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Pharmacology of statins
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Statin Adverse Events

@ Common side effects

e Headache — Myalgia — Fatigue

e Gl intolerance — Flu-like symptoms
@ Increase in liver enzymes

e Occursin 0.5to 2.5% of cases in dose-dependent manner

e Serious liver problems are exceedingly rare

e Manage by reducing statin dose or discontinue until levels return to normal
& Myopathy

e Occursin 0.2 to 0.4% of patients

e Rare cases of rnabdomyolysis

e Reduce by
e Cautiously using statins in patients with impaired renal function
e Using the lowest effective dose
e Cautiously combining statins with fibrates
e Avoiding drug interactions
e Careful monitoring of symptoms

e Presence of muscle toxicity requires the discontinuation of the statin



Statin intolerance

@ Statin intolerance is defined as one or more adverse
effects associated with statin therapy, which resolves
or improves with dose reduction or discontinuation,
and can be classified as complete inability to tolerate
any dose of a statin or partial intolerance, with
Inability to tolerate the dose nec- essary to achieve
the patient-specific therapeutic objective. To classify
a patient as having statin intolerance, a minimum of
two statins should have been attempted, including at
least one at the lowest approved daily dosage.

Cheeley MK et al. NLA statement J Clin Lipidol 2022; 16 : 361



Statin myopathy

International Definitions

ACC/AHA (4)

CWG (5)

NLA (6)

Myopathy: any muscle
symptom (SAMS)

Myalgia: SAMS CK = NL

Myositis: SAMS CK =ULN

Rhabdomyolysis:
CK =10x ULN

Thompson PD et al; JACC 2016; 67: 2395

Myopathy: any muscle

symptom

Symptomatic myalgia

Myalgia CK =ULN
Myasitis CK =ULN

Rhabdomyolysis
CK =10x ULN

HyperCKemia

Mild G1 >ULN =5x ULN
Mild G2 =5, =10 ULN

Modest =10, =50x ULN
Severe >50x ULN

Myalgia: aching, stiffness, cramps

Myopathy: weakness
Myaositis: inflammation
Myanecrasis CK 3x ULN
Mild CK >3, <10x ULN

Moderate CK =10, <50x ULN
Severe CK =50x ULN

Clinical rhabdomyolysis
CK =ULN and creatinine
>0.5 mg/d| baseline

European Statin-associated
myotoxicity grading system

SRM
Classification

Phenotype

Definition

SRM 0

SRM1

5RM 2

5RM 3

Alfirevic A et al; Clin Pharm Ther 2014; 96: 470

(K elevation

<4x ULN
Myalgia, tolerable
Myalgia, intolerable

Myopathy

Severe myopathy

Rhabdomyolysis

Autoimmune-mediated
necrotizing myositis

No muscle symptoms

Muscle symptoms
without CK elevation

Muscle symptoms, CK <4x ULN,
complete resolution on dechallenge

CK elevation >4x ULN <10x ULN +
muscle symptoms, complete
resolution on dechallenge

CK elevation >10x ULN <50x ULN,
muscle symptoms, complete
resolution on dechallenge

CK elevation >10x ULN with
evidence of renal

Impairment + muscle symptoms
or CK <50x ULN

HMGCR antibodies, HMGCR expression
in muscle biopsy, incomplete
resolution on dechallenge




Cholesterol Treatment Trialists:
adverse effects

High intensity

Atorvastatin

SPARCL 116 (4.9) 123 (5.2)
Subtotal 116 (4.9) 123 (5.2)
Rosuvastatin

JUPITER 656 (7.8) 561 (6.7)
Subtotal 656 (7.8) 561 (6.7)

Any high intensity 772 (7.2) 684 (6.4)
All 17 low/moderate intensity trials 6674 (13.0) 6585 (12.9)

2 high intensity trials 772 (7.2) 684 (6.4)
All 19 trials 7446 (12.0) 7269 (11.7)

99% or <[> 95% CI ! T !
04 . 1.5 2

Myalgia Setier o

High intensity
Atorvastatin

SPARCL 57 (2.4) 42 (1.8) . .37 (0.81 — 2.29)
Subtotal 57 (2.4) 42 (1.8) . .37 (0.92 = 2.03)
Rosuvastatin
JUPITER 83 (1.0) 71 (0.9) . A7 (0.77 —1.77)
Subtotal 83 (1.0) 71 (0.9) . .17 (0.85 — 1.60)

