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Yo INYAEns : Cymbopogon nardus Rendle
Yoadey : Citronella grass

Yoy : wlauzyn avlasusyn (MAmile) nrlafung (UATASEITNIIY)
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29N81A§A3 ©  Eucalyptus globulus Labill. (Eucalyptus citriodora Hook.)

Y
Yoailsy :  Eucalyptus
296 :  MYRTACEAE
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INRIVBIAAU Wiowisazaanoantadneluvazan Tu

Tuiduluiden (simple leaf) Besadu Dugunene

3-12 T 1319 0.5-0.8 17 Mulue Tudldeaseu
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aonoendude muteseszwinsisiuly Sdunen
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%amﬁzg : Turmaric

Zingiberaceae

Curcuma longa L.
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2496 : Euphorbiaceae
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FoAnenarans : Phyllanthus acidus (L.) Skeels
Yoandiny : Star Gooseberry

A oA = 1)
Yadu : Uryd MUINey (A1AdEU ) By (A1ALe )

ASuazUSununly

1ludng viesnday Aune uwiAY wild
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Monoclonal antibodies to PCSKO,
the new class of injectable cholesterol-lowering drugs,
from bench to bedside

log : nry.o.Jenm Jsensiruna

(B.Pharm Clinical Pharmacy, MSc. Clinical Pharmacology)
ONSUUSDENUNIBINABNSSUURURIAMSUSUA UFNDNENAEIUSW

) ¢ o a Yy v Yy a v o . ofs o
"Jﬁlq‘ljiza\‘lﬂ RAIIINNDIUUNAIULLAD ﬁd@quﬁlgﬂaﬂuﬂqqﬂgLﬂﬂ'?ﬂU Proprotein convertase subtilisin-

kexin type 9 (PCSK9) fiail

1. NIVUNUIN M9 vi9uu09 PCSK 9 saulufakunfnluniswmungn PCSK9 inhibitors

2. NUUsEANSHA TaUIlTT9AATA I5N1TIT8N haTNAT1LABY 191998 ARTYUIINGN

n&x PCSK9 inhibitors

UNUI

loguda91e w39 LDL-C (Low-density
lipoprotein cholesterol) \Jutladeidesiid1fnyd
WnliiAnlsavasndenuarile fafunisanlusiy
LDL azdasananudsslunisiinlsanasnidontiila
16 eranluguiifiussavsamaiiaalunisan LOL-C
B enaNanIAY (statins) W58 HMG-CoA (Hydroxy-
methyl-glutaryl-Coenzyme A) reductase inhibitors
floangussudaeulesl HMG-CoA reductase @+
Ju rate limiting step TuNINTEUIUNITAUATIZN
AalaaMeTea Lneilteyainuiduatiuayudn statins
anusaaneudsslunsilseilasasaonden
19 (Atherosclerotic cardiovascular disease; ASCVD)'!

1
oA

wazat1ABId Ao INGNT Ao N1sAnNYse
nawLie (muscle toxicity) wagAusnLay (hepatitis)
WU Asent@uTeInatuile (myositis) Tneflioulwl

creatinine phosphokinase (CPK) liiwgaiu@3a11150)

‘ ‘ IR KN 3.indd - 63

wuldannis 1-20% mawﬁﬂwﬁiﬁﬁ' statins® ® WagUa
iﬁU@W%EHLLNﬁQ%ﬂ rhabdomyolysis Fudunned
finsdniavreandianiodasuussaundunieiin
nsaatelazUaniuass myoglobulin 89nuIM19
Yaanz waziinnnzlannel@uunau (acute renal
failure)’ uenniedifihednngunisiilden statins
wdldifnnismevaueslunisansedu LDL-C wielil
AUsaNUABNATINALITBIINGY statins b (statins

intolerance)™®

nsAunuLaulgal PCSK9 (from bench)

Tul 2003 (W.m.2546) ladnsAunuiouled
proprotein convertase subtilisin-kexin type 9
(PCSK9) Taereumntih PCSK9 (uiisdnluuny neural
apoptosis-regulated convertase 1 flosannnudn

