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BACKGROUND: Familial dysbetalipoproteinemia (FD) is the second most common monogenic lipid
disorder (prevalence 1 in 850-3500), characterized by postprandial remnant accumulation and associated with increased cardiovascular disease (CVD) risk. Many FD patients do not achieve non-HDL-C
treatment goals, indicating the need for additional lipid-lowering treatment options.
OBJECTIVES: To evaluate the effect of the PCSK9 monoclonal antibody evolocumab added to standard lipid-lowering therapy on fasting and post fat load lipids and lipoproteins in patients with FD.
METHODS: A randomized placebo-controlled double-blind crossover trial comparing evolocumab
(140 mg subcutaneous every 2 weeks) with placebo during two 12-week treatment periods. At the start
and end of each treatment period patients received an oral fat load. The primary endpoint was the 8-hour
post fat load non-HDL-C area under the curve (AUC). Secondary endpoints included fasting and post fat
load lipids and lipoproteins.
RESULTS: In total, 28 patients completed the study. Mean age was 62±9 years and 93% had an Ɛ2Ɛ2
genotype. Evolocumab reduced the 8-hour post fat load non-HDL-C AUC with 49% (95%CI 42-55)
and apolipoprotein B (apoB) AUC with 47% (95%CI 41-53). Other fasting and absolute post fat load
lipids and lipoproteins including triglycerides and remnant-cholesterol were also significantly reduced
by evolocumab. However, evolocumab did not have significant effects on the rise above fasting levels
that occurred after consumption of the oral fat load.
CONCLUSIONS: Evolocumab added to standard lipid-lowering therapy significantly reduced fasting
and absolute post fat load concentrations of non-HDL-C, apoB and other atherogenic lipids and lipopro-
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teins in FD patients. The clinically significant decrease in lipids and lipoproteins can be expected to
translate into a reduction in CVD risk in these high-risk patients.
© 2022 National Lipid Association. Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Methods

Familial dysbetalipoproteinemia (FD), also known as
‘remnant removal disease’, is the second most common
monogenic lipid disorder after heterozygous familial hypercholesterolemia (heFH), with an estimated prevalence
of 1 in 850 to 1 in 3500 individuals.1 In clinical practice,
FD is often not recognized and therefore underdiagnosed.
FD is characterized by the accumulation of cholesterolenriched remnants of triglyceride-rich lipoproteins (TRLs).
TRLs are atherogenic and causally related to cardiovascular disease (CVD). TRL accumulation in FD is particularly
pronounced during the postprandial phase, which is associated with a very high risk of CVD,2 , 3 therefore FD patients
have a very high risk of premature CVD.4-6 Accumulation of
TRLs is reflected in increased non-high-density lipoprotein
cholesterol (non-HDL-C) levels that consist of cholesterol
in all atherogenic lipoproteins such as chylomicrons, verylow-density lipoproteins (VLDL), their remnants and lowdensity lipoprotein (LDL). In FD patients, LDL and LDLcholesterol (LDL-C) levels are generally low or even absent,7 , 8 and thus do not adequately reflect CVD risk. Also,
LDL-C levels cannot be measured accurately and therefore should not be measured in FD. Therefore, treatment
goals for patients with FD are based on non-HDL-C levels. Medical treatment with diet, statins, and optionally fibrates, are recommended to achieve non-HDL-C treatment
goals. However, in clinical practice 60% of FD patients do
not achieve non-HDL-C treatment goals, even with optimal
therapy, indicating the need for more intensive lipid-lowering
treatment.4
Proprotein convertase subtilisin/kexin type 9 (PCSK9)
monoclonal antibodies (mAbs) neutralize circulating PCSK9
and thereby prevent degradation of the LDL-receptor (LDLR). PCSK9 mAbs were shown to lower LDL-C by 5060%9 , 10 and reduce CVD risk with 20% in high-risk patients.11 , 12 In patients with type 2 diabetes mellitus (T2DM)
PCSK9 mAbs effectively lower postprandial TRLs by approximately 30-40%.13-16 The present study was designed
to investigate whether the effect of PCSK9 mAbs would
be similar in FD patients, since they generally have low
LDL-C levels and TRLs with dysfunctional apoE that does
not bind to the LDL-R. The aim of the EVOLVE-FD
(Effects of EVOLocumab VErsus placebo added to standard lipid-lowering therapy on fasting and post fat load
lipids in patients with familial dysbetalipoproteinemia) study
was to evaluate the effect of evolocumab 140 mg every
2 weeks added to standard lipid-lowering therapy on fasting and post fat load lipids and lipoproteins in patients
with FD.