Any high intensity 140 (1.3) 113 (1.1) . i .24 (0.97 — 1.59)
All 17 low/moderate intensity trials 305 (0.6) 293 (0.6) .04 (0.89 — 1.22)

2 high intensity trials 140 (1.3) 113 (1.1) .24 (0.97 — 1.59)
All 19 trials 445 (0.7) 406 (0.7) .10 (0.96 — 1.25)

99% or <[> 95% ClI f
0.4

Muscle weakness tatin Statin

worse

CTT group. Lancet 2022; S0140-6736(22)01545-8



Statin intolerance: prevalence

Summary of SI prevalence

S1 definition No. of studies  Population Prevalence, 95% C)

"NLA 2 1,102,559 1.0%(6.0: 8.0)
“ILEP 109 457,009 6.7%(5.0: 4.0]
"AS 108 407,509 5.9% [4.0; 7.0
Type of studies 176 14351 9.1%8.0:10.0)
BTy m 195,575 A9% A0 6.0)
‘Cohort 62 1,947,542 17% [14,19.0)
Disease prevention 176 4143517 9.1% (8.0:10.0}
*Primary 9) 1,726,384 0.2% 16.0,10.0/
“*Primary hypercholesterolemia 21 14,66 005160130
**Mypercholesterolemia b7 114,585 1% 130
“*Dyslipidomia 11 144169 13%17.0;180|
DM " 131,061 6.0% [2.010.0!
*Secondary 5 1,166,745 9.1% [6.0;11.0)
**Coronary artery disease ¥ 1,008,567 AN len 1)
WCAD 13 §1.5581 B.0% (2.0:18.0|
ACS " 146,788 19%2.0;240]
Mi i 346,198 13%(2.0: 24.0]
**$troke/TIA j 158,178 SA%[39 9.1)
*Combined (Primary and Secondary) 35 125109 0% (14 21.0]
Liposolublity 126 126,863 5% (3.0 5.5)
*Lipophilic 8 158,924 5.0% @‘ 0: 6.0]
“Hydrophilic a4 61999 0% 2.0 5.0/
Overall prevalence 176 443517 1% (a0 10]

&= Lower prevalence of S Higher prevalence of S| =

Bytyci | et al. Eur Heart J 2022 — on-line

176 studies; n= 4143517



Risk factors for statin
myopathy

Patient-related Treatment-related

Advanced age High-dose statin therapy

E':'m'll':' e . Interactions with concomitant drugs
small body frame and frallty L :
Multl:._u.--;.r.-'rn disease [pr.u:ﬂla'l'_-.-' Involvement of Iiver, kidney, or both) F_I brates
Hfr'F":':"'.'"T':' dism L ¥ closporine

Alcoholism Antifungals

Grapefrult julce consumption (=1 qt/d) Macrolide antiblotics

Major surgery or perioperative period HIV protease Inhibltors

Excessive physical activity Nefazodone
History of myopathy while recelving another lipid-lowering therapy e
History of creating kinase elevation :--:ITI lpdarone
Unexplained cramps Verapamil
Famlly histary of myopathy

Family histary of myopathy while receiving lipid-lowering therapy

Joy TR & Hegele RA. Ann Intern Med 2009; 150 : 858



Statin-induced myalgia or myopathy?

Myalgia/Myositis Creatine kinase elevation

Muscle symptoms Creatine kinase elevations
Physical exertion (particularly In unaccustomed Individuals)

Viral finess Physical exgrtion
‘ul_-lflt.:m I E-‘h-:lc-r' -:Ft ency ; H'IIF":'-F'FT':' dism

ypo- or hyperthyroldism A amraton "
The Cushing syndrome or adrenal Insufficiency Metabolc o nflar matory 1 ?Dﬂ’lthlu
Hypoparathyroldism Alcoholism
e Neuropathy or radiculopathy

ymyalgla rheumatica ; ]

Polymyositis Ethnicity (black Americans may have elevated baseling creatine
Systemic lupus erythematosus kInase levels)
Tendon or joint disorder

