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Tuberous Sclerosis Complex (TSC) : Introduction

e 1835: Pierre Rayer « végétations vasculaires »

« 1880: Desiré Bourneville “First case “

* 1979: Gomez criteria

* 2004: modified Gomez criteria

* 2012: new diagnostic and FU recommendations

e 2021: Updated Consensus Guidelines for diagnosis of TSC




TSC : Introduction

A rare Autosomal dominant disorder with multiple
benign tumors throughout the body

Estimated incidence: 1:6.000-10.000 live births

Mutations of TSC1 (80%-85%) or TSC2

Often not recognized as fewer than 40% of patients have
the classical presentation

Updated Consensus Guidelines for diagnosis of TSC
(Northrup H. 2021)

Brain

* 90% epilepsy

* 80-90% SEN

® 10-15% SEGA

* 90% TAND

* 50% intellectual
disability

® 40% autism spectrum
disorder

Other

* 50% oral fibromas

* 50% retinal astrocytic
hamartomas

Heart

Infants

® 90% cardiac
rhabdomyoma

Adults

® 20% cardiac
rhabdomyoma

Lung

Women

* 80% asymptomatic
LAM

* 5-10% symptomatic
LAM, can lead to
respiratory failure

Men and women

* 10% MMPH

Kidney

® 70% angiomyolipoma

® 35% simple multiple
cysts

* 5% polycystic kidney
disease

® 2-3% renal cell
carcinoma

Skin

* 75% angiofibroma

® 20-80% ungual
fibroma

* 25% fibrous cephalic
plaques

* >50% shagreen
patches

® 90% focal
hypopigmentation

Nature Reviews | Disease Primers



Updated Consensus Guidelines for diagnosis of TSC (2021)

Diagnostic Criteria

Major Criteria Minor Criteria

Hypomelanotic macules (>3; at least 5 mm “Confetti” skin lesions
diameter)

Angiofibroma (>3) or fibrous cephalic plaque Dental enamel pits (>3)

Ungual fibromas (>2) Intraoral fibromas (>2)

Shagreen patch Retinal achromic patch

Multiple retinal hamartomas Multiple renal cysts

Multiple cortical tubers and/or radial migration Nonrenal hamartomas
lines

Subependymal nodule (>2) Sclerotic bone lesions

Subependymal giant cell astrocytoma
Cardiac rhabdomyoma

LAM

Angiomyolipomas (>2)

Northrup H. 2021



Updated Consensus Guidelines for diagnosis of TSC (2021)

Definite TSC: 2 major features or 1 major feature with 2 minor features.
Possible TSC: either 1 major feature or >2 minor features.
Genetic diagnosis: A pathogenic variant in TSCI or TSC2 is diagnostic for TSC (most
TSC-causing variants are sequence variants that clearly prevent TSC1 or TSC2 pro-
tein production. Some variants compatible with protein production [e.g., some
missense changes| are well established as disease-causing; other variant types
should be considered with caution).

" A combination of the 2 major clinical features LAM and angiomyolipomas
without other features does not meet criteria for a definite diagnosis.

Northrup H. 2021



LAM
(Female only)

asymptomatic ~80%

symptomatic 5%-10%

MMPH
40%-60%

Epilepsy

80%-90%

SEN
80%-90%

T ,

SEGA
10%-15%

HRCT
Lung function
6-min WT

Multiple cysts
~35%

PKD
~5%

RCC
2%-3%

MRI
Renal function
Blood pressure

EEG
CT/MRI

Neurocognitive evaluatio

)

W

Echocardiography

cRHM

~90% for fetus
~20% for adults

RAH
40%-50%

Dental enamel pits
~90%

Gingival fibromas
20%-50%

Facial angiofibromas
~75%

Ungual fibromas
20-80%

Fibrous cephalic plagues
~25%

Shagreen patchess
>50%

|- “ Facal hypopigmentation
~90%




SEGA, AML

AML, LAM

TSC : Physiopathology
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MTOR inhibitors

* Rapamycine (Sirolimus) e RADOO1 (Everolimus)
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Rapamycin Causes Regression of
Astrocytomas in Tuberous Sclerosis Complex
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Everolimus Treatment of
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ORIGINAL ARTICLE

Sirolimus for Angiomyolipoma in Tuberous
Sclerosis Complex or Lymphangioleiomyomatosis
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| ORIGINAL ARTICLE

Everolimus for Subependymal Giant-Cell
Astrocytomas in Tuberous Sclerosis
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ORIGINAL ARTICLE

The effect of everolimus on renal angiomyolipoma in pediatric
patients with tuberous sclerosis being treated for subependymal
giant cell astrocytoma
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Age-dependent clinical manifestations

Prevalence of disease (%)

