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Abstract

Purpose Natural selection (Mendelian randomization) studies support a causal relationship between elevated triglyceride-
rich lipoproteins (TRLs) and atherosclerotic cardiovascular disease (ASCVD). This post-hoc analysis assessed the efficacy
of evinacumab in reducing TRLs in patient cohorts from three separate clinical trials with evinacumab.

Methods Patients with homozygous familial hypercholesterolemia (HoFH) and low-density lipoprotein cholesterol (LDL-
C)>70 mg/dL were enrolled in a phase III trial (R1500-CL-1629; NCT03399786). Patients diagnosed with refractory hyper-
cholesterolemia, with LDL-C >70 mg/dL or > 100 mg/dL for those with or without ASCVD, respectively, were enrolled in a
phase II trial (R1500-CL-1643; NCT03175367). Patients with severe hypertriglyceridemia (fasting TGs > 500 mg/dL) were
enrolled in a phase II trial (R1500-HTG-1522; NCT03452228). Patients received evinacumab intravenously (5 or 15 mg/
kg) every 4 weeks, or subcutaneously (300 or 450 mg) every week or every 2 weeks. Efficacy outcomes included change in
TRLs (calculated as total cholesterol minus high-density lipoprotein cholesterol minus LDL-C) and other lipid parameters
from baseline to 12, 16, or 24 weeks for trial 1522, 1643, and 1629, respectively.

Results At baseline, TRL levels were higher for patients with severe hypertriglyceridemia entering the 1522 trial vs. other
cohorts. Reductions in TRLs were observed across all studies with evinacumab, with > 50% reduction from baseline observed
at the highest doses evaluated in patients with HoFH or refractory hypercholesterolemia. Within all three trials, evinacumab
was generally well tolerated.

Conclusions Despite limitations in direct comparisons between study groups, these data indicate that TRL levels could be
a future target for lipid-lowering therapies.

Keywords Clinical trials - Evinacumab - Hypercholesterolemia - Hypertriglyceridemia - Triglyceride-rich lipoproteins

Introduction with elevated LDL-C, lipid-lowering therapies (LLTs) are

effective in reducing overall cardiovascular risk [2]. How-
Individuals with elevated levels of low-density lipoprotein  ever, even if LDL-C treatment thresholds are achieved, a
cholesterol (LDL-C) have an increased risk for atheroscle- residual risk of ASCVD remains [3]. Triglyceride (TG)-rich
rotic cardiovascular disease (ASCVD) [1]. For individuals lipoproteins (TRLs) are a heterogeneous class of lipoprotein
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particles that originate from the liver as very-low-density
lipoproteins (VLDL) or from the intestine as chylomicrons
[4]. Multiple sources of evidence, including Mendelian ran-
domization studies, support a causal relationship between
elevated TRL levels and ASCVD, independent of LDL-C
levels [4-8].

Angiopoietin-like 3 (ANGPTL3) is an important regula-
tor of lipoprotein metabolism, controlling plasma lipopro-
tein levels by inhibiting lipoprotein lipase- and endothelial
lipase-mediated hydrolysis of TGs and other lipids [9].
ANGPTL3 is an attractive therapeutic target, as ANGPTL3
deficiency increases lipase activity, accelerating the turn-
over of TRLs [9]. The mechanism for LDL-C lowering
through inhibition of ANGPTL3 appears to be independ-
ent of the low-density lipoprotein receptor (LDLR) [10].
In the absence of LDLR, endothelial lipase de-repression
by ANGTPL3 inhibition leads to extensive remodeling of
VLDL and the preferential removal of VLDL remnants from
circulation via hepatic remnant receptors [10]. This depletes
the LDL precursor pool, limits production of LDL particles,
and reduces plasma LDL-C levels [10].

