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ABSTRACT

Aim: Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors have been demonstrated to be safe
and effective in low-density lipoprotein cholesterol (LDL-C) lowering and cardiovascular risk reduction. Data
on clinical implementation of PCSK9 inhibitors in real life setting in Greece is limited. Thus, we report 2-year
experience with PCSK9 inhibitors in clinical practice at a University Hospital Lipid Clinic. Patients and meth-
ods: This is a retrospective study of patients who were first prescribed a PCSK9 inhibitor during 2016-2018.
Patients had either established cardiovascular disease (CVD) and/or familial hypercholesterolemia (FH) and
LDL-Clevel >100 mg/dL despite maximum tolerated high-intensity statin plus ezetimibe. Patient demograph-
ics, medical history, concomitant medications and laboratory results were documented during visits. Results:
We included 37 patients (mean age 52 years, 56.8% males). Of patients, 28 (76%) had established CVD and 27
patients (74%) had FH. Concerning treatment, 33 patients (89%) were receiving high-intensity statin, while
35 patients (95%) were also on ezetimibe 10 mg. Addition of PCSK9 inhibitors (51% on evolocumab 140 mg
per 2 weeks (Q2W), 22% on alirocumab 75 mg Q2W and 27% on alirocumab 150 mg Q2W) resulted in a re-
duction of total cholesterol by 42% and LDL-C by 59% after 2 months (p<0.05). These reductions remained
unchanged after 1 and 2 years on treatment. Thirty patients (81%) achieved LDL-C treatment goal following
PCSK9i treatment. Four patients (11%) developed minor adverse effects. No treatment discontinuation was
reported. Conclusion: In real-life setting addition of PCSK9 inhibitors to maximally tolerated lipid-lowering
therapy resulted in reductions of LDL-C levels of the magnitude seen in clinical studies. These reductions were
sustainable during a 2-year follow-up.
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cardiovascular risk reduction is proportional to low-density
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lipoprotein cholesterol (LDL-C) lowering'2. European Soci-
ety of Cardiology/European Atherosclerosis Society (ESC/
EAS) and American College of Cardiology/American Heart
Society (ACC/AHA) guidelines impose statin therapy as first
line treatment for reducing LDL-C levels and associated
cardiovascular risk'2. Ezetimibe addition to maximum
tolerated statin is suggested for further LDL-C lowering'2.
However, a large proportion of patients do not achieve LDL-
C goals under maximally tolerated lipid-lowering therapy
or are statin intolerant®. This is also the case in Greece*”.

Monoclonal antibodies inhibiting proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) have been shown
to effectively lower LDL-C levels and associated cardio-
vascular risk®”. Two fully human PCSK9 inhibitors (PCSK9i)
are available, alirocumab and evolocumab, administered
by subcutaneous injection at 75/150 mg every two weeks
and 140 mg every 2 weeks/420 mg once a month, re-
spectively. In clinical studies PCSK9i lower LDL-C levels
by 50-60% on top of maximally tolerated hypolipidemic
treatment®'“. In addition, 3 randomized trials, FOURIER,
ODYSSEY OUTCOMES and GLACOV, demonstrated that
PCSK9i are associated with significant reductions of major
cardiovascular events and atherosclerosis progression
with an excellent safety profile®”'®. Long-term studies
have confirmed sustainability of LDL-C lowering up to
4 years's's,

In Greece PCSK9i are available since 2016 and are
reimbursed in patients with either established ASCVD or
familiar hypercholesterolemia (FH) and LDL-C level >100
mg/dL despite maximum tolerated high-intensity statin
plus ezetimibe. However, data on the use of PCSK9i
in real-life in Greece is limited. We report herein clinical
experience with PCSK9i from an outpatient University
hospital lipid clinic over 2 year follow-up.

PATIENTS AND METHODS
Study population

In the present study, we included consecutive patients
attending the lipid clinic at the University Hospital of
loannina, loannina, Greece from 2016 to 2018 who were
prescribed a PCSK9i. Reimbursement of PCSK9i treatment
was granted to patients with either established ASCVD or
FH and LDL-C level =100 mg/dL while on maximum toler-
ated lipid-lowering therapy (rosuvastatin target dose 20-40
mg or atorvastatin target dose 40-80 mg plus ezetimibe)
and healthy lifestyle.

All patients prescribed PCSK9i were provided proper
subcutaneous injection training. Patient characteristics,
family history and concomitant medications were reported,
and clinical examination and laboratory tests were per-
formed at baseline visit, as well as after 2 months, 1 year
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and 2 years following PCSK9i administration. In addition,
adverse events and compliance to PCSK9i therapy was
reported during follow-up.