- \dlopathic hyperCKemiat

Setzures or severe chills Ceizure or severe chilks
Peripheral arterlal diseaset Trauma
Medications rauma

Glucocortcokds Medlcations

Antipsychotics o | amnhataminas
Antiretroviral drugs it drugs (cocalne or amphetamines)

lictt drugs (cocalne or amphetamines) Ant FS}'L’“G[ 05

Joy TR & Hegele RA. Ann Intern Med 2009; 150 : 858
Kim E & Wierzbicki AS. BMJ. 2021; 373 : n1486




Statin intolerance: risk factors

Risk factors and drugs  No, of studies  Population OR, 95% C1, p value

Artenal hypertension ) 9 AL . OIS (DSNS, 1 086), p=0) 398
[Dabetes mellitus () | 00290 1 266(1.1, | 414), p=0022
BMI ¥ 082,781 1059 (1,002, 1 205), p=0.092
(besty 15 0N 448 1.306(1.199, 1.556), p=0.023
Depression 85,40 0 585 (0.742, 0989), p=0) 42
Hypothyrosdism 110987 13761 235, 1 612), p=0013
(1D ‘ BY | 243(1.182,1535), p=0.037
(Rl 14, XP 453 | 252(1.176, 1 478), p=0 012
Smoking | 754 300 FO33 0905, 1.117), p=0 601

Akohol 5 R | 2201 104, 1 542), p=0.03}
Faerse 89 80§ 1 202(1.118, 1 565), p=0.032
Warlarn 66 303 L O48 (0930, 1 95), p=0) 156
Amarrhythmi : nan | 355(1210, 1.630), p=0.036
(B {8 Y6 1312(1 11§ IJ'NL[; (03
St dose 2810789 | 375(1284, 1 584), p=00 013
Follow-up duration 1 000 789 . L 061 (097 1 10N p={) 488

10
OR, 9% Cl

o= Lowerriskof SI  Higher risk of S| =

Bytyci | et al. Eur Heart J 2022 — on-line 176 studies: n= 4143517



Mechanisms of statin myopathy

I
1 Mevalonate
I
1 Farnesyl pyrophosphate (FFP)

I I I
T HMG-CoA antibodies |, Cholesterol 1l FOxo l GGP

| cellular cholesterol | Atrogen-1 | Ccoenzyme Q10
I I I

Protein degradation, Impaired
muscle atrophy, impaired mitochondrial
mitochondrial function function

y y Y

Impaired insulin
secretion

Proximal Elevated Statin associated muscle Diabetes Central Other
muscle creatine symptoms (SAMS) mellitus nervous (elevated liver function,
weakness kinase (CK) Myalgia and cramps system decreased renal function,

levels - . complaints tendon rupture, interstitial
Clinical rhabdomyolysis lung disease, depression,

With/without increased CK elevations low testosterone, reduced
risk of hemorrhagic stroke)

Thompson PD et al; JACC 2016; 67: 2395



Statin myopathy- a mitochondrial
complex 3 problem
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Statin intolerance: microRNA

signature profiles

Biological process

Response to nerve growth factor

Cell cycle checkpoint

Gene silencing

Response to transforming growth factor beta
Dendrite development

Regulation of gene expression, epigenetic
Response to antibiotic

Covalent chromatin modification

Response to radiation

Regulation of protein serine/threonine kinase activity

Q

Leukemia, acute myeloid

Leber optic atrophy

Mitochondrial myopathy, encephalopathy, lactic acidosis
Diabetes mellitus, noninsulin-dependent

Thyroid cancer, nonmedullary, 2

Juvenile Myelomonocytic leukemia

Aplastic anemiaaplastic anemia, susceptibility to, included
Prostate cancer

Colorectal cancer

Breast cancer

p53 signaling pathway
EGFR tyrosine kinase inhibitor resistance
Glioma
Signaling pathways regulating pluripotency of stem cells
FoxO signaling pathway
Cell cycle
Cellular senescence
Proteoglycans in cancer
MicroRNASs in cancer
Pathways in cancer

Q

Disease

Q

Mangas A et al. Int J Mol Sci 2022; 23: 8146




Statin interaction
mechanisms

Statin metabolic pathway

Statin glucuronide

Hydrolysis (chemical, esterase/PON)
Statin lactone > Statin open acid

HO 0 Wttt HO N
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Metabolite lactones ~ —————>  Metabolitc open acids
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OATI1B1 transporter interactions

