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Abstract
Tuberous sclerosis complex (TSC) is a rare disease 
that causes multisystem benign neoplasm, induced 
by dysregulation of the mammalian target of the 
rapamycin pathway (mTOR). This study aimed 
to examine the effects of continuous low-dose 
everolimus, a potent and selective inhibitor of 
mTOR, on the treatment of TSC-associated renal 
angiomyolipoma (AML). Between July 2013 and 
August 2017, 11 patients with TSC-AML were 
enrolled for an everolimus therapy protocol. An 
oral everolimus dose starting at 2.5 mg daily was 
gradually increased to 5.0 mg daily. All patients 
were evaluated using MRI or CT scanning at 
baseline, 12, 24, 36 and 48 months after the 
start of treatment for measuring changes of renal 
AML mass volume. Everolimus therapy resulted in 
significant shrinkage of TSC-AML volume after 48 
months follow-up. Serum levels of everolimus were 
subdivided into group I (<8 ng/mL, n=6) and group 
II (>8 ng/mL, n=5). The volume reduction rates were 
10.6%–65.2% in group I and 42.5%–70.6% in 
group II. To evaluate the response to treatment, 
three of six (50%) were responders in group I, 
and all the patients in group II (5/5, 100%) were 
responders. The differences in AML volume reduction 
between the groups were statistically significant 
at 12 months (p=0.011), 24 months (p=0006), 36 
months (p=0.014) and 48 months (p=0.05). These 
results suggest that continuous low-dose everolimus 
therapy (2.5–5 mg daily) might be effective in 
shrinking TSC-AML volume and minimizes adverse 
effects and subsequent reducing medical costs.

Introduction
Tuberous sclerosis complex (TSC) is a systemic 
and progressive disease caused by mammalian 
target of rapamycin (mTOR) dysregulation, 
which results in multisystem neoplasm. Angio-
myolipoma (AML) is the most frequent benign 
renal tumor. AML is observed in approximately 
75% of patients with TSC. AML in TSC often 
appears as multiple and bilateral, with rapid 
growth during childhood and adolescence that 
stabilizes throughout adulthood. The majority 
of the patients at risk face significant morbidi-
ties with increasing age.1 The vascular compo-
nent of these neoplasms makes them susceptible 

to bleeding, and larger AML often develop 
aneurysms that may complicate renal vascular 
rupture.2 It may be more rational to use an 
mTOR inhibitor to minimize associated compli-
cations of AML.3 One of the concerns associ-
ated with mTOR therapy is the requirement for 
continuous use to maintain the derived benefit 
from the treatment.

Everolimus is derivative of rapamycin and 
being a potent and selective inhibitor of mTOR. 
It is currently used as an immunosuppressant to 
prevent rejection of organ transplants and in the 
treatment of renal cell cancer and a number of 

Significance of this study

What is already known about this subject?
►► Tuberous sclerosis complex (TSC) is a 
systemic disease caused by mammalian 
target of rapamycin (mTOR) dysregulation, 
which results in multisystem neoplasm.

►► Angiomyolipoma (AML) is the most 
frequent benign renal tumor, which is 
observed in approximately 75% of patients 
with TSC.

►► Everolimus, a potent and selective 
inhibitor of mTOR, has been used to treat 
TSC-associated subependymal giant cell 
astrocytoma in some recent studies.

What are the new findings?
►► Everolimus therapy resulted in significant 
shrinkage of TSC-AML volume after 48 
months follow-up.

►► Maximum AML volume reduction 
was achieved around 6–12 months of 
everolimus treatment and the AML volume 
remain stable during study period.

►► Adverse effects of everolimus included 
oral ulcers (72.7%), acne-like skin lesions 
(27.3%) and hyperlipidemia (36.4%), which 
were well tolerated by the patients.

How might these results change the focus 
of research or clinical practice?