The ANGTPL3 monoclonal antibody inhibitor evi-
nacumab has been shown to reduce levels of LDL-C, non-
high-density lipoprotein cholesterol (non-HDL-C), apolipo-
protein B (ApoB), and apolipoprotein CIII (ApoCIII), all
known contributors of risk for ASCVD [11, 12]. Previously,
a phase III trial (R1500-CL-1629; NCT03399786) in patients
with homozygous familial hypercholesterolemia (HoFH)
[11] and a phase II trial (R1500-CL-1643; NCT03175367) in
patients with refractory hypercholesterolemia [13] reported
significantly reduced LDL-C levels with evinacumab. In
addition, a phase II trial (R1500-HTG-1522; NCT03452228)
in patients with severe hypertriglyceridemia (sHTG) showed
TG reductions in the evinacumab-treated groups vs. placebo
[14]. Moreover, in a mechanistic study using ApoB kinetic
analysis, evinacumab was associated with an increase in
the fractional catabolic rate of intermediate-density lipo-
protein ApoB and LDL ApoB, indicating that evinacumab
may improve hepatic clearance of TRL remnants from the
circulation [15].

Therapies other than evinacumab have also been shown
to reduce TRL levels. In a meta-analysis of 15,800 patients
with mean baseline TG levels > 177 mg/dL. who were treated
with statins (rosuvastatin 5 —40 mg, atorvastatin 10 — 80 mg,
and simvastatin 10 — 80 mg), mean percent reductions in
TGs across all statins and doses ranged from 15.1% to
31.3% [16]. Moreover, in patients with TG levels as high as
800 mg/dL to 850 mg/dL, statins have been shown to reduce
TGs by 40% to 44% in a dose-dependent manner [17]. In the
PROMINENT trial comprising patients with type 2 diabetes,
mild-to-moderate hypertriglyceridemia, and low HDL and
LDL-C levels, pemafibrate, a selective peroxisome prolif-
erator-activated receptor alpha modulator, reduced median

@ Springer

fasting TG levels by 31.1%, VLDL cholesterol by 35.0%,
remnant cholesterol by 43.6%, and ApoCIII by 27.8% from
baseline to 4 months [18]. Omega-3 fatty acids such as
eicosapentaenoic acid, docosahexaenoic acid, and icosap-
ent ethyl (ethyl ester of long chain omega-3 fatty acid) can
also lower TGs [19, 20]. Among statin-treated patients with
hypertriglyceridemia and established cardiovascular disease
(or diabetes mellitus and at least one additional risk factor)
in the REDUCE-IT trial, a median reduction in TG levels of
18.3% was observed from baseline to 1-year with icosapent
ethyl [19]. In the STRENGTH trial comprising statin-treated
patients with high cardiovascular risk, hypertriglyceridemia
and low high-density lipoprotein cholesterol (HDL-C) lev-
els, an omega-3 carboxylic acid formulation (containing
both eicosapentaenoic acid and docosahexaenoic acid)
reduced TG levels by 19.0% from baseline to 1-year [20].

Although conventional therapies such as statins and
omega-3 fatty acids have been shown to reduce TRLs in
patients with dyslipidemia, there is still considerable risk
of ASCVD events. Novel therapeutics such as ANGPTL3
inhibitors may offer additional TRL lowering and the poten-
tial to provide further cardiovascular benefit.

In this post-hoc analysis, we assessed the efficacy of evi-
nacumab in reducing TRLs in patient cohorts from these
three separate clinical trials [11, 13, 14].

Methods

This post-hoc analysis included data from three separate ran-
domized clinical trials with evinacumab (R1500-CL-1629
[NCT03399786], ELIPSE HoFH; R1500-CL-1643
[NCT03175367]; and R1500-HTG-1522 [NCT03452228])
[11, 13, 14]. For each trial, the clinical study protocol
including all amendments were reviewed and approved by
the appropriate institutional review board or independent
ethics committee at each participating study site. All patients
provided written informed consent prior to enrolment. Each
trial was reported in accordance with CONSORT reporting
guidelines.

