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Objectives:

Screening and Diagnosis of Common Lipid Disorders in Youth:
Importance of screening and how to screen
When to screen
Who to screen

Common Causes of Hyperlipidemia

Non pharmacologic management

Pharmacologic management

Cascade Screening and Reverse Cascade Screening
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Pre-Talk Question #1:

If you are a physician, nurse practitioner, or physician assistant, answer the
following. “I feel comfortable diagnosing familial hypercholesterolemia”

. Yes, | think so
. No

A

B

c. Notsure

D. Prefer not to answer
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Pre-Talk Question #2:

The following patient is most likely to have heterozygous familial
hypercholesterolemia:

A

B.

Patient X: 10 year old with LDL-c of 140mg/dL. No family history of

premature coronary artery disease. o _ _

Patient Y: 10 year old with LDL-c of 160mg/dL. With lifestyle intervention,

repeat LDL-c120mg/dL. Family history of premature coronary artery

disease.

Patient Z: 10 year old with LDL-c of 190mg/dL. With lifestyle intervention,

aepeat LDL-c 190mg/dL. Family history of premature coronary artery
iIsease.

Patient W: 10 year old with LDL-c of 120mg/dL, TG of 170mg/dL, and

HDL-c of 29mg/dL. Family history unknown
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Pre-Talk Question #3:

Among persons with heterozygous familial hypercholesterolemia, the most
effective option for reducing LDL-c level is the following:

A. Dietalone

B. Exercise alone
Cc. Statin

D. Notsure

n ¢ NEMOURS
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Scope of the Problem:

Dyslipidemia

IS a risk factor for premature coronary artery
disease, including heart attack and stroke.

@Es&::aﬁgﬁ

%

component of life’s essential 8 (cholesterol,
blood pressure, glucose, physical activity,
smoking, diet, body mass index, sleep)

Treatment is essential for reducing the
atherosclerotic risk burden in the US (and
globally).
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Atherosclerosis:

Fatty streak deposition begins in the arteries of children as early as 8 years of age.
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Lipid Panel

Total cholesterol (TC-c)
Low density lipoprotein (LDL-c)
High density lipoprotein (HDL-c)

Triglycerides (TG)
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Components of lipid profile:
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Dietray lipids

Muscle and

3 Fral
¢

A

Stemmer K, et al. Adv Drug Deliv Rev 2020.

Chylomicron
remnant

e Clenmlu'm
0O o

\

(},

/ C: Reverse chmastarm\

>

N 4
IMEkI~™1 '\J U RS
CHILDREN'S HEALTH




High Prevalence of Dyslipidemia in Children

Normal weight children: ¥4 up to % of youth with dyslipidemia
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Screening for Dyslipidemia is Poor: Even Amongst the
Highest Risk Patients

80+ 69%

50% 3% 57%

=1
T

% Screened
8
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Percentage of Adolescents with Ideal Lipid Status

Declines with Age

NHANES 2007-2018, Adolescents 13 to 18 years of age: TC score
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Common Causes of Hyperlipidemia:

High LDL-c High TG Low HDL
Heterozygous FH Statin;
(22X increased risk PCSKQ inhibitors,
of PCAD) Ezetimibe

Dyslipidemia of
obesity Omega-3 Rich Diet;

_ Reduce sugar
Com_bl_ned _ intake/SSB; Reduce
Dyslipidemia carbs; increase

exercise

Familial Combined
Hyperlipidemia ‘

PCAD: premature coronary artery disease ® NEMOURS
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Patient at risk due to family history of FH Patient with FH phenotype

i l

Cascade genetic testing LDLR, APDB, PCSKS genetic testing

!

Genotype +
Phenotype -

Genotype +
Phenotype +

Monitor LDL-C Treat LOL-C

Consider alternative maolecular etiologies:

Negative =

Genotypea -
Phenotype +

Polygenic
High Lp(a)
APOE
As yet undiscovered FH genes
Autosomal recessive FH (biallelic LOLRAFPT
pathogenic variants)
Phenocopies
+ Sitosterolemia (autosomal recessive
pathogenic variants in ABCGS or
ABCGE)
+ Lysosomal acid lipase deficiency
(autosomal recessive pathogenic
variants in LIPA)

Treat LOL-C and/for phenocopy condition with specific treatment

recommendations
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CHILDREN'S HEALTH



LDL-C mg/dl

5
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Climical phenotypes
1,000
HoFH
500
250
190 HeFH
160 Commaon
hypercholesterolemia
130
0

Molecular etiology Genetic background CAD risk
Homozygous LOLR null
Homozygous LOLR defective Addititinal
Compound heterozygous n genic
variatipn
Heterozygous pathogenic variant
LOLR null
LOLR defective & 2
PESKS genetic
APOE variation
Polygenic (multiple LOL-C raising SMNPs)
High Lp{a) | |
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Odds Ratio for Coronary Artery Disease
(95% CI)

Impact of Familial Hypercholesterolemia Mutation Status on Coranary
Artery Disease According to LDL Cholesterol Level
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Familial Hypercholesterolemia

Heterozygous familial hypercholesterolaemia: 1/200

Homozygous: 1/300,000

Cumulative risk of a fatal or non-fatal coronary event by the age of 60 without
effective treatment: > 50% in men and > 30% in women; 22x greater risk for
premature atherosclerotic cardiovascular disease (ASCVD)

Etiology: monogenic mutation; variants in genes encoding proteins involved in
clearance of LDL particles: LDLR, APOB or PCSK9