Inhibitor used:
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Statin pharmacogenetics: SLCO1B1

Simvastatin 80mg SLCO1B1 algorithm:
(diltiazem/CCB)-risk Rosuva- & Atorva-statin

Rosuvastatin Atorvastatin

CC genotype
SLCO1B1  ABCG2 SLCO1B1

c.521 c.421 Dose (mg) c.388 Dose (mg)

AA
20 AG 40
GG

Had a Myopathy

AA 20

20 AG

10 GG

v
>
3]

I
o
S
wn
2
c
2
=
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o

L
=}
[
g0
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3
c

AR

AG

cT t
genotype -

Cumulative Perce

s TT genotype

e
1 2 3 4 6

Years since Starting 80 mg of Simvastatin

N=12455 N=299: 45-fold variation in statin

SEARCH group; NEJM 2008; 359 : 789 concentration. 50% @90 centile
De Gorter MK et al. Circ CV Genet 2013: 6: 400




Managing statin intolerance

Statin intolerance score

A. Location and pattern of muscle symptoms

Symmetric, hip flexors or thighs 3
Symmetric, calves 7)
Symmetric, proximal upper extremity 2
Asymmetric, intermittent, or not

specific to any area 1

. Timing of muscle symptom onset in relation
to starting statin regimen

<4 weeks
4-12 weeks
>12 weeks

. Timing of muscle symptom improvement
after withdrawal of statin

<2 weeks
2-4 weeks
No improvement after 4 weeks

. Timing of recurrence of similar muscle symptoms
in relation to starting second regimen

<4 weeks

4-12 weeks

>12 weeks or similar symptoms
did not reoccur

All four scores above
must be entered before totaling

Total score:

A. Location and pattern of muscle symptoms

Symmetric, hip flexors or thighs 3
Symmetric, calves 2
Symmetric, proximal upper extremity 2
Asymmetric, intermittent, or not

specific to any area 1

. Timing of muscle symptom onset in relation
to starting statin regimen

<4 weeks
4-12 weeks
>12 weeks

. Timing of muscle symptom improvement
after withdrawal of statin

<2 weeks
2-4 weeks
No improvement after 4 weeks

. Timing of recurrence of similar muscle symptoms
in relation to starting regimen

<4 weeks

4-12 weeks

>12 weeks or similar symptoms
did not reoccur

All four scores above
must be entered before totaling

2-6 7-8 9-11

Intolerance treatment

Consider if statin-attributed muscle symptoms favour statin continuation / reinitiation

Symptomatic & CK <4 X

ULN

CK 24 X ULN +/- rhabdomyolysis

l

l

2-4 weeks washout of statin

6 week washout of statin until normalisation
of CK/creatinine and symptoms

v

{

Symptoms persist:
statin re-challenge

Second statin at usual or starting dose

Symptoms improve:

I

Y

Symptom-free:
Continue statin

Symptoms re-occur

l

1) Low dose third efficacious (potent)® statin;
2) Efficacious® statin with atternate day or
once/twice weekly dosing regimen

1) Low dose second efficacious® statin;
2) Efficacious® statin with alternate day
or once/twice weekly dosing regimen

l

l

Aim: achieve LDL-C goal* with maximally tolerated dose of statin

\J

Ezetimibe
I

Y

v

A] + bile acid absorption inhibitor

B] + fibrate (not gemfibrozil)

l

l

Interpretation Likelihood that the patient's muscle

symptoms are due to statin use:

Rosenson RB et al. JACC 2017; 70 : 1290
Stroes ES et al. Eur Heart J 2015; 36 : 1012

Unlikely Possible Probable If still not at goal: consider additional (future) novel therapies: PCSK9 monoclonal antibody therapy, CETP inhibitor




Statins & the media

Fraction of individuals >40 years on statins in Denmark

] | 1

Fraction of early statin discontinuation

1 I | 1

Statin-related Danish news articles in Danish media
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Neilsen SF & Nordestgaard BG. Eur Heart J 2016; 37: 908 N= 508800




Statins & the internet

r=0.868, p=0.0001
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Khan S et al; Int J Cardiol 2018; 25 : 25



