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ABSTRACT 

Bac kground. Renal angiom y olipomas ( AMLs ) dri v e substantial morbidity in tuber ous scler osis complex ( TSC ) through 

haemorrhage and repeated invasive procedures. While mammalian target of r apam ycin inhibitors ( mTORis ) reduce AML 
v olume, long-term r eal-world data on clinically meaningful bleeding and procedure outcomes remain limited, 
particularly in cohorts enriched for high-risk imaging phenotypes. 
Methods. We conducted a m ulticentr e observ ational study ( 2004–2020 ) in thr ee Fr ench tertiar y centr es. Among 103 
included patients, the 96 with TSC constituted the primary analysis set. We assessed AML-related haemorrhage and 

selecti v e arterial embolization ( SAE ) . For patients initiating mT ORi, follo w-up was split into pre- and post-initiation 

periods and incidence rate ratios ( IRRs ) were estimated using Poisson regression with patient-time offsets and 

patient-cluster ed r obust standard err ors; gener alized estimating equation Poisson and ne gati v e binomial models wer e 
used as sensitivity analyses. 
Results. Total follow-up was 694.3 patient-years. Thirty-nine patients ( 40.6% ) initiated an mTORi ( ev er olim us 94.9% ) . 
Haemorrhage rates decreased from 0.061 to 0.007 events per patient-year after mTORi initiation {IRR 0.11 [95% 

confidence interval ( CI ) 0.02–0.62]} and SAE rates decreased from 0.197 to 0.020 sessions per patient-year [IRR 0.10 ( 95% CI 
0.04–0.29 ) ]. Therapeutic inertia remained substantial: among 57 never-treated patients, high-risk imaging features and 

acti v e complications were frequent at the last assessment. 
Conclusions. In this long-term real-world cohort of TSC-associated renal AMLs, mTORi initiation was associated with 

markedly lower rates of AML haemorrhage and SAE. Despite these benefits, many high-risk patients remained untreated 
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in routine care, supporting earlier nephrology referral, systematic risk stratification and timely treatment initiation to 

r educe pr ev enta b le AML-r elated morbidity. 

GRAPHICAL ABSTRACT 

Gemander, N., et al.
Clinical Kidney Journal (2026)

doume.joly@gmail.com
@CKJsocial

Conclusion: mTORis reduced hemorrhage and embolization rates by ~ 90%. 
Despite these benefits many high-risk patients remained untreated suggesting
a potential role for earlier risk stratification and nephrology referral. 

Real-world management of tuberous sclerosis complex-associated 
renal angiomyolipomas: the impact of mTOR inhibitors

Renal angiomyolipomas (AMLs) drive substantial morbidity in tuberous sclerosis complex (TSC). Efficacy of mTOR 
inhibitors (mTORis) has been established, but their impact on reducing the bleeding burden remains scarce.

Methods Results
3 French tertiary
centers (2004–2020)

TSC patients (n = 96)

Mean follow-up 7.3 years

Primary outcomes: 
•Treatment rates
•Haemorrhage rates
•Need for embolization

39/96 treated with mTORi
(Everolimus in 95%)

Centers exhibiting therapeutic inertia:

57/96 untreated with mTORi
despite high-risk angiomyolipomas

(UMCU* score  ≥ 3) and active complications

Treated 41% Untreated 59%

*UMCU = University Medical Center Utrecht

(0.061    0.007 events/patient-years)

with mTORi89%
Need for embolization

(0.197    0.020 events/patient-years)

with mTORi90%
Hemorrhage

Ke yw ords: mT OR inhibitors, renal angiom y olipoma, r enal haemorrha ge, selecti v e arterial embolization, tuber ous 
sclerosis complex 
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KEY LEARNING POINTS 

W ha t was known: 
� Renal angiom y olipomas ( AMLs ) are the leading cause of morbidity in tuber ous scler osis complex ( TSC ) , primaril y due to 

haemorrhagic risks and the need for invasive procedures. 
� While mammalian target of r apam ycin inhibitors ( mTORis ) are known to reduce tumour v olume, r eal-world evidence r egard- 

ing their ability to prevent hard outcomes—specifically haemorrhage and embolization—in high-risk populations remains 

limited. 

This study adds: 
� In the m ulticentr e OSCAR cohort, initiation of mTORis was associated with a 10-fold reduction ( ≈90% ) in both haemorrhagic 

events and the need for selective arterial embolization. 
� Therapeutic inertia is substantial: nearly 60% of patients remained untreated despite presenting with high-risk AMLs [Uni- 

versity Medical Center Utrecht ( UMCU ) stage ≥3] and active complications. 
� We demonstrate that medical therapy effecti v el y mitigates the ‘bleeding burden’ even in a population with a history of 

sev er e r enal inv olv ement. 

