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Abstract

Background Familial hypercholesterolemia (FH) poses a substantial risk of cardiovascular diseases. The recent
approval of evinacumab signifies a breakthrough in FH management. This review synthesizes evidence from diverse
clinical trials, examining evinacumab’s efficacy, safety, and broader impact on hypercholesterolemia.

Body As highlighted by multiple trials, Evinacumab demonstrates robust efficacy in reducing LDL-C levels, particu-
larly in refractory cases. Its sustained impact, evidenced by enduring reductions in LDL-C levels throughout extended
treatment periods, positions it as a potential long-term solution. While the safety profile appears favorable, instances
of deaths underline the importance of holistic clinical management and ongoing surveillance. The clinical implica-
tions are profound, suggesting evinacumab's potential inclusion in guidelines for managing severe lipid disorders.

Conclusion Future research directions emphasize inclusivity, diversity, and real-world applications to establish
sustained efficacy and safety across diverse populations. Integrating evinacumab into clinical guidelines requires
evidence-based recommendations, necessitating collaboration between researchers, clinicians, and guideline
developers.
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Introduction

Familial hypercholesterolemia (FH), a prevalent genetic
disorder with an autosomal dominant pattern of inher-
itance, is characterized by markedly elevated blood
low-density lipoprotein cholesterol (LDL-C) levels sur-
passing the normative threshold [1, 2]. FH patients
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exhibit distinctive lipid profiles, including heightened
cholesterol levels, normal or diminished high-density
lipoprotein (HDL), and often normal triglyceride (TG)
levels, alongside an increased amount of LDL-C [3]. The
clinical presentation of FH varies between heterozy-
gous (HeFH) and homozygous (HoFH) forms, each pos-
ing unique challenges in diagnosis and management [4,
5]. Despite advances in therapeutic options, FH patients
remain at an elevated risk of cardiovascular diseases, par-
ticularly coronary artery disease (CAD) [3]. Recognizing
the significant impact of modifiable risk factors such as
nutrition, exercise, and lifestyle, the management of FH
necessitates a dual focus on maintaining a healthy rou-
tine and promptly initiating aggressive hypolipidemic
medication [6].
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In this context, the recent approval of evinacumab by
the European Union in February 2021 marks a milestone
in hypercholesterolemia management [7]. Regeneron
Pharmaceuticals developed evinacumab, an IgG4 mon-
oclonal antibody targeting angiopoietin-like 3 protein
(ANGPTL3) [8, 9]. Inhibiting ANGPTL3 unleashes the
action of lipoprotein lipase (LPL) and endothelial lipase
(EL), critical enzymes in lipid metabolism [10]. Utilizing
genetically engineered recombinant Chinese hamster
ovary cells, this humanized IgG4 anti-ANGPTL3 mono-
clonal antibody boasts two disulfide-linked human heavy
chains and human kappa light chains, each with 453 and
214 amino acid residues, respectively [11]. Evinacumab
stands out as a promising therapeutic agent, employing
a unique mechanism of action targeting angiopoietin-
like 3 (ANGPTL-3) protein [12]. Evinacumab operates
as a human monoclonal antibody specifically designed to
interfere with the inhibitory effect of ANGPTL-3 on lipo-
protein lipase (LPL), thereby enhancing lipid clearance
and reducing circulating low-density lipoprotein (LDL)
cholesterol levels [13].

ANGPTL3, a vascular endothelial growth factors
(VEGF) family component primarily expressed in the
liver, regulates lipid metabolism by inhibiting endothelial
lipase and lipoprotein lipase activities [12, 13]. Loss-of-
function variants in the ANGPTL3 gene are associated
with reduced LDL cholesterol levels, emphasizing its sig-
nificance as a therapeutic target [14]. Evinacumab’s mul-
tifaceted action begins by reducing ANGPTL3 activity,
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unleashing lipase activities, and facilitating lipoprotein
hydrolysis, decreasing triglyceride (TG) levels [15, 16].
Forming an immune complex with evinacumab inhibits
ANGPTL3, enhancing the removal of very low-density
lipoprotein (VLDL) remnants and ultimately reducing
LDL cholesterol levels via a mechanism independent of
LDL receptors [10, 17]. This mechanism of action con-
trasts with other emerging strategies in cardiovascular
medicine. For instance, gene silencing techniques utiliz-
ing antisense nucleotides to target ANGPTL-3 mRNA
represent an innovative approach to modulating lipid
metabolism at the genetic level. Additionally, the inhi-
bition of proprotein convertase subtilisin/kexin type 9
(PCSK9) has garnered significant attention, with mono-
clonal antibodies such as evolocumab and alirocumab
demonstrating efficacy in lowering LDL cholesterol lev-
els by preventing PCSK9-mediated degradation of LDL
receptors [14] (Fig. 1).

While initial studies have demonstrated its efficacy
in reducing LDL-C levels, the literature still needs to
analyze its long-term impact and safety profile [11,
12]. Moreover, existing treatments may have limita-
tions, including adherence issues, side effects, and vari-
able responses among diverse patient populations. This
review examines the efficacy, safety, and influence of
novel evinacumab on FH. Understanding the long-term
efficacy, safety profile, and broader impact of evinacumab
on hypercholesterolemia is crucial for informing clinical
decision-making and refining treatment strategies.

Evinacumab
(monoclonal
antibody)

Reduction of
triglyceride (TG),
LDL and VLDL levels

Hydrolysis of
Lipoproteins

Fig. 1 Mechanism of action of evinacumab

Evinacumab
binding to
ANGPTL3

Activation of LPL
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Methodology
To ensure a comprehensive review, relevant literature
was searched. Electronic databases, including Pub-
Med, MEDLINE, Embase, and Cochrane Library, were
searched (see Table 1). The search terms included “evi-
nacumab,” “hypercholesterolemia,” “LDL cholesterol,
“safety, and “efficacy” Additionally, manual searches of
key journals and references from relevant articles were
performed to identify additional studies.

