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Familial genetic tuberous sclerosis complex associated with
bilateral giant renal angiomyolipoma: A case report
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Abstract. Tuberous sclerosis complex (TSC) is an autosomal
dominant disease involving multiple organs, but there are a
limited number of reports on family TSC. In the present report, a
case of a 52-year-old female with a familial genetic TSC, associ-
ated with bilateral giant renal angiomyolipoma, was described.
The mother, second elder brother and daughter of the patient all
exhibited TSC, but the clinical manifestations, and therapeutic
prognosis between the family members were not the same. The
present case report aimed at identifying an effective diagnostic
method and treatment through additional study of familial
genetic TSC, in order to prolong and improve the quality of
life for patients with TSC. According to the present case and
relevant literature reviews, it is suggested that fetal gene detec-
tion during pregnancy could prevent the passing of this disease
onto further generations. Furthermore, early application of drug
treatment may control the development of the disease in diag-
nosed patients. The combination of classical treatments with a
small dose of mammalian target of rapamycin inhibitors is the
typical recommendation, which may control the development of
the disease more effectively and decrease adverse side-effects.

Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant
disease, which typically causes benign tumors to develop in
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the brain and other vital organs, including the kidney, skin and
liver (1,2). Global statistics from previous studies, performed
in 2000 and 2011, revealed that 1/6,000-10,000 people are born
with TSC and there are 2,000,000 people with TSC (3,4) TSC
is a genetic disease, with 33% of patients with TSC having
inherited the disease, and 66% of patients with TSC having
developed the disease due to a gene mutation (5). A definitive
diagnosis of TSC often depends on clinical manifestations
and genetic testing, both of which can make definitively
diagnosing the patient challenging. The majority of previous
studies have described individual cases, but family heredity
cases are limited (6). Identifying and studying cases of familial
hereditary TSC may improve early genetic diagnosis, and thus
enable early intervention, which may increase the quality of
life for patients with TSC. The present case report described
different clinical manifestations and therapeutic prognoses
of four patients with TSC from one family. Written informed
consent was obtained from all patients.

Case report

A 52-year-old female, with a 20-year history of TSC, presented
at the First Affiliated Hospital of Dalian Medical University
(Dalian, China) with abdominal distention, abdominal pain
and anorexia for the past 2 months. The patient, hereafter
known as patient 1, had epilepsy for 50 years with a mean
seizure frequency of 2-3 times/month, and schizophrenia for
12 years with intelligence degeneration. The patient had been
taken antiepileptic and antipsychotic drugs but the symp-
toms were not well controlled. Physical examination (Fig. 1)
revealed facial angiofibromas beside the nasal alar (Fig. 1A),
an enlarged abdomen (Fig. 1B), where a large smooth bilateral
mass was observed with a nonclear boundary, and ungual
fibromas (Fig. 1C and D). Biochemical tests demonstrated
that the blood creatinine level was 91 gmol/l, red blood cell
count was 2.98x10° cells/l and hemoglobin level was 90 g/1.
Other lab tests, including the testing of cruor, liver function
and electrolyte, revealed normal results.

Fundus examination results revealed suspicious retinal
pigment spots (Fig. 1K and L). An abdominal color Doppler
ultrasound indicated that there were intrahepatic calcifica-
tions and the abdominal cavity exhibited hyperechoic light
mass shadows on either side, which were considered renal
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Figure 1. External characteristics and imaging performance of patient 1 with tuberous sclerosis complex. Images demonstrated (A) facial angio fibromas beside
the nasal alar; (B) enlarged abdomen; (C) ungual fibromas; and (D) ungual fibromas. (E) CT scan changes in cross section. (F) Coronal section; (G) coronal
section; (H) sagittal view. (E-H) Revealed CT scan changes in different sections. The masses were 28x25x26 and 23x15x11 cm on the right, and left sides,
respectively. The CT values were -61 and -20HU. (I) Intravenous urography revealed bilateral partial hydronephrosis. (J) Head CT identified multiple calcifica-
tion. (K) Fundus examination of the left result demonstrated a suspicious retinal pigment spot. (L) Fundus examination of the right result revealed a suspicious

retinal pigment spot. CT, computed tomography.