Potential impact: 
� These findings highlight the ur genc y of overcoming therapeutic inertia through earlier nephrology referral and systematic 

risk stratification using the UMCU classification. 
� Timely initiation of mTORis in high-risk patients should be prioritized to pr ev ent life-thr eatening haemorrha ge and av oid 

ne phr on-dama ging inv asi v e interv entions. 
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NTRODUCTION 

uber ous scler osis complex ( TSC ) is a rare autosomal dominant 
isorder caused by loss-of-function germline mutations in ei- 
her of the tumour-suppressor genes TSC1 ( encoding hamartin ) 
r TSC2 ( encoding tuberin ) [ 1 ]. The majority of cases result from 

e novo mutations [ 2 ]. Hamartin and tuberin form a complex to 
nhibit the mammalian target of r apam ycin ( mTOR ) pathway, 
her eby r egulating pr otein synthesis, cell gr owth, pr oliferation 

nd ang iog enesis [ 2 ]. A loss of function in either the TSC1 or TSC2 
ene leads to acti v ation of the mTOR pathway, which promotes 
he development of hamartomas that can affect virtually any or- 
an [ 3 ]. 

In the kidneys, TSC is fr equentl y associated with multiple, 
ilater al angiom y olipomas ( AMLs ) . These benign tumours, com- 
osed of blood vessels, smooth muscle cells, epithelioid cells 
nd fat, typically develop during childhood and adolescence and 

r ogr ess ov er time [ 4 , 5 ]. AMLs ar e a major cause of morbid- 
ty and r e pr esent the leading cause of mortality among adults 
ith TSC [ 6 ]. Complications include rupture , whic h can cause 

ife-thr eatening r etr operitoneal haemorrha ge [ 7–9 ], pr ogr essi v e 
ompression of the urinary tract and r e placement of normal 
ar enchyma, r esulting in kidney function loss [ 6 , 10 ]. 

Most studies recommend preventive intervention for AMLs 
t high risk of bleeding, defined by a size > 3.5 cm [ 11 ] or the 
resence of intralesional aneurysms > 5 mm. Available treat- 
ents include surgery, arterial embolization, percutaneous ab- 

ation and mTOR inhibitors ( mTORis ) [ 12 ]. The first three ap- 
r oaches ar e potentiall y curati v e but inv asi v e, wher eas mTORis 
av e a suspensi v e effect, r educing AML size while treatment is 
ngoing. F or se ver al y ears, r enal AMLs ≥3 cm hav e been eligi- 
le for mTORi therapy [ 13 ]. Ev er olim us has been granted mar- 
eting authorization for this indication following a pr ospecti v e 
andomized clinical trial versus placebo: its use reduces the vol- 
me of renal AMLs, and follow-up studies have shown a protec- 
i v e effect on renal function decline and bleeding risk [ 14 , 15 ]. 

In this r etr ospecti v e/pr ospecti v e study, we r e port on a large 
eries of adult patients r eferr ed to three tertiary centres for the 
ana gement of m ultiple r enal AMLs, r egardless of TSC associa- 

tion. We describe under real-life conditions the management of
AMLs and long-term renal outcomes, with a focus on the imple-
mentation of mTORis and their potential impact on the natural
history of kidney disease. 

MATERIALS AND METHODS 

Cohort formation 

We performed a m ulticentr e r etr ospecti v e/pr ospecti v e observ a-
tional study in three F renc h tertiary centres ( Paris, Lille and
Lyon ) . Eligible participants were adults with either multiple renal
AMLs ( fiv e or mor e lesions ) or r enal AMLs associated with TSC
and at least one visit to the participating centre between Jan-
uary 2004 and August 2016. All patients wer e enr olled between
August 2015 and August 2016. At inclusion, r etr ospecti v e data
were collected and prospective follow-up was established un-
til August 2017 for Lille ( 28 patients ) and Lyon ( 5 patients ) and
until August 2020 for Paris ( 70 patients ) . The primary analysis
set consisted of patients with confirmed TSC; patients with spo-
radic multiple AMLs were described descriptively due to small
numbers. 

Data sources and variables collected 

Data w ere extr acted from both paper-based and electronic med-
ical records. We recorded date of birth, date of initial visit, date of
inclusion, date of last contact and dates of each clinic visit, hos-
pitalization, renal complications and renal interventions ( see
below ) . 

Individual TSC c har acteristics recorded at inclusion w ere
g ender, g enetic data, parental status, autonomy and extrarenal
abnormalities associated with the diagnostic criteria of TSC [ 16 ].
All av aila b le kidney ima ging r esults [ultrasound, computed to-
mography ( CT ) scan or ma gnetic r esonance ima ging ( MRI ) ] since
2004 wer e r ecorded. Renal sta ging w as centrall y r e vie wed. Re-
nal sta ging w as determined using the Uni v ersity Medical Center
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Table 1: Renal angiomyolipoma staging for all pa tients, str a tified b y exposure to mTORis. Staging was based on the criteria proposed by the 
UMCU. [ 17 ] CT and MRI data were assessed at the time of mTORi initiation for treated patients or at the last available follow-up for untreated 
patients. 

