
Received:  2020.02.22
Accepted:  2020.05.14

Available online:  2020.08.07
Published:  2020.09.15

  1943      1      —      17

Ineffective Subtilisin/Kexin Type 9 (PCSK9) 
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(LDL-C) receptor. In these cases, PCSK9 inhibitors were ineffective when used alone to reduce the LDL-C level, 
but the addition of statin led to a dramatic improvement.
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be identified. Prospective studies are needed to investigate the efficacy of treatment with the monoclonal an-
tibodies PCSK9 inhibitors in the context of LDL-C receptor abnormalities and to determine whether a genetic 
explanation exists for interindividual differences in response.
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Background

Low-density lipoprotein cholesterol (LDL-C) is well known as a 
robust modifiable cardiovascular risk factor. Strong evidence 
from many studies supports that lowering LDL-C significantly 
slows the progression of atherosclerotic disease and reduc-
es cardiovascular events, morbidity, and mortality. Indeed, 
European and American guidelines recommend intensive low-
ering of LDL-C, particularly in high-risk patients. Recently, pro-
protein convertase subtilisin kexin 9 (PCSK9) inhibitors emerged 
as a promising medical therapy, offering a 60% reduction in 
the circulating level of LDL-C. Clinical trials of PCSK9 inhibitors 
have shown significant reductions for cardiovascular death, cor-
onary revascularization, stroke, and myocardial infarction [1]. 
Because PCSK9 inhibitors have only been available for a short 
period of time, data on their application in real-world practice 
are limited. Moreover, reports of nonresponder cases are ex-
tremely rare in the literature [2]. Concerns have been raised 
regarding interindividual responses to PCSK9 inhibitors, and 
a genetically guided approach to their use has been suggest-
ed [3]. LDL-C apheresis is the ultimate solution for treatment 
of patients with serious dyslipidemias who do not respond to 
other therapy. A recently available cohort study showed results 
that were consistent with the clinical trials, with a good safety 
profile, even when PCSK9 inhibitors were used as monothera-
py in completely statins-intolerant individuals [4]. To date, we 
have treated 167 patients with alirocumab in our lipid clinic. 
Among those treated with PCSK9 inhibitors alone for docu-
mented medical reasons, we report 2 cases of nonresponders 
to PCSK9 inhibitors alone. These cases were successfully man-
aged by adding a simple statin dose, which led to dramatic 
changes in LDL-C levels.

Case Reports

Case 1

A 44-year-old man known to have familial hypercholesterol-
emia was referred to our lipid clinic for secondary prevention 
and LDL apheresis. His past medical history was significant for 
premature coronary artery disease with multiple stent angio-
plasties at 24 years of age. His medication list includes high-
dose statin (atorvastatin, 80 mg), ezetimibe (10 mg), clopido-
grel (75 mg), and nebivolol (5 mg). He reported severe myalgia 
and arthralgia leading to daily physical disability, and he was 
consequently considered intolerant to statin. Physical examina-
tion revealed tendon xanthomas, and blood tests showed total 
cholesterol (TC) of 324 mg/dL (normal range, 150–220 mg/dL), 
LDL-C of 228 mg/dL, high-density lipoprotein cholesterol 
(HDL-C) of 33 mg/dL (40–80 mg/dL), and triglycerides (TG) of 
315 mg/dL (50–150 mg/dL). The patient’s genetic testing re-
vealed a mutation in exon 4 for the LDL receptor; specifically, 

there was a missense mutation causing guanine replacement 
with adenine in position 682, resulting in glutamic acid replac-
ing lysine at position 228. After 3 months, we halted his treat-
ment regime and arranged for a blood test, which showed TC 
of 357 mg/dL (150–220 mg/dL), LDL-C of 245 mg/dL, HDL-C of 
33 mg/dL (40–80 mg/dL), and TG of 395 mg/dL (50–150 mg/dL). 
According to the official recommendations in France, which re-
strict alirocumab reimbursement to those with an LDL-C lev-
el of more than 200 mg/dL for secondary prevention or more 
than 300 mg/dL for primary prevention in the setting of an ex-
perienced center in LDL-C apheresis, this patient was eligible 
for alirocumab reimbursement. We therefore decided to start 
a therapeutic approach with 150 mg of alirocumab by subcu-
taneous injection every 15 days. The first follow-up blood test 
result at 6-8 weeks, after 4 doses, showed TC of 374 mg/dL 
(50–150 mg/dL), LDL-C of 290 mg/dL (+18%), HDL-C of 35 mg/dL 
(40–80 mg/dL), and TG of 245 mg/dL (50–150 mg/dL). Incorrect 
injection technique and nonadherence to medication were 
omitted given that injections were provided by nursing staff. 
The patient was then diagnosed as a nonresponder to PCSK9 
inhibitors, and in accord with the patient’s choice, we added a 
standard statin dose (atorvastatin 20 mg) and 10 mg of ezet-
imibe to prevent LDL-C apheresis. Three months later, blood 
tests revealed a dramatic improvement, with TC of 130 mg/
dL, LDL of 58 mg/dL (76% reduction of baseline LDL-C), HDL 
of 37 mg/dL, and TG of 176 mg/dL. The patient tolerated this 
therapeutic regimen well.

