MHIF Cardiovascular Grand Rounds |
October 7, 2024

Minneapolis
Heart Institute
Foundation®

GRAND ROUNDS

2024 Kevin Graham Lecture

N7
AllinaHealth

MINNEAPOLIS
HEART INSTITUTE




MHIF Cardiovascular Grand Rounds |
October 7, 2024

 Thank you to our sponsors

d||l

Bristol Myers
Squibb’

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

Kevin Graham Lecture

Y

Phil Greenland

Sek Katherisan Martha Gulati
AllinaHealth MINNEAPOLIS HEART INSTITUTE

2 0of 38



MHIF Cardiovascular Grand Rounds |
October 7, 2024

Dr. Amit Khera

* Training:
* Medical School — Baylor College of Medicine
« Internal Medicine Residency — Brigham and Women’s Hospital
+ Cardiovascular Fellowship — UT-Southwestern

* Faculty
- Director of Preventive Cardiology — UT Southwestern
+ Associate Chief of Cardiology for Faculty Development

* Research and Leadership
+ Past President - American Society of Preventive Cardiology
 Associate Editor - Circulation
+ Chair — 2024 AHA Scientific Sessions

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

2024 Kevin Graham Lecture
Dr. Amit Khera

Familial Hypercholesterolemia: New Era in Diagnosis and
Treatment |

N7
AllinaHealth

MINNEAPOLIS
HEART INSTITUTE

30f38



MHIF Cardiovascular Grand Rounds |
October 7, 2024

UT Southwestern
Medical Center

Familial Hypercholesterolemia:
New Era in Diagnosis and Treatment
Kevin Graham Prevention Lecture

Amit Khera, MD, MSc, FACC, FAHA, MASPC
Professor of Medicine
Director, Preventive Cardiology
Co-Director, UTSW Familial Hypercholesterolemia Clinic
Associate Chief of Cardiology, Faculty Development
Dallas Heart Ball Chair in Hypertension and Heart Disease
UT Southwestern Medical Center

Case

46yo male presents for his annual PCP visit. He has a history of dyslipidemia
and has been on a statin for about 10 years.

Social History: Married, 2 children ages 14 and 18, no tobacco

Family History: Mother with CABG age 62, maternal grandfather with Ml in 50’s.
2 younger siblings, unknown medical history

Meds: Atorvastatin 20mg daily

Exam: P-68, BP-128/76mm/Hg, BMI- 28kg/m?; otherwise normal,
no xanthomas or xanthelasma

Lipids: Tot Chol- 165, LDL-C- 107, HDL-C-42, Trig-80 mg/dL

UT Southwestern

Medical Center
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Brown and Goldstein
Nobel Prize in Physiology or Medicine 1985

UT Southwestern

Medical Center

Brown and Goldstein
Nobel Prize in Physiology or Medicine 1985

PIQFAMILY HEAR

y 48} <D i gy e |
*Global Summit

The Golden Age of Lipid Lowering:
From Innovation to Impact

UT Southwestern

Medical Center

10

50f 38



MHIF Cardiovascular Grand Rounds |
October 7, 2024

Familial Hypercholesterolemia(s)

Definition: Severe hypercholesterolemia with autosomal
dominant inheritance pattern

Primary Autosomal Dominant forms:
* LDLR (classic FH) ~85-90% cases
* APOB (Agr3500GIn) ~5-10% cases

» PCSKO9 (gain-of-function) ~5% cases
Homozygous (~1:500,000); LDL-C >400mg/dI|
Heterozygous (~1:250); LDL-C 200-400mg/dI

UT Southwestern

Medical Center

11
FH is Common and Associated with Increased CVD

~1.2 Million People with FH in the US
1:211 Coronary heart disease
0.5
1:250 1:249
= 04 Myocardial
é infarction
E Angina
‘e 0.3 1:414 pectoris
3
c
% 0.2 5-20x
o 1 Risk CHD
a
0.1
0
Overall Whites Blacks Mex Amer
DLCN definite/probable FH (26 points) de Ferranti et al Circulation 2016;133:1067-1072. U'I'Soun}hc:tve%tern
ledical Center 12
12
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FH Is Underdiagnosed Worldwide

Number of FH (estimated based on 1/500) Diagnosed FH (estimated)
33300 Netherlands 71%
9900 Norway 43%
600 Iceland 19%
15 600 Switzerland 13%
123 600 UK 12%
92 200 Spain 6%
22200 Belgium 4%
10900 Slovak Republic 4%
11100 Denmark 4%
100 000 South Africa 3%
45000 Australia [ 1%
14 100 Hong Kong 1%
130 900 France 1%
46 300 Taiwan <1%
121 000 Italy <1%

5700 Oman <19
—3 [ 621 200 USA

68 600 Canada <1%
254 800 Japan <1%
34 300 Chile <1%
381500 Brazil <1%
214 900 Mexico <1%

0 25 50 75 100

Diagnosed FH (estimated), % of estimated number in country

15.2-30.4 million with FH worldwide Nordestgaard B et al. EHJ 2013
UT Southwestern
Medical Center

13

Diagnosing FH: Clinical Criteria

1. Simon-Broome Register
2. Dutch Lipid Clinic Network

3. US MedPed

Simon-Broome

Total cholesterol >290 or LDL >190 mg/dl in adult,
or total cholesterol >260 or LDL>160mg/dl in child

AND

Definite: Tendon xanthoma in patient or relative

or DNA mutation
Possible: Family history of premature heart attack, OR
Hypercholesterolemia in 1st or 2" degree relative

UT Southwestern

Medical Center

14
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Physical Exam Findings In FH

