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FH and childhood atheroscleroisis
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From age 7.5 years, there is a significant difference
between c-IMT in FH children and their unaffected siblings

European Heart Journal (2015) 36, 24252437
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Cholesterol testing
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FH diagnosis In pediatrics



Classificatiorof LDEC Levels
In Childrenand Adolescents

A body of evidence indicates that atherosclerosis begins early in life and
that elevated lipid levels in adolescence predict elevated lipid levels well
into adulthood. Dyslipidemia in childhood and adolescence should be
diagnosed and managed as early as possible.

Category LDLC (mg/dL) Some pediatric
lipid guidelines
have an
Acceptable <100 41 BO8LIT 5
Borderline 100-129 LDLC target of
. <110 mg/dL
High X MO N

AAP NCEPediatrics.1992;89:525584; Daniels SR, et al. EPIGCVHRRCAFR,J20i®yer P, Handelsman Y, Rosenblit P, eEaldocr Practice
2017;23(4):479497.
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First-degree relative with known premature coronary and/or vascular disease
(men <55 years, females <60 years)
OR First-degree relative with known LDL-C above the 95th percentile for age and sex

First-degree relative with tendinous xanthomata and/or arcus cormealis
OR Children aged less than 18 years with LDL-C above the 95th percentile

Premature coronary artery disease (men <55 years, females < 60 years)

Premature cerebral or peripheral vascular disease (men <55 years,

Tendinous xanthomata

‘ Arcihie ~~mnanlig prior to age 45 years

LDL-C (mmol/L)
— o.0 or higher
—6.5t08.4
—50to 6.4
— 4.0 to 4.9

DNA analysis: functional mutation in the LDLR, APOB or PCSK9 gene

Stratification of familial hypercholesterolaemia (FH), as determined by total score using the
Dutch Lipid Clinic Network Criteria:

- Definite FH = total score greater than 8 - Possible FH = total score between 3 and 5
- Probable FH = total score between 6 and 8 - Unlikely FH = total score of less than 3




Simon Broome Register criteria

I definite FH
ATC > 7.5 or LBT > 4.9 mmol/l
A (TC > 6.7 or LB > 4.0 for children < 16 yr)
A plus Tendon xanthomata in 1st or 2nd degree relative
A or LDLreceptor or apoBL0O0O or PCSK9 mutations
I possible FH

A Lipids as above plus family historysither MI at <50yr in
degree or <60yr insidegree relativeor TC > 7.5 inslor 2"d degree
relative

Simon Broome Register Group. BMJ 1991;303:893-6.
Simon Broome Register Group. Atherosclerosis 1999;142:105-12.
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Family History + Hypercholesterolemia =
FH in Children*

A Cholesterol testing should be used to make a phenotypic
diagnosis
I >5 mmol (190 mg/dl)
I >4 mmol and positive family hx (160 mg/dl, 4.1 mmol/L)

I > 3.5 mmol (135 mg/dl) and positive genetic diagnosis in
the family

A Secondary causes ruled out (thyroid, liver, renal, medication,
obesity)

A Genetic testing confirms the diagnosis (after parental testing)

*FH Foundation



Homozygous FH

A An LDIC level 13 mmol/L (500 mg/dL) is consistent with
phenotypic HoFH, but may be lower given recent recognition
of the clinical and genetic heterogeneity of FH.

A There is also overlap between those with HeFH and HoFH at
LDLC levels of &3 mmol/L (309500 mg/dL).

A Factors that complicate diagnostic accuracy include the
presence of multiple genes that have a small positive effect
on LDEC concentration, raising levels to those consistent with
Cl S 2NJ 0KS LINBaSyOoOS 2F wvezY!
below thresholds defined above.



Table 3 Screening for familial hypercholesterolaemia
in children and adolescents

e |f DNA testing is available, cascade screening of families is
recommended using both a phenotypic and genotypic strategy. If
DNA testing is not available, a phenotypic strategy based on country,
age- and gender-specific LDL-C levels should be used.

e Children with suspected HeFH should be screened from the age of
5 years; screening for HoFH should be undertaken when clinically
suspected (both parents affected or xanthoma present) and as early
as possible.

e Age at screening should be similar for boys and girls.

e Universal screening in childhood may also be considered.




Table 4 Clinical management of FH in children and
adolescents

e Early identification of children with FH ensures that adherence with
lifestyle intervention is already established before puberty.

o Children with HeFH should be treated with a fat-modified,
heart-healthy diet at diagnosis, and begin statins at age 8—10 years.