Renal angiom y olipoma staging TSC patients ( n = 96 ) Non-TSC patients ( n = 7 ) 

Stage AMLs, n AML size 
At mTORi initiation ( 39 

patients ) , n ( % ) 

At last news ( no 
mTORi initiation; 57 

patients ) , n ( % ) At last news, n 

0 Any All < 1 cm 0 1 ( 2 ) 0 
1/2 ≤5 or > 5 < 3.5 cm 3 ( 8 ) 16 ( 28 ) 2 
3 ≤5 At least one ≥3.5 cm 15 ( 38 ) 22 ( 39 ) 1 
4/5 > 5 < 5 or ≥5 ≥3.5 cm 2 ( 5 ) 3 ( 5 ) 4 
6 Kidney not r ecogniza b le ( i.e. 

complete r e placement o 
parench yma b y AMLs ) 

10 ( 26 ) 3 ( 5 ) –

Undetermined/missing 3 ( 8 ) 9 ( 16 ) 1 ( 14 ) 
Aneurysms ( > 5 mm ) 8 ( 20 ) 5 ( 9 ) –
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trecht ( UMCU ) classification ( Table 1 ) [ 17 ]. The presence and 

umber of AMLs ≥3 cm were recorded. 
All av aila b le serum cr eatinine v alues and corr esponding es- 

imated glomerular filtration rates ( eGFRs ) were collected, cal- 
ulated using the Modification of Diet in Renal Disease or 
hronic Kidney Disease Epidemiology Collaboration equations. 
ata on pr otein uria, cr eatinin uria and b lood pr essur e wer e also 

ecorded. 

xposure to mTORis 

xposure to mTORis was defined as the initiation of any 
T ORi during follo w-up . For incidence rate analyses, indi- 

idual follow-up time was split into pre-initiation and post- 
nitiation periods. A 90-day exposure lag was explored in sen- 
iti vity anal yses to r educe pr otopathic bias ( ev ents occurring 
r ound tr eatment initiation ) . Adv erse ev ents potentiall y r elated 

o mTORis, treatment interruptions and therapeutic drug mon- 
toring ( tr ough lev els ) wer e extracted fr om medical r ecords 
hen av aila b le. Tr ough lev els wer e summarized as patient-lev el 
eans across recorded measurements. Adverse events were cat- 

gorized from free-text clinical documentation ( non-mutually 
xclusi v e categories ) and r e ported descripti v el y. 

utcomes 

enal complications were haemorrhagic complication of one or 
ore AMLs, defined as acute symptomatic bleeding with radio- 

ogic or clinical confirmation, classified as requiring emer genc y 
nterv ention [selecti v e arterial embolization ( SAE ) /surger y] or 
onserv ati v e mana gement ( self-limited or late dia gnosis ) ; uri- 
ar y tract compr ession; deterioration of r enal function ( doub ling 
f serum creatinine compared with the initial visit or the 
eed for kidney dialysis or transplantation ) ; renal infection 

 temperature > 38.5 ◦C associated with urinary tract infection ) ; 
iagnosis of malignant renal lesions and death ( all causes ) . 
enal interv entions wer e SAE ( counted per session irr espec- 
i v e of kidney side ) , renal biopsy, surgery ( partial or complete 
e phr ectomy ) , minimall y inv asi v e interv entions ( cr y other apy, 
adiofr equency ) , antibiotic tr eatment, urinar y draina ge, ini- 
iation of periodic haemodialysis and kidney transplanta- 
ion. For each pr ocedur e, both date and indication were 
ocumented. 

We assessed AML-r elated haemorrha ge and renal interven- 
tions, with a focus on SAE as the most frequent invasive re-
nal pr ocedur e in this cohort. A composite ‘any r enal ev ent’ out-
come included renal haemorrhage, urinary tract obstruction, re- 
nal infection, renal malignancy, renal function deterioration and 

death. F or time-to-e v ent anal yses, the composite r enal ev ent
was defined as the first occurrence of any renal complication or
inv asi v e r enal pr ocedur e. 

Statistical methods 

Descripti v e statistics were used to summarize baseline char- 
acteristics. Contin uous v aria b les ar e r e ported as mean [stan-
dard deviation ( SD ) ] or median ( r ange ) and cate gorical vari-
a b les as n ( % ) . Analyses were primarily performed in TSC
patients. 

Primar y anal yses focused on ev ent and pr ocedur e rates to
captur e the r eal-world burden of r ecurr ent AML-r elated out-
comes. Annualized r ates w ere calculated as the number of
ev ents di vided by the total patient-years at risk and ar e pr e-
sented with exact 95% Poisson confidence intervals ( CIs ) ; for 
gr oups with zer o ev ents, the upper 95% confidence bound was
estimated using the rule of three. For patients initiating an 

mT ORi, follo w-up was split into pretreatment ( from first visit to
initiation ) and post-treatment ( from initiation to the last follow- 
up ) periods. 

