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Abstract

A real-world setting study of familial hypercholesterolemia (FH) patients who received
Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors in a specialized referral
center in Mexico City. Ten patients between the ages of 18 and 70 years, with a diagnosis
of FH according to Dutch Lipid Clinic Network (DLCN) criteria, with failure to achieve
their Low-density lipoprotein Cholesterol (LDL-C) goals, and with standard therapy be-
tween 2016 and 2017 enrolled in a simple randomization in which a group of 5 partici-
pants received alirocumab (75 mg every 2 weeks) and the remaining 5 patients received
evolocumab (140 mg every 2 weeks). Comparative analysis was made, analyzing the
means of LDL at baseline at 4, 6, and 12 weeks. The evolocumab group had an average
initial LDL-C of 277 mg/dL, which, after 12 weeks of treatment, was significantly reduced
to 116 mg/dL; P=0.04 (95% confidence interval [CI]: 11.5-310.9). The alirocumab group
with a mean initial LDL-C of 229 mg/dL showed a reduction of LDL-C levels at 12 weeks
of treatment to 80 mg/dL; P=0.008 (95% Cl: 63.8-233.7). In conclusion, PCSK9 inhibitors
are an excellent treatment option in patients with FH who do not reach their LDL-C goals
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with standard therapy or due to intolerance to the standard therapy. There is no differ-
ence in the lipid-lowering effect between both PSCK9 inhibitors.
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Familial hypercholesterolemia (FH) is a genetic disorder
of lipid metabolism that affects around 0.4% of people,
which is estimated to be between 14 to 34 million people
worldwide [1, 2]. It is the disorder most strongly associ-
ated with cardiovascular disease (CVD). In its heterozy-
gous form, patients develop CVD at around age 55 and 60
in men and women, respectively, while patients with the
homozygous form of Familial hyoercholesterolemia (FH)
(total cholesterol [TC] levels between 12 and 30 mmol/L)
typically develop CVD in the early stages of life. It is es-
timated that in patients with FH, the risk of developing
CVD increases up to 10 times [1, 3].

The most used criteria for the diagnosis of FH are those
of the Dutch Lipid Clinic Network (DLCN). However, sev-
eral other diagnostic criteria have been proposed to define
FH (Simon Broome’s registry criteria or the World Health
Organization’s criteria). The characteristics that permeate
all of them is a markedly elevated level of low-density lipo-
protein cholesterol (LDL-C) in the patient and a family
history of high levels of LDL-C or CVD. Other character-
istics found in FH patients are xanthomas, xanthelasmas,
corneal arch, and genetic mutations associated with lipid
metabolism [4].

The treatment goal, according to the 2019 European
Guidelines for Cardiology and Atherosclerosis, in patients
with FH with established CVD or another major risk factor
classified as very high risk is the reduction of > 50% from
baseline LDL-C and LDL-C levels < 55 mg/dl. In contrast,
patients with FH without any other risk factor or estab-
lished CVD have a goal of reducing LDL-C from baseline
by > 50% and achieving levels of < 70 mg/dl. In children
of 10 years or older, treatment is recommended to reduce
LDL-C to < 135 mg/dl [1].

There are several treatments to lower LDL-C levels in
patients with FH, including statins, ezetimibe, bile acid
sequestrants, and, the most recent, protein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors. Statins are the
mainstream treatment in FH patients since they reduce
LDL-C levels by 50% to 58% [1]. Despite statin efficiency,
a high fraction of cases do not reach the desired goal [5].
On the other hand, a statin intolerance of 10% to 15%
has been reported mainly due to statin-related myositis [6].
Tailor-made treatments have been implemented for each
patient to optimize LDL-C reduction.

PCSK?9 increases the degradation of the LDL receptor,
subsequently decreasing the uptake of circulating LDL

by the hepatocyte and increasing plasma LDL-C levels
[7]. PCSK9 inhibitors increase the cell membrane of the
LDL receptor and reduce LDL-C up to 50% to 65%,
obtaining 65.29 mg/dl on average on randomized con-
trolled studies [4, 8].