The full methodology for the aforementioned trials has
been published previously [11, 13, 14]. Briefly, the phase
III ELIPSE HoFH trial comprised patients (> 12 years of
age) with HoFH on stable LLT (= lipoprotein apheresis)
and screening LDL-C >70 mg/dL [11]. The phase II 1643
trial comprised patients (18—80 years of age) with heterozy-
gous familial hypercholesterolemia (HeFH)/non-HeFH
patients diagnosed with refractory hypercholesterolemia,
with screening LDL-C >70 mg/dL or> 100 mg/dL for
those with or without ASCVD, respectively [13]. Lastly,
the phase II 1522 trial comprised patients (18-75 years of
age) with sHTG (fasting serum TGs > 500 mg/dL) and with
a history of hospitalization for acute pancreatitis. Patients
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were enrolled into three cohorts based on genotype (Cohort
1, homozygous or compound heterozygous loss-of-function
[LOF] lipoprotein lipase [LPL] pathway mutations; Cohort
2, heterozygous LOF LPL pathway mutations; and Cohort
3, without identified LPL pathway mutations). An overview
of the study designs for all three clinical trials is shown in
Supplementary Fig. 1.

The objective of this post-hoc analysis was to determine
the efficacy of evinacumab in reducing TRLs in different
patient cohorts from the three separate clinical trials with
evinacumab. TRL was calculated as total cholesterol minus
HDL-C minus LDL-C. In the 1629 and 1643 trials, LDL-C
levels were calculated using the Friedewald equation unless
TGs were > 400 mg/dL, when LDL-C was determined via
beta-quantification [11, 13]. For the 1522 trial, LDL-C levels
were determined via beta-quantification [14].

Results

Baseline characteristics for the 382 patients included from
the three trials are summarized according to trial and treat-
ment arm in Table 1. The mean age within each of the
cohort treatment arms ranged from 36.7 years to 55.7 years;
the proportion of patients who were White ranged from
72.1% to 95.0%. There were differences in baseline lipid
levels across cohorts. Patients with sHTG entering 1522
had higher mean baseline TRLs than those in other cohorts
(mean TRLs within treatment arms ranged from 213.9 mg/
dL to 249.0 mg/dL for the 1522 cohort and 22.4 mg/dL to
31.7 mg/dL for the 1629 and 1643 cohorts; Table 1).

The percent changes from baseline in TRLs and other
lipids/lipoproteins at study-specific time points according
to study and treatment arm are shown in Fig. 1. In all evi-
nacumab treatment arms, reductions in mean TRLs from
baseline were observed, with > 50% reduction from baseline
observed at the highest evinacumab doses (mean reduction
across all evinacumab treatment arms: 1629 cohort, —53.1%;
1643 cohort, —26.8% to —54.2%; 1522 cohort, —36.0%;
Fig. 1A). Mean TRLs was observed to increase from base-
line in most placebo treatment groups (1629, + 14.4%;
1643, +9.9% and —5.6%; 1522,+40.4%; Fig. 1A). Simi-
larly, reductions in fasting TGs were observed across all
evinacumab treatment arms (Fig. 1B). Of note, treatment
with evinacumab in patients with sHTG increased levels of
LDL-C (42.2%) from baseline, whilst the placebo group saw
a 10.7% reduction in LDL-C levels from baseline (Fig. 1C).
The increase in LDL-C is consistent with the broader role
of evinacumab in TRL metabolism [10], and may be due
to the enhanced conversion of very-low density lipoprotein
particles to low-density lipoprotein particles, and reduc-
tion in ApoClIIl, an endogenous lipoprotein lipase inhibi-
tor. Furthermore, levels of non-HDL-C and HDL-C were

reduced from baseline in evinacumab-treated patients across
the three studies (range —24.8% to —52.0% and —14.9% to
—-31.4%, respectively; Fig. 1D and 1E).

Overall, safety was consistent across all three trials [11,
13, 14]. In trial 1629, treatment-emergent adverse events
(TEAES) occurred in 66% and 81% of patients in the evi-
nacumab- and placebo-treated groups, respectively; serious
adverse events (SAEs) occurred in 5% of the evinacumab
group (not considered related to study treatment), with none
in the placebo group [11]. In trial 1643, TEAEs ranged from
67 to 84% and 54 to 70% across the evinacumab- and pla-
cebo-treated groups, respectively; the incidence of SAEs
ranged from 5 to 16% and 3 to 8% across the evinacumab-
and placebo-treated groups [13]. In trial 1522, TEAEs
occurred in 71.4% and 68.8% of evinacumab- and placebo-
treated patients, respectively [14].