50 55 60

(Birth) Age (years)
— Cardiac — Facial — Renal — Ungual = Pulmonary
rhabdomyoma angiofibroma angiomyolipoma fibroma LAM*

Nature Reviews | Disease Primers



TSC: Kidney manifestations

MRI
Renal function
Blood pressure

Multiple cysts
~35%

PKD
~5%

RCC
2%-3%




Kidney involvement in tuberous sclerosis complex (TSC)

* TSC-associated kidney disease is the most common cause of death in adults with TSC

* 40% of adult patients with TSC have chronic kidney disease (CKD)

* Lack of guidance for taking care of the kidneys in TSC

* Many anecdotal reports of patients with TSC having unnecessary nephrectomies enhancing their risk of
serious CKD

* This is especially unfortunate given the success of (mTOR) inhibitor therapies



Kidney involvement in tuberous sclerosis complex (TSC): A Clinical Practice Recommendation by

the ERKNet Working Group for Autosomal Dominant Structural Kidney Disorders

* Asingle source reference document for all physicians involved in the medical care of patients with TSC
focused on kidney involvement

* All stakeholders were involved including (pediatric)nephrologists, urologists, geneticists,
(pediatric)radiologists, interventional radiologists, and pathologists; as well as patient representatives

* PICO questions

Working group 1: PICO questions regarding genetic aspects of TSC
Working group 2: PICO questions regarding comorbidities and follow-up
Working group 3: PICO questions regarding diagnostic imaging and biopsy
Working group 4: PICO questions regarding treatment

Funded by os

the European Union @=== === Mekahli D. et al. Nat Rev Nephrol. 2024




Box 1 | Recommendations for genetic testing of patients with TSC

Recommendation 1:

Genetic diagnosis, meaning a search for pathogenic variants in TSC1 and T7SC2, is recommended for
all patients with TSC, both those meeting definite diagnostic criteria and those who are likely (level
X, strong).
Recommendatil o  Genetic diagnosis is recommended for all patients with TSC
If no disease-ca
analysis is reco

as 1% (level X, s|
Recommendati
If no TSC2/PKD

kidney disease,

pathogenic allel

* Expert clinical evaluation of first-degree family members is recommended when a ot il o
. . e . po . o . jC analysis of Tamily members
pathogenic variant is identified in a patient with TSC routinely recommended (level

* Only one-third of patients diagnosed with TSC have an affected parent. Thus, most
affected individuals are de novo, but, low-level mosaicism for a pathogenic variant
might occur in a parent without TSC manifestations

Recommendati
We suggest to
the absence of

e considering having children

Recommendati
When a pathog
degree family ni

variability regarding disease

* The severity of TSC2-associated TSC is greater than that of TSC1-associated disease

reater severity of disease

* Patients with combined deletion of part or all of TSC2 and PKD1 have a high risk of an
accelerated cystic kidney disease phenotype D1 have a high risk of having

Mekahli D. et al. Nat Rev Nephrol. 2024



Box 2 | Recommendations for diagnosis, monitoring and treatment of

hypertension in patients with TSC

Follow-up of BP and kidney function in patients with TSC

Ambulatory BP monitoring

Home BP monitoring

[ Clinical assessm the diagnosis of TSC ]

l )
©0mron Healthcare Co., Ltd. ©A&D Compény jlﬁ’
\
= Home BP Masked ?
asKe 5 al
= _Toadalinng h ; Hypertension
o Daytime BP ypertension ‘
by
e -
e g Iime ﬁ
1 O
i 120/70mmHg e s
childr () 24-hour BP nt c;f (;KD in
hypeft: 130/80 mm Hg :/:;:e‘:n;cr’\':of
and target BP thresholds). j CKD In general.
k General lifestyle advice: A::;?dsmgg, maintain a healthy BMI, /

ACEi, angiotensin-converting enzyme inhibitors; ABPM, ambulatory blood pressure monitoring; ARB, angiotensin receptor blockers; BMI, Body Mass Index; BP, blood pressure; CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; TSC, Tuberous Sclerosis Complex;




Nephron loss and Hypertension in TSC

Progression of Chronic Kidney Disease

@li(‘ h)pc
\

P Renin Angiotensin
AA dilation Aldosterone System
activation

EA constriction

v

Elevated intraglomerular pressure

v

Proteinuria

Efferent ¢ Afferent ¢

Arteriole/
(EA)

1 Arteriole Progressive glomerular and
(AA) tubulointerstitial damage

Angiomyolipoma

Cysts

RCC

Bleeding

Embolization

Partial/Total nephrectomy

Hypertension is one of the most important preventable cause of premature cardiovascular

morbidity, mortality and CKD progression




Management of Hypertension in TSC according to current guidelines

No talking during rest period
o——— and between measurements

Cuff to fit arm size (small, usual, large)

Arm bare and resting.

