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Purpose: The effects of combing evolocumab and statin on the clinical outcome and physiological function of coronary arteries in
STEMI patients with non-infarct-related artery (NIRA) disease are still unclear.

Methods: A total of 355 STEMI patients with NIRA were enrolled in this study, who underwent combined quantitative flow ratio
(QFR) at baseline and after 12 months of treatment with statin monotherapy or statin plus evolocumab.

Results: Diameter stenosis and lesion length were significantly lower in the group undergoing statin plus evolocumab. While the
group exhibited significantly higher minimum lumen diameter (MLD), and QFR values. Statin plus evolocumab (OR = 0.350; 95% CI:
0.149-0.824; P = 0.016) and plaque lesion length (OR = 1.223; 95% CI: 1.102-1.457; P = 0.033) were independently associated with
rehospitalization for unstable angina (UA) within 12 months.

Conclusion: Evolocumab combined with statin therapy can significantly improve the anatomical and physiological function of the
coronary arteries and downregulate the re-hospitalization rate due to UA in STEMI patients with NIRA.
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Introduction

Although there are currently a variety of therapeutic measures existing for patients with atherosclerotic cardiovascular disease
(ASCVD), including lipid-lowering therapy, anti-inflammatory therapy, antiplatelet therapy and revascularization, recurrent
cardiovascular events are still common and lead to substantial morbidity.' Substantial evidence has suggested that low
density lipoprotein (LDL-C) lowering treatment is effective in reducing mortality in patients with ASCVD.** As we know, for
patients with acute coronary syndrome, the earliest possible use of statins could significantly improve long-term outcomes.>®
However, several studies have shown that the Chinese have a low tolerance to high-intensity statin therapy, and the probability
of adverse reactions in the digestive, motor and nervous systems is significantly increased. Therefore, there is an urgent need
for other lipid-lowering drugs combined with statins to improve lipid levels.”* As an effective new LDL-C lowering agent,
protein-converting enzyme prosubtilisin (PCSK9) inhibitor has been clinically implicated to reduce LDL-C levels and
improve cardiovascular adverse events, but its underlying mechanism remains unclear.”

It is common in patients with ST-segment elevation myocardial infarction (STEMI) to develop non-infarct-related
arteries (NIRAs). Nevertheless, NIRA disease has not been well understood in terms of its clinical effects. Meanwhile,
there is no conclusive evidence that NIRA disease has potential to affect clinical outcomes. Based on existing studies
data, Kim et al have found that recurrent percutaneous coronary intervention (PCI) increased while no difference was

illustrated in aspect of mortality at 1 year.'® Recently, with the wide application of fractional flow reserve (FFR),
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Physiological evaluation of coronary arteries for patients could be carried out to optimize the procedure of interventional
surgery.'""'? And increased evidence has suggested that inflammation contributed significantly to the progression of
atherosclerosis, which increases the risk of acute coronary syndrome incidence.'® Furthermore, adverse cardiovascular
outcomes are independently predicted by CRP levels.'*"'* However, evidence on the effects of PCSK9 on inflammation
levels and plaque physiological function in patients with NIRA disease is still lacking.'>™"”

This study was conducted with the aim of evaluating the effects of operating evolocumab (an inhibitor of PCSK9
which is widely used) on statin therapy in aspects of clinical outcome, coronary plaque composition, and physiological
function, which would facilitate us to further understand the effects and underlying mechanisms of PCSK9 inhibitors in

improving clinical outcomes of patients with NIRA disease.

Materials and Methods
Study Design and Population

The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.

The study was approved by the Harbin Medical University ethics committee, all the patients provided written
informed consent. We identified 355 STEMI patients with NIRA disease who underwent evaluation of quantitative
coronary angiography (QCA), quantitative flow ratio (QFR) and lipid-lowering therapy in the 1st Affiliated Hospital of
Harbin Medical University from January 2018 to December 2020. Patients were divided into two groups according to
statin monotherapy (20 mg rosuvastatin once a day) who refused evolocumab treatment or statin (20 mg rosuvastatin once
a day) plus evolocumab (140 mg every 2 weeks). Follow-up was performed 1 year later (telephone or outpatient follow-
up should be conducted once a month). Clinical data, QCA and QFR were analyzed.

