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According to the World Health Organisation, cardiovascular diseases, such as heart attack 
and stroke, are the leading cause of death globally and account for 30% of all fatalities.1  
In the US alone, over 70 million adults are estimated to have high enough cholesterol levels 
to double their risk of heart disease2; yet numbers of new therapeutics in development 
for this disease area have lagged behind others such as oncology and neurology. However, 
an analysis of the current late stage dyslipidaemia landscape reveals that this area may  
be gaining traction within the industry. A few promising compounds, notably the PCSK9 
inhibitors, are working their way through the pipeline, and it looks like a race to develop 
the next cholesterol blockbuster drug is taking shape. In this paper, we take a forensic 
look at this area to try to identify current trends and which near-term compounds look  
the most encouraging.

Citeline’s Pipeline has been tracking pharmaceutical R&D for 30 years, and since 1995, recording an  

annual ‘snapshot’ of the drugs in active development at a point in each year. Our figures show that, across 

all therapeutic areas, the number of preclinical projects, drugs in clinical development and drugs awaiting 

registration has more than doubled between 1995 and 2013: from 4,193 to 9,521. In contrast, Figure 1 

charts the growth of the hypolipaemic / antiatherosclerotic therapy class, which includes compounds for 

the treatment of dyslipidaemia as well as atherosclerosis, during this time. This reveals that, despite a 

modest growth in the number of clinical stage compounds across the length of the study period, there  

are two notable drops in the overall figure: the first between 1997 and 2000, and the second from 2011  

to the present day. Coincidently, these downturns match with the US launch of the biggest selling drug  

in this area, Lipitor (atorvastatin calcium), in April 1997 and the end of its patent protection in December 

2011. This hints at a key problem for any company looking to enter the dyslipidaemia space: namely, very 

stiff competition. Statins like Lipitor have been used since the 1980s and are generally accepted as safe 

and effective in reducing levels of low-density lipoprotein (or LDL-C), the so called bad cholesterol, and 

the rates of heart attack and stroke. 

Source: Pipeline®, 2013 Citeline
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Figure 1. Hypolipaemic/Antiatherosclerotic Pipeline Size 1995-2013 
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In fact, worryingly for prescribers and patients looking for a variety of treatment options, it appears that 

the cardiovascular pipeline has delivered fewer novel products to the market than other therapeutic areas 

during the past decade. Using the event data in Pipeline, we analysed the percentage of first launches in 

which the drug is a New Active Substances (NAS) in each therapeutic area (Figure 2). Here, cardiovascular 

fairs poorly by comparison, with only 24 of the 80 first launches in this area in the past decade being of a 

NAS. This suggests that, not only is the pipeline failing to grow as fast as other areas, but is also built 

heavily on reformulations of existing products. 

Table 1 provides an overview of the drugs in Phase II or III development for dyslipidaemia, detailing the 

companies involved and their mechanisms of action (MoAs). Interestingly, of the 36 products in this group, 

30 are small molecules, suggesting that biotech approaches are yet to take hold in this area. A number of 

fixed dose combinations are also reported; of the 13 Phase III candidates, 4 of them are statin + sartan 

FDCs (the latter group being the angiotensin II antagonists).

Source: Pipeline®, 2013 Citeline
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Figure 2. First Launches By Therapeutic Area 2003-2013 
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table 1. Phase iii Pipeline

generic Name Developers Mechanism of action

AKR-963 Epax Unidentified pharmacological activity

alirocumab
Regeneron 
Sanofi

PCSK9 inhibitor

anacetrapib Merck & Co Cholesterol ester transfer protein antagonist

atorvastatin calcium IR + 
losartan potassium DR, 
HanAll

HanAll Biopharma
YuHan

HMGCoA reductase inhibitor
Angiotensin II 1 antagonist

bococizumab Pfizer PCSK9 inhibitor

evacetrapib Eli Lilly Cholesterol ester transfer protein antagonist

evolocumab
Amgen
Astellas

PCSK9 inhibitor

irbesartan + atorvastatin, 
Hanmi

Hanmi
Sanofi

Angiotensin II 1 antagonist
HMGCoA reductase inhibitor

K-877 Kowa
Peroxisome proliferator-activated receptor  
alpha agonist

olmesartan medoxomil + 
rosuvastatin, Daewoong

Daewoong
Angiotensin II 1 antagonist
HMGCoA reductase inhibitor

pradigastat Novartis Diacylglycerol O-acyltransferase 1 inhibitor

rosuvastatin + valsartan, 
YuHan

YuHan
Angiotensin II 1 antagonist
HMGCoA reductase inhibitor

TRIA-662 Pharmena
Vitamin B3 agonist
ADP ribose polymerase inhibitor
Reducing agent