Probability of xanthoma:
age minus 10%
<50% have them

=
Corneal Acus (<45y0) Xanthelasma (<25yo0)

uUTSouthwestern

Medical Center

15

Improved CHD Outcomes In FH Patients Using Statins

Dutch Registry of 1950 FH patients pre/post initiation of statins in 1990

R 100=

=t B =_—
l-.l - _

g o 50 b Adj HR= 0.18

2 Em_—— y (0.13-0.25)

JI !

kel [T

o = 60

g

$ £40 -

g 5 Stafin treatment N=(1707)

238 5o =~ Nostatin treatment N=(243)

E ----- Rotterdam study

S o

0 2.5 5.0 7.5 10.0 12.5
Follow-up (years)
Versmissen J et al. BMJ 2008;337:2423
UTSouthwestern

Medical Center

16
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Cascade Screening For FH

Case identification Cascade screening

Ways to identify possible proband |
Health care visit

d.82 [ d.70
OR OR

Lipid screening
Database search (electronic
health record, laboratory results, 1l
billing record)?

v

Possible FH
v

Confirm diagnosis
Repeat lipid testing
Genotyping

Family history
Physical examination

\4
Diagnosis [ Early onset of ASCVD ~ J¥ Proband
(men, age <50y; FH
o women, age <60 y) [I
I“\ D High cholesterol B Deceased
Proband (LDL >190 mg/dL) ~/~ Divorced

Knowles J. et al JAMA 2017;318:381-382.

57y

60y
X X

55y
X

21y
X

1 Proband
~8 Relatives

3y
OR

Cascade cycle
(cumulative no.
of identified cases)

Location
Oregon (OR)

Texas (TX)

Potential barriers to cascade screening
Family structure and dynamics
Geographic dispersion

Health care literacy

Access to care

Privacy concerns

UTSouthwestern

Medical Center

17

Early Intervention For FH: LDL-C Gram-years Concept

Homozygous FH Heterozygous FH
1 TR -
200 I A

Threshold 53years Female sex
% 12.5years for CHD 35years 48years
E 150 a 55years Smoking
= Start high Hypertension
L.’ dose statin Diabetes
a TTriglycerides
@ Start low HDL'C‘ b
2 dose statin TLipoprotein(a)
- |
S
£ 50
=]
(&)

Without FH
0 T T T T T T T T T T T T T T T T T T T T 1
0 3 6 9 12 1518 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Age in years
Nordestgaard B G et al. Eur Heart J 2013;3478-3490.
UT Southwestern
Medical Center

18
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2018 AHA/ACC Cholesterol Guidelines Top 10 Take Home Messages

4,

In patients with severe primary hypercholesterolemia (LDL-
C level 2 190 mg/dL[24.9 mmol/L]), begin high-intensity
statin therapy without calculating 10-year ASCVD risk. (COR

I, LOE B-R)

UT Southwestern
Medical Center

RCT of Statin Use In Children With FH

19

2yr placebo-controlled study, children ages 8-18

Mean IMT Change, mm

o

-0.01

-0.02

Common
Carotid
Artery
(P=.06)

Carotid
Bulb
(P=.30)

@ Pravastatin (n=104)
O Placebo (n=107)

i

]
rod

Internal Mean
Carotid ~ Combined
Artery  Carotid IMT]

(P=.20) (P=.02)

*pravastatin 20-40mg daily

LDL-C

237 mg/di
(+0.3%)

239 mg/dl
(-24.1%)

No Difference

Weight

Height

BMI

LFT’s

Sex hormones
Tanner stage
Testicular volume
Onset menses

Wiegman, A. et al. JAMA 2004;292:331-337

UTSouthwestern
Medical Center

20
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RCT of Statin Use In Children With FH: Long-Term Follow up

Statin Use in Children with FH: 20-year Follow-up

Subclinical Disease

children ages 8-18

No Difference

) LDL-C

n 237

FH mg/dI 20 years

# Carotid artery

]

R 99 mg/dl Ulmsoundprobe. | \i
No FH
Sibling

n=214 Liurink I. et al. NEJM 2019; 381:1547-56

Clinical Disease

FH Parents to Age 39

26%
Heart Attack
. vs.
(€D
UT Southwestern

Medical Center

21

2018 AHA Cholesterol Guidelines: LDL-C Testing In Children

. In children and adolescents 10 years of age or older with an LDL-C level
persistently 190 mg/dL (24.9 mmol/L) or higher or 160 mg/dL (4.1 mmol/L)
or higher with a clinical presentation consistent with FH (see Section 4.2.)
and who do not respond adequately with 3 to & months of lifestyle
therapy, it is reasonable to initiate statin therapy (54.4.4.3-13-54,4.4.3-
18).

4. In children and adolescents with a family history of either early CVD* or
la significant hypercholesterolemia,t it is reasonable to measure a fasting or
nonfasting lipoprotein profile as early as age 2 years to detect FH or rare

forms of hypercholesterolemia (54.4.4.3-17-54.4.4.3-21).

Acceptable, Borderline, Abnormal,
mg/dL mg/dL mg/dL
TC <170 (<4.3 mmol) 170-199 (4.3-5.1 mmol) 2200 (25.1 mmol)

Triglycerides (0-9 y) <75 (<0.8 mmol) 75-99 (0.8-1.1 mmol) 2100 (21.1 mmol)

Triglycerides (10-19y) <90 (<1.0 mmol) 90-129 (1.0-1.5 mmol) 2130 (21.4 mmol)

HDL-C >45 (>1.2 mmol) 40-45 (1.0-1.2 mmol) <40 (<1.0 mmol)
LDL-C <110 (<2.8 mmol) 110-129 (2.8-3.3 mmol) >130 (23.4 mmol)
Non—HDL-C <120 (<3.1 mmel) 120-144 (3.1-3.7 mmol) 2145 (23.7 mmol)

FH?