The EVOLVE-FD trial was an investigator-initiated study
conducted at four University Medical Centers (University
Medical Center Utrecht, Erasmus University Medical Center Rotterdam, Amsterdam University Medical Center, Radboud University Medical Center Nijmegen) in the Netherlands. The study was conducted in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice. The study was approved by the Medical Ethics Review
Committee of the UMC Utrecht and by the competent authority of the Netherlands. All patients provided written informed
consent before study procedures were initiated.

Patients
Patients diagnosed with FD between 18 and 80 years of
age, were eligible for study participation. A FD genotype
(an ɛ2ɛ2 genotype or a pathogenic dominant APOE variant known to associate with a FD phenotype) confirmed
by genotyping or isoelectric focusing was required. FD
lipid phenotype was defined as either apoB/total cholesterol (TC) ratio <0.39 mg/dL [<0.15 mmol/g],17 TC >193
mg/dL [>5 mmol/L] and triglycerides (TG) >266 mg/dL
[>3 mmol/L],18 or non-HDL-C/apoB >1.43 mg/dL [>3.69
mmol/g],19 with or without lipid-lowering medication. If patients were using lipid-lowering medication the dose must
have been stable for at least three months and non-HDL-C
levels had to be >62 mg/dL [>1.6 mmol/L]. A complete list
of in- and exclusion criteria is available in the Supplementary
methods.

Study design and study drug
EVOLVE-FD was a multicenter, double-blind, placebocontrolled, crossover study (Fig. 1). Patients received subcutaneous auto-injectors of evolocumab 140 mg or autoinjectors with matching placebo every 2 weeks during 2 periods of 12 weeks in a random order (both provided by Amgen,
Breda, the Netherlands). Between the 2 treatment periods the
washout period of 8 weeks without study medication to prevent carryover effects. This duration was chosen because the
estimated half-life of evolocumab is 11-17 days.20 After the
second 12-week treatment period there was a run-out period
of 8 weeks to assess any potential adverse events. Randomization for treatment order was based on computer generated
randomization with variable block size, stratified for participating center. Patients and staffs were blinded for treatment
and outcome measures throughout the study.
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Figure 1 Cross-over study design.
At visit 2, 3, 4 and 5 an oral fat load was given and during 8 hours blood was drawn. Patients were randomized to treatment order, meaning
that all patients used both evolocumab and placebo during the study. At week 2, 6, 26 and 40 there were phone calls to assess adherence
to study medication, the injecting procedure and potential adverse events. Depending on randomization order, patients received evolocumab
(orange) and placebo (blue) in the first or second treatment period.

Study procedures, oral fat load and data collection
At every visit, each patient underwent a standardized protocol including measurements of anthropometric characteristics, blood pressure and pulse. Use of medication, consumption of alcohol, smoking and physical activity were recorded.
Potential adverse events were recorded and physical examination was performed. Patients were instructed not to change
their diet, alcohol use, physical activity or dose and type of
standard lipid-lowering medication during the study. At the
start and at the end of both 12-week treatment periods, patients visited the hospital after a ≥12 hour overnight fast
and received an oral fat load. The oral fat load consisted
of unsweetened fresh cream (Albert Heijn, Zaandam, the
Netherlands). Per 100 mL the fat load consisted of 1389 kJ
(337 kcal), 35 gr fat (saturated 24 gr, unsaturated 11 gr), carbohydrates 3 gr, protein 2.5 gr), salt 0.1 gr). Cream was administered at a dose of 110 gr of fat per square meter of body
surface area, with a maximum of 500 mL and ingested within
a 10-minute time period. Cream was chosen to challenge the
metabolic system with an extreme intake of fat and because
it is a standardized product. Before and 1, 2, 4, 6 and 8 hours
after the oral fat load venous blood samples were collected.
During these 8 hours patients were not allowed to eat or to
drink (except water). Further methods including definitions
and (laboratory) measurements are provided in the Supplementary methods.

Primary and secondary study endpoints
The primary study endpoint was the difference in the
8-hour post fat load area under the curve (AUC) in nonHDL-C after treatment of 12 weeks evolocumab compared
to placebo. We chose non-HDL-C since this is the treatment
goal for FD patients and the best clinically available parameter and a reliable proxy for atherosclerosis risk in FD.
The AUC was chosen to express the primary endpoint because it reflects the total exposure of atherogenic lipopro-