Each child/offspring has a 50% chance of inheriting an abnormal gene for FH

4
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Familial Hypercholesterolemia:

Whento suspect:

LDL-c > 190mg/dL in the absence of family history of premature coronary
artery disease

LDL-c > 160mg/dL in the presence of a family history of premature

atherosclerotic cardiovascular disease (ASCVD)

NEMOURS
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Strategies for Improving Recognition of Familial

Hypercholesterolemia

Recognition of lipid profile consistentwith FH

Genetic testing
Cascade screening
Reverse cascade screening

When is lipid testing recommended for ALL
children?

n ¢ NEMOURS
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Universal Lipid Screening:

2 years of age if family history of premature coronary artery
disease

ALL: 9 to 11 years of age

AGAIN, ALL: 17 to 21 years of age

Premature family history: myocardial infarction, stroke, peripheral vascular disease, coronary angiography,
stent placementin first or second degree relative in men before 55 years of age or before 65 years of age in

women.

& NEMOURS
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Importance of Genetic Testing:

Pathogenic genetic variant in an FH gene
associatedtriple the risk for atherosclerotic
cardiovascular disease (ASCVD) compared with
those without a variant at any low-density
lipoprotein-cholesterol (LDL-C) level

Lifelong exposure to elevated LDL-C levels
matters
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Family Screening Matters

Potential utility of testing:

|dentification of genetic syndromes:

Familial hypercholesterolemia (FH)

Cascade screening and reverse cascade screening
(startat age 2 years if family history of premature
atherosclerotic cardiovascular disease (ASCVD))

Recommended for monogenic forms of
hypercholesterolemia

g
A NEMOURS
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“Every 10 mg/dl higher LDL-c contributes to a year of vascular
aging. Someone in the FH range at age 25, say, would have the
vasculature of a 40 year old.” i



non-HDL-cC:

non-HDL-C (calculated: TC- HDL-c): more predictive of persistent
dyslipidemia, atherosclerosis and future events than TC; non-fasting non-HDL-

c IS also accurate

Not routinely recommended: apoB, apoA-1, Lp(a)

¢ NEMOURS
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Treatment of Dyslipidemia:
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Lifestyle Interventions:

» Balance calorie intake and physical activity to achieve or maintain a healthy body
weight.

* Consume a diet rich in vegetables and fruits.

* Choose whole-grain, high-fiber foods.

» Consume fish, especially oily fish, at least twice a week.

n ¢ NEMOURS
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Table 5-1. AHA Dietary Targets and Healthy Diet Score for Defining Cardiovascular Health

Primary dietary metricst

Poor: <2 dietary targets (<d0%)

Fruits and vegetables 4.5 cupads 0 to 24.5 cups/ds 0-10
Fish and shedlfish 2 or more 3.5-02 senangsiwk 0 to 27 aztwk 0-10
(=200 ghwk)
Sodium <1500 mg/id <1500 to =4500 mg'd 10-0
5583 =36 fl ozfwk <36 to >2 10 fl oziwk 10-0
Whole grains 3 or more 1-oz-equivalent serangs’d | 0 to 23 ozfd 0-10
Secondary deetary metrcst
Nuts, seeds, and legurmes 24 serangeiwk (nutsseeds, 1 oz, 0 to 24 servingsid 0=10
legumes, ¥ cup)
Processed meats 2 of fewer 1.75-0F senangshak £3.5t0 >17.5 oxiwk 10=0
(2700 ghwk)
Saturated fat =7 % energy £7 to =15 (percent energy) 10-0
AHA Diet Score (primary) ldeal: 4 or 5 dietary targets (2B0%) | Sum of scores for primary metrics O {worst}-100 (best)§
Intermediate: 2 or 3 deetary targets ldeal: 8O- 100
(40%-~79%) Intermediate: 40-79
Poor: <2 dietary targets (<409%) Poor: <40
AHA Diet Score (secondary) Ideal: 4 or 5 dietary targets (280%) Sum of scores for primary and 0 (worst)-100 (best)§
intermediate: 2 or 3 dietary targets | Secondary mefncs ideal: 80-100
(40%-79%) Interppediate: 40-79

gt
P

AHA indicates Amencan Heart Association; and 5585, sugar-sweetened beverages,
*Consistent with other dietary pattern scores, the highest score (100 was given for meeting or exceeding the AHA target (eg. at least 4.5 cups of fruit and

IOURS

vegetables per day, no morg than 3500 maid sodium), and the lowest score (0) wasgiven for 2ero intake (protective factors) or for very high intake (harmful factors). EH’S HEALTH



Pharmacologic Targets for Lipid Management:

vy LDL h--rq ) LD owssrieg
Erhancarrant of LDL
wmm i&ma"’mw wptake and degradatn

Comman Bite Dect
m

) LD horweiting.
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Statin Therapy:

CHOLESTEROL- —~~~—~~—» F= 7775 l ____________________ T PLEIDTROPIC,
DEPENDENT ' Sipaens me——— . Fameuyl-Pyraphasphate e Garnasylg yiPyrophosphate | CHOLESTEROL
EFFECTS ' ) ! ! ! INDEPENDENT
: 21 wiogs | : lacgreniplaten IapenrLaon | EFFECTS
I
1

Faoam Cely | AOS ¢ Thombotic Fak | Contracaiity |
g 1 Apwplizns
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Statin Therapy:

Inhibitor of 3-hydroxy-3-methylglutaryl coenzyme
A (HMG CoA), rate limiting step in cholesterol
synthesis

Hydrophilic statins: pravastatin, rosuvastatin
(more selective for hepatic tissue)

Enter hepatic cells passively; less specific:
lovastatin, simvastatin, fluvastatin, atorvastatin,
pitavastatin

Soppert J et al. Adv Drug Deliv Rev. 2020.