S¥AU PCSK9 %qﬁﬂﬂu cerebellar neurons 51319
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7ifin1s\An apoptosis veuwad seuldiiinwmini
151989 PCSK 3nniumdsnunisiiin mutation
Y9 PCSK9 gene 4 encoded PCSK9 enzyme
(gain-of-function mutation in PCSK9) Fadanalii
izé’\’maamamaﬁaaqﬁu (hypercholesterolemia)
wasfianudsddunisiinlsamlasazraendonuin
30/’ artounihilideyanuinnis mutation 109 Low-
density lipoprotein cholesterol receptor (LDLR)
uay apolipoprotein (ApoB) agaslnszaulusiulu
Honaetuld® wasdideyanuinauiid loss-of-function
mutation 989 PCSK9 gene inavinly LDL-C anas
wavAudeddunisialsaiilonaznasndonanad
Rty orananldinisdunuiliiugaiiudy
Buiitninenmansaulafinu PCSKO 1ty Taoss
wivi1 PCSK9 agiudwmaneglndlunisanseaulugiv
LDL wag Atherosclerotic cardiovascular disease Tu

BUIAR

UNUWMTNTivae PCSK9

wulasl PCSK9 wuldiunniidy wazdanulei
alddnuazle’ Inegnadns (encoded) 11910 PCSK-9
gene i endoplasmic reticulum waz@nusaslinsos

T991ulne Golgi apparatus Tulwagdsu (hepatocytes)
reudzgnuateenumieuldau unummiives
woulasl PCSK9 Tu Cholesterol homeostasis Aip 115
Juffu LDL receptor (LDLR) flaguuiniwadsiu uin
willgniliannisvhans LDLR aeluwad  alee
Un@ LDLR 223uUfiU LDL-C Uathnauliigadniu
NS2UIUNT endocytosis N LDL-C gnyinaney
1ne lysosome @ LDLR Afinsyuauns recycling
thnduineglilmififisadseduiiu LDL-C ilodn
wvhangluwadidu cycle aalyu (nm 1A) uevnil
woulwal PCSK9 119U LDLR wag LDL-C i LDLR/
LDL-C complex ag¥ilst LDLR gnvianenielugad
w¥aufu LDL-C lude vl#lsiil LDLR nduiusniinn
wadifiesedu LDL-C winhnduluianeluswadsu
(nw 1B) daalifszdu LDL-C luidoniiugatulo, 11
Fadunsduds wulesd PCSK9 axtaelisadil LOLR
Fisnsimtiilunisdu LOL-C wwhanglueadsoly
sgau LDL-C Tusrenedsanas’?

wonNTfmun statin dnansamieniily
\An up-regulation wes PCSK9 1§ Tnenswileath
sterol regulatory-binding protein 2 (SREBP-2) i
AANSLERDDNINNTY (expression) Fen1sLinTY

i 1 Regulation of

cholesterol homeostasis (A), role of

PCSK9 in cholesterol homeostasis (B),
impact of statin therapy on PCSK9 (C),
PCSK9 inhibition using monoclonal
antibodies (D). LDLR, LDL receptor;

mAb, monoclonal antibodies.”

‘ ‘ BN [N 3.indd 64
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489 SREBP-2 protein danaliits LDLR waz PCSK9
ASLERIENINNTY (M 10) FeinmsaanTauazis
anufigimsduds PCSK9 asdeifindseAnsnm
¥4 statins Tunisanseiulvduluden duhlugns
ponuwuUNsAnYITIRAatnlunsW PCSK inhibitors
JwiueIngy statins Tunsansedu LDL-C uazan
9MIINTAA ASCVD