Case 2

A 71-year-old woman known to have severe familial hyper-
cholesterolemia and arterial hypertension was referred to our 
lipid clinic for primary prevention. Her past TC level had ris-
en to 500 mg/dL, and she was considered statin intolerant at 
the time. Her blood test results performed under 40 mg of ro-
suvastatin and 10 mg of ezetimibe showed TC of 221 mg/dL 
(150–220 mg/dL), LDL-C of 133 mg/dL, HDL-C of 62 mg/dL 
(40–80 mg/dL), and TG of 132 mg/dL (50–150 mg/dL). We 
started by stopping the current medications and having ge-
netic testing done, and a follow-up visit was scheduled for 1 
month later. Genetic testing was positive for heterozygous de-
letion of exon 16 in the gene coding for the LDL receptor. A full 
resolution of symptoms (diffuse myalgia and daily exercise in-
tolerance) was reported by the patient at the follow-up visit, 
but blood tests showed TC of 501 mg/dL (150–220 mg/dL), 
LDL-C of 419 mg/dL, HDL-C of 51 mg/dL (40–80 mg/dL), and 
TG of 155 mg/dL (50-150 mg/dL). We then began treatment 
with 150 mg of alirocumab by subcutaneous injection every 15 
days, which was administered by nursing staff to avoid prob-
lems such as inappropriate injection and noncompliance with 
treatment. After 6 to 8 weeks, a blood test revealed a TC of 
429 mg/dL (150–220 mg/dL), LDL-C of 337 mg/dL (20% reduc-
tion in LDL-C), HDL-C of 48 mg/dL (40–80 mg/dL), and TG of 
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218 mg/dL (50–150 mg/dL). Given this poor response to PCSK9 
inhibitors and the patient’s preference to delay LDL aphere-
sis, we added a low statin dose (10 mg of atorvastatin daily). 
Three months later, the patient reported mild, easily tolerable 
myalgia, and laboratory test results showed TC of 245 mg/dL 
(150–220 mg/dL), LDL-C of 158 mg/dL (62% reduction of base-
line LDL-C level), HDL-C of 57 mg/dL (40–80 mg/dL), and TG of 
151 mg/dL (50–150 mg/dL).

Discussion

Most real-world cohort studies do not include severely dys-
lipidemic populations being treated by combined therapy. 
The ODYSSEY trial showed that PCSK9 inhibitors are effective 
either when used alone or in combination with other lipid-low-
ering agents, while the FOURIER trial showed that PCSK9 in-
hibitors were effective on a background of statin therapy [3,5]. 
A 30 mg/dL drop in LDL-C, or a 59% reduction from LDL-C base-
line, was revealed by the FOURIER trial when PCSK9 inhibi-
tors were added to statin therapy [6]. A common indication for 
monotherapy with PCSK9 inhibitors is statin intolerance. In the 
2 cases presented here, PCSK9 inhibitors were ineffective when 
used alone to reduce the LDL-C level in patients with hetero-
zygous familial hypercholesterolemia and LDL-C receptor ab-
normalities. However, a dramatic improvement was achieved 
with the addition of statin (Table 1).

Available PCSK9 inhibitors (alirocumab and evolocumab) are 
monoclonal antibodies that bind to the PCSK9 protein respon-
sible for regulating the expression of LDL-C receptors. Once 
PCSK9 binds to LDL-C receptors, it triggers lysosomal catabo-
lism leading to an increased plasma level of circulating LDL-C. 
Inhibiting PCSK9 promotes the expression of LDL-C receptors 
on the extracellular surface, resulting in reduction of the cir-
culating LDL-C [7]. In France, alirocumab is reimbursed only for 
patients with LDL-C >300 mg/dL being treated for primary pre-
vention (case 2) or those with LDL-C >200 mg/dL being treat-
ed for secondary prevention (case 1) in the setting of an expe-
rienced LDL-C apheresis center within a university lipid clinic.

The 2019 European Society of Cardiology guidelines approved 
the clinical trials showing that PCSK9 inhibitors effectively re-
duce the level of LDL-C by 60% on average when used alone 

or in combination with other lipid-lowering agents, regardless 
of the previous therapy [1,8]. In addition, cohort studies have 
shown outcomes consistent with the findings from the clin-
ical trials [4,9,10]. To the best of our knowledge, we are the 
first to report a case of complete nonresponse to PCSK9 in-
hibitors (case 1) without any observed reduction in circulat-
ing LDL-C. In fact, LDL-C rose by 18%. Saeed et al. [2] report-
ed 2 cases of low response to PCSK9 inhibitors, which was 
defined by <30% reduction in LDL-C level. That report is con-
sistent with our second reported case (i.e., 22% reduction in 
LDL-C). The short time that PCSK9 inhibitors have been avail-
able is a limiting factor with regard to the appearance of non-
responders. Over time, more nonresponder cases will emerge, 
especially when PCSK9 inhibitors are used as monotherapy.

