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L’'importance de la question du risque
potentiel du LDL-c bas

Les recommandaitions commencent a valider la diminution du
seuil classique de LDL (extreme risk LDLc <0,50 g/l)

Les nouvelles thérapeutiques peuvent entrainer des valeurs trés
basses de LDL-c

L.2s études épidémiologiques classiques montrent qu’il existe un
lien entre LDL-c bas et de nombreuses pathologies {globalement
le LDL-c bas est associé a une surmortalité)

Il existe une augmentation du risque hémorragique cérébral dans
I’étude SPARCL

La FDA demande une vigilance accrue quand il existe un LDL-c
tres bas



Extreme risk ige«éfecent Guidelines
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Atherosclerotic C‘yﬁiu?aﬂcular Disease Risk Categories and LDL-C Treatment Goals
&06@’\ Treatment goals
& LDL-C | Non-HDL-C | ApoB"
Risk category & Risk factors®/10-year risk" (mg/dL) {mg/dL) [gﬁL]

Progressive ASCVD including unstable angina in patients
«o> after achieving an LDL-C <70 mg/dL

— Established clinical cardiovascular disease in patients with
DM, CKD 3/4, or HeFH

0000 — Established or recent hospitalization for ACS, coronary, &Q}Q’Q
SN g carotid or peripheral vascular disease, 10-year risk >20% <9
3%33?1“31’ Pk — Diabetes or CKD 3/4 with 1 or more risk factor(s) ek & 00 s
S — HeFH &
©
R — =2 risk factors and 10-year risk 10-20% ©
S _ Diabetes or CKD 3/4 with no other risk factors @mm F% =
Moderate risk <2 risk factors and 10-year risk <10% r‘e@z“ <100 <130 <90
Low risk 0 risk factors :0.;}0 <130 <160 NR )
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Baseline Low-Density Lipoprotein Cholesterol Levels and Outcome
in Patients\.ﬁ ith Heart Failure

<
Gideon Charach, MD™*, Jacoi;?@%ﬁrge. MD", Arie Roth, MD", Ori Rogowski, MD?,
Dov Wexler, MD*, David Sheps, MD", Itamar Grosskopf, MD*, Moshe Weintraub, MD?,
Gad liﬁ?en, MDP, and Ardon Rubinstein, MD?
O

Figure 1. Cox regression curves comparing the Iu:mﬁr tertile of LDL to the
upper tertile. with adjustment for age. gender. A left ventricular ejection

fraction, NYHA functional class, ::rcatininm%'}caranm, diabetes, and hy-
pertension {(for the entire cohort; n = 297).
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L’association du LDL-e%as a la morbi-mortalité est
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non causale efans la majorité des cas
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De nombr&ﬁses conditions entrainent une baisse du
cholest@f‘ol dénutrition, baisse de poids,

ES

msufjei%ance cardiaque, pathologies neurologlqugs

hep%topathles (« healthy worker effect » en ¢
ec]bldemlologle) &
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L’effet disparait apres ajustement ad hﬁc
L’effet est souvent a court terme O&‘\
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General Allergic Adverse Events

Neuromuscular Adverse Events N '

Neurocognitive Disorders &

Musculoskeletal Events e}\Q’

Creatine kinase levels >fivefold above normal rgsn?ge

Neurological Events @

Psychiatric Disorders b\\c‘;\\

Depression, suicide

Diabetes

New diagnosis

Worsening glycaemic statu:gz?

Diabetic comphcaunns &0

Endocrine DEﬁClEncr&%

Sex steroids eo

Adrenal cﬂrtlnéﬁd_ deficiencies

Fat- snlub&%(%ta:rmn Deficiencies

Vltam;fgﬂ D, E and K levels

Dm@%ers associated with deficiencies of fat-soluble
\;}'tamms

Hepatic Disorders

ALT/AST >threefold above normal range with and without
elevated bilirubin

Ophthalmologic Events

Cataracts

Retinopathies

Infections

Cancers

Monitoring of AEs of
Special Interest as
requested by FDA in
Patients With PCSK9 ABs
and LDL-C Levels <0.65
mmol/L(25 mgldlq
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Journal of Internal Medicine, 2017, 281; 534-553
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Etude sur le risque deimaladie d’Alzheimer et de
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maladw de Parkinson
&0

&

Is LDLc at baseline @somated prospectively with disease?