Studies were included if they met the following criteria:

— Dublished in English.

— Examined the efficacy and safety of evinacumab in
familial hypercholesterolemia.

— Involved human subjects.

— Provided relevant data on LDL cholesterol levels,
cardiovascular outcomes, and safety profiles.

Studies were excluded if they were:

— Case reports, reviews, or conference proceedings.
— Studies with insufficient data on the outcomes of
interest.

Data extraction was performed independently by two
reviewers to ensure accuracy. Extracted information
included study design, participant characteristics, inter-
vention details, outcomes (including changes in LDL
cholesterol levels, cardiovascular events, and adverse
events), and follow-up duration.

Table 1 Methodology
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A narrative synthesis approach was employed to sum-
marise the findings due to the anticipated heterogeneity
in study designs and outcomes. Key themes related to
evinacumab’s long-term efficacy, safety, and influence on
hypercholesterolemia were identified and presented.

Current evidence on efficacy and safety

A. Overview of efficacy

The efficacy of evinacumab has been studied across vari-
ous clinical trials (see Table 2). In a pivotal clinical trial
by Raal et al. (2023), 64 patients completing a 24-week
intravenous evinacumab treatment exhibited a remark-
able —49.6% reduction in total LDL-P compared to -5.1%
with the placebo [18]. The study design included two dis-
tinct periods to evaluate the efficacy and safety profile
of Evinacumab, namely a double-blind treatment period
of 24 weeks followed by an open-label treatment period
for another 24 weeks. The LDL-C data from 58 patients
showed a substantial mean reduction of 46.3% from
baseline to week 48 with open-label evinacumab. Nota-
bly, in the double-blind treatment period the placebo
arm showed more mean percent reduction in LDL-P by
55.8% compared to a 42.7% reduction in the evinacumab
arm, underscoring the efficacy of evinacumab in LDL-P
reduction [18]. The trial further elucidated the impact
of evinacumab on diverse lipid profiles. In the overall
population, there were significant reductions in HDL-C
(mean, 0.4%), non-HDL-C (mean, 48.9%), total choles-
terol (mean, 47.0%), ApoB (mean, 40.8%), triglycerides
(median, 51.9%), and Lp(a) (median, 16.3%) from base-
line to 48 weeks. Interestingly, the mean percentage

Methodology Details

Literature Search

- Conducted a search of relevant literature to ensure a comprehensive review

- Electronic databases searched: PubMed, MEDLINE, Embase, Cochrane Library. See Table 1 for details
- Search terms included: “evinacumab,”“hypercholesterolemia,”’LDL cholesterol,"“safety,"and “efficacy.”’

- Manual searches of key journals and references from relevant articles were performed to identify additional studies

Inclusion criteria for studies - Published in English

- Examined the efficacy and safety of evinacumab in familial hypercholesterolemia

- Involved human subjects

- Provided relevant data on LDL cholesterol levels, cardiovascular outcomes, and safety profiles

Exclusion criteria for studies

- Case reports, case series, reviews, or conference proceedings

- Studies with insufficient data on the outcomes of interest

Data extraction

- Independently performed by two reviewers to ensure accuracy

- Extracted information included study design, participant characteristics, intervention details, outcomes (LDL cholesterol
levels, cardiovascular events, adverse events), and follow-up duration

Synthesis and presentation
and outcomes

- Narrative synthesis approach employed to summarize findings due to anticipated heterogeneity in study designs

- Key themes related to evinacumab’s long-term efficacy, safety, and influence on hypercholesterolemia identified

and presented




Page 4 of 12

(2024) 36:69

Olatuniji et al. The Egyptian Journal of Internal Medicine

pa1jodal 2419M UOIPNUIIUODSIP O}

Buipes| s3y31 40 syieap ON I01ebnsaul ayl Aq
pa3e[al-bnip paIapISUOD 10U UM STYI] SNOLDS
953y (quaned a|buls e ul |e) eaudsAp pue
‘suoieyd|ed ‘uone||uqy [euie pue ‘quaned 2|6
-U[S B Ul Y1Og) BULIOUDIED ||3D [RUOIISURI} pUB
uone||uqy |eLie ‘(| =u) wsljoqwsa Ateuow|nd

‘(1 =u) uolsnya juof ‘(| = u) 1aplosip Ajjow
|eunsaulonsed ‘(| =u) dAjod Jappe|qyeb ‘(1 = u)
UO[1934Ul SNUIABUOIOD ‘(| = U) uted 1sayd (| = U)
SISOURIS AIS1IE PIIOIED DIaM 353U (%17'6)
syuaiied 96 JO 6 Ul Pa1INII0 STyI] SNOLSS
Spew 21aM JudWieal} Apnis 03 sabueyd ou pue
's3y31 JO UonN|osal 919|dWod Sem a1y}
‘syuanied ¢ |je uj (| = u) AI9A3S pjiw Jo ssau||l
dYjI[ezusnpjul pue ‘(| =u ‘uondeal paie|al
-UOISNJUl Ue PaJapPISUOD) Slejew ‘(| = u) A1IaASS
P|IW JO SIUSWSAOWI [9MOQ JUaNbaly pue s323
1J0s ‘(1 =u) A1I2ASS 21eISPOW JO [9A3] D107 Ul
9SPAIDUI UB 2I9M 353U} L103eDIISaAUl 9} Aq
JUaWIea.} APNIS 01 Pa1e|aJ PaJAPISUOd Jy3] |
15e3] 18 paduaLadXs (%7't) siuaned 96 Jo Ino4
J101e61159AUI 943 AQ JUSW