The following criteria were used to determine inclusion: (1) Patients displaying a typical pain of chest lasting longer
than 30 minutes within 12 hours of symptoms onset; (2) A ST-segment elevation of at least 1 mm in two continuously
recorded electrocardiographic leads, or the onset of a complete left bundle branch block for the first time; and (3) PCI
including aspiration of thrombus, balloon angioplasty and/or implantation of stent; (4) NIRA disease (coronary stenosis
>50% stenosis in at least one NIRA), and (5) LDL-C level >1.4 mmol/L."® The following criteria were used to exclude
candidates: (1) any of chronic diseases, including cancerous disease, cirrhosis of the liver, heart failure, or kidney failure

in an end stage (2) a life expectancy of less than one year.

Clinical Data Collection

We analyzed clinical data, New York Heart Association functional class, laboratory data, and echocardiographic data.
Laboratory data included white blood cell count, serum creatinine, C-reactive protein (CRP), total cholesterol (TC),
LDL-C, high-density lipoprotein cholesterol, triglycerides, and levels of troponin I during admission and follow-up.

Computation of QFR

The QFR was operated to evaluate the anatomic and physiological functions of coronary lesions in hospitals. The
evaluations of three-dimensional QCA and QFR were carried out by a core laboratory with an independent organization
via operating software with dedicated features (AngioPlus 2.0, Pulse Medical Imaging Technology (Shanghai) Co., Ltd)
(Figure 1). Software calculated QFR value automatically by applying adjustment of TIMI frame-count to the calculation
method.'® QFR was performed via using a pre-trained offline deep learning algorithm arranged in two phases.'® The first
phase involved interpreting the features from the input via using a multilevel neural network with three fully connected
layers.?® Images from the arterial tree reconstruction were used to extract input, as described previously,”' characteristics
of lesion and proximal/distal markers of each lesion were all included. The second phase comprised a bidirectional
recursive neural network that received the feature sequence to the next layer and returned the QFR value corresponding

to each input neuron.
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Figure | Typical picture of QFR. A representative case with RCA for QFR =0.87.
Abbreviations: RCA, right coronary artery; QFR, quantitative flow ratio.

Definition
NIRA disease is defined as >50% stenosis in at least one NIRA.?* Serious adverse events (SAEs) were defined as all-
cause mortality, cardiovascular death, acute myocardial infarction, stroke, or rehospitalization for unstable angina (UA).

QFR value <0.80 referred to lesion-specific ischemia, and QFR value >0.80 referred to non-ischemia-specific lesions.*>**

Statistical Analyses
The Kolmogorov—Smirnov test was used as a distribution normality test. Quantitative variables were reported as mean +
standard deviation for normally distributed data or as median (25th—75th percentiles) for non-normally distributed data.
Levene’s test was performed before Student’s ¢ test. Independent sample #-test or Mann—Whitney U-test was performed
for comparison of quantitative variables between groups.

Percentage and total number were used to express qualitative variables. Comparison of categorical variables was
conducted via using the Chi-square and Fisher’s exact tests.

Multivariate analysis of logistic regression was used to identify independent predictors of UA rehospitalization 12
months after discharge. Two-sided p-values of 0.05 were considered statistically significant. Analyses of all statistical
data were conducted via operating SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).>

Results

Baseline Characteristics

A total of 355 STEMI patients with NIRA disease were enrolled in this retrospective study. The demographic and clinical data of
the two groups are shown in Table 1. The baseline characteristics did not differ significantly. Table 2 exhibits the primary
characteristics of the two groups on angiography and interventional therapy. Based on the results, we could find that in comparison
with statin plus evolocumab group, the rate of IRA for right coronary artery (RCA) was higher in statin monotherapy group.

Blood Lipid and Inflammatory Characteristics

Variations in blood lipid levels and inflammatory characteristics are shown in Figure 2. The mean levels of TC, LDL-C,
and CRP on admission decreased during the follow-up in both groups (Figure 2A and B). Although TC, LDL-C, and
CRP levels at admission were not significantly different, statin plus evolocumab reduced TC and LDL-C levels
significantly compared to statin monotherapy (Figure 2C).

