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Abstract
Objective  To investigate factors influencing the volume response of everolimus and sirolimus in tuberous sclerosis complex 
(TSC) associated-angiomyolipomas (AML).
Methods  A retrospective analysis of 30 cases of TSC-AML treated by mTOR inhibitors (everolimus 18 cases, and sirolimus 
12 cases) between April 2014 and November 2017 at our center was carried out. Epidemiological data, therapeutic response 
and influence factors were reviewed and analyzed. Age, sex, associated with SEGA and/or LAM or not, plasma rapamycin 
concentration, AML volume at baseline, and mean CT value of AML in the maximum cross-section at baseline were ana-
lyzed as potential influencing factors.
Results  Eighteen patients with 32 lesions in everolimus group and 12 patients with 15 lesions in sirolimus group were 
included. There was no statistically significant difference of baseline characteristics except for involved side (P = 0.008) 
between two groups. The mean volume of AML was 1000 ± 1276 cm3 at baseline and 633 ± 1121 cm3 at 6 months after 
treatment (P < 0.001) in everolimus group, and 1984 ± 2861 cm3 at baseline and 1733 ± 2533 cm3 at 6 months after treatment 
(P = 0.001) in sirolimus group, respectively. The mean volume reduction of the AML in everolimus and sirolimus groups were 
55.56% ± 23.79% and 30.5% ± 22.8% (P = 0.001). Stepwise multiple linear regression analysis revealed that factors influenc-
ing the short-term volume response of everolimus and sirolimus for TSC-associated AML were AML volume at baseline 
(P < 0.001 and 0.038, respectively) and mean CT value at baseline (P < 0.001 and 0.020, respectively). The rates of ≥ 50% 
volume reduction in high CT value group was much higher than that in low CT value group (90.5% vs. 18.2%, P < 0.001).
Conclusions  Everolimus at 10 mg daily might be more effective than sirolimus at 2 mg daily in treatment of patients with 
TSC-AML. AML volume and mean CT value at baseline were factors influencing the short-term volume response of everoli-
mus or sirolimus for TSC-AML.
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SEGA	� Subependymal giant cell astrocytoma
TSC	� Tuberous sclerosis complex

Introduction

Tuberous sclerosis complex (TSC) is an autosomal-dom-
inant genetic disorder characterized by hamartomas in 
organs including the brain, kidney, lung, skin, and heart 
[1]. The birth incidence of TSC has been estimated to be 
approximately 1 in 6000 [2]. The most common kidney 
manifestation of TSC is angiomyolipomas (AML), which 
occurs in 70–90% TSC patients [3]. mTOR inhibitors have 
shown promising efficacy in patients with TSC-associated 
AML [4]. Everolimus has demonstrated that it can effect 
a significant reduction in renal angiomyolipoma volume 
compared with placebo in the phase 3 EXIST-2 trial [5]. 
Sirolimus, another mTOR inhibitor, has also been demon-
strated to be effective in TSC-AML in previous clinical trials 
[6–11]. However, considering individual difference, different 
patients may have various therapeutic responses to mTOR 
inhibitors. There are approximately 50% of patients who 
could not get a ≥ 50% reduction from baseline in the sum 
of volumes of target angiomyolipomas in EXIST-2 trial [5].

To our knowledge, there have been few previous reports 
regarding investigating the factors influencing the efficacy 
of mTOR inhibitors for TSC-AML. The objective of the pre-
sent study was to evaluate the volume response of everoli-
mus and sirolimus for TSC-AML and investigate the pos-
sible predictive factors affecting its efficacy. We could also 
compare the therapeutic efficacy between everolimus and 
sirolimus at the currently conventional doses for TSC-AML 
in this study.

Materials and methods

Participants

We retrospectively analyzed the clinical data of TSC-AML 
patients who received everolimus or sirolimus for TSC-
AML in Peking Union Medical College Hospital from 
April 2014 to November 2017. The diagnosis of TSC was 
made based on the clinical diagnostic criteria of the 2012 
international tuberous sclerosis complex consensus confer-
ence [3]. TSC patients who aged over 18 years old with at 
least one renal AML ≥ 2 cm in diameter were candidates 
for treatment. The exclusion criteria for sirolimus treatment 
included recent AML bleeding, history of surgery/embolism 
within 6 months, current or planned pregnancy, lactation, 
and renal/hepatic/metabolic abnormalities. Informed consent 
was obtained from all the patients before treatment. How-
ever, only the patients who received everolimus or sirolimus 

treatment for TSC-AML for the first time were included in 
this study. At last, 30 patients (18 cases for everolimus, and 
12 for sirolimus) were included for analysis. Our study was 
approved by the Ethics Committee of Peking Union Medical 
College Hospital.