Data analysis

Analyses were performed descriptively via the Statisti-
cal Package for Social Sciences (SPSS) 21.0 software (SPSS,
IBM corp). Continuous numeric variables are expressed
as mean = standard deviation and median (interquartile:
IQR) if Gaussian or non-Gaussian distributed, respec-
tively. Categorical data are presented as total number
and percentage. An ANOVA with repeated measures was
used to compare group means where the participants
are the same in each group. Chi square test was used to
compare categorical data among the alirocumab and
evolocumab treated group. Two-tailed significance was
defined as p<0.05.

Ethics

All participants gave written informed consent and the
study protocol was approved by our institutional ethics
committee. The research was performed according to the
principles of the Declaration of Helsinki (1975).

RESULTS
Baseline patient characteristics (Table 1)

We included 37 patients [56.8% men, age 54 years
(IQR: 50-71)]. Of those, 28 (76%) had established CVD [22
(60%) coronary artery disease and 6 (16%) a history of
cerebrovascular event], 24 (65%) had HeFH and 3 (8%)
had lower extremities arterial disease (LEAD)].

Nineteen individuals initiated evolocumab 140 mg
(Q2W) and 18 received alirocumab [8 alirocumab 75 mg
(Q2W) and 10 alirocumab 150 mg (Q2W)]. Of the ali-
rocumab treated group, 6 patients maintained the dose of
75 mg (Q2W), while 2 patients were uptitrated to 150 mg
(Q2W) after the 2-month follow-up. No significant differ-
ence in baseline characteristics was noticed between the
2 groups. Eight patients (5 patients intolerant to statins, 1
with homozygous FH and 2 with heterozygous FH) quali-
fied PCSK9i treatment for primary prevention, while 29
patients for secondary prevention. Prior to initiation of
PCSK9i, the vast majority of patients (90%) were on dual
maximally tolerated LLT (79% on rosuvastatin 20-40 mg
and 11% on atorvastatin 40-80 mg plus ezetimibe), 1 pa-
tient was on pitavastatin plus ezetimibe, 1 on pitavastatin
monotherapy, 1 on ezetimibe monotherapy and 1 on co-
lesevelam monotherapy (totally intolerable). No significant
difference was observed in baseline characteristics among
evolocumab and alirocumab treated groups (p=NS).
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TABLE 1. Baseline patient characteristics

All Evolocumab Alirocumab
patients
Number 37 19 18
Age, years 54 (50-71)  52(49-65) 55 (50-76)
n (%) n (%) n (%)

Female 16 (43) 10(53) 6(33)
Current smoking 6(16) 3(18) 3(15)
Coronary artery disease 22 (60) 9 (47) 13(72)
Cerebrovascular disease 6 (16) 2(11) 4(22)
Hypertension 17 (46) 7 (37) 10 (56)
Diabetes 10 (27) 4(21) 6(33)
Carotid artery disease 9 (24) 6(32) 3(17)
Chronic kidney disease 4(11) 1(5) 3(17)
FH

HoFH 3(8) 2(11) 1(6)

HeFH 24 (65) 8(42) 16 (89)
LEAD 3(8) 1(9) 2(11)
No statin 2(5) 2(11) 0
Rosuvastatin 29 (78) 15(79) 14 (78)
Atorvastatin 4(11) 1(5) 3(16)
Pitavastatin 2(5) 1(5) 1(5)
Ezetimibe 35(95) 17 (90) 18 (100)
Fenofibrate 3(8) 2(11) 1(6)
Omega 3 fatty acids 1(3) 0 1(6)
Colesevelam 6(16) 5(26) 1(6)
Intolerance to statins

Partial intolerance 5(14) 3(16) 2(1)

Total intolerance 3(8) 3(16) 0

Abbreviations: FH: familial hypercholesterolemia, LEAD: lower extremi-
ties arterial disease

Lipid profile (Table 2 and Figure)

PCSK9i administration yielded an additional 60% mean
reduction in LDL-C and 42% mean reduction in TCHOL
after 2 months on treatment (p<0.05). This reduction rate
remained sustainable after 1 and 2 years on PCSK9i therapy.
The LDL-Cand TCHOL lowering rate was similaramong evo-
locumab and alirocumab treated group after 2 months, 1
and 2 years (p=NS for between groups comparison). HDL-C
was increased by 3% and triglycerides were decreased by
10% after 2-month PCKS9i treatment (p=NS). The overall
percentage of patients attaining LDL-C target according to
ESC/EAS 2016 guidelines®® was 81% after 2-month PCSK9i
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Figure Median LDL-C levels over 2 years on PCSK9i
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FIGURE 1. Median value of low-density lipoprotein cholesterol
level (LDL-C) in all participants, according to treatment assign-
ment and time on proprotein convertase subtilisin/kexin type 9
inhibitors (PCSK9i).

