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Nutrition and Metabolic Disease, Center for Human Nutrition, UT Southwestern Medical center. 

His clinical, research, and teaching efforts focus on lipid and lipoprotein disorders. He attends 

lipid clinics at UT Southwestern (Aston building) and Parkland Health and Hospital Systems. 

These clinics provide care for patients with severe elevations in LDL-C, severe 

hypertriglyceridemia (triglycerides > 1000 mg/dL), and statin intolerance. His research efforts 

include NIH-funded projects to study the genetics of familial hypercholesterolemia in minorities 

and collaborations with biotech companies for early phase studies of new lipid-lowering drugs. 

Purpose & Overview 

The purpose of this presentation is to familiarize the audience with a new class of lipid lowering 

drugs: PCSK9 inhibitors. 

The presentation will discuss the unmet needs (i.e. the large group of patients who require lipid 

lowering therapies in addition to statins), the history and current status of PCSK9 inhibitors, and 

the cardiovascular outcomes data from studies of PCSK9 inhibitors. 

Objectives 

At the conclusion of this lecture, the listener should be able to… 

1. Recognize that a large number of patients with coronary heart disease fail to achieve 

their LDL-C goals. 

2. Appreciate that Familial Hypercholesterolemia (FH) is underdiagnosed in the US, and 

FH patients require lipid lowering therapies in addition to statins. 

3. Understand the similarities and differences between the two approved PCSK9 inhibitors 

4.  Know the cardiovascular outcomes data for PCSK9 inhibitors 

  



The protocol will discuss the unmet needs for patients with atherosclerotic cardiovascular 
disease (ASCVD) and familial hypercholesterolemia, the history and current status of PCSK9 
inhibitors, and the cardiovascular outcomes data from studies of PCSK9 inhibitors. 

Unmet Needs 

Lipid lowering drugs are the second most commonly prescribed medication class in the 
United States (US) (1)  with statins being the most commonly prescribed agent within this class. 
The widespread use of statins owes to overwhelming evidence of benefit and safety as well as 
awareness campaigns directed both at physicians and consumers.  

High potency statins (such as atorvastatin 40-80 mg/daily or rosuvastatin 20-40 
mg/daily) can reduce LDL-C by 50% or more. For every 40 mg/dL reduction in LDL-C (1 
mmol/L), the risk of an atherosclerotic cardiovascular disease (ASCVD) event is reduced by 
24% with statin therapy (Figure 1).  

Several non-statin lipid lowering drugs also reduce LDL-C: niacin, bile-acid sequestrants, 
and ezetimibe. Of these, ezetimibe was recently shown to reduce the risk of atherosclerotic 
events by 6-7% when administered in addition to statin therapy (IMPROVE-IT study) (2). 

 

Current Lipid-lowering Drugs are not sufficient to get all high-risk patients to goal. 

Although statins effectively treat the vast majority of dyslipidemias, a few challenges 
remain. First, patients with known ASCVD often do not achieve goal LDL-C levels. In fact only 
30% of patients with coronary heart disease (CHD) achieve LDL-C < 70 mg/dL (3).  

Second, some subgroups at high risk for CHD - such as patients with severe elevations 
in cholesterol due to heterozygous familial hypercholesterolemia (FH) - present treatment 
challenges and often fail to reach their low-density-lipoprotein cholesterol (LDL-C) goals (4, 5). 
Additionally, such patients require high doses of statins placing them at increased risk for 
adverse events.  

 

 
Figure 1: Data from a metanalysis of statin trials. Statin therapy results in an early sustained reduction in ASCVD 
events. For every 40 mg/dL (1 mmol/L) reduction in LDL-C, the risk of ASCVD is reduced by 24%. From Rory Collins et al 
.The Lancet  (16)31357-5); 2016 

 

 