-1eai1 ApNis 0} Pale[aJun PaJspPISUOd a1am pue
A1219|dwod panjosal 1ey) aselajsuelioujue
91e1iedse pasealdu] pue aselajsurlioulule
du|ue|e Pasealdul JO s3I L Pey Woym Jo auo
‘uorIdUNy JAAI| 03 bulurenad sanjewiouge Alojel
-0qe| yum pajuasald (957 1) siusired 96 JO N0
[96 40 Z1] %S 1) shibukieyd

-0SeU Sem MO A|snouaneiiul UsAID ‘By/6w G|
'GRUINDRUIAS YIM Jy3 | UOWILIOD 3SOU 3y |
JUWILa.} APNIS O P1R|2IUN PAISPISUOD UM
I1e {(9+'6) siuaned 96 JO 6 Ul Pa1IN20 S3y3 |
SNOLAS (%€ 18) Saualed 96 JO g/ Ul paLINdd0
(S3VAL) S1092 3SI9APY JuSbISWT JUSWIRI|

1UsWieal) Apnis 03 paiejaiun

P313PISUOD 3IaM [[B {(%4'6) Stuaned 96 Jo 6 Ul
P31IN220 SIUSAS 3SISAPE JUSDISWS-1USWIeaI)
SNOLISS *(%¢€"18) Siuaned 96 JO 8/ Ul paLINdI0
SIUDAS 9SJI9APE JUSDISWS-1USUWIIRI| 100D
||[BISA0 U1 Ul SUI|9Seq WO 7/ ¥99M 1B S|9AJ)
(9%t 77— 59] % £S) 9pHA|BLL Bunse (OI)
uelpsw pue ‘([95°/ 1] %9'Ch) [049159|0YD [e10)
(967°€7) %t 81) |049159|0YD ul10i1dodi| Alisuap
-ybiy-uou ([917¢] %0'8¢) g urerordodijode
(S) ueaw padnpai ‘By/bu G| ‘qeuindeuIAg
"LI0Y0D |[BISA0 3U1 Ul (9/'8T) %S St Ad aul|
-95eq WOJJ [2A3] D-1d7 (QS) UBSW pasnpai
‘By}/bW G| ‘GeUINDRUIAS ‘7/ Yoam 1y TTp/bul
(C'SS) 6'G¥L sem [9A9] D-1Q7 suleseq (ds)
Ueal "ue|d Juawiieal] [ageT-uado ayi pars|d
-W0D (9%/°16) 88 WOUM JO 41710 3yl paisius
([9%C 5] o]ews) 76 'siusned 96 4O (2101

96

[BLY [EDIUI|D PazZILIOpURY

(£207) '[! 19 'UOSUSSOY S 10y

aAnebaN

W00 dANISOd  dzis djdwies

ubisap Apnis

1eaf pue soyiny

solsuRIdRIRYD APNIS T dlqeL



Page 5 of 12

(2024) 36:69

Olatuniji et al. The Egyptian Journal of Internal Medicine

sdnoJb yuswieasn

Al 10 DS Aue Ul paAIasqO a1am yieap 0} buipes)
S3y3L 40 ‘UoieNURUODSIP ApN1s 01 bulpes)
S3Y3L ‘152491Ul [B1D3dS JO STYTL STV L 2I9A3S
‘(s3¥S) S3V Snouas oN ‘dnolb pD b o€

QU3 Ul A|Uo ‘A|9AIdadsal ‘s193[qns (%€ €€)

XIS PUB (95" |) OM1 AQ pa1iodal 219m suoioeal
91IS-uoNDa(ul pue S3y3| palejai-luswieal|
dnoub asop-31buls bu 0O§ 3y sns

-19A dnoib pD Bw 0O€ Y3 Ul s103fgns
P3183J1-GRWINDBUIAS 10} (%8°/7) Aduanbaly
19yb1y e 1e pariodal a1am S3y AUARISUSSIDAAH
sdnoJb S0P Al GEWNDRUIAS OM] U1 U99MIS]
s1el Jejlwis Yyim ‘sdnoub juswiesii Al gewndeu
-IAS PaUIqIOD BY3 U1 $193[GNS (9%/' L) GL Ul pue
dnoib uawiealy A| 0gade|d pauUIqUIOD Y1 Ul
$123[gNS (%0°0S) XIS Ul P211N320 S3y3 L

(swiseds appsnw pue ‘spunid pazijesausb Bra
“SUISE pue UONDeRI PRle[RI-UOISNjUl ‘AUAISUSS
-19dAy Bnup) pa1e|ai-geWwNI_UIAS PAISPISUOD
SIUSAS 3SI9APE PadUSLadxa siusned (%£°9) 1
‘syuaned (9%4°€/) /1 Ul PR1IN230 SIUSAS 3SIDAPY