►► Continuous low-dose everolimus therapy 
is safe and effective to reduce TSC-AML 
volume.
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Table 1  Demographic data of genotypes, everolimus level in patients with tuberous sclerosis complex-associated renal angiomyolipoma 
(TSC-AML)

Patient, n Age (years) Gender Gene
Body weight
(kg)

Dose (μg/kg/ day) Mean trough

(mg/day) (μg/kg/day) level (ng/mL)

1 14 M TSC2 80 2.5 31 3.14

2 20 F TSC2 54 46 2.2

3 22 F ND 55 45 1.5

4 27 F TSC1 62 40 7.7

5 24 F TSC2 41 61 2.0

6 26 F TSC2 53 5.0 94 8.3

7 31 F TSC1 49 100 15.4

8 39 F TSC2 64 78 13.9

9 44 F TSC1 58 86 11.7

10 17 F TSC2 52 96 2.0

11 13 F ND 69 72 9.0

F, female; M, male; ND, not done/not identified.

other cancers. The exact requirements for ongoing treat-
ment with everolimus for individual with TSC have been 
published recently.4 Although everolimus is indicated for 
TSC-AML, the majority of experience of using the drug for 
TSC comes from TSC-associated subependymal giant cell 
astrocytoma (SEGA).5 6 To shrink the volume in the brain, 
a higher dosage may be required than for lesions due to 
the blood–brain barrier. It may be eventually possible to use 
lower maintenance doses of everolimus for non-neurolog-
ical comorbidities.7 Once patients have stabilized, it is then 
possible to reduce the likelihood of adverse events devel-
oping in long-term everolimus users.

The purpose of the current study was to evaluate the 
potential efficacy of low-dose everolimus for AML in 
Taiwanese patients.

Methods
Patient selection and study design
All the patients with TSC were prescribed everolimus 
therapy due to large SEGA, lymphangioleiomyomatosis-as-
sociated pneumothorax, and large AML. Diagnosis criteria 
of TSC followed the 2012 International TSC Consensus 
Conference Guidelines.8 The initial dose of everolimus 
stared from 2.5 mg per day of all the participants. Dose was 
titrated up to 5.0 mg per day determined clinically based 
on the tolerance to the adverse effects of everolimus. To 
follow-up the efficacy, baseline and annual abdomen MR 
images for individuals were performed after the  begining 
of the protocol. TSC-AML was defined as an identifiable 
AML in the renal parenchyma of the patients with TSC. 
The maximal volume of TSC-AML was calculated for 
dominant renal lesions according to the volume equation. 
The volume equation= (4/3 × π ×a ×  b×c). a, b, and c 
represent the respective three-dimensional radii (centi-
meter) of the maxima, with each volume being treated as 
an ellipsoid. The volume reduction rates of TSC-AML were 
calculated by using the equation (VPre-Therapy-VPost-Therapy)/VPre-

Therapy  ×100%; where  VPre-Therapy represents pre-everolimus 
therapy tumour volume and VPost-Therapy represents post-ever-
olimus therapy tumor volume.

MR image analysis
Abdominal studies of MR images were conducted by using 
a 1.5-Tesla scanner (Magnetom Sonata, Siemens Medical 
Solutions, Erlangen, Germany, or Signa Horizon Echo-
speed, General Electric Medical Systems, Milwaukee, 
Wisconsin, USA) equipped with a high-performance three-
axis gradient system. The images scan protocol included 
T1-weighted, T2-weighted, fluid attenuation inversion 
recovery and diffusion-weighted imaging, and contrast-en-
hanced MRI was used if indicated. All MR images were 
performed with the patient in supine position, and coronal, 
sagittal and axial scans were acquired with T1-weighted 
fast spoiled gradient echo and T2-weighted fast spin echo 
protocols with and without fat suppression. In patients with 
multiple renal lesions, only the largest one was analyzed.

Statistical methods
Descriptive statistics were used to report the change of 
volumes size at baseline and annual follow-up. Data of 
volume sized were presented as medians and ranges for 
non-parametric data. Wilcoxon signed-rank test, Mann-
Whitney U test, or the Friedman test were used to compare 
statistically significant differences of continuous variables. 
Statistical significance was defined as p<0.05. All statistical 
analyses were conducted using SPSS for Windows, V.14.0.

Results
During the study period, there were 11 patients including 
1 male and 10 females, aged 13–44 years, enrolled into this 
study (table 1). Of the patients, five patients received 2.5 mg 
oral everolimus daily and six received 5.0 mg daily. Admin-
istration dose of everolimus was calculated as μg/kg, and 
serum through levels are showed as ng/mL. The calculation 
of the correlation is shown in figure 1 (p=0.159). Serum 
levels were subdivided into group I (<8 ng/ mL, n=6) and 
group II (>ng/ mL, n=5). The volume reduction rates were 
10.6%–65.2% in group I and 42.5%–70.6% in group II. To 
evaluate the response, three of six (50%) were responders 
in group I, and all the patients in group II (5/5, 100%) 
were responders (table 2). Adverse effects were presented 
in all the participants, included oral ulcers (n=8, 72.7%), 
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Figure 1  The correlation of everolimus concentration (μg/kg) 
and serum through level (ng/mL).