Statin nocebo effect

P<0.001
" P<0001 P=0388
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Howard JP et al. JACC 2022: 78: 1210



Statin discontinuation -
consequences

Myocardial infarction Death from cardiovascular disease
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MEGA study

Characteristics (n=7832)
Age 587

Male 31%

BP 132+17/79+10mmHg
@ DM 21%

D D

D

TC 6.27+0.31mM
TG 1.44 (1.07-2.02) mM
HDL 1.49+0.39mM
LDL 4.05+0.45mM

® Aspirin 1%
® BP drug 39%

CHD risk 5% @ 10 years

@ Randomised

pravastatin 10-20mg vs. placebo
e Average dose 10.6mg for 10 yrs

Nakamura H et al; Lancet 2006; 368: 1153-63



Predicting the best statin to use

M Discontinuations m Myalgia | Transaminase elevations CK elevations

Rosuva Simva Pitava

Trials =135; n=246955

Naci H et al; Circ CV Qual Outcome 2013; 6: 390



Intermittent dosing of rosuvastatin 5Smg
in previously intolerant patients

mETC mTG mHDL-C = LDL-C ALT mCK

Dally 3/week 2/week 1NVeek

10

0

-20

-30

% Change

40 -5

-50 -10

_ N=325
Meek C et al; Curr Med Res Opin 2012; 28 : 371



Cholesterol Biosynthetic Pathway
<_ Dolichol Bile acids

Steroid Hormones

Isopentenyl- Vitamin D
HMG-CoA adenine Squalene
reductase o synthase T
ACEY| g HMG- ey \evalonate —p—p Farnesyi
CoA CoA pyrophosphate_> Squalene ==p=—p—p Cholesterol
Ras Farnesyl-

protein transferase

E,E,E-Geranylgeranyl
v pyrophosphate

Farnesylated \
proteins

Geranylgeranylated Ubiquinones

Rho proteins
kinase l

CoQ10



Statins & COQ1 0
Supplementation

‘st author (reference)  CoQ10 dose, duration ~ Statin type/dose ~ SAMS assessment Muscle outcome

as0 [33)] 100 mg/day, 30 d Variety Self-report | Muscle pain
Young [34] 200 mg/d, 12 wk SI00mg  Selfreport & Pain, statin tolerance
ookstaver 3] 60me2 x d,3mo  Varety Self-report & Pain at | month
400 mg/d, 12wk® A l0mg Self-report & Symptoms or function
200 mg/d, 3 mo Variety Self-report | Muscle pain, SAMS cases
Skarlovnik [39] S0mg xd 30d  Vanety Dechallenge/rechallenge | Muscle pain, symptoms
aylor [40] 600 mg/d, 8 wk § 20 mg Placebo/statin trial & Muscle pam, SAMS cases

lettner [41] 300mg2 x d 4wk Varety Dechallenge/rechallenge — « SAMS cases, mitochondrial function

Taylor BA. Am J Cardiovasc Drugs 2018; 18: 75



Statin myopathy and
CoQ10 supplementation

Characteristics, plasma lipid profile, and creatine kinase (CK) . Coenzyme Q10
concentration of subjects in the coenzyme Q10 and vitamin E groups

Variable Coenzyme Q10 Vitamin E
(n = 18) (n=14)

Pain Severity Score

Women/men 6/12 9/5
Age (vrs) 83 64 =2
Height (m) 1.70 £0.03 1.65 £ 0.03
Weight (kg) 84035 86.1 £5.8
Body mass index (kg/m?) 281210 29817
Triglycerides (mg/dl) 196 = 30 155 18
Cholesterol (mg/dl) 183 + 10 189 = 14
LDL cholesterol (mg/dI) 96 =3 1513
CK (UL) 129 £ 15 133 £ 37

Pain Severity Score

a% e

\

Data expressed as mean = SEM.