angiomyolipoma (RAML). Abdominal computed tomography
(CT) (Fig. 1E-H) revealed that large bilateral mass shadows
replaced the normal renal morphology. The masses were
determined to be 28x25x26 and 23x15x11 cm on the right,
and left sides, respectively. The CT values were between-61
and -20HU. Intravenous urography (IVU; Fig. 11) demonstrated
bilateral partial hydronephrosis and multiple calcification
lesions were identified in the head CT (Fig. 1J). The present
case was diagnosed as TSC, according to its clinical diagnostic
criteria (7). Treatment advice was administered to the patient
where surgery was recommended and preoperative alternative
arterial embolization could be chosen to decrease the intra-
operative bleeding risk. Renal transplantation or long-term
replacement therapy of hemodialysis could be applied
following surgery. Mammalian target of rapamycin (mTOR)
inhibitors, including sirolimus and everolimus, were selected
as suitable treatment options. Furthermore, radiofrequency
ablation with a small dose of mTOR inhibitors was suggested.
However, due to the high risk of the surgery and the high drug
costs, the patient refused surgical, and drug treatments.
Tracing the disease in the family of the patients revealed
that four family members experienced the disease succes-
sively, which included the patient (patient 1), the patient's
mother (patient 2), the patient's second elder brother (patient 3)
and the patient's daughter (patient 4; Fig. 2). However, the
clinical manifestations were not exactly the same (Table I).
Patient 2 exhibited facial angiofibromas, ungula fibromas and
intelligence degeneration. In addition, bilateral RAML was
observed and two surgeries were performed (left nephrectomy

1 o

n i LO &O LO &D
o b b5

Figure 2. Genetic map illustrating the inheritance of tuberous sclerosis
complex in one family. Filled circles and squares represent affected females
and males, respectively. I, II and III represent the first, second and third
generations of the family, respectively. Patient 1, filled circle in the second
generation; patient 2, filled circle in the first generation; patient 3, filled square
in the second generation; and patient 4, filled circle in the third generation.

and right nephron-sparing surgery); however, the patient's
mother succumbed to other diseases.

Patient 3, 55 years of age at present, was admitted to
the First Affiliated Hospital of Dalian Medical University
(Dalian, China) in June 2002, presenting with a 3-month
history of bilateral waist discomfort. Patient 3 had epilepsy
for >12 years without intelligence degeneration, and did
not take medicine regularly. Physical examination revealed
facial angiofibromas and ungual fibromas. An abdominal CT
identified a soft tissue mass in the left kidney (size, 6x7 cm)
and multiple uniform density masses in the right kidney (size,
between 0.5 and 2 cm). Furthermore, a head CT demonstrated
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Table I. Common and distinct clinical manifestations observed in four patients, from the same family, with tuberous sclerosis

complex.

Clinical manifestation and

imaging examination Patient 1 Patient 2 Patient 3 Patient 4

Facial angiofibromas + + + +

Ungual fibromas + + + Fingernail - toenails +

Retinal pigment spots +/- - - -

Shagreen patch - - - +

Intelligent degeneration + + - +

Seizure history + - + R

Head CT Multiple calcification Not done Multiple calcification Subependymal
giant cell astrocytoma

and calcification
Bilateral renal AML + + + +
Liver CT Calcification - - Angiofibromas

CT, computed tomography; AML, angiomyolipoma; +, positive; -, negative.