Treatment and follow‑up

We obtained baseline data and there were no contraindi-
cations in all the patients before treatment. Pretreatment, 
abdominal CT/MRI, head CT/MRI, and chest CT exami-
nations were obtained in all patients. Everolimus (10 mg/
day) or sirolimus (2 mg/day) was orally administrated for at 
least 6 months. Plasma rapamycin concentration was moni-
tored. We examined therapeutic response of TSC-AMLs at 6 
months after treatment, including the volume of AML (cm3) 
and the mean CT value of AML maximum cross-section 
(hereinafter referred to as mean CT value, Hounsfield Units, 
HU). One patient in everolimus group died due to bleeding 
at 16 weeks, and all the other 29 patients received follow-up 
at 6 months. For evaluating AML lesions, 17 and 10 patients 
in everolimus group and sirolimus group got abdominal 
CT, respectively, and the other three patients got abdomi-
nal MRI. During imaging analysis, if there existed multi-
ple bilateral AML lesions, the largest one on each side was 
analyzed. However, lesions with maximum diameter < 2 cm 
were excluded. The comparisons of volume and CT value 
were conducted for each lesion, respectively.

Statistical analysis

All statistical analyses were performed using SPSS19.0 
software (SPSS Inc., USA). Data were expressed as 
means ± standard deviation (mean ± SD) or n (%) as appro-
priate. Statistical significance was determined by paired 
samples t test or Wilcoxon test for changes between pre- 
and post-treatment. Chi square test was used for comparison 
of dichotomic variables between two groups, and t test or 
Mann–Whitney test was used to determine differentiation 
state of continuous variables between two groups. Stepwise 
multiple linear regression analysis was used to assess the 
factors influencing the volume response of everolimus or 
sirolimus for TSC-AML. A P value of less than 0.05 was 
considered statistically significant.

Results

In total, 18 patients with 32 lesions were included in 
everolimus group, and 12 patients with 15 lesions in 
sirolimus group. The characteristics of patients at base-
line were shown in Table 1. Only involved side had sta-
tistically significant difference between the two groups 
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(P = 0.008). However, another five patients in sirolimus 
group had AML lesions with maximum diameter < 2 cm 
on the other side. There was no statistically significant dif-
ference between the two groups when they were included 
(P = 0.678).

In sirolimus group, the mean volume of AMLs at 6 
months after treatment reduced to 1733 ± 2533 cm3, and 
statistical analysis showed a statistically significant differ-
ence between the pre- and post-treatment AML volumes 
(P = 0.014). In everolimus group, the mean volume reduced 
to 633 ± 1121 cm3 at 6 months after treatment (P < 0.001) 
(Fig.  1). The mean volume reduction of the AML was 
55.56% ± 23.79% in everolimus group and 30.52% ± 
22.80% in sirolimus group (P = 0.001). 20 lesions (62.5%) 
in everolimus group and 3three lesions (20.0%) had a > 50% 
reduction in the AML volumes relative to the baseline 
(P = 0.016). The mean CT value was − 6.7 ± 45.7 at baseline 
and − 34.6 ± 48.7 Hu at 6 months after treatment (P = 0.002) 
in everolimus group, and − 11.2 ± 52.9 Hu at baseline and 
− 24.8 ± 58.0 Hu at 6 months after treatment (P < 0.001) 
in sirolimus group, respectively. One patient in everolimus 
group died due to bleeding at 16 weeks, and no other bleed-
ing event was discovered in imaging during follow-up. No 
new gross or microscopic hematuria occurred during 6 
months’ treatment, and the microscopic hematuria changed 
to 11.8% and 33.3% in everolimus and sirolimus groups at 
6 months. Two patients in everolimus group experienced 
dosage reduction (to 5 mg/day) due to serious mucositis 
oral for 2 weeks and 4 weeks, respectively, and one patient 
in everolimus group stopped treatment for 1 week due to 
pneumonia. No withdrawl or dosage reduction occurred in 
sirolimus group.