Characteristics of the QFR

QFR was also utilized to evaluate the physiological effects of PCSK9 on plaque. The results indicated that the diameter
stenosis and plaque lesion length were significantly lower in the group of statins plus evolocumab in comparison with the
group of statin monotherapy (Table 3). The group of the statin plus evolocumab exhibited significantly higher MLD and
QFR values than those in the group of statin monotherapy (Table 3).
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Table | Patient Demographics and Clinical Data

Statin Monotherapy Group | Statin Plus Evolocumab Group P-value
(n=253) (n=102)

Age, years 65.19+6.30 65.9616.29 0.300
Male, n (%) 166 (65.61) 63 (61.76) 0.540
BMI, kg/m? 26.23+4.18 26.64+2.79 0.365
Cardiovascular risk factors
Hypertension 162 (64.03) 68 (66.02) 0.713
Diabetes mellitus 48 (18.97) 19 (18.63) 1.000
Current smoking 112 (44.27) 43 (42.16) 0.725
Family history of CAD 49 (19.37) 17 (16.67) 0.652
Killip class on admission
I, n (%) 184 (72.73) 79 (77.45) 0.422
II, n (%) 42 (16.60) 15 (14.71) 0.327
I, n (%) 17 (6.72) 4 (3.92) 0.465
IV, n (%) 10 (3.95) 4 (3.92) 1.000
Clinical data
SBP, mmHg 123.53+21.98 126.32+34.40 0.363
DBP, mmHg 76.96x12.74 74.06x14.51 0.079
Platelet, x10°/L 219.31+80.40 215.42+57.30 0.657
WBC, x10°/L 10.90+2.57 10.99+5.54 0.824
Hemoglobin, g/L 133.83+25.81 131.82+21.73 0.457
Creatinine, pmol/L 86.11x14.18 85.80+27.45 0.892
Troponin |, pg/L 15.57+3.57 15.04+£3.47 0.199
CK-MB, pg/L 34.83+15.87 33.50+10.54 0.434
NT-proBNP, pg/mL 345.23176.24 341.13+69.74 0.626
TC, mol/L 4.95+3.65 5.13+4.20 0.554
TG, mol/L 2.85+1.21 2.79+1.30 0.459
LDL-C 3.25+2.05 3.30%1.90 0.339

Note: Data are presented as n (%) or mean * SD.
Abbreviations: BMI, body mass index; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white
blood cell; CK-MB, creatine kinase-MB. TG, triglyceride. TC, Total cholesterol. LDL-C, Low density lipoprotein C.

Table 2 Primary Angiographic and Interventional Therapy Characteristics

Statin Monotherapy Group Statin Plus Evolocumab Group P-value
(n=253) (n=102)

Reperfusion time, min 281.60+124.35 286.52+164.45 0.760
Door-to-balloon time, min 68.84+14.92 68.55+15.98 0.874
IRA, n (%)

LAD 124 (49.01) 57 (55.88) 0.291
LCX 49 (19.37) 25 (24.51) 0313
RCA 80 (31.62) 20 (19.61) 0.026
Stent length, mm 24.76+6.09 24.68+6.51 0913
Stent diameter, mm 3.22+0.42 3.15+0.50 0.256
IABP, n (%) 10 (3.95) 6 (5.89) 0.410

Note: Data are presented as n (%) or mean * SD.

Abbreviations: IRA, infarct-related artery; LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; RCA, right
coronary artery; IABP, intra-aortic balloon pump.

One Year Follow-Up
The safety of statins plus evolocumab was recorded, there is no statistical difference in statin monotherapy and statin plus
evolocumab groups (Table 4). Blood pressure and HbA1c between two groups were shown in Figure 3. The results in Figure 4
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Figure 2 Blood lipid and inflammatory characteristics. (A) Blood lipid and inflammatory changing trends in statin monotherapy group. *P<0.05 vs baseline (B) Blood lipid
and inflammatory changing trends in statin plus evolocumab group. *P<0.05 vs baseline (C) Blood lipid and inflammatory measurements between two groups. *P<0.05 vs
statin plus evolocumab.