Figure 3. Hematoxylin and eosin stain of patient 3 indicates classical angiomyolipoma: (A) Smooth muscle cell; (B) fat composition is absent; (C) blood vessel

(magnification, x40).

calcification beside the two cerebral ventricles. Biochemistry
test results were all normal, with the exception of blood
creatinine, which was 84 ymol/l. According to the examina-
tion results, a left nephrectomy was performed. The surgery
and recovery were successful; however, image documents
were lost and patient 3 moved to a different city. The patient
was followed up via the telephone and the general condition
of the patient improved. Fig. 3 presents a hematoxylin and
eosin stain, which revealed a classical RAML structure with a
majority of smooth muscle and an absence of fat composition.
The procedure for hematoxylin and eosin staining included
dewaxing, with xylene, staining (hematoxylin, 2 min; and
eosin, 3 min; both at room temperature), dehydrating, trans-
parentizing and mounting. Sections were 5 ym. The procedure
for immunohistochemistry included dewaxing, hydration,
antigen retrieval, primary antibody incubation, secondary
antibody incubation, streptaridin-peroxidase reaction, color
development, redyeing, dehydrating, transparentizing and
mounting. Tissues were paraffin embedded, the fixative used
was 10% formalin, at room temperature for between 30 and
50 min. Sections were placed in an oven at 60°C for 20 min
and subsequently in xylene solution for 10 min two times.
Sections were placed in 100% absolute ethanol for 5 min
two times, 95% ethanol for 2 min, 80% ethanol for 2 min,
70% ethanol for 2 min, distilled water for 5 min, and washed

with PBS for 5 mins three times. Following this, sections
were blocked with 5% normal goat serum (Shanghai Jianglai
Biotech Co., Ltd., Shanghai, China) at room temperature
for 20 min, incubated with 3% H,0, for 10 min at room
temperature, to block the activity of endogenous peroxidase,
and washed with PBS (three times, 5 min each). Sections
were subsequently incubated with primary antibodies over-
night at 4°C. Primary antibody details are listed in Table II.
Following this, the MaxvisionTM Kit (rabbit) was used (cat.
no. KIT-5030; Fuzhou Maixin Biotech Co., Ltd., Fuzhou,
China) for secondary antibody incubation (37°C for 30 min).
Subsequently, sections were washed with PBS five times for
5 min each. Chromogen was detected using 3,3'-diaminoben-
zidine and sections were stained with haematoxylin at room
temperature for 5 sec, for nuclear protein, and 50 sec, for
endochylema (or envelope protein). A light microscope was
used at magnification, x100.

Immunohistochemistry results identified the
following: Homatropinemethylbromide45-positive; 5-(N,
N-Hexamethylene) amiloride (HMA)-positive; actin-posi-
tive; desmin-positive; vimentin-positive; cluster of
differentiation (CD)34-positive; CD68-sparsely positive;
S-100 protein-negative; CD10-negative; epithelial membrane
antigen-negative; cytokeratin-negative; Ki-67 protein <1%-posi-
tive (Fig. 4). The pathological diagnosis was classical RAML.
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Table II. Primary antibody details.

Antibody Cat. no.
Melanoma MAB-0098
[-actin Kit-0032
CD34 Kit-0004
CD68 MAB-0041
Desmin Kit-0023
Actin (smooth muscle) Kit-0006
Ki-67 antigen Kit-0005
Vimentin Kit-0019
CD10/calla MAB-0338
Pan-cytokeratin Kit-0009
EMA Kit-0011
S-100 Protein Kit-0007

All antibodies were purchased from Fuzhou Maixin Biotech Co., Ltd.
CD, cluster of differentiation; EMA, epithelial membrane antigen.