Are scores of LDI\,g-‘c lowering alleles of PCSK9 R46L (rs11591147), R237W
(rs148195424) 1474V (rs562556), and E670G (rs505151), and HMGCR &
(rs17238484)@°-éssomated with low LDLc?

Are LDL-c;b‘fowermg alleles associated directly with risk of dlseasesQ Qs an
|nd|cagén of a causal effect of low LDLc on risk of disease é@@"’

Is th,@ causal effect of low LDLc levels consistent with the corrg%pondmg
oobservatlonal associations using instrumental variable anaLfsm
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Of 111 194 participants 4087 (3.7%) had LDLc <‘°?I 8 mmol/L, During
follow-up, 1001 participants developed Alzyélmer s disease, 256
vascular dementia, 2154 any dementia, aﬁd 460 Parkinson’s

disease. rg@
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LDL cholesterol No of events/
(mmaol/L) total

Alzheimer's dementia 6‘
24.0 378/26 36%
2.6-3.99 ar%@% 57
1.8-2.59 135718 395
(1.8 ,’\°°25f3??4

Vascular der&t@e’ﬁtia

&’ .
24.0 o 93/26 359
2.6-2389 117/51 957
43/18 395
3/3774

Any dementia
=4.0 BO&/26 359
2.6-3.99 1014/51 957
1.8-2.59 28118 395
(1.8 53/3774

Parkinson’s disease
=4.0 113/26 359
2.6-3.99 231/51 957
1.8-2.59 75/18 395
{1.8 20/3774

Adjusted for age sex, birth year, smoking, alcoh®
and menopause for women

Haz ard ratio
(95% CI)

Hazard ratio
(95% CI)

4

0.97 (0.84 to 1.11)
0.90 (0.72 to 1.11)
0.93 (0.62 to 1.40)

1
1.01 (0.76 to 1.34)
1.42 (0.97 to 2.08)
0.46 (0.15 to 1.48)

<

1.04 (0.95 ta/&o\;%]

1.12 (0.97 iy 1.29)
<

1.04 (0.ZH'to 1.38)

<
@

&O

R 1
RO ‘
o 118 (0.94 10 1.47)
& 1.36(1.01 to 1.83)

1.70(1.03 to 2.79)

Low LDL-c at baseline and risk of disease

P-
trend

0.25

physical inactivity, income, education,
Benn et al BMJ 2017



Low LDL-c: genetic analysis

o
Prospective risk as a function of PG§K9 HMGCR, and combined alleles adjusted for age,
sex, and birth year Q&

Positive control of study powé*? apoE and dementia.
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O
@,Q Alzheimer's dementia Vascular dementia Any dementia Parkinson's disease
Total \‘)@&% No of Hazard ratio No of Hazard ratio No of Hazard ratio No of Hazard ratio
:\0 events  (95%Cl) events  (95% CI) events  (95% CI) events  (95%Cl) @
PCSK9 alleles ' >