We used stepwise multiple linear regression to explore 
the factors influencing volume response of everolimus 
or sirolimus for TSC-AML. For each group, the possible 
independent variables included age, sex, associating with 
SEGA and/or LAM or not, AML volume at baseline, mean 
CT value of AML in the maximum cross-section at baseline, 
and plasma rapamycin concentration. Statistical analysis 
showed that only AML volume at baseline and mean CT 
value of AML in the maximum cross-section at baseline 
were main influence factors (Table 2). Age, sex, with SEGA 
and/or LAM or not, and plasma rapamycin concentration of 
rapamycin did not influence everolimus or sirolimus vol-
ume response in TSC-AML. To further analyze the effect 
of CT value for response, we pooled all the lesions in the 
two groups together and grouped them anew by median of 
CT value (− 7.0 Hu) as high CT value group (≥ − 7 Hu) and 
low CT value group (< − 7 Hu). The rates of ≥ 50% volume 
reduction in high and low CT value groups were 90.5% and 
18.2% (P < 0.001) respectively.

Discussion

TSC is a genetic disease that involves multiple organs, 
including brain, kidneys, heart, lungs, and skin [1]. The 
incidence is about 1/6000, but it may be underestimated 
for undiagnosed cases with mild or no symptoms [2]. Two 
genes have been identified to be responsible for TSC: TSC1 
and TSC2. TSC1 locates on chromosome 9q34 and encodes 
hamartin, and TSC2 locates on chromosome 16p13.3 and 
encodes tuberin [12, 13]. Mutations of TSC1 and TSC2 
can lead to defective production of hamartin and tuberin, 

Table 1   Demographic 
characteristics of 30 patients

SEGA subependymal giant cell astrocytoma, LAM lymphangioleiomyomatosis
a Only lesions with maximum diameter ≥ 2 cm were included

Characteristics No. or median (range) P

Everolimus (n = 18) Sirolimus (n = 12)

Age (years) 29.6 ± 7.0 28.0 ± 7.4 0.465
Sex 0.458
 Female 12 6
 Male 6 6

Sidea 0.008
 Unilateral (left/right) 4 (2/2) 9 (6/3)
 Bilateral 14 3

SEGA 1 2 0.548
LAM 6 2 0.419
History of hemorrhage 6 1 0.193
History of renal surgery 4 2 0.926
Microscopic hematuria 6 4 0.693
Mean AML volume at baseline 1000 ± 1276 1984 ± 2861 0.837
Mean AML CT value at baseline − 6.7 ± 45.7 − 11.2 ± 52.9 0.797
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respectively. However, mutations of TSC2 will usually result 
in more severe manifestations [14, 15]. TSC1 and TSC2 are 
both tumor suppressor genes, whose mutations will result in 
uncontrolled proliferation of benign tumors at several sites 
[16]. However, TSC1 or TSC2 mutations in 10 ~ 25% TSC 
patients cannot be shown by conventional genetic testing [3].

Renal lesions in TSC patients mainly include AML and 
multiple renal cysts. Approximately 80% of TSC patients 
develop AML, which is a significant cause for death. The 
vascular component of AML can cause bleeding, leading 
to dialysis or even renal transplantation [17]. The risk of 
spontaneous bleeding of AML is related to its volume, 
and approximately 25 ~ 50% of AML patients with diam-
eter > 3 ~ 4 cm will experience hemorrhage [18, 19]. 40% of 
AML patients have renal function decline, but it is unclear 
what all the mechanisms causing impaired kidney func-
tion are [20]. Following the recommendations of the 2012 

international tuberous sclerosis complex consensus confer-
ence [21], watchful waiting is acceptable for smaller AML 
and mTOR inhibitors can be chosen for asymptomatic pro-
gressive AMLs with diameter > 3 cm. The preferred treat-
ment method for bleeding caused by aneurysm rupture of 
AML is selective renal artery embolization, and nephron 
sparing resection is second choice because it can lead to 
nephron loss.