+ |n HoFH, pharmacologic treatment should start at diagnosis.

e Early initiation of lifestyle is essential for ensuring long-term
adherence.

o Children diagnosed with FH should have lipoprotein(a) [Lp(a)]
measured for risk stratification.

* Boys and girls should start treatment at similar ages.

+ For children aged 8 —10 years, the Panel recommends that LDL-C is
ideally reduced by 50% from pre-treatment levels.

e For children aged =10 years, especially if there are additional
cardiovascular risk factors, includingelevated Lp(a), the arget LDL-C
should be << 3.5 mmol/L (130 mg/dL).

s The benefits of LDL-C reduction should be balanced against the
long-term risk of treatment side effects.

e Adherence should bechecked if HeFH children fail to achieve LDL-C
targets with combination lipid-lowering treatment. If patients are
non-adherent, consider referral to a dedicated, multidisciplinary
clinic.

e Children with HoFH should be referred to and cared for ata
specialised centre.




High cholesterol in a child High cholesterol in a parent

LDL-C >4 mmol/L via: Reasons for testing parent:
* screening from age 5 years » physical signs/symptoms
e premature CHD in parent  premature CHD in relative
* cascade screening * cascade screening

YV

Yes Parent with pathogenic No

FH mutation
Test child on Re-test child Lifestyle management and
DNA and LDL-C on LDL-C re-testing if LDL-C >3 mmol/L
A No
Child has No > LDL-C No} LDL-C >4 mmol/L and parent has
mutation >5 mmol/L premature CHD or high LDL-C
Yes Yes Yes

Highly
probable FH

Re-test LDL-C

every 12 months Defie’k

No

LDL-C
>3.5 mmol/L

e Clinical management

(see Table 4)

European Heart Journal (2015) 36, 2425-2437



Heterozygous FH

In addition to lifestyle and dietary counselling, treatment
priorities are

Statin (from age 8-10 years, reduce LDL-C up to 50%)

Ezetimibe (from age of 10 years, the combination can add
15-20% LDL-C reduction)

Colesevelam (approved in USA from the age of 10 years

PCSKQ9 inhibitors ?? (approved for adult)



Homozygous FH

In addition to lifestyle and dietary counselling, treatment
priorities are

Statin (from the time of diagnosis, LDL-C reduction10-25%)
Ezetimibe (from the time of diagnosis)

LDL apheresis (idealy by age of 5 years, can reduce LDL-C
up to 60%)

Mipomersen (approved in the USA from 12 years of age, can
reduce LDIC up to 25%)

Lomitapide (from 18 years of age, can reduce-Cip to 46%)
PCSKQ9 inhibitors in adults up to 17%

Orthotopic liver transplantation should be considered for
younger patients with homozygous FH who cannot tolerate
lipoprotein apheresis and drug treatment



Table 4-Dosing recommendations for HMIG CoA reductase inhibitors in children®”

Agent Approved U.S. Daily
Dosing
Atorvastatin | 10 to 17 years
10-20mg
Fluvastatin 10 to 16 years
20-80mg
Lovastatin 10 to 17 years
10-40mg
Pravastatin 8 to 13 years
20mg

14-18 years
40mg
Rosuvastatin | 10 to 17 years
5-20mg
Simvastatin 10 to 17 years
10-40mg




Table 5 Monitoring treatment in FH children and
adolescents

e Hepatic aminotransferases, creatine kinase (CK) and creatinine levels
should be measured before starting treatment.

e After starting treatment, lipid levels, weight, growth, physical and
sexual development, and hepatic aminotransferases should be
monitored.

e Hepatic aminotransferases should be monitored at least every 3
months if there is a history of liver disease, or more frequently if levels
rise to 3-fold greater than the upper limit of normal; bilirubin may be
used to gauge liver toxicity.

e Plasma CK levels should be measured if musculoskeletal symptoms
are reported.

e Fasting plasma glucose and/or random glycated haemoglobin should
be measured every 6 months in children on higher doses of statins
who are obese or have impaired glucose tolerance.




