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INTRODUCTION

T
uberous sclerosis complex (TSC) is an autosomal
dominant multisystemic disorder.1 Pathogenic var-

iants in TSC1 or TSC2 gene lead to hyperactivation of the
mammalian target of rapamycin (mTOR) signaling
pathway, with a consequent deregulation of cell growth
and the development of hamartomas. This tumors are
benign, but they can cause life-threatening hemorrhage
or organ failure in vital organs, such as the kidney, with
angiomyolipoma (AML).1 AML found in 60% to 80% of
patients with TSC are tumors composed of smooth
muscle-like cells, adipocyte-like cells, and epithelioid
cells. The diagnosis of AML is usually made by imaging
techniques.2 The pivotal feature for the diagnosis, all
imaging modalities included, relies on the presence of fat
in theAML lesion.3 Themain goals for patients with renal
AML are prevention of bleeding and preservation of renal
function. mTOR inhibitors (mTORi) have been shown to
be effective in patients with AML in TSC.

The aim of our study was to describe the computed
tomography (CT) characteristics of TSC renal lesions
and to assess the effect of mTORi on the different types
of lesions.

RESULTS

Fifty patients with abdominal CT were included
(Supplementary Methods), (24 [48%] males, mean age
International Reports (2022) 7, 2299–2302
42.8 � 16.9 years). Predominant lesions were dental lesions
with pits (100%), cutaneous (95%), renal (92%), and
neurologic manifestations (90%) (Supplementary Table S1).

Thirty three percent of patients presented an esti-
mated glomerular filtration rate of less than 60 ml/min
per 1.73 m2. Thirty-five (70%) patients had AMLs,
including 55% with a combination of renal cysts and
AML. Twenty-four percent of patients with AML
required preventive embolization, whereas rescue sur-
gery was performed in only 4 cases of bleeding without
possibility of embolization. During the follow-up, any
major bleeding was reported (Supplementary Table S2).

Our cohort included 78 AMLs considered suitable
for repeated measurements. On nonenhancement CT,
57% of AMLs were fat-rich, 30% were fat-poor iso-
attenuating and 13% were fat-poor hyperattenuating
(Supplementary Methods).4

Classification of the AMLs in the 4 subtypes,
depending on their fat content, was performed with
good distinction between groups (Supplementary
Methods, Supplementary Figure S1, Supplementary
Tables S3 and S4).

The postcontrast enhancement curves showed a sig-
nificant increase of Hounsefiled Units (HU) (47�10 HU,
P < 0.0001 [95% confidence interval: �70.8; �22.8]) on
the arterial phase followed by a plateau on the neph-
rographic phase (Supplementary Figure S2 and S3).
These enhancement curves were identical for the first
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Table 1. Evolution of renal lesions under mTORi
Characteristics Before mTORi Under mTORi Difference (mean±SD) P value n

Treatment duration (mo) 42�44

AML size (mm) 49.8�30 .6 41.45�27.5 8�10.5 0.0007 26

AML size (%) 100 84 �14.7�17.0 0.0002 26

Pixel density (HU) �33.2�54.3 �65.6�48.8 �34.1�36.3 0.0005 20

ROI at noncontrast phase (HU) �16�47.9 �40.1�51.9 �22.6�20.0 <0.0001 20

ROI at arterial phase (HU) 52.8�70.7 �14.6�67.5 �60.8�42.3 <0.0001 20

ROI at nephrographic phase (HU) 36.1�53.03 �1.65�63.2 �30.9�35.5 0.0002 26

Number of cysts 13 13 0 7

Size of right kidney (mm) 161.4 143.4 �18 0.1460 7

Size of left kidney (mm) 153.0 134.1 �18, 9 0.1232 7

Number of aneurysms 1 0 �1 7

AML Type

Type 1 4 2 �2 26

Type 2 4 1 �3 26

Type 3 6 5 �1 26

Type 4 12 18 6 26

AML, angiomyolipoma; HU, Hounsfield units; mTORi, mammalian target of rapamycin inhibitor.
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3 subtypes whereas the type 4 have a lower
enhancement with a persistence in the nephrographic
phase (P < 0.05) (Supplementary Figure S4).