Pleiotropic effects of statins. (JUPITER trial, o .
IMPROVE-IT trial, ODYSSEY, FOURIER) NEMOURS

Pesaro AE, et al J Cardiol 2012; Cannon CP et al. NEJM 2015; Sabatine MS et al. 2015. Schw artz GG et al NEJM 2018. EHILDHEH,S HEALTH



HMG-CoA Reductase Inhibitors: Pediatrics

Medication

Atorvastatin
(Lipitor)

Fluvastatin
(Lescaol)

Lovastatin
(Mevacor)

Pravastatin
(Pravachol)

Rosuvastatin
(Crestor)

Simvastatin
(Zocor)

Pediatric approvals and indications

age 10-17 y; heterozygous familial
hypercholesterolemia (HFH)

age 10-16 y; HFH

age 10-17 y; HFH

age 8-18y; HFH

age 10-17 y; HFH

age 10-17y; HFH

Dosing

10-20 mg/d

Note (adults): high dose=
40-80mg

20-80 mg/d

10-40 mg/d

20- 40 mg/d

5-20 mg/d
Note (adults): high dose=
20-40mg

10-40 mg/d

Comments

May be titrated at >= 4-wk intervals

May be titrated at >= 6-wk intervals

Initiated at 20mg/d for >=20% LDL reduction;
may be titrated at >=4 wk intervals

Age 8-13y: 20mg/d;
Age 14- 18 y: 40mg/d

May be titrated at >= 4-wk intervals; JUPITER
study

May be titrated at >= 4-wk intervals



Treatment Options: Statins

H igh inten 5i‘t"|\‘ Atorvastatin 40-80 mg
LDL-C reduction

Rosuvastatin 2040 mg
>50% il &

/ Atorvastatin 10-20 mg

i ’ Fluuastah’n 40 mg 2x/day; XL 80 mg
Moderate intensity

30 - <50%
Praﬁ.ra-atann 40-80 mg Simvastatin 79-40 mg
Rosuvastatin 5-10 mg

Low intensity Fluvastatin 20-40 mg | Lovastatin 20 mg
LDL-C reduction
<30% Pitavastatin 1 mg Pravastatin 10-20 mg Simvastatin 10 mg
¢

McGow an MP et al J Am Heart Assoc 2019; Wiegman A et al. JAMA 2004
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Ezetimibe:

Suppresses cholesterol absorption in the intestine by
inhibiting the Niemann-Pick C1 like 1 (NPC1L1)
protein

i \ :::}—mum
Dose: 10mg per day | /”\T-E_m*w_.
? focar |—Pradigastat
-'-Gﬂ E:I:mc Cu
FDA approved at age 10 years for hetFH p " oo o
. . . . Soppert J et al. Adv Drug Deliv Rev. 2020.
Added when maximum dose of LDL-c ineffective in
controlling lipid level
]
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Safety of Statin Therapy:

The WEW ENGLAND JOURNAL .1}I MEDICINE

ORIGINAL ARTICLE

20-Year Follow-up of Statins in Children
with Familial Hypercholesterolemia

llse K. Luirink, M.D., Albert Wiegman, M.D., Ph.D.,
D. Meeike Kusters, M.D., Ph.D.. Michel H. Hof, Ph.D.,
Jaap W. Groothoff, M.D., Ph.D., Eric de Groot, M.D., Ph.D.,
John |.P. Kastelein, M.D., Ph.D., and Barbara A. Hutten, Fh.D.

ABSTRACT

BACEGROUND
Familial hypercholesterolemia is characterized by severely elevared low-density
lipoprotein (LDL) cholesterol levels and premamre cardiovascular disease. The
shore-term efficacy of statin therapy in children is well established, bur longer
follow-up studies evaluating changes in the risk of cardiovascular disease are

L b )

rl:;lrll lll{' ‘:lqwll;mrn'h {I; ﬁldu‘,r:{i
(LEL. AN, DMK, JW.G), Clinical Epi
demiclogy, Blestatistics, and Biolnformal-
ics (LKL, M.H.H., BAH]), and Vascular
Medicine (LKL, ]|J.PE), Amsierdam
Unarersity Medocal Centers, Amsterdam,
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Effectiveness of Therapies:

Table 1 Lipid-lowering medications with approved indications for pediatric use

Class of medica-  Approved Approved pedi-  Clinical trial treatment Clinical wrial lipid outcome measure (% Reference
tion and drug pediatnic age  atnic indication  duration change from bascline)
name range

LDL-C ApoB TG Lp(a)

Selective cholesterol-absorption inhibitor

Eretimibe 10-17 years  HeFH 12 weeks -28% -22% -6% MR Kusters et al. [27]
Bile-acid sequestrant
Colesevelam  10-17 years  HeFH 8§ weeks, 3.75 mg = 100% =62% +174% NR Stein et al. [32]
PCSK9 inhibitor
Evolocumab  10-17 years  HoFH and HeFH 12 weeks (TESLA-B) “IN% -192% -1-4% -94% Raaletal [15)
48 woeks -233% -162% NR -11.9% Raal et al. [36]
(TAUSSIG).
+apheresis
24 weeks (HAUSER- —=44.5% -M9% NR =74% Santos ct al. [37.==]
RCT)

