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Lectio Magistralis 
The Development of ARNI: An example of 
Academic Industry Collaboration 

Eugene Braunwald, MD – Distinguished Hersey Professor 
of Medicine, Brigham and Women’s Hospital, TIMI Study 
Group, Harvard Medical School, Boston, MA

Eugene Braunwald set out to illustrate the necessity and 
possible achievements of good collaboration between 
academia and industry, by taking the physiologic and 
clinical advances that led to the development of the first 
angiotensin-receptor blocker (ARB)-neprilysin inhibitor 
(ARNi) as an example. 
The PARADIGM-HF trial, evaluating ARNi in patients with 
congestive heart failure (HF), was stopped early in 2014, 

BRIGHAM AND WOMEN’S TRANSATLANTIC DIALOGUES ON 
CONTROVERSIES IN CONTEMPORARY CARDIOLOGY 

This special educational symposium explored controversies in cardiovascular risk 
management and compared and contrasted best common practices and guidelines on 
both sides of the Atlantic. Novel insights from basic and translational cardiovascular 
science were discussed in the context of ongoing and future clinical investigation. In 
each session, American and European views on and experiences with a given topic 
were exchanged.
The meeting was chaired by Dr. Calum Macrae (Chief of the Cardiovascular Division at 
Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA), Dr. Samuel 
Z. Goldhaber (Professor of Medicine at Harvard Medical School and Brigham and 
Women’s Hospital), and Dr. Peter Libby (Mallinckrodt Professor of Medicine at Harvard 
Medical School and Brigham and Women’s Hospital) and hosted by Filippo Crea, MD 
(Professor of Cardiology at the Catholic University of the Sacred Heart, Rome, Italy).
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due to overwhelming efficacy. In this trial, as compared 
with treatment with enalapril, treatment with the ARNi 
sacubitril/valsartan had a beneficial effect on mortality (CV 
and any cause), clinical worsening of HF and the need for 
urgent medical care. In May 2016, both the American and 
European cardiology societies published focused updates 
on therapy for HF, recommending for sacubitril/valsartan to 
replace treatment with an ACE-inhibitor (ACEi) or ARB in HF 
with reduced ejection fraction (HFrEF, NYHA class II or III).

The start of the development of this ARNi dates back to an 
experiment published in 1896, when the Finnish Professor 
of Physiology Robert AA Tigerstedt demonstrated that 
pulverised and dissolved rabbit kidney induced a rapid 
rise in mean arterial pressure after being injected in 
the jugular vein1. This was the first step on the way to 
deciphering the renin-angiotensin system, although 
Tigerstedt did not continue this work. Harry Goldblatt 
later created experimental hypertension, which led to the 
understanding that the kidney must release substances 
that influence blood pressure (BP).2  Subsequent work by 
various academic scientists culminated into the discovery 
of an enzyme derived from snake venom that not only 
potentiates the vasodilator bradykinin, but also inhibits the 
peptidase that converts angiotensin I to angiotensin II. 

This is when industry entered the scene, by designing the 
first orally active inhibitor of this enzyme with dual action 
(captopril).3 A similar compound, enalapril, was shown to 
reduce mortality as compared with placebo in patients 
with congestive HF.3 

The development of sacubitril/valsartan has been a 
fruitful interaction between academic and industry 
efforts

The pathologist Alfredo J de Bold discovered atrial 
natriuretic peptide (ANP)4, and an enzyme (later called 
neprilysin) that rapidly hydrolyses ANP was identified in 
the kidney.5 Subsequently, industry developed an inhibitor 
of this enzyme.6