To compare post- versus pretreatment rates while account- 
ing for unequal follow-up durations and within-patient corre- 
lation of r ecurr ent ev ents, we fitted Poisson r egr ession models
with a log link and log ( person-time ) offset, using patient-level 
cluster-r obust ( sandwich ) standard err ors, and r e port incidence
r ate r atios ( IRRs ) with 95% CIs. Ov erdispersion w as assessed and
sensiti vity anal yses included generalized estimating equation 

( GEE ) Poisson models ( exchangea b le working corr elation ) and 

negati v e binomial models with robust standard errors. 
Secondar y anal yses ev aluated time to first r enal ev ent using

Kaplan–Meier methods and Cox proportional hazards models 
with time-dependent mTORi exposure ( counting process start–
stop form ulation ) . A 90-day la g sensiti vity anal ysis w as per-
formed to minimize potential surveillance bias around treat- 
ment initiation. All statistical analyses were performed using 
R version 4.2.0 ( R Foundation for Statistical Computing, Vienna,
Austria ) . 
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thics appro v al and consent to participa te 

his study was approved by the F renc h Ministry of Resear c h 

 authorization no. 15.211 ) . Prior to granting appr ov al, the Min- 
stry sought the opinion of an independent ethics commit- 
ee, the Comité consultatif sur le traitement de l’information 

n matière de rec her c he ( CCTIRS ) , whic h issued a favourable 
pinion. In accordance with F renc h re gulations for non- 

nterventional studies, written informed consent is not required; 
owev er, patients m ust be gi v en the opportunity to object to 
articipation. For this study, non-opposition was obtained from 

ll participants regarding the use of their de-identified medical 
ecords data. 

ESULTS 

tudy cohort characteristics 

 total of 103 patients were included; 96 had confirmed TSC and 

omprised the primary analysis set. The remaining seven pa- 
ients had sporadic multiple AMLs and were analysed descrip- 
i v el y. Demographics and baseline characteristics are summa- 
ized in Ta b le 2 . 

ollow-up 

n TSC patients, total follow-up was 694.3 patient-years ( mean 

.23 ± 4.48 years ) . Thirty-nine patients initiated an mTORi dur- 
ng follo w-up , contributing 198.0 patient-years pre-initiation 

nd 149.9 patient-years post-initiation; nev er-tr eated patients 
ontributed 346.4 patient-years. 

enal complications 

leeding from an AML was the most common renal compli- 
ation, affecting 11 patients ( 11.5% ) with an av era ge of 2.0 ±
.2 episodes per patient ( 0.03 events per patient-year; Table 3 ) . 
v erall, 22 haemorrha ge e pisodes wer e r ecorded: 11 r equir ed 

mer genc y haemostasis ( SAE, n = 9; surgery, n = 2 ) and 11 were 
onserv ati v el y mana ged ( self-limited or dia gnosed too late for 
mer genc y measur es ) . Urinar y obstruction occurr ed in fiv e pa- 
ients ( 5.2%, 0.013per patient-year ) , r enal infection in fiv e and r e- 
al function deterioration ( doubling of serum creatinine ) in six. 
hree patients ( one PKD1 / TSC2 deletion, two TSC2 mutations ) 
r ogr essed to end-sta ge r enal disease and r equir ed haemodial- 
sis; two later underwent kidney transplantation. Three pa- 
ients died ( astrocytoma, metastatic epithelioid AML, sudden 

eath ) . 
In the non-TSC AML group ( n = 7 ) , no kidney complications 

ccurred during follow-up ( Table 3 ) . Preventive embolization was 
erformed in two patients and tw o underw ent r adiofrequency 
 b lation or cry other apy. 

enal interventions 

nv asi v e pr ocedur es wer e performed in 39 of 96 ( 40.6% ) TSC pa- 
ients. Thirty-three patients had SAEs ( 2 ± 1.3 pr ocedur es per 
atient, 0.095 per patient-year ) , mostly for bleeding prevention 

f large AMLs ( n = 51 sessions ) , urinary obstruction ( 5 sessions ) 
r emer genc y post-haemorrhage ( 9 sessions ) . Renal surger y w as 
erformed in six patients: two for bleeding AMLs ( one total, one 
artial ne phr ectomy ) , thr ee for large obstructi v e AMLs ( one to- 
al, two partial ne phr ectomies ) and one for r enal cancer ( partial 
e phr ectomy ) . Micr oinv asi v e tr eatments ( cr yotherapy, radiofr e- 

quency a b lation ) wer e performed in two patients ( one for haem-
orrha ge pr ev ention, one for obstruction ) ( Ta b le 3 ) . 

Use of mTORis and renal outcomes 

Among TSC patients initiating an mTORi ( n = 39 ) , AML haemor-
rha ge rates decr eased fr om 0.061 ev ents per patient-year pr e-
tr eatment ( 12 ev ents/198.0 per patient-years ) to 0.0067 post-
tr eatment ( 1 ev ent/149.9 per patient-y ear ) ( F ig. 1 ) . In Poisson
r egr ession models with log ( person-time ) offset and patient-
lev el cluster-r obust standard err ors, post-tr eatment exposur e
was associated with a significantly lower haemorrhage rate
[IRR 0.11 ( 95% CI 0.02–0.62 ) ; P = .012]. Similarly, SAE session
rates decreased from 0.197 sessions/patient-year pretreatment 
( 39 sessions/198.0 per patient-year ) to 0.020 post-treatment ( 3
sessions/149.9 per patient-year ) , corresponding to an IRR of
0.10 ( 95% CI 0.04–0.29; P < .001 ) ( F ig.2. ) . Results w ere consis-
tent in GEE Poisson and negati v e binomial sensiti vity anal yses
( Supplementary Table S1 ) . Re garding toler a bility, ev er olim us
was the predominant agent ( 94.9% ) ; adverse events were re-
ported in 58.3% of patients ( most fr equentl y pr otein uria and
stomatitis ) , with treatment interruptions required in 21.7% of
cases ( Supplementary Table S3 ) . 