teins in FD after an oral fat load. Furthermore, the AUC predicts CVD events.21 Secondary endpoints were fasting levels, post fat load exposure (8-hour post fat load AUC) and
post fat load response (8-hour post fat load incremental AUC
(iAUC)) of non-HDL-C, TC, TG, apoB, HDL-C, VLDLC, remnant cholesterol (remnant-C), and fasting lipoprotein(a) (Lp(a)). The samples were analyzed in a central clinical laboratory practicing quality control for these analyses. The cholesterol content in the VLDL fraction (density
range 0.94<d<1.006 g/mL) and IDL fraction (density range
1.006<d<1.019 g/mL) was measured with density gradient
ultracentrifugation.22 Remnant-C was defined as cholesterol
in the IDL fraction. A detailed outline of all laboratory techniques is provided in the Supplementary methods.
The proportion of patients who achieved their non-HDLC treatment goals was assessed. Non-HDL-C treatment goals
in FD are defined as <131 mg/dL [<3.4 mmol/L] for FD
patients without CVD and <100 mg/dL [<2.6 mmol/L] for
FD patients with established CVD or T2DM, according to
European guidelines for patients with increased TG.23
The safety of evolocumab was assessed through adverse
event reporting and safety laboratory measurements. Adverse events for placebo and evolocumab were reported over
a 20-week period, including the 12-week treatment period
and the subsequent 8-week wash-out period.

Power calculation
The sample size was based on an expected reduction of
8-hour post fat load AUC non-HDL-C by evolocumab of
25% compared to placebo, which was based on a previous
meta-analysis that showed a 56.1% reduction in fasting nonHDL-C by evolocumab.24 Based on the working mechanism
of evolocumab, this finding was expected to consist largely
of LDL-C reduction. Patients with FD have no or little LDLC7 , 8 and therefore a conservative, but clinically relevant, 25%
reduction in non-HDL-C was chosen. With a power of 85%
and an alpha of 5%, 74 evaluable subjects were needed in a
parallel study. For a crossover design this sample size could
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be reduced by 65% due to within-person controls ((1-rho)/2,
with rho 0.3).25 Therefore the required sample size for the
study was 74∗ 0.35=26 subjects that completed the study.

Data analyses
The 8-hour post fat load lipids and lipoproteins exposure
and 8-hour postprandial response were expressed as AUC
and iAUC, respectively. AUC was calculated with the trapezoidal rule. The iAUC was calculated after adjustment for
fasting lipid levels by subtracting eight (hours)∗ (value at time
point 0) from the AUC (Supplementary Fig. 1). Absolute and
percentage difference between two treatment arms for every patient were calculated and, to obtain robust confidence
intervals (CIs) with corresponding p-values, CIs were computed by bootstrapping (1000 samples with replacement).
Also, baseline lipid concentrations were taken into account.
In these analyses the differences in change from baseline after treatment with evolocumab and placebo were compared.
Carryover and period effects were assessed with an independent samples t-test. No carryover (p=0.65) or period effects (p=0.13) were observed. All clinical variables at baseline were complete, except for waist circumference (n=5).
All lab variables were complete except for one apoB measurement at a single post fat load time point. Missing values were imputed with last observation carried forward. P
<0.05 was considered statistically significant. All analyses
were performed with RStudio, version 3.5.1.

Results
Patient disposition
Thirty-six patients were screened, and 31 patients were
randomized. Reasons for screening failure were severe dyslipidemia requiring initiation of lipid-lowering treatment first
and not having an APOE genotype that was associated with
FD. During follow-up, there was 1 withdrawal of informed
consent and 2 dropouts, because they did not complete all
(post fat load) measurements to assess the primary endpoint,
making 28 patients eligible for the analyses (Fig. 2). Details
on reasons for screening failure, withdrawal and dropout are
shown in Supplementary Table 1 and baseline characteristics
of patients who withdrew consent or dropped out are shown
in Supplementary Table 2. There were no clinically relevant
differences at baseline between the patients in- and excluded
in the efficacy analysis.

Baseline characteristics
The mean age of the 28 FD patients who completed the
study was 62 ± 9 years and 43% were women (Table 1). The
majority (93%) of the patients had an ɛ2ɛ2 genotype, two
patients had a pathogenic dominant variant in their APOE
gene known to be associated with FD (apoE3-Leiden and

Figure 2 Patient disposition.
In total, 31 patients were randomized. There was 1 withdrawal and
there were 2 dropouts, resulting in 28 patients eligible for analyses.
Detailed information on reasons for screening failure, withdrawal
and dropout, as well as baseline information for the 3 randomized
patients who did not finish the study are provided in the Supplementary Table 1 and 2.

p.Arg180His and one patient had an ɛ2ɛ2 genotype in combination with a dominant variant in APOE (p.Gly171Asp).
Twenty-five percent of patients had a history of CVD, 32%
had T2DM and 75% fulfilled the criteria for metabolic syndrome using the NCEP ATP III criteria at baseline.26 Almost
all (93%) patients used lipid-lowering medication, mostly a
combination of a statin and ezetimibe (29%) or a statin and
a fibrate (29%). Two patients were not taking lipid-lowering
medication, one had mild dyslipidemia and was not taking
lipid-lowering medication yet, another patient preferred to
use red yeast rice only. This patient stopped using red yeast
rice prior and during the study. High-intensity statins were
used by 25% of the study population. Mean baseline nonHDL-C was 139 ± 66 mg/dL [3.6 ± 1.7 mmol/L] and mean
baseline TG were 275 ± 168 [3.1 ± 1.9 mmol/L]. The baseline table stratified for treatment group is provided in Supplementary Table 3.