2 PCSK9
(alirocumab and evolocumab). The use of alirocumab, but

There are inhibitors on the market
not evolocumab, has been shown to decrease the risk of
mortality by 17% compared with control [9]. Currently,
there are no reports that directly compare the potency of
both PSCK9 inhibitors on the reduction of LDL-C in a real-
world setting [10].

Several clinical considerations can affect patient adher-
ence in the use of PCSK9 inhibitors, such as the route of
application (which is subcutaneous), the lack of long-term
studies with sufficient power to demonstrate cardiovascular
safety and outcomes, and the high cost of use. The cost of
PCSK9 inhibitors is estimated to be $12 000 to $14 000
dollars, compared with less than $100 annually for a gen-
eric statin [11-13] This leads us to consider whether the
use of PCSK9 inhibitors in clinical practice in real-life set-
tings will have lipid-lowering efficacy and long-term ad-
herence consistent with that demonstrated in randomized
controlled studies [14].

There is little information on the efficacy, tolerance, and
adherence to PCSK9 inhibitors in daily clinical practice
[15]. The objective of this study is to report the results of
the use of PCSK9 inhibitors in clinical practice adminis-
tered to patients with FH coupled with statin treatment and
to compare both PCSK9 inhibitors available on the market
in a specialized center in Mexico City.

Material and Methods

A prospective study was conducted to analyze a cohort of
patients who were simply randomized to receive PCSK9 in-
hibitors for FH treatment. Ten patients with the following
inclusion criteria were studied: (1) age of 18-70 years;
(2) diagnosis of FH according to DLCN criteria, with
a score of > 6; (3) failure to achieve the desired LDL-C
goal with a high-intensity statin and/or ezetimibe or due
to statin intolerance (using the McGuill short question-
naire for pain) or use of 3 different statins at the maximum
dose; and (4) start of PSCK9 inhibitor treatment between
2016 and 2017. Randomization was performed to receive
alirocumab 75 mg every 2 weeks or evolocumab 140 mg
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every 2 weeks, according to the time of diagnosis in the
Endocrinology Service of the Medical Specialties Unit of
the Ministry of National Defense. In this specialized center,
patients were trained on how to administer the subcuta-
neous injections, and during their treatment, telephone
calls were made to patients to ensure that the medication
was used. The medical team performed a follow-up with all
the patients at specific time points (4, 6, and 12 weeks; 6
and 12 months) during the 1-year study, with a lipid pro-
file, as well as with complementary studies. The use of triple
therapy with statin therapy, ezetimibe, and PCSK9 inhibi-
tors was compared against PCSK9 inhibitor monotherapy
in patients with statin intolerance.

All medical data stored in electronic devices were ana-
lyzed with proper care by using IBM SPSS statistics v.21
program. The models of analysis used to check the hetero-
geneity of 2 independent samples were the Mann-Whitney
U nonparametric test and the student’s ¢-test.

Previous CVD history, such as acute myocardial infarc-
tion, unstable angina, and cerebral vascular disease, was
taken on account as secondary outcomes. The presence
of carotid plaques was evaluated by carotid doppler in all
patients.

Results

Ten patients were studied, half of whom received alirocumab
and the other half of whom received evolocumab. (Table 1)
Of these, 60% were men. Of the FH patients studied, 40%
had a history of established CVD, specifically acute myocar-
dial infarction (3 patients) and cerebral vascular disease (1
patient). No new CV event occurred during the follow-up
of the patients. One patient presented evidence of unstable
plaque on carotid Doppler. The study showed a reduction
in the lumen of 71% and 43% on the left internal carotid
and right internal carotid, respectively.

A genetic study was performed in 2 of the patients with
the following results: ¢.249delTinsGG mutation in hetero-
zygous state of the LDL receptor gene and a p.P109R mu-
tation in heterozygous state mutation of the LDL receptor

gene. These 2 mutations are studied in more detail in a case
of compound heterozygous FH [16].