Secondary time-to-event analyses 

Kaplan–Meier estimates of remaining free of a first renal event
( composite of renal complications or invasive renal procedures )
were 87.4% at 1 year, 85.1% at 2 years, 78.5% at 5 years and
65.5% at 10 years ( Supplementary Fig. S1 ) . In time-dependent
Cox models ( Supplementary Table S2 ) , the association between
mTORi exposure and time to first renal event was not statisti-
cally significant, with wide CIs consistent with limited power.
A 90-day exposure lag sensitivity analysis yielded directionally
consistent estimates ( hazard ratio < 1 ) ( Supplementary Table
S2 ) . Supplementary Fig. S2 ( Simon–Makuch plot ) provides a vi-
sual r e pr esentation of ev ent-fr ee survi v al under time-v ar ying
mTORi exposure ( with the 90-day lag ) , illustrating how patients
contribute unexposed time before treatment and exposed time
thereafter. 

Untreated high-risk patients 

Among nev er-tr eated TSC patients ( n = 57 ) , haemorrha ge and
SAE rates r emained clinicall y meaningful ( 0.026 and 0.069 per
patient-year, r especti v el y ) . A substantial pr oportion of nev er-
treated patients fulfilled imaging-based high-risk criteria at the
last follo w-up , consistent with therapeutic inertia in routine
care, despite the availability of effective medical therapy. 

Sporadic multiple AMLs ( n = 7 ) 

In the sporadic multiple AML subgroup, no renal events were
recorded during follow-up. Gi v en the small sample size, no com-
parati v e anal yses wer e undertaken. 

DISCUSSION 

Although TSC w as generall y dia gnosed in childhood and fr e-
quently accompanied by neurological disabilities, patients were
typicall y r eferr ed for r enal AML mana gement m uch later, after
age 30. At this initial visit, most already presented with bilateral,
multiple AMLs ≥3 cm. This delay highlights the critical impor-
tance of early renal screening and referral, as recommended in
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Table 2: Demographic, genetic, extrarenal and renal characteristics at inclusion for the overall cohort and for TSC and non-TSC patients 
separ a tel y. 

Characteristics Total ( N = 103 ) TSC ( n = 96 ) Non-TSC ( n = 7 ) 

Female, n ( % ) 69 ( 67.0 ) 64 ( 66.7 ) 5 ( 71.4 ) 
Age at inclusion ( years ) , mean ± SD 38.6 ± 12.6 37.7 ± 12.0 50.5 ± 15.3 
Age at initial visit ( years ) , mean ± SD 34.0 ± 12.8 33.2 ± 12.3 45.4 ± 15.0 
Known mutation testing performed, n ( % ) 38 ( 36.9 ) 36 ( 37.5 ) 2 ( 28.6 ) 
TSC1 mutation, n 4 4 0 
TSC2 mutation, n 21 21 0 
PKD1-TSC2 deletion, n 2 2 0 
No mutation detected, n 7 6 1 
Skin lesions, n ( % ) 81 ( 78.6 ) 79 ( 82.3 ) 2 ( 28.6 ) 
Neurological manifestations, n ( % ) 76 ( 73.8 ) 76 ( 79.2 ) 0 ( 0.0 ) 
Epilepsy, n ( % ) 65 ( 63.1 ) 65 ( 67.7 ) 0 ( 0.0 ) 
Subependymal giant cell astrocytoma, n ( % ) 34 ( 33.0 ) 34 ( 35.4 ) 0 ( 0.0 ) 
TSC-associated neuropsychiatric disorders, n ( % ) 28 ( 27.2 ) 28 ( 29.2 ) 0 ( 0.0 ) 
Sev er e intellectual disability requiring constant 
assistance, n ( % ) 

22 ( 21.4 ) 22 ( 22.9 ) 0 ( 0.0 ) 

Lymphangioleiom y omatosis, n ( % ) 31 ( 30.1 ) 30 ( 31.2 ) 1 ( 14.3 ) 
Pneumothor ax/c hylothor ax, n ( % ) 10 ( 9.7 ) 10 ( 10.4 ) 0 ( 0.0 ) 
Ventilatory insufficiency, n ( % ) 4 ( 3.9 ) 4 ( 4.2 ) 0 ( 0.0 ) 
Neuro-endocrine tumour, n ( % ) 5 ( 4.9 ) 5 ( 5.2 ) 0 ( 0.0 ) 
Retinal lesion, n ( % ) 12 ( 11.7 ) 12 ( 12.5 ) 0 ( 0.0 ) 
Cardiac rhabdom y oma, n ( % ) 13 ( 12.6 ) 13 ( 13.5 ) 0 ( 0.0 ) 
Hypertension at inclusion visit, n ( % ) 21 ( 20.4 ) 20 ( 20.8 ) 1 ( 14.3 ) 
eGFR < 60 ml/min/1.73 m 