Aj2nnoadsal ‘sbuel

[PWIOU 33 Jo Hwi| Jaddn ay) sswin G pue sawi}
€ UeY) SS3| 24aM 1eY) sasealdul ‘dnoib 0gad
-e|d ay1 Ul (901) S1uaned |z Jo ¢ ul pue dnoib
geWNDBUIAS 33 Ul (9G) s3uaned {1 Jo z ul
panodas sem aseajsueljoulwe aenedse Jo
3U|UBE J2YLIS JO [9A3] 33 Ul 958310U] Uy
1dwiaiie apdINs e pue sisdasoin se

paiodal a1om pue dnoib gewndeuins ayl ul
(9%S) Sxuaned ¢ Ul paiind>0 pouad Jusw

-1e311 31 BulINp SIUSA3 3SI9APE SNOLAS 3y
219 ‘eaylioulyl ‘aydepeay ‘ssauj|l

Il-ezuanyul ‘spibukieydosen papnjoul A3y
dnoib oged

-e|d ay3 Ul 35043 JO %18 Ul pue dnoib gewndeu
-IA9 9Y3 Ul s3uaiied sy JO 999 Ul Pa1INdd0
pouad Juawieal) Y1 buunp SJUSAS SISAPY

ogaoe(d snsian ‘g uiyoudod

-llode Buipn|pul ‘spidi| Jayio pasnpal (DS pue
Al) GewNdeUIAT 'sabueYd J9|[ews padnpul
S350P JaMO| YBnoy|e ‘s|aA3| apliadA|bL pue
D-1d7 Pa2NPal Os[e S9S0P DS GeUINDRUIAg

‘g 32am 01 dn pauleisns pue (¢ Aep Aq ua9s)
pidel a1om A| GRWNDRUIAS YlIM PIAISSGO
sabueyd apuadA|OL] g ¥99m 01 dn ¢ Aep uo
Buluuibag ‘s950p Al Y10g UM SUl|aseq Wolj
pasealdap D-1g7 Pa1e|noled uealy 'sdnolb
DS PUB A SSOIDP $103[gNs UeIsedNeD) pue
9sauede[ Usam1aq o|qeieduwlod aiam sajyoid
D119UI0DBULIBYJ "SIUSAS 9SISAPR JusbIswa
-JUSWIL3.] 2ISASS JO SNOLISS OU YIM ‘0D
-e/d yum sjgesedwod sem sa1IDIUYIS Y1oq Ul
(DS puUe A) gewndeulA Jo 9jyoid A1ajes ay |

(9%6'St) SIUBLIPA [|[NU-UOU pue

(92 /¥) |INU-|NU Yum S3USN1ed JOJ SUONONPSI
D-1Q7 uesw Jejiuis Yum (Ip/Bul € /1L L F EpEL
‘uoIdNPaJ UBSW) 9%¢ 9 AQ D-1Q7 Uesw
Pa2NPaJ GRUINDBUIAS ‘(POLRd 1USUWI1LI|
|9ge7-uadQ JO PUS) 8f YoM 01 aUI[9Seq WO
p/BbW €791 F505T sem Anus 4190 e D-1a1
auljaseq ueaw ay1 ‘saidesayl buamol pidy|
a|diynw audsa "qewndeulrs [9ge|-uado
PaAI9IR) PUB POLIDd 1USUIIRAI] PUllg 3]q

-noq ay3 pala|dwod syuaned 9 Jo [e101

(1000>d '1'€€—01 0'59—"[ID] [eAs1ul dUSpY
-U0D 956) siulod aberuadiad (et —JO DU
-JIp ueaW sasenbs-1sea| dnoib-usamiaq e 1o}
‘dnoib ogeade|d 3yl Ul 96" | JO 95EIDUI UB YLM
paJeduwod Se ‘% | /1 JO [9AJ] |049153|0YD

737 Y3 Ul SUI[9SEq WOJ) UOHINPAI SAIR[DI B
pey dnolb gewnoeulAa ayi Ul syuaiied

%

¥9

LS

LI [BDIUI|D paZIWOpURY

leu puljg-21gnog

Apnis dnoib-|sjesed ‘pajjoy
-U02-0ga2e|d ‘pul|g-9|gNOP ‘PazILIOpUR) Y

(€200) eqlys-epeley O3uely

(€200) e 32 [eRY [ YPUopaiy

(€200)
|2 12 ‘|ery 'UOSUISOY

aAnebaN

3WO00IN0 dAISO4  9zis djdwies

ubisap Apmis

1eak pue soyiny

(panunuod) g ajqey



Page 6 of 12

(2024) 36:69

Olatuniji et al. The Egyptian Journal of Internal Medicine

0ga>e(d 10 gewndeu
-IAS UM 1USWI1LS11 BULIND SIUSAS 9SI9APE

sjuaied H4OH Ul USAS ‘obe BunoA e 1e
ssa1baJ 01 AljIge ayi ssassod sanbejd dol
-3[250J2431e 1By} SMOYS SIY] "JeUINdRUIAS pue
‘sisalayde 1g7 ‘2qiwnazs ‘sunels yum Adeiayy
Bupamol-pidij SAISUSIUL JS1E ] DD YIM

JUSWIESI} JO SYIUOW 9 Id}je pue Uoneziwo
-puel 310429 (V1 DD) Aydeiboibue Aydeibouwioy
paINdWod AJeUOIOD JUSMISPUN SIUSLIR]
“APNI1S SIYY Ul PPNl 24aMm ‘(A|yauou a5Uo
Ajsnousaenul by/buw G| ‘€71dONY surebe
pa1224Ip ApOgiaue UBWNY B) GRWNDRUIAS JO
109}J3 BulIAIMO|-|011S3|0YD TJT Y} bunenjeas
(O8Z66EE0IDN) [Bl1 [B21Ul]> paziwopuel
6291-1D-006 LY dy3 ut patedidiied oym ‘syue

snopas Aue 9dusadxa Jou pip siuaned yiog PaAI9SQO sem uoldnpal anbejd punojoid 4 -eA Y77 [INU/|INU yim siuaned H4oH om] (1LZ0g) | 39 paweyowlny ‘duiessasy
paielajol
[[oM Sem pue H4oH Yum siuasied uj 9509 ueyl
2J0W AQ D-1J7 PadNPaIl GeUNDRUIAS pue Apnis pajjon
pa31€1s 10N qewndolije yim Adeiayi uoleuiquiod) ST -uod-0gade|(d ‘pulig-a|gnop ‘paziwopury (1207) ‘|2 12 [PRY ' YD13palq
aAneban 2WO0d1N0 dANISOd  9z1s 9jdwes ubisap Apmis 1eak pue soyiny