& &
1 6557 ﬁ 0 66 18 138 g6 &

o Q X
0 Fi},g?lﬁ 2| 71931 E— 2.0 665 174 1467 665 @

1 |EEE2556 | 07 396 pyke— 36 266 62 583 266 ¥
2-4 40&4&@_ 81 32 — 3 —a 69 - 32 —a- N
P fortrend o «0.001 0.72 0.22 0.68 ,@@Q’ 0.47
HMGCR alleles O Q&
0 o° 5725 EEEE— 0 55 19 5 116 55 &
1 [izgpsiae] 38750 M— 0.9 349 i 99 - 796 { g
2 QQ 63749 I 3.0 612 P — 1323 slz@Q‘
Pfg@g‘énd «0.001 0.36 0.10 0.69 @ 0.40
({Ornbrned alleles ,&0
<\© 1t00 6357 I 0 57 . 21 -.I 123 é‘e? 57
(19 1 :s%{l‘g?liﬁ}; 30 515 I -2.1 288 - 7 641 ‘Q@e’ 288
2 |seasse | 51790 ME—— -3.9 485 * 124 — 1067 ,,@’\ 485
3 [R173380ms | 17 157 N 5.9 165 - 13 = 364 o i
4 2346 93 21 4 ] —= 40 «0\\?’ 21 .
P for trend «0.001 0.69 0.05 ‘2“ 0.97 0.29
APOE alleles L
£33 53 196 I 0 390 . 118 . Y . 390 I
63 [42935 | 2657; mmmm— 5.2 385 . 762 - P e . 385
g44 3022 IS 7.3 112 > 168 —a— OQQ 168 5 112 ——
P for trend <«0.001 «0.001 .Q’&eC)(O.ODI «0.001 .70
2 25 3 3.5 4 0.1 0.5124 8 0.1 051924 8 0.1 051248 0.1 051248
LDL cholesterol ,(\@
{mmol/L) Q/Q

Benn et al BMJ 2017



Les données permettant I’analyse des
effets potentiels d’un LDL-c bas

Les donriées des essais thérapeutiques

Les analyses dans les sous groupes avec LDL trés bas
des essais thérapeutiques

Les données physiopathologiques

Les hypoLDLémies génétiques
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LDL-c et maladles cardiovasculaires

Meta-analyse des essais ﬁ’lnterventlon de I'épidémiologie
prospeg;i\le et de la génétique

A

z
T IMPROVE-T

Giss? N seances [l ussTuT

B eca

CHEN 02 . i
H N

sHaRp LIPS ASPEN

B

B suenr

—
| Bl

Mendelian randomization studies

median follow-up: 52 years
(N = 194,427)

L_; LOLR [r200235275)
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prospective coho &udles

median follow- LQ@ 12 years
(N=403,501) @&
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i randomized controlled trials

I s median follow-up: 5 years
(N = 196,552)
N

0.4 0.6

Magnitude of expo}/ure to lower LDL-C (mmol/L)




Meta-analyse des etudes randomiseées
statine et maladie d’Alzheimer

. ; : 2
Comparison 1. Incidence c-fogb%mentm
L'e

&
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Outcome or subgroup@tle

No. of No. of N\

g studics participants Statistical method
&

1 Number of cagof dementia 1 20536  Odds Ratio (M-H, Fixed, 95% CI)
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Copparison 2. Cognitive change from baseline
3@1% g ang

" No. of No. of ). X

Qutcome or subgroup tde studies participants Statistical l:n:ﬂ'md%@é‘e
&
| Change in Mini Mental State | S804 Mean Difference (Fixed, ‘J'_tgc’é‘r\?'.]_l 0.06 [-0.04, 0.16]
Examination «o\\"%

2 Stroop test (seconds) S804 Mean Difference (Fized, 95% CI) 0.8 [-0.38, 1.98]
3 Picture-Word Learning Task S804 Mean Difference @xed, 95% CI) 0.02 [-0.12, 0.16]
4 Letter Digit SE04 Mean [}JrT;:m;fg;. {Fixed, 95% CI) -0.01 [-0.25, 0.23]

McGuinness et al. COCHRANE 2016




Relation entre LDk-c sous traitement et
changement du volume d’athérome dans GLAGOV

1.0= <

Change in Percent Atheroma Volume, %
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N 10 20 & 70
Vv
On-Treatment LDL-C, mg/d
Glagov JAMA 2016

Eur Heart J Aout 2017



Toléerance du traitement dans I’éetude GLAGOV
Q
Table 4. ﬂinin:#%ﬁd Biochemical Adverse Eventsin the Safety