2 at inclusion visit, n ( % ) 3/26 ( 11.5 ) 3/24 ( 12.5 ) 0/2 ( 0.0 ) 
Pr otein uria av aila b le at inclusion visit, n ( % ) 13 ( 12.6 ) 12 ( 12.5 ) 1 ( 14.3 ) 
Clinical pr otein uria > 0.5 g/g ( inclusion visit ) , n ( % ) 1/13 ( 7.7 ) 1/12 ( 8.3 ) 0/1 ( 0.0 ) 
Number of ≥3 cm AMLs per kidney ( kidneys with ≥1 
lesion ) 

Mean 2.1 ± 1.4; median 2 
( range 1–7 ) 

Mean 2.2 ± 1.4; median 2 
( range 1–7 ) 

Mean 1.8 ± 0.8; median 2 
( range 1–3 ) 
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urrent guidelines [ 18 ]. Two-thirds of TSC patients in this cohort 
 ere female . While r ecent large cohort studies hav e found no 

tatistically significant association between sex and AML pr ev a- 
ence in TSC [ 17 , 19 ], it r emains possib le that r eferral patterns ar e 
nfluenced by the perception of a higher bleeding risk in women 

 5 ]. 
Over a mean follow-up of 7.3 years, the clinical burden of 

SC-associated renal AMLs was primarily driven by AML haem- 
rrhage and the need for SAE, both of which occurred as recur- 
 ent outcomes. Haemorrha ge—typicall y non-fatal—affected 11 
f 96 TSC patients and was frequently recurrent ( mean 2.0 ± 1.2 
pisodes among patients with bleeding ) , yielding an overall 
aemorrhage rate of 0.032 events per patient-year. In this set- 
ing, ann ualized rates pr ovide a mor e faithful r e pr esentation 

f morbidity than time-to-first-event curves, particularly in co- 
orts enriched for high-risk imaging phenotypes ( UMCU stage 
3 ) [ 7–9 ]. Accordingl y, we compar ed pr e- and post-mTORi peri- 
ds using rate models with person-time offsets and patient-level 
obust standard errors, supported by GEE Poisson and negati v e 
inomial sensiti vity anal yses. We complemented these anal y- 
es with time-dependent Cox models including a 90-day expo- 
ur e la g to r educe immortal time and surv eillance biases ar ound 

reatment initiation. Despite these approaches, residual con- 
ounding by indication and time-v ar ying disease sev erity r emain 

ossible in an observational cohort. 
The management of TSC-associated AMLs aims to pr ev ent 

aemorrhage while preserving renal function and parenchyma. 
cross the study period, four preventive approaches were 
sed: mTOR inhibition, SAE, ne phr on-sparing surger y and per- 
utaneous a b lation. The limited use of a b lati v e techniques 
 cr yoa b lation, radiofr equency, micr ow av e ) in this series mainly 

r eflects ev olving practice and av aila bility during the study time
frame; these modalities are now more widely implemented in 

our centres for selected cases—typically a limited number of 
AMLs measuring < 5 cm—offering a potentially definitive al- 
ternati v e to surgery in appropriately selected patients [ 23 , 24 ].
In contrast, SAE was commonly employed and remains a cor- 
nerstone for acute haemorrhage control and targeted prophy- 
laxis in large AMLs. However, our experience confirms that re- 
peat SAE is frequent, consistent with published series, [ 9 , 20–
22 ] likely reflecting multifocal disease and recurrence. Repeated 

embolizations may contribute to cum ulati v e par enchymal loss
and, over time, could be associated with progressive renal 
impairment. 

In parallel, 39 TSC patients initiated an mTORi. Since 2012,
these a gents hav e been r ecommended as first-line therapy
for asymptomatic, growing renal AMLs ≥3 cm [ 16 ]. This rec-
ommendation was supported by the phase 3 EXIST-2 trial 
( NCT00790400 ) , demonstrating that mTORis reduce the volume 
of most renal AMLs [ 14 , 15 ]. Importantly, the effect is largely
suppr essi v e, as tumours may regain volume after treatment dis-
continuation, underscoring the need for long-term therapy and 

structured monitoring in routine care. 
Follo wing mT ORi initiation, we observed a marked reduction 

in haemorrhagic events and in the need for SAE, consistent with
long-term follow-up data from EXIST-2 and r egistr y evidence 
from the TuberOus SClerosis registry to increase disease Aware- 
ness ( T OSC A ) [ 15 , 25 ]. Nota b l y, these outcomes wer e observ ed
in a population managed under real-life tertiary care conditions 
and appearing at r elati v el y high baseline risk: most treated pa-
tients had high-risk imaging features at initiation ( UMCU stage 
≥3 ) and appr oximatel y one in six had a prior haemorrhage his-
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Table 3: Recurrent complications and invasi v e procedures during follow-up: crude rates and IRRs. Rates are expressed per patient-year with 
exact 95% Poisson CIs. IRR post versus pre was estimated using Poisson regression with log ( person time ) offset and pa tient-le vel cluster 
robust standard errors; sensitivity analyses with GEE Poisson and negati v e binomial models are shown in Supplementary Table S1 . 