Efficacy and safety of rosuvastatin therapy in children and adolescents with

familial hypercholesterolemia: Results from the CHARON study

Table 2  Percent change from baseline in lipid parameters at 2-year follow-up

Intention to treat (10 mg or 20 mg )

Lipid parameter 6-9y (n = 64) 10-13y (n = 72) 14-17 y (n = 61) Total (n = 197)

LDL-C
Month 3 —41 (—37, —45) —41 (—37, —44) —35 (—31, —39) —38 (—36, —40)
Month 12 —44 (—39, —48) —47 (—44, —51) —41 (—37, —45) —44 (—42, —46)
Month 24 —43 (—38, —48) —45 (—40, —49) —35 (—30, —40) —43 (—40, —45)
P value <.001 <.001 <.001 <.001

16"
Month 3 -10 -17 -12 -13
Month 12 -16 -11 -20 —14
Month 24 -8 -3 -7 -5
P value 179 231 178 .963

Non-HDL-C
Month 3 —39 (—43, —36) —39 (—42, —35) —34 (—37, —30) —36 (—38, —34)
Month 12 —42 (—46, —38) —45 (—49, —42) —39 (—43, —35) —42 (—44, —40)
Month 24 —41 (—46, —36) —42 (—46, —37) —33 (—37, —28) —40 (—43, —38)
P value <.001 <.001 <.001 <.001

ApoB
Month 3 —32 (—35, —29) —31 (—34, —28) —26 (—29, —23) —29 (—31, —28)
Month 12 —36 (—39, —32) —38 (—41, —35) —33 (—36, —29) —36 (—37, —34)
Month 24 —36 (—40, —32) —36 (—40, —32) —28 (—32, —24) —36 (—38, —34)
P value <.001 <.001 <.001 <.001

Journal of Clinical Lipidology, Vol 9, No 6, December 2015



Table 3 Patients reaching low-density lipoprotein cholesterol target of <2.85 mmol/L (<110 mg/dL) and <3.36 mmol/L
(<130 mg/dL; intention-to-treat population)

Time point 6-9 y (n = 64) 10-13y (n = 72) 14-17 y (n = 61) Total (n = 197)
Achievement of <2.85 mmol/L (<110 mg/dL), n (%)

Month 3 16 (25) 14 (20) 4 (7) 34 (17)

Month 12 19 (30) 31 (44) 16 (26) 66 (34)

Month 24 24 (38) 33 (46) 17 (28) 74 (38)
Achievement of <3.36 mmol/L (<130 mg/dL), n (%)

Month 3 36 (56) 27 (38) 17 (28) 80 (41)

Month 12 41 (64) 50 (70) 28 (46) 119 (61)

Month 24 41 (64) 49 (68) 24 (39) 114 (58)

Data are expressed as n (%).

Most AEs were mild. Intermittent myalgia was reported in 11 (6%) patients and did not le
to discontinuation of rosuvastatin treatment.

No clinically important changes in hepatic biochemistry were reported.

Rosuvastatin treatment did not appear to adversely affect height, weight, or sexual
maturation.

Journal of Clinical Lipidology, Vol 9, No 6, December 2015



Efficacy of 20 mg Rosuvastatin in 13 Children With
Homozygous Familial Hypercholesterolemia and
Association With Underlying Genetic Mutations

TABLE 3 Response to Rosuvastatin in Pediatric HoFH Patients*

Patients on Baseline LDL-C} Absolute LDL-C LDL-C

LDLR Status Based on Genetic Mutations Patients Apheresis (mg/dl) Reduction (mg/dl) Reduction (%) p Value
All HoFH patients 20 8 (40.0) 503.5 £177.3 89.7+772 20.2+16.4 <0.0001
LDLR defective/LDLR defective mutations 9 2(22.2) 507.6 £ 184.6 106.7 £ 71.5 235+179 0.0044
LDLR defective/LDLR negative mutations 3 1(33.3) 565.7 £+ 2115 257+ 66.0 8.0+142 043
LDLR negative/LDLR negative mutations 5 5(100.0) 427.8 + 815 54.0 + 356 140+10.2 0.038
LDLR defective/apo B mutations 1 0(0.0 229 122 43.2 N/A
Autosomal recessive hypercholesterolemia 1 0(0.0) 699 282 40.3 N/A

Values are n, n (%), or mean + SD. *Data are combined from this and a prior HoFH trial that included 7 children with efficacy data on rosuvastatin 20 mg (8). tLDL-C after 6 weeks of blinded

placebo or after 4 weeks of dietary therapy.

HoFH = homozygous familial hypercholesterolemia; LDLR = low-density lipoprotein receptor; other abbreviations as in Table 2.

JACCVOL.70,NO.9,2017




Efficacy and Safety of Coadministration of Ezetimibe and
Simvastatin in 248 Adolescents (10-17 years) With
Heterozygous Familial Hypercholesterolemia

JACC Vol. 52, No. 17, 2008