reveal that a higher rate of SAEs at follow-up was observed in the group of statin monotherapy in comparison with that in the
group of statins plus evolocumab. Furthermore, we found that the proportion of patients who were re-hospitalized and
implanted coronary stents for UA reduced significantly in the statin plus evolocumab group, whereas all-cause death,

Table 3 Non-Infarct-Related Artery Characteristics

Statin Monotherapy Group | Statin Plus Evolocumab Group P-value
(n=253) (n=102)

QCA and QFR (baseline)
Reference diameter, mm 3.19+0.53 3.14+0.53 0.438
MLD, mm 1.14£0.26 1.12+0.24 0.569
Diameter stenosis, % 64.17+5.83 64.15£4.90 0.965
Lesion length, mm 19.10+7.49 17.90+7.48 0.172
QFR value 0.82+0.02 0.82+0.01 0.403
QCA and QFR (Follow up)
Reference diameter, mm 3.19+0.53 3.14+0.53 0.438
MLD, mm 1.260.28 1.33+0.28 0.034
Diameter stenosis, % 59.99+6.90 54.98+5.90 < 0.001
Lesion length, mm 10.10+4.21 8.66+2.89 0.002
QFR value 0.81+0.02 0.83+0.03 < 0.001

Note: Data are presented as n (%) or mean * SD.
Abbreviations: NIRA, non-infarct-related artery; QCA, quantitative coronary angiography; QFR, quantitative flow ratio; MLD, minimum

lumen diameter.
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cardiovascular death, nonfatal AMI, or stroke did not differ significantly between the two groups (Table 4). To further
investigate the risk factors for rehospitalization with UA, we compared the clinical baseline coronary anatomical and
physiological features of the two groups (Supplemental Tables 1 and 2). The results demonstrated that the patients who re-
hospitalized for UA were older than those in the non-rehospitalization group, and higher CRP and total cholesterol levels and

Table 4 Adverse Events in Follow Up

Statin Monotherapy Group | Statin Plus Evolocumab Group P-value
(n=253) (n=102)

Adverse events
Nausea 5(1.98) 4 (3.92) 0.289
Back pain 2 (0.79) 4 (3.92) 0.059
Arthralgia 3(1.19) 3 (294 0.360
Headache 7 (2.77) 6 (5.88) 0.209
Muscle spasms 4 (1.58) 3 (294 0.415
Pain in extremity 2 (0.79) 1 (0.98) 1.000
Injection site reactions - 5 (4.90) -
Serious adverse events
All-cause mortality 5(1.98) 1 (0.98) 0.678
Cardiovascular death 3 (1.19) 1 (0.98) 1.000
Nonfatal AMI 13 (5.14) 4 (3.92) 0.787
Stroke 11 (4.34) 4 (3.92) 1.000
New-onset diabetes 7 (2.77) 4 (3.92) 0.520
Rehospitalization for UA 67 (26.48) 14 (13.73) 0.009
Stents implantation 42 (16.60) 8 (7.84) 0.042

Note: Mean values (standard deviation) and % (n) were reported for continuous and categorical variables, respectively.
Abbreviations: AMI, acute myocardial infarction; UA, unstable angina.

a longer plaque length were observed in the re-hospitalized for UA group.

In addition, the proportion of patients receiving statins combined with PCSK9 was significantly lower compared with
that in the group of non-rehospitalization. Multivariate analysis was used to investigate whether the above variables were
independently associated with rehospitalization for UA. Statin plus evolocumab, age, total cholesterol, CRP and Lesion
length were included into the multivariable model. The results showed that statin plus evolocumab (OR = 0.350; 95% CI
0.149-0.824; P = 0.016) and plaque length (OR = 1.223; 95% CI 1.102—1.457; P = 0.033) were independently associated

with rehospitalization for UA at 12 months (Table 5).

¢ u ¢ w

Figure 3 Blood pressure and HbA ¢ in statin monotherapy and statin plus evolocumab groups. (A) Blood pressure; (B) HbAlc. Error bars are 95% Cls.
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Figure 4 Serious adverse events between two groups in follow-up.