Discussion

In this post-hoc analysis of data from three separate clini-
cal trials, treatment with evinacumab reduced TRL levels
and other lipids/lipoproteins in patients with hypercholes-
terolemia or hypertriglyceridemia [11, 13, 14]. Evinacumab
reduced TRL levels by >50% in the patient cohorts from
study 1629 and 1643 who were receiving the highest evi-
nacumab doses. These results are in addition to those previ-
ously showing that, for patients with HoFH, evinacumab can
effectively reduce LDL-C, non-HDL-C, ApoB, and ApoCIII
levels [11]. Therefore, TRL level may be a target for future
LLTs.

The importance of TRLs as a future therapeutic target is
strengthened by the causal relationship observed between
elevated levels of TRLs and an increased risk of ASCVD
[4, 5, 7]. There is growing evidence that TRL levels are
more predictive of cardiovascular risk than LDL-C [21]. In
the primary prevention cohort of the Prevencion con Dieta
Mediterranea trial, which comprised overweight or obese
subjects at high cardiovascular risk, TRL and TG levels
were associated with major adverse cardiovascular events;
no association was observed with LDL-C [6]. More recently,
a multivariate Mendelian randomization analysis that indi-
rectly derived TRL data from 350,110 subjects in the UK
Biobank Cohort demonstrated that TRL was associated with
an increased risk of coronary heart disease (CHD) independ-
ent of ApoB and LDL-C [8]. Moreover, TRL was associated
with an increased risk of CHD compared to LDL-C, with
odds ratios per 1 mmol/L higher cholesterol of 2.59 and
1.37, respectively [8].

This analysis is not without limitations. The princi-
pal limitation of this analysis is that TRL levels were cal-
culated using the formula TRL equals total cholesterol
minus HDL-C minus LDL-C, and not measured directly.

@ Springer



Cardiovascular Drugs and Therapy

urojoxdodi] yor1-opr1adA3in
TYL OPLIJAISLI D] [0I2ISIAOYD [BI0) )] ‘UONRBIAID PIBPUBIS (7S ‘SNOAUBINOANS DS “NOIM AIAd M ‘SYom § K10Ad MEO ‘Seam 7 A10Ad M0 ‘0qaoeld 0gd ‘[o1diseoyd urajoidodi] Ayisuop
-ySy-uou H-7qH-uou ‘Jo1sa0yd uroidodr] AJISuap-mo[ )-7(7 ‘SNOUIABIUL A] “Ve1)-0J-UONUIUL, 7 [] ‘[o1isaoyd urajoidodr] Aysuap-y3iy D-7@H ‘qeUNOBUIAD NJAH ‘Xopul ssew Apoq J/g

(€O:10) ueIpaul 10 ((JS) UBSW AIB UMOYS SIN[BA 4
uonendod 1,11 2y 1o pajuesaid are sanfea ourjeseq,