FH is a genetic disorder characterized by elevated low-density lipoprotein cholesterol 
(LDL-C), a markedly elevated risk of atherosclerotic cardiovascular disease (ASCVD), and a 
50% chance of inheritance among offspring.(6) Recent epidemiological(7, 8) and genetic 
studies(9, 10) support a prevalence of FH of approximately 1 in 200 in the general community; if 
these prevalence figures hold true for the US population, as many as 1.5 million Americans may 
have FH, a substantially higher figure than suggested by earlier estimates.(11) Despite data 
confirming that prompt detection and treatment of FH reduces the risk of premature coronary 
heart disease (CHD) and death,(12) the majority of FH patients worldwide remain unidentified(8) 
and, of those diagnosed, most fail to receive appropriate treatment.(7) 

 
We recently reported data from the FH Foundation’s US FH patient registry. For patients 

seen at lipid centers across the US, we found that the mean treated LDL-C was 134 mg/dL 
(pretreatment 239 mg/dL). Only 26% of patients were able to achieve an LDL-C < 100 mg/dL (a 
typical goal for FH patients) and only 45% achieved a 50% LDL-C reduction (a goal advocated 
by the 2013 ACC/AHA Cholesterol Guidelines Committee). Our findings mirror those from other 
countries with nationwide screening programs to identify FH patients: only 15-33% of treated FH 
patients achieve their LDL-C goal despite being treated with statins (4, 13, 14).  

Third, 5-10% of statin users develop intolerance (15). According to the Centers for 
Disease Control and Prevention (CDC) data from 2003, 37% of the US population has at least 
two risk factors for coronary heart disease (CHD), making them potential candidates for statin 
use. If 5-10% of these 
individuals experience statin-
induced muscular symptoms, 
then the estimated potential 
prevalence of statin myopathy 
is 5 -10 million in the US (16).  

Proprotein convertase 
subtilisin/kexin 9 (PCSK9) 

The road from discovery to 
drug development was rapid 
for PCSK9 inhibitors.  
  

In 2003, a gain-of-
function mutation in PCSK9 
was discovered to cause 
familial hypercholesterolemia in 
a French FH family (17). 
Additional families were soon 
identified in Utah, confirming 
PCSK9 as the causative gene.  

Work by Helen Hobbs, 
MD, Jonathan Cohen, PhD, and 
Jay Horton, MD, helped 
elucidate the human genetics 
and physiological roles for 
PCSK9.  Perhaps most 
importantly, in 2005, Hobbs et 
al identified loss-of-function 
mutations in PCSK9 resulting in 

 

Figure 2: (from Jay D. Horton et al. J. Lipid Res. 2009;50:S172-S177) PCSK9-
mediated degradation of the LDLR. A: Schematic of the major domains of 
PCSK9. The location of the aspartate (D), histidine (H), and serine (S) that 
comprise the catalytic triad and the site of binding of the single N-linked 
sugar (N533) are shown. PCSK9 posttranslational modifications include 
glycosylation (G) (4), phosphorylations (P) at S47 and S688 (5), and 
sulfation (S) at Y38 and at another undefined tyrosine in the catalytic 
domain (6). B: Cellular trafficking and potential sites of PCSK9 action. After 
undergoing autocatalytic cleavage in the ER, the prodomain (purple) 
remains associated with the catalytic fragment (green) and the complex is 
secreted into the plasma. Secreted PCSK9 binds to LDLRs on the cell 
surface, and the LDLR/PCSK9 complex is internalized via the adaptor 
protein ARH (LDLRAP). PCSK9 may prevent the recycling of LDLRs from 
endosomes to the cell surface or direct LDLRs to lysosomes for 
degradation. A second intracellular pathway has been proposed (11) in 
which PCSK9 binds the LDLR in a post-ER compartment and targets LDLR 
for degradation in lysosomes. C: Model for full-length LDLR bound to 
PCSK9. The EGF-A domain of the LDLR (blue) at acidic pH and the 
PCSK9:EGF-A complex were superimposed. PCSK9 binds on the outside 
surface of LDLR. SS, signal sequence; Pro, prodomain. 

 

 



low cholesterol and an 88% reduced risk of coronary heart disease (18). 
Proprotein convertase subtilisin/kexin 9 (PCSK9) is a member of the proprotein 

convertase family of zymogens and modulates plasma LDL-C levels by promoting degradation 
of LDL receptors (LDLRs). PCSK9 is expressed at highest levels in the liver, small intestine, 
brain, and kidney (19).  PCSK9 expressed from the liver is secreted into the circulation and 
associates with LDLRs. In the presence of PCSK9, LDLRs are targeted for degradation rather 
than recycling to the hepatocyte cell surface (Figure 2) (20). 