These insights together yielded a better understanding 
of the natriuretic peptide system. A concept arose that 

patients with HF have atrial distension, and they release 
high levels of ANP. But the enzyme neprilysin, due to its 
ANP hydrolysing activity, prevents a strong vasodilatory, 
diuretic and natriuretic effect of ANP. Omapatrilat 
was a combined inhibitor of ACE and neprilysin (and 
aminopeptidase), member of the class of vasopeptidases. 
This class was extremely effective at lowering BP, 
but associated with serious adverse effects such as 
angioedema and issues in the upper airway. Hence, 
development of these bradykinin-increasing agents was 
discontinued. 
Combining inhibition of neprilysin with an ARB instead 
of ACEi proved to solve these issues, as ARB does not 
affect bradykinin. This is what we now know as the ARNi 
sacubitril (the neprilysin-inhibitor)/valsartan (ARB). This 
combined approach gives additional BP-lowering as 
compared with valsartan alone.7 
Overall, the development of this drug class has been 
a fruitful interaction between academic and industry 
efforts. Braunwald credits academia for its creativity and 
experimental excellence, which led to the discovery of 
two important physiologic systems and elucidation of 
their function. He praises industry for its ingenuity and 
resources for the development and application of the most 
advanced technology to develop safe drugs. Braunwald 
concluded that both parties have been essential for the 
development of the first ARNi, and the whole is much 
greater than the sum of its parts. 

In subsequent sections, an American and European 
scientist paired up to discuss a topic. Samuel Goldhaber 
and De Caterina first shed light on anticoagulation. 

ANTICOAGULATION 
 
How do we figure out the “optimal dose” 
of a NOAC for our patients? 

Samuel Z Goldhaber, MD – Director of Vascular Medicine 
& Director, Thrombosis Research Group and Professor 
of Medicine, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA, USA

Goldhaber first outlined the advantages of currently used 
options. Warfarin has a long track record of excellent 
efficacy and it is cheap, and monitoring INRs allows 
adjusting the precise desired intensity of anticoagulation. 
Novel oral anticoagulants (NOACs) have rapid onset, show 
practically no drug-food interactions and few drug-drug 
interactions. They are used in fixed doses and do not 
require routine lab monitoring. Due to their short half-life, 
bridging is not needed around a procedure. 
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3 out of 4 pivotal trials evaluating NOACs for stroke 
prevention in atrial fibrillation, ROCKET, ARISTOTLE and 
ENGAGE, used a reduced dose for patients with renal 
dysfunction. Only one of the pivotal trials on NOACs 
in venous thromboembolism (VTE), on the other hand, 
incorporated dose reduction in case of chronic kidney 
disease (HOKUSAI-VTE). 
Dabigatran levels were measured in patients enrolled in 
the RE-LY trial. Dabigatran levels and bleeding correlated 
with clinical features. More bleeding was seen in the 
presence of lower renal function, older age, lower weight, 
female sex, use of aspirin and presence of DM.8 A steep 
dose-response curve was observed between dabigatran 
trough concentration at steady state and the probability 
of major bleeding. Octogenarians showed the steepest 
curve. The relationship between dabigatran trough 
concentration and probability of ischemic stroke shows 
a shallower curve, except for the first part reflecting very 
low dabigatran concentrations. Thus, there is discrepancy 
between the effect of dabigatran levels on the risk of 
stroke and risk of bleeding complications. 

Is giving a lower dose of NOAC underdosing or smart 
dosing?

These observations imply that clinical features can be 
used to tailor the balance between stroke and bleeding 
events, taking into account that the therapeutic window is 
steepest for bleedings, shallower for stroke, and nearly flat 
for ICH. 
Considering the principle that first, a doctor should do 
noharm, the question may apply whether also patients 
with VTE and CKD should be treated with reduced NOAC 
doses. Giving a lower than licensed dose has become 
more popular for dosing of tissue plasminogen activator 
(TPA) to treat pulmonary embolism, based on the MOPETT 
study.9 Also other clinical situations, lower dosing appears 
to become more popular. The question that arises is 
whether giving a lower dose of NOAC is underdosing or 
smart dosing. 
A study at Brigham and Women’s Hospital looked at 
224 underdosed patients of whom 43% did not meet 
official criteria for NOAC dose reduction. Many patients 
would not have qualified for RCTs due to comorbidities. 
The data showed that baseline characteristics such as 
renal dysfunction, history of bleeding and drug-drug 
interactions, or eGFR, did not explain the use of a lower 
dose.10 Thus, the data suggest that there is a whole range 
of other factors that influence NOAC dosing. 
 