Fasting lipids and lipoproteins
Compared with placebo the mean absolute reduction in
fasting non-HDL-C levels after 12 weeks evolocumab was
75 ± 44 mg/dL [1.9 ± 1.1 mmol/L], corresponding to a
51% (95%CI 43 – 57) relative reduction. With the exception of HDL-C, compared with placebo all fasting lipids and
lipoproteins were significantly reduced after 12 weeks treatment with evolocumab. Compared with placebo the absolute
reduction in fasting apoB levels after 12 weeks evolocumab
was 96 ± 140 mg/dL [1.1 ± 1.6 mmol/L], corresponding to
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Baseline characteristics.
Patients (n=28)

Age (years)
Female sex
APOE genotype
- ɛ2 ɛ2
- Dominant APOE variant
Cardiovascular disease
- Coronary heart disease
- Peripheral vascular disease
- Cerebrovascular disease
- Abdominal aortic aneurysm
Diabetes mellitus type 2
Hypertension
Metabolic Syndrome
Family history of premature CVD
Lipid-lowering treatment
- Statin only
- Ezetimibe only
- Fibrate only
- Statin + ezetimibe
- Statin + fibrate
- Statin + ezetimibe + fibrate
High intensity statin
Current smoking
Body mass index (kg/m2 )
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Laboratory measurements
- Total cholesterol (mg/dL [mmol/L])
- Triglycerides (mg/dL [mmol/L])
- Non-HDL-cholesterol (mg/dL [mmol/L])
- HDL-cholesterol (mg/dL [mmol/L])
- Apolipoprotein B (mg/dL [g/L])
- Lipoprotein (a)∗ (mg/dL [mg/L])
- Glucose (mg/dL [mmol/L])

62 ± 9
12 (43)
26 (93)
3 (11)
7 (25)
2 (7)
1 (4)
3 (11)
1 (4)
9 (32)
22 (79)
21 (75)
7 (25)
26 (93)
6 (21)
2 (7)
1 (4)
8 (29)
8 (29)
1 (4)
7 (25)
1 (4)
29.5 ± 3.6
107 ± 11
141 ± 15
85 ± 8
189 ± 73 [4.9 ± 1.9]
275 ± 168 [3.1 ± 1.9]
139 ± 66 [3.6 ± 1.7]
50 ± 15 [1.3 ± 0.4]
80 ± 20 [0.8 ± 0.2]
8.2 (3.3 – 31.2) [82 (33 - 312)]
110 ± 27 [6.1 ± 1.5]

Data are shown as n (%), mean ± standard deviation, or when not-normally distributed as median (interquartile range), indicated by
Abbreviations: CVD = cardiovascular disease.

a 27% (95%CI 17 – 36) relative reduction. The mean relative
reduction in fasting apoB was 48% (95%CI 42 – 53), in fasting VLDL-C 42% (95%CI 29 – 53) and in fasting remnant-C
44% (95%CI 30 – 55). Also, compared to placebo the median
absolute reduction in fasting Lp(a) levels after treatment with
evolocumab was 3.4 (IQR 0.1 – 13) mg/dL, corresponding
to a 35% (95%CI 16 – 42) relative reduction (Table 2 and
Fig. 3). The results were similar when taking the baseline
measurements into account by comparing the difference in
change from baseline in fasting lipids and lipoproteins (Supplementary Table 4 and Supplementary Fig. 3).