table 2. Phase ii Pipeline

generic Name Developers Mechanism of action

amlodipine + simvastatin, 
HanAll

HanAll Biopharma
HMGCoA reductase inhibitor
L-type calcium channel antagonist

ASA SR + niacin ER, Cerenis Cerenis

Vitamin B3 agonist
Thromboxane synthase inhibitor
Prostaglandin synthase inhibitor
Platelet aggregation inhibitor
Cyclooxygenase 1 inhibitor
Cyclooxygenase 2 inhibitor
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Source: Pipeline®, 2013 Citeline

BMS-823778 Bristol-Myers Squibb 11 Beta hydroxysteroid dehydrogenase inhibitor

CAT-2003 Catabasis Pharmaceuticals Omega 3 fatty acid stimulant

CER-001 Cerenis HDL stimulant

DEZ-001 Dezima Pharma Cholesterol ester transfer protein antagonist

diazoxide choline, 
Essentialis

Essentialis Potassium channel agonist

DRL-17822 Dr Reddy's Cholesterol ester transfer protein antagonist

ETC-1002 Esperion
AMPK stimulant
ATP citrate pro 3S lyase inhibitor

GFT-505 Genfit
Peroxisome proliferator-activated receptor  
alpha agonist

GSK-1292263 GlaxoSmithKline GPR119 agonist

GSK-256073 GlaxoSmithKline Niacin receptor 1 agonist

ISIS-APOCIIIRx Isis Pharmaceuticals Apolipoprotein C inhibitor

KT6-971
Kotobuki Pharmaceutical 
Shionogi

Niemann-Pick C1-like 1 protein antagonist
Cholesterol absorption inhibitor

LY-3015014 Eli Lilly PCSK9 inhibitor

MBX-8025 CymaBay Therapeutics
Peroxisome proliferator-activated receptor beta/
delta agon

omega-3 phospho-
lipid, Acasti Pharma

Neptune Technologies Omega 3 fatty acid stimulant

pitavastatin CR Kowa HMGCoA reductase inhibitor

PRC-4016 BASF Omega 3 fatty acid stimulant

RG-7652 Hoffmann-La Roche PCSK9 inhibitor

SLx-4090
Nano Terra
Kadmon Pharmaceuticals

Microsomal trigylceride transfer protein inhibitor

THCV:CBD GW Pharmaceuticals Cannabinoid CB2 receptor agonist

ZYH-7 Zydus Cadila
Peroxisome proliferator-activated receptor  
alpha agonist
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While there are a wide variety of development strategies being pursued, a review of the MoAs of the drugs 

in preclinical and clinical development (Figure 4) clearly highlights which are currently the most popular. 

Perhaps unsurprisingly, HMGCoA reductase inhibitors (the pharmacological mechanism by which statins 

reduce cholesterol) sit at the top of this list. However, looking in more detail at the 14 clinical candidates 

with this MoA reveals that all are fixed dose combinations of already marketed drugs, which are in nearly  

all cases a statin + sartan. Many companies clearly still see opportunities with combination pills to squeeze 

further value from this long established class. A sizable number of preclinical candidates with this MoA, 

again mostly statin + sartan combinations, further implies this strategy will remain predominant for the 

immediate future. 

Source: Trialtrove®, 2013 Citeline

Focusing on planned and on-going clinical trial activity provides an insight into the key companies in this 

area. Figure 3 shows the most commonly reported sponsors of Phase I – III dyslipidaemia trials as reported 

in Citeline’s clinical trial database, Trialtrove. Of these, Sanofi is the single most active, with 18 trials, 

followed closely by its partner Regeneron.
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Source: Pipeline®, 2013 Citeline

Another established strategy with a number of products already approved are the omega 3 fatty acids, 

which are believed to function by reducing hepatic triglycerides (TG) synthesis and secretion, and by 

enhancing TG clearance. With 8 pipeline products in the clinic, this class suffered a setback in late 2013 

when an FDA Advisory Committee voted against recommending approval of an expanded indication for 