Based on the phenotype of humans with PCSK9 deficiency – hypocholesterolemia 
without any apparent health consequences (18)- several pharmaceutical companies established 
development programs for PCSK9 inhibitors. These inhibitors mostly interfere with the PCSK9-
LDLR interaction at the LDLR epidermal growth factor-like repeat A (EGF-A) region. Blocking 
this interaction increases active LDL uptake and reduces circulating cholesterol (21, 22).  
 
Two PCSK9 inhibitors are FDA approved, but the indications can be variably interpreted  

Two PCSK9 monoclonal antibodies have obtained approval by the US FDA: evolocumab 
(Amgen) and alirocumab (Sanofi/Regeneron).  Per their package inserts, both are “indicated as 
an adjunct to diet and maximally tolerated statin therapy for the treatment of adults with 
heterozygous familial hypercholesterolemia (FH) or clinical atherosclerotic cardiovascular 
disease, who require additional lowering of LDL-cholesterol (LDL-C).”  Evolocumab has an 
additional indication for homozygous FH patients.  

This labeled indication included terminology that can be variably interpreted and has 
created confusion between providers and payers: 

 “Maximally tolerated statin” may mean 
o High dose/potency statin (e.g. atorva 80 mg daily) 
o Highest dose of statin that patient can handle (e.g. rosuva  5 mg once weekly) 
o No statin if patient cannot tolerate 

 

 ASCVD is not fully defined.  
o Per the 2013 AHA/ACC Cholesterol treatment guidelines, ASCVD includes 

 Coronary Heart Disease 

 Acute coronary syndrome 

 History of myocardial infarction 

 Stable or unstable angina 

 Coronary (or other) revascularization 
 Stroke or TIA 
 Peripheral arterial disease 

o Some unclear categories: 
 Diabetics, who are usually considered to be at very high ASCVD risk 
 Patients with abnormal Coronary Artery Calcium scores but no ASCVD 

events. 
 

 No standard FH diagnostic criteria exist in the US. Possible ways to diagnose FH include 
o Genetic confirmation, which is only done in 5% of all cases in the US.  
o “Clinically” diagnosed” with elevated LDL-C levels (usually > 190 mg/dL) plus a 

suspicious family history.  
o Complex scoring systems, such as the Dutch Lipid Clinic Network Scoring 

criteria, stratify patients into “unlikely, possible, probable, or definite” FH. 
 



 Who needs “additional lowering of LDL-C?”  
o The AHA/ACC guidelines and the American Diabetes Association recommend at 

least 50% reduction in LDL-C    
o The National Lipid Association, International Atherosclerosis Society, European 

Society for Cardiology/European Atherosclerosis Society, and the American 
Academy of Clinical Endocrinologists still advocate for an LDL-C goal of < 70 
mg/dL for patients with ASCVD 

o The National Lipid Association recommends an LDL-C goal of < 100 mg/dL for 
FH patients 

   

Both approved agents lower LDL-C robustly and consistently in all patient populations. 

Evolocumab and Alirocumab have been administered to over 30,000 patients in nearly 

40 published clinical trials. Both drugs lower LDL-C by 50-60% with minimal adverse events.   

Alirocumab has even been tried in a few FH patients with mutations in PCSK9, and the 

drug lowered LDL-C by 70%. 

What are the differences between the two drugs?  

 Both drugs are quite effective at lowering LDL-C. Both have roughly the same cost 

($14,000-15,000 per year). A few differences, mostly minor, exist. 

Alirocumab is available in two doses that are administered SQ every 2 weeks. The 

75mg/mL dose reduces LDL-C by 50% on average and the 150 mg/mL dose reduces LDL-C by 

60% on average. Patients who do not achieve adequate reduction on the 75 mg/mL dose can 

be titrated up to the 150 mg/mL dose. 

Evolocumab is available in a 140 mg/ml dosage every 2 weeks or a once monthly 

dosage administered through an on-body infuser. 