We compared the LDL-C means at baseline and at 4, 6,
and 12 weeks of treatment using a #-test for related samples.
The evolocumab group presented an initial mean LDL-C of
277 mg/dl that, after 12 weeks of treatment, significantly
reduced to 116 mg/dl; P=0.04 (95% CI: 11.5-310.9).
The alirocumab group started with an LDL-C of 229 mg/
dl, and at 12 months of treatment there was a significant
decrease to 80 mg/dl; P =0.008 (95% CI: 63.8-233.7);
this significant reduction is evident from 8 weeks of treat-
ment and persists throughout the treatment (Table 2). The
average decrease at 12 weeks of treatment was 186 mg/dl
and 149 mg/dl for the evolocumab and alirocumab groups,
respectively. In the analysis by gender (Table 2), we found
a significant decrease in LDL-C with both treatments and
there is no difference in LDL-C levels between genders be-
fore or after treatment (Fig. 1).

A Mann-Whitney U nonparametric test was per-
formed to contrast the difference between evolocumab and
alirocumab at the beginning and at 12 weeks of treatment,
with P = 0.548 (in both cases).

Of the 4 patients with established CVD (very high risk),
100% of them achieved their LDL-C goals (< 55 mg/dl)
at the endpoint; however, only 3 (75%) maintained these
goals 24 months later. In contrast, with the remaining 6
patients with absent CVD, only 3 of them (50%) reached
their LDL-C goals of < 70 mg/dl, although the target to re-
duce 250% of LDL-C from baseline was met.

By calculating every individual patient’s percentage of
reduction of LDL-C in both groups and comparing them
by using a Mann-Whitney U comparative test, we proved
that there is not a difference between the alirocumab and
evolocumab groups (Tables 3 and 4).

Discussion and Conclusions

This study is one of the few studies in a real-world setting
that explores the efficacy and tolerance of FH patients who
are treated with PCSK9 inhibitors as an adjuvant treatment

Table 1. Demographic characteristics of patients and biochemical changes over time

Alirocumab Group

Evolocumab Group Both Groups

Median age in years (IQR)

Men, (n %)

Baseline LDL-C (IQR)

Median LDL-C at 4 weeks of treatment (IQR)
Median LDL-C at 6 weeks of treatment (IQR)

9(

3(30

205 (

00 (

5

Median LDL-C at 12 weeks of treatment (IQR) 2 (

38-59)

183-287)
86-115)
48-79)
50-104)

3 (43-68) 1(39-65)
3(30) 6 (60)

315(148 387) 235(187 326)
4 (45-136) 7 (73-122)
8 (84-133) 4 (54-107)
2 (74-170) 2 (60-103)

Total n = 10, LDL-C expressed in mg/dl. Abbreviations: IQR, Interquartile range; LDL-C, Low-density lipoprotein Cholesterol.
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Table 2. Comparison of LDL-C levels between the two treatment and gender groups

Baseline Mean LDL-C 4-Week Mean LDL-C P-value 12-week Mean LDL-C P-value
Evolocumab 277 91 (95% CI: 43.2-328.7) 0.022 116 (95% CI 11.15-310.9) 0.04
Alirocumab 229 100 (95% CI: 57.7-199.4) 0.007 80 (95% CI 63.8-233.7) 0.008
Both treatment groups 253 95 (95% CI: 92.3-222.2) 0.00 98 (95% CI 88.7-221.2) 0.00
Female 298 92 (95% CI 55.5-356.4) 0.02
Male 223 102 (95% CI 35.6-206.3) 0.015

LDL-C expressed in mg/dl. Abbreviations: CI, Confidence Interval; LDL-C, Low-density lipoprotein Cholesterol.
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Figure 1. Graphic of Low-density lipoprotein Cholesterol (LDL-C) levels of all patients throughout the 12 weeks of treatment. LDL-C levels are in mg/
dL.The evolocumab group is shown in blue and the alirocumab group is shown in red.

to high-intensity statins therapy or monotherapy in pa-
tients with statin intolerance.