Glagov JAMA 2016
Eur Heart J Aout 2017

F‘upulatiqr{o@
& No. (%)
°° Placebo  Evolocumab
@?ammem (n=484) (n=484)

> Cardiovascular events? o
Death 4(0B8)  3(0.6) ,@@3{\
Monfatal myocardial Infarctlon 14 (2.9) 10(2.1) @é;\(\
Monfatal stroke I(06)  2(04) @&Q\\Q
Hospltalizatlon for unstable angina 4 (0.8) 3 (0.6) @@QJQ
Coronary revascularization 66 (13.6) 50(10.3) \o‘\&
First major adversa cardiovascular event 74 (15.3) 59(12.2) &Ob\’c}

Clinically important adverse events @«QQ
Injection slte reaction ] 2 (0. 4}°°
Myalgla 28 (5.8) 34@%}
Meurocognitive events® 6(12) Qf (1.4)
Mew diagnosis diabetes mellitus® 18 [3.\3} 17 (3.6)

Abnormality In laboratory value® Q\
Aspartate or alanine aminotransferase ecz) (0.5) 2 (0.5)
»3* ULN R
Total bilrubin >2= ULN O@‘Q’ 2(05) 1(0.3)
Creatine phosphokinase =5= ULN %«@ 3{0.7) 3 {0.7)
Creatining =ULN @rL 5(10) 3(0.6)
Antlevolocumab binding ;mtll:f&ly.r MA 1{0.2)
Antlevolocumab neutralizing antibody MA 0




FOURIER
—0—

« Randomized, doublq;‘bllnd Median duration of FU 2.2 years

« 27,564 patients w@h ACVD and LDL c 2 70 mg/dL upon statin
 Evolocumab QMD mg every 2 weeks or 420 mg monthly) or PCB. &
* Primary effgg%cy end point: CV death + Ml + stroke + hospltallzatmn

\\QJ

for UA + s‘bronary revascularization. &
. Redueetion in LDL-c 59%, (baseline 92 mg/dl) Qé"’@

Reductlon of primary end point (n = 1344 [Q%%] VS h =
" 1563 [11.3%]; HR 0.85; 95% CI1 0.79 to 0. 92@ P<0.001

Results consistent across key subgrom"ps
c;?\

* No significant difference between the s;qﬂdy groups with regard to
AEs, with the exception of |nject|on-sife reactions (evolo 2.1% vs.
1.6% for pcb) «©
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Adverse events in FOURIER
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Table 3. Adverse Events and Lahnrahgﬁq'l'est Results.
@Q
@ Evolocumab Placebo
Outcome o (N=13,769) (N =13,756) )ge
0

Adverse events — no. ui\@%tmnts (%6) %\\‘\

Any . &°\ 10,664 (77.4) 10 aw (77.4)

Serious éd\(\o 3410 (24.8) &404 (24.7)

Thﬂugh'@sﬂ be related to the study agent and leading to 226 (1.6) oc:\\°° 201 (1.5)

d@%nntmuatmn of study regimen RS &
@

Lgffecl:mn site reaction® 296 (2.1) &o@ 219 (1.8)

A!Iergh: reaction 420 {3 l«? 393 (1.9)

Muscle-related event E-Bg@fE 0) 656 (4.8)

Rhabdomyolysis E (0.1) 11 (0.1)

sz\».
Cataract o 228 (L7) 242 (1.8)
N
Adjudicated case of new-onset diabetes Q{e’} 677 (8.1) 644 (7.7)
&
Neurocognitive event b&@c’o 217 (1.6) 202 (1.5)
o5
a©




JAMA Cardiology | Original Investigation

Long-term Safety and Efflcgﬁy of Achieving Very Low Levels

of Low-Density Llpopro’rgi‘n Cholesterol
A Prespecified Analymg@f the IMPROVE-IT Trial

