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Outlines

ATSC IntegratedClinic at NationalTaiwanUniversity
Hospital (NTUH)

APulmonary manifestations
U Computed tomographynage findings: LAM vs. MMPH
U Genotype versus phenotype
U Correlation between the lung and other organs
U Pulmonary function test



Tuberous sclerosis complex (TSC)

A Autosomal dominant genetic disorder
AlIncidence of approximately 1 in 5000 to 10,000 live births

ACharacterized by widespread hamartomas in the brain, heart
skin, eyes, kidney, and lung

AThe affected genes af&ClandTSC2Most patients with
TSC have epilepsy, and chalf or more have cognitive
deficits and learning disabilities

Curatoloet al. Lancet. 2008;372(9639):65
Au et al. Genet Med. 2007;9(2).88.
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TSClIntegratedClinic

A TSCIntegratedClinic at NationalTaiwanUniversity Hospital (NTUH)since
July 12th, 2010
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Diagnostic clinical criteria includes
11 major features and six minor features (“

- Definite Diagnosis : « Possible Diagnosis : S
[ 2 major features or 1 1 major feature or 1969 - 2019
[ 1 major feature + =2 minor features ¥ =2 minor features
Major features (X B 158) Minor features (X E 18l )

Hypomelanotic macules (=3, at least 5 mm in diameter) 1. “Confetti” skin lesions
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Ungual fibromas (=2) Intraoral fibromas (=2)
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5 Multiple retinal hamartomas 0 5 Multiple renal cysts ]
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8 Subependymal giant cell astrocytoma 0
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9 Cardiac rhabdomyoma 0
L e
10 Lymphangioleiomyomatosis (LAM)** M
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From 2010 to Mar. 2019

A total of 538casedor screening

4 suspected TSC
299 not TSC
7 no evaluation

214 caseswith definite diagnosis of TSC

by genetic analysier by diagnostic criteria 2012
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. Multiple retinal hamartomas
. Cortical dysplasiag

. Subependymalnodules

. Subependymalgiant cell astrocytoma
. Cardiacrhabdomyoma

10. Lymphangioleiomyomatosis (LAM)y
11.Angiomyolipomas (2)y

1
2
3.
4.
5
6
7
8
9

Dental enamel pits (>3)
Intraoral £A O1 [2A O
Retinalachromic patch
Multiple renal cysts
Nonrenal hamartomas
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features or one major feature with 2
minor features

Possible diagnosis: Either one major
feature or 2 minor features
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Ophthalmic manifestations in TSC

A Retinal hamartomas are the most common ocular
finding

A Occur in approximately 50% of patients
I Bilateral hamartomas occur in 30% of patients

Hodgson N, Kinori M, Goldbaum MH, Robbins SL. Ophthalmic manifestations of
tuberous sclerosis: a review. Clin Exp Ophthalmol. 2017;45(1):81-86.



Ophthalmic manifestations in TSC

A Flat lesions are the most common type of hamartoma

A Faint in color, subtle and may be missed on
examination

A Often located near the end of the arcades and are
characterized by obscuration of vessels

Hodgson N, Kinori M, Goldbaum MH, Robbins SL. Ophthalmic manifestations of
tuberous sclerosis: a review. Clin Exp Ophthalmol. 2017;45(1):81-86.



Ophthalmic manifestations in TSC

A Multinodular type hamartoma: sharply demarcated,
elevated, nodular lesion

A With calcifications
A Often in the posterior pole and near the disc

Hodgson N, Kinori M, Goldbaum MH, Robbins SL. Ophthalmic manifestations of
tuberous sclerosis: a review. Clin Exp Ophthalmol. 2017;45(1):81-86.



Summary

A Retinal hamartomas are most common
A flat, nodular, and transitional type lesions
A The majority of hamartomas are non -progressive

A Lesions with subretinal fluid and progression have
been reported

A Non -retinal findings: hypopigmented sectoral iris and
ciliary body lesions, iris and choroid colobomas, iris
and ciliary epithelium hamartomas, eyelid
angiofioromas

Hodgson N, Kinori M, Goldbaum MH, Robbins SL. Ophthalmic manifestations of
tuberous sclerosis: a review. Clin Exp Ophthalmol. 2017;45(1):81-86.
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TSC Dx: major criteria

Major features (X E158)

] Hypomelanotic macules (=3, at least 5 mm in diameter)
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Multiple Clinical Manifestations of TSC

Over Time
> Prenatal > Intancy > Chitdhood > Adolescence > e >
Prenatal <ly 1S5y 518y >i8y
e I T T T >
Geneticists OB/GYN Pediatrician Ophthaimoiogist Nephrologist Primary Care Physician
Cardiologist Neurologist Urologist Pulmonologist
Dermatologist
Cortical tubers?
SENs 2 SEGAs'*

LAM?