Statin option
2 10yrs

LDL-C testing
2 2yrs

UT Southwestern

Medical Center

22
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Improving Detection And
Diagnosis Of FH

Strategies To Improve FH Diagnosis

* Genetic Testing
 EHR Strategies

* Other Innovations

enter

UTSouthwestern
Medical C

24
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Why Genetic Testing In FH?

Enhance identification of affected individuals

o Improve efficiency of cascade screening

o Clarify ambiguous cases
Risk stratification

Improved phenotyping/precision medicine

UT Southwestern
Medical Center

25

Genetic Screening For FH: Geisinger Health System

% DLCN FH Criteria

100%

40%

20%

0%

50,726 Individuals w/whole exome sequencing (LDLR, APOB, PCSK9)

1:256 Variant (+)

56% on statin
46% LDL-C<100
15% “FH” diagnosis

m Unlikely ®Possible

m Probable m Definite

Variant (-) Variant (+)
n=46,070 n=215 Noura S. Abul-Husn et al. Science 2016;354:aaf7000

UTSouthwestern
Medical Center

26
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Pedigree Study: “Normal” Cholesterol In Genotype Positive

Family Members

20 families with ADH

B ¢ (@—_—t]
s
wr
4600 4603 604
a0 e T8 o0 4704 pTipiTer P TrpdTer wT
WT pGh663Gk WT pGly6iGlu  P-GleelGla
mm\ Bz 2001
POwETY POy . Cys9Tip 4601 saa i i
P ToTer T =normocholesterolemic carrier

6/20 families= 30%with

w
°

o normocholesterolemic
sus sam | s sw Fre Th s carrier
W pretsian areitine
'.:‘\,R prmisiag | preiawe  WT piiieg WT peian
ax
b arz et 4209 4110 4128 a1z
PTGdAE WT WT v W pThrdMArg
Garcia-Garcia A et al. Atherosclerosis 2011;218:423-430. UT Southwestern

Medical Center

27

FH Variants And LDL-C Cholesterol: Implications For CAD Risk

20,485 Subjects, Sequenced for LDLR, APOB, PCSK9 Variants

Familial Hypercholesterolemia Mutation

. No
254 B ves

Odds Ratio for Coronary Artery Disease (95% CI)

<130 =130-160 =160-190 2190-220 2220
LDL Cholesterol Category (mg/dl)

Khera A.V. et al. JACC 2016;67:2758-2789. UTSouthwestern

Medical Center

28
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Most Individuals With FH Do Not Have Mutation

In FH Causing Gene: Dallas FH Cohort

n = 399 FH patients (Simon Broome) ascertained from
Dallas-area lipid specialty clinics

0

LDLR APOB

PCSK9 Unexplained

Ahmad Z et al. Circ Cardiovasc Genet. (2012)

UT Southwestern

Medical Center

Genetic Evaluation Of FH: Potential Phenocopies

Test
LDLR, APOB, PCSK9, LDLRAP1

STAP1

LDLR copy number variation

Polygenic LDL score

Lp(a) measurement

ABCGS5, ABCGS8, APOE, LIPA, and

Proportion of Cases
5-50%

0.1-1.0%

5-15%

20-30%
5-20%

Berberich A and Hegele R Nat Rev Card 2019
UTSouthwestern

Medical Center
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FH Foundation Algorithm: Genetic Testing In FH FHﬂ

Offer to every patient

Declinie Agree w/strong suspicion of FH
Patient decides not to Patient decides to
undergo genetic testing e B
Management based o Recommend cascade o~
e screening via lipid Senclicteag '“‘ii"s and ot e
s testing for gemelic counseling prov
guidelines at-risk relatives ‘
il L+
ﬁu?‘:—‘:mmmulh. fou s testing reslts:
Management based on current
cardiovascular risk reduction guidelines FH diagnosis confirmed

Cascaplvhptdr{—‘ Cascad% genetics

“screening via testing may be dlangs.p!mml genetic testing and
lipid testing for inted updated i n ounseling for
at-risk relatives. improves over time ‘o patient at-risk relatives
[ [ = |+
et e gien NO el | Tx
o e | FH = T FH Cascade Strum A. et al JACC 2018;72:662-80.

uUTSouthwestern

Medical Center

31

FH Identification Strategies in Healthcare Systems

!
1
T
Sl
Al/M-L Algorithms

Not reliant on lipids
Those on treatment identified

Population genetics
¢ >50% without FH mutation
¢ Requires infrastructure

@)
8

Elevated LDL-C (>190mg/dL)
* Easier to implement
* Miss those on treatment

UT Southwestern

Medical Center

32
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EHR Strategies for Identification of FH: MHI Experience

80% likely FH classification
Yes No 2
FH Prevalence Characteristic (n = 841) (n = 391,166) value
1:470 Age (y), mean (SD) 53:30==01 51985/ 5] == 612 .027
Male (%) 328 (39) 177,012 (45) <.001
34% adequately  Rjce
treated White (%) 745 (91) 350,520 (93) .059
4.3% with Non-white 72 25,250
o d".“"t . History of CAD (%) 148 (17.6) 36,527 (9.3) <.001
1agnosis History of PAD (%) 58 (6.9) 12,931 (3.3) <.001
Diabetes (%) 158 (18.8) 53,627 (13.7) <.001
Currently on statin (%) 545 (64.8) 118,407 (30.2) <.001
Knickelbine et al. J Clin Lip 2016;10;1182-1187. UTSouthwestern
Medical Center

33

UTSW FH Quality Improvement Initiative: Baseline Data

27,988 patients with lipid values from Nov 2015- June 2016

LDL-C2190 LDL-C2220
(n=227) (n=53)
Statin
Current 19% 239%,
Prior 4% 47%
Follow up appointment >90% >90%
No A in therapy 45% 34%
Specialist referral 18% 23%