Pain severity $40% p<0.001

Caso G et al. Am J Cardiol 2007; 99 : 1049




Statins & vitamin D

Vitamin D distribution NHANES
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High dose vitamin D

supplements and statin therapy

Follow- up duration and
Baseline vitamin D Myalgia results

Duration o veatment e 90mal)  fee on tolowesp n | Sy Eients Tt Propotion 950
Months mean N follow-up n (%)
(SD), median |

" <3 months 34 25(74%) 33 (97%) Ahl’ﬂEd(ZUUg) b & | 082 [0 19,0% }
1.4(0.6), 1.2 Khayznikov (2015) 131 146 i 090 [0.84; 094
g?{%g;[]l]gﬂjgs 20 16 (80%) 17 (85%) Kang (2017) 2‘{ 2‘{ i _| 100 [0 87 10 }
g?ﬁ g}”'g“; 21 18(86%) 18 (86%) Jetty (2016) %18 —— 0.74 0,67, 0.80]
‘1%'1—31{21 gm}oqtﬁ 31 23 (74%) 25 (81%) Glueck (2011) 131 130 —i—'— 087 (081,09
1 4-<20 months 10 700 7 10% Linde (2010) 15 = 0.93 (0.68; 1.00]
;gi‘;ﬁn;?ﬂ?s 15 Compton (2021) H 4 - 0.74 [0.60; 0.6
20410, 22.2 11 (92%) 11 (92%) i
Y AL 2061% 06 <> 084 081; 087

S

Total cohort 150 Heteragenelly: I2=72%‘12=0.39B1,p~10.'01 I
11.5(10.3), 8.1 06 07 08 09 1

Glueck C et al: CMRO 2011; 27: 1673

Teo CB et al; Hi BP & CVD Res 2022; 29 : 337



EAS consensus panel

Haemorrhagic stroke?
No increase in risk, although SPARCL
suggested a possible increase in risk
with prior stroke

Cataract?
No evidence for increased risk

Effects on cognition?
No evidence that statins adversely
affect cognitive function

Statin Therapy

Muscle symptoms
Double -blind RCTs: 0.1-0.2%:
Non-blinded observational
studies: 7-29%

Dysglycaemia,
new-onset diabetes
RCTs: ~0.1 per year; individuals with
metabolic syndrome or prediabetes
are at greater risk

Mach F et al. Eur Heart J 2018; 39: 2526

Effects on liver
Clinically relevant effects are
very rare (~1 per 100,000)

Proteinuria
Low frequency of mild proteinuria:
no evidence of clinically significant
deterioration of renal function




Low dose Metformin in
treatment of NAFLD

ALT (%) AST (%) - HbALc (%

m Placebo = Metformin 500mg

Haukeland JW et al. Scand J Gastro 2009; 44: 853 N=43



IMPROVE-IT: Ezetimibe in ACS
Primary Endpoint — ITT

40 -

Event Rate (%)

10 -

w
o

N
o

HR 0.936 CI (0.887, 0.988) Simva — 34.79% T Ne
p=0.016 2742 events (RS

EZ/Simva — 32.7% [QHubJEle
2572 events SRR

NNT including PCI =50

Effects larger in elderly
& Type 2 DM
1' 2 3 4 5 6 7

Time since randomization (years) 7-year event rates

CVD death, MI, UAS, CVA & PCI (230 days)
Cannon CP et al;: NEJM 2015; 372 : 2387



RACING:

h dose Statin vs. Statin-Ezetimibe

—— High-intensity statin monotherapwy

Absolute difference—0-7 8% (90% Cl1-2-39 to 0-83)

[
o
|

LA
I

Cumulative incdence (%)

— Moderate-intensity statinwith
ezetimibe combination therapy

T
2

. Time since randomisation (vears)
Mumber at risk ¥ ’

Monotherapy 1886 1786 1711
Combination therapy 1894 1795 1724

Statin-Eze High statin
Mew-onset diabetes 145 (7-9%) 159 (8-7%)
MNew-onset diabetes with anti-diabetic medication initiation 95 (5-1%) 107 (5-8%)

uscle-related adverse events 21(1-1%) 34(1-9%)
Myalgia 17 (0-9%) 29 (1-6%)
Myopathy 2 (01%) 4 (0-2%)

(

Myonecrosis® 11 (0-6%) 13 (0-7%)

Kim B-K et al. Lancet 2022; 400 :

Difference
-0-82 (-2-65 to 1-00)

069 (-2-22t0 0-82)
0-66 (-1-46 to 1-06)
~0-11 (-0-50 to 0-25)
011 (-072 to 0-48)