Patient 4, 24 years of age at present, was diagnosed with
TSC in November 2009. At the latest return visit (June 2015),
intelligence decreased without record of epilepsy. Patient 4
exhibited facial angiofibromas; however, patient 4 also exhib-
ited a shagreen patch on the back (size, 5x3 cm), which the
other members of this family did not have. Although fibroma
was developed under the toenails of patient 4, the fingernails
were observed to be normal. Biochemical tests revealed the
following results, which were all in the normal range: Red
blood cell count, 3.84x10° cells/l; and hemoglobin, 113 g/1. The
renal CT, performed 6 years prior, revealed multiple angio-
myolipoma (AML) in the two kidneys (diameter, between 0.5
and 4 cm), but the renal morphology was normal. Compared
with the previous CT, at present, the number and the volume
of AML increased significantly. The largest AMLs in the
left and right kidneys were determined to be 15x11x8 and
17x10x9 cm, respectively. The CT value was between-80 and
23HU (Fig. 5A and B). The bilateral renal morphology was
vague and the renal parenchyma were eroded. No lesion was
identified in the liver 6 years prior, but multiple hemangiomas
were now observed (Fig. 5D and E). IVU (Fig. 5C) revealed
that the right upper calyceal and the left inferior calyceal were
not developed. Furthermore, a head CT (Fig. 5F) identified
a subependymal giant cell astrocytoma in the septum pellu-
cidum near the interventricular foramen (diameter, 1.2 cm),
and multiple calcification lesions were observed. A comparison
between head CT scans was not conducted as patient 4 did not
have a head CT performed 6 years prior. A combination of
surgical with medical treatments, including everolimus and
sirolimus, was suggested, and the necessity of treatments was
introduced, but the patient refused therapy.

Discussion

TSC is an autosomal dominant disease, which typically
develops in the kidneys, brain, heart, skin, liver and a number
of other organs, and exhibits individual differences, in spite
of patients exhibiting the same type of genetic mutation (8).

WANG et al: FAMILIAL GIANT RENAL ANGIOMYOLIPOMA

Table III. Clinical diagnostic criteria of tuberous sclerosis
complex.

A, Major features

. Hypomelanotic macules (=3; diameter, <5 mm)
. Angiofibromas (=3) or fibrous cephalic plaque
. Ungual fibromas (=2)

. Shagreen patch

. Multiple retinal hamartomas

. Cortical dysplasias®

. Subependymal nodules

. Subependymal giant cell astrocytoma

. Cardiac rhabdomyoma

10. Lymphangioleiomyomatosis®

11. Angiomyolipomas (=2)°

O 0 3 N L A W I ~—

B, Minor features

1. ‘Confetti’ skin lesions
2. Dental enamel pits (>3)
3. Intraoral fibromas (=2)
4. Retinal achromic patch
5. Multiple renal cysts

6. Nonrenalhamartomas

“Includes tubers and cerebral white matter radial migration lines.
°A combination of the two major clinical features (LAM and
angiomyolipomas) without other features does not meet criteria for a
definite. Definite diagnosis, 2 major features or 1 major feature with
>2 minor features; possible diagnosis, either 1 major feature or =2
minor features.

It has been identified that the genes associated with TSC are
TSCI1 and TSC2, which are two tumor suppressor genes (9)
TSCI1 is located at region q34 of chromosome 9 and encodes
the protein Hamartin, and TSC2 is located at region p13 of
chromosome 16 and encodes the protein Tuberin (9,10).
The Hamartin-Tuberin protein complex may suppress the
transduction of mTOR pathway (11). Once TSC1 and TSC2
are mutated, the Hamartin-Tuberin protein complex cannot
form, thus activating the mTOR signaling pathway and
resulting in benign tumors involving a number of organs all
over the body (12). The lesions typically occur in the brain,
kidney, heart, liver, pulmonary and skin, causing epilepsy,
mental retardation, autism, dysfunctions of liver, lung, and
kidney.

A definite diagnosis of TSC includes clinical manifesta-
tions (Table IIT) (7) and genetic testing. The identification of
a mutation (in either TSC1 or TSC2) is sufficient to diagnose
TSC, without clinical manifestation. A pathogenic mutation is
defined as a mutation that inactivates the function of the TSC1
or TSC2 proteins (out-of-frame indel or non-sense mutation),
prevents protein synthesis (large genomic deletion),. Other
TSC1 or TSC2 variants which exhibit a less certain effect on
protein function do not meet these criteria and are not suffi-
cient to make a definite diagnosis of TSC. Between 10 and
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Figure 4. Immunochemistry of patient 3. (A) HMB-45(+); (B) actin(+); (C) CD34(+); (D) CD68 was sparsely positive; (E) desmin(+); (F) 5-(N, N-Hexamethylene)
amiloride (HMA)(4); (G) Ki-67<1% and positive in some individual cells; (H) vimentin(+); (I) CD10(-); (J) CK(-); (K) EMA(-); (L) S-100(-) (magnification,
x10). HMB-45, homatropinemethylbromide45; CD, cluster of differentiation; CK, cytokeratin; EMA, epithelial membrane antigen.