Alirocumab must be kept refrigerated, while Evolocumab can be left at room temperature 

for 28 days prior to administration. For patients who travel or do not have access to 

refrigeration, Evolocumab may be a better choice. 

Evolocumab is approved in Europe. For patients moving or spending extended time in a 

European country, Evolocumab may be a better choice. 

Alirocumab is free of latex. For patients with latex allergies, Alirocumab would be a 

better choice.   

What other PCSK9 drugs are in development? 

Several types of PCSK9-targeted agents are in development (based on my internet 

searches): monoclonal antibodies (Merck), adnectins specific inhibitors (Bristol-Myers 

Squibb/Adnexus), RNA intereference (Alnylam/Novartis), locked nucleic acids 

(Santaris/Novartis), and small molecule inhibitors (Shifa Biomedical Corporation, Cadila 



Healthcare, Serometrix). Most of these are in preclinical development. Two are worth discussing 

further: Pfizer ‘s discontinued PCSK9 mAb and Alnylam’s PCSK9 RNAi drug. 

 

Pfizer discontinued the development of its PCSK9 mAb, bococuzimab. During the 

conduct of phase II and III trials, data became available from indicating that bococizumab was 

commonly associated with the development of high-titer antidrug antibodies that resulted in 

substantive attenuation of LDL-cholesterol lowering over time (Figure 3). In addition, the trials 

showed that bococizumab was associated with a wide variation in LDL-C, even among patients 

who were antibody negative. High antibody titers were also linked to higher rates of injection site 

reactions. On the basis of these data, Pfizer elected to discontinue further development of 

bococizumab on November 1, 2016. 

Alnylam has developed a small interfering RNA targeting PCSK9 mRNA. The small 

interfering RNAs consist of two strands, guide and passenger (23). The guide strand carries the 

sequence information necessary for target-gene recognition, while the passenger strand serves 

as a prodrug that supports the geometry required for loading into the RNA-induced silencing 

complex (RISC). When siRNAs are introduced into the cells, the guide strand enters the RISC 

and reprograms the powerful natural mechanism RNA interference (RNAi), silencing genes on 

demand. The loaded RISC has a long half-life, and as few as 100 to 200 loaded RISC 

complexes per cell are sufficient to eliminate expression of the targeted gene. 

In a randomized, double-blind, placebo-controlled, phase 2, multicenter trial, Alnylam 

tested their RNAi drug, Inclisiran (24). The drug was administered as a subcutaneous injection 

in patients at high risk for cardiovascular disease who had elevated LDL-C levels. A total of 501 

patients were randomly assigned to receive a single dose of placebo or 200, 300, or 500 mg of 

inclisiran or two doses (at days 1 and 90) of placebo or 100, 200, or 300 mg of inclisiran. The 

 

Figure 3: (from Foltz et al. Circulation. 2013). Humanization of therapeutic antibodies has 
reduced their immunogenicity. Bococuzimab was a humanized PCSK9 antibody. Compared to 
fully humanized antibodies, the potential for immunogenicity is increased. 

 



primary endpoint was LDL-C levels at day 180. Based on the results, the optimal dose is 300 

mg given at day 0 and day 90. With this dose, LDL-C reductions were 53% at day 180. In 

contrast, the single dose 300 mg had 38% LDL-C reduction at day 180. Adverse events were 

similar in patients who received inclisiran compared to placebo with a few notable exceptions: 

injection-site reactions occurred only in patients who received study drug; a few patients 

receiving study drug developed elevations in liver function tests and creatine kinase, and two 

 

Figure 4: (from Khvorova A. N Engl J Med 2017;376:4-7). Inclisiran Chemical Configuration and 
Mechanism of Action. Inclisiran is a fully chemically modified siRNA conjugated to the triantennary 

GalNAc. Inclisiran is made from one 2′-deoxy, eleven 2′-fluoro, and thirty-two 2′-O-methyl modified 

nucleotides. Termini of the duplex are modified with phosphorothioates, and the 3′ end of the 

passenger strand is functionalized with triantennary GalNAc (Panel A). When inclisiran is delivered to the 
hepatocytes through GalNAc interactions with the ASGPR receptor, the guide strand of the duplex enters 
the RISC complex, hybridizes to the PCSK9 mRNA and cleaves it (red triangle), preventing protein 
production. Down-regulation of PCSK9, a protein involved in low-density lipoprotein (LDL) receptor 
degradation, results in the up-regulation of LDL receptor levels on the surface of the hepatocytes, 
supporting more efficient clearance of LDL cholesterol from the bloodstream (Panel B). 