Post fat load lipids and lipoproteins
Compared with placebo the mean absolute reduction
in 8-hour post fat load non-HDL-C exposure after 12
weeks evolocumab was 590 ± 352 mg/dL.8h [15.3 ± 9.1
mmol/L.8h], corresponding to a 49% (95%CI 42 – 55) rela-

∗

tive reduction (Fig. 3 and Supplementary Fig. 5). Compared
to placebo the mean percentage reduction in 8-hour post fat
load TG after evolocumab was 20% (95%CI 10 – 29). Also,
the mean reduction in 8-hour post fat load apoB exposure
was 47% (95%CI 41 – 53). Eight hour post fat load levels
of the other lipids and lipoproteins, including VLDL-C (45%
(95%CI 32 – 55) and remnant-C (49% (95%CI 38 – 59), were
significantly reduced, except for HDL-C (3.4% (95%CI -8.5
– 2.1)) (Fig. 3 and Table 3).
There were no differences between evolocumab and
placebo in the iAUC (postprandial response) during the 8
hours after the oral fat load for any of the lipids and lipoproteins (Supplementary Table 5). For all atherogenic lipoproteins, the reduction in AUC was primarily based on a reduction in fasting concentrations, rather than a change in iAUC
(Supplementary Fig. 2). The 8-hour post fat load results were
similar when taking baseline measurements into account by
comparing the difference in change from baseline (Supple-
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Figure 3 Effect of evolocumab and placebo on fasting and post fat load lipids and lipoproteins.
Fasting and 8-hour post fat load lipid and lipoprotein levels after an oral fat load, after treatment with evolocumab (orange) or placebo (blue).
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Effect of 12 weeks evolocumab compared to placebo on fasting lipids.

Non-HDL-C
Triglycerides
Total cholesterol
apoB
VLDL-C
Remnant-C
HDL-C
Lp(a)∗

mg/dL
mmol/L
mg/dL
mmol/L
mg/dL
mmol/L
mg/dL
g/L
mg/dL
mmol/L
mg/dL
mmol/L
mg/dL
mmol/L
mg/dL
mg/L

After placebo

After
evolocumab

Difference

% Difference
(95%CI)

P-value

140 ± 54
3.6 ± 1.4
293 ± 173
3.3 ± 2.0
189 ± 57
4.9 ± 1.5
77 ± 19
0.8 ± 0.2
66 ± 36
1.7 ± 0.9
21 ± 11
0.5 ± 0.3
50 ± 14
1.3 ± 0.4
7.2 (3.1 – 35)
72 (31 – 353)

65 ± 26
1.7 ± 0.7
197 ± 110
2.2 ± 1.2
112 ± 32
2.9 ± 0.8
40 ± 14
0.4 ± 0.1
32 ± 18
0.8 ± 0.5
10 ± 5
0.3 ± 0.1
47 ± 14
1.2 ± 0.4
3.7 (3.0 – 22)
37 (30 – 216)

-75 ± 44
-1.9 ± 1.1
-96 ± 140
-1.1 ± 1.6
-77 ± 46
-2.0 ± 1.2
-37 ± 17
-0.4 ± 0.2
-34 ± 34
-0.9 ± 0.9
-12 ± 10
-0.3 ± 0.3
-2.7 ± 7.4
-0.1 ± 0.2
-3.4 (-13 – -0.1)
-34 (-132 – -1)

-51 (-57 – -43)

<0.001

-27 (-36 – -17)

<0.001

-39 (-45 – -32)

<0.001

-48 (-53 – -42)

<0.001

-42 (-53 – -29)

<0.001

-44 (-55 – -30)

<0.001

-4.3 (-10 – 3.0)

0.20

-35 (-42 – -16)

<0.001

Values are mean ± standard deviation.
∗∗ Shown as medians (interquartile range) and percentage difference shown as median (95% confidence interval).Abbreviations: ApoB =
apolipoprotein B, AUC = area under the curve, HDL-C = high-density lipoprotein-cholesterol, Lp(a) = Lipoprotein, Non-HDL-C = high-density
lipoprotein-cholesterol, remnant-C = remnant-cholesterol, VLDL-C = very-low density lipoprotein-cholesterol.

Table 3

Effect of 12 weeks evolocumab compared to placebo on 8-hour post fat load lipids.

Non-HDL-C
Triglycerides
Total cholesterol
apoB
VLDL-C
Remnant-C
HDL-C

mg/dL.8h
mmol/L.8h
mg/dL.8h
mmol/L.8h
mg/dL.8h
mmol/L.8h
mg/dL.8h
g/L.8h
mg/dL.8h
mmol/L.8h
mg/dL.8h
mmol/L.8h
mg/dL.8h
mmol/L.8h

AUC after
placebo

AUC after
evolocumab

Difference

% Difference
(95%CI)

P-value

1145 ± 438
29.7 ± 11.3
3579 ± 1878
40.4 ± 21.2
1531 ± 470
39.7 ± 12.2
629 ± 157
6.3 ± 1.6
537 ± 296
13.9 ± 7.7
156 ± 83
4.0 ± 2.1
386 ± 111
10.0 ± 2.9

555 ± 215
14.4 ± 5.6
2623 ± 1209
29.6 ± 13.6
926 ± 260
24.0 ± 6.7
329 ± 130
3.3 ± 1.3
249 ± 129
6.5 ± 3.3
70 ± 36
1.8 ± 0.9
371 ± 111
9.6 ± 2.9