Figure 5. Imaging results of patient 4. (A) Renal CT 6 years prior (November 2009) revealed multiple AML in the two kidneys (diameter, 0.5-4 cm). (B) The
number and volume of AML (6x5x4 cm on the left kidney, diffuse on the surface of the right kidney with a thickness of ~4 cm, May 2015), was increased
significantly compared with that of 6 years ago (4x3x3 cm on the left kidney, multiple tumors <0.5 cm on the right kidney, November 2009). The left one is
15x11x8 cm and the right one is 17x10x9 cm. CT value was between-80 and 23HU. (C) Intravenous urography revealed right upper calyceal and left inferior
calyceal that were not developed. (D) An image from 6 years ago (November 2009) revealed no lesion in the liver of the patient prior; but (E) reveals multiple
hemangioma developed 6 years following. (F) Head CT demonstrated subependymal giant cell astrocytoma in septum pellucidum near the interventricular
foramen (diameter, 1.2 cm) and multiple calcification lesions were identified. CT, computed tomography; AML, angiomyolipoma.

25% of patients with TSC exhibit no mutation identified by Genetic testing maybe used for a definitive diagnosis of a
conventional genetic testing; therefore, a normal genetic result  patient with suspected TSC and for early diagnosis (compared
does not exclude TSC (7). with clinical manifestation), in particular for the early detection
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of the offspring of patients, which enables early intervention.
The clinical manifestations often depend on the changes in the
mutational gene. Although there have been a number of studies
on TSC gene detection, this is not typically used for diagnosis
in China due to its expensive costs. Furthermore, patients in
the familial case could not afford genetic testing and did not
wish to undergo it. The patients with TSC discussed in the
present case report are from the same family, but there is no
genetic diagnostic evidence for whether TSC is hereditary. It
was hypothesized that all or some of the patients in this family
developed TSC due to gene mutation.

The development of TSC RAML is slow, but due to the lack
of specific treatment, the prognosis is unfavorable (13). Classical
treatments include partial nephrectomy, selective renal arterial
embolization, radiofrequency and cryotherapy (14). Previous
studies on mTOR inhibitors, including everolimus and siro-
limus, indicate that these effectively decreased tumor size of
RAML, subependymal giant cell astrocytoma and lymphangi-
oleiomyomatosis (15-17). It has been identified that using the
mTOR inhibitor combined with the classical treatments may
aid controlling the disease and decrease the adverse reactions
of drugs (14,16,18).

It has been demonstrated that the incidence rate of neuro-
logical disease associated with TSC are as follows: Epilepsy,
between 66 and 93%; subependymal nodules, between 90
and 100%; subependymal giant cell astrocytoma, between
5 and 20%; intelligent degradation, between 44 and 64%;
and infantile spasms, 45% (19). A previous study identified
that 90% of cases of TSC-associated epilepsy were caused by
brain tumors (20). Patients 1 and 3 had a history of epilepsy,
but head CTs of the two patients revealed only partial calci-
fication. The head CT of patient 4 suggested subependymal
giant cell astrocytoma but there was no history of epilepsy;
this phenomenon rarely happens and is difficult to explain,
and the traditional anti-epilepsy therapies have limited effect.
It has been revealed that mTOR inhibitors may decrease
seizure frequency, improve learning deficits and reduce the
size of tumor in order to relieve compression of tumor on its
surrounding brain tissue (15).