+ Quiet room (no talking by patient
Mid-arm at midpoint of the sternum ( 90y P

or observer)
« No smoking, caffeine, or exercise
/ for 230 min before measurement

Back supported + Empty bladdef
« Relax for >5 min

Validated oscillometric

. or manual auscultatory
device??, calibrated

periodically

Feet flat on floor

d R

Lifestyle
- Salt intake <2 g/d (<90 mmol/d)
» Physical activity: 150 min/week moderate-intensity

Pediatric patients Adults with CKD with and without diabetes  Adult kidney transplant recipients
24 h MAP by ABPM
Targets <50th percentile for SBP <120 mm Hg <130/<80 mm Hg

age, sex, and height

ACEi or ARB
Preferred ACEi + G1-G4, A3 without diabetes (1B) Dihydropyridine
drugs or ARB + G1-G4, A2 without diabetes (2C) CCBor ARB

* G1-G4, A2 or A3 with diabetes (1B) Kdigo Guidelines Hypertension & CKD 2021



Box 5 | Recommendations on kidney imaging in patients with TSC

Recommendation 1:

In children and adults with TSC, we recommend performing kidney imaging at the time of diagnosis

of TSC (level B, strong).
Recommendation 2:

In children and adults with TSC, we recommend MRI as the preferred modality for detecting and
monitoring kidney lesions (level B, strong).

Recommendation 3:

In children with TSC, we sussestl * In children and adults with TSC, we recommend performing kidney
|

renal tumours is an acceptable a
(level D, weak).
Recommendation 4:

In adults with TSC, we suggest th
detecting and monitoring kidney
Recommendation 5:

In children with TSC, we suggest
MRl is performed (level D, weak)

imaging at the time of TSC diagnosis

MRI as the preferred modality for detecting and monitoring kidney lesions,
Ultrasound by expert (children) and CT are acceptable alternative

Imaging follow-up of the kidneys at intervals of 1-3 years

B, moderate).
Recommendation 8:
Because of possible differences in assessing the size of kidney masses on different imaging
modalities, we recommend that the growth of kidney masses be assessed using the same imaging
modality (level C, strong).

-up of the kidneys at intervals of

ollow up frequency according to
eeding risk factors (Box 4) (level

Mekahli D. et al. Nat Rev Nephrol. 2024




Box 4 | Main reported bleeding risk factors in patients with TSC

- Presence of symptoms (flank/abdominal pain, haematuria, nausea/vomiting)
- TSC2 pathogenic variant

- Female sex

. Age between 15 and 50

- Angiomyolipoma size >30 mm

" Presence of micro-aneurysms >5 mm

- Increased angiomyolipoma vascularity

. Angiomyolipoma exophytic growth

Mekahli D. et al. Nat Rev Nephrol. 2024




Box 11 | Recommendations on biopsy and management of RCC in patients

with TSC

Recommendation 1:

We do not recommend routine kidney biopsy in all fat-poor lesions in children and adults with TSC
(level B, strong).

Recommendation 2:

We suggest to obtain biopsies of fat-poor kidney lesions only if their growth rate is above 5

* No routine biopsy for all the fat-poor lesions

* Only if their growth rate is above 5 mm/year and/or if they do not respond
to mTORC1-inhibition

We recommend to offer mTORC1 inhibition as first line treatment for fat-poor lesions requiring
non-urgent treatment (level A, strong).

Statement:
Treatment strategies for histology-proven RCC in patients with TSC do not generally differ from the
general population, but nephron-sparing strategies require specific attention due to the potential

of developing multiple lesions and the increased risk of CKD.

Mekahli D. et al. Nat Rev Nephrol. 2024




Therapeutic approach to kidney angiomyolipoma in TSC

(" Adult / child with )
diagnosis of TSC and

__angiomyolipoma )
\

A 4 Vg >
r N yes Radi - - -
adiological intervention no
Acute haemorrhage*? 4>| . . —>
L g ) available and possible? Surgery
’ - J
no yes
¢ : o w
Medical Management
Significant bleeding risk Embolisation** (intensive care, transfusion) in
> selected cases
(Box 4)* L )
yes no
Coniimu.e .".‘TORCI yes Response to mTORC1? Start mTORC1 inhibiti Active surveillance
- . art m InnipiItion A
|nh|b|t|.on Not limited by side effects? and re-evaluation (Box 5)
and surveillance
no
* explore dosage, adherence and lesion type
* consider alternative treatment strategy
with haemodynamic compromise or without spontaneous termination; ** in cases with moderate self-limiting bleeding medical or conservative management can be an option;

for individualised treatment decisions (e.g. intermittent treatment) see chapter on dosage.
mTORC1, mammalian target of rapamycin complex 1; TSC, Tuberous Sclerosis Complex.