LAM - dymphangiolesormyomatonin. SEGA subependymal glant cell astrocytoma; SEN - wibependymal nodule

Samueli S, Wien Klin Wochenschr. 2015 Apr 10.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuberous+Sclerosis+Complex:+new+criteria+for+diagnostic+work-up+and+management

Age-dependent expression of neurological
manifestations in TSC

Neurologic Abnormalities in TSC Over Time

Prenatal Infancy Childhood Adolescence Adk-

Prenatal <1y 15y 548y >18y

Cortical tubers > Seizures/behavioral problems

SEGAs = Hydrocephalus - Brain damage

Samueli S, Wien Klin Wochenschr. 2015 Apr 10.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuberous+Sclerosis+Complex:+new+criteria+for+diagnostic+work-up+and+management
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Hypomelanotic macules —%— Facial angiofibroma Ungual ibroma
Subependymal nodules *— Renal angiomyolipoma Liver hamartoma
Epilepsy Cardiac rhabdomyoma Retinal hamartoma
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Samueli S, Wien Klin Wochenschr. 2015 Apr 10.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuberous+Sclerosis+Complex:+new+criteria+for+diagnostic+work-up+and+management

Prevalence of TSC features at initial
presentation

B Prenatal

Cardiac Rhabdomyoma [ Postnatal

Hypomelanotic Macules

Seizure

Tuber or Cortical Dysplasia JJi}
SeNi
Renal Cyst

Shagreen Patch

Nonrenal Hamartoma

Retinal Hamartoma
Positive Genetic Test|
SEGA|

Renal Angiomyolipoma

0% 10% 20% 30% 40% 50% 60%

130 infants with definite TSC followed up longitudinally up to 36 m/o

Davis, PE. et al, Pediatrics 2017
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=, ’Cardiac manifestations
Q-

A Cardiac lesions in 50% of TSC1?2
A Cardiac rhabdomyomas

I Multiple or single

I Regress over time

A ECG abnormalities

1. J Pediatr 2003
2. JAm Coll Cardiol 1995



>, ‘ﬂ’CardiaC rhabdomyomas

AClear cytoplasm AWell-circumscribed
AVacuolization Alntramural or intracavitary
AOccasional spindle cell AMost commonly within

AHarmatoma ventricles
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AHomogeneous, echo-bright, finely speckled pattern

ANo circumscribed echolucent areas (hemorrhage)

ANo interspersed, distinct, echogenic regions
(calcification or fibrosis)




A 2010 Oct ~ 2011 Nov, joint TSC clinics
A 82 cases with clinical diagnosis of TSC

A Echocardiography was available in 55
cases
I Male sex: 22 (40%)
i Age: 18.0] 11.9yrs (5m ~ 50 yrs)
i All clinically asymptomatic
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4 Cardiac rhabdomyomas

“ No rhabdomyomas
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=, 9Natural course
Q-

A Prenatal diagnosis is possible
I Increase in size until GA 32 wks!

A Partial or complete regression

A Surgical intervention only if
I Hemodynamic compromise
I Refractory malignant arrhythmias

1. Pediatr Cardiol 2004



Slide courtesy of Dr.

Oral Manifestations in TSC patients

A Enamel pit(709%100%) ( 3, minor featurg
A Oral fibroma(36%69%)( 2, minor featurg
A High vault

A Bifid uvula

A Cleft lip and palate

A Hemangioma

A Macroglossia

A
A

Delayed eruption
Diastema between the maxillary canine and

ateral Incisor

A Multiple osteomas



Enamel Pit (Enamel Hypoplasia)




Gingiva Fibroma




Renal AML

A Renabngiomyolipomas
A TSC accounts for 20% of all AMLs
A AML's seen in 535% of patient with TS

A multiple, large, bilateral, grow and require possible
hemorrhage (size, aneurysm)

A fat may not be visible in 4.5%

33
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Lymphangioleiomyomatosit.AM)

AMutations in theuberous sclerosis compleX3C) genes in
the smooth muscle cell proliferation

A26-50% in TSC patients

ALAM can occur in males with TSC (188%)

ALAM mostly occurs among patients witlfC2mutations
ALAM is a late manifestation during the course of TSC

ADiagnosis of TS&.AM at NTUH

U Multiple (>10) thinwalled round weldefined aifilled cysts
U Cyst size 2~30 mm
U Cyst wall thickness barely perceptible to 2 mm

Muzykewiczet al. J Med Genet. 2009;46(7):46E
Johnson et aEur Respir J 2010; 35: 126.