 

 



deaths occurred in patients who got the study drug. Of note, these two deaths occurred late in 

the study and were considered to be not related to study drug. Future plans for Alnylam include 

a phase II cardiovascular outcomes study in high risk primary and secondary prevention 

patients with average LDL-C ~ 130 mg/dL 

How low is too low for LDL-C reduction? 

Previously, studies with statins or statins in combination with zetia achieved LDL-C as low as 

40-50 mg/dL without any obvious increase in adverse events. Now, with PCSK9 inhibitors, LDL-

C levels are being reduced to < 25 in a very large group of patients. Thus far, the adverse event 

rate has been similar for patients with LDL-C < 25 mg/dL compared to > 40 mg/dL. Of note, the 

long-term effects of extremely low LDL-C levels have not been established. 

Aren’t these drugs too expensive? 

Evolocumab and Alirocumab cost $14,000-$15,000 per year. For a biologic agents, this cost is 

not excessive. However, for a lipid lowering drug, it far exceeds the next most expensive drug: 

$2784/year for pitavastatin (the only non-generic statin).  

More problematic is the large patient population that potentially qualifies for these agents. Even 

prior to being FDA approved, several payers had already nicknamed them “biologic budget 

busters.” 

Not surprisingly, payer approval has proven difficult.  Payers have required prior authorizations, 

STEP therapy, and prolonged appeal processes. Payer policy requirements vary, causing a 

great deal of confusion for providers and patients. Even when approved, some payers have high 

co-payments ($300/month), making it financially difficult on middle- or low- income patients. 

With regards to cost-effectiveness, the cost would need to be reduced to ~ $6000/year for 

quality-adjusted life year of $ 150,000. Of note, this estimate is based on estimates of ASCVD 

risk reduction; now that outcomes data is available, new estimates should be forthcoming. 

Other than LDL-C related effects, what physiological role does PCSK9 play?  

PCSK9 is expressed at the highest levels in liver, kidney and brain. The role of PCSK9 other 

than LDL-C related effects has not entirely been determined. 

Recently, PCSK9 has been implicated in pathogen lipid clearance (Figure 5). Specifically, 

pathogen lipids such as lipopolysaccheride and lipoteichoic acid – which induce a 

proinflammatory response via innate immune receptors - can be sequestered and cleared from 

the circulation after being incorporated into lipoprotein particles. Steps in this pathway include 

binding by transfer proteins, incorporation into lipoprotein particles, binding to LDLR, and 

clearance. Since PCSK9 affects LDLR, it exerts an effect on removing pathogen lipids.  

Humans with both loss of function and gain of function PCSK9 variants have been investigated 

for their survival from septic shock. Patients with loss-of-function PCSK9 variants, and thus 

more LDLRs, have improved survival compared to wild-type individuals while patients with gain-

of-function variants have worsened survival. 



These findings led Novartis to license its PCSK9 antibody drug to a start-up, Cyon, for phase II 

studies in sepsis.  

Does PCSK9 inhibition work in patients who are statin intolerant? 

Four studies have been done in patients with statin intolerance. The best of these studies is 

GAUSS-3, a randomized clinical trial of evolocumab vs ezetimibe in patients with muscle-related 

statin intolerance (Figure 6) (25).  

