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ʆʰ ʃˇˋˇˋˍʱ ɳˉʶʽˋˇʵʾ˖˄ ɾʶˍʱ ʰˉˈ ɳɾ ɮˎ˅ʱ˄ˇ˄ˍʰʽ ɮˁˈ˃ʹ ˁʰʽ ɾʶˍʱ 
ˍʹ˄ ʃʱˊˇʵˇ ɳˍ˗˄ ʰˉˈ ˍˇ ɮˊ˔ʽˁˈ ɳˉʶʽˋˈʵʽˇ

ȹŮŭɞɛɏɜŬ Ŭˊɧ 16.770 ŬůɗŮɜŮɑɠ ɛŮ Ⱥɀ əŬɘ ɢɤɟɑɠ ɘůŰɞɟɘəɧ ȷȺȺ/ɄȽȺ, ɞɘ ɞˊɞɑɞɘ ŮɜŰɎɢɗɖəŬɜ ůŰɞ ɀɖŰɟɩɞ REACH (ɛɑŬ ŭɘŮɗɜɐɠ, ˊɟɞɞˊŰɘəɐ 

ɛŮɚɏŰɖ ɞɛɎŭɤɜ, ɛɏůɤ ˊŬɟŬŰɐɟɖůɖɠ, ůŮ 68.236 ŮɝɤŰŮɟɘəɞɨɠ ŬůɗŮɜŮɑɠ Ŭˊɧ 44 ɢɩɟŮɠ ɛŮ ɆɁ, ȷȺȺ/ɄȽȺ ɐ ɛŮ ˊɞɚɚŬˊɚɞɨɠ ɄȾ), 

ɇɞ 80% Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ ŮɜŰɎɢɗɖəŬɜ ɚɎɛɓŬɜŬɜ ɗŮɟŬˊŮɑŬ ɛŮ ůŰŬŰɑɜɖ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɛŮɚɏŰɖɠ.AbtanJ, et al. ClinCardiol. 2016, StegPG, et
al. JAMA. 2007. 
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ɀɖŰɟɩɞ REACH: ȷůɗŮɜŮɑɠ ɛŮ ˊɟɞɖɔɞɨɛŮɜɞ Ⱥɀ əŬɘ ɢɤɟɑɠ ɘůŰɞɟɘəɧ ȷȺȺ ɐ ɄȽȺ, F-up 4 ɏŰɖ
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ɶ ɼɮɿ ˁʰʽ ˍˇ ɮEE ʁ ʾ˄ʰʽ ɼˏˊʽʶˌ ɮʽˍʾʶˌ ɮ˄ʰˉʹˊʾʰˌ ʃʰʴˁˇˋ˃ʾ˖ˌ

ʃ˂ʰʾˋʽˇ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ D.5Υ ˉˇ˂ˎʶʻ˄ʽˁˈ ʶˊʶˎ˄ʹˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ˋˎ˄ʶˊʴʰˋʾʰˌΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ʷ˄ʰ ˃ʶʴʱ˂ˇʶˏˊˇˌˉʹʴ˗˄ ʵʶʵˇ˃ʷ˄˖˄ 
ˁʰʽ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʶ ʲʱˋʹ ˍʹ˄ ʹ˂ʽˁʾʰΣ ˍˇ ˒ˏ˂ˇ ˁʰʽ ˍʹ ˔˗ˊʰ ʴʽʰ ˍʰ ʷˍʹ мффл ʷ˖ˌ нлмоΦ
ʃˇˋˇˋˍʽʰʾʰ ˋˎ˃˃ʶˍˇ˔ʺ ό҈ύ ˋˍʰʻ˃ʽˋ˃ʷ˄˖˄ ˖ˌ ˉˊˇˌ ˍʹ˄ ʹ˂ʽˁʾʰ 5![¸ ˍˇˎ !99 ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ мл ɦ˂˂ʶˌˁˏˊʽʶˌʰʽˍʾʶˌ 5![¸Σ ˉʰʴˁˇˋ˃ʾ˖ˌΣ нлмо
5![¸ Ґ ʵʽˇˊʻ˖˃ʷ˄ʰ ʴʽʰ ʰ˄ʰˉʹˊʾʰ ʷˍʹ ʸ˖ʺˌΦ D.5 Ґ ˉʰʴˁˈˋ˃ʽˇ ˒ˇˊˍʾˇ ˄ˇˋʹ˃ʱˍ˖˄ΦCŜƛƎƛƴ±[Σ ŜǘŀƭΦ bŜǳǊƻŜǇƛŘŜƳƛƻƭƻƎȅΦ нлмрΦ
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Προ-πρωτεΐνη PCSK9 

ProproteinConvertaseSubtilin/Kexin 9 gene

PCSK9



Εκφράζεταιστοήπαρ,τακύτταρατουεντέρουκαιτα

νεφρικάκύτταρα.