 

 
 
 

When do we remain with the devil we 
know (the vitamin K antagonists) … in 
atrial fibrillation? 
The case of “valvular atrial fibrillation” 

Raffaele De Caterina, MD
Professor of Cardiology,  
G. d’Annunzio University in 
Chieti, Italy

De Caterina pointed out that 
the term valvular AF has been 
poorly defined, although this 
is used as a criterion not to 
prescribe NOACs. Together 
with John Camm, he has 
proposed a more restrictive 
term, namely mechanical and rheumatic mitral valvular AF 
(MARM-AF) as an accurate description of conditions in 
which NOACs should not be used.11

In a large study evaluating edoxaban vs. warfarin in 
patients with and without valvular heart disease, no 
evidence was found that valvular disease affects efficacy 
of this NOAC, nor was there evidence of a differential 
safety (Renda et al., presented at ACC 2016). Pooling the 
four large NOAC trials also suggests that efficacy with 
respect to prevention of stroke/systemic embolism is 
similar for patients with and without mitral disease, and the 
signal for safety was also about the same. 
One situation exists in which NOACs should never be 
used, namely in the presence of mechanical heart valves, 
as more bleeding and more stroke has been seen in these 
patients when treated with dabigatran. 
Patients with aortic stenosis, aortic insufficiency and mitral 
insufficiency can safely receive a NOAC. Unexplored areas 
include valve repair and bioprostheses. Mitral stenosis 
might be an interesting area for future research. There are 
reasons why mitral stenosis, associated with up to three 
times the risk of stroke as compared to other types of AF, 
may be different. For instance, because of the absence of 
foreign surfaces or metal, thus preservation of the valvular 
endothelium and fibrotic tissue. Blood rheology changes 
and left atrial stasis, but this is common to other types of 
‘non-valvular’ AF. And, contrary to most mechanical valves, 
vitamin K antagonist standards recommend a similar INR 
intensity as in other forms of non-valvular AF. 
Mitral stenosis, as a rheumatic heart valve disease, is most 
prevalent in Africa, especially sub-Saharan Africa, and in 
the Maori people in Australia, followed by India, Pakistan, 
Bangladesh and parts of China. In these countries, the 
need to prevent stroke in patients with rheumatic heart 
disease is generally not adequately addressed, because 
warfarin is not given, and/or because INRs are poorly 
controlled.
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After their respective talks, Goldhaber and De Caterina 
posed each other questions, as a starting point for 
discussion. Attending Brazilian physicians added that 
mitral stenosis or mitral insufficiency of rheumatic origin 
is now much less common than two or three decades 
ago. In some poorer areas, however, prevalence remains 
high, including new cases of young women who discover 
rheumatic disease during pregnancy. 

Goldhaber acknowledged the importance of the topic 
discussed by DeCaterina, by noting that many American 
physicians refrain from prescribing NOACs when they 
hear an innocent systolic murmur, or when a patient has 
a bioprosthetic valve. The new ESC 2016 AF guidelines 
are clear on that only patients with mitral stenosis and 
those with mechanical heart valves should be excluded 
from NOAC therapy. The contraindications are much less 
restricted than was thought at the initial introduction of 
NOACs. 
Concerning the topic of underdosing, it was mentioned 
that the problem is broader than with NOACs alone; 
also warfarin tends to be dosed to the lower end of the 
spectrum. DeCaterina is of the opinion that giving a lower 
than tested dose, based on a reflex of a fearful doctor, 
should be discouraged. Nevertheless, he agrees with the 
more subtle example given by Goldhaber, that in case the 
indications differ for VTE and AF, the recommendation 
for AF may be more appropriate to follow, as this was 
based on a larger patient group. He also emphasised that 
endpoints in trials have changed over time, and an effect 
on mortality should not be dismissed, even if the effect on 
stroke is moderate.

A NEW DAWN FOR HEART FAILURE 
TREATMENT? 