Vascepa, Amarin’s prescription grade omega 3 fatty acid. Amarin had hoped to broaden its approved 

indications based upon data from its Phase III ANCHOR trial in patients with high TG levels and mixed 

dyslipidaemia. Although the trial showed a reduction in TG levels, the Advisory Committee remained 

unconvinced that this would translate into better clinical outcomes for patients and rescinded ANCHOR’s 

Special Protocol Assessment.3 The outcomes trials required to establish this real world efficacy would be 

both lengthy and expensive, and this certainly raises the bar in terms of what drugs that target TG levels 

have to establish before gaining approval. It will be interesting to see if this causes companies to turn  

away from this MoA in future.

Demonstrating real world efficacy in addition to a reduction in surrogate endpoints has been a concern for 

all companies working in dyslipidaemia. Roche’s cholesterol ester transfer protein (CETP) inhibitor, dalcetrapib 

increased high-density lipoprotein or HDL-C (so called good cholesterol) by 31% in Phase II trials, but 

failed to show any clinically meaningful efficacy in Phase III and was subsequently dropped. This target had 

previously generated considerable interest and many had predicted that it would go on to produce the 

next cardiovascular blockbuster drug. The fate of dalcetrapib and the earlier high profile failure of Pfizer’s 

torcetrapib, which was discontinued after an increase in mortality, have somewhat dampened expectations 

for the mechanism as a whole. Figure 4 shows that there are no preclinical CETP candidates currently in 

development, suggesting that companies have ceased entering this field. Of the remaining six in the clinic, 

Merck seems best poised to discover whether this class can make it to market; perhaps encouraged by 

results showing its molecule anacetrapib may reduce LDL-C as well as increase HDL-C.4 Consequently, 

Merck is pushing ahead with a large Phase III programme. 

While hopes for the success of CETP inhibitors may have faded, a new class has emerged that is generating 

even more excitement: the proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors. PCSK9 induces 

degradation of the LDL-receptor, which removes LDL-C from the circulation, and leads to reduced LDL-C 

clearance and a corresponding increase in serum levels of LDL-C. People with loss-of-function PCSK9 
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mutations report low levels of blood cholesterol and a decreased risk of coronary heart disease.5 Interest  

in this class is currently high, and, after the HMGCoA reductase inhibitors, PCSK9 inhibitors account for the 

biggest proportion of the dyslipidaemia drugs in development.

Looking across the entire spectrum of research and development at protein targets identified during the 

past decade, Figure 5 shows the seven most popular in terms of clinical drug candidates. Amongst several 

oncology targets (aurora kinase B & C, PI3K beta and ALK) PCSK9 is the second most popular, with a total 

of 12 drugs which target this protein evaluated in human trials. While many have a similar numbers of drugs 

under investigation, PCSK9 is the only to boast three in Phase III. Two of these targets, JAK1 and ALK, have 

already yielded successful (marketed) drugs. Whether PCSK9 can match this is yet to be seen, but these 

facts highlight that it’s a target to watch not only within cardiovascular, but within the drug development 

landscape as a whole. 

Source: Pipeline®, 2013 Citeline

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

aurora kinase B PCSK9 PI3K beta JAK1 mGluR5 ALK aurora kinase C 

N
o.

 o
f 

cl
in

ic
al

 d
ru

g
 p

ro
d

uc
ts

 

Figure 5. New Targets Since 2003 – Clinical Drug Activity (All Therapeutic Areas) 

Marketed products 
Abandoned clinical products 

Current clinical products 



9Pharmaprojects
Pharma intelligence | 

9

Taking the current set of PCSK9 inhibitors (both clinical and preclinical) and breaking them down by the 

type of drug (Figure 6) reveals this to be a MoA where, unlike the rest of the dyslipidaemia pipeline, 

biotech approaches are popular. Although antisense and RNA interference approaches are being tested, 

monoclonal antibodies are by far the most common kind of agents. In fact, all three of the products in 

Phase III are monoclonals. 