(panunuod) g ajqey



Page 7 of 12

(2024) 36:69

Olatuniji et al. The Egyptian Journal of Internal Medicine

Bnip |el1 ay1 01 paiejai 9q 01

101e61159AUI 91 AG P3ISPISUOD 10U 2I9M pUB
95easIp Leay bulAjlapun yum siuaned ul
P34INJ20 SIUSAS 9594 “(L1BSP DBIPJED USPpPNS)
SY9aM 7 A19AS Bw Q€ JO 9SOP B 18 qeuNdeUIAD
SNO2URINIQGNS LM P1eai) SeM Oym Jusiied
2UO pue (}D0ys dluabolpied Jo ain|iey 1eay)
APtoam Bui 0O€ JO 950 € 1B GRUINDRUIAS SNOSU
-eINdgNS YlIM paleal) Sem oym uaiied auo ul
POLIND20 Y1BSP Ul BUNINSSI SIUSAS SSI9APY
A|IN} PIA|OSDI PUB SY99M T

AISA BUJ 00E JO 9SOP B 18 GRWINJRUIAS SNOSURY
-NdQNS YUMm pasindd0 yoiym ‘esaudsAp sem brup
[eL1 9y 01 paie|ai 3¢ 01 Jo1ebIISaAUl ay1 AG
PRJ9PISUOD SeM 1Y) UOIIBNUIUOISIP 1USW
-183J1 Ul BUIINSJ JUSAS 3SI9APE AUO By}
‘sdnoJb 1USWILII-SNOSURINDGNS B3 U]
PIAISSGO 2IDM SIUIAS

95I19APE 9perIb-YbIY M3} ‘GPWNDRUIAS SNOUSA
-BJ1UI JO SNOSURINIGNS PIAISISI OYM Siualied uj
(99 "SA 9% |) sibukieydoseu pue ‘(950

'SA 9/) BISNEU ‘(969 "SA 96/) B3] 10 Wiie ue ul ujed
(969 'SA 9%/) NBIRY (960 'SA %) SSIUIZZIP (%69
"SA 95/) Uled 32eq ‘(960 'SA 99) Uled [euluiopge
papn|oul 0gade|d SNOUSARIIUL YIM Ueyl
CPWNDBUIAS SNOUSARIIUL Y1IM AJuanbaly

2J0W Pa1IN20 PUe (SUsWIBal 0M] 31 JO
J34119) GBWINDBUIAS SNOUSABIIUI PIAIDDRI OYM
sjuaned ay1 JO 96 ISe3| 1e Ul pa1Ind0 1eyy
SIUSAS ISISAPY (960 "SA 9%G) IB[RAW pue ‘(9¢
"SA 05S) BIB[RIYLIE ‘(96 "SA 969) PUUSYIAID DUS
-UoN23[Ul ‘(968 "SA 9 | L) UONDS4UI 10RI) AlRUlIN
papn|oul 0gade|d snoaurINdgNS Yum ueyy
geWNJBUIAS SNO3UBINOGNS YlIM AlJuanbaly
9I0W PaIINJ0 puUe (suawlibal 931yl 3yl Jo

AUB) GBWINDBUIAS SNO3URINDGNS PIAIRI3 OYM
sjuaned ay1 JO 96 ISe3| 1e Ul pa1Ind0 1eyl
SIUSAS 95I9APY "SANOID [BLIY SSOIDR 949 | 01

€ wouy pabuel pouad uswiiesll oyl buunp
SIUDAS SSISAPE SNOLISS JO 9OUSPIDUI 3y |

950P WNWIXeW 341 1B 9605 Ueyl

2I0ul AQ ‘]93] [049159|0Yd T SY1 padNpal

Ajpuedyiubis GeuwndeuIAS JO 9sn ay1 ‘eILS|0
-19159|0Y4adAyY A1o12eHai Yim susied uj 2T

|euy g aseyd ‘Apnis pajjoy
-U02-00a2e|d ‘pul|g-3|gNOp ‘PazIiLiopuey

(0207) |2 18 ssab.ng ‘uosuasuoy

aAnebaN

3WO0dIN0 dANISOd  9zis 9| dwes

ubisap Apmis

1eak pue soyiny

(panunuod) g ajqey



Page 8 of 12

(2024) 36:69

Olatuniji et al. The Egyptian Journal of Internal Medicine

ysny 10y pue suondeas aus-uondaful
DM SIUDAS P31.|2J-BnIp UOWWOD 1SON

P31e[24-9S0P 10U SI9M PUR SUOIIBAS|S
31buls a1am ya1ym ‘(sdnoib ogaseid sy ul
9UOU) qeWNDRUIAS YIIM PIAISSTO a1aM (JVIN
[ 1] L 'QVS (%T'€] 7) @seupjoydsoyd auju
-11e31D puUe ‘(QVS [%5'9] +7) 9Seiajsuenoulue
o1epedse (QVS [9%€°L L] /) 9selsjsueiioulwe
dUIUB[e Ul SUOIBAS|] ‘paliodal 91am uonenul
-UODSIp 1uswieall 1O Yylesp O @C%mw_ SJUSA9 1O
S1USAS aSIaApe Ew@wgw&cwgpmwb SNOLISS ON