Sporadic LAM vs. TSC-LAM

Sporadic LAV TSC-LAM

Asymptomatic cases
Identified

Gender

Progressive lung disease
Pneumothorax
Chylothorax
Angiomyolipomas
Neurologic involvement

MTOR inhibitors treatment
considered

Lung transplant considered

Occasionally, >50%
have respiratory
symptoms

Female exclusively
Most
Yes (2/3rds)
~33%
30-50%
No

Yes

Yes

Definitely, <10% have
respiratory symptoms
30% in F, 10% in M
Some but not all
Rare
Rare
70-80%

Yes

Yes

Yes



Multifocal micronodulampneumocyte
hyperplasia (MMPH)

ABenign proliferation of type Ibneumocyteslong alveolar
septacaused byyperphosphorylatechechanistic target of
rapamycin (NTOR)-related proteins

AWas associated with bolf8Cland TSC2mutations

AOccur in up to twethirds of patients with TSC, with or
without LAM

ADiagnosis of MMPH at NTUH

U multiple, centrilobularsolid or ground glass nodular opacities
U size from 2 to 10 mm
U random distribution

Maruyama et alPatholint. 2001;51(8):585.
Moss et al. Am RespirCrit Care Med. 2001;164(4):669.






In this cohort

AFrom 2000 to Mar 2019 at NTUH

Alnclusion criteria;: TSC patients diagnossda next
generation sequencing (NGBased diagnostic
pipelineor by diagnostic criteria 2012

AData collection
U Baseline characteristics, genotype
U Computed tomography of chest (HRCT)

U Pulmonary function tests befon€T OR inhibitors
V Linear mixedeffects model

U Genotype



From 2000 to Mar. 2019
—~NEGO:
Atotal of 538 cases for screening W 4

4 suspected TSC

» 299 not TSC
7 no evaluation

214 caseswith definite diagnosis of TSC

by geneticanalysis or by diagnosticcriteria2012

91 caseswithout chest CT

123 cases for analyses




Baseline characteristics of the 123 cases

Age 34.8013.7 (1379)
Gender, female 78 (63.4%)
TSC1 19 (15.4%)
TSC2 77 (62.6%)
unclassifiable 14 (11.4%)

Initial Chest CT findings

LAM + MMPH 20 (16.3%)
LAM 15 (12.2%)
MMPH 64 (52.0%)

Normal lung 24 (19.5%)



Genderfemale

Age

TSC1 mutation

TSC2 mutation

unclassifiable

pneumothorax

LAM+MMPH

(n=20)

20 (100%)

44.002.9

1 (5.0%)

17 (85.0%)

1 (5.0%)

2 (10.0%)

Patients with LAM or MMPH

LAM
(n=15)

14 (93.3%)
37.403.5
1 (6.7%)

9 (60.0%)
3 (20.0%)

1(6.6%)

MMPH
(n=64)

33 (51.6%)

33.701.7

13 (20.3%)

37 (57.8%)

7 (10.9%)

0

Normal lung
(n=24)

11 (45.8%)

28.602.1

4 (16.7%)

14 (58.3%)

4 (16.7%)

45
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Patients with LAM or MMPH

LAM+MMPH LAM
(n=20) (n=15)

Hypomelanotic

macules 13 (65.0%) 8 (53.3%)
2
Facial
angi oy br 4(20.0%) 5 (33.3%)
y
Ug gual Y1y (550m) 4 (26.7%)
-

Shagreen patch

s 8 (40.0%) 7 (46.7%)

MMPH

(n=64)

31 (48.4%)

17 (26.6%)

21 (32.8%)

23 (35.9%)

A

1{\Af\ -

—o19
Normal lung
(n=24)

13 (54.2%)

6 (25.0%)

5 (25.0%)

6 (25.0%)

46



Patients with LAM or MMPH L
N

LAM+MMPH LAM MMPH Normal lung
(n=20) (n=15) (n=64) (n=24)

Cortical dysplasia 13 (65.0%) 9 (60.0%) 40 (62.5%) 20 (83.3%)

Subependymal 5 g5 0oy g (53.3%) 37 (57.8%) 16 (66.7%)
nodules
Subependymal
giant cell 9 (45.0%) 8(53.3%) 27 (42.2%) 16 (66.7%)
aStrocytoma