Guidelines for use of
PCSK-9 inhibitors

USA Europe
NLA NICE TA
@ CVD & LDL-C>2.5mM @ CVD & LDL-C >4.0 (2.5%)
e (NHDL-C >3.4 mM) e Multi-vessel disease >3.5mM
@ FH no CVD LDL-C >3.4mM |® FH no CVD & LDL-C >5mM
e (NHDL-C >4 mM) EAS/ESC
AACE/ASE e CVD/DM & LDL-C >3.6
@ CVD-ACS & LDL-C>1.9mM e Rapid disease >2.6mM
@ Others as above @ FH no CVD & LDL-C >5mM
e Other CVD RFs >4.5mM

Orringer C et al; J Clin Lipid 2017; 11: 880 Landmesser U et al; EHJ 2017; 38 : 2245
Jellinger PS et al; Endo Pract 2017; 23 : 479 NICE.org.uk (TA394; TA393; TA733)




PCSK-9 inhibitors in statin-
intolerant patients

Condition

HoFH (LDLR & PCSK®9)
FH (PCSK@ mutation)

Remnant hyperlipidaemia
(apoE2/E2); IHD

Myasthenia gravis

FH, HOCM, FSH muscular

dystrophy carrier

Duchenne muscular
dystrophy (carrier)

FH PEO1 mitochondrial
myopathy

RYR1 mutation carrier

Nephrotic syndrome

Renal transplant

HIV CVD Bile salt
malabsorption

Gender

Female

Female

Male

Female

Male

Female

Male

Male

Female

Pre-PCSK-9
LDL-C
(mmol/L)
5.66

2.05

1.88

4.02
3.02

5.73

5.30

5.34

212
TC=19.8
mmol/L
TG =348
mmol/L

541
3.33

Post-PCSK?
LDL-C
(mmol/L)
2.78

(4.32)
1.80

(6.88)
1.50

292
1.30

1.39

2.54

2.16

0.86
TC=3.7
mmal/L
TG =5.06
mmol/L

3.13
1.19

LDL-C
PCSK-9
response (%)
-51

(+210)
-18

Kohli M et al; Int J Clin Pract 2017; 71: e13032

Adverse events/comments
Nil
Statin & ezetimibe stopped. No response to

PCSK? monotherapy. Response after
ezetimibe added.

Statin stopped. No response to PCSK9
monotherapy. Response after fibrate added.

Nil
Nil
Nil
Nil
Nil

No response to PCSK? monotherapy.
Response only after pioglitazone added




Other ways of lowering LDL-C
ATP-citrate lyase & bempedoic acid

Gucose—(— " @

Citrate

OB J ETC1002-CoA
(active)

| Triglycerides «==Acetyl-CoA |

HMG-CoA |

| ETC-1002
(inactive)

Skeletal muscle

ETC1002
(inactive)

\

Je= - I Glucose
i S

Acetyl-CoA == Triglycerides

HMG-CoA

Mevalonate
onste ||

M
Squ!lene‘ {

Cholesterol } |
ng_‘..lglb
()

<

Pinkosky SL et al. Nature Comm 2016; 7: 13457

Statin

\

‘ Mevalonate

|
/1N
Biological
‘ intermediates

'
Myotoxicity

Ballantyne CM et a;. Am J Cardiol 117: 1928

LS Mean % Change in LOL-C frormm Baseline
o Weelk 12

Background Statin +
Placabo
(n=d3|

Background Statin
+ ETC-1002 180 mg
(n=43)

Background Statin
# ETC-1002 120 myg
(n=41)

4.2




Fibrates : meta-analyses

Secondary& primary prevention;

Lipids Events

p=0.92

P<0.001

-30 -

Saha S et al; Am Heart J 2007; 154: 943 10 & 18 studies:
Jun M et al; Lancet 2010 ; 375 : 1875 n= 36489 & 45,058




Conclusions

@ Operator error @ Only prescribe statins to
people that need them

@ Exclude secondary causes

@ Check for medication
Interactions

e Doctor/Prescriber

@ Poor standards
e Guidelines dated

@ Faulty design @ If statin intolerance occurs
e Not ideal molecule e Switch statin
e Ignoring co-morbidities e Consider/add non-statin lipid-
® Unexpected factors lowering drugs

e Life