Discussion

Based on the findings of this study, the following conclusions could be listed as follows: 1). In view of coronary
physiological function, diameter stenosis and plaque lesion length in QFR were significantly lower in the group of statins
plus evolocumab. MLD and QFR values were also higher in the group of statins plus evolocumab; 2). Statin plus
evolocumab and plaque length were independently associated with rehospitalization for UA at 12 months. All of which
mentioned above suggest that compared with stain application alone, the use of statin plus evolocumab could effectively
improve vascular physiological function and reduce readmission risk of STEMI patients with NIRA diseases.

The reduction of ASCVD events via statin therapy was observed in corresponding with the reducing magnitude of
LDL-C.?® According to current guidelines and evidence-based medical evidence, statins are considered as the first-line
therapy for acute coronary syndrome.>” However, certain patients with moderate or high-intensity statin therapy still do
not achieve the desired clinical results, who need to be treated with non-statin lipid-lowering agents.*® The lipid-lowering
mechanism of PCSK9 inhibitors is to reduce circulating LDL-C levels by binding PCSK9 and preventing LDL-C
receptor degradation.?” Futhermore, therapeutic monoclonal antibodies directed against PCSK9 have proven to be highly
effective for treating ASCVD patients with disorder of lipid.*>*° Studies on PCSK9 inhibition have shown that PCSK9
inhibitors can effectively reduce LDL-C levels in patients regardless of sex and race differences.>'~* In our study, we
enrolled patients in the Asian population, and we also found that the adding (140 mg every two weeks) to high-intensity
statins therapy could contribute to significantly lower levels of LDL-C than high-intensity statins alone, which is
consistent with previous studies.*® In the meantime, the data are concordant with prior clinical observations in which
patients with a clinical burden of atherosclerosis experienced a larger benefit with PCSK9 inhibition.>** Our study also
indicated a significant relationship between decreased LDL-C and reduction of SAEs while additional decreased LDL-C
occurred in STEMI patients with NIRA disease. Multivariate analysis also suggested that statin plus evolocumab (OR =
0.350, P = 0.016) was independently associated with UA readmission.

Recently, FFR calculations based on angiography (QFR) have been successfully implicated to evaluate patients’
coronary physiological functions. It has been confirmed that coronary physiological function parameters obtained by
QFR is highly consistent with FFR. It has been demonstrated that vascular physiological function acts as a direct

Table 5 Univariate and Multivariate Regression Analysis for Rehospitalization for UA

Univariate Multivariate
OR (95% CI) P-value OR (95% CI) P-value
Statin plus evolocumab | 0.442 (0.235-0.829) 0.011 0.350 (0.149-0.824) 0.016
Total cholesterol 0.922 (0.652—-1.304) 0.125
Age 1.378 (1.005-1.888) 0.030 1.279 (0.835-1.641) 0.102
CRP 2.321 (1.328-2.899) 0.031 1.187 (0.887-1.347) 0.147
Lesion length 1.235 (0.951-2.714) 0.020 1.223 (1.102-1.457) 0.033

Abbreviations: OR, odds ratio; Cl, confidence interval; CRP, C-reactive protein.
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reflection of vascular ischemia. In our study, QFR test was performed on the patients at baseline and follow-up. No
significant difference in QFR values were obtained of two groups at baseline. However, QFR values were significantly
higher after one year in the group of statin plus evolocumab in comparison with the group of statin alone, indicating that
combining statin and evolocumab can improve the physiological function of diseased blood vessels in NIRA disease to
some extent. Meanwhile, several studies have examined the effects of evolocumab on vascular plaque characteristics
using endovascular imaging, but have not drawn a consistent conclusion. It was reported that evolocumab, a PCSK9
inhibitor, might increase fibrous-cap thickness and decrease lipid-rich plaque thickness when added to statin therapy.>
A study following for 76 weeks found that in comparison with statin monotherapy, evolocumab addition did not alter
plaque composition.>® Even so, no studies have reported the effects of PCSK9 inhibitors combined with statins on
vascular physiological function. Our results suggest that the combination of evolocumab and statin may improve the
physiological function of diseased vessels more than statin therapy alone.