Jackson C. et al Am J Prev Cardio 2020

UT Southwestern

Medical Center

34
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UTSW FH Quality Improvement Initiative:

Documentation of FH Characteristics

100
90
50 m|DL>=190 wmwLDL>=220
70
60
50
40 36

30
30 26

42
29 28
25
20
18

20 14

’ . l

0

FH Dx Fam Hx Dyslipid Fam Hx Ml Xanthoma Arcus

% with documentation

Jackson C. et al Am J Prev Cardio 2020

UTSouthwestern

Medical Center

35

EPIC Registry Of Patients With LDL-C 2190 mg/dL

aTwEs L: A K
[ * - 13 1 86 & B
|
atients [4347589] as of Sun 10/6/2019 9:36 AM 20K
B Buk Onars. °%, Gand Bulk (2 nicaton « db Oyestonnsire Series « o Track Pt Ouresch
s WChan Sumus PO Last PCP wsit Mext PP Visl Lot Cadolegy Vil LBt ENC w FMPIowssr | Nt Ene wi FH Prowder | Last LOL Valos  Last LOL Date ~° ast Tngiycense Vasdfll  Mighest LOL
wiaia icve =66 axesans = 86
aie = os1020m8 m2 ovasanns 1 w2
Male Acive. nA2008 £
anale Code Exp ouuzn 296
Fecaie Dected m o n 5
Male. Actve 165 oirReng ! E
anal Actve s e a6 o @ 295
emae Actve 04z L1 vy “ m
Femais Cote £xp iz voznzens waz ouzvans ™ m
p t. t
Female Actne “e 09 o m
Fomais e beoszor s oxveanns ar m
Fomaie  White et bemzons  nzizme e sa2 s " :s:
Female White Acve BaIR2010 OE92020 oy Wy 201 t m
Wale  UnaistieUnk  Code Exp 1201200 2
e Whee Actna ovasans =
Femse ko Owcined a1 vzt ar =
Agvcan
i
5518 raus tound | [l Loos a0
4 Resoks Patient Cal Coarts Transengton
UTSouthwestern
Medical Center

36
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Applying An LDL-C Threshold-based Approach

To Identify FH: Lessons Learned

Review of 400 patients, 100 each LDL-C category

27.5%

secondary cause

40%

Prevalence

1900-219.9

LDL-C Categories
190.0 — 219.9 mg/dL
220.0 — 249.9 mg/dL
250.0 — 299.9 mg/dL
> 300.0 mg/dL

2%
20%
12%
) .
0%

2200-249.9

LDL-C Category (mg/dL)

250.0-299.9

Secondary Causes

300.0+

u Nephrotic Syndrome

m Hypothyroidism

= Medications

m Obstructive Liver Disease

m Solid Organ Transplantation

= Unknown/Other Secondary Cause

= Multiple Secondary Causes

Jasani R et al J Clin Lipid 2022

UTSouthwestern

Medical Center

37

FIND FH machine learning model trained to identify patients with FH

UT Southwestern

=Model trained using ~1K
patients with FH and ~67K
patients without FH

= Accuracy for FH Dx

—87% (95% Cl 73—100) in the national

database

—77% (68-86) in the health-care

delivery system dataset

Medical Center

FIND FH model training

Stanford
106 patients with familial
hypercholesterolacmia
7699 presumed controls

University of Pernsylvania
293 patients with familial
hypercholesterolacmia
34797 presumed controls

e

Random forest layer 1
Find top n performant Model
optimi

features
cross validation

Positive for familial
hypercholesterolaemia
939 physician-diagnosed
patients with familial

meter
n with 5-fold

Geisinger Medical Center
446 patients with familial
hypercholesterolaemia
32640presumed controls

Ohio State University
94 patients with familial

hypercholesterolacmia
8000 presumed controls

Pool data
from different

systems

M Performance measured

z = on holdout tuning set
Negative for familial Random forest layer 2 (80-20 split)

hypercholesterolaemia

2 : Output is familial
iﬁﬁ::;m"“:i:;h hypercholesterolacmia
but no familial Sooee
hypercholesterolaemia
(physician reviewed)*

Myers K, et al. Lancet Digital Med, 2019;1:393-402.

UT Southwestern

Medical Center

38
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FIND FH Collaborative Learning Network

=3

? FAMILYE
= earmNd TN ”'

622,737 ‘ % Lipoprottinla) < Faunilial Hypereholestuionia  EYIENSNNITE T TINEIE)
s

TLﬂﬂ* Dartmouth
ﬂ—Hﬂ—F Health

> & Geisinger

oo 41000 -I;;:!I OhioHealth

TC180-276

E78.01 ProbableFH ASCVD AMI Grand 1MI|
Dartmouth 7,060 430 550 2419 87,968 13,266
Emory s A W7 S S WA WA 0| N et
Geisinger 10,915 618 890 4883 213367 27309 223335 Lroei o ¢
oHsu 12884 871 1310 8225 190001 31183 204859 '.‘ el l [ I e 1C1 I le
OhioHeaith 6LB61 3735 8214 17882 622737 95926 654003 oa e
utsw 157705 9046 6470 32705 915173 122232 972023