NNISAUNY PCSK9 1ndausid 2003 uay
wuununTily Lipid metabolism wnngete 34
ATNYILWANAUNAUT polyclonal antibodies 38
monoclonal antibodies (mAbs) Wiodudinisrine
vouaulw] PCSK9 wia$hw LOLR fiRawad iievieu
anszdiu LDL-C uarvanenudsslunisiialsawala
uazviaeaidensell Gansiauneiluanadn (small
molecule pharmacotherapy) ﬁﬁqwéﬁug’q PCSK9
pazzsTueudneen o PCSKY 4
Tassasadulusiu Sseniieed clefts fianunsaduls
WOLALNZLAZ WA N1TIWAILI large molecule biologic
therapy 8819 monoclonal antibodies (mAbs) R
#111509UU flat portion U9 PCSK9 molecule 141
3elinadifnitlunsanseduloiuludon”

nalnnnseangnavas PCSKY inhibitors

PCSK9 inhibitors 138 PCSK9 monoclonal
antibody (mAbs) azldunazduds Pcsko laflsily
Fufiu LDLR ety LDLR Seanansavimeiilunis
Aundu LDL-C hamhangluwad wagnduanet
Awaduazyhutilunisviiats LDL-C ladadudu
cycle FauseiunasLsaLmaseaTIanas (M 1D)

‘ ‘ IR KX 3.indd - 65

PCSK9 inhibitors; to bedside

Tutassezan 10 AIITRILIIMER1NI3
Funuunumvthiives PCSk9 T lipid metabolism
MsANWINAYEY PCSKY inhibitors Tinawdufiuinele
Tunisanseaulaiu aunseiariuain Preclinical
phase mésﬂgu%aﬁ Clinical phase @wauilil PCSK9
mAbs (PCSK 9 Inhibitors) nangfifinaseglunis
Anwiluszauadln (Clinical trial Phase I, I, Ill) wa
Tutaanansd 2015 fsnuan flen PCSK 9 Inhibitors
2 @ l9sun1s approved 210 US.FDA uéq laun
alirocurnab waz evolocurab  @wuenfinnitasls
§un1s approved L%ﬁﬂ‘ﬁ fio bococizumab  39r&4
ﬁﬂma%ﬂu Phase Ill long term trial

Alirocumab

alirocumab (Praluent®; Sanofi and
Regeneron Pharmaceuticals, Inc) L‘fJuEJ’mEjJJ PCSK9
Inhibitors fausniildsun1s Approved Tld§nwn
N1NEARDLAELADIOAFITTUA heterozygous familial
hypercholesterolemia (HeFH) w3oiUq678l5A
Wlauasnaendeniifinnusndusosansedu LDL-C
wndatuluudliannsaldeingy statins soluld
(First approved July 24th, 2015 for Treatment
of heterozygous familial hypercholesterolemia;
HeFH and patients with atherosclerotic heart
disease who require additional lowering of LDL-
cholesterol)” Tnguwnen3udu Ao 75 un. Sadls
Ravils nn 2 dUanwi uazanansaiisuunenliia 150
1n. lneauNsanTIARnn AU LDL-C laundsannld
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gl 4-8 dUami Tnegunuuenduuuy prefilled
syringed waziiisn1saamiioudun1san insulin 3
911115398 Clinical trial Phase | 494 alirocumab
(REGN727/SAR236553) Wu31 PCSK9 monoclonal
antibody @u1350anseAyU LDL-C gy healthy
volunteer LLazﬁﬂ’JEJfl’jﬂ familial a2 nonfamilial
hypercholesterolemia L4 atorvastatin $3udme"
nsAnu1Ideidenadnly Phase I dovinlungu
U2w9idl LDL-C > 100 me/dL n1sliien alirocumab
(SAR236553) $3ffU atorvastatin 10 ua 80 mg 3
wudiuszansninlunisan LDL-C lafan baseline
gadla 70% Tunauedl atorvastatin 80 me + placebo
d11130an LDL-C 910 baseline Ity 30% (a1
7 2)'° w¥ensAnwdilit alirocumab (REGN727/
SAR236553) TuUqe heterozygous familial
hypercholesterolaemia #ild statins wie statins
59U ezetimibe Amuin alirocumab TUsednsSam
Alunsansedu LOL-C 7 12 Uit
PR ——

304 -%- Atorvastatin, 10 mg, plus SAR236553
—#- Atorvastatin, 80 mg, plus SAR236553