Outcome/pr ocedur e TSC total ( N = 96 ) 
TSC mTOR pre 

( n = 39 ) 
TSC mTOR post 

( n = 39 ) 
TSC no mTOR 

( n = 57 ) 
Non-TSC total 

( N = 7 ) 

Patient-years 694.3 198.0 149.9 346.4 56.8 
Inv asi v e pr ocedur es 
SAE 

Patients with pr ocedur e, n ( % ) 33 ( 34.4 ) 18 ( 46.2 ) 3 ( 7.7 ) 15 ( 26.3 ) 0 ( 0.0 ) 
Pr ocedur es per patient, mean ( SD ) 2.0 ( 1.3 ) 2.2 ( 1.7 ) 1.0 ( 0.0 ) 1.6 ( 0.8 ) 0.0 ( 0.0 ) 
Pr ocedur e r ate , per patient-y ear 0.095 0.197 0.020 0.069 0.000 

Micr oinv asi v e tr eatment 
Patients with pr ocedur e, n ( % ) 2 ( 2.1 ) 0 ( 0.0 ) 0 ( 0.0 ) 2 ( 3.5 ) 0 ( 0.0 ) 
Pr ocedur es per patient, mean ( SD ) 1.5 ( 0.7 ) 0.0 ( 0.0 ) 0.0 ( 0.0 ) 1.5 ( 0.7 ) 0.0 ( 0.0 ) 
Pr ocedur e r ate , per patient-y ear 0.004 0.000 0.000 0.009 0.000 

Renal surgery 
Patients with pr ocedur e, n ( % ) 6 ( 6.2 ) 2 ( 5.1 ) 1 ( 2.6 ) 3 ( 5.3 ) 0 ( 0.0 ) 
Pr ocedur es per patient, mean ( SD ) 1.0 ( 0.0 ) 1.0 ( 0.0 ) 1.0 ( 0.0 ) 1.0 ( 0.0 ) 0.0 ( 0.0 ) 
Pr ocedur e r ate , per patient-y ear 0.009 0.010 0.007 0.009 0.000 

Complications and events 
Bleeding of AML 

Patients with event, n ( % ) 11 ( 11.5 ) 6 ( 15.4 ) 1 ( 2.6 ) 5 ( 8.8 ) 0 ( 0.0 ) 
Events per patient, mean ( SD ) 2.0 ( 1.2 ) 2.0 ( 0.9 ) 1.0 ( 0.0 ) 1.8 ( 1.3 ) 0.0 ( 0.0 ) 
Event r ate , per patient-y ear 0.032 0.061 0.007 0.026 0.000 

Urinary tract obstruction 
Patients with event, n ( % ) 5 ( 5.2 ) 2 ( 5.1 ) 1 ( 2.6 ) 2 ( 3.5 ) 0 ( 0.0 ) 
Mean events per patient ( SD ) 1.8 ( 1.1 ) 1.0 ( 0.0 ) 1.0 ( 0.0 ) 3.0 ( 0.0 ) 0.0 ( 0.0 ) 
Event r ate , per patient-y ear 0.013 0.010 0.007 0.017 0.000 

Renal infection 
Patients with event, n ( % ) 5 ( 5.2 ) 1 ( 2.6 ) 1 ( 2.6 ) 3 ( 5.3 ) 0 ( 0.0 ) 
Event r ate , per patient-y ear 0.009 0.005 0.007 0.012 0.000 

Renal cancer 
Patients with event, n ( % ) 2 ( 2.1 ) 0 ( 0.0 ) 0 ( 0.0 ) 2 ( 3.5 ) 0 ( 0.0 ) 
Event r ate , per patient-y ear 0.004 0.000 0.000 0.009 0.000 

Renal function deterioration 
Patients with event, n ( % ) 6 ( 6.2 ) 0 ( 0.0 ) 2 ( 5.1 ) 4 ( 7.0 ) 0 ( 0.0 ) 
Event r ate , per patient-y ear 0.023 0.000 0.013 0.040 0.000 

Renal transplantation or dialysis 
Patients with event, n ( % ) 3 ( 3.1 ) 0 ( 0.0 ) 0 ( 0.0 ) 3 ( 5.3 ) 0 ( 0.0 ) 
Event r ate , per patient-y ear 0.013 0.000 0.000 0.026 0.000 