therapy. Excluding homozygous FH patients (n=3), LDL-C
was reduced by 63%, TGs by 12%, TCHOL by 42% and HDL-C
was increased by 7% after 2 months on PCSK9i treatment.
The 3 individuals with homozygous FH experienced a mean
LDL-C reduction of 39% over a 2-year follow-up.

Safety (Table 3)

The majority of patients (89%) did not report any
adverse event during follow-up. One patient complained
about backache (evolocumab group), one patient reported
diarrhea and abdominal pain (evolocumab group), one
patient a non-troublesome reaction at the injection site
(alirocumab group) and one patient reported a ‘pruritic
rash’ in the upper body which resolved after few days
and was not seen with next doses of PCK9i (evolocumab
group). The reported adverse events were not different
between 2 treated groups. No patient dropped out of
treatment. No CVD event was reported during follow-up.

DISCUSSION

The present study is one of the few investigating the
efficacy and safety of PCSK9i administration in a clinical
real life setting?®2°. Randomized controlled clinical trials
frequently enlarge the magnitude of LDL-C lowering rate
due to rigorous patient monitoring and intensive lifestyle
modifications®'*. Our study indicates a mean LDL-C reduc-
tion rate comparable with that of FOURIER and ODYSSEY
clinical trials (approximately 60%) and similar with that
achieved in real-life studies (50-63%)*%. It also confirms
that PSCK9i-related LDL-C reduction was sustained after
1 and 2 years on treatment with both evolocumab and
alirocumab having comparable efficacy.

Three individuals (8.1%) with homozygous FH were
responsive to PCSK9i on top of dual or triple hypolipidemic
therapy and gained a mean percentage LDL-C level reduc-
tion of 39% over a 2-year follow-up. This is line with the
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TABLE 2. Baseline and post treatment lipid panel of study participants (follow-up: 2 years)

Baseline 2 months Change from 1 year Change from 2 years Change from
baseline baseline baseline

TCHOL, mg/dL

All patients 240 (200-277)  140(120-177) -42%* 133 (113-169) -45%* 116 (106-138) -52%*

Evolocumab 241 (199-312) 142 (124-193) -41%* 152 (127-195) -37%* 144 (138-149) -40%*

Alirocumab 239 (202-268) 138 (115-169) -42%* 133 (112-140) -44%* 113 (104-121) -53%*
LDL-C, mg/dL

All patients 164 (137-196) 67 (50-104) -59%* 63 (51-96) -62%* 58 (39-61) -64%*

Evolocumab 166 (134-221) 63 (50-127) -62%* 79 (52-106) -52%* 66 (61-71) -60%*

Alirocumab 162 (139-189) 67 (49-96) -59%* 61 (50-72) -62%* 50 (39-60) -69%*
HDL-C, mg/dL

All patients 51 (44-63) 53 (45-65) 3% 53 (45-63) 3% 53 (46-63) 3%

Evolocumab 51 (44-64) 53 (48-57) 3% 53 (48-60) 3% 53 (48-61) 3%

Alirocumab 49 (41-61) 50 (43-66) 2% 50 (43-60) 2% 50 (42-60) 2%
TGs, mg/dL

All patients 116 (75-173) 104 (77-142) -10% 104 (93-138) -10% 104 (93-142) -10%

Evolocumab 126 (89-173) 113 (82-144) -10% 113 (100-147) -10% 113 (98-147) -10%

Alirocumab 103 (71-178) 93 (72-121) -10% 93 (84-130) -10% 93 (69-116) -10%

Values are expressed as median (interquartile range: IQR), *p<0.05 for comparison values between baseline and during time. To convert from mg/
dL to mmol/L multiply by 0.02586 for cholesterol and by 0.01129 for triglycerides.
Abbreviations: TCHOL: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TGs: triglycerides

mean reduction rate of LDL-C reported by one published
real-life study (38%)2°. In another trial in patients with
homozygous FH, LDL-C was reduced by 20-65% after
12 weeks on PCSK9i. The magnitude of reduction was
dependent on the underlying genetic defect with the
greatest reduction noted in patients with PCSK9 gain of
function mutations™.