-590 ± 352
-15.3 ± 9.1
-956 ± 1428
-10.8 ± 16.1
-605 ± 362
-15.7 ± 9.4
-296 ± 133
-3.0 ± 1.3
-288 ± 273
-7.5 ± 7.1
-87 ± 69
-2.2 ± 1.8
-15 ± 48
-0.4 ± 1.3

-49 (-55 – -42)

<0.001

-20 (-29 – -10)

<0.001

-38 (-43 – -31)

<0.001

-47 (-53 – -41)

<0.001

-45 (-55 – -32)

<0.001

-49 (-59 – -38)

<0.001

-3 (-9 – 2)

0.21

Values are mean ± standard deviation.
Abbreviations: ApoB = apolipoprotein B, AUC = area under the curve, HDL-C = high-density lipoprotein-cholesterol, Non-HDL-C = high-density
lipoprotein-cholesterol, remnant-C = remnant-cholesterol, VLDL-C = very-low density lipoprotein-cholesterol.

mentary Tables 6 and 7 and Supplementary Figs. 3 and 4).
The individual responses for non-HDL-C and triglycerides
after evolocumab and placebo are provided in Supplementary Fig. 6.

mmol/L] or <100 mg/dL [<2.6 mmol/L]) compared with
36% after placebo. Moreover, 54% of the patients achieved
a >50% reduction in non-HDL-C after 12 weeks treatment with evolocumab compared to none after placebo
(Fig. 4).

Non-HDL-C treatment goals
Adverse events
After 12 weeks treatment with evolocumab added to
regular lipid-lowering treatment 89% of patients achieved
their non-HDL-C treatme nt goal (<131 mg/dL [<3.4

In total, 75 adverse events occurred in 20 of the 31 patients
that were randomized and received ≥1 dose of the study drug
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Overview of adverse events.

Adverse events
- Any
Most common adverse events
- Nausea
- Myalgia
- Diarrhea
- COVID-19
- Arthralgia
Related to study drug
- Injection site reaction
Serious
- Any

During treatment with placebo Number
of subjects (total AEs)

During treatment with evolocumab
Number of subjects (total AEs)

17 (30)

13 (45)

3 (5)
3 (4)
2 (3)
1 (1)
1 (1)

4 (5)
3 (4)
4 (4)
4 (4)
2 (3)

0 (0)

1 (1)

0 (0)

4 (7)∗

Values are n.
∗ In total seven SAEs occurred in four patients. The first patient was admitted to the hospital due to complications after an elective colonoscopy
(1). The second patient was admitted due to complications after an elective cholecystectomy (2). A few days later the patient was readmitted after
a bile leak after the cholecystectomy (3). The third patient was admitted to the hospital due to complication of a COVID-19 infection (4). The fourth
patient was hospitalized for a coronary artery bypass graft surgery and aorta valve replacement (5). A few days later this patient was readmitted
because of intermittent atrial fibrillation (6) and heart failure (7).

Discussion

Figure 4 Achievement of treatment goals after evolocumab compared with placebo.
Achievement of treatment goals (non-HDL-C levels of <131 mg/dL
[<3.4 mmol/L] or <100 mg/dL [<2.6 mmol/L] when CVD or
T2DM at baseline) after treatment with evolocumab, compared with
placebo.
Abbreviations: Non-HDL-C = non-high-density lipoprotein
cholesterol.

(evolocumab or placebo). In total 30 adverse events (in 13 patients) during treatment with placebo and 45 (in 17 patients)
during treatment with evolocumab were reported. Most adverse events were mild and temporary. One adverse event
classified as definitely related to study drug and concerned
a reaction at the injection site. In general, most common adverse events were gastro-intestinal complaints, muscle complaints and COVID-19 infection. An overview of adverse and
serious adverse events is provided in Table 4 and Supplementary Table 8.