The incidence of TSC has been identified to exhibit no
significant association with the age or sex of patients (21)
and the majority of patients develop clinical symptoms after
3 years of age (22). Clinical manifestations are delayed,
whereas a genetic diagnosis may reveal TSC earlier. Therefore,
clinical symptoms are of limited use in the early diagnosis of
the disease. Patient 1 in the present study had suffered from
epilepsy since the age of 2, which is rare. It has been demon-
strated that RAML expresses receptors of estrogen and lutein,
and tumors develop more rapidly in pregnant women (22-24). In
addition, administration of mTOR inhibitors has led to female
adolescent amenorrhoea (25-27). However, Sauter et al (28)
considered that the use of drugs containing estrogenis not
associated with renal angiomyolipoma in tuberous sclerosis.
Additional research is required to understand if there is any
association between the two.

A total of 80% of patients with TSC are complicated with
RAML, with females exhibiting an increased incidence of
TSC RAML compared with males (22); however, the severity
of the illness remains unknown. AML is divided into classical
and epithelioid AML. Patients with TSC may exhibit classical
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or epithelioid AML, but the incidence of epithelioid AML
is increased compared with that of the classical type (29).
Pathologically, epithelioid RAML exhibits histological vari-
ances with tumor cells demonstrating destructive and invasive
development, and malignant tendency. Patient 3 exhibited clas-
sical AML with no proliferation of epithelioid cells, necrotized
tumor tissue, nuclear division, atypia or invasive growth under
microscopy. TSC-associated renal manifestations include
cysts, angiomyolipoma, epithelioid tumor, renal cell carcinoma
and eosinophilic cell tumor, and may coexist or exist indepen-
dently (30-33). The incidence of TSC-associated RAML is
20% of RAML and typically develops bilaterally (34). Imaging
techniques enable TSC RAML to be distinguished from the
classical type. A tumor of the former type develops destruc-
tively in multiple centers and typically involves two sides,
whereas the classical type develops separately and involves
only one side. Patients with bilateral giant renal hamartoma are
rare globally. To the best of our knowledge, the largest bilateral
TSC RAML (right side) identified was 32x16x12 cm in size
and had a mass of 7.7 kg (35). In addition, the largest unilateral
renal AML (left side) identified was 39x25x9 cm in size with
a mass of 7.5 kg (36). TSC RAML is typically accompanied
with an aneurysm and with the developmentof the RAML,
aneurysm increases. If a tumor is >4 cm, or the diameter of
aneurysm is >5 mm, the patient exhibits an increased risk
of tumor rupture hemorrhage, which is the primary cause of
TSC RAML-associated mortality (37,38). For patients with
RAML, close follow-ups maybe advised if the tumor is <4 cm
and there are no clinical symptoms. Patients with tumors
>4 cm, aneurysm with diameter is >5 mm or clinical mani-
festations (hemorrhage, fever, abdominal pain, hypertension
and hematuria subsequent to RAML) are administered treat-
ment. A previous study identified that tumors with a diameter
>10 cm were termed ‘giant AMLS’, which are easily ruptured
causing hemorrhage, and require increased attention (39). For
patients with TSC RAML that rupture to form hemorrhages,
selective renal arterial embolization may be the selected treat-
ment. Although there was no obvious hemorrhage in the giant
RAML of the patient in this case, low hemoglobin suggested
possible slow hemorrhage with small vessel rupture.

The patients in the present case report exhibited no renal
function failure and a previous study revealed that renal failure
rarely occurs in TSC (21). Thus, it was presumed that possibly
residual normal renal tissue, which is difficult to distinguish
with the naked eye, serves an important role in retaining renal
function, but it is difficult to explain how a limited amount of
tissue is able to retain normal renal function. It is hypothesized
that genetic mutation causes normal renal tissue to be replaced
by abnormal components, which exhibit physiological func-
tions similar to normal renal tissue. However, further study is
required.