Restof US 5106633 284276 284878 1066461 35161777 4435622 37,057,687

UTSouthwestern GndToml  S8G4GAD 320383 32243 1214104 W764923 §05a5e8 41026047

Medical Center EMORY UTSouthwestern

HEALTHCARE Medical Center

39

Accuracy of FH Diagnosis by FIND FH: UTSW Data

Simon Broome Diagnosis by FIND-FH Score Quintile Dutch Lipid Clinic Diagnosis by FIND-FH Score Quintile
100 . 2 5 100 1 . 2 3 .
% 19 17 % . 5
B 29 25 18
80 2 80 16

a 0 . 70

3 e 2 e 2
“g 50 & :g 50
g 5 ¢ 30

47
20 20
10 10
0 0

1 2 3 4 5 1 2 3 4 5

Find-FH Score Quintile FIND-FH Score Quintile
Negative 1 Possible  Definite Unlikely ® Possible  Probable 1 Definite
20.3% Possible/Definite 32.3% Possible/Prob/Definite
N=340
UT Southwestern
Medical Center

40
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Accuracy vs. Clinically Actionable Results: FIND FH

FH unlikely
34%

Suitable for outreach
29%

N\ Limited clinical data

ing care in iology
endocrinology clinic

or

carein FH
clinic
8% 1%

Secondary cause

>

Medical record inactive

56% enough clinical suspicion for FH outreach

191 patients
suitable for outreach

53% highest LDL-C <190mg/dL

UT Southwestern

Medical Center

41

FIND FH Penn Experience: Implementation Gap

5006
Patients
identified

153 (3%)

Visits
scheduled

h 4
5006 patients with healthcare providers
eligible for contact
(Includes 452 patients who visited P

of Impiemenauon. I

2366 (47%[2366/5006]) patients with no response

Cardiologyin the past )
|

Y

from p
473 (9% [473/5006] patients with negalive

2167 (43%[2167/5006]) patients with
positive response from providers

provider response

!

1607 (32% [1607/5006]) patients successfully
reached by phone, email, or
i for phase |

[

1353 (27% [1353/5006]) patients with no response

v

67 (1% [67/5006]) patients with negative response

187 (4% [187/5006] patients expressing
interestin scheduling a visit to
Preventive Cardiology

!

153 (3% [153/50086]) patients scheduled for
visit and clinical evaluation

Sheth S et al Circ QO 2021;14

UT Southwestern

Medical Center

42

21 of 38




MHIF Cardiovascular Grand Rounds |
October 7, 2024

UTSW Find FH Process Overview State Diagram

Identify Outreach and Treatment

Patient Unreachable

Patient Risk High Risk Patient | | il
e High
Patient Risk Score Update

Patient Reached
Prefers Primary Care
SR Lower Risk Patient FH via Primary Care i
ore Lower FH Clinic
K

Screening

Treatment
1. Obtain FHx (ASCVD, HLD) 5

2. Rule out secondary causes Dx Added
(TSH, UA, CMP, Medications)

3. Labs

Patient Outreach |EEEEN—_G

1. High intensity statin
2. ezetimibe, parenteral agents

UT Southwestern

Medical Center

43

Improving FH Care: UT Southwestern Experience

Patients with
LDL-C 2190mg/dL

108 contacted 35% (n=38) 22% (n=24)
(My Chart, call, letter) Subsequent visit Change in care

* Change in LLT

Only 50% on statin Factors Assoc:

Highest LDL-C 267 * FHDx . » PCP contact

Recent LDL-C 237 * Family screening More contacts
(2.2v 1.5)

Lee H et al in Review
UT Southwestern

Medical Center

44
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Blood Donation System And Public Health

iy i

PO

Large number of individuals
and blood samples

Generally younger and healthy

Not being seen in a
traditional medical encounter

UTSouthwestern

Medical Center

45

JAMA Cardiology | Brief Report

Identifying Familial Hypercholesterolemia Using a Blood
Donor Screening Program With More Than 1 Million Volunteer

Donors

Candace L. Jackson, MD, MPH; James Z. Keeton, MD; Stephen J. Eason, MBA; Zahid A. Ahmad, MD;
Colby R. Ayers, MS; M. Odette Gore, MD, MSCS; Darren K. McGuire, MD, MHSc; Merlyn H. Sayers, MBBCh, PhD:

Amit Khera, MD, MSc

Overall
(n=1,178,102)

Meets MEDPED Criteria

(with at least one TC value)
Total Cholesterol

(mg/dL)

Does Not Meet MEDPED Criteria
Total Cholesterol

(mg/dL)

*median age, 32 [IQR, 19-47] years

3,473
(1:339)
332
(297,377)
1,174,629
183
(157,212)
Jackson CL et al JAMA Cardio 2019; 1;4:685-689

UT Southwestern
Medical Center

46

23 of 38




MHIF Cardiovascular Grand Rounds |

October 7, 2024

Implementing a Multicomponent Intervention to Treat Blood Donors

with Familial Hypercholesterolemia

R61 Phase- 1 year R33 Phase- 4 years DANATE-FH
Development Clinical Trial Study
Blood DONor Awareness and TrEatment of Familial
Interviews Hypercholesterolemia Study
Carter fﬁ\@fh\ N=8
st iR
PCP’s &) 8) N=7 Barriers " u:uz I:mifi:-:i::m | Treat;lem vli-
. Implementation Bigible poticipants OfEuated Choltsiare e et Primary Endpoint
Donors 228 888 Facilitators Bundle Bood donors with P < pandomitn Change 1DLC
N=25 thgcurrem\ Zrea\ed Treatment vi At months
w/FH (package of resources, actions, v Implementation Bundle Feaument.ya
and tools to enhance high N=50 medical care
" ™ intensity statin initiation)
Family
N=4
Of Donors % ClinicalTrials.gov: NCT05693701
Implementation 3/1/22-2/28/23 3/1/23-2/28/27
Scientists
UT Southwestern
Medical Center
47

Treatment Of FH:

Considerations Beyond Statins
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Lifestyle Factors And ASCVD Risk In