ANGPTLS inhabitor
Evinacumab  12-17 years HaFH 24 weeks =47.1% =414% =550% =535% Raaletal [45.0%]

This table lists the non-statin medications currently approved for use in pediatric patients, along with lipid outcome measures from select climcal

trials that incleded subjects age 17 years or younger

HeFH heterozygous familial hypercholesterolemia, HoFH homozygous familial hypercholesterolemia. NR not reported, RCT randomized con- N E M o U RS
trolled trial, LD -C low-density lipoprotein cholesterol, Ape B apolipoprotein B, TG trighycende, Lpia) lipoproteinia), PCSKY proprotein con- |

vertase subtilisin/kexin type 9 serine protease, ANGPTL3 angiopoictin-like 3 CHILDREN'S HEALTH



Table 3 Polalrk sidics o6 lipal bescrisg moboatsois wiih appivend mdications fof sl i oaly

Clans of modicatoon arel Agerenge of  bradication siud-  Deartions of Hopornpd bpid cumposme megsures (% change Beloromge

drug mame ahildsen shwdend il on clildien  seamen (ramt Banslers |
Tostal ehoden-  LDLC TG HIML-C
tenad
Nism -4 yrars lypercholes- - K mamtin = 12469 — 6T #1029 #0689  Collpusial
e (1]
LT R T
stndy, nm 2
Fibsraes
Bectalibrate =13 pears HeFH, cfomaae & oot = 165 R =115 & 1559 Wheelor et al.
e iy, )
mxid
eratibraty dafior S 1-1008 pran HePH, oo 3 monthe - 1% -10% =% + 1A% Beckereval [57)
momirod | T wiudy
FuT
Fenafibrase -1V years Hyperiapi- 3 methve =% NE =¥E KR Semmety o1 al
vt o 17 3
Crembbeorl e an age Metahnds - B prsniin = 4% B =575 ®0FE Smalley sl
1yt Ayl Gaaldlben [ 28]
Lt ]
wludy, nmd]
MTP Inbatsio
Lomugl 16 yrare VeFiL e M st NE S5 4% NR NE Hentmre= T
wevies, mm i 1 o al [64)
Cmarga- 1 Faity Acids
EPA-+DHA l0-1%yearn  Hypernghoes & mombs - L% #BEE = IR RO de Permon o al
wdemia. RCT, =
LT e |
EFA +DHA & hike- 101 s Uity wiihi 2 waxhs = L5 MR = 8L 1% #20F% Haasg e sl [76)
=yl Eyperirighy-
ardemia,
RCT. mm 63
EPA+DHA 1= 1 s Hyperwighaoer: 12 weeks =105 NE =19 #1585 Del-Reo-Navars
mhemia, ROT o al [T7]
LI E
Saall imerienag BNA mpcoeg bepain FUSKT
Iochisarmn L2-1T yeats HeFH, I year I years Simly 1 curseslly in progrew Chaxalirulb gow
RCT, I year ™
GLE nm (40

Than kshle bl nen-atshs ssedicatuns el hove boes FIM-spproved fior oue 0 scdelts, sl muy e bees stsdied in childeen bad sie fol cur-
rontdy appremod Bor spe < 1K yeam. Incloded s lpid cutommes measures from ey thal ineludod sshiocts age 17 yoan or yoonpr

Pemirnd chasage Fnam Banclng s presenied, Pleans sov referemce s or cutovsmas molativeg bo placebe

HeFHi b vgram darmdaal by percbnloateremia, Had b farmcdaal by perchalestonil AW mel erportod, BT eandomared oo

trollied trial, LA liw-demiity lipop drckontcond, UG beighyveride, MDL-C high deasity Bgny ark MTF d esighyc-

evide Eraader proscin, EPA coosapentaenck; soud, TN dooosabesenaic acid
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PCSKO9 Inhibitor: Evolocumab

Human monoclonal antibody directed against proprotein convertase subtilisin—
kexin type 9 (PCSK9); prevents degradation of LDL receptor.

FDA approved for use in adolescents (13-17 years of age) with homozygous
familial hypercholesterolemia (HoFH)

Now FDA approved (as of 9/2021) as an add on therapy for children and
adolescents in receipt of statin and zetia (10to 17 years of age) with
heterozygous FH

Dose: 420 mg subcutaneously once monthly

2]
A NEMOURS
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Dose
administration

.

administration

Dose

administration administration

.

Dose Dose
administration

!

P el

administration

Mean Percent Change From Baseline
in LDL Cholesterol Level

Placebo (M=53)

Evolocumab (M=104)

=55 T
Baseline
Mao. at Risk
Placebo 53
Evalacurmab 104
Percent Change from Baseline in
LDL Chelestersl Lewel (95% Cl)
Placebo
Evolocumab

T

12
Week

53
101

Wk 12
5.0 (-10.3 t0 0.3}
-45.6 (-50.7 to -40.6)

Wk 22
4.9 (-9.2 10 -0.5)
-51.2 (-55.4 to -47.0)

22 24

49 44

97 96
Wk 24

-6.7 (-12.2 10 -1.2)
44,2 (-43.8 to -39.7)

Santos RD et al NEJM 2020
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Practical Approach to Lipid Management:

E"‘
" g Enmrl Panel on Integrated
“ Guidelines for Cardiovascular
Health and Risk Reduction in
Children and Adolescents

BN SUMMARY REPORT
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 TARGET TG —>Cardiovascular Health Integrated Lifestyle
- Diet (CHILD 1) = CHILD 2-TG diet (Table 9-8) + lfestyle
- modification with weight loss goal as needed x 6 months

 TG<100mgdL <10y, | T62100,<200mgdl<10y . . TG2200499mgidl
< 130 mg/dL, 10-19 : : 2 130, < 200 mg/dL, 10-19y : ;
L . : : o ¥ - = If LDL-C target achieved
= Intensify CHILD 2-TG+ : and non-HDL = 145 mg/dL

= (Continue CHILD 2- :
TG + lifestyle change weight loss ; : = lipid specialist for drug
= Reassessq.12m = Increase dietary fish _ § therapy (statin-+/-fibrate+/
content*** : -nicotinic acid)
= Repeat FLPin&m : . =» Consider omega-3 fish
' : oil therapy

 * NEMOURS
CHILDREN'S HEALTH
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FLF x 2%, average

TG = 500 mghL, LOL-C = 250 magial
=+ Consalt lipa o =+ c:min |i|::'1|;'J -
= =l Mia Managemen
LOL-G = 130, < 250 mgidLt - Tangat LOL-C
TG > 100, = 500 mghdl, < 10y -» Tangel TG
= 130, < 500 rmgidl, 10=19y
{soe TG algorithm, Fig 9:2)
Eacheii Sﬂm:rmi
Evadesatr fos o AFs.
St CHULO.T =3
CHILD-2-LOL [Tabbe 0-B] = hashde chaoge x § mo”
[= N =] I '
) l —— -
; LDL-C = 130 o 189 mg/dL : LDL-C = 190mg/dL LDL-C = 160 to 189 mg/dL - : LDL-C = 130 to 159 mg/dL
¢ Family history (FHx) (-) : FHx (+) or + 2 high-level RFs or
Mo other RFs 1 high-level RF or 1 high-level + = 2 moderate-
- Continue CHILD 2-LDL, = 2 moderate-level RFs - ©  level RFs OR dlinical CVD
— Follow q. & m with FLP, - . ~ : s -
Ll : FH/RF update =+ |nitiate statin therapy =#* |nitiate statin therapy : = [nitiate statin therapy
Yl (Tables 9-11 & 9-12) (Tables 9-11 &9-12) © {Tables 9-11 & 9-12)
= Conih -
© | | |
FiR

Follow with FLPs, related chemistries per Table 9-12

1

= LDL-C still 2 130 mgrdL, TG < 200 mg/dL, refer o lipid specialist for addition of
second lipid-lowering agent; monitor per Table 9-12
=+ In high LDL-C patients, if non-HDL-C = 145 mg/dL after effective LDL-C treatment, NEMNIIDC

Expert Panel on Integrated Guidelines. Pediatrics 2011

= Taraet TG (Fiaure 9-2)

VX ¢ NEMOURS
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Who is at greatest risk for premature ASCVD?

TABLE 9-6 Risk-Factor Definitions for Dyslipidemia Algorithms

Positive family histary: myocardial infarction, angina, coronary artery bypass graft/stent/angioplasty

sudden cardiac death in parent, grandparent, aund, or uncle at <335 y for males, <263 y Tor females
High-level RFs

Hyperiension that requires drug therapy (BP = 89th percentile + 5 mm Hgl

Currant cigarette smokear

BMI at the =8Mth percentile

Presence ol high-risk conditions (Table 3-7)

(DM i5 also a high-teved RF, but if i5 classified here a5 a high-risk conditepn B0 correspond with Adult
Trantmant Panal Il seenmmaadatinne fae adiibte that DU he caneidarad o CUN anssivalnnt §

TABLE 9-7 Special Risk Conditions

a ; High risk
s = TID and T2DM
! o Chronie kidney diseasalend-stage renal disease/post—renal transplant
Expert Panel on Integrated Post-orthotopic heart transplant
" ek Kawasaki disease with current aneurysms
Health and Risk Reduction in Moderate risk
Children and Adolescents :

Kawasaki disease with regressed coronary aneurysms

Chronic inflammatory disease {systemic lupus erythematosus, juvenile rheumatoid arthritish
HIV infection

Nephrotic syndrome

SUMBARY REPORT

4
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TABLE 9-6 Risk-Factor Definitions for Dyslipidemia Algorithms

Positive family history: myocardial infarction, angina, coronary artery bypass graft/stent/angioplasty,
sudden cardiac death in parent, grandparent, aunt, or uncle at <55 y for males, <65 y for females
High-level RFs
Hypertension that requires drug therapy (BP = 99th percentile + 5 mm Hg)
Current cigarette smoker
BMI at the =97th percentile
Presence of high-risk conditions (Table 9-7)
(DM is also a high-level RF, but it is classified here as a high-risk condition to correspond with Adult
Treatment Panel lll recommendations for adults that DM be considered a CVD equivalent.)
Moderate-level RFs
Hypertension that does not require drug therapy
BMI at the =95th percentile, <97th percentile
HDL cholesterol << 40 mg/dL
Presence of moderate-risk conditions (Table 9-7)

RF indicates risk factor.