Of note, 90% of our patients were treated with high-
intensity statins. Two previously published real-life cohorts
reported treatment rates with high-intensity statin regi-
ments in 49% and 66% of participants, respectively?2°.
This discrepancy could be attributed to different PSCK9i
approval criteria applicable in each country. In Greece,
LDL-C levels above treatment target despite high-intensity
statin plus ezetimibe administration or maximally toler-
ated LLT comprises a precondition for PCSK9i reimburse-
ment'. Of interest, in our study the percentage of LDL-C
goal attainment was 81%. This proportion is higher than
other cohorts reporting LDL-C target achievement by
55_76%20,22,24,26,29_

Safety

Our data verify the favorable safety profile of both
evolocumab and alirocumab in daily clinical practice in
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line with randomized clinical trials. Minor adverse events
were manifested by 6% of patients, a lower incidence than
that reported in randomized clinical trials; there were no
differences between evolocumab and alirocumab treat-
ment groups. These side effects did not lead to treatment
discontinuation and resolved spontaneously. Notably, in
our study no treatment discontinuation was observed in
contrast with other cohorts reporting a discontinuation
range of 2.5-15.0%, mainly due to non-adherence?%?22426,
Interestingly, 8.1% of patients being intolerant to statins
due to muscle symptoms did not report any muscle event
with PCSK9i administration. In GAUSS-3 there was a higher
percentage of muscle symptoms in ezetimibe compared
with evolocumab group?’.

Limitations

This study comprises real-life data from a relatively
small number of patients attending a university outpatient
lipid clinic. In this view, our findings may not be generaliz-
able to other populations particularly to hospitals those
without lipid clinics or to the private practice.

In conclusion, PCSK9i administration in a real-life clini-
cal setting was associated with potent LDL-C reductions
and a favorable safety profile during a 2-year follow-up
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TABLE 3. Baseline and post treatment laboratory reports of study participants (follow-up: 2 years)

Laboratoryreports Baseline 2 months Change from baseline 1 year Change from baseline
AST, IU/L

All patients 25+7 29+18 16% 26+7 4%

Evolocumab 24+7 33+24 38% 25+8 4%

Alirocumab 26+7 24+8 -8% 27+6 4%
ALT, IU/L

All patients 29+ 11 33+£25 14% 31£12 7%

Evolocumab 30+12 37+33 23% 34+15 13%

Alirocumab 28+10 28+12 0% 29+ 11 4%
CK, IU/L

All patients 129 (85-151) 123 (88-164) -5% 180 (123-331) 40%

Evolocumab 137 (112-145) 129 (93-191) -6% 159 (134-406) 16%

Alirocumab 98 (60-155) 100 (63-155) 2% 180 (122-322) 82%
Glucose, mg/dL

All patients 98 (95-106) 100 (95-111) 2% 97 (93-117) -1%

Evolocumab 97 (94-101) 99 (95-106) 2% 97 (90-101) 0%

Alirocumab 100 (96-111) 109 (90-124) 9% 106 (93-118) 6%
Creatinine, mg/dL

All patients 0.94£0.23 0.97 £0.23 3% 0.94+0.30 0%

Evolocumab 0.87 £0.12 0.93+0.12 7% 0.85+0.12 -2%

Alirocumab 1.02+0.29 1.02+£0.30 0% 0.98 +0.35 -4%
eGFR, mL/min/1.73 m?

All patients 833+18.93 81.24+16.19 -2% 84.21+22.87 1%

Evolocumab 88.31+14.93 84.23 +12.37 -5% 88.75 + 13.40 0%

Alirocumab 78.31+21.56 78 +19.53 -0% 82.40+26.13 5%

Values are expressed as median (interquartile range: IQR) and as means + SD.
Abbreviations: AST: aspartate transaminase, ALT: alanine transaminase, CK: creatine kinase, eGFR: estimated glomerular filtration rate

comparable to what is reported in randomized clinical
trials.
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NEPINHWH

PCSK9 avaoctoAeic: H emavaotatikn Ogpamneia peiwong twv Aimdiwv
ota m\aiola TG KaBnuePIVRG MPAKTIKNAG. KAVIKN gumelpia 2 eTWV

lewpyia Avaotaociov, lewpylog Alaung, Xapdhaumog MnAiwvng, Mwuoric EAlcdag,
EAiCa Xplotomoulov, ©@sodwpa Anuntpiov, Evayyehog N. Avumepdmoulog