LDL Cholesterol
(mean percent change from baseline)

n1sAnw1lu Phase Il 989 alirocumab
(ODYSSEY LONG TERM trial)18 fifinm1uiia
Uszdndua Audasndy s1ulUdan1sensInIsian
cardiovascular events Uufia 78 dUavi lungquethe
aualng) $1uan 2,301 Au 7l statins high dose W&
lumevaues uazfimnandesgilunsiAnlsailauas
naonLdon (High risk of Cardiovascular events) R
ANulI15313 New England of Journal Medicine
oo wwnew W 1891197 alirocumab #@wnsa
an LDL-C 910 baseline 1§79 61% # 24 §Unn9i uax
52% 7 78 &Unv lnwanunsaan LDL-C lédaud 4
FUamiusnudsanniden ((wdl 3) wazauisoannis
1AM cardiovascular events (death from coronary
heart disease, nonfatal myocardial infarction, fatal
or nonfatal ischemic stroke, or unstable angina
requiring hospitalization) 1nYeyaa1gnvae
alirocumab %Qﬁﬂ‘dgjﬂﬁ approved lag US.FDA e
Lﬁauﬂiﬂgmuﬁﬁhum

21971 2 Mean Percent Change from
{ Baseline in Low-Density Lipoprotein (LDL)
Cholesterol Levels, According to Treatment
Group. Results are also shown for the entire

g double-blind treatment phase (week 0 to week

. :ml 8) and the follow-up period (week 8 to week
vs. Atan;aslatin,

16); Atorvastatin with or without an antibody

80 mg, plus
-100 placebo . . .
: : i . i i : ) to PCSK9 in primary hypercholesterolemia,
Baseline 2 4 6 8 12 16 8 LOCF
NEJM, 2012'
Week

No. of Patients
Atorvastatin, 80 mg, plus 29 29 27 25 24 25 21 29

placebo
Atorvastatin, 10 mg, plus 29 29 26 26 27 27 24 29

SAR236553
Atorvastatin, 80 mg, plus 30 29 23 28 23 27 27 30

SAR236553
. -

LALTAEY

‘ ‘ RN B 3.indd - 66
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1 122.6 mg/dl -3.60 ﬂ’]‘Wﬁ 3 Calculated LDL
(J;I:r‘::olgﬁijt'en (3.17 mmol/liter) . '
12 || .0 Cholesterol Levels over Time (Intention-
03% 3.6%
25 1004 to-Treat Analysis). Values above the
=8 240 o
%Bg = . - data points indicate least-squares mean
’%? 48.3 mg/dl (1.5033.}?17:5/&\0 R 'E absolute LDL cholesterol levels, and
s- (1.25 mmol/liter) E g .
- L120 values below the data points indicate
5 ] 40| -61.0%
J least-squares mean percentage changes
-0.60
| e e o from baseline. Values below the chart
L B & = L A T indicate the number of patients with
Week LDL cholesterol values available for the
No. of Patients X R X .
with Data intention-to-treat analysis at each time
Available
Placebo 780 754 747 746 716 708 694 676 650 652 point18
Alirocumab 1530 1473 1458 1436 1412 1386 1359 1349 1324 1269
a % A Ve =
Evolocumab Walsailanazvasaidanlang 53% nelu 1 Y (HR

evolocumab (REPATHA® by Amgen, Inc.)
subcutaneous injection 140 mg/ml Ju PCSK9
inhibitors fafiaes Aifeldsunis approved 210
US.FDA lefuii 24 ey 2558 firuurlude
ysldiilaisineiu alirocumab Ao ¥dm3uguaed
flsalvdiuluiienasyiin heterozygous familial
hypercholesterolemia (HeFH) %38 homozygous
familial hypercholesterolemia (HoFH) ‘Vﬁaﬁg
thelsanaenidaniala (clinical atherosclerotic
cardiovascular disease) finosnsansyaulusuly
\donasdn weilianunsald statins lasnsely®

nM1sAnelu Phase Il long term trial
(OSLER) Wu11n15l#ien evolocumab 140 mg nn 2
dUn19i W3e 420 me/ieu Samnunslden statins
Wisuiurunsld statins e Tungugthe statin
intolerance %38 familial hypercholesterolemia ii
lagansaanszau LDL-C lamandnungainnisld
statins Wu31 evolocumab @nnTnansEayu LDL-C
Taunde 61% 97 baseline uara1N10aAIATING

