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Abstract
Tuberous sclerosis complex is a genetic disorder characterized by the growth of 
hamartomas virtually any organ in the body. It is a rare disease and caused by 
mutations in the TSC1 or TSC2 genes. Mammalian rapamycin target pathway 
inhibitors have proven efficacy in the treatment of the disease. Everolimus 
treatment is recommended in patients with renal angiomyolipoma associated 
with tuberous sclerosis complex, even if they are asymptomatic, in the presence 
of lesions of 3 cm or more.

In this article, we shared the clinical course of 2 patients with renal angiomyolipomas 
associated with tuberous sclerosis complex followed by everolimus.

The first patient was a 24-year-old male and the second was a 31-year-old female. 
Both cases diagnosed after ruptured angiomyolipoma

On admission of the first case, multiple renal angiomyolipomas with the largest 
diameter of 47 mm were detected. With a 10 mg dose of everolimus, an 
approximately 20% reduction in the lesion was observed in the 3-years follow-up. 
No drug-related side effects were detected.

In the second case, approximately 20 cm diameter of renal angiomyolipoma was 
detected at presentation. Everolimus was started at a dose of 10 mg, and the 
dose was reduced to 5 mg in the first year of treatment due to recurrent grade 
2 stomatitis and grade 2 hematological side effects. The patient is followed up as 
stable disease in the second year.

In conclusion; everolimus is an effective and safe drug in the treatment of tuberous 
sclerosis-related renal angiomyolipomas. To our knowledge, it seems rational 
to continue everolimus treatment unless there are unmanageable side effects 
despite dose reduction and failure of RAML control. 
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Introduction
Tuberous Sclerosis Complex (TSC) is a genetic disorder 
characterized by the growth of hamartomas virtually any organ 
in the body (mostly in the brain, skin, heart, kidneys, and 
lungs). Recent prevalences estimates, from Ireland and Taiwan, 
TSC of 1:14,000-25,000 in individuals, which is below from 
older estimates of 1:10,000 [1]. TSC is caused by heterozygous 
mutations in TSC1 or TSC2 genes [2].

Renal Angiomyolipomas (RAML) associated with Tuberous 
Sclerosis Complex (TSC-RAML) is characterized as multiple and 
commonly bilateral lesions that consist of blood vessels, smooth 
muscles, and adipose tissues. RAML develops in approximately 
80% of patients with TSC and a major criterion for diagnosis [3]. 
Although it is defined as a benign lesion, it can be fatal due to 
bleeding and perforation, especially in lesions above 4 cm [4]. The 
most important goal in treatment is to protect kidney function 
and prevent complications that may cause mortality. Radical 
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surgical techniques such as total nephrectomy may be needed for 
life-threatening conditions, but nephron-sparing surgery should 
be performed for complications whenever possible.

Mammalian rapamycin target (mTOR) pathway inhibitors are non-
invasive and reliable drugs that provide TSC-RAML volume control 
and reduce the rate of serious complications. The International 
tuberous sclerosis complex consensus conference held in 2012 
recommended mTOR inhibitors as the first-line treatment for 
RAML when enlarged to 3 cm or more, even when asymptomatic 
[5] everolimus is the first drug that received U.S. Food and Drug 
Administration approval for this indication.

Case Report
We here in report the clinical course and treatment of two 
patients with giant RAML. 

Case 1
24 years old male patient, diagnosed with tuberous sclerosis, 
epilepsy, hypogammaglobulinemia, hypertension, diabetes 
mellitus, autism and hypothyroidism. The patient was using 
intravenous immunoglobulin, levothyroxine sodium, nifedipine, 
vigabatrin, oxcarbazepine, lamotrigine, enalapril, clobazam, 
metformin, sertraline, risperidone and tmp-smx due to additional 
comorbidities. Three years ago, partial nephrectomy was 
performed due to ruptured renal angiomyolipoma (approximately 
20 cm) in the right kidney. Postoperative computed tomography 
(CT) imaging showed bilateral multiple RAMLs which the largest 
one is 46 × 47 mm sized and an angiomyolipoma with a diameter 
of 26 mm in the left adrenal gland. Everolimus was started 
at a dose of 10 mg/day. The dominant mass in the kidney had 
regressed to 38 × 38 mm and the mass in the suprarenal gland 
to 22 x 21 mm in the first follow-up imaging after treatment, 
lesion size remained stable in subsequent follow-ups. Everolimus-
related side effects were not detected during the follow-up in the 
patients and dose reduction was not required. Everolimus use 
continues in the 3rd year of follow-up (Figure 1).