ΚωδικοποιείταιαπότογονίδιοPCSK9

Η PCSK9 δραωςμοριακόςσυνοδός(chaperone) και

δεσμεύεταιστηδομικήπεριοχήτουLDLR.

PCSK9



H μετάλλαξη  οδηγεί στο φαινότυπο FH

~2% των πασχόντων από FHέχουν PCSK9μετάλλαξη

PCSK9

Gain-of-function 



Όπως είναι η R46L(3.6% των λευκών), η Y142X και η C679X 

(2.6% των Αφροαμερικανών)

Οι μεταλλάξεις Y142Xκαι C679Xσυσχετίζονται με

ĎLDL-Cκατά 28% 

Ďκαρδιακών συμβαμάτωνκατά 88%

PCSK9

Loss-of-function 



LDL particle PCSK9 Mutant

LDL and LDLR

Degradation

LDLR 

Recycling 

Lysosome

A B

Lysosome

LDL-degradation

LDLR

C

PCSK9 

LDLR 

Recycling 

LDL and LDLR

Degradation

Endosome EndosomeEndosome

Hepatic cell Hepatic cell Hepatic cell

KolovouG. Severe Hypercholesterolemia Phenotype. Nova Science Publishers, 2018 



DNA mRNA Disease-Associated Protein

Transcription Translation

Antisense Drug
(Oligonucleotide)

Transcription

No Disease-Associated 
Proteins Produced

No Translation

Traditional 
Drug

/ǊƻƻƪŜ wΣ Ŝǘ ŀƭΦ !ŘŀǇǘŜŘ ŦǊƻƳΥ /ǊƻƻƪŜ {¢Σ ŜŘΦ !ƴǘƛǎŜƴǎŜ ŘǊǳƎ ǘŜŎƘƴƻƭƻƎȅΥ ǇǊƛƴŎƛǇƭŜǎΣ  ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎΦнƴŘ ŜŘΦ .ƻŎŀ wŀǘƻƴΣ C[Υ 
/w/ tǊŜǎǎΣ нллтΥслмπсофΦ



An Academic Research Organization of 

Brigham and Womenôs Hospital and Harvard Medical School
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16% RRR

HR 0.84 (95%CI 0.74-0.96)

P=0.008

25% RRR

HR 0.75 (95%CI 0.66-0.85)

P<0.00001

Sabatine MS et al. Am Heart J 2016;173:94-101



ARR* 1.6% 

ACC 2018, Odyssey



9ȄǇŜǊǘ /ƻƴǎŜƴǎǳǎ 

9ȄǇŜǊǘ ŎƻƴǎŜƴǎǳǎ ƻƴ ǘƘŜ Ǌŀǘƛƻƴŀƭ ŎƭƛƴƛŎŀƭ ǳǎŜ ƻŦ 
ǇǊƻǇǊƻǘŜƛƴŎƻƴǾŜǊǘŀǎŜ ǎǳōǘƛƭƛǎƛƴκƪŜȄƛƴǘȅǇŜ ф όt/{Yфύ 
ƛƴƘƛōƛǘƻǊǎ 
!Ǉƻǎǘƻƭƻǎ!ŎƘƛƳŀǎǘƻǎΣм ¢ƘŜƻŘƻǊƻǎ!ƭŜȄŀƴŘǊƛŘŜǎΣн 5ƛƳƛǘǊƛƻǎ!ƭŜȄƻǇƻǳƭƻǎΣо

±ŀǎƛƭƛƻǎ !ǘƘȅǊƻǎΣп !ƭŜȄŀƴŘǊŀ .ŀǊƎƛƻǘŀΣр 9ƭŜƴƛ .ƛƭƛŀƴƻǳΣс /ƘǊƛǎǘƛƴŀ /ƘǊȅǎƻŎƘƻƻǳΣт 9ǾǊƛŘƛƪƛ
5ǊƻƎŀǊƛΣу aƻǎŜǎ 9ƭƛǎŀŦϝΣф 9ƳŀƴƻǳŜƭDŀƴƻǘŀƪƛǎΣмл LƻŀƴƴƛǎDƻǳŘŜǾŜƴƻǎΣмм Lƻŀƴƴƛǎ
LƻŀƴƴƛŘƛǎΣмн DŜƴƻǾŜŦŀYƻƭƻǾƻǳΣмо ±ŀǎƛƭƛƻǎ YƻǘǎƛǎΣмп Lƻŀƴƴƛǎ[ŜƪŀƪƛǎΣмр 9ǾŀƴƎŜƭƻǎ
[ƛōŜǊƻǇƻǳƭƻǎΣмс !ƴŘǊŜŀǎ aŜƭƛŘƻƴƛǎΣмт ±ŀǎƛƭƛƻǎ bƛƪƻƭŀƻǳΣму DŜƻǊƎŜ bǘŀƛƻǎΣмф bƛƪƻƭŀƻǎ 
tŀǇŀƴŀǎΣнл {ǘŀǾǊƻǎ tŀǇǇŀǎΣнм /ƘǊƛǎǘƻǎ tƛǘǎŀǾƻǎΣнн [ƻǳƪƛŀƴƻǎwŀƭƭƛŘƛǎΣно 5ƛƳƛǘǊƛƻǎwƛŎƘǘŜǊΣнп 