Marc A Pfeffer, MD – Victor J. Dzau Professor of Medicine
Brigham and Women’s Hospital, Harvard Medical School, 
Boston, MA, USA

Marc A Pfeffer and Martin R Cowie chose to focus on 
comorbidities and humility, to address what we do not 
know and what we do not like to talk about. Firstly, Pfeffer 
discussed diabetes mellitus (DM). He noted that the main 
aim of treatment lowering HbA1c, is mostly based on 
epidemiological data. While evidence suggests a benefit 
of intensive glucose-lowering therapy on microvascular 
complications, generally no positive effect has been 
observed on CV disease and on mortality. 
The diabetes field was stirred when a relationship 
between treatment with rosiglitazone and the risk of 
myocardial infarction (MI) and possibly death from CV 
causes was published.12 Pfeffer noted that this effect was, 
however, not seen in a randomised controlled trial. This 
publication led to the FDA (and similar EMA) requirement 
that new antidiabetic agents had to be tested for CV 
safety, by means of non-inferiority study designs in 
comparison with placebo. Unfortunately, the regulation 
does not include evaluation of the effect on HF, even 
though it is the major non-fatal end point as well as the 
main cause of death in diabetes trials.

Little attention was paid to the HF benefit seen with 
empagliflozin treatment in the EMPA-REG OUTCOME 
trial

The non-inferiority CV outcome trials evaluating DPP4-
inhibitors, SAVOR-TIMI 53, EXAMINE and TECOS, 
all showed that they were not harming patients, but 
HF was not included in the primary endpoint. When 
rosiglitazone was evaluated in type 2 diabetes (T2DM) 
patients in the randomised RECORD trial, it turned out 
that it did not increase MI, as had been suggested by the 
epidemiological study.12 It did, however, increase the risk of 
HF.13 Several studies showed that T2DM patients were not 
harmed, but they were not helped much either.
Then came the EMPA-REG OUTCOME study in September 
2015, showing that fewer people died and less heart failure 
was seen in those receiving treatment with empagliflozin.14 
Still, little attention was given to this HF benefit, as 
exemplified by a vote of 12 yes vs. 11 no on the question 
whether the available data convinced the attendants of 
an FDA Endocrinologic and Metabolic Drugs Advisory 
Committee Meeting that empagliflozin reduces CV 
mortality in the population studied. Pfeffer therefore calls 
for more cross-boundary education, to increase awareness 
on the important link between T2DM and heart failure.
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Martin R Cowie, MD – Professor of Cardiology, Imperial 
College London, United Kingdom

Himself a cardiologist, Cowie works together with 
respiratory physicians, as they share an interest in sleep 
apnoea or sleep disordered breathing (SDB). Cowie 
presented the latest data on central sleep apnoea (CSA). 
Sleep apnoea is common in HF, and the more severe the 
clinical picture, the higher the chance that it concerns 
CSA. In CSA, oscillation of ventilation is seen, as a result 
of respiratory drive that comes and goes, which is distinct 
from obstructive sleep apnoea. 
It is well established based on epidemiological studies 
that sleep apnoea in HF patients is associated with worse 
prognosis. The SERVE-HF trial therefore set out to study 
whether adding adaptive servo-ventilation (ASV) to 
guideline-based medical management benefits patients 
with systolic HF in terms of survival and CV outcomes. 
The primary endpoint time to first event of all-cause death, 
life-saving cardiovascular intervention or unplanned 
hospitalisation for worsening chronic HF was neutral. 
More strikingly, the secondary endpoint of all-cause death 
showed a higher risk in those in whom CSA was treated by 
means of ASV, as compared with those on control therapy 
(HR: 1.28, 95%CI: 1.06-1.55, P=0.01). The effect of treating 
CSA was even stronger for CV death, with mortality being 
34% higher in the ASV group than in the control group 
(95%CI: 1.09-1.65, P=0.006).15 

While patients often feel better when their central sleep 
apnoea is treated with adaptive servo-ventilation, the 
intervention actually puts the patients at risk

This unexpected harmful effect could not be explained 
by subgroup characteristics, and the hazard of ASV was 
worse with lower ejection fraction. A posthoc analysis 
revealed that the risk of sudden death, thus CV death 
without prior hospitalisation for deterioration of HF, was 
even more increased (HR: 2.59, 95%CI: 1.54-4.37, P<0.001). 
When ejection fraction drops below 30%, the patient has 
an over five-fold risk of sudden death.16 

