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1. Abstract

1.1. Introduction: Patients with Alirocumab resistance has not
been confirmed in the current literature.

1.2. Case Report: We reported case of Alirocumab resistance with
CAD and hepatic dysfunction for the first time. During Alirocum-
ab lipid-lowering treatment, the patient’s LDL-C levels did not de-
crease at all time points within 2 months.

1.3. Discussion/Conclusion: The temporal relationship and lab-
oratory data support the probability of Alirocumab resistance,
and genetic testing is suggested to support diagnosis. Alirocum-
ab decreases LDL levels by blocking the binding of PCSK9 and
LDLR. The etiologies of Alirocumab resistance include uniden-
tified high Lp(a) levels, mutations in various of genes, anti-drug
antibodies(ADA), and other causes related to lifestyle habits and
treatments. Combination therapy with statins and Inclisiran bring
more options and therapeutic effect to patients.

2. Introduction

Patients with long-term high levels of cholesterol, especially total
cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C),
are at the highest risk of atherosclerotic cardiovascular disease
(ASCVD). At present, The proportion of patients with acute coro-
nary syndrome (ACS) on lipid-lowering treatment (LLT) is 94.8%,
and the rate of LLT with statins among these patients is 93.1%.
However, the lipid-lowering treatment goal attainment rate is only
36.60% [1]. As reported by an 8-year follow-up study, lipid-low-
ering regimens after cardiovascular events had been in need of
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optimization, and many individuals were reported having poor ad-
herence to statin therapy or the emergence of some side effects [2].

Alirocumab, as an inhibitor of proprotein convertase subtilisin/
kexin type 9 (PCSK9), is a novel lipid-lowering drug. It binds
to liver LDL receptor (LDLR) and promotes the degradation of
LDLR in the endosomal/lysosomal pathway [3]. Alirocumab can
reduce LDL-C level by up to 61 per cent and Lp(a) by up to 26 per
cent [4].

Nowadays, Alirocumab has been demonstrated playing an im-
portant role in combined lipid-lowering regimen. Patients with
ACS have exhibited good adherence and significant reduction of
LDL-C level [5]. Based on the results of available studies, very
few patients (0.5%) classified as unusual responders [6]. But it
hasn’t been reported any case of Alirocumab resistance, which is
defined as the patient who has LDL-C measurements before and
after initiation of Alirocumab , exhibit no changes in LDL-C level
at all time points.

In this article, we aimed to represent a 55-year-old woman with
ASCVD and hepatic dysfunction who showed no decrease in
LDL-C level after the treatment of Alirocumab. She was consid-
ered as Alirocumab resistance.

3. Case Presentation

A 55-year-old woman with poor lipid control reported to the de-
partment of cardiovascular medicine. Her clinical symptoms and
physical examination were normal. In March 2023, based on the
history, clinical manifestation and biochemical analysis, she was
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diagnosed with coronary artery disease (CAD) and hepatic dys-
function. Patient history of hepatitis or alcohol use causing liv-
er damage were negated. Patient history of hepatitis and alcohol
use were negated. Immediately after diagnosis, she underwent
coronary arteriography and percutaneous coronary intervention.
Simultaneously, her laboratory and aided examination resulted
that TC 5.26mmol/L, LDL-C 3.72mmol/L (Figure 1). After tak-
ing Rosuvastatin 10 mg PO at bedtime daily for 4 months, the
re-examination resulted that TC 2.83mmol/L, LDL-c 2.32mmol/L.
After maintaining the original lipid-lowering regimen for 1 month,
the patient’s Rosuvastatin was discontinued without physician’s
order. More than 20 days after stopping the medication, the patient
had marked elevation of serum cholesterol with TC 6.84mmol/L,
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LDL-c 4.6mmol/L (Table 1). Soon after that, Alirocumab 75mg
i.h. 2w was started on early October 2023, and had been contin-
ued for next 2 monthes regularly. The patient had given consent
to the treatment of alirocumab for 4 times so far. During new li-
pid-lowering treatment, the patient accepted re-examination every
month, and the results are as shown in Table. Unexpectedly, the
levels of TC and LDL-C were elevated shown by the in a recent
blood test (Figure 2). Besides, Hepatoprotectors, Clopidogrel, As-
pirin, Rabeprazole, Metoprolol were also applied for therapies of
CAD and hepatic dysfunction at the same time. Her dietary hab-
it did not increase risk of blood lipids elevation. The operations
of hypodermic injection were performed In medical institutions.
Now the patient was diagnosed with Alirocumab resistance.

