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BACKGROUND The intensity of inflammation during COVID-19 is related to adverse outcomes. Proprotein convertase

subtilisin/kexin type 9 (PCSK9) is involved in low-density lipoprotein receptor homeostasis, with potential influence on

vascular inflammation and on COVID-19 inflammatory response.

OBJECTIVES The goal of this study was to investigate the impact of PCSK9 inhibition vs placebo on clinical and lab-

oratory outcomes in patients with severe COVID-19.

METHODS In this double-blind, placebo-controlled, multicenter pilot trial, 60 patients hospitalized for severe

COVID-19, with ground-glass opacity pneumonia and arterial partial oxygen pressure to fraction of inspired oxygen

ratio #300 mm Hg, were randomized 1:1 to receive a single 140-mg subcutaneous injection of evolocumab or placebo.

The primary endpoint was death or need for intubation at 30 days. The main secondary endpoint was change in circu-

lating interleukin (IL)-6 at 7 and 30 days from baseline.

RESULTS Patients randomized to receive the PCSK9 inhibitor had lower rates of death or need for intubation within

30 days vs placebo (23.3% vs 53.3%, risk difference: –30%; 95% CI: –53.40% to –6.59%). Serum IL-6 across time was

lower with the PCSK9 inhibitor than with placebo (30-day decline: –56% vs –21%). Patients with baseline IL-6 above the

median had lower mortality with PCSK9 inhibition vs placebo (risk difference: –37.50%; 95% CI: –68.20% to –6.70%).

CONCLUSIONS PCSK9 inhibition compared with placebo reduced the primary endpoint of death or need for intubation

and IL-6 levels in severe COVID-19. Patients with more intense inflammation at randomization had better survival with

PCSK9 inhibition vs placebo, indicating that inflammatory intensity may drive therapeutic benefits. (Impact of PCSK9

Inhibition on Clinical Outcome in Patients During the Inflammatory Stage of the COVID-19 [IMPACT-SIRIO 5];

NCT04941105) (J Am Coll Cardiol 2023;81:224–234) © 2023 by the American College of Cardiology Foundation.
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AB BR E V I A T I O N S

AND ACRONYM S

ICU = intensive care unit

IL = interleukin

LDL-C = low-density

lipoprotein cholesterol

LPS = lipopolysaccharide

PCSK9 = proprotein

convertase subtilisin/kexin

type 9

RD = risk difference
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S evere COVID-19 can cause acute respiratory
distress syndrome and systemic inflammation
that may develop into a cytokine storm.1 The

degree of immune dysregulation portends worse
prognoses and increased mortality.2-6 Targeting
crucial aspects of the inflammatory response during
COVID-19 may represent an effective treatment strat-
egy, particularly in critically ill patients.7

Interleukin (IL)-6 is a major driver of the inflamma-
tory response in patients with COVID-19, and
increased IL-6 levels predict a more severe course.8,9

Proprotein convertase subtilisin/kexin type 9
(PCSK9) is an enzyme involved in the homeostasis of
low-density lipoprotein (LDL) receptors with poten-
tial influence on vascular inflammation.10 During
acute inflammation, accumulation of oxidized LDL
and apolipoprotein B promotes cholesterol crystal
generation in macrophages that in turn activate the
inflammasome complex and the release of inflam-
matory cytokines.8 PCSK9 can directly activate
proinflammatory signaling pathways inducing cyto-
kine production.11 In patients with septic shock, lower
PCSK9 function implied blunted inflammatory re-
sponses and overall improved outcomes.12 Subjects
with PCSK9 loss-of-function genotype have been
characterized by lower PCSK9 levels and enhanced
resolution of infections.13 PCSK9 inhibitors are
powerful lipid-lowering agents that may curtail the
inflammatory response in patients with COVID-19
through reduction of LDL-cholesterol (LDL-C) and/or
inhibition of PCSK9. Experimental and clinical data
suggest that PCSK9 inhibitors may exert anti-
inflammatory effects related to interference with the
IL-6–mediated inflammatory pathway triggered by
PCSK9.10,12-18
SEE PAGE 235
We sought to determine the impact of PCSK9 in-
hibition vs placebo on clinical and laboratory out-
comes in patients with severe COVID-19 characterized
by pneumonia associated with respiratory failure and
heightened inflammatory response.