Table 2  Results of sizes reduction of patients with tuberous sclerosis complex-associated renal angiomyolipoma (TSC-AML) treated 
with everolimus for 2 years, n=11

Patients Group

Size (cm3)

RR (%)
Long-term PR
(months) Side effectBefore After

1 I 84.5 51.6 38.9 − Acne

2 I 2.3 1.2 47.8 − Oral ulcers/acne

3 I 2.0 1.4 30.0 + (24) Oral ulcers/cellulitis

4 I 367.7 328.9 10.6 − Hyperlipidemia

5 I 79.1 27.5 65.2 + (6) Oral ulcer

6 II 2497.0 793.6 68.2 + (12) Oral ulcers

7 II 94.8 35.2 62.9 + (12) Diarrhea

8 II 544.5 159.9 70.6 + (24) Oral ulcers

9 II 2473.7 1421.9 42.5 + (60) Oral ulcers, hyperlipidemia/DM/HTN

10 I 77.2 45.7 40.8 + (24) Oral ulcer, hyperlipidemia, amenorrhea, 
proteinuria

11 II 66.1 31.5 52.3 + (6) Oral ulcer, acne, hyperlipidemia, 
hyperglycemia amenorrhea, liver function 
impairment

Mean trough level (μg/kg)<8: group I;>8: group II.
DM, diabetics mellitus; HTN, hypertension.; PR, partial response; RR, reduction rate.

Figure 2  The long-term effect of everolimus on associated renal 
angiomyolipoma (AML) volume reduction was achieved around 
6–12 months after treatment and subsequent volume size seemed 
remain stable during follow-up up to 48 months. In cases 2, 3 and 
5, the AML mass volume regrew up after withdrawal from the 
treatment protocol (arrow).

acne-like skin lesions (n=3, 27.3%) and hyperlipidemia 
(n=4, 36.4%). All the adverse effect were well tolerated by 
the patients without further serious adverse events during 
the observation period.

The long-term efficacy of everolimus for TSC- AML 
volume reduction during the 48 month follow-up period 
is shown in figure 2. AML volume reduction was achieved 
around 6–12 months after starting everolimus and subse-
quent volume size appeared to remain stable on mainte-
nance everolimus during the studied period. In cases 2, 3 
and 5, the AML mass volume regrew up to 120%, 101.2% 
and 77.5% after withdrawal from the treatment protocol. 
The AML volume between the groups was significantly 
reduced at 12 months (p=0.011), 24 months (p=0006), 36 
months (p=0.014) and 48 months (p=0.05) (figure 3).

Discussion
The  current study results provide evidence of acceptable 
dose-dependent responses with tolerable side effects for 

TSC-associated renal AML to mTOR therapy. The usual 
starting dose of the everolimus for TSC-AML is 10 mg for 
indications. The current study displayed the daily low-dose 
2.5–5 mg for this population of TSC-AML and  also 
shrinkage volumes. This is clinically important because it is 
potentially better tolerated, less toxicity and potentially can 
be used for longer periods of time. The study also serves 
a basis for a larger study with longer phase of treatment 
designed in the future.

Embolization had previously been proposed as first-line 
treatment for AML aneurysms with acute hemorrhage; 
however, mTOR inhibitors constitute a new therapy for 
TSC-AML. Everolimus, a mTOR inhibitor, is now recom-
mended as a first-line treatment for TSC-AML considering 
their effect on vascularity and avoiding risks of emboli-
zation.9 The size of aneurysm could be reduced due to 
shrinkage of vasculature by mTOR inhibitor therapy, and 
it might explain why the marked shrinkage of TSC-AML 
is associated with a very low incidence of hemorrhage.10 
The only mTOR inhibitor approved for the treatment of 
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Figure 3  There is statistical significance between dosage groups 
of associated renal angiomyolipoma volume reduction from 12 to 
48 months.