Robert P. Giugliano, MD, 5M; Stephan D. Wivio \CMD Michael A. Blazing, MD; Gaetano M. De Ferrari. MD; Jeong-Gun Park, PhD;
Sabina A. Murphy, MPH: Jennifer A. White, hg@ﬁndrewm Tershakowvec, MD, MPH: Christopher P. Cannon. MD; Eugene Braunwald, MD

Figure1. Dif.l]y'mtlun of Achieved Calculated Low-Density Lipoprotein

{]'lnlestergm DL-C) Level at 1 Month Among Patients Who Did Not Have s

a F'rImaoeg?re’EI‘I‘I-‘.:.zn:“q.r or Prespecified Safety Event Prior to the Sample \.\5@‘
o\?’ \\Qe"o

700 <8
&00 QJQ
R I <30 mg/dL; n=971 (6.4%) &
RS 500- &
600 [ 30-49 mg/dL; n=4780 (31%) 5
O
& 500 [ 50-69 mg/dL; n=5504 (36%) Q@°
\ 2
& - [ 270 ma/dL; n=4026 (26%) @
& i &O
o7 Z 400- o
< s
v = I &’

= 300- &

& || &o\
200- ' /\o

|I|
100-
0 ] Iluim”lun
0 10 30 50 <° 110 130 150
LDL-C Level Achieved at L\@u mg/dL
(1/

Giugliano RP et al. JAMA cardiol March 2017



Figure 3. Safety Events by Achieved Low-Density Lipoprotein Cholesterol (LDL-C) Level at 1 Month

HR Favors | Favors Adjusted P V;
Safety Event (95% CI) LDL-C<70mg { LDL-CL 270 mg for Trend
Adverse event — discontinuation : 21
=70 1 [Reference] 00}
50-69 0.948 (0.817-1.1) )
30-49 1.076 (0.915-1.266) . e>\
<30 1.13 (0.872-1.465)
Rhabdomyolysis, myopathy, or A1
myalgia with CK elevation =5x ULN
=70 1 [Reference]
50-69 0.736(0.417-1.3)
30-49 1.003 (0.552-1.823)
<30 0.682 (0.224-2.076)
AST or ALT >3xULN | 72
270 1 [Reference]
50-69 0.859 (0.635-1.163)
30-49 1.017 (0.733-1.41)
<30 1.076 (0.642-1.808)
Gallbladder adverse event 57
=70 1 [Reference]
50-69 1.016 (0.813-1.27 N —_
30-49 0.906 (0.703-1.197) — ——
<30 0.995 {0.6{6}.485] _.7
Meurocognitive event N H 84
=70 nce]
50-69 14 (0.92-1.574) ———
30-49 O .045 (0.772-1.414) _—
<30 .00_, 0.913 (0.545-1.529) -
Hemorrhagic stroke QQ 63
=70 Qo 1 [Reference] :
50-69 -eﬁ& 0.58 (0.33-1.04) —I—~
30-49 "]ib 1.05 (0.6-1.84) :
<30 0.36(0.11-1.26) =
Hospg 'T?zed for heart failure .88
=7 1 [Reference] :
50-69 0.88 (0.7-1.09) —.—
30-49 0.97 (0.76-1.23) —_g—
<30 0.94 (0.66-1.35) —_—
Noncardiovascular death 78
=70 1 [Reference]
50-69 1.09 (0.91-1.31) _ —
30-49 0.94 (0.77-1.16) _—
<30 1.08 (0.79-1.48) —
Cancer 14
=70 1 [Reference] :
50-69 1.11 (0.96-1.29) +
30-49 1.12 (0.95-1.33) ———
<30 1.18(0.91-1.53) B
[IJII Dj4 IU:BI I1.I2|||].I.15|II2|.[J I

Adjusted Risk Ratio (95% CI)

X\

IMPROVE-IT et LDL-c bas
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Giugliano RP et al. JAMA Cardiol March 2017



Monitoring of AEs. of Special Interest in
Patients With PCSKQ ABs and LDL-c Levels
<0. 65ﬁlmollL (25 mg/dL).