The problem of failure to respond to PCSK9 inhibitors has been 
raised in literature. Several explanations have been proposed, 
such as an LDL-C receptor deficiency, which is commonly ob-
served in certain types of familial hypercholesterolemia [11]; 
development of antidrug antibodies; genetic factors; and in-
correct injection techniques. Moreover, the genetic polymor-
phism of the PCSK9 gene plays a role in determining reactivity 
to PCSK9 inhibitors, and it is correlated to lipid level and sub-
clinical vascular disease. In addition, various mutations have 
been described and can be divided into 2 categories: gain-of-
function mutation, which increases the expression of PCSK9 
and may predict a better response to PCSK9 inhibitors, and 
loss-of-function mutation, which results in a lower circulat-
ing level of PCSK9 and thus a lower efficacy of PCSK9 inhibi-
tors [12]. Both cases reported here involved autosomal dom-
inant hypercholesterolemia with heterozygous LDL receptor 
mutations, which could explain the patients’ nonresponse to 
PCSK9 inhibitors. The TESLA trial investigated patients with 
genetic hypercholesterolemia with LDL-C receptors abnormal-
ities and showed that PCSK9 inhibitors were not effective in 
this population. The explanation was related to limited inter-
nalization of the LDL-C/LDL receptor complex, which conse-
quently decreased the LDL receptors available as target for 
PCSK9 protein action [13].

The addition of a standard dose of statin in both reported cases 
allowed the resistance to PCSK9 inhibitors to be overcome with 
a dramatic end result. This result can be explained by statin 
effects, including reduction of hepatic intracellular cholesterol, 

Table 1. �Baseline LDL-C levels compared with LDL-C levels after starting PCSK9i and after adding a statin in the reported cases.

LDL-C – low-density lipoprotein cholesterol; PCSK9i – proprotein convertase subtilisin/kinase 9 inhibitors.

Case
LDL-C Level Before 
Starting PCSK9i

LDL-C at 6-8 Weeks 
of PCSK9i

Change in LDL-C
LDL-C at 3 Months of 

Statin + PCSK9i
Change in LDL-C

1 245 mg/dL 290 mg/dL +18% 58 mg/dL –76%

2 419 mg/dL 337 mg/dL –20% 158 mg/dL –62%
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activation of LDL-C receptors, and increases in circulating PCSK9. 
These effects enhance the use of PCSK9 inhibitors and po-
tentiate the expected result. A 7.4% and 14% increase in the 
PCSK9 level after 6 weeks of treatment with 10 mg atorvas-
tatin was reported by Mayne et al. [14] and Costet et al. [15], 
respectively, while Guo et al. [16] reported a 35% increase in 
PCSK9 level after 8 weeks of treatment with 20 mg atorvas-
tatin [17]. This hypothesis is supported by the results of both 
of our cases, with LDL-C reduction being greater (76% reduc-
tion) in case 1 (PCSK9 inhibitors combined with 20 mg atorv-
astatin) than in case 2 (62% reduction, with PCSK9 inhibitors 
combined with 10 mg atorvastatin). Finally, these findings jus-
tify the systematic use of combined therapy (statin and PCSK9 
inhibitors) for a better outcome in patients with LDL receptor 
abnormalities. Robinson et al. [5] showed that PCSK9 inhibi-
tors are significantly more potent in patients on background 
statin therapy. Here, we arrived at the same conclusion from 
the other direction, by starting with a monotherapy and then 
adding alirocumab and statin. Prospective trials are needed to 
investigate the efficacy of monotherapy with the monoclonal 
antibodies PCSK9 inhibitors in the context of LDL-C receptor 
abnormalities and to determine if a genetic explanation un-
derlies differences in interindividual responses.

Conclusions

Clinical trials have shown that PCSK9 inhibitors are effective 
as a monotherapy and in combined therapy. We presented 2 
nonresponder cases in which the addition of a statin to treat-
ment with PCSK9 inhibitors was essential to achieve the tar-
get reduction in LDL-C from the baseline level. Nonetheless, as 
PCSK9 inhibitors become more commonly prescribed, we ex-
pect that more cases of nonresponse will be identified. In pa-
tients with familial hypercholesterolemia who are deemed to 
be statin intolerant and have severely increased baseline LDL-C 
levels, monotherapy with PCSK9 inhibitors must be careful-
ly considered. LDL-C apheresis may remain the optimal ther-
apeutic approach for these patients.
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