METHODS

TRIAL DESIGN AND PATIENT POPULATION. We
designed a pilot study aimed at testing for the first
time the effect of PCSK9 inhibition vs placebo in
COVID-19. IMPACT-SIRIO 5 (Impact of PCSK9 Inhibi-
tion on Clinical Outcome in Patients During the
Inflammatory Stage of the COVID-19; NCT04941105) is
a pilot, double-blind, placebo-controlled, multi-
center, randomized, investigator-initiated clinical
trial evaluating the impact of a PCSK9 inhibitor on
clinical and laboratory outcomes in patients
with severe COVID-19. Eligible patients were
randomly assigned in a 1:1 ratio to receive
either a PCSK9 inhibitor or placebo, and fol-
lowed up for 30 days. The study was
approved by an independent Ethics Commit-
tee of the Nicolaus Copernicus University
of Poland. Written informed consent
was obtained from all patients. The full
study rationale is reported in the
Supplemental Appendix.19

Briefly, patients hospitalized for COVID-19

in 4 clinical sites underwent screening for eligibility.
Eligible patients were required to have SARS-CoV-2
infection confirmed by real-time reverse transcrip-
tion polymerase chain reaction. Further inclusion
criteria were age $18 years and COVID-19–associated
pneumonia with typical radiologic changes, including
ground-glass opacities and consolidations with bilat-
eral and peripheral distribution.20 In addition,
patients had to present with an arterial partial
oxygen pressure to fraction of inspired oxygen
ratio #300 mm Hg and serum levels of IL-6 above the
upper reference limit. Key exclusion criteria were
other known active infections (including systemic
antibiotic therapy for presumed superimposed bac-
terial pneumonia without confirmed culture), clinical
conditions contraindicating PCSK9 inhibitors, sur-
vival expectancy <48 hours, estimated glomerular
filtration rate <30 mL/min/1.73 m2, absolute neutro-
phil count <2,000/mm3, platelet count <50,000/mm3,
and pregnancy.

Full details regarding the inclusion and exclusion
criteria are listed in the trial protocol (Supplemental
Appendix).19 The participating sites were the De-
partments of Cardiology, Internal Medicine, and In-
fectious Diseases of the Nicolaus Copernicus
University, Bydgoszcz, Poland, and the Department
of Lung/Infectious Diseases, Oncology and Tubercu-
losis of the Nicolaus Copernicus University, Toru�n,
Poland.

Laboratory parameters were measured in fresh
serum samples with the Atellica ci8200 analyzer
(Siemens Healthineers) using commercially available
tests. Interleukin levels were measured by using a
fully automated single-step direct sandwich immu-
noassay with acridinium-ester chemiluminescent
technology. Patients were treated according to the
latest management recommendations for SARS-CoV-2
infection.21 Trial conduction followed the Declaration
of Helsinki, the guideline for Good Clinical Practice by
the International Council for Harmonisation Com-
mittee for Medicinal Products for Human Use (GCP
CHMP/ICH/135/95), and local regulations.

https://www.clinicaltrials.gov/ct2/results?cond=&amp;term=NCT04941105&amp;cntry=&amp;state=&amp;city=&amp;dist=
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FIGURE 1 Trial Flowchart

Assessed for eligibility (N = 94)

Allocated to Placebo (N = 30)
• Received allocated intervention (N = 29)
• Did not receive allocated intervention
   (reason: withdrew consent) (N = 1)

Allocated to PCSK9 inhibitor (N = 30)
• Received allocated intervention (N = 28)
• Did not receive allocated intervention
   (reason: withdrew consent) (N = 2)

Lost to follow-up (N = 0)Lost to follow-up (N = 0)

Analyzed (N = 30)Analyzed (N = 30)

Enrollment

Allocation

30-day Follow-Up

Analysis

Randomized (N = 60)

Excluded (N = 34)
• Not meeting inclusion criteria (N = 24)
• Denied consent (N = 7)
• Inability to obtain consent (N = 3)

The processes of screening for eligibility, randomization to assigned treatment, and intention-to-treat analysis are displayed.

PCSK9 ¼ proprotein convertase subtilisin/kexin type 9.
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Given the lack of previous experience with PCSK9
inhibitor therapy in COVID-19, a sample size of 60
patients was elected based on several ongoing trials
on lipid-lowering therapies in COVID-1922 and on
guidelines regarding sample sizes for pilot trials,
which recommend 20 to 50 patients.23-25 The sample
size was considered adequate to test the effect of
PCSK9 inhibition vs placebo in a severe COVID-19
setting in which events such as death or need for
intubation are frequently observed (range 18% to
67%).26

ENDPOINTS. Clinical and laboratory outcomes. The
primary clinical study endpoint was death or need for
intubation within 30 days. The main secondary
endpoint was the change in serum IL-6
concentrations from baseline to 7 and 30 days
measured in survivors to those time points.
Other secondary endpoints . Other secondary
endpoints included individual components of the
primary endpoint and durations of oxygen therapy,
hospital stay, intubation, noninvasive ventilation, or
high-flow nasal cannula.