 * NEMOURS
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TABLE 9-7 Special Risk Conditions

High risk
T1DM and T2DM
Chronic kidney disease/end-stage renal disease/post—renal transplant
Post—orthotopic heart transplant
Kawasaki disease with current aneurysms
Moderate risk
Kawasaki disease with regressed coronary aneurysms
Chronic inflammatory disease (systemic lupus erythematosus, juvenile rheumatoid arthritis)
HIV infection
Nephrotic syndrome

 * NEMOURS
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2018 AHA/ACC/AACVPR/ AAPA/ ABC/ ACPM/ ADA/ AGS/ APhA/ ASPC/NLA/PCNA Guideline on the Management of Blood
Cholesterol: AReport of the American College of Cardiology/ American Heart Association Task Force on Clinical Practice
Guidelines. Circulation.

4.4.4.3. Children and Adaolescents

Recommendations for Children and Adolescents

Referenced studies that SUpport rec ommendations are summarized in Onhne Data Supplements 18
19, 20, and 21,

Recommendations

. Inchildren and adolescents with lipid disorders related to obesity, it is
recommended to intensify lifestyle therapy, Including moderate caloric
restriction and regular aeroblc physical activity [54.4.4.3-1=-54.4.4.3-4).

. In children and adolescents with lipid abnormalities, lifestyle counseling is
beneficial for lowering LDL-C (54.4.4.3-1-5.4.4.4.3-3, 54.4.4.3.5-54.4.4.3-
12).

. In children and adolescents 10 years of age or older with an LDL-C level
persistently 190 mg/dL (24.9 mmaol/L) er higher or 160 mg/fdL (4.1 mmalfL)
or higher with a clinical presentation consistent with FH [see Section 4.2.)
and who do not respond adequately with 3 to 6 months of lifestyle
therapy, it is reasonable to initiate statin therapy (54.4.4.3-13-54.4.4.3-
18).

. In children and adolescents with a family history of sither garly CVD* or
significant hypercholesterclemia, ¥ it is reasonable to measure a fasting or
nanfasting lipoprotein profile az early a2 age 2 year: to detect FH of rare
forms of hypercholesterolemia (54.4.4.3-17-54.4.4.3-21).

. In children and adolescents found to have moderate or severe
hypercholesterclemlia, It Is reasomable to carry out reverse-cascade
screening of family members, which Includes cholesterol testing for first-,
second-, and when possible, third-degree biclogical relatives, for detection

af familial formis of hypercholesterolemia [54.4.4.3-22=54.4.4.3-24). 4 9 N E M 0 U RS

. In children and adolescents with obesity or other metabolic risk factors, It EH'LD REH'S HEALTH




Sample Case:

Component Latest Ref Rng & Units Why does young adult lipid level matter?

1:12 PM
Cholesterol, Total 100 - 169 mg/dL Young adult LDL>100 mg/dl (compared with <100 mg/dl) was
Triglycerides 0-89mg/dL associated with a 64%increased risk for CHD, independent of
HDL >39 mg/dL later adult exposures
VLDL CHOLESTEROL 5 - 40 mg/dL
LDL CHOLESTEROL 0- 109 mg/dL Zhang Y, et al. JACC 2019.
Component Latest Ref Rng & Units 8/27/2021 1/5/2022 4/12/2022

11:03 AM 12:48 PM 11:05 AM

Cholesterol, Total 100 - 169 mg/dL 300 (A) 285 (H) 267 (H)
Triglycerides 0-89mg/dL 110 (A) 85 72
HDL >39 mg/dL 42 37(L) 41
VLDL CHOLESTEROL 5 - 40 mg/dL 20
LDL CHOLESTEROL 0 - 109 mg/dL 238 (A) 234 (H) 214 (H)

ApoB mutation. n NEMOURS
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Implementation Science to Enhance Screening

' PROGRAM DEVELOPMENT (R61) | CLINICAL TRIAL OUTCOMES (R33) |
INTERVENTION | IMPLEMENTATION IMPLEMENTATION SERVICE HEALTH
' STRATEGY PACKAGE OUTCOMES QUTCOMES QUTCOMES
Develop and implem ant
Implementation of P
the 2018 Cholesterol monitoring o el s Procass (return
Guidelines and 2018 of genetic results,
> = Develop educational + Penetration initiation of
JACC Scientific —> maternal for patients i
Expert Panel Genetic « Face-to-face (or video -+ cascade testing)
Testing Statement to conferencing) « Timeliness » Intermediate
create an FH sducational cutreach *  Acceptability (LDL-C
diagnostic evaluation visits for dinicians = Cost reduction)
program s INBIGOe 16 SHhanGE * Feasibility + Safety
uptake and adherence * Fidelity (DSGLAION Suie
« Auditand feedback *  Sustainability effects)
Aim 1 Aim 2 Aim 4
Aim 3
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Lipoprotein (&)

U st o b e
Composed of LDL-c and apolipoprotein (a)  Manocyte oyokine R e e e
(apo[a]) 4 EC binding
Levels genetically determined *%&{f‘" "o gt
SMC: W oo [ & Fibrin degradation
High plasma concentrations of Lp(a) assoc g e B i
W/

ce High Lipoprotein(a) or Lp(a) is an important independent risk factor for
IN' premature atherosclerotic cardiovascular disease (ASCVD), including heart
St attacks, stroke, and calcific aortic valve stenosis. 20% of the global [

LoRPRIIAION AR Slevared Rl =

=12

| Tsimikas 5. J8m Coll Cargbal 201 T.69:692.711

Currently, not used for disease risk D NEMOURS
stratification* CHILDREN’S HEALTH

Wilson DP, etal.J Clin Lipidol 2019



Lipoprotein (a) cont'd:

Highly atherogenic lipoprotein

Independent risk factor for ASCVD including coronary heart disease (CHD) , stroke, peripheral arterial disease, and
calcific aortic valve disease (CAVD) in the adult population

Lp(a) is the strongest independent genetic risk factor for both myocardial infarction (Ml) and aortic stenosis (10), and
inversely correlated with life expectancy (11).