MaBoAoyikry K\wvikri Turjpuatog latpikri, Mavemotriuio lwavvivwy

Tkomdg: Ol avaoToAeig TG MpwTeivng convertase subtilisin/kexin type 9 (PCSK9) éxouv amodedelypévn ao®d-
A€la KAl AmOTEAECUATIKOTNTA OTN HEIWON TWV XapNAAG TukvotnTag Atmompwteivwv (LDL-xoAnoTtepOAn) Kat
Tou KapdiayyelakoL Kivduvou. Ta dedopéva OXETIKA PE TNV KAWVIKN @appoyr] Twv PCSK9 avaoTtoAéwv otnv
EA\aba eival meplopiopéva. Na 1o 0KoTo auTo, MEPLYPAPOUUE TNV EUTEIPIA 2 ETWV ATIO TNV EQAPUOYH TWV
PCSK9 avaotoAéwv o€ éva latpeio Atmbiwv Mavemotnpiakou Meviko Noookopgiou. AoBeveic kat MéBodot:
Mpokertal yia pia avadpouikn perétn acBevwv ol omoiot Ehafav yia mpwtn @opd PCSK9 avaotoléa oTo Xpo-
VIKO Staotnua 2016-2018. O1 acBeveic gixav eite eykateotnuévn kapdiayyelakr vooo (KAN) kai/rj olkoyevn
untepxoAnotepoAartuia (FH) kat emimeda LDL-xoAnoTtepoAng >100 mg/dL mapd tn AQPN TG HEYIOTNG AVEKTNG
660Nn¢ LYNAAG LoxVoC oTaTivng Kat ECETIUIMTNG. Ta SnUoyPA@IKA GTOIXED TwV AGOEVWY, TO LATPIKO IOTOPIKO, N
OUYXOPNYOUUEVN QAPUAKEUTIKA aywyr KAl Ta EpYAcTNPLIAKA ATTOTEAECHATA KATAYPAPNKaV KATd Tn SidpKela
Twv emokéPewv. AmoteAéopara: Xtn HEAETN cuppETEXav 37 aoBeveic (péon nAikia 52 eTwy, 56.8% AvOPEQ).
Amé Touc aoBeveic, 28 (76%) eixav eykateotnuévn KAN kat 27 (74%) FH. ZXETIKA PE TN QOAPUAKEUTIKN aywyn,
33 a0Beveic (89%) eAdupavav uPnAnG LoxVvog otativn, evw 35 acBeveic (95%) eAdpBavav emiong Kat CETIUIUTN
10 mg. H mpooBrikn twv PCSK9 avaotoAéwv (51% gBolokoupdumnn 140 mg kaBe 2 eBdouddeg, 22% alipo-
KOUMAUTN 75 mg kaBe 2 eBSouddeg kat 27% alipokoupdurn 150 mg kdbe 2 BSouddec) CUOXETIOTNKE pE
Meiwon TNG OAIKNE XOANOoTEPOANG KaTdA 42% Kat TNG LDL-xoANoTEPOANG KOTA 59% PETA amo 2 urveg Oepareiog
(p<0.05). Ta avWTEPW TTOCOOTA TWV PEIWCEWY TTAPEUEIVAY 0TaBEPA HeTA amd 1 Kal 2 xpovia Beparmeiad. Tplavta
a00eveic (81%) emétuxav 1o BepameVTIKO OTOXO Yia TNV LDL-xoAnoTtePOAN pe T Awn Twv PCSK9 avaoToAéwv.
Téooepic aoBeveic (11%) ekdNAwaoav avemBUUNTEC EVEPYEIEC ENAOOOVOC ONUACiac. Aev ava@épeTal SIaKOTH
¢ Bepamneiag otn SidpKela TwV 2 ETWV. ZUPMEPAGHA: 3TA TTAAICIA TNG KABNUEPIVNG KAIVIKAG TIPAKTIKAG, N
mPocOnikn Twv PCSK9 avaotoAéwv 0T MEYLIOTN AVEKTH UTTOATISAIUIKE AyWwYr CUCXETIOTNKE UE HEiwon TNG
LDL-xoAnoTtepOANG Tou id1ou peyEBoUG Pe TIG TuXalOTOINUEVESG KAVIKEG SOKIUEG. Ol HEWWOELG auTEG Slatnpen-
Onkav otn S1dpKela TG 26TOUC TAPaKoAoLONoNC.

NE=ZEIX KAEIAIA: PCSK9 avaotoAeic, SucAimbaiuia, oikoyevriG uriepxoAnotepodaiuia, otativeg, kapdlayyelakn
véoog, e(eTiuiumn
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