Mekahli D. et al. Nat Rev Nephrol. 2024



Box 7 | Recommendations on dosage of mTORC1 inhibitors

Recommendation 1:

In adults with TSC, we suggest that 5 mg everolimus is a reasonable starting dose and further
adaptation is primarily based on side effects and efficacy (level D, weak).

Recommendation 2:

In children with TSC, we suggest that 2.5mg/m?2 everolimus is a reasonable starting dose and
further adaptation is primarily based on side effects and efficacy (level D, weak).
Recommendation 3:

We suggest that dosing schemes may require individualised adaptation (for example, intermittent
treatment) (level D, weak).

Recommendation 4:

We recommend dose adjustment of mTORCL1 inhibitor in cases of mild adverse events (grade 1 or
2) before discontinuing treatment (level A, strong).

Recommendation 5:

We suggest to obtain everolimus trough levels in case of safety concerns, adherence problems and
lack of efficacy (level A, strong).

Recommendation 6:

We recommend not to exceed everolimus target trough levels of >15 ng/ml (level A, strong).

Statement 1:

Currently available RCTs examining the effect of everolimus on renal angiomyolipoma in patients
with TSC initiated treatment at a dose of 10 mg/day (EXIST-2, adults) or 4.5 mg/m? (EXIST-1, adults
and children).

Statement 2:

Sirolimus is a reasonable alternative to everolimus for mTORC1 inhibition in TSC.

Mekahli D. et al. Nat Rev Nephrol. 2024




Box 9 | Recommendations on duration and discontinuation of mTORC1

inhibition therapy in patients with TSC

Recommendation 1:

In cases with response to mTORC1 inhibition, we recommend to continue mTORC1 inhibition
therapy for as long as the patient tolerates it (level B, strong).

Recommendation 2:

When mTORCL1 inhibition therapy has been initiated in cases of typical angiomyolipoma, we
recommend continuing for a minimum of 12 months before assessing for response (level B,
strong).

Recommendation 3:

If there has been no response of typical angiomyolipoma to mTORC1 inhibition by 12 months we
suggest to explore adherence, dosage and confirmation that the lesion is indeed a typical
angiomyolipoma as well as alternative treatment options (level D, weak).

Recommendation 4:

We recommend to stop/pause mTORC1 inhibitor in patients who have active severe infection or
experience significant adverse effects (grade 3 and higher) (level B, strong).

Statement:
The side effect profile of mTORCL1 inhibition in TSC does not differ from the general population.

Box 8 | Definition of treatment response to mTORC1 inhibition

Typical angiomyolipoma:
-> Imaging: ¢ Reduction of volume or
¢ Growth arrest or
* Slowed growth based on multidisciplinary assessment (by at least
radiologist, nephrologist, and urologist)
¢ Absence of de-novo aneurysm formation

- Symptoms:  Individual assessment with the patient if these are sufficiently controlled
taking into account counselling about alternatives.

Fat-poor lesions:
- Imaging: ¢ Reduction of volume or
¢ Growth arrest

Mekahli D. et al. Nat Rev Nephrol. 2024



Auvin et al. Orphanet Journal of Rare Diseases (2019) 14:91
https://doi.org/10.1186/513023-019-1072-y Orphanet Journal of

Rare Diseases

A step-wise approach for establishing a ®

multidisciplinary team for the management
of tuberous sclerosis complex: a Delphi

consensus report

STEP 1 STEP 2
Patient and Physician Partnership Core team assembly

Team
Specialization

Team

member
XX

+ Team
member

YY

Team
member
zz

Expansion of MDT based on
MDT Development Process patient age-specific need
Start with a single dedicated physician who will Organize a small core team including a care Core team recruits members from their Periodically reassess and add
drive the MDT development process coordinator and one or more core specialists to reference network to include physician additional specialists if needed

drive the MDT process specialists for individual patient needs



Multidisciplinary approach for the management of TSC

‘, Patient with
suspicion of TSC

4

‘ TSC expertise center

X \ g N
‘ Confi-rmatlo.n ’ -‘ Genetic counselling ‘
of diagnosis . J
( b h ( Paediatric/adult ) 2 Multidlsclgllnary team:
TSC physician J _{ cohialosht J _‘ * Nephrologist
coordinator * (Interventional) Radiologist
with TSC expertise :
\ . 3 : _* Urologist y,
( Y ) ( Y N o~ X ™\
} Multiorgan screening ’ ' Clinical assessment ‘ Personalized management:
* ; * Medical
» skin | »{Blood pressure| | * Interventional
» Brain | "7?' 3 * Surgery y
e » Abdomen MR |
I »{ Kidneys | I » Proteinuria |
* Lungs | . S
,_ TAND | Identification of at risk patients _,

Mekahli D. et al. Nat Rev Nephrol. 2024
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