Randomized intervent ions . After patient enroll-
ment, allocation to PCSK9 inhibitor or placebo was
performed by connection to a prespecified Web link.
The random allocation sequence was generated by
computer software. Dedicated research nurses not
involved as trial investigators administered study
treatments (PCSK9 inhibitor or placebo) blindly ac-
cording to randomization. Treatment injections with
autoinjectors were masked to patients and in-
vestigators with the use of black plastic envelopes.
The patient lists and code numbers were kept locked
until the end of the trial. The subsequent trial phases,



TABLE 1 Baseline Characteristics of the Enrolled Study Population

PCSK9 Inhibitor
Group

(n ¼ 30)

Placebo
Group

(n ¼ 30)

Age, y 66.07 � 12.09 66.23 � 11.85

Female 11 (37) 12 (40)

BMI, kg/m2 29.94 � 5.40 29.80 � 5.21

Cardiovascular disease 6 (20) 8 (27)

Diabetes 8 (27) 9 (30)

COPD 3 (10) 2 (7)

Chronic kidney disease 1 (3) 2 (7)

LDL-C, mg/dL 78.43 � 26.10 77.23 � 30.9

Acetylsalicylic acid 8 (27) 8 (27)

P2Y12 inhibitor 1 (3) 0 (0)

Angiotensin-converting enzyme inhibitor 10 (33) 12 (40)

Beta-blockers 15 (50) 13 (43)

Statins 11 (36.7) 10 (33.3)

Days from illness onset to randomization 7.80 � 2.55 8.80 � 4.17

Vaccinated 30 (100) 30 (100)

Oxygenation index 101.22 (83.52-157.82) 107.75 (75.52-160.31)

Unfractionated heparin 30 (100) 28 (93)

Systolic blood pressure, mm Hg 128.88 � 16.90 123.55 � 17.95

Diastolic blood pressure, mm Hg 71.07 � 9.85 72.13 � 13.73

Remdesivir 8 (27) 10 (33)

Steroids 25 (83) 26 (87)

Antibiotics 27 (90) 28 (93.3)

Leukocytes (�103/mL) 6.6 (5.29-9.41) 7.85 (5.86-10.7)

Neutrophils (�103/mL) 5.01 (4.21-7.73) 6.85 (4.7-8.46)

Platelets (�103/mL) 248.07 � 104.23 258.93 � 89.27

Hemoglobin, g/dL 12.59 � 1.43 12.96 � 1.94

CRP, mg/dL 129.21 (93.5-180.8) 132.29 (59.38-182.0)

D-dimer, ng/mL 1093.47 (643.01-1,675.25) 1233 (910-2,429.25)

Fibrinogen, mg/dL 541 (484-709) 606 (508-761)

Values are mean � SD, n (%), or median (IQR).

BMI ¼ body mass index; COPD ¼ chronic obstructive pulmonary disease; CRP ¼ C-reactive protein;
LDL ¼ low-density lipoprotein cholesterol; PCSK9 ¼ proprotein convertase subtilisin/kexin type 9.
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involving data collection, patient monitoring, and
clinical procedures, were performed by clinicians or
investigators unaware of assigned treatment. Thus,
nurses, patients, physicians, and investigators were
unaware of allocated treatment until after study
conclusion.

Patients randomized to the PCSK9 inhibitor arm
received a single 1 mL subcutaneous injection con-
taining 140 mg of evolocumab. Patients randomized
to the placebo arm received a single 1 mL subcu-
taneous injection of 0.9% saline solution.

STATISTICAL ANALYSES. Primary efficacy analysis
was on an intention-to-treat basis. Data distribution
was checked by using the Kolmogorov-Smirnov test
with data presented as median with IQR or mean � SD
as appropriate. Logarithmic transformation was
applied to non-normally distributed IL-6 concentra-
tions before analysis.