To our knowledge, there has been no previous studies 
comparing the efficacy of sirolimus and everolimus for TSC-
AML. Rapamycin and its analogs including temsirolimus 
and everolimus are widely used in treatment of tumors and 
prevention of solid organ transplant rejection. Until now, 
only everolimus has been approved for the treatment of 
TSC-SEGA and TSC-AML. However, it has been proven 
that sirolimus could benefit TSC patients in several clinical 
trials and prospective cohort studies [6–11]. In spite of this, 

Fig. 1   The volume change after 
everolimus treatment in two 
patients with different mean 
CT value at baseline. a, b One 
patient with a lower mean CT 
value had poorer response 
to everolimus; c, d Another 
patient with a higher mean CT 
value had stronger response to 
everolimus

Table 2   P value of factors 
in stepwise multiple linear 
regression analysis for short-
term volume response of 
everolimus and sirolimus

SEGA subependymal giant cell astrocytoma, LAM lymphangioleiomyomatosis

Age Sex Plasma con-
centration

Associating with 
SEGA and/or LAM

AML volume 
at baseline

Mean CT 
value at 
baseline

Everolimus 0.408 0.081 0.062 0.360 < 0.001 < 0.001
Sirolimus 0.286 0.596 0.202 0.843 0.038 0.020
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everolimus at a dose of 10 mg daily might be more effective 
than sirolimus at a dose of 2 mg daily for TSC-AML at 6 
months in our study. Comparative pharmacokinetics sug-
gest that everolimus is more readily absorbed and exhibits 
greater oral bioavailability compared with sirolimus due to 
selective intestinal cell efflux for which sirolimus alone is a 
substrate [22]. The recommended plasma concentration for 
everolimus and sirolimus in previous studies is 5–15 ng/ml 
[6] and 4–8 ng/ml [11]. On the other hand, everolimus is 
2.7-fold lower than sirolimus in hepatic metabolism [22]. It 
should be noted that tumors would progress after withdrawal 
of mTOR inhibitors in the above studies. Therefore, continu-
ing benefit may need extending therapy of mTOR inhibitors. 
Currently, there has been no an exact recommendation for 
duration of treatment.

We analyzed the reasons regarding the difference of ther-
apeutic response of volume to mTOR inhibitors for TSC-
AML, and we found that AML volume and mean CT value 
at baseline, not age, sex, associating with or without SEGA/
LAM, or plasma sirolimus concentration, were the influenc-
ing factors for treatment efficacy when considering volumet-
ric change. Our patients with larger AML lesions had poor 
response. In addition, we found that the mean CT value at 
baseline also affected volume response to mTOR inhibitors. 
AML with higher mean CT value responded better to the 
therapy, indicating that components of the tumor might be an 
influence factor. AML are soft tissue perivascular epithelioid 
cell tumors composed of stromal elements including blood 
vessels, smooth muscle and fat which will lead to lower CT 
value. Several studies [5, 8, 23] demonstrated that plasma 
VEGF-D level was correlated with TSC-AML volume, and 
it could be used for monitoring the efficacy of mTOR inhibi-
tors. Malinowska et al. reported that the variation trend of 
VEGF-D concentration was consistent with change of AML 
volume and concluded that serum VEGF-D may be useful 
for monitoring response to treatment and kidney angiomyoli-
poma size in patients with TSC [24]. Brugarolas et al. found 
that TSC2 could regulate VEGF through mTOR-dependent 
and independent pathways. In addition, they also found that 
inactivation of TSC2 gene could result in HIF-1α accumu-
lation, and upregulate expression of some HIF-responsive 
genes including VEGF [25]. Therefore, better response to 
treatment with mTOR inhibitors in patients whose AMLs 
with more vascular components may be obtained due to the 
reduction of VEGF level by mTOR inhibitors. This may con-
tribute to explain why the vascular components influence the 
therapy efficacy.

There are several limitations in the present study. This is 
a retrospective study with small samples, thus studies with 
larger number of patients are still needed to explore the 
influence of imaging characteristics on TSC-AML patients’ 
volume response to sirolimus and everolimus. In addi-
tion, the relationship between long-term efficacy of mTOR 

inhibitors and imaging features remains to be confirmed and 
this may be helpful for guiding mTOR inhibitors therapy. 
Furthermore, the optimal duration of treatment has not been 
defined. More efforts should be paid to investigate the pre-
dictive risk of AML progression in the absence of imaging 
characteristics.

Conclusions

Our findings suggest that everolimus at a dose of 10 mg daily 
might be more effective than sirolimus at a dose of 2 mg 
daily in the treatment of patients with TSC-AML. AML vol-
ume and mean CT value may be the factors influencing the 
short-term efficacy of mTOR inhibitors for TSC-associated 
AML when considering volumetric change.
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