In this randomized clinical trial in patients with genetically established FD, 12 weeks treatment with evolocumab
compared to placebo, added to regular care, resulted in significant and clinically relevant reductions in fasting and absolute post fat load lipid and lipoprotein levels following an
oral fat load. However, the postprandial rise 8 hours after an
oral fat load remained unaffected by evolocumab. Almost all
(89%) patients achieved their non-HDL-C treatment goals
after treatment with evolocumab.
The main working mechanism of PCSK9 mAbs is increasing the number of LDL-R on the hepatocyte surface
through inhibition of PCSK9. In FD the affinity of TRLs for
the LDL-R is severely decreased (<2%) and FD patients usually have no or little LDL due to impaired lipolysis of VLDL
remnants, which is thought to require functional apoE.7 , 8
Furthermore, in patients with homozygous FH (hoFH) without residual LDL-R activity (defined as <2% residual activity for the LDL-R), PCSK9 mAbs have not been observed
to have an effect on lipid levels.27 , 28 Therefore, it was unknown whether PCSK9 mAbs could play a role in reducing
atherogenic remnant lipoproteins in FD patients. A small observational non-randomized and unblinded study showed a
reduction of 42% in fasting non-HDL-C and 44% in VLDLC after PCSK9 mAbs for 12 weeks in 3 patients with FD.29
This is line with our findings showing that PCSK9 mAbs are
able to lower atherogenic lipids and lipoproteins in FD.
Several other studies investigated the effects of PCSK9
mAbs in populations with mixed dyslipidemias from other
causes, such as T2DM.13-16 Although patients with T2DM
have an intact binding of apoE to the LDL-R, their lipoprotein phenotypes are somewhat similar to FD. An exploratory

Please cite this article as: Heidemann et al, Effect of evolocumab on fasting and post fat load lipids and lipoproteins in familial dysbetalipoproteinemia,
Journal of Clinical Lipidology, https://doi.org/10.1016/j.jacl.2022.10.006

JID: JACL

Heidemann et al

ARTICLE IN PRESS
Evolocumab in familial dysbetalipoproteinemia

analysis in 57 patients with T2DM showed that 3-hour post
fat load non-HDL-C AUC after a mixed-meal were reduced
with 43% compared to baseline after treatment with PCSK9
mAbs.13 Fasting non-HDL-C was also significantly reduced
with 46-56% in that study. In addition, that and other studies in patients with T2DM,13-16 showed strikingly identical reductions in other lipid and lipoprotein fractions after treatment with PCSK9 mAbs (including TC, TG, apoB
and VLDL-C) as seen in the present study in FD patients.
This observation supports the idea that the effects of PCSK9
mAbs on TRLs may be, at least partly, independent of the
binding of apoE to the LDL-R.16
Patients with FD have impaired clearance of TRLs, leading to increased and prolonged plasma concentrations of
remnant lipoproteins in the postprandial phase.3 In the
present study, evolocumab reduced all atherogenic lipids and
lipoproteins in the first 8 hours of the postprandial phase
(AUC), that is attributable to the reduction in fasting levels. Therefore this study shows that, in FD, PCSK9 mAbs
reduce fasting and absolute post fat load levels, but not the
postprandial rise of TRLs. Postprandial lipemia is associated
with a very high risk of CVD in non-FD patients and several prospective studies showed that elevated non-fasting TG
plasma concentrations (as a marker for increased remnantcholesterol) are associated with a 17-fold increase in the risk
of myocardial infarction in women and 5-fold increase in
men. Non-fasting TG concentrations are also associated with
an increased risk for ischemic stroke and early death.2 , 30
In FD, fasting TG values are higher than in the general
population because of a delayed clearance of TRLs. This
might explain why the difference in fasting and postprandial TRL levels was small in this study. Furthermore, in FD,
CVD risk is probably more similarly reflected by both fasting and postprandial TRL levels. Therefore, the findings of
this study can be expected to translate into a reduction in
CVD risk.
How PCSK9 mAbs reduce lipid and lipoproteins in FD
patients is not exactly known. Several hypotheses could be
considered. First, a substantial increase in the number of
LDL-Rs could have a lipid and lipoprotein lowering effect,
even when TRLs have a severely reduced affinity for the
LDL-R. In line with this, in our study there were two patients
with a dominant variant in the APOE gene (with a higher
affinity of apoE to the LDL-R receptor compared to the ɛ2ɛ2
genotype)31 and both patients had an above average response
to PCSK9 inhibition (Supplementary Fig. 4).
Second, PCSK9 mAbs might not only inhibit PCSK9,
but also other members of the proprotein convertase (PC)
family (such as furin, PCSK5, PCSK6 or PCSK7). These
other PCs stimulate the cleavage of angiopoietin-like protein (ANGPTL) 3, 4 and/or 8,32 thereby inhibiting the activity of lipoprotein lipase and endothelial lipase. Inhibition of
these pathways by PCSK9 mAbs may lead to increased lipolysis and remodeling of TRLs, resulting in smaller remnants
that are more rapidly and efficiently cleared by other hepatic clearance receptors. However, a major effect of PCSK9
mAbs on ANGPTL3/4 activity is unlikely in view of the ab-
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sence of an LDL-C lowering effect in hoFH without residual
LDL-R activity; a hallmark of ANGPTL3 inhibition.27 , 28
Third, TRLs are not exclusively cleared by the LDLR. An important LDL-R independent system for clearance
of TRLs is the LDL-R-related protein 1 (LRP1) the lowaffinity, high-capacity heparin sulfate proteoglycan (HSPG)
system.33 There are several indications that PCSK9 mAbs
upregulate receptors related to the LDL-R, including the
LRP1, VLDL-R and apoE2 receptor. However, since the latter two receptors are not located in the liver it is thought that
they play a limited role in the clearance of TRLs and are
less sensitive to the effect of PCSK9 inhibition.34 Although
LDL-R-related protein 1 (LRP1) does play a significant role
in TRL clearance, some studies in vitro and mice have been
shown that this receptor is not degraded by PCSK9 overexpression,35 , 36 but others do show an effect of PCSK937 or
PCSK9 mAbs38 on the LRP1. Furthermore, it is known that
HSPGs help to present PCSK9 protein to the LDL-R,39 but
the effect of PCSK9 mAbs on the expression or function
of HSPGs remains unknown. Stable isotope studies with labeled TRLs could provide further insight into the LDL-R independent mechanisms of action of PCSK9 mAbs.
In the present study 89% of patients attained their nonHDL-C treatment goals after treatment with evolocumab. After placebo this was 36%, which is in line with the 40% that
was found in an observational cross-sectional study in 305
FD patients in the pre-PCSK9 era.4
In this study it was found that evolocumab had a good
safety profile (Supplementary Table 9). FD patients often use
a combination of lipid-lowering medication such as statins,
fibrates and ezetimibe. In the present study the rate of adverse
events by PCSK9 mAbs on top of these lipid-lowering medications was similar as reported in a meta-analysis assessing
the safety of PCSK9 mAbs in patients with dyslipidemia or
CVD.40