P31€15 10N

paJanodai suaiied yiog 1duisiie spidins e pue
s|sdasoin se papodal a1om pue dnolb geundeu
-IAS 341 Ul (9%S) s3uaied ¢ ul paunddo polad
JUSWILa.1 31 BULINP SIUSAS SSISAPE SNOLISS
SU1R9P OU 9JaM 21941 JUSAS 9SIDSAPE

ue Jo asnedaq 0gade|d JO GeWNdBUIAS J2YUD
panunuodsip syuaied oN “(€ 9|qe]) dnoib oged
-e|d Y1 U1 950Y1 JO 9| 8 Ul pue dnolb gewnoeu
-1A8 3y Ul syuaned ayl JO 9499 Ul PaLInNdd0
pouad Juawieasl syl BulNp SIUSAS 3SIDAPY

adA1

-ouab Jo sss|pJebai ‘syusned H4oH Ul D-1d7
BullaMO| Ul |77 01 PIPPE GRWINDRUIAS JO 10949
pacunouoid e moys synsas Aeutwaid ay

0ga2e|d SNSI9A S3S0P

QPWNDRUIAS 1SOUW YIM PaAIasqo a1am spidi|
1310 Ul suononpal Juedyiubis Apnis asop
Buipusdse ajdnjnu syl ul (€000'0=d) SH33M
AI9AS 92UO A|snouaneiiul B3/b6w 0z Yum ¢
Kep 1e 94| "€Q JO pue Apnis 9sop buipuadse
36uls au1 Ut (L0000 > d) Alsnousnenul By
/Buw 0| yum € Aep 1e 9469/ JO UOIDINPAI WNW
-IXeW B UM ‘S3IPNIS Y10q Ul PAISSCO 1M
SOPLISA|BLL Ul SuoidNpal Juspuadap-asoq

syueddiied jje ur D-1d1

paonpai Ajjenuelsgns uonigiyul €11dONY ey
BUIMOYS ‘7| 399M pUe {7 399M U9M13q Bull
-IN220 ‘98| F 85 —SeM qeuwnNDRUIAS YLIM
D17 Ul uononpai yead uesw ||elaAQ

(suosied

-Wwiod |[e 10} L 000 > ¢) dnoub ogedeld ayi ul
950U UBY3 7 }99M O} dUI[95eq WO} |04}
-S9O |10} pUE |0J21S3[0YD JgH-uUou ‘g
utaloidodijode Jo s|aAd| Jamo| Ajjuedyiubls
pey dnoib gewndeuIAS ay3 Ul sjusiied

(%8'€ —'SA % | 6 —) SIUBLIEA ||NU

-UOU YIM 850y Ul PUB (%791 +SA %t €7 —)
SJUBLIBA ||NU—||NU Yym Ssualied ul dnoib
ogade(d ay3 Ul ueyl dnoib gewndeuirs ay3 Ul
JBMO| SBM [8A3] |048152|0YD 1QT YL (1000 >d)
dnoib 0gade|d aU1 Ul 96’ | JO 9SBIDUI UR LM
paJedWlod Se ‘94| /1 JO [9AS] |012153|0YD

737 943 Ul 2UI9SE] WOJ) UONONPAI SAIIR[SI B
pey dnolb gewnseuirs ay Ul syualied ‘¢
soam 1y Adesayy bulamol-pidi| punoibsdeq jo
S9S0P WinWixew Jo 1d1adal ay3 audsap U9

o9p Jad buwl |GGz sem sdnolb oml sy Ul
|9A3] |043153|0YD TJ7 dUIj9seq UPSW 3y |

6

6¢l

59

Apnis
1daou02-jo-j00id ‘|age|-uado ‘wie-a|buls e

[BLY [EDIUI|D PaZILIOpURY

Apnis 1dasuo02-jo-joolid ‘z aseyd

|e11 € aseyd ‘pa||011u0>-0gade|d ‘pul|g-3|gnop

(£107) ‘e 12 '2dI9 19pnen

(6100) e 32 peuwiyy piyez

(610¢) '|e 39 UBYD ‘93fauleg

(0Z07) e 38 [ }D1pPaL4

aAebapN

SWO0dIN0 dANISOd  9zis 9| dwies

ubisap Apmis

1eak pue soyiny

(PanunUOd) Z 3jqey



Olatuniji et al. The Egyptian Journal of Internal Medicine (2024) 36:69

reductions for patients with or without apheresis were
43.8% and 47.6%, respectively, suggesting consistent effi-
cacy across patient subgroups. Similarly, Reeskamp et al.
(2021) evaluated Evinacumab’s effect on two patients
with null/null LDLR variants, showcasing promis-
ing results. Intravenous administration led to a signifi-
cant reduction in pre-apheresis LDL cholesterol levels
(2.48£0.31 to 0.80+0.16 mmol/l in patient A; 2.20+0.13
to 0.78 £0.13 mmol/l in patient B) [19]. Follow-up CCTA
revealed substantial regression in plaque burden, with
patient A experiencing a 76% reduction and patient B an
impressive 85% reduction in total plaque volume after
31.5 months, including 5 months of Evinacumab treat-
ment. Reeskamp et al’s study (2021) focuses uniquely on
patients with null/null LDLR variants and utilizes CCTA
for plaque assessment. While the study design adds nov-
elty, the small sample size (two patients) raises concerns
about statistical power. The absence of a control group
limits the ability to attribute observed changes solely to
evinacumab.