The primary endpoint was a composite of death or
intubation within 30 days from randomization.
Outcome differences in the 2 arms were analyzed
according to risk difference (RD) expressed in per-
centage points with 95% CIs. Cumulative incidence
curves were used to display differences between
study groups. A prespecified analysis was performed
stratifying the rates of death after PCSK9 inhibitor or
placebo by baseline IL-6 concentrations below or
above the median value. The correlation between
baseline IL-6 and LDL-C was tested by using a
Spearman coefficient. A waterfall plot was con-
structed displaying the greatest percent reductions
across time of IL-6 levels in the individual patients
compared with baseline. To determine whether the
PCSK9 inhibitor effect on clinical outcomes (30-day
death or need for intubation) was closely tied to the
inflammatory marker (IL-6), we conducted a logistic
regression model with treatment (PCSK9 inhibitor vs
placebo) and with IL-6 as interaction term. Marginal
probabilities of death or intubation were reported for
each treatment group.

Analyses were conducted by using R Project
version 4.0.3 (R Foundation for Statistical
Computing) for statistical computing and IBM SPSS
Statistics for Windows version 26.0 (IBM SPSS Sta-
tistics, IBM Corporation).

RESULTS

PATIENT ENROLLMENT AND CHARACTERISTICS.

Enrollment was conducted from June 2021 to May
2022. During this period, the Pomeranian Voivode-
ship in northern Poland, where the trial was con-
ducted, experienced low rates of severe COVID-19.
The Consolidated Standards of Reporting Trials
flowchart of patient disposition is presented in
Figure 1: 30 patients were assigned to receive the
PCSK9 inhibitor (93% [n ¼ 28] actually received the
drug) and 30 to receive placebo (96% [n ¼ 29] actually
received placebo). All patients were admitted to an
intensive care unit at the time of enrollment.

Baseline characteristics (Table 1) were balanced
between the PCSK9 inhibitor and placebo groups
in terms of age (66.07 � 12.09 years vs 66.23 � 11.85
years, respectively), sex (37% vs 40% female), and
body mass index (29.94 � 5.40 kg/m2 and 29.80 �
5.21 kg/m2). Underlying cardiovascular disease was
present in 20% vs 27%, prior chronic obstructive lung
disease in 10% vs 7%, and diabetes mellitus in 27% vs
30%. Mean days from symptom onset to randomiza-
tion were 7.80 � 2.55 vs 8.80 � 4.17. Other de-
mographic, clinical, and laboratory characteristics
were likewise balanced between the 2 groups. No se-
lective IL-6 inhibitors were administered in the 2



FIGURE 2 Death or Need for Intubation
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Death or need for intubation (primary endpoint) at 30 days among patients administered a proprotein convertase subtilisin/kexin type 9

(PCSK9) inhibitor or placebo. (A) Rates of primary endpoint in the PCSK9 inhibitor and placebo arms. (B) Cumulative incidence curves of

30-day death or need for intubation in the intention-to-treat population. n ¼ number of events; RD ¼ risk difference.
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groups. During the trial, therapeutic measures against
COVID-19 and its sequelae (including steroids,
remdesivir, antibiotics, heparin, and aspirin) were
administered in a balanced way to the 2 treatment
groups.

CLINICAL AND LABORATORY ENDPOINTS. Pr imary
c l in i ca l outcome. The rate of the primary clinical
endpoint (30-day death or need for intubation) was
lower in patients allocated to receive the PCSK9
inhibitor than in those allocated to receive placebo
(23.3% vs 53.3%; RD: �30%; 95% CI: �53.40% to
�6.59%) (Figure 2A). The cumulative incidence
curves of the effect of PCSK9 inhibitor vs placebo at
30 days are presented in Figure 2B.

The prespecified per-protocol analysis of the pri-
mary endpoint yielded results consistent with the
intention-to-treat analysis: 22.3% vs 53.3%; RD:



TABLE 2 Secondary Clinical Endpoints

PCSK9 Inhibitor
(n ¼ 30)

Placebo
(n ¼ 30)

Death 5 (16.7) 10 (33.3)

Need for intubation 6 (20) 13 (43.3)

Duration of oxygen therapy, d 13 (9-21) 20 (11-23)

Duration of hospital stay, d 16 (13-23) 22 (15-27)

Intubation duration, d 10 (3-24) 19 (10-25)

Time with noninvasive mechanical
ventilation or high-flow nasal cannula, d

0 (0-1) 0 (0-1)

Values are n (%) or mean (range).