To be enrolled in the study, patients had to have previous intolerance to ≥ 3 statins  (one of 

which at lowest daily dose), or intolerance to 2 statins, one of which must be atorvastatin ≤10 

mg. The first phase of thes study involved a  double-blind, crossover (10 weeks per arm) 

challenge of atorvastatin 20 mg vs placebo. Only patients with muscle pain on atorvastatin but 

not on placebo enrolled in remainder of the study. A total of 491 patients entered into this 

phase, and 43% had muscle pain on atorvastatin but not while taking placebo. These patients 

entered phase B, which involved 2:1 randomization to subcutaneous evolocumab (420 mg 

monthly) or oral ezetimibe (10 mg daily). As expected, the evolocumab group reduced LDL-C by 

53% while the ezetimibe group reduced LDL-C by 17%. Interestingly, muscle symptoms were 

reported by 29% of ezetimibe-treated patients and 21% of evolocumab –treated patients. These 

findings suggest that among patients with clinically reproducible statin intolerance, evolocumab 

can be tolerated by most. 

 

Figure 5: (from Walley. Curr Opin Crit Care. 2016 Oct;22(5):464-9) Pathogen lipids such as LPS and lipoteichoic 
acid (LTA) can induce a proinflammatory response (left) via innate immune receptors or, alternatively, can be 
sequestered and cleared from the circulation (right). Steps in this pathway include binding by transfer proteins, 
incorporation into lipoprotein particles, binding to low-density lipoprotein receptor (LDLR) and possibly other 
receptors, and clearance, primarily by the liver. BPI = bactericidal/permeability-increasing protein; 
CETP = cholesterol ester transfer protein; HDL = high-density lipoprotein; iNOS = inducible nitric oxide synthase; 
LBP = LPS binding protein; LDL = low-density lipoprotein; PL = pathogen lipid; PLTP = phospholipid transfer 
protein; TLR = Toll-like receptor; VLDL = very-low-density lipoprotein. 

 

 



Based on GAUSS-3 and other PCSK9 inhibitions studies of statin intolerant patients, we can 

state the following: PCSK9 inhibition causes less muscle symptoms than ezetimibe. 

 

Outcomes 

The FOURIER study showed that Evolocumab reduces cardiovascular events 

The first cardiovascular outcomes trial was published just two weeks prior to this presentation. 

Amgen presented data from the Further cardiovascular OUtcomes Research with PCSK9 

Inhibition in subjects with Elevated Risk (FOURIER) trial at the 2017 ACC meeting in 

Washington, DC. The study enrolled 27, 564 patients with established cardiovascular disease. 

Patients first went into a stabilization phase that included the use of high intensity statin therapy 

(with or without ezetimibe). Then, they were randomized, in a double-blinded manner,  in 1:1 

ratio to get evolocumab (either 140 mg every 2 weeks or 420 mg every month, according to 

patient preference) or matching placebo.  The primary endpoint was major cardiovascular 

events, defined as the composite of cardiovascular death, myocardial infarction, stroke, 

hospitalization for unstable angina, or coronary revascularization.  

In FOURIER, evolocumab reduced LDL-C from a baseline median of 92 mg/dL (IQR 80-109) to 

a median of 30 mg/dL (IQR 19-46). 

Although the absolute risk reduction was just 1.5%, the relative risk reduction was 15% for the 

primary endpoint (Figure 7). Based on analyses of secondary outcomes, the major benefit was 

in reduction of MI or stroke. No improvement of cardiovascular death was noted, which may be 

for several reasons: the study may not be long enough in duration, or the study may lack power 

 

Figure 6: Study design for GAUSS‐3. Abbreviations: ATP III, Adult Treatment Panel III; CK, creatine 
kinase; GAUSS‐3, Goal Achievement After Utilizing an Anti‐PCSK9 Antibody in Statin‐Intolerant Subjects 
3; NCEP, National Cholesterol Education Project; OLE, open‐label extension; PO, oral; SC, subcutaneous; 
ULN, upper limit of normal. *Patients are randomized 2:1 to the Part B treatment arms. 

 

 



to compare evolocumab against less intensive therapy (rather than placebo) for mortality 

outcomes. 