The effects of PCSK?9 inhibitors on the inflammatory response have also attracted much attention in recent years. We
observed a significant decrease in CRP levels in both the statin treatment alone group and the statin combined with
evolocumab group at the one-year follow-up. However, there are other studies demonstrating that evolocumab had no
effect on the inflammatory response in patients. Stickema et al have reported that evolocumab significantly improved
lipid levels, while a slight decrease in CRP was observed by the late phase of dosing.>’® Another study has found that
significant improvements in lipids and inflammation were observed in patients receiving intensive lipid-lowering therapy
(140 mg evolocumab on top of 20 mg/day rosuvastatin).’® Furthermore, as for our population, the subjects of this study
were Han Chinese. These results suggest that the anti-inflammatory effects of PSCK9 inhibitors may be related to the
patient population, requiring more evidence to be confirmed in future studies.

The current clinical use of PCSK9 inhibitors mainly include alirocumab and evolocumab. However, the clinical
benefits of alirocumab and evolocumab are different. A meta-analysis was performed to compare the effects of
alirocumab and evolocumab on all-cause mortality. It was reported that the use of alirocumab was associated with
reductions in all-cause mortality compared with control, while evolocumab was associated with increased all-cause
mortality compared with alirocumab. These results suggest that alirocumab might provide the optimal benefits regarding
all-cause mortality with relatively lower SAE risks, and evolocumab might provide the optimal benefits regarding
myocardial infarction for secondary prevention in patients with high-risk of cardiovascular events.*® Further research
confirmed that inclisiran also has a potent lipid-lowering effect.*! However, further data are needed to confirm whether
alirocumab and inclisiran can improve the physiological function of non-criminal lesions in addition to statins.

In our study, patients were treated with 20 mg rosuvastatin once a day or statin (20 mg rosuvastatin once a day) plus
evolocumab (140 mg every 2 weeks). Compared with Caucasians, statin doses are lower.** It was reported that adverse
effects of statin are more common in the Chinese population, including rhabdomyolysis, liver damage, and neurological
symptoms.” Therefore, compared with Caucasians, Chinese patients with coronary heart disease receive a lower dose of
statins. In addition, the Chinese guidelines for dyslipidemia also recommend the use of rosuvastatin 20mg.*****

As a powerful lipid-lowering drug, it is well known that combining evolocumab with statins has the potential to
downregulate the levels of LDL-C and cardiovascular events risks.”*>*® However, the evidence of PCSK9 combined
with statin therapy for the clinical outcome of patients with NIRA disease is lacking. Some patients are prone to develop
vulnerable plaques or even ACS events. Therefore, it is of great clinical significance to study lipid-lowering strategies in
STEMI patients with NIRA disease. Our results suggest that non-use of PCK9 serves as a risk factor independently for
UA hospitalization of patients with NIRA disease. Although no significant differences were observed in other cardio-
vascular adverse events, the combination of PCSK9 may improve quality of life in patients with NIRA disease.

Conclusion
Evolocumab combined with statin therapy could significantly improve the physiological function of the coronary arteries
and downregulate the re-hospitalization rate of STEMI patients with NIRA disease.
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Study Limitations

Several potential limitations could be identified in our study. Firstly, from a single center, a non-random and retrospective
selection of patients was conducted. For example, our patients are all from the northern part of China. Cold climate and
dietary habits may lead to our conclusion not applicable to all patients. Therefore, multicenter studies are needed to
further confirm our results; Meanwhile, our results might be influenced by selection bias. Secondly, as well as in Europe
and the USA, atorvastatin 20 mg/day is regarded as a mild-intensity treatment. However, for Chinese patients whose
body weights are lighter than Caucasians, 10 mg/day of rosuvastatin is the most appropriate dose for the first time in
aspect of aggressive lipid-lowering treatment.** Therefore, further research is needed to confirm whether evolocumab
could improve the rate of hospitalization and the physiological function of non-criminal function beyond moderate and
above statin therapy. Thirdly, an invasive measurement of microvascular dysfunction was not performed, meaning that
we cannot understand the differences in QFR values between the two groups. Fourthly, in the current study, we only
followed patients for 12 months, and the study endpoint was only readmission for unstable angina. Follow-up time was
short and hard clinical endpoints were absent. Follow-up studies need to extend follow-up time and increase clinical
endpoints such as cardiovascular adverse events.
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