Death 

Patients with event, n ( % ) 3 ( 3.1 ) 0 ( 0.0 ) 0 ( 0.0 ) 3 ( 5.3 ) 0 ( 0.0 ) 
Event r ate , per patient-y ear 0.004 0.000 0.000 0.009 0.000 
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ory. In comparison, EXIST-2 excluded patients with recent AML- 
elated complications or interventions and prior haemorrhage 
as uncommon in the T OSC A AML substudy. Despite differences 

n study design and baseline risk, the concordant direction of 
ffect across settings supports a clinically meaningful associa- 
ion between mTOR inhibition and reduced rates of AML-related 

omplications and inv asi v e pr ocedur es. 
mTORis were well tolerated, with adv erse ev ents ( m ucositis, 

eta bolic issues, pr otein uria ) consistent with the known safety 
rofile . Most patients ac hieved target trough levels. Permanent 
iscontin uation w as nota b l y lower in our series ( 2.9% ) than in 

XIST-2 ( 8.9% ) . This likely reflects strong patient motivation and 

ur gradual dose escalation strategy ( target 3–8 ng/ml ) . Long- 
erm follow-up confirmed this fav oura b le safety profile with no 
ew signals [ 26 ]. Adv erse ev ents wer e collected as part of r ou- 
ine clinical care and were not systematically graded according 
o Common Terminology Criteria for Adverse Events ( CTCAE ) 
riteria. CTCAE-based grading was not mandated by the origi- 

nal study protocol and was inconsistently documented across
centres and over time. In patients with sev er e cogniti v e impair-
ment or limited ability to report symptoms, retrospective grad-
ing of toxicities such as mucositis or fatigue would have required
subjecti v e interpr etation and w as ther efor e consider ed unr e-
lia b le. For this r eason, adv erse ev ents wer e r e ported descrip-
ti v el y rather than r etr ospecti v el y r eclassified using CTCAE crite-
ria. While percei v ed or anticipated tr eatment burden ma y ha ve
contributed to therapeutic inertia, the low rate of permanent dis-
contin uation observ ed in our cohort suggests that real-world tol-
era bility w as generall y acce pta b le. Most patients ( 57/96 ) did not
r ecei v e mTORis. While one-third were low risk ( UMCU stage 1–
2 ) , nearly half of the untreated group had high-risk AMLs ( stage
3–6 ) yet experienced significant complications. Retr ospecti v el y,
initiating therapy in this subgroup could likely have prevented
these events and reduced the need for SAE. This undertreatment
suggests ‘therapeutic inertia’ [ 27 ]. Importantly, therapeutic in-
ertia was not a predefined objective of the study but emerged
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Figure 1: Annualized rates of AML haemorrhage and SAE according to mTORi 

exposure ( TSC patients ) . Bars show crude rates of bleeding episodes with exact 
95% P oisson CIs. F or treated patients, follow-up was split into pretreatment and 
post-treatment periods. Numbers above bars indicate total events/sessions and 
the number of patients with one or more episodes ( n / N ) . 

Figure 2: Annualized rates of SAE according to mTORi exposure ( TSC patients ) . 
Bars show crude rates of sessions per patient-year with exact 95% Poisson CIs. 

For treated patients, follow-up was split into pr etr eatment and post-tr eatment 
periods. Numbers a bov e bars indicate total events/sessions and the number of 
patients with one or more sessions ( n / N ) . 
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rom the analysis of longitudinal management patterns; there- 
ore , its determinants w ere not prospectively recorded. Although 

his was a non-interventional study and individual treatment 
 ationales w er e not systematicall y documented, decisions wer e 

ade within a limited number of expert m ultidisciplinar y teams 
cross the participating tertiary centres, allowing identification 

f recurring clinical considerations rather than isolated individ- 
al choices. 

Sev eral factors likel y contributed. First, competing clinical 
riorities: in patients with sev er e neur ological deficits, physi- 
ians may prioritize e pile psy mana gement ov er asymptomatic 
enal lesions. Second, concerns regarding long-term treatment 
olerance and monitoring burden—particularly in patients with 

re-existing CKD or proteinuria—ma y ha ve influenced the deci- 
ion to defer therapy. Third, patient complexity: sev er e cogniti v e 
mpairment ( 24% ) complicates shared decision-making and ad- 
er ence and car egi v ers may be r eluctant to initiate chr onic ther- 
py for an often-asymptomatic condition. Finally, the transition 

rom paediatric to adult care creates a vulnerability gap, often 

eading to delays in treatment initiation precisely when AMLs 
row beyond the intervention threshold. Notably, treatment de- 
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og ether, these elements sugg est that therapeutic inertia re- 
ects a m ultifactorial, context-de pendent decision-making pr o- 
ess rather than a uniform deviation from guideline recommen- 
ations. 

This cohort also included seven patients with m ultiple r enal 
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In conclusion, our findings add to existing evidence that 
TORis—beyond r educing AML v olume—ar e associated with 

ubstantially low er r ates of AML haemorrhage and the need for 
nv asi v e pr ocedur es in TSC. Importantl y, we observ ed persistent 
herapeutic inertia, with many patients who appeared to meet 
mag ing-based elig ibility criteria r emaining untr eated in r eal- 
ife care. This reinforces the need for systematic renal risk as- 
essment, earl y ne phr ological r eferral and pr oacti v e tr eatment 
nitiation within a m ultidisciplinar y car e pathw ay. 
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