Renal

0} 0 0 (0)
Angiomyolipomas 13 (65:0%) 12 (80.0%) 31 (48.4%) 9 (37.5%)

a7



Characteristics

FEV, (L) *,
% pred*

FVC (L) *,
% pred*

TLC (L) *,
% pred*

DLCO *’
% pred

LAM+MMPH

(n=20)

2.196 0.10,
85.303.4

2.5600.11,
87.503.3

3.9960.21,
90.164.7

16.56 0.9,
77.004.9

Baseline pulmonary function test

LAM MMPH
(n=15) (n=64)

2.380 0.16,
86.104.5

2.6600.13,
88.304.7

4.1000.18,
91.663.6

18.181.2,
83.505.2

2.9700.09,
95.161.9

3.4160.11,
97.301.9

4.9200.14,
101.56 2.2

22.6060.7,
87.801.9

Normal lung &
(n=24)

2.8300.18,
90.16 3.6

3.14480.20,
90.60 3.6

4.9700.33,
106.66 4.9

22.161.7,
82.165.1

48



Change of lung function

A
e Treatment Phase Observation Phase
l
:
1.4
—_ Sirolimus
4] |
9
— 12-
o |
L |
l
|
1.0— i Placebo
|
|
0.0 I I I I| I I I I
0 3 6 9 12 15 18 21 24
Month
No. at Risk
Sirolimus 46 43 41 38 41 21 14
Placebo 43 40 42 39 34 22 13

McCormack et al. NEnglJ Med. 2011 Apr 28;364(17):15906.



Annual decline of lung function

Table 2. Effects of Sirolimus on Primary and Selected Secondary Outcome Variables during the Treatment Period.*

Variable Value at 12 Months Change from Baseline
Placebo Sirolimus Placebo Sirolimus
(N=34) (N=41) (N=34) (N=41) P Valuet
Pulmonary function
FEV, (ml) 1272+414 1383+394 -134+182§ 19+124 <0.001
[ FVC (ml) 2843+668 2780+735 -129+233f 97+260 ] 0.001
Total lung capacity (ml) 5464+1217 49444982 -7+650 94+504 0.65
Residual volume (ml) 2502+969 21124617 -16 +514 38+538 0.61
Functional residual capacity (ml) 3260+968 29124660 -123+521 534335 0.43
Dt (ml/mm Hg/min) 9.61+4.06 9.62+3.92 -0.62+2.89] -0.06+1.50 ] 0.38
Pre-sirolimus Post-sirolimus
Change in FEVi mL-year™’ —105+17 —40+24
Change in FEV1 % per year —3.0+0.5 —1+0.8
Change in D.co mL-min~'-mmHg~"-year™' —0.66+0.06 —0.05+0.14%
Change in DL.co % per year —2.6+0.3 0.02+0.6"

McCormack et al. NEnglJ Med. 2011 Apr 28;364(17):15986. TaveiraDaSilva et alEur Respir J. 2018 Apr 19;51(



Fletcher and® e t moded

100 1 _ Never smoked or not
susceptible to smoke
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% N N - - Ty
& Smoked Tt~
= 50 - regularly and " ~<_ Stopped at45
- susceptible to Tl
3 _ Disability Wseffects N ___ .
sz 257 -~
E Death . Stopped at 65
0 | 1
25 50 75
Age (years)

Fletcher C, Peto R. Br Med J1977; 1: 1645-8.



Baseline FEV1 and development of-

GOLD Il COPD

FEV, in percent of predicted
maximally attained value

L
100% =
..
80% = .
L] 'k : . 0, = -
;o 71.5% No 24 milyr
60% - = . COPD
& D \ : 16.9% -2 miiyr
N «e'*o. TR3: 5.5% |
40% - N - copp  -53 mliyr
e TR4: 6.1% _
: : '27 mIIS/r
K TR1: Normal
20% — R ..' TR2: Small lungs but no COPD
o === TR3: Normal initial FEV, with rapid decline leading to COPD
F‘,.’* —— TR4: Small lungs leading to COPD
-
0% = I T I | I I —>  Age (years)
0 10 20 30 40 50 60 70

Age range under
|(_ gt;:l::r:ier%ranti-:;n _>|
Lange et al. NEnglJ Med. 2015 Jul 9;373(2): 120
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Serlal line plots for FVC

{1Fve 1969 - 2019
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Spaghetti plot of Predicted FEV

LAM + MMPH T
- 0 *
-2632 r{:fgr * - -0.48 % yr *
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Spaghetti plot oPredicted FVC
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