Thus, while patients often feel better when their CSA is treated 
with ASV, the intervention actually puts patients at serious risk.  
During the discussion, the standing ovation given at the 
presentation of the results of the EMPA-REG OUTCOME 
trial was memorised, which was likely the result of relief 
after so many years of neutral antidiabetic trials. The 
question was raised whether the ovation should maybe 
not so much have been to applaud an antidiabetic drug 
with CV benefit, but rather to applaud a drug with another 
mechanism, and as a side-effect that it lowered HbA1c. 
Thus, empagliflozin may not primarily be an antidiabetic 
agent. Cowie rephrased the question as ‘is it not just a 
good diuretic, where does the effect arise?’ Pfeffer noted 
that clinical trials are not the route via which mechanisms 
of action are deciphered, so many studies should now 
follow to find out who is helped and how they are helped 
with the drug.  

Another question concerned the findings of the SERVE-
HF trial, whether there might be some sort of protective 
mechanism at play. Cowie referred to an editorial17 by Matt 
Naughton (New Zealand) in which he raised the question 
whether Cheyne-Stokes respiration is friend or foe, written 
when it was still generally considered a bad thing. 
When looking at the physiology, it is clear that Cheyne-
Stokes respiration is a marker of worsening HF, but it 
seems to be a mechanism that reduces risk in severe 
HF. It does indeed modulate the autonomic system. 
That mechanism needs further elucidation. As a parallel, 
when going to high altitudes with a normal functioning 
heart, one may develop Cheyne-Stokes and this protects 
one from cerebral oedema. That cyclic hyperventilation 
changes the body’s physiology and it helps inflate 
your lungs, gives intrinsic positive airway pressure, and 
increases oxygen reserves. Thus, there are several 
pathways that may explain the benefit of cyclical pattern, 
but this is currently still topic of debate among respiratory 
physicians.

PCSK9 THERAPEUTICS AND 
CHOLESTEROL OPTIMIZATION: ON THE 
EDGE OF AN ERA?

Jorge Plutzky, MD – Director of the Vascular Disease 
Prevention Program, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA, USA
Erik SG Stroes, MD – Professor of Vascular Medicine, 
Academic Medical Centre, Amsterdam, the Netherlands

Jorge Plutzky and Erik Stroes took up the challenge to 
present together, by having a dialogue on various aspects 
of cholesterol-modifying therapy. In particular, they 
explored to what extent we might be at the edge of an 
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era, considering the advent of PCSK9 inhibiting therapy 
and how this may change clinical practice. By current 
lack of outcome data of PCSK9 antibody treatment, the 
speakers recognised that the current situation should still 
be considered as the pre-PCSK9 era. 
Early signals in some of the PCSK9-trials are encouraging, 
but the longer-term outcome data remain to be published. 
Still, the rationale of LDL-c lowering is backed up by 
genetic data. The preliminary observations are good 
news when comparing them with previous investigative 
therapeutic strategies, such as HDL-increasing 
approaches. The CETP-inhibitor evacetrapib increased 
HDL by 120% and it reduced LDL-c by 37%, but did not 
yield CV benefit (Nicholls S et al., presented at ACC 2016). 
The HDL story underscores the importance of waiting for 
long-term outcome RCT data. 

American data on prescription of the now available 
PCSK9 antibodies suggests that long-term RCT data is 
also needed to convince physicians to use the agents. 
Naturally, reimbursement rules also affect treatment 
decisions. It is an interesting thought that the novel PCSK9 
inhibitors would probably be used a lot more if they were 
much cheaper, as most physicians are already convinced 
by their efficacy.  
The obvious answer to the question of who should receive 
PCSK9-inhibiting therapy, is those with inadequate LDL-c 
lowering. This raises some additional questions though, 
for instance is the aim to reach an absolute target, or to 
obtain a certain percentage of LDL-c lowering? 
The largest reduction in absolute CV risk can be achieved 
at higher baseline LDL-c; at a lower concentration, a 
smaller additional absolute risk reduction is seen with 
further LDL-c lowering.18 The ‘expected benefit’ of PCSK9 
inhibitors is largest in those with a high absolute 10-year 
CVD risk and with high expected LDL-c reduction; in this 
patient category, the number needed to treat is obviously 
lower than if either of these conditions are lower.19   
In the United States, specific target LDL levels have been 
removed from the lipid guidelines. Stroes shares that 
Europe may move to the use of cut-off point for residual 