F]
3.5
2.5
N=961 (699 g 2
with mutation) =
2 1.5
£
1
0.5
L;festyle Favorable Intermediate Unfavorable
FH mutation FH mutation FH mutation
=) + =1 (+) =) +
Lifestyle: healthy dietary pattern, regular exercise, Tada H. et al JACC Asia 2023;3:152-160.
not smoking, and absence of obesity
UT Southwestern
Medical Center
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FH Treatment Recommendations For Adults

Organization CHD/ASCVD No CHD/ASCVD

NICE Guidelines 2008 50% LDL-C reduction 50% LDL-C reduction
NLA 2013 50% LDL-C reduction 50% LDL-C reduction
and LDL-C <100mg/dL* and LDL-C <160 mg/dL

International FH Foundation 50% LDL-C reduction 50% LDL-C reduction
2014 and LDL-C <70 mg/dL and LDL-C <100 mg/dL

50% LDL-C reduction 50% LDL-C reduction
SLLEHLI200S and LDL-C <70 mg/dL and LDL-C <100 mg/dL

50% LDL-C reduction
and LDL-C <100 mg/dL
(add EZE; * PCSKOi lIb)

ESC Cholesterol Guidelines 50% reduction and LDL-C 50% reduction and LDL-C <70mg/dL
2019 <55mg/dL (or 55 if any RF)

AHA/ACC Cholesterol
Guidelines 2018

*any ASCVD, DM, family history early CVD, smoking, 22 risk factors, high Lpa
** CHD or DM

** LDL-C >190, not specifically FH UTSouthwestern

Medical Center

50
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Non-Statin Add On LDL-C Lowering Options in 2024

;(ij_i‘::%‘\ FDA Approved 10/2002 FDA Approved 2015
R 73 Cholesterol absorption PCSK9 mAb
p—4 inhibitor robaeet injecti
,”f‘ h inhib . b — SQ injection Q2 weeks (or monthly)
L 4 Oral pill, daily . ~..pm ) 50-60% LDL-Clowering
— 15-20% LDL-C lowering Improves ASCVD outcomes
Ezetimibe Improves ASCVD outcomes Evolocumab
Alirocumab
FDA Approved 2/2020 FDA Approved 12/21
ACL inhibitor (no myalgia) PCSK9 siRNA
Oral pill, daily = SQ injection baseline, 3mo,
~20% LDL-C lowering then Q6mo
(EZE combo ~40%) ~50% LDL-C lowering
Improves ASCVD outcomes Ongoing outcomes trial

Inclisiran

Bempedoic Acid

51

Lipid Modifying Therapies Available and In Development

LIPOPROTEIN
APHERESIS Enterohepatic}
cireulation of|
cholesterol

FFA p-oxidation
MONACOLIN K
or > + +l

AT
FFAp-oxidation  PPARy

PCSK9 gene
deletion

ANGPTL3/
~ ANGPTL3/8
CHOLESTEROL

{3 EZETIMIBE

=» HMG:CoA

*» ABCGS/G8
IsmA

ntestine | =» NPQILL

+  Correct LPL
LPL « gene insertion

BERBERINE/

Surma S et al. Pharm Res 2024;205:107246

+
LPL/HL v ApoA-l:
ApoA-Tl

g

NICOTINIC ACID

=+ DGAT

= Lipolysis

% ApoB catabolism
= CETP

1 ApoA-l
PROBIOTICS = ~ 7 =+ HDL catabolism

ALIPOGENE
TIPARVOVEC

CURCUMIN Ap - 2 + Correct LPL % Mutated LPL m
gene insertion. gene deletion

UT Southwestern

52
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SAFEHEART Study: FH Specific ASCVD Risk Score

66-year-old men

C <100 mg/dL.

with FH and LDL-

Estimated % risk of developing incident ASCVD

W 5-yearrisk

®10-yearrisk

Overweight

Obesity

High blood pressure
Active smoking
LDL-C 100-159 mg/dl
LDL-C =160 mg/dl
History of ASCVD

+

L S S
TS S S
o 4+ o+

D S

+

n=2404
HeFH

C-stat= 0.85

Leopoldo Pérez de Isla et al.
Circulation. 2017;135:2133-2144

UT Southwestern

Medical Center
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Modifiers Of FH Genetics: CAD Polygenic Risk Scores

a

FH variant

Carrier
Carrier
Carrier
Moncarrier
MNoncarrier
MNoncarrier

Polygenic score

High
Intermediate
Low
High
Intermediate
Low

N of 6432
Cases

23
14
[
2348
3400
641

N of 6420
Controls

Adjusted odds ratio

0.25 0.5

T T 1T 1T 1 |
12 4 8 16 32 64

Fahed AC et al Nature Comm 2020;11:1-9

UT Southwestern

Medical Center
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Potential Applications Of Atherosclerosis Imaging

In Patients With FH and No Clinical ASCVD
LY
N KK
Statin
* Ezetimibe

Intensify Therapy Monitoring Response
LDL-C
GLP1-RA Serial Imaging
ASA

(Lp(a), other?)