0) 6'81 (re) s'se 08D ¥SS (89N T8S  (FLDSIS  (L9NT9S  (SSD) LIS 6c00Ls  @®eDses  (9No09y  (6v¥D9ey  OIAH
O-1aH
1D 61sT  (LebnDTeer (08 TILL (19 90LT (TS +'691  (8T6) 6°€81  (TIL) €91 (8FL) 'S8T (8+8) 0°€LT  (8'LS1) 6'69T (9TLY) 6'18C -uoN
(o) 8oL (SLeD L8IE (K0S 9'1€C (T09)8'8Tc  (89S) 60T  (6°16) 1'0FT (889 0°LIT (€L TTYT  (T98)§°STT (#:0S1) 6°STE  (80LI) 9°STE oL
F10) 6°LE STy Q) SHrT (019091 F¥S) I'shl  (726) 8°LST  (T0L) TIsl  (O€L) 1'6ST (998 €9vT  (L'€ST) SO¥T  (47TLT) §'65T 2-1d1
(8176€:8°€66) (€H0LE:0°9611)  (0°002:0'701) (09S1:098)  (0°991:0'68)  (0°9L1:0'68)  (0'L91:0°L8)  (OLLI:0O€S)  (S€81:0C8)  (0°T8I:0°6S)  (0°SHI:0°S9)
STYLI 0 TH€T 0°L¥1 0201 $9Tl 0TIl 0°8C1 S8I1 $'601 Se0l 016 SOL
98z 6'¢1c  (64ST) 0°6%C CvDL1e OTN9vr  (€1D€9c T o9z (191 16T 109 (e (oenDeer LeDvTe STIL
n_,.—n\wE ‘surojoxdodry/sprdrp
(gs) uesw
(Th) T8 (19) 6'8C (T9)8'8c  (9%)88¢ 61) £'6C (T 16T (') 0'8¢C (61) £'6C ) 6'LT (L) 9ve (69) 1'9C “;W/3 ‘TNE
poyrodar
(88D ¢ 0 (16) ¢ Loz 6L¢ 91 woe e ©1 )1 (€°6) ¥ 10U 10 1YIO
(€91 €y s o1 601 0 D1 (ro)e 0 0 (41007 ov1o9 UBISY
0 621 1o9c 0 0 woe 0 0 C1 0 wye yoerd
(ospzr (628) 6T Q18 L  (F16)TE (1'26) s¢ (T'L8) € (T'L®) € (6'26) 6€ (0°56) 8¢ (e°LL) LT (ew ¢ AIMYM
(%) u ‘doey
(%) u
8¢y L (9°8%) LI (S+9) 81 (679 7T (0°09) 61 (T69) LT (8¢9 1T (8+9) €T (sTL) 62 (009 11 (8°6S) ¥T  ‘orewj ‘xag
(gs) ueaw
(Iren oy (T0oD) 9'8% 6oDT9s Qe Lss (aeTDres LWeDves  (O€D 0SS TzDovs  IsDSYS (ST L9 (89D ¢y ‘SIedk 93y
(sg=u) (sg=u) (8g=u) (6g=1u) (cp=u) (op=u) (ep=u)
(91=u) MPO AL (ce=u) MPOAISY  MPO ALY (6c=u) MTO DS MO DS MO DS (Tz=u)  MPO ALY
MPO AIOGd AW ST NIAH MPO AIO9d /BW S NIAT /Bw ST NIAH MO DS 0dd 5w 00¢ NIAH 3w 00¢ NIAH  SW Sy NIAH MPO AL Odd  /SW ST NIAA
Test €P91 6291 Ioyouwrered

SONSLIOBIRYD QUI[Aseq JO ATewwung | d|qej

pringer

AQs



Cardiovascular Drugs and Therapy

A) TRLs
B Study 1629 Study 1643 Study 1522
sg 180 40.4
53 i
o3 80 14.4
-2 60 9.9
> 13 40
mé’ 20
<% _28: T T T
5< 40
% 604 %68 -5.6
s s _;88; -53.1 542 -46.0 -35.9 537 ’
=0 _ 4
& O3 360
B) Fasting TGs
= Study 1629 Study 1643 Study 152%
o 40 .8
£
[ 20 8.1 I
©
3 _ i
c 0 T T T T T — T T .
2 ~201 -4.6 -6.9
0
—40
2 -38.0 -32.1
£ 01 ss0 534 —4r7 -52.8
= —80+
£ -100- -56.6
o
C) LDL-C
Study 1629 Study 1643 Study 1522
160+ 422
3 140 :
N 1204
S% 100
£ e 80
[ 601
g8 401 8.8
s -; 20 1T9 - 0.6
] 1 T T T T T + T
LD n = W T
I} —40 -23.5
-29.7
= 0] a7t 472 —44.0 499 -107
D) Non-HDL-C
o Study 1629 Study 1643 Study 1522
7 80
18.1
2. 60-
VI
cc 20 2.0 8.0
£g 01 —— r . — el r r F r
ug),g _20__- - - _ o
% S —40 313 -24.8
S & 601 497 -50.6 —45.8 -52.0
© _80-
3 —27.4
= -100-
E) HDL-C
Study 1629 Study 1643 Study 1522
401
Q 0.8
g - 1.9
E‘ = 201
£ | I
° B 0 T T T T T T r r 1
3 | [ |
c o —20-
S g -1.7
§ & _a0 ios -14.9 12
= -29.6 279 303 : 5t _{6.7
B Evinacumab Placebo Evinacumab Evinacumab Evinacumab Placebo Evinacumab Evinacumab Placebo Evinacumab Placebo
15 mg/kg IV \% 450 mg SC 300mg SC 300 mg SC SC 15 mg/kg IV 5 mg/kg IV \% 15 mg/kg IV v
Q4w Q4w Qw Qw Q2w Qw Q4w Q4w Q4w Q4w Q4w
(n=43) (n=22) (n=40) (n=42) (n=39) (n=135) (n=38) (n=35) (n=133) (n=35) (n=16)