Lƻŀƴƴƛǎ{ƪƻǳƳŀǎΣнр bƛŎƻƭŀƻǎ¢ŜƴǘƻƭƻǳǊƛǎΣнс 5ƛƳƛǘǊƛƻǎ¢ƻǳǎƻǳƭƛǎΣнт !ƭŜȄŀƴŘǊƻǎ ¢ǎŜƭŜǇƛǎΣну 

Yƻƴǎǘŀƴǘƛƴƻǎ ¢ǎƛƻǳŦƛǎΣнф 5ƛƳƛǘǊƛƻǎ¢ȊƛŀƪŀǎΣолYƻƴǎǘŀƴǘƛƴƻǎ ¢ȊƛƻƳŀƭƻǎΣом tŀƴŀƎƛƻǘƛǎ ±ŀǊŘŀǎΣон 

/ƘŀǊŀƭŀōƻǎ±ƭŀŎƘƻǇƻǳƭƻǎΣоо 5ƛƳƛǘǊƛƻǎ±ƭŀƘŀƪƻǎоп 

Hormones, 2016
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ĎLDL 46%

MǵTP inhibitor, Lomitapide

Kolovou G, et al. Microsomal Transfer Protein Inhibitors, New Approach for

Treatmentof Familial Hypercholesterolemia,Reviewof the Literature, Original

FindingsandClinical Significance. CardiovascTherap, 2015



ǬȌȈȌȁȌȖũŮȊȌȁǽűŬ, ǱȆȇȌȂŮȊǾȎ ȏɸŮȍȐȌȈȄůŰŮȍȌȈŬȆȉǿŬ, ǴȆŰȌůŰŮȍȌȈŬȆȉǿŬ, 2012
Ůȇ. INFOHEALTH
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Very high CV risk 

Secondarypreventionor (rarely)in primaryprevention

ŹLDL -C reduction

>/=50% from baselineandLDL-C goalof <55mg/dL

ASCVD pts who experience a second vascular event within 2 years while 

taking maximally tolerated statin-based therapy

ŹLDL -C reduction

LDL-C goal<40mg/dL



High CV risk 

ŹLDL -C reduction

>/=50% from baselineandLDL-C goalof <70mg/dL



ModerateCVrisk:LDL-C<100mg/dL

LowCVrisk:LDL-C<116mg/dL



LL+ LA   MTPi±LA



Microsomal triglyceride transfer protein inhibitor (lomitapide) efficacy in the 

treatment of patients with homozygous familial hypercholesterolaemia.

KolovouG, DiakoumakouO, KolovouV, Fountas E, StratakisS, ZacharisE, 

LiberopoulosEN, MatsoukaF, TsoutsinosA, MastorakouI, KatsikasT, MavrogeniS, 

HatzigeorgiouG. Eur J PrevCardiol. 2019

12 HoFH pts LL drugs ± biweekly LA
+

Lomitapide 3 -24 months (13.8 ± 7.9)

Baseline LDL -C 900 mg/dL (348 -1070)
After LL drug 383.5 mg/dL (214 -866)
After LL drugs + Time -averaged (CAVG) was 288 mg/dL (183.7 -
716.6)

+
lomitapide ŹLDL-C further by 56.8% vs LL drugs alone

by 54% vs LL drugs + LA (C AVG). 