TSC- AML is everolimus, which is indicated in the treat-
ment of patients with AML who are at risk of complications 
but do not need immediate surgery.11 The International 
TSC Consensus Conference Guidelines (2012) recommend 
initiating mTOR inhibitor therapy in patients with TSC 
who have at least one growing, asymptomatic AML >3 cm 
in diameter.12 Everolimus demonstrates reduction tumor 
size, and no kidney bleeding in long-term therapy.13

The mTOR inhibitors have been used for more than a 
decade in transplantation medicine and oncology.11 14 As a 
trial, standard dosages were reasonably higher than those 
recommended for TSC-AML treatment, and patients 
with the highest trough concentrations of everolimus had 
faster initial AML shrinkage. However, the ideal dosing in 
TSC-AML remains uncertain, although for a first induction 
treatment phase, higher doses can be followed by long-term 
maintenance treatment with reduced dosages. The dose of 
everolimus is recommended to be titrated to attain trough 
plasma concentrations of 5–15 ng/mL.15 In the EXIST-2 
trial, which is the largest placebo controlled randomized 
trial to date, 10 mg everolimus per day was recommended in 
patients with AML, with a mean dose of 8.6 mg in the treat-
ment group and 9.6 mg in the placebo group.16 The experi-
ence of previous trials is that 10 mg is often associated with 
adverse effects and that blood serum levels of everolimus 
are frequently very high (>15 ng/mL). When everolimus is 
proven to reduce the volume of AML in patients with TSC, 
the adverse effect are often overriding.17

It should be noted that in clinical trials trough concen-
trations below this range were often effective, and some 
patients tolerated levels above this range without experi-
encing additional adverse effects. Thus, targeted dosing 
may need to be individualized for some patients.18 19 The 
doses used in our current study are lower than those used 
in the EXIST-2 trial, and all patients achieved some degree 
of reduction in AML volume. In a subgroup analysis of 
EXIST-2 study, patients with AML under anticonvulsant 
presented mean everolimus trough levels of 3.8 ng/mL 
compared with 8.2 ng/mL for patients without anticonvul-
sants. In both groups, a significant response of AML was 
observed.20

Regular monitor the efficacy of everolimus by performing 
image annually to investigate the size of AML is crucial 
for patients with TSC seem clinically stable on everolimus 
treatment. In clinical practice, many clinicians may start the 
dose of 5 mg everolimus for TSC-AML and adjust the dose 
according to monitored serum drug level, response of AML 
volume reduction, and the adverse drug effects. The dose is 

titrated to achieve a trough concentration of 5–15 ng/mL; 
however, responses have been reported at trough concen-
trations as low as 3 ng/mL. Despite the fact that patients 
received dose reductions to 2.5–5 mg daily, almost all  of 
them experienced sustained reduction in AML size.21 
Further studies are therefore warranted to evaluate this 
approach. Trough levels between 3 and 8 ng/mL have been 
reported to be effective and tolerable, but eventually lower 
trough levels may be effective.17 Hence titration may not be 
necessary once acceptable efficacy has been achieved. The 
potential reason of AML response to low-dose everolimus is 
a lack of the blood–brain barrier effect, and consequently a 
better response than that observed for SEGA, although the 
efficacies of SEGA and AML have never been compared. 
Franz et al22 confirmed using the long-term efficacy and 
safety data from the completed EXIST-1 study that evero-
limus is a safe and effective therapeutic option for patients 
with TSC-associated SEGA. Moreover, when comparing 
the reduction percentage and response rate, TSC-AML 
presented a better response than TSC-SEGA in volume 
reduction over the study period. This implied that a blood-
rich supply organ without blood–brain barrier effect leads 
to TSC-AML being more susceptible than SEGA.

The indications of everolimus in TSC were very restricted 
in the study population, which resulted in the small number 
of enrolled cases number in the current study. Besides it 
was conducted at a single center, and only 48 months of 
follow-up duration. There is no control group to compare 
the change of volume mass which could also be considered 
as a limitation in this study.

In conclusion, this study showed that continuous 
low-dose therapy of everolimus for patients with TSC-AML 
was effective. The significant reduction of lesion size was 
maintained on a dose of 2.5–5 mg, with contraction at 
8–15 ng/mL with a consequent good responder rate. During 
the 48 month follow-up period, the mass volume reduc-
tion remained stable. We recommend the dose may adjust 
based on the serum levels and adverse effect. The current 
study will recommend the response of TSC-AML patients 
treated with everolimus are likely to be durable, although 
patients may require maintenance therapy to continue to 
derive benefit. The study also serves a basis for a larger 
study, longer phase of treatment in the future. Therefore, 
low everolimus therapy should be considered as a non-in-
vasive therapy for the management of patients with large 
lesions of TSC-AML.
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