Under treatment with mTORi, we observed a
decrease in AML size of 20% (P ¼ 0.0002 [95%
confidence interval: �7.8; �21.5]) (Table 1). The
average duration of treatment was 42 months. We also
observed a significant increase of their fat component
responsible for a decrease in HU at the 3 acquisition
phases (Figure 1a). The mean decrease was 22�20 HU at
the noncontrast phase (P < 0.0001), 61�42 HU on the
arterial phase (P < 0.0001), and 31�36 HU on the
nephrographic phase (P ¼ 0.0002).

We observed a decrease of arterial enhancement of
38.2�34.11 HU (P < 0.0001 [95% confidence
interval:�54.16;�22.24]) associatedwith a decrease in the
vascular component of AML (Supplementary Figure S5).

In a subgroup analysis, significant decrease of arte-
rial enhancement (�19 HU, P ¼ 0.0421) and reduction
in size (�10.8 mm, P ¼ 0.0023) were observed in type
1, 2, and 3 AMLs whereas type 4 did not present any
significant modification (Figure 1 b, c, d, e).
DISCUSSION

Herein, we describe the radiologic characteristics and
evolution of AML under mTORi in an adult cohort of
patients suffering from TSC.

In our cohort, we described 57% of fat-rich AML,
30% being isoattenuating and 13% hyperattenuating
AML on noncontrast CT, perfectly matching with the
previous Song’s results.5

We classified AMLs into 4 subgroups according to
their visual percentage of fat. We obtained an identical
enhancement in the AML groups, except for type 4
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with more than 75% of fat tissue. Han et al.6 observed
that angiomatous components were the main causes of
bleeding in symptomatic AMLs and the decrement of
tumor size after embolization is related to the important
response by angiomatous components.

Therefore, the crucial parameter of the bleeding risk
is the enhancement of the AML (i.e., the importance of
its vascular component, irrespective of its size or of its
percentage of fat). Only the fully fat AMLs were less
vascularized without preventing the presence of
aneurysm. The enhancement of AMLs at the arterial
phase seems pivotal in the screening of AMLs with a
potential risk of bleeding.7

The main therapeutic goals for patients with renal
AML are prevention of bleeding and preservation of
renal function. In recent years, mTORi has been rec-
ommended to prevent the risk of bleeding by reducing
AML size. Under treatment, we observed a slight
reduction in AML size. This result was contradictory to
previous studies in which a size reduction of 50% was
reported in 42% of treated patients. Our population in
terms of age, sex, mutation and mTORi dose was similar
to previous studies. These studies analyzed a decrease
in AML volume but not a reduction of AML diameter
in the transverse plan. In our patients, a reduction of
20% of diameter (observed for nonfatty AML) was
associated with a volume reduction of 50%, and these
results are consistent with Exist-2. We also depicted a
slight progression of AML size under treatment, which
corresponds with the results of previous studies.8

In our study, we noted on noncontrast CT, a
decrease in density in all cases of AML and, also for the
most hypodense part of the AML. This observation was
related to the increase in the fat quota of the AML,
which had been recently observed on magnetic
Kidney International Reports (2022) 7, 2299–2302



Figure 1. (a) Evolution of AML density with triphasic CT before and under mTOR inhibitor. (b and d) Evolution of the enhancement at the arterial
time and (c and e) the size of the AMLs according to the type of AML. HU, Hounsfield units.
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resonance imaging and CT.7 A decrease in arterial time
of enhancement was also noted, related to a decrease in
vascularization under mTORi. As reported in the
literature, mTORi induced a reduction in circulating
vascular endothelial growth factor by their antiangio-
genesis effect.8,9 In addition to size reduction, mTORi
reduce the risk of bleeding AML, and thus help pre-
serving renal function. Nevertheless, we highlighted
only a reduction in size and enhancement of AML only
for AML type I, II, and III. The mTORi seem to be less
effective on very fatty AMLs, which are less vascu-
larized structures.

No bleeding event was observed in our study.
Clinical tolerance was similar to the previous studies,
with side effects already reported.8 We noticed skin
improvement in the adult population. No modification
of neurological pattern was depicted.

In conclusion, the imaging follow-up after mTORi
have to be performed with triphasic acquisition. A
slightly reduction of AML size, a decrease of vascu-
larization contingent with an increase of fat component
is expected.
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