TC LDL HDL TG ApoB** Lp(a)***

Before any

intervention

1000

(433-1150)

900

(348-1070)

34.5

(25-50)

125

(87-314)

373

(183-595)

33.4

(15-85)

After LL

drugs

434

(278-915)

383.5

(214-866)

36

(27-51)

113

(62-198)

Not

measured

Not

measured

LL drugs

+

LA(C AVG)*

336.1

(248.57-

784.2)

288.1

(183.7-

716.6)

42.81

(25.8-

46.7)

105.09

(55.79-

166.68)

Not

measured

Not

measured

LL drugs

+

Lomitapide

228.5

(118-554)

173.5

(74-515)

37.5

(29-50)

83.5

(23-316)

167

(72-285)

19

(10-60)

Eur J PrevCardiol. 2019



Eur J PrevCardiol. 2019





LL+ LA   PCSK9i ±LA



Age (years) mean ҕ standard deviation  54.6 ҕ 14.0 
Male /Female (n) 9/8 
BMI (kg/m2) 25.6 ҕ 2.2 

Evolocumab/Alirocumab (n) 9/8 
Coronary Heart Disease (n) 13 

Aortic valve replacement (n) 2 
Diabetes Mellitus type 1 (n) 1 
Hypertension (n) 3 

Atorvastatin 80 or rosuvastatin 40 mg/daily (n) 17 
Ezetimibe 10 mg/daily (n) 17 

Colesevelam 1,875 mg/daily (n) 3 
B-blockers (n) 13 

Calcium channel blockers (n) 3 
Acetylsalicylic acid (n) 13 
Diuretics (n) 3 

Coumarin (n) 2 

 

Table 1. Baseline characteristics of the patient population (n=17)



Switchingfromlipoprotein-apheresistoproproteinconvertasesubtilisin/kexintype9

inhibitioninpatientswithheterozygousfamilialhypercholesterolemia:apilotstudy.

HatzigeorgiouG,KolovouV,KatsikiN,MakrygiannisS,VartelaV,MavrogieniM,

KarampetsouN,MikhailidisD,KolovouG.JClinApher2019inpress

Statins+ezetimibe±colesevelam: TC: 268, LDL: 198, HDL:46,

TG: 126mg/dL

LA (2-12ys): TC: 117, LDL: 50, HDL: 40, TG: 51mg/dL,

Time-averagedLDL-C levelsfollowing LA was155mg/dL

PCSK9i: TC: 152, LDL: 100, TG: 95mg/dL

LA was discontinuedin all patientsexceptfor 2 who continued

oncemonthly

With PCSK9i, from CHD13 pts,6 (46%) achievedLDL <70mg/dL

and2 pts(15%) achievedLDL <100mg/dL

No serioussideeffects(skinirritation at theinjectionsite).





 Lipoprotein apheresis PCSK9 inhibitor  

 Before After 
Absolute 

acute 

change 

%  
acute 

change 

p 
Time-averaged 
levels between 

LA sessions 

Before After 
Absolute 

change 

%  

change 
p 

TC 
268 

(232, 331) 
117 

(93, 129) 
-160 

(-118, -183) 
-54  

(-47, -65) 
<0.001  

269 
(254, 281) 

152 
(112, 192) 

-97 
(-39, -160) 

-36 
(-23, -61) 

0.002 

LDL-C 
198 

(169, 274) 

50 

(43, 74) 

-149 

(-114, -159) 

-70  

(-61, -77) 
0.001 155 (121, 176) 

190 

(152, 210) 

100 

(51, 128) 

-62 

(-26, -131) 

-37 

(-19, -73) 
0.002 

HDL-C 
46 

(40, 59) 
40 

(34, 52) 
-5 

(-5, -8) 
-11  

(-9, -18) 
0.001  

43 
(39, 56) 

45 
(33, 52) 

2  
(-1, 6) 

2 
(-3, 11) 

0.213 

TG 
126 

(97, 175) 

51 

(40, 75) 

-85 

(-44, -101) 

-55 

(-47, -66) 
0.001  

127 

(109, 175) 

95 

(42, 124) 

-63 

(-14, -76) 

-46 

(-12, -62) 
0.03 

 

Table 2. Lipid changes before and after the two treatments.



 
Patients that achieved 

LDL-C target immediately 
after LA session, n(%)  

Patients that achieved 
LDL-C target according to 

time averaged LDL-C 
between LA sessions, 

n(%) 

Patients that achieved 
LDL-C target after PCSK9 

inhibitor, n(%) 

Patients with LDL-C target 

<70mg/dl (13 cases) 
6 (46%) 1 (7.7%) 6 (46%) 

Patients with LDL-C target 
<100mg/dl (4 cases) 

2 (50%) None 2 (50%) 

 

Table 3. LDL-C target attainment



× In FH pts,newdrugs↓LDL consistentlyvs transient↓with LA

× Somepts,who will not reachrecommendedLDL goalwill still needLA

× Combinationtreatment↓frequencyof LA.

× Largertrials arerequiredto establishtheclinical implicationsof PCSK9i

in ptspreviouslytreatedby LA.

Conclusions 