Fig. 1 Percent change from baseline in lipids/lipoproteins at study-
specific time points according to study and treatment arm®. “Percent
change from baseline shown at differing timepoints depending on the
trial: 1629, Week 24; 1643, Week 16; 1522, Week 12. All analyses
are shown for the ITT populations except for HDL-C in 1643 where
the results are provided for the safety population. Values shown are
mean (SD) except for the following: for 1522, changes in fasting
TGs from baseline are shown as median (Q1:Q3); for 1629, changes

in fasting TGs are shown as mean (SE); for 1643, changes in fasting
TGs, LDL-C, total cholesterol, and HDL-C are shown as mean (SE).
HDL-C high-density lipoprotein cholesterol, /77T intention-to-treat, IV
intravenous, LDL-C low-density lipoprotein cholesterol, non-HDL-C
non-high-density lipoprotein cholesterol, QW every week, Q2W every
2 weeks, Q4W every 4 weeks, SD standard deviation, SE standard
error, TG triglyceride, TRL triglyceride-rich lipoprotein
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In study 1629 and study 1643, LDL-C levels for patients
with TGs <400 mg/dL were calculated using the Friede-
wald equation (LDL-C = [total cholesterol] minus [HDL-
C] minus [TGs divided by 5]), which assumes a fixed ratio
of 5:1 between TGs and cholesterol in VLDL [22]. Only
for patients with TGs >400 mg/dL was LDL-C measured
directly. However, a recent study by Ginsberg and col-
leagues demonstrated overall good correlation between cal-
culated LDL-C versus LDL-C directly measured via beta-
quantification [22]. For beta-quantification derived LDL-C
values > 70 mg/dL, there was strong concordance with the
LDL-C values calculated using the Friedewald Eq. (97.3%),
Martin- Hopkins Eq. (95.3%), and NIH Eq. 2 (96.2%) [22].
Moreover, when TGs were < 150 mg/dL, there were minimal
differences between the three formulae and the beta-quanti-
fication derived LDL-C values, irrespective of LDL-C level
(<40,<55, or<70 mg/dL) [22]. In study 1629 and study
1643 of our analysis, median TG levels were < 150 mg/dL,
therefore we do not expect that the use of the Friedewald
equation to calculate LDL-C has negatively impacted our
calculation of TRLs.

An additional limitation is that the three trials included
in our analysis comprise patients with vastly different clini-
cal disorders and eligibility criteria. Moreover, the 1629
trial in patients with HoFH was a phase III trial, whereas the
1643 trial in patients with refractory hypercholesterolemia
and 1522 trial in patients with sHTG were both phase II tri-
als. Given these differences, the trial populations cannot be
pooled for direct comparison. Furthermore, each trial had a
relatively small population and a short treatment duration,
preventing the long-term assessment of evinacumab.

Conclusion

In this post-hoc analysis of three separate clinical trials,
treatment with evinacumab in patients with hypercholes-
terolemia or hypertriglyceridemia showed a reduction from
baseline in TRL levels. These data indicate that TRLs could
be a future target for lipid-lowering therapies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10557-024-07567-z.
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