Case 2
A 31-year-old female patient underwent partial nephrectomy 
due to ruptured RAML 14 years ago. The patient, diagnosed 
with TSC after surgery. 12 years after diagnosis, the patient was 
referred to the medical oncology clinic when a new giant RAML 
was detected. In the abdominal CT imaging, there were bilateral 
RAMLs which the largest one with a diameter of 20 cm and an 
angiomyolipoma 2 cm sized in the liver. Everolimus was started 
at a dose of 10 mg/day. Lesion size remained stable during two 
years of follow-up. The everolimus dose is continued as 5 mg/day 
due to recurrent grade 2 stomatitis and grade 2 neutropenia. No 
angiomyolipoma-related complications were detected during the 
follow-up period. Everolimus use continues in the second year of 
follow-up (Figure 2). 

Discussion
Tuberous sclerosis is an autosomal dominant disorder caused 
by mutations that inactivate either TSC1 (encodes hamartin) 
or TSC2 (encodes tuberin) through a two-hit tumor suppressor 

gene mechanism [6]. Hamartin-tuberin complex inhibits the 
mTOR pathway that controls cell growth and proliferation, loss 
of function in these complex results in uncontrolled activation 
of mTOR. In vitro studies have shown that angiomyolipomas in 
TSC are due to increased intracellular phosphorylation as a result 
of this activation [7]. MTOR inhibitors suppress this cascade and 
reducing the angiomyolipoma volume or preventing its growth.

The EXIST-2 study demonstrated the superiority of everolimus 
over placebo for the treatment of TSC-RAML. In the study, 79 
patients were randomized to the everolimus arm and 39 patients 
to the placebo arm. While 42% of patients were responsive to 
everolimus, progression was observed in all patients in the 
placebo arm. Everolimus reduced renal angiomyolipoma volume 
by ≥50% from baseline after median treatment duration of 38 
weeks [6].

Post-hoc analysis of the EXIST-2 study showed that RAML lesions 
progressed after everolimus cessation, but there was no evidence 
of rapid regrowth [8]. Similar data was published in a single 
center Chinese study; in this study, RAML regressed somewhat 
during everolimus therapy but tended to increase in volume after 
the therapy was stopped [9].

When RAML grows to a size of >10 cm, they are referred to as 
‘giant’ RAML. Data on the use of everolimus in giant RAML is 
limited in the literature, but it is seen that the drug is also effective 
in this group [6,9,10].

Figure 1 Case 1-CT images before and after everolimus.

Figure 2 Case 2-CT images before everolimus therapy. Renal 
angiomyolipomas with a diameter of 20 cm and 
destructing the renal parenchyma.
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Especially in giant RAML cases, the risk of potentially life-
threatening complications is high, therefore, patient selection 
for medical and surgical treatment should be made carefully and 
they should be followed closely. 

In the two cases that we have shared in this article, partial 
nephrectomy was needed due to ruptured giant angiomyolipoma 
before the use of everolimus. In the first case, when a RAML 
over 3 cm was detected in post-op imaging, everolimus was 
initiated, reduction was observed in the size of the masses in the 
first year, and this response was maintained in 3-year follow-up. 
The second case was not followed for RAML for after surgery 
and giant RAML formation was observed within 12 years. There 
was no enlargement in tumor size, no new lesion formation, or 
tumor-related complications during follow-up with everolimus in 
both cases, and no drug-related grade 3 or higher toxicity was 
observed. Despite polypharmacy in our first case, no side effects 
due to everolimus and no drug interactions were experienced.

The main question to be answered in the follow-up of RAML cases 
is the duration of everolimus use. There is limited data regarding 
the decision of treatment duration in TSC-RAML cases. EXIST-2 
trial supports a long-term benefit over approximately 4 years but 
current data show that RAMLs grows again after discontinued of 
everolimus [8,9,11]. Therefore, it is rational to use everolimus 
until toxicity or progression occurs but this decision actually 
raises a new question; is everolimus safe for long-term use?

The tolerability of everolimus in the EXIST studies was similar 
to that for other indications such as renal cell carcinoma, 
breast cancer, and transplantation. In the EXIST trials most 
frequently reported adverse events were stomatitis, diarrhoea, 
mouth ulceration, nasopharyngitis, upper respiratory tract 
infection, aphthous ulcer and pyrexia, most of these were grade 

1 and 2 toxicities and grade 3 and above were rarely seen. 
Discontinuations due to adverse events were low [6,12]. Clinical 
management protocols for everolimus-related adverse events 
are well established. Everolimus use should be discontinued in 
the following cases; if there is failure in disease control (increase 
in lesion size after 6 months under treatment), unmanageable 
side effect despite drug dose reduction and progressive decrease 
in kidney function (glomerular filtration rate <30 mL/min or >3 
g/L proteinuria) [13].

In conclusion; everolimus is an effective and safe drug in the 
treatment of TSC-RAML. To our knowledge, it seems rational to 
continue everolimus treatment unless there are unmanageable 
side effects despite dose reduction and failure of RAML control.
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