Figure 1: Patient’s first laboratory test results on 2 March 2023
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Figure 2: Line graph: Dynamics of total cholesterol and LDL-C in this patient
Table 1: Pertinent labs throughout the whole lipid-lowering treatment
Date Ref
Variable Tested 2023/12/19 ;Z;er;ce
2023/3/2 | 2023/4/4 | 2023/7/4 | 2023/7/18 | 10/5/2023 | 2023/11/14* o £

Alanine aminotransferase 145 36 119 30 110 59 96.8 7-40
(ALT), U/L ’
Aspartate amino transferase
(AST), U/L 72 100 74 54 92 54.2 83.2 13-35
S}Ealme phosphatase (ALP), 106 101 131 126 109 95.9 91.9 50-135
y-glutamyl transpeptadase ~
(GGT). U/L 101 88 80 56 57 82.7 71.3 7-45
Glucose (GLU), mmol/L 7.68 6.52 17.32 16.84 6.42 6.2 7.71 3.89-6.11
Total cholesterol (TC), 5.6 3.45 3.56 3.94 6.84 6.01 6.77 2.86-5.98
mmol/L
Triglyceride (TG), mmol/L 2.18 3.15 2.83 24 4.43 29 5.83 0.56-1.70
High density lipoprotein
cholesterol (HDL-C), mmol/L 1.03 1.08 1.01 1.04 0.94 1.27 1.3 1.29-1.55
Low density lipoprotein
cholesterol (LDL-C), mmol/L 3.72 2.11 2.32 2.63 4.6 4.6 4.62 0-3.36
Very low density lipoprotein
cholesterol (VLDL), mmol/L 0.81 1.17 1.05 0.89 1.64 1.07 2.16 0.21-0.60

*Laboratory test results on 14 November 2023 after 4 weeks of lipid-lowering therapy with Alirocumab, **Laboratory test results on 19 December

2023 after 8 weeks of lipid-lowering therapy with Alirocumab

4. Discussion

Alirocumab is one of the monoclonal antibodies of PCSKO. It is
also an inhibitor of PSCK9. PCSKO is a glycoprotein encoded by
human PCSK9 gene, after releasing into the extracellular space
through the autocleavage process, it binds to the epidermal growth
factor-A (EGF-A) domain of LDLR and promotes its degradation
in the endosomal/lysosomal pathway [3]. As is the main pathway
for LDL clearance, liver LDL receptor (LDLR) can bind and in-
ternalize apoB-containing lipoprotein, including LDL, via recep-
tor-mediated endocytosis [7].
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According to the latest research, familial hypercholesterolemia(F-
H)-phenocopy genes included low density lipoprotein receptor
adaptor protein 1 (LDLRAP1), apolipoprotein E (APOE), lipase
A (LIPA), ATP-binding cassette (ABC) transporters G5 (ABCGS)
and G8 (ABCGS8). Meanwhile, polygenic hypercholesterolemia
and hyper-Lp(a) can also mimic a clinical FH phenotype [8].

Alirocumab achieves decreasing LDL levels by blocking the bind-
ing of PCSK9 and LDLR and indirectly reducing of LDLR degra-
dation. Unusual responder is defined as the individual undergoing
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lipid lowering therapy whose LDL-C level decreases by less than
30%. No response, delayed response, reduced response and lost re-
sponse are included [9,10]. Previous studies demonstrated that un-
identified high Lp(a) levels, mutations in LDLR and mutations in
FH-phenocopy genes would cause Alirocumab resistance [9,11].

Meanwhile, there are also other influencing factors that affect the
efficacy of Alirocumab: 1. drugs simultaneously applied with ef-
fect for serum cholesterol levels; 2. high-fat diet; 3. standardiza-
tion of injection operation; 4. poor adherence of statins/PCSK9 in-
hibitor therapy; 5. therapeutic plasma exchange after the injection
of Alirocumab; 6. the presence of Anti-drug antibodies (ADAs).

We excluded the possibility based on the consultation results that
abnormal levels of cholesterol was caused by the influencing fac-
tors listed above. The patient we reported hasn’t shown reduction
in LDL-C at all time points within 2 months of LLT, which meets
the definition of Alirocumab resistance. Because of the unidenti-
fied high Lp(a) levels, the patient’s plasma PCSK9 levels needs
further assessment for pathogeny analysis. Genetic testing has also
been considered. The reasons of long-term hepatic dysfunction
may contain the use of Rosuvastatin. Another concern is that ab-
normality of liver LDLR is also an influencing factor of Alirocum-
ab resistance.

In recent years, due to the widespread use of Alirocumab in the
clinic, more and more patients with CAD are found of poor re-
sponse to or even resistance to Alirocumab.

Enhancement of statin combination therapy is something that
needs to be emphasize. More importantly, lipid-lowering drugs
for different targets are also of interest. Inclisiran is a novel siR-
NA therapy that inhibits the synthesis of PCSK9 by targeting the
PCSK9 mRNA, as a result, it reduces LDL-C levels in the blood
of patients [12]. Safety and tolerability of inclisiran for treatment
of hypercholesterolemia is approved [13]. Inclisiran brings more
options to patients with CAD, hepatic dysfunction and renal insuf-
ficiency.

5. Conclusion

This article reports a case of a patient with CAD and hepatic dys-
function who is diagnosed with Alirocumab resistance. The basis
for the diagnosis is discussed, and the next steps in diagnosis and
treatment are planned. It also provides ideas for diagnosis of Aliro-
cumab resistance in future clinical settings, which has implications
for further validation and research.
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