The observations made on the therapeutic effects
of PCSKY inhibitors were excellent. There was a 66%
average reduction in initial LDL-C, and it was maintained
throughout 12 months. Similar reports are made in other
studies evaluating the effect of PCSK9 inhibitors in clinical
practice [17]. Both commercially available PCSK9 inhibi-
tors have similar lipid-lowering effects, with a significant
reduction on LDL-C.

The patients with statin intolerance who were treated
with PCSK9 inhibitor monotherapy achieved their LDL-C
reduction goals from baseline levels without adverse ef-
fects. Combined treatment with statin, ezetimibe, and

PCSK?9 inhibitors have a greater effect in reducing LDL-C
(P =0.037) compared with PCSK9 inhibitors alone, as pre-
viously reported in Gamera-Boers et al and Rallidis LS et al
[15,18].

We found a high percentage of treatment discontinu-
ation of PCSK9 inhibitors, probably due to the control
of this medication, its high cost, and the need for regular
monitoring of the patient. This has been observed in other
studies such as the study by Kathleen A. Fairman et al,
in which a cohort of 390 patients with PCSK9 inhibitor
treatment was analyzed in clinical practice. Of the patients
analyzed, 39.8% did not continue treatment after 60 days
because it required authorization and periodic evaluation
in order to continue with PCSK9 inhibitor treatment [17].
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Table 3. Individual percentage of reduction of LDL-C levels
in the alirocumab group

Patient Baseline Final Individual Percentage of
LDL-C LDL-C Reduction, %

1 200 929 69

2 266 151 43

3 309 151 51

4 166 40 75

N 205 113 44

n=35; LDL-C expressed in mg/dl. Abbreviations: CI, Confidence Interval;
LDL-C, Low-density lipoprotein Cholesterol.

Table 4. Individual percentage of reduction of LDL-C levels
in the evolocumab group

Patient Baseline Final Individual Percentage
LDL-C LDL-C of Reduction, %

1 315 89 71

2 362 197 45

3 195 61 68

4 101 56 44

5 413 929 76

n=35; LDL-C expressed in mg/dl. Abbreviations: CI, Confidence Interval;
LDL-C, Low-density lipoprotein Cholesterol.

The percentage of suspension or nonadherence to treat-
ment was higher than that reported in other studies (be-
tween 8% and 10%) [15, 18].

PCSK9 inhibitors are an excellent treatment option
for patients with FH who do not reach their LDL-C goals
with a high-intensity statin and/or ezetimibe, or patients
with statin intolerance. There is no difference in the lipid-
lowering effect between the 2 PSCK9 inhibitors available
on the market, and they have a significant positive response
in achieving LDL-C treatment goals in patients with a high
cardiovascular risk. There is a significantly better response
to LDL-C reduction in patients with triple therapy com-
pared with monotherapy with PCSK9 inhibitors, as has
been shown in other studies in heterozygous patients.

Among the disadvantages of this study is the short period
of treatment to analyze persistence and attachment to the
treatment by the patient. And persistence of healthcare
workers and affiliates to monitor patient’s administration
of treatment and follow-up. Another limitation was the
number of patients studied, since they are patients treated
in a single medical center and who have a disease with a
low incidence rate; however, of the patients treated in our
clinical practice, the majority of patients responded ad-
equately to statins and achieved their therapeutic goals in
LDL-C reduction.

Patients with FH should be evaluated and educated
about their disease, the benefits of adequate treatment to

improve adherence and to ensure the clinical benefit of
PCSK9 inhibitors in long-term therapies, and the conse-
quences of suspension. Greater experience in daily clinical
practice and longer therapeutic studies with PCSK9 inhibi-
tors in patients with FH are required to assess the long-term
reduction in cardiovascular risk.
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