Based on the solid LDL-C reductions seen in Phase II trials, the companies developing these late stage 

antibodies have high expectations for their success. The first of these to enter Phase III in early 2012 was 

Amgen’s evolocumab (AMG-145). Citeline’s Trialtrove reveals Amgen has subsequently initiated another 12 

Phase II/III or III trials that will collect data from more than 30,000 patients. While most of these trials will assess 

reductions in LDL-C as a primary endpoint, in an attempt to meet the burden of proof requirements, the 

company has launched a large events-driven study. The FOURIER trial will enroll 22,500 subjects and track 

them for a number of years to see if the addition of evolocumab to existing therapy can reduce the number of 

heart attacks, strokes and cardiovascular deaths. Amgen expects this trial will complete in early 2018. Many 

of these studies will evaluate use in subjects who commonly struggle to achieve target LDL-C levels on existing 

therapy. This includes trials in those intolerant to statins and in patients with familial hypercholesterolaemia 

(FH), a genetic disorder characterised by high cholesterol levels. Amgen appears to have earmarked these 

as potential patient populations in which the company can gain traction. Amgen is anticipating impressive 

results in trials such as LAPLACE-2, which is assessing if evolocumab can work synergistically with statins to 

deliver further LDL-C reductions in patients with primary hypercholesterolemia and mixed dyslipidaemia. 

Source: Pipeline®, 2013 Citeline

Figure 6. Current Anti-PCSK9 Strategies 
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Alirocumab (REGN-727 or SAR-236553), is under co-development by Regeneron and Sanofi and was the 

first of this late stage PCSK9 trio to release Phase III results. The ODYSSEY MONO trial demonstrated LDL-C 

reductions of 57.2% in patients treated with alirocumab, compared to just 15.6% with ezetimibe. Like Amgen, 

Sanofi and Regeneron have a programme of 13 Phase II/III or III trials including studies in patients not able 

to adequately control their hypercholesterolemia with existing therapies; a population Sanofi believes 

could be as high as 19 million people worldwide. Studies in FH- and statin-intolerant patients are underway, 

as well as a large events-driven outcomes trial in 18,000 patients, ODYSSEY OUTCOMES, that is expected 

to complete in early 2018.

The last of these monoclonals to enter late phase clinical development was Pfizer’s bococizumab (RN-316), 

which only recently progressed into Phase III trials. The company has not released details on their programme, 

but at this stage, we know it includes two large outcomes-driven trials and three additional trials, including 

one with patients with FH. 

Interestingly, Pfizer described it as “conceivable that regulators may require demonstration of a beneficial 

effect on CV events before approving a new class of agents such as PCSK9 inhibitors”.6 This shifting 

opinion on the clinical benefit of LDL-C reductions and its use as a surrogate marker will be one of several 

potential challenges these products face. In the past, regulators were satisfied with LDL-C as a surrogate 

endpoint for approval, but increasingly the assumption that this equates directly with fewer heart attacks 

and strokes is being called into question.

New prescribing guidelines from the American Heart Association and the American College of Cardiology 

published in November 2013 encourage greater use of statins and less focus on treating to specific 

cholesterol levels.7 The FDA has reportedly issued guidance that PCSK9 inhibitors will only have to meet 

the existing standards for approval, although as Amarin can testify, regulatory goal posts can move. 

Sponsors will be keeping a keen eye not only on their own trials but on results from other outcomes trials 

attempting to link LDL-C reductions provided by non-statins with clinical benefit, such as Merck & Co’s 

IMPROVE-IT trial of Vytorin, which is scheduled to report in late 2014.

With Amgen, Sanofi, Regeneron and Pfizer all backing compounds in this class, it seems that the next  

race for a cardiovascular blockbuster will play out in the field of PCSK9 inhibitors. As monoclonal antibodies, 

all three will require twice monthly injections and come with the associated high price tag of a biological 

therapy. Developers will need to demonstrate why they represent a worthwhile treatment option when 

once-daily generic statins are available. Phase III trial programmes suggest FH- and statin-intolerant 

patients are key areas where there is a requirement for an alternative to statins. These companies will also 

be hoping for convincing results in trials targeting the potentially larger population of patients already on 

statins who can’t control their LDL-C levels. Changing opinion on the benefit of LDL-C reductions adds a 

potential further twist to the plot. All involved will be hoping that regulators stick to the existing guidance 

and, if this is the case, we may find out in the next couple of years which of these drugs will earn the epithet 

“first-in-class.” Increasingly though, it seems that the results of the outcomes studies hold the key to the 

true success of this mechanism, and that only after demonstrated clinical benefit will we be able to make  

a judgement about which, if any, of these three drugs will then qualify as “best-in-class.”
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