More atherogenic than low density lipoprotein cholesterol (LDL-C) because of its pro-inflammatory and pro-thrombogenic
properties.

Lp(a) in youth, data in the pediatric population suggests that it augments the risk of future ASCVD, is a risk factor for
arterial ischemic stroke (AIS), and is possibly associated with venous thromboembolic events

Lp(a) is a highly hereditable disorder and although the genes for these two lipid disorders are not linked, when they occur
jointly and/or in combination with other common risk factors such as diabetes and hypertension, they markedly accelerate

the development of premature ASCVD, $ ® N E M 0 U R S
CHILDREN’S HEALTH

Wilson DP, etal.J Clin Lipidol 2019


https://www.ncbi.nlm.nih.gov/books/NBK395570/
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Lipoprotein (a)
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Standard LDL-lowering Agents:
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Secondary Causes of Dyslipidemia

Thyroid studies (TSH, Free T4) Medications and Other Potential
Secondary Causes:

Hemoglobin Alc (HgbAlc
J (Hg ) Obesity

Metabolic syndrome

Diuretics

Positive caloric balance

Alcohol consumption

Renal disease (Uremia, nephrotic syndrome)
Liver disease

Hypothyroidism

Pregnancy

Autoimmune disorders

Medications (corticosteroids, thiazide diuretics,
non-cardioselective beta-blockers, oral
estrogens, bile acid sequestrants, atypical

@
psychotropic medications, isotretinoin) 2 NEMOURS
CHILDREN’S HEALTH



Familial Combined Hyperlipidemia

Most common inherited form of hypertriglyceridemia; Prevalence 0.5 to 2%
Associatedwith a 1.7 to 10 fold increased risk of premature CAD
Elevated serum TG due to elevated VLDL

Suspect Dx: affected family members and elevations in serum lipid levels
triggered by weight gain

No single genetic etiology

@
A NEMOURS
Baker-Smith et al. Curr HypertensRep 2020 CH ILDREH,S H EALTH

Zambon A etal.JIntern Med 2011



Hypertriglyceridemia

Prevalence: 5.9% of normal weight children; 13.8% in overweight children;
24.1% in obese children

Associated with “atherogenic dyslipidemia”/ dyslipidemia of obesity:
High serum TG levels and low HDL-c

High TG/HDL-c ratio >2.27 associated 6 X greater chance of insulin resistance
(risk factor for type 2 diabetes mellitus)

@
]
CDC. MMWR 2010 NEMOURS
Giannini C etal DiabetesCare 2011 CHILDRE“’S HEALTH



Screening for dyslipidemia at age 2 years (non-fasting; non-HDL) if family history
of familial hypercholesterolemia and/or family history of premature coronary artery
disease; parent with high cholesterol, moderate/high level risk factors/conditions

Screening for dyslipidemia at age 9-11 years

Screening for dyslipidemia age age 17-21 years

 * NEMOURS
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Check Labs!

Primordial prevention: counseling for the prevention of risk development (not
smoking, low saturated fat diet, appropriate caloric intake and regular physical
activity supporting the avoidance of diabetes)

 * NEMOURS
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We can help prevent the development of premature coronary artery disease via
early screening, diagnosis and treatment of dyslipidemia; in particular, familial
hypercholesterolemia

Screenall children 9 to 11 years of age (begin at 2 years of age if there is a family
history familial hypercholesterolemia)

Repeat screening between 17 and 21 years of age

Lipid screening for identifying familial hypercholesterolemia and dyslipidemia of
obesity.

Safe and effective treatment options available. e . NEMOURS
CHILDREN'S HEALTH



Pre-Talk Question #1:

If you are a physician, nurse practitioner, or physician assistant, answer the
following. “I feel comfortable diagnosing familial hypercholesterolemia”

. Yes, | think so
. No

A

B

c. Notsure

D. Prefer not to answer

n ¢ NEMOURS
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Pre-Talk Question #2:

The following patient is most likely to have heterozygous familial
hypercholesterolemia:

A

B.

Patient X: 10 year old with LDL-c of 140mg/dL. No family history of

premature coronary artery disease. o _ _

Patient Y: 10 year old with LDL-c of 160mg/dL. With lifestyle intervention,

repeat LDL-c120mg/dL. Family history of premature coronary artery

disease.

Patient Z: 10 year old with LDL-c of 190mg/dL. With lifestyle intervention,

aepeat LDL-c 190mg/dL. Family history of premature coronary artery
iIsease.

