemical expression of SDHB in tumor tissues was negative,
while engulfed normal renal tubules were positive (magnification, x 400).

Figure 2. A. Tumor cells are irregularly arranged, and the cytoplasm is vacu-
olated or mildly eosinophilic (H&E stain x 400). B. Immunohistochemical
expression of SDHB in tumor tissues was negative, while engulfed normal
renal tubules were positive (magnification, x 400).

€.725G>A
p.R242H

GG TGTGGCAGCGGTATAG AGA

Genetic test suggests heterozygous mutation on
exon region of SDHB gene (c.725G >Ap.R242H).

Figure 3. Genetic test suggests heterozygous mu-
tation on exon region of SDHB gene (c.725G >
Ap.R242H).

1B), HMB45, TFE-3, and ALK-1 were all
negative.

Second case: PAX8, CK, P504s, CD117, and
CD10 were positive. Vimentin, CK7, SDHB
(Figure 2B), HMB45, and TFE-3 were all
negative.
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Genetic testing

For the first patient who had
a clear family history of renal
tumors, genetic testing of this
family lineage was recom-
mended. The whole exon
was sequenced and the
results indicated that a het-
erozygous mutation was fou-
nd in the exon region of the
SDHB gene (c.725G > Ap.
R242H): ¢.725G > A (guanine
> adenine), which led to ami-
no acid changes p.R242H
(arginine > histidine). This
mutation site has been re-
ported as a pathogenic mu-
tation [2]. Further application
of one-generation sequen-
cing verification, gave results
that were consistent (Figure
3).

Pathologic diagnosis: Succi-
nate dehydrogenase (SDH)-
deficient renal cell carcino-
ma.

Discussion

Succinate dehydrogenase (SDH) is a mito-
chondrial enzyme complex composed of four
protein subunits: SDHA, SDHB, SDHC and
SDHD, and participates in the tricarboxylic
acid cycle and mitochondrial electron tran-
sport chain transport. It catalyzes the oxi-
dation of succinate to fumaric acid and is also
involved in electron transport in the respiratory
chain [3-5]. Among them, the genes encoding
SDHA [6] (5p15.33), SDHB (1p36.13), SDHC
(1923.3) and SDHD [7] (11923) are located on
different chromosomes, and the deletion of any
one subunit will cause these complex to be
unstable, causing mitochondrial complex |l
function deficiency and inducing tumorigene-
sis. SDHA gene mutation is related to the occur-
rence of gastrointestinal stromal tumors (GIST);
SDHB gene mutation is closely related to
abdominal or head and neck paraganglioma
and renal carcinoma; SDHC gene mutation is
related to head and neck paraganglioma and
renal carcinoma; SDHD mutations are associ-
ated with tumor formation in head and neck or
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abdominal paraganglioma, adrenal pheochro-
mocytoma, and gastrointestinal stromal tumor.
Studies reported that mutations or abnormal
expression of SDH-related genes are closely
related to the occurrence of various diseases,
that is SDH-deficient tumors, such as pituitary
adenoma, pulmonary chondroma, neuroblasto-
ma, renal eosinophilic adenoma, papillary thy-
roid carcinoma, seminoma, and pancreatic
neuroendocrine tumor.

Vanharanta et al. [8] first presented SDH-
deficient renal cell carcinoma in 2004. This
type of renal cell carcinoma has a rare inci-
dence, often occurs in young adults, and has
obvious heredity. Tumors develop unilaterally
in most patients. About 30% of patients pres-
ent with multifocal tumors or bilateral nephro-
genesis [9]. Most patients present with germ-
line mutations in SDH-related genes; SDHB
mutation is the most common, followed by
SDHC, SDHA and SDHD mutations rarely. The
clinical features of SDH-deficient renal cell
carcinoma are mainly lumbar pain or acci-
dental discovery. There may be a personal or
familial clinical history of paraganglioma, or
the presence of SDH-deficient GIST [10]. About
1/3 of them may metastasize, only as low-level
forms are rare.

Histopathologic manifestations showed clear
tumor boundaries, solid red or brown appear-
ance, and varying degrees of polycystic
changes, usually without necrosis. Lesions
were confined to kidney without invasion of
the sinus, vein, or perirenal adipose tissue.
Microscopic tumor boundaries were distinct.
Renal tubular entrapment was common. Tumor
cells are arranged in solid, nested or small
tubes, scattered in small sacs, and contain
eosinophils, regular nucleation, fine staining,
inconspicuous nucleoli, and the characteristic
histologic manifestation of cytoplasmic vacu-
oles plus eosinophilic or light-stained floc-
culent substances. Under ultrastructure, these
inclusions are megamitochondria. In most
cases (75%), the nucleus is of low nuclear
grade and lacks coagulative necrosis; a few
are high nuclear grade and may even be ac-
companied by sarcoma-like changes. In addi-
tion, mast cell infiltration can be seen in the
tumor stroma. The immune phenotype of this
type of renal carcinoma is characterized by a
loss of SDHB expression. When rare renal cell
carcinoma with SDHA gene mutation occurs,
both SDHA and SDHB immunohistochemical
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markers are negative. Immunohistochemical
interpretation of SDHB expression needs to
be compared with the surrounding normal
renal tissue, and some cytoplasmic renal cell
carcinomas have weaker SDHB staining
rather than true negatives, so that SDHB-
deficient renal cell carcinoma cannot be diag-
nosed. However, the diagnostic value of other
immunohistochemical markers is limited. For
example, only 30% of cases are positive for
CK; PAX8 and Ksp-cad are mostly positive, CK7
is negative in most cases, and neuroendocrine
markers are negative [11].

SDH-deficient renal cell carcinoma needs to
be distinguished from the following types of
renal carcinoma: clear cell renal cell car-
cinoma, chromophobe renal cell carcinoma,
oncocytoma/renal eosinophilic adenoma, eo-
sinophil/chromophobe renal cell carcinoma
mixed, acquired cystic disease-associated
renal cell carcinoma, hereditary leiomyomato-
sis and renal cell carcinoma, and PTEN hamar-
toma syndrome. If necessary, DNA can be
extracted from tumor tissue or patient blood
for genetic testing to further confirm the diag-
nosis [12].

There is no evidence-based medicine guide-
line for the treatment of SDH-deficient renal
cell carcinoma. Surgical resection is still the
preferred treatment. If the tumor is at an early
stage or the volume is small, nephron-sparing
surgery can be selected, including partial
nephrectomy or tumor ablation. For advanced
renal cell carcinoma, a comprehensive exami-
nation is recommended first to determine the
current growth of the tumor. Considering the
patient’s condition, surgical resection or molec-
ular targeted drug therapy can be considered
[13]. In addition, these patients need to be
monitored for cancer in other susceptible
organs and followed up regularly. In clinical
diagnosis and treatment, for patients with
renal tumors, especially young patients should
be asked about their condition and family his-
tory of tumors in detail. Genetic testing is nec-
essary to confirm the diagnosis, which is help-
ful to guide clinical treatment decisions and
promote eugenics [14]. The first case has the
special feature that the patient reported that
she had a history of right thigh synovial sarco-
ma. It is possible that further study of SDH-
deficient renal cell carcinoma will disclose new
associations.
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