PCSK9 ¼ proprotein convertase subtilisin/kexin type 9.
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�31.11%; 95% CI: �54.87% to �7.34% (Supplemental
Figure 1).
Secondary c l in i ca l endpoints . Secondary clinical
outcomes are presented in Table 2. The median
duration of oxygen therapy was significantly shorter
in the PCSK9 inhibitor group compared with the pla-
cebo group: 13 days (9-21 days) vs 20 days (11-23 days).
Similarly, patients allocated to the PCSK9 inhibitor
group had a shorter hospital stay: 16 days (13-23 days)
vs 22 days (15-27 days). A numerically lower mortality
was observed in the PCSK9 inhibitor vs placebo
group: 16.7% vs 33.3%; RD: �16.6%; 95% CI: �38.17%
to 4.83% (Supplemental Figure 2).

Serum IL-6 and LDL-C concentrat ions . Median
IL-6 concentration at baseline was 51.29 pg/mL
(24.70-86.90 pg/mL). Patients presenting IL-6 con-
centrations above the baseline median attained a
mortality reduction with the PCSK9 inhibitor vs
placebo (12.5% vs 50%; RD: �37.50%; 95% CI:
FIGURE 3 Death Rates by Baseline IL-6
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FIGURE 4 Primary Endpoint Marginal Probabilities and Biomarker Changes According to Treatment Arm
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FIGURE 4 Continued
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the levels of serum IL-6 more than placebo across
the explored time points, such that the magnitude
of IL-6 reduction at 30 days was more pronounced
with the PCSK9 inhibitor (delta ¼ �56%) than with
placebo (delta ¼ �21%) (Figure 4B).

Temporal analysis of LDL-C levels showed a pro-
gressive decrease in the PCSK9 inhibitor arm,
whereas the opposite pattern emerged in the placebo
arm (Figure 4C). The greatest reduction of IL-6 across
7 and 30 days vs baseline in each individual patient is
displayed in Figure 4D. Sixty percent of patients
allocated to the PCSK9 inhibitor group had a >90%
decrease of IL-6 levels vs baseline, whereas this
reduction was noted in 27% of patients allocated to
placebo. Part of the decrease in IL-6 levels from
baseline in both treatment groups was likely due to
perturbation by infection, with recovery of unper-
turbed baseline levels over 1 month.

A moderate direct correlation was found between
IL-6 and LDL-C concentrations at baseline
(rho ¼ 0.50) (Supplemental Figure 3). Other explored
cytokines and inflammatory markers, including IL-10
and IL-18, also showed correlations with LDL-C at
baseline (Supplemental Table 1).

ADVERSE EVENTS. At day 30, no side effects were
reported in relation to PCSK9 inhibitor or placebo
administration. No documented thrombotic, serious
adverse arrhythmic, or myocarditis event occurred in
the investigated population.

DISCUSSION

In this investigator-initiated, multicenter, double-
blind, placebo-controlled, randomized pilot trial, the
PCSK9 inhibitor was beneficial with respect to the
primary endpoint of death or need for intubation
at 30 days in hospitalized patients with severe
COVID-19. The pattern of IL-6 changes was affected
by PCSK9 inhibitor administration, as the magnitude
of IL-6 reduction at 30 days was more pronounced
with the PCSK9 inhibitor vs placebo (Central
Illustration). To our knowledge, this study is the first

https://doi.org/10.1016/j.jacc.2022.10.030
https://doi.org/10.1016/j.jacc.2022.10.030
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to address the role of PCSK9 monoclonal antibodies in
severe COVID-19 through a prospective, randomized
controlled trial.

The inflammatory response to SARS-CoV-2, with
cytokine generation, is an immune dysregulation
that, if extreme, can lead to multiorgan failure and
death. Increased IL-6 levels have been shown to
predict disease severity, risk of intubation, and mor-
tality in patients with COVID-19.9,27,28 PCSK9 in-
creases the expression of Toll-like receptor 4 through
the activation of nuclear factor kappa-light-chain-
enhancer of activated B-cell transcription factor,
leading to the expression of proinflammatory cyto-
kines such as IL-6.11,29 Blockade of PCSK9-mediated
nuclear factor kappa-light-chain-enhancer of acti-
vated B-cell activation may thus interfere upstream in
the sequence of inflammatory events in severe
COVID-19,30,31 promoting broad inhibition of the in-
flammatory cascade. PCSK9 has been associated with
increased inflammatory response, particularly in the
lungs, and decreased survival in animal models with
sepsis.16

In the present study, PCSK9 inhibitor administra-
tion produced relatively modest reductions in LDL-C
concentrations at 30 days, whereas an increase in
LDL-C levels was noted in the placebo arm. It is
known that acute-phase inflammatory reactions,
including those in COVID-19, depress LDL-C levels.32

Thus, it can be speculated that the rise in LDL-C in
the placebo group at 30 days and the blunted decline
in LDL-C in the evolocumab group reflect a time-
dependent waning of the acute-phase effects on
LDL-C, superimposed on treatment effects.