Banerjee et al. (2019) conducted a study assessing
LDLR activity. Evinacumab, despite reducing LDL bind-
ing and uptake values, did not alter LDLR activity. This
finding suggests that evinacumab’s efficacy may be inde-
pendent of direct LDLR functional improvement [20].
Gaudet et al’s (2017) open-label study involving nine
adults offers insights into real-world applications [21].
The multifaceted lipid profile assessment adds depth, but
the small sample size and lack of a control group limit
generalizability and causal inference. In the single-group,
open-label study, evinacumab demonstrated significant
efficacy in nine adults with HoFH. The treatment led to
a 49% reduction in LDL cholesterol levels at week 4, with
concurrent decreases in apolipoprotein B, non-HDL cho-
lesterol, triglycerides, and HDL cholesterol.

Frederick et al. (2021) investigated the combina-
tion of alirocumab and evinacumab in 25 patients
with FH, reporting substantial reductions in LDL-C
(—62.9%), apolipoprotein B (—54.9%), and triglycer-
ides (—54.5%) [22]. A study by Rosenson et al. (2023)
demonstrated enduring reductions in LDL-C levels
throughout 72 weeks with intravenous evinacumab [23].
It is noteworthy that Rosenson et al. 2023 explored the
longer-term effects of Evinacumab in refractory hyper-
cholesterolemic cases. A remarkable 45.5% reduction
at the 72-week mark emphasizes its sustained efficacy,
positioning evinacumab as a long-term solution for
refractory hypercholesterolemia. Subcutaneous or intra-
venous administration of evinacumab in a trial involving
272 patients showcased promising longer-term efficacy.
Subcutaneous administration led to a 10% reduction in
LDL cholesterol levels at week 16 compared to placebo,
while intravenous administration exhibited more than
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25% reductions. Secondary efficacy analyses emphasised
the consistency of evinacumab in lowering lipid levels,
including a dose-dependent decrease in atherogenic lipo-
proteins and HDL cholesterol levels. A phase 3 trial by
Raal et al. explored evinacumab’s efficacy in 65 patients
with homozygous familial hypercholesterolemia, dem-
onstrating a significant 47.1% reduction in LDL choles-
terol levels compared to a modest 1.9% increase in the
placebo group at week 24. The substantial between-group
difference of 49% underscores the robust efficacy of evi-
nacumab in lowering LDL cholesterol, addressing a criti-
cal need in patients with severe hypercholesterolemia
[24].

B. Safety parameters and adverse event management

In the clinical trial conducted by Raal et al. (2023),
treatment-emergent adverse events (TEAEs) occurred
in 73.4% of patients during the Open-Label Treatment
Period (OLTP), with the most common TEAEs being
nasopharyngitis (9.4%) and headache (9.4%). Reeskamp
et al. (2021) reported no adverse reactions during their
study, indicating a favorable safety profile [18]. Similarly,
Banerjee et al. (2019) found that evinacumab was well-
tolerated, with no treatment discontinuations due to
adverse events [20]. Gaudet et al’s (2017) study involving
patients with HoFH reported that all participants experi-
enced at least one adverse event, with back pain (n=4),
nausea (n=4), and nasopharyngitis (#=2) being the
predominant adverse events. Importantly, none of these
events led to treatment discontinuation [22].

The safety of subcutaneous evinacumab was investi-
gated in 266 patients in a study by Rosenson et al. (2021)
[24]. Different doses and frequencies of administration
were explored, and adverse events associated with intra-
venous administration of evinacumab were compared
to those of a placebo group. Adverse events in the sub-
cutaneous administration included diarrhea, headache,
influenza-like illness, injection-site erythema, nausea,
nasopharyngitis, and urinary tract infection, with varying
occurrences based on different doses. Notably, the study
by Mariko Harada-Shiba et al. (2021) involving healthy
Japanese and Caucasian subjects revealed comparable
profiles across different treatment groups [25]. How-
ever, there were slight variations between Japanese and
Caucasian subjects in other dose groups. TEAEs were
reported in 41.7% of subjects in the evinacumab group
for the intravenous treatment groups, with similar rates
across different IV dose groups. Hypersensitivity adverse
events were experienced by a small percentage of sub-
jects, with minimal differences between the placebo and
evinacumab groups [23]. In the subcutaneous treatment
groups, a higher incidence of TEAEs was observed in
the evinacumab group compared to the placebo group,
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particularly in the 300 mg QW (once a week) group,
where there was a higher frequency of TEAEs, espe-
cially hypersensitivity events. Notably, treatment-related
TEAEs and injection-site reactions were specific to the
300 mg QW group. In Rosenson et al. study [23] severe
adverse events were recorded in seven patients in evi-
nacumab arm, although claimed by the investigators to
be unrelated to the medications, they were coronary or
cerebral atherosclerotic events, indeed the actual hard
cardiovascular endpoints to be evaluated [23]. It is cru-
cial to note that these fatalities were not attributed to the
trial drug but were linked to underlying heart disease,
without giving a logical explanation as to why mortality
was higher in evinacumab arm, compared to the placebo
despite having the same refractory hypercholesterolemia,
which is considered a study limitation. The management
approach did not involve specific interventions related
to Evinacumab but focused on addressing the broader
health condition contributing to the adverse outcome.

Clinical implications and future directions

The combined findings from various clinical trials on evi-
nacumab’s efficacy present significant implications for
clinical practice, future research, and potential updates
to clinical guidelines. Evinacumab stands out as a valu-
able addition to therapeutic options for patients with FH.
Its consistent efficacy in reducing LDL cholesterol lev-
els, particularly in refractory cases, suggests its potential
role in managing challenging lipid disorders. The robust
impact on LDL-P and other lipid profiles positions evi-
nacumab as a potential breakthrough for patients with
limited treatment options. Despite the promising find-
ings, there is a need for ongoing research, particularly
in the form of long-term studies with larger and more
diverse populations. The current evidence, while com-
pelling, often stems from trials with limited sample sizes,
specific patient populations, and varying methodologies.
Future research should focus on establishing sustained
efficacy and safety profiles across different demographic
groups, ensuring a more comprehensive understanding
of evinacumab’s potential.