In symptomatic TSC, clinical intervention is administered
in the majority of cases to decrease the incidence rate of rupture
hemorrhage and preserve renal function. A previous study
identified that there are >1,300 types of TSC1 and TSC2 muta-
tions (40), which may be associated with the different clinical
manifestations between patients with TSC. The mutation rate
of TSC2 in the patients with TSC is significantly increased and
the associated clinical manifestations are of increased severity
compared with that of TSC1 (33). The clinical application of
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mTOR inhibitors in the treatment of TSC has been revealed to
achieve a therapeutic effect (41). mTOR inhibitors may be used
to treat patients with TSC that exhibit subependymal giant cell
astrocytoma, lymphangioleiomyomatosis, RAML and facial
angiofiromasin due to the immunosuppressive actions exhib-
ited on malignant cells (26). Previous studies have revealed
that regular medication for 1 year significantly decreased the
volume of RAML (42,43). In larger tumors, the effect was
more significant; however, renal tissue damaged by tumors
may not always be recovered, in addition, there is a chance of
tumor relapse following drug withdrawal (44) and the rate of
AML rupture hemorrhage may not decrease.

The adverse reactions of mTOR inhibitors include oral
cavity ulcers, stomatitis, convulsion, an acne-like rash, joint
pain, fever, respiratory tract infection and skin lesions, and
the severity of adverse reactions depends on the dose of the
drug (16,39). A previous study identified that the side-effects
of drug treatment alone are strong, but the combination of
classical treatment and a small dose of mTOR inhibitors may
achieve improved results (27). In addition, in cases of RAML
where surgery may be required, the administration of an mTOR
inhibitor prior to surgery may decrease the tumor volume and
the difficulty of surgery (16). Small dose maintenance therapy
subsequent to surgery may exhibit improve the maintenance
of the surgery result, control disease progression and decrease
tumor recurrence (16,45). Percutaneous cryoablation therapy
is typically used in the treatment of renal cell carcinoma, but is
rarely used in RAML. To the best of our knowledge, only one
study has demonstrated that percutaneous cryoablation may be
combined with a small dose of mTOR inhibitors to treat TSC
RAML to achieve a curative effect and a decrease in adverse
drug reactions (14).

The bilateral renal morphology of patient 4 was acceptable,
the RAML progressed rapidly 6 years subsequently with the
development of tumors in multiple centers and almost all the
normal kidney morphology was absent. If mTOR inhibitors
had been administered in the early stage, prior to the alterations
of the kidney morphology, normal renal tissue may have been
preserved, the development of a subependymal astrocytoma in
the brain may have been prevented and the facial angiofibroma
may have been treated. Therefore, mTOR inhibitors may have
decreased the development of the disease and improved the
quality of life for the patient. A previous study has indicated
that early application of the drug treatment, particularly in
infants and young children, may prevent tumor development,
improve the symptoms of epilepsy and other TSC-associated
symptoms (15). All patients in the present case report were not
administered mTOR inhibitors due to the increased cost asso-
ciated with this treatment, which health insurers in China do
not cover. Therefore, the present case report lacks information
on the clinical application of this class of drug, and there are a
limited number of studies on the association between estrogen,
mTOR inhibitors and disease.

mTOR inhibitors may be used in the treatment of
TSC-associated diseases, but cannot prevent the disease being
genetically passed on to the children of patients. Therefore, it is
recommended that patients with TSC have a fetal gene detec-
tion performed during pregnancy. For the treatment of patients
with TSC, early application of drug treatment is advised as
this may prevent the development of tumors, epilepsy and
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other diseases associated with TSC. In addition, regular
re-examination is important because the progression speed of
TSC is distinct, depending on the individual patient. Tumors
in certain patients with TSC have been revealed to develop
dominantly in a short term, but there have additionally been
patients with TSC that experience long-term survival with a
tumor (15). Patients with TSC with rapidly developing tumors
may be administered mTOR inhibitor therapy combined with
surgery, arterial embolization, radiofrequency ablation or
cryoablation. Novel combination treatment methods include
small dose mTOR inhibitor with partial renal nephrectomy and
small dose of mTOR inhibitor maintenance treatment, or arte-
rial embolization with partial renal nephrectomy and mTOR
inhibitor, or mTOR inhibitor with cyroablation, all of which
may exhibit therapeutic prospects in the future. Additional
research is required. The present case report described rare
cases in order to provide more appropriate diagnostic and
therapeutic methods for patients with TSC. These include fetal
gene detection during early pregnancy, early application of
drugs and the combination of multiple treatments.
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