Strengths and limitations
Strengths of the study include the largest group of FD patients ever investigated in a randomized trial, the well characterized population, the crossover trial design, the fact that
fasting and post fat load lipids and lipoproteins were studied
in a single study and that evolocumab was studied on top of
a background of treatment with different (combinations of)
lipid-lowering medication.
A potential limitation of this study is the measurement
of lipid levels up to 8 hours after the oral fat load. This
might not be sufficient to cover the complete post fat load
response in patients with FD. Measuring the response up to
24 hours after an oral fat load would have provided more
information on the late phase of post fat load clearance.
However, we decided that the additional patient burden of
a 24 hour fast did not outweigh the extra information this
measurement would provide. Although there is no universal method to define or measure remnant-cholesterol, in the
present study we defined ultracentrifugally measured IDLcholesterol as remnant-cholesterol, which is based on density
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and can therefore include small VLDL or large LDL as well.
Second, only 29% of the patients were using a combination
of a statin and a fibrate at baseline; while 82% used a statin
(alone or in combination). The European Society of Cardiology (ESC) guidelines advise a statin or, if the lipoprotein
phenotype is dominated by high TGs, a fibrate and state that
often a combination of statin and fibrate may be needed.23
Therefore, there is currently no ‘optimal’ treatment strategy against which the PCSK9 mAb treatment could have
been compared. Furthermore, PCSK9 mAbs lower atherogenic lipid levels to the same extent with or without statins.41
This is not known for fibrates, but fibrates have limited effects on non-HDL-C levels. Therefore, it is assumed that the
relative results of this study can be generalized to all FD patients, regardless of their background lipid lowering medication. Third, although there was a very consistent relative
reduction of lipids and lipoproteins in study participants, it
cannot be ruled out that dietary changes or illnesses during the study have influenced lipids and lipoprotein levels
as FD patients are very sensitive to any changes in diet or
weight. Of the five patients that got COVID-19 during the
study, three patients used evolocumab and no patients used
placebo (two patients had COVID-19 during wash-out or
follow-up). Although this might have led to an overestimation of the effect of evolocumab, a comparison of the results
of these three patients showed slightly higher non-HDL-C
plasma levels when compared with the other patients (Supplementary Table 10). Fourth, not all patients achieved their
pre-randomization baseline lipid values prior to the start of
the second treatment period when using PCSK9 in the first
period (Supplementary Fig. 7). Although this could theoretically be due to lingering effects of PCSK9 mAbs administered in the first treatment period, there were no cross-over
effects (p=0.65) and mean lipid values at start of the second
treatment period were not lower in patients who first received
PCSK9 mAb and then placebo (Supplementary Fig. 5).
To conclude, evolocumab added to standard lipidlowering therapy significantly reduced fasting and absolute
post fat load concentrations of non-HDL-C, apoB and other
atherogenic lipids and lipoproteins in FD patients. The large
decrease in lipids and lipoproteins can be expected to translate into a reduction in CVD risk in this high-risk patient population.
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