UT Southwestern

Medical Center
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Coronary CT Angiography Findings In FH

100
S %0 1 102
— n:
2 50 7 P<0.05 : ::1 FH
T 70 n=35
K]
T 60 -
o 50 45 *+ 13 years
o
o LDL-C 280 + 54 mg/dL
n 40 -
£ 30
)
E 20 -
“— 10 -
o
R 0 -
0 1-11 11-100 101-400 >400
Distribution of CAC scores
Miname M. et al Atherosclerosis 2010;213:486-491.
UT Southwestern
Medical Center
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CAC=0 Does Not Rule Out Atherosclerosis in FH

SCAPIS FH Pooled Cohorts
(General Population)
CAD Extent CAD Extent
100% 96% 100%
90% 90%
80% 80% 79%
70% n=25,182 0% n=1011
0% Age 50-64 0% Age 48.3 (10)
50% 50%
40% 40%
30% 30%
20% 20% 20%
% —— 0.4% . 0.7%
No CAD Non-Obs Obs CAD No CAD Non-Obs Obs CAD
Nasir K et al AJPC 2024;17:100611.
Bergstrom G et al Circulation 2021;144:916-929. UTSouthwestern
Medical Center
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Al Based Quantitative CT Plaque Burden Assessment

LowDensity  ® Non-Cakified @ Calcified
10 48.5

1

Highest Remadaling Index

Willams MC et al JCCT 2021;16:124-137 UTSouthwestern

Medical Center
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IAS Guidelines for FH 2023

Although CACS is useful in the initial risk assessment in asymptomatic patients before starting
cholesterol-lowering medication, CACS should not be used to monitor the effectiveness of

cholesterol-lowering treatment (Class I- strong; LOE B- moderate)

In asymptomatic patients, imaging of ASCVD (for example, carotid ultrasonography and CT
coronary angiography for the detection of plaques and stenoses) may be considered for

monitoring the effectiveness of cholesterol-lowering treatment (Class 3- weak; LOE B- moderate)

Watts GF et al. Nat Rev Card 2023;20:845-869.

uUTSouthwestern
Medical Center
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Case 1 (Cont)

46yo male with dyslipidemia and family history of CVD, on atorvastatin 20mg
daily with LDL-C 107 mg/dL

UTSouthwestern
Medical Center

60
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Case 1 (Cont)

46yo male with dyslipidemia and family history of CVD, on atorvastatin 20mg
daily with LDL-C 107 mg/dL

PCP received an alert about possible FH
Old LDL-C values as high as 208 mg/dL

Diagnosed with probable FH, offered genetic testing and recommended
screening of two children and siblings

CAC scan with score of 68 (92nd percentile); Lpa 267 nmol/L

PCKS9i mAb was added—> LDL-C 53mg/dL

UT Southwestern

Medical Center

61
Conclusions

FH is a common AD disorder (1:250) that significantly increases
the risk of ASCVD

o Itis underdiagnosed and undertreated

High intensity statin therapy and cascade screening are
cornerstones of management

Genetic test and novel EHR screening algorithms may help in
identification

There is heterogeneity of risk in those with FH

o Possible implications for subsequent therapies

UT Southwestern

Medical Center
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Prevalence Of FH In Blood Donors By Age

< 20 years
(n=321,718)

Meets MEDPED 1,001
Criteria (1:321)

20-29 years 30-39 years > 40 years

(n=224,901) (n=194,528) (n=436,955) p-value

1,126 432 914

(1:200) (1:450) (1:478) <0.001

Total Cholesterol 286
(mg/dL) (277,307)

309 367 384

(298,330) (351,402) (371,414) <0.001

*median age, 32 [IQR, 19-47] years

Jackson CL et al JAMA Cardio 2019; 1;4:685-689

UT Southwestern

Medical Center
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Prevalence And Prognosis Of FH After Acute Coronary Syndrome

4534 patients with ACS, multicenter, prospective cohort in Switzerland

n
Percentage
Age,y
Pre-existing CVD (%)
Family history (%)
LDL cholesterol mg/dL

Statin use admit (%)

High dose statin at discharge
(%)
LDL <100mg/dl 1 yr

No FH

3589
79%
66
27%
18%
124
29%
67%
75%

Simon Broome

250
5.5%
52

13%
47%
224
31%
81%
47%

Dutch Lipid
73
1.6%

50

11%
78%
255
38%
74%
36%

Nanchen D. et al. Circulation 2016;134:698-709

UT Southwestern

Medical Center
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Prevalence And Prognosis Of FH After Acute Coronary Syndrome

1369 men <55 years and women <60 years

0.10

0.05

0.00
!

Simon Broome definition

100

T
200
days

T

300

No FH

Fossible FH |

Adjust HR 2.2-2.6

Nanchen D. et al.
Circulation
2016;134:698-709

UT Southwestern

Medical Center
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PCSKO9 Inhibitors: Mechanism of Action

Hepatocyte - ”

Lysosome

Endosome

w®_ “,‘,/"’ ; \Q oS _1_/;‘:‘
) , Clathrincoated

Ballantyne. Nat. Rev. Cardiol. 2014.84

LDL particle = © PCSK9
Endocytosis LDL receptor T PCS K9
I . \ |} N
{ | LDLreceptor pcske | (LLDL receptors)
SYNthesis e . Synthesis T LDL-C
S / A £ A
L + ‘f : \ (] Jl,:
(e ) Ny | PCSK9
) Golgi (TLDL receptors)
apparatus l LDL-C
vesicle Nucleus
UT Southwestern

Medical Center
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PSCK9i: mAB vs Inclisiran

tBLEQVIO oy ""'“’
u = M , ;-é'_::-?;:;'- ‘
Evolocumab Py
Alirocumab Inclisiran
Mechanism mAb siRNA
Delivery SQ inj Q2 wks (4 wks) SQ inj Q 6mo (3mo 2" dose)
Administration Home/Individual Infusion Center/Clinic

Insurance Component
Cost

LDL-C lowering

Lpa lowering

CV Outcomes trial

Pharmacy benefit
~$5800/year
~50-60%
~20-30%

Yes

Medical benefit (Part B)
~$6500/year
~40-50%
~20-30%

No

UTSouthwestern
Medical Center

68

34 of 38




MHIF Cardiovascular Grand Rounds |
October 7, 2024

LDL Apheresis- Overview

=Veno-venous filtration system (PIV or port)

=GGenerally every other week for Heterozygous FH (2-3 hours)

—Acute LDL-C reduction ~60-80% (and Lpa)

=FDA Approved Indications:
—FH Homozygotes with LDL-C >500 mg/dL
—FH Heterozygotes with LDL-C 2300 mg/dL
—FH Heterozygotes with LDL-C 2100 mg/dL and CAD or PAD
—FH Heterozygotes with LDL-C 2100 and Lp(a) 260 mg/dL, and CAD or PAD

uUTSouthwestern
Medical Center

69
LDL Apheresis at UT Southwestern

UT Southwestern
Medical Center

70
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CRISPR PCSK9 Gene Editing for FH/Dyslipidemia

vén

H(}/

rve

Q)

e
G
A>G

S« MRNA

an gRNA

Musunuru K et al Nature 2021; 593:429-434.