6°
Table 2 Adverse events (%) in citm@cﬁ trials of alirocumab- and evolocumab-treated patients [2, 4.3, 44].
é@fo - Alirocumab Evolocumab @}
All(ét.umca_b Standard LDL-C < 0.65 mmol Evolocumab  Standard LDL-C < 0. 6§\‘ﬁlmul
ggfuup (total) of Care L~ ! on 2 occasions  Group of Care L 'on Qx@%Labluﬂb
Any /\o° 81.0 82.5 75.7 69.2 64.8 NR @be‘
Local site reacg:}}i 2.9 4.2 3.8 4.3 NR NR@&
Muscle- re.pmeted 6.4 6.0 NR 6.4 6.0 60c*;\\%f.t::
Neummo@‘amve 1.2 0.5 0.5 0.9 03 & 05
r.::dtd;ﬁa,tb 1.0 1.0 1.9 NR NR & NR
i—‘;{@mne 1.8, 1.4 2.1,2.3 NR 1.0 6]2’92 0.9
‘19 aminotransferase ,\‘e?e’
J/aspartate &6\\6
aminotransferase ?
or both OV\.OQ“
Creatine 3.7 4.9 NR _@ﬁ.al 1.0 0.4
kinase >fivefold Qo@‘
above normal q,/.g@e

NE. Not reported.



Les données permettant I’analyse des
effets potentiels d’un LDL-c bas

Les hypoLDLémies génétiques



Hypollpldemles génétiques
W

Hypo-beta Codg?nmant* Apo B
lipoprotéinémie ‘%’\°
Rétention de %@%@ Récessif SAR1B
Chylomicrons @&0{\
0\)
Hypolipidégyi/é Codominant ANGPTL3
familiale sombinée
- Qoo@ Codominant*  LOF PCSK9
r{,g&
s
Abeta Récessif MTP

lipoprotéinemie

ApoB <5em percentile
LDL-C 20- 50 mg/dL &

LDL-C et HDL-C diminué de 599’

W

Triglycerides normaux <

QQ

[ [ V4 [ ‘.&
Panhypolipidémie &
bﬁo

Heterozygous — f\gﬂ)le réduction du
LDL-C ,’\
Homozyoggfe LDL-C ~15 mg/dI

Trlglycgﬁ’des < 30 mg/dl
Cholé\sterol < 30 mg/dl)
I&[,Dt et apoB indétectable

CPQQ

Exceptionnelles formes homozygotes. Hypo-béta Qﬁ’mozygote tableau proche de I'abéta et

PCSK9 homozygote pas de signe clinique (9\



Hypolipidémies génetiques

Protéine Clinique

& Stéatose Malabsorption Autre
&0\‘)@ .
Hypo-béta & Apo B non Diminyée
° &
lipoprotéinemig® &
&° O
Rétentior:\fd% SAR1B non r&®Q®<\Non
Chylongjfrons ~Sdocumenté
S X3
Hypeofipidémie =~ ANGPTL non ; Diminuée
,ig@“?amiliale 3
Q~“© combinée
YV
- LOF non Diminuée
PCSK9
Abéta MTP Non
lipoprotéinemie documenté

’ ’ ’ . . . . (l/ . ’ [
* S cérébelleux, rare++ déficit vitamine K avec risque hémorragique
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 Les recommqmﬁatlons commencent a valider la
d|m|nut|on du seuil classique de LDL (extreme risk LDLa-°c

<0,50 g/w

QQ

w\ o
L, &

- Il nexiste actuellement aucun argument demorgtfant qu’il
ec)t‘iste un risque associé au LDL-c tres bas (30ng/dL)

‘1/
© o

> u n ' -6
" |l reste nécessaire d’avoir des données gﬁr le long terme

et dans des populations fragiles (ex. sﬂjets ages)
Oé