 

Atheroma regression likely is the mechanism linking LDL-C reduction to the relative risk 

reduction for MI and stroke seen with Evolocumab. In the Global Assessment of Plaque 

Regression with a PCSK9 Antibody as Measured by Intravascular Ultrasound (GLAGOV) trial, 

the addition of evolocumab to statin therapy produced a significant atheroma regression and 

continuous benefit with LDL-C levels right down to 20 mg/dL. The GLAGOV trial enrolled 968 

patients with angiographic coronary disease (mean age 59.8 years, 27.8% women, mean LDL-

C 92.5 mg/dL) from 197 hospitals in North America, Europe, South America, Asia, Australia, 

and South Africa. All patients were taking statins at enrollment (60% high intensity, 40% 

moderate intensity). The study showed an average reduction of approximately 1% in atheroma 

volume after 18 months of treatment with evolocumab added to statin therapy. About two-thirds 

of patients showed plaque regression.  

In the safety data, patients on Evolocumab experienced more injection-site reactions (2.1% vs 

1.6%, p < 0.001). Otherwise no other adverse events occurred in the evolocumab group more 

frequently than the placebo group. The most common adverse event was allergic recation (3.1% 

vs 2.9%). 

 

Figure 7: Primary endpoint results for FOURIER. 

 

An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School

0%

2%

4%

6%

8%

10%

12%

14%

16%

Primary Endpoint

Evolocumab

Placebo

Months from Randomization

C
V

 D
e
a
th

, 
M

I,
 S

tr
o

k
e
,

H
o

s
p

 f
o

r 
U

A
, 

o
r 

C
o

r
R

e
v
a
s
c

0 6 12 18 24 30 36

Hazard ratio 0.85

(95% CI, 0.79-0.92)

P<0.0001 12.6%

14.6%



Despite the trials being halted prematurely, Bococizumab also showed a reduction in the 

risk of major cardiovascular events. 

As part of the Studies of PCSK9 Inhibition and the Reduction of Vascular Events 

(SPIRE) program, two large-scale trials to evaluate cardiovascular outcomes (designated 

SPIRE-1 and SPIRE-2) were initiated in October 2013 with the intent of evaluating the clinical 

efficacy and safety of bococizumab administered at a dose of 150 mg subcutaneously every 2 

weeks among patients who had evidence of cardiovascular disease or who were at high risk for 

a first vascular event. However, during the conduct of these two outcomes trials, data became 

available from the all Bococizumab lipid-lowering trials indicating that bococizumab was 

commonly associated with the development of high-titer antidrug antibodies that resulted in 

substantive attenuation of LDL-cholesterol lowering over time. In addition, the trials showed that 

bococizumab was associated with a wide variation in LDL-C, even among patients who were 

antibody negative. On the basis of these data, the sponsor elected to discontinue further 

development of bococizumab on November 1, 2016. As a consequence of that decision, the 

sponsor also elected to prematurely stop the ongoing SPIRE-1 and SPIRE-2 outcome trials. 

In SPIRE-1, the lower-risk, shorter-duration trial (in which the patients had a baseline 

LDL cholesterol level of ≥70 mg per deciliter and the median follow-up was 7 months), no 

reduction in major cardiovascular events occurred. 

 In SPIRE-2, the higher-risk, longer-duration trial (in which the patients had a baseline 

LDL cholesterol level of ≥100 mg per deciliter and the median follow-up was 12 months), 

bococizumab reduced the risk of major cardiovascular events (hazard ratio, 0.79; 95% CI, 0.65 

to 0.97; P=0.02). 

 Injection site reactions led to discontinuation of study drug more commonly than placebo 

(incidence difference 8.33, p < 0.001). Glucose was slightly higher in the study drug groups than 

in the placebo group (incidence difference 1.7 mg/dL, p = 0.004). 

Conclusions 

For patients with ASCVD, FH, and statin intolerance, a need exists for additional lipid lowering 

drugs to adequately reduce their LDL-C and risk of ASCVD events. PCSK9 inhibitors can 

reduce LDL-C by 50-60% with a favorable safety profile. Two such drugs were approved in 

2015 by the FDA for use in patients with ASCVD or FH. Recent outcome studies of one of these 

drugs (evolocumab) found a 15% risk reduction for major cardiovascular events. Overall, 

PCSK9 inhibitors provide a new and efficacious method of lowering LDL-C. If costs can be 

reduced, a large group of patients will benefit from these drugs. 
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