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Abstract

Cardiovascular (CV) diseases continue to cause substantial morbidity and mortality. Risk factors are inadequately controlled, compliance with medi-
cation remains suboptimal, and treatments are not sufficient to fully prevent the progression of atherosclerotic CV disease, heart failure, arrhyth-
mias, and valvular heart diseases. An increased understanding of the genetic basis of CV diseases and advances in the technology of therapeutics have
led to the development of nucleic acid—based therapies (NATSs) for prevention and treatment of CV risk factors and diseases. Nucleic acid—based
therapies can target disease pathways at the translational level preventing the formation of disease-causing proteins that could not be effectively
targeted by other pharmacological therapeutics and will likely improve treatment adherence by providing long-acting effects over many months
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rather than daily treatment. These therapies include RNA-targeted therapeutics, gene editing therapeutics, and gene therapies. Challenges around
the use of NATs may be unique with each new drug and new target and may include long-term unanticipated side effects, and issues around spe-
cificity, targeting, and stability. Assessing NATSs for marketing approval continues to pose challenges for regulatory agencies. These include their di-
verse nature, limited data on pharmacology, clinical safety and efficacy, and the lack of long-term results. Barriers in clinical practice may include the
lack of specific education, fear of off target effects, costs, and ethical challenges. Implementation of these novel therapies will require careful patient
selection and education. Despite potentially high treatment costs, possible long-term cost savings could result from fewer healthcare visits due to
infrequent NAT administrations, and lower rates of disease progression, hospitalization, and CV events due to sustained improvement in control of
disease pathways and risk factors.
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Introduction targeting), nucleic acid-based therapeutics (NATs) for prevention

and treatment of CV diseases are rapidly developing and are becoming

Prevention and management of cardiovascular (CV) disease has come a increasingly important_p1

long way since the discovery of digitalis more than 200 years ago.'
While a variety of herbs have proven useful, they were associated
with poorly characterized toxicities. Pills containing purified and stan-
dardised doses of the active ingredient and better characterized safety
have now become a mainstay of CV medicine. However, in the almost
40 years since the approval of the first oral statin and in particular after a
more detailed understanding of the causal genetic basis of several CV
diseases, and advances in the technology of therapeutics (including

The discovery of a wide variety of targets for medication and biolo-
gics, including cell surface receptors (e.g. angiotensin Il type 1 receptors,
platelet P2Y, receptors), enzymes (e.g. angiotensin-converting en-
zyme, neprilysin), ion/metabolite transporters (e.g. sodium-glucose co-
transporter 2), and other pathways have led to the rapid growth of new
treatments for dyslipidaemia, hypertension, type 2 diabetes mellitus,
atherosclerotic CV disease (ASCVD), cardiomyopathies, and heart fail-
ure (HF).> In particular, NATSs including RNA-targeted therapeutics,
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microRNA-modulating and epigenetic therapies, gene therapies, and
genome-editing therapies are going to markedly advance CV medicine
and are being developed based on an advanced understanding of the
genetic basis of CV disease.” RNA therapeutics are designed to silence
single specific genes, whereas microRNA-modulating or epigenetic
therapies target transcriptional networks, and genome editing aims to
repair genes at the DNA level®

This article summarizes the discussions among various stakeholders
during a Cardiovascular Round Table (CRT) organised by the European
Society of Cardiology (ESC). The goal of this paper is to provide an
overview of new NATS, their current and future potential to address
unmet medical needs, and to discuss important issues around the
safety, ethics, patient perspectives, and implementation of these novel
therapeutic strategies (Graphical Abstract).

Unmet needs in cardiovascular
disease

Cardiovascular diseases continue to be a major cause of death and mor-
bidity. In the 2023 survey of ESC member countries, CV disease re-
mained the most common cause of death, accounting for 40% of
deaths in females and 35% in males, with the most common causes
being ischaemic heart disease and stroke.® The annual economic burden
of CV diseases across 27 EU countries was estimated at €282 billion
and is likely to grow.9

There continue to be major unmet needs in prevention and treat-
ment of CV diseases. Among these are suboptimal compliance with
prescribed medication leading to uncontrolled hypertension, dyslipi-
daemia, and diabetes and inability to fully prevent progression of
ASCVD, HF with reduced or preserved ejection fraction, as well as
arrhythmias and valvular heart diseases.'® In particular, there is a
need for novel and improved personalized treatment strategies in
patients with HF to lower their residual risk, such as those with car-
diac amyloidosis.

In addition, underprescribing by physicians, leading to suboptimal imple-
mentation of guideline-directed medical therapy (GDMT) in CV patients,
complicated access to novel medications (e.g. prior authorisation