Patient W: 10 year old with LDL-c of 120mg/dL, TG of 170mg/dL, and

HDL-c of 29mg/dL. Family history unknown

n ¢ NEMOURS
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Pre-Talk Question #3:

Among persons with heterozygous familial hypercholesterolemia, the most
effective option for reducing LDL-c level is the following:

A. Dietalone

B. Exercise alone
Cc. Statin

D. Notsure

n ¢ NEMOURS
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Additional Slides:
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LDLR dependent strategies

‘
< © <
o “ o ""/Q\\
1 s
Statin

Y Y Y 99y oy

PCSKO9 inhibitors

Bempedoic acid

AZD8233
Inclisiran
LIBOO3
BMS-962476
S
o o n & NEMOURS
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PCSKO Inhibitor (Evolocumab-Repatha, alirocumab-Praluent)

LDLR receptor dependent

Interrupts the recycling process of LDLR after internalization (shortens the survival
time)

At a constraint rate of LDL-R receptor synthesis, fewer receptors are expressed on the
surface of the hepatocyte

Various approaches can be used to target PCSK9: differences vary by frequency of
dosing required (biweekly, monthly for protein targeting interventions; twice per year
with small interfering RNA (siRNA), to once in a lifetime DNA targeting approach)

Associated with 50% reduction in LDL-c

Efficacy of PCSKO inhibition is still tied to residual LDLR activity. Patients with hoFH
null-null mutations (<2% activity) show little to no response w/ mAbs

n & NEMOURS
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hical Treatment

LIBOO3

LDLRreceptordependent

Adnectin against PCSK9 (synthetic polypeptide
designedto bind to targets); mode of action is similar
to an antibody )

Recombinant fusion protein targeting PCSK9 @ ERLCR
degradation

Blocks binding of PCSK9to LDLR
Monthly injection. 300mg dose

77% reductionin LDL-c at week 12

SE: Minimal injection site reactions

 * NEMOURS
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Inclisiran

LDLR receptor dependent
SiRNA again PCSK9

Anti-sense oligonucleotides against
PCSK®9; inhibits translation of PCSK9
MRNA

15mg oral or 25mg SC injection
monthly

Additional 48% reduction in LDL-c
among persons receiving statin and
ezetimibe; Among HoFH patients, +3
to -37% reduction in LDL-c

Bempedoic
acid

S s

o

5[515" Cholesterol

Ea

\T)'

-
_____

synthesis

LDL Particle

PCSKS
LDL Receptor



AZD8233

LDLR receptor dependent

Anti-sense oligonucleotides against
PCSKO9; inhibits translation of
PCSK9 mRNA

Not yet demonstrated in FH, SQ
injection of AZD8233 reduced
circulating PCSK9 by 90% and LDL-
c by 68% over 1 month; returning to
baseline over 1 weeks

-
o -~

Bempedoic
acid
T rer

synthesis

O LDL Particle

5[515" Cholesterol

e PCSKS
‘T’ LOL Receptor
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Bempedoic Acid

LDLR receptor dependent

Small molecule inhibiting adenosine
triphosphate citrate lyase

Daily 180mg daily (¥ life: 15-24
hours)

SE: Nasopharyngitis, myalgia, upper
respiratory tract infection, urinary tract
infection, arthralgia, dizziness, muscle
spasms, diarrhea, increased risk of
gout and tendon rupture

Bempedoic
acid

S s

o

5[515" Cholesterol

PCSKS
LDL Receptor

Ea

\T)'

-
_____

synthesis

LDL Particle
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Bempedoic Acid

Nexletol

MOA: adenosine triphosphate citrate lyase inhibitor; reduces LDL-c when used an
adjunct to lipid-lowering therapy in patients with high cardiovascular disease

(CVD) risk

Additional agent used in the management of patients with persistent elevations in
serum LDL-c despite use of statin and ezetimibe; Efficacy demonstrated in the
Cholesterol Lowering via Bempedoic Acid, an ACL-Inhibiting Regimen) Harmony

trial

Dose: 180mg (daily) (12.6% change from baseline LDL-c)

@

Ray KK etal. NEJM 2019 N NEMOURS
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LDLR independent strategies

B LOL Receptor-Independent Pharmacological Treatment

Lomitapide - not approved in
children

Mipomersen Popatic tsos
Vupanorsen
ARO-ANG3
Evinacumab oL paride. LDL partic
@ WLOL Particle
@ B, Particle

) LOL Particle
~  ApcB

[ J
L s NEMOURS
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Evinacumab | . ®
= - /’frﬁ:%micle o extrae
— SRSEMOTY hepatic tissues
LDLR receptor independent \,ﬁ; t
synthesis

Decreases ANGPTL3 levels— increased
lipoprotein lipase and endothelial lipase

A 4 VLDLparticle
activity. (LL increases influx of free fatty A -
acids into muscles and lipogenesis in /‘
adipose tissue); —enhanced LDL-c Evinacuma -0
uptake, independent of LDLR; decreased (DL particle LDL parice
VLDL synthesis
) ) ) @ WLDL Particle
Effective in HOFH patients ® mourie
Monthly injections O Lol partce
ApoB
A ANGPTL3 o
LPL: Lipoprotein Lipase A NEMOURS
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Vupanorsen

LDLR receptor independent
N-acetylgalactosamine modified ASO N A hepatic tissues
targeting hepatic ANGPTL3 mRNA synthesis AA
. . ey e ey ;"r Y “
Site of inhibition within the nucleus ofthe _/

A VLDL particle

hepatocyte N

A
A LPL
Reduction in TG by 44%: VLDL-c by 38% ya
— IDLpau‘t'cmp?'tkle

More modest TG reduction among
persons with hepatic steatosis, diabetes,
and HTG @ VLDL Particle

IDL Particle

Focus of tx: combined dyslipidemia,

. . . LDL Particle
chylomicronemia; not approved in Peds

ApoB
ANGPTLS

Lipoprotein Lipase > 8 NEMOURS
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