Pending further confirmation through rigorous
research, evinacumab could influence guidelines for
managing refractory hypercholesterolemia. Its unique
mechanism of action demonstrated efficacy, and rela-
tively favorable safety profile position it as a candidate
for inclusion in clinical guidelines for treating severe lipid
disorders. However, this recommendation should be sub-
stantiated by further robust evidence. The safety profile
of evinacumab, as indicated by various trials, appears
favorable. Treatment-emergent adverse events are rela-
tively low, with the most common events being manage-
able and not leading to treatment discontinuation. This
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suggests that evinacumab is generally well-tolerated
among diverse patient populations. Future research
should investigate safety considerations, especially in
prolonged and real-world use. Long-term safety data and
post-marketing surveillance are essential to uncover any
potential rare adverse events that may not be apparent in
smaller clinical trials. Understanding the safety param-
eters in varied populations and different administration
methods will contribute to a more comprehensive safety
profile.

The instances of deaths reported in association with
evinacumab underline the importance of a clinical
approach. As evinacumab research advances, several key
areas merit attention for future investigation and explo-
ration. Future studies should prioritize inclusivity and
diversity in patient populations to ensure the generaliz-
ability of findings across different demographic groups.
This will contribute to a more comprehensive under-
standing of how evinacumab may benefit a broad range of
individuals with severe hypercholesterolemia. Investigat-
ing real-world applications and outcomes of evinacumab
beyond controlled clinical trial settings is essential. This
includes exploring its effectiveness in routine clinical
practice, potential challenges, and variations in response
across different healthcare settings.

Limitations and strength of review

While our narrative synthesis provides valuable insights
into the long-term efficacy, safety, and adverse events
associated with evinacumab, it is important to note cer-
tain limitations. Primarily, the efficacy of evinacumab
has been predominantly evaluated in terms of its impact
on LDL lowering rather than directly assessing its effect
on hard cardiovascular outcomes such as atheroscle-
rotic cardiovascular complications. These complications
include critical events such as the development of acute
coronary syndrome, strokes, or peripheral atheroscle-
rotic occlusive complications. Consequently, the absence
of a direct evaluation of these outcomes within the cur-
rent review limits full comprehension of the medication’s
overall cardiovascular efficacy and safety profile. In addi-
tion, the variability of study designs and methodologies
across the included trials is a limitation. The heterogene-
ity in participant characteristics, treatment regimens, and
outcome measures introduces challenges in directly com-
paring results and drawing universally applicable con-
clusions. Additionally, several studies had small sample
sizes, potentially impacting the statistical power and gen-
eralizability of findings. Moreover, the available evidence
predominantly stems from relatively short- to medium-
term trials, and there needs to be more data on the long-
term impact of evinacumab. Understanding sustained
efficacy and safety profiles over extended periods is
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crucial for informing clinical decision-making, especially
in chronic conditions like familial hypercholesterolemia.
Although this review acknowledges the efficacy of Evi-
nacumab in the reduction of LDL cholesterol in familial
hypercholesterolemia, the higher incidence of deaths in
evinacumab arm in placebo-controlled RCT compara-
tive studies mandates continued surveillance and holistic
assessment of this medication before approving it.

Conclusion

The approval of evinacumab in the management of FH
represents a pivotal advancement in addressing the chal-
lenges posed by this prevalent genetic disorder. This
review explored the pharmacological underpinnings of
evinacumab, shedding light on its mechanism of action
as an IgG4 monoclonal antibody targeting angiopoietin-
like 3 protein (ANGPTL3). The inhibition of ANGPTLS3,
a key regulator of lipid metabolism, demonstrates prom-
ise in addressing the distinctive lipid profiles observed in
FH patients. Various clinical trials have underscored the
current evidence on evinacumab’s efficacy, showcasing its
ability to significantly reduce LDL cholesterol levels, par-
ticularly in challenging cases of refractory hypercholes-
terolemia. These trials not only emphasise the short-term
impact on lipid profiles but also hint at sustained efficacy
over more extended periods, positioning evinacumab as
a potential long-term solution for patients with limited
treatment options. However, the efficacy findings, while
promising, call for continued research efforts to establish
the sustained impact of evinacumab and its safety profile.
The varied responses observed in different patient popu-
lations and the instances of deaths reported underscore
the importance of ongoing surveillance and clinical man-
agement. Furthermore, the current evidence presents a
strong case for future research to address the limitations
of existing studies, including small sample sizes and spe-
cific patient populations, to ensure robust generalizabil-
ity and applicability to diverse demographic groups, and
to emphasize its safety in this vulnerable population of
familial hypercholesterolemia.

The clinical implications of evinacumab are significant,
heralding a new era in the therapeutic landscape for FH.
Its unique mechanism of action, and consistent efficacy
position it as a possible option in management protocols
for familial hypercholesterolemia after further long-term
studies to ensure safety. However, cautious optimism
is warranted, pending further substantiation through
rigorous research. Future research directions should
focus on inclusivity, diversity, and real-world applica-
tions of evinacumab. Long-term studies with larger and
more diverse populations are crucial for establishing
sustained efficacy and safety profiles. The integration of
evinacumab into clinical guidelines should be informed
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by evidence-based recommendations, emphasizing the
importance of ongoing collaboration between research-
ers, clinicians, and guideline developers.
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