‘ ‘ RN B 3.indd - 67

0.47; 95% Cl, 0.28 to 0.78; P = 0.003; AW 4)

dwmsuns@nwilu Phase Il FOURIER (Further
Cardiovascular Outcomes Research with PCSK9
inhibition in Subjects with Elevated Risk) #3184
ﬁql,ﬁuﬂ'ﬁ"i%’aagﬂusmmf WunsAnwiusednsua
U84 evolocumab IUﬂWiamﬂame?%HQﬂwiLﬁmﬂﬂi
preanlsmiilanazviaandan NISLAALSATLYIA
dom Lagn1sinsun1ssnwlulsanenuna (risk of
cardiovascular death, myocardial infarction,
hospitalization for unstable angina, stroke, or
coronary revascularization) Iurzgﬂwﬁwﬁﬂg’mmﬁ
patndulsarnlanazvasnden (clinically evident
cardiovascular disease)21 39AA UL ARLWILY
2017

Bococizumab

Bococizumab (RN316; sponsored by Pfizer)
Ju PCSK inhibitor fif&sd@nunly Phase Il 113
Anwlu Phase Il wuinn51sen bococizumab 2197
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iR mtls Twruna 50 me, 100 mg, wag 150 mg 9N 2
duami fiu N5l 200 mg wag 300 me 1N 4 dUam
Wisuiguiu placebo Aamunaidusseziian 24
dUast wud1 bococizumab A 150 mg NN 2
dUAM ua YWIA 300 mg YN 4 dUavt HsEAnEamn
gegnlunisanludiu LDL-C 1ane 53.4 me/dl (32.5%)
waz 44.9 mg/dl (34.2%) 270 baseline™ @1ur&s
Anwilu Phase Ill SPIRE-1 study (The evaluation of
bococizumab (PF-04950615;RN316) in reducing
the occurrence of major cardiovascular events
in high risk subjects) fif&afnwIUszavEHavotEn
bococizumab wWiguiisuiu placebo Tunisansns
N154AA major cardiovascular events (cardiovascular
death, myocardial infarction, stroke, and unstable
angina requiring urgent revascularization) Mﬂij:\T
thefitlanudedunsdulsaiilauazasnidengs
(high risk of CV) Aldenduudililing uasd sesu
LDL-C > 70 mg/dL u@laiiiu 100 mg/dL” uaz

100

SPIRE-2 study (The evaluation of bococizumab
(PF-04950615; RN316) in reducing the occurrence
of major cardiovascular events in high risk subjects)
fifdafnw sy ansuaves bococizumab lunisan

14

9M3IN19LAA major cardiovascular events Iumjuz}l

U2e7ifl LDL-C = 100 me/dL? Tnemaimnansidau
rpnUANLNILl 2016-2018

AMuUaDANBLAZNATI9LAYY

91AN"5iB1ngN PCSKY inhibitors 1du
monoclonal antibodies Fsfas@at1laRINTs Wa
Fradesdnlngfinu fe skin discomfort wag local
reaction og19lsAnulunsFnefifinsfinniunis
o1 6-18 1fou dalinusumseigunss (major
side effects) Tun1s@n®n Phase Il fuFeuifiou
nslaen alirocumab AU placebo fis1891UNNSLAA
adverse drug reactions (ADRs) lan injection-

site reactions (5.9% vs. 4.2%), myalgia (5.4% vs.

A dl 4 Cumulative Incidence of

Cardiovascular Events of Evolocumab

versus standard therapy Included among

the cardiovascular events were death,

myocardial infarction, unstable angina requiring

hospitalization,coronary revascularization, stroke,
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in 29 of 2976 patients in the evolocumab group
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No. at Risk
Standard therapy
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(Kaplan—-Meier 1-year event rate, 2.18%). The inset
shows the same data on an expanded y axis. The
P value was calculated with the use of a log-rank
test.
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