Although we found a moderate association be-
tween baseline levels of LDL-C and IL-6 in the present
study, it is possible that the greatest benefit of PCSK9
inhibition in severe COVID-19 resides in mechanisms
distinct from increased LDL receptor expression,
including direct inhibition of PCSK9-triggered
inflammation.11 Such interpretation would explain
why the positive findings of the present study have
not been consistently observed in trials involving
other lipid-lowering agents such as statins.33

In addition to reduced mortality or need for intu-
bation at 30 days with the PCSK9 inhibitor treatment
compared with placebo, a prespecified analysis on 30-
day mortality alone in the subset of patients with
greatest degree of inflammation at randomization (ie,
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COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: In patients with severe COVID-19 infection, PCSK9 in-

hibition reduced the composite outcome of 30-day mortality or

intubation as well as serum IL-6 levels compared with placebo,

and in those with the highest levels of inflammation, PCSK9 in-

hibition reduced mortality.

TRANSLATIONAL OUTLOOK: Future large-scale trials should

confirm the clinical benefit of PCSK9 inhibition in patients with

COVID-19 and clarify the pathophysiological mechanisms

contributing to improved outcomes.
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with baseline IL-6 values above the median of 51.29
pg/mL) showed survival benefit with the PCSK9 in-
hibitor. Although our study was not powered to
address mortality alone, its reduction with PCSK9
inhibitor in patients presenting higher baseline IL-6
levels suggests that inflammatory intensity may
drive therapeutic benefits. This hypothesis is sup-
ported by our analysis of probabilities of death or
intubation across increasing levels of IL-6. There was
a distinct pattern of greater probability of adverse
events at 30 days in the placebo group vs. a relatively
flat event rate in patients treated with the PCSK9 in-
hibitor with increasing IL-6 concentrations at base-
line (Figure 4A).

The correlation between reduced inflammation,
improved prognosis, and PCSK9 inhibition found in
this study seems worthy of further investigation not
only in COVID-19 but also other diseases (eg, viral,
bacterial, rheumatic) characterized by heightened
inflammation. Our study data suggest a role for
personalization of PCSK9 therapy and/or stratifica-
tion of outcomes by measurement of an inflamma-
tion marker. In addition to their role as lipid-
lowering therapy, PCSK9 monoclonal antibodies
might have a role as direct inhibitors of PCSK9, a
powerful trigger of the inflammatory cascade. A
potential clinical benefit of PCSK9 inhibitors might
thus be hypothesized in inflammatory states, with
benefits proportional to the intensity of
inflammation.

STUDY LIMITATIONS. The present study was not
designed to address a detailed profiling of the
changes of biomarkers other than IL-6 across time.
The prespecified analysis of mortality alone stratified
according to baseline IL-6 concentrations should be
viewed as exploratory. This pilot trial was designed to
assess trial procedures and treatments. The study was
not designed to statistically test any hypothesis of
superior efficacy or safety of PCSK9 inhibition in pa-
tients with COVID-19. Therefore, no formal sample
size calculation was provided, and no P values are
presented in this paper. All findings should be inter-
preted as hypothesis generating. Further large-scale
data are needed to confirm the findings, which,
however, are consistent with COVID-19 cytokine
storm reduction leading to improved survival.34

CONCLUSIONS

The findings in this double-blind, randomized, pilot
trial conducted in patients with severe COVID-19
indicate that administration of a single 140-mg dose
of PCSK9 inhibitor may reduce the incidence of the
composite of death or need for intubation at 30 days,
without raising safety concerns, compared with pla-
cebo. The decrease in IL-6 levels at 30 days was
greater with the PCSK9 inhibitor than with placebo.
Mortality was reduced with the PCSK9 inhibitor in
patients with high baseline inflammation (as assessed
by IL-6 levels), indicating that inflammatory intensity
may drive therapeutic benefits. PCSK9 inhibition may
represent a novel therapeutic pathway in addition to
currently recommended therapeutic approaches for
severe COVID-19.35 The relevant findings of this pilot
trial justify a larger study in patients with COVID-19
and other inflammatory conditions, in view of the
potential implications.
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