Effects of Adenine Base Editing of PCSK9 in
Cynomolgus Monkeys

b -
5
g 150
2
=1 LPCSK9
8 5o
3 %0 \ LNP-treated ""90%
& OPTPHIPEELLFTFENELEELSSELIBEEILF
q,g Time (d)
n=4 treatment; n=2 control monkeys
€ 20
H
2 150
;
5 oy |LDL-C
H \
R e e S o T 2]
e LNP-treated
£ OIS IRSBRNISESINNEIIISELIREFTIIOE
o Time (d)
UT Southwestern

Medical Center
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CRISPR ANGPTL3 Gene Editing for LDL-C/TG Lowering

vérv

H4>

ve

vies

/

VERVE-201 delivery
to the hepatocyte

o

HEPATOCYTE CELL

Localization to
ANGPTL3 gene

A-Tto G-CDNA change

Read-through to the
intron, which unmasks a
stop codon to

Asialoglycoprotein
receptor (ASGPR)

r ' LDL receptor (LDLR)

inactivate ANGPTL3

LDLR-deficient NHPs treated with

VERVE-201cyn

ADENINE
BASE EDITOR

8

«8= Mean (N = 4)
Individual NHP

o
<
=]

o

4004

to disrupt ANGP‘IL3
splice donor site

I @ MO

200

LDL-Cholesterol (mg/dl)
w
o
o

VERVE-201cyn 3.0
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T
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\\f?f/z GalNAc
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T
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T
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Khera AV et al ACC 2023

0 30 60 90
Study Day
UT Southwestern

Medical Center
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Defining Homozygous FH: Molecular and Clinical Criteria

LDL-C mg/dl Clinical phenotypes
1,000
HoFH
500
250
190 HeFH

160 Common

hypercholesterolemia
130

0
Sturm A et al JACC 2018;6:662-80.

Molecular etiology

Homozygous LDLR null
Homozygous LDLR defective
Compound heterozygous

Heterozygous pathogenic variant
LDLR null
LDLR defective
PCSK9
APOB

Polygenic (multiple LDL-C raising SNPs
High Lp(a)

Clinical Trial Definition

Genetic testing consistent with
HoFH or untreated total
cholesterol > 500 mg/dL with
either the presence of
cutaneous or tendinous
xanthomas before the age of 10
years or documentation of an
untreated total cholesterol
>250 mg/dL in both parents.

uUTSouthwestern

Medical Center

73

10,095 children ages 1-2 years
Lipids/genetics w/immunization

30 with FH mutation

Childhood FH Screening Program In The UK

10,065 w/out FH mutation

TC 299" %ile

7 FH mutations DNA sequencing

*FH48 mutation panel

37 with mutation (1:276)

45 with FH (1:224)

8 TC 299* %ile

Wald D et al. NEJM 2016;375:1628-1637.

UTSouthwestern

Medical Center
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Commercial Genetic Testing For FH

[D'NA size 4436 Kb mRNA size 5174 bp 18 exons NM_000527  see the exons Exome
DNA size 42.64Kb mRNA size 14121 bp 29 exons NM_ 000384 see the exons Mlnlmal
2 & 10 14 12 22 k3
APOB  |sszom00 - i DL LRy L 683337 Intronic
DNA size 2530Kb mRNA size 3636 bp 12 exons NM 174936 see the exons Deletions
PCSKQ 17068291 ‘3.—|—|—|f|—|_7|_|‘°|_|—1|1—- 17093594‘ i
! ] FALF L h: Insertions
Not CNV
LDLRAP1 (Autosomal Recessive Hypercholesterolemia)
Select
ABCG5 ABCG8 APOE LIPA
Other Genes

\ )

|
) ) o . “Free”
Targeted pathogenic mutation testing in family members 90 days

UT Southwestern

Medical Center
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Coronary CT Angiography

FIGURE 1 Forest Plot of Overall Pooled Prevalence of CAC = 0 in HeFH

CAC = 0 Prevalence Estimates

Study Name POP PREV LCL UCL WGHT AGE
Miname, 2018, Brazil = 206 049 042 056 1253% 450
Perez de Isla, 2018, Spain oA 440 045 04 049 1313% 464
Vongpromek, 2017, the Netherlands | — 123 022 015 029 1238% 51.0
Gallo, 2017, France — — 72 052 042 061 11.71% 445
Galaska, 2016, Poland — — 89 047 037 058 11.29% 50.2
Shipman, 2015, United Kingdom — — 52 05 036 064 10.03% 504
Ye, 2007, Taiwan — — 32 069 052 085 907% 36.0
Santos, 2004, Brazil | T | 52 048 028 068 8.05% 40.0
Descamps, 2003, Belgium — — 95 0.27 018 036 11.81% 473
0.45

01 02 03 041 05 06 07 08 09 1
Mzar R et al JACC Img 2019

Distribution of CAC scores
UTSouthwestern

Medical Center
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