LDL-c level on statin therapy, which will raise the bar of 
LDL-c burden before a PCSK9 inhibitor may be given. 
In cases of familial hypercholesterolemia (FH), CV risk 
is higher at a given LDL-c concentration than in those 
without an FH-causing mutation, due to live-long exposure 
to elevated LDL-c levels. A concept parallel to ‘pack-years’ 
for smoking may be helpful to better assess the impact 
of LDL-c burden in an individual. It is reassuring that trials 
thus far have not suggested that there may be a risk 
associated with having very low LDL-c levels, but again the 
awaited outcome trials will need to confirm this. 

The last topic they covered was statin ‘intolerance’. 
Stroes stressed that also recent literature has shown 
no difference in the amount of side-effects seen with 
statins and placebo. So, when a patient presents with 
myalgia, it is important to rechallenge and change the 
dose, as symptoms may disappear.20 The GAUSS-3 trial 
was set up with two double-blind phases to investigate 
whether there is any reality to the phenomenon. Of 511 
patients with a history of intolerance to multiple statins 
due to muscle-related adverse effect, 42.6% experienced 
intolerable muscle symptoms on atorvastatin treatment, 
but not on placebo. 26.5% reported the reverse situation: 
muscle complaints on placebo, but not on statin therapy.21 
Thus, it is a complex phenomenon. Stroes shared that 
unpublished data suggest that genetic loci are associated 
with statin-associated muscle symptoms (presented at 
AHA 2016). Hence, there appears to be more to it than 
psychological factors. Still, it remains important to motivate 
patients to keep taking statins or trying another one. At 
Brigham and Women’s Hospital, a study documented that 
rechallenging with a statin pays off, as over 90% of those 
who were rechallenged were still taking a statin 12 months 
later.22

Plutzky concluded the session by saying that to him, 
PCSK9-inhibiting therapy does not so much represent 
a new era in medicine. Rather, for now he sees it as an 
amazing chapter in the ongoing cholesterol era. Stroes 
added that, even if the outcome data show that PCSK9 
inhibition makes it feasible to eradicate the LDL-c burden, 
a big challenge remains in identifying those at high risk 
and starting treatment early enough. 

The discussion after this session started with the question 
whether a landmark new approach of therapy may be 
based on a single trial. The statin field is to be applauded 
for having done a lot of studies, in different patient groups. 
Nowadays, fewer studies are conducted. In addition to 
knowing more about an agent’s efficacy and whether it 
is a class effect or not, having results of more trials yields 
more insight into the safety of the drug. 
The question of compliance was raised, whether biweekly 
injections of PCSK9 antibody will improve treatment 
adherence. No data are available to date, but some 
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observations suggest that less frequent administration can 
stimulate adherence. Also, some hospitals facilitate for 
their patients to receive injections on site. 
Anticipating the results that would later be presented at 
the ESC congress, showing that combined treatment with 
a PCSK9 antibody and lipoprotein apheresis resulted in 
many homozygous FH (HoFH) patients being able to stop 
or reduce the frequency of their apheresis sessions, it was 
discussed whether this would affect clinical practice and 
the use of lipoprotein apheresis. This positive scenario will 
not work for all HoFH patients, as PCSK9 antibody efficacy 
depends on residual LDL-receptor function. So some 
patients will still need to continue lipoprotein apheresis 
to adequately lower LDL-c levels. If PCSK9-inhibiting 
therapy is effective, not having the burden of weekly or 
biweekly apheresis will be considered an advantage by 
most patients. In addition, the more stable LDL-c reduction 
achieved with PCSK9 antibody treatment may have 
clinical benefit over the repetitive cycles of sharp LDL-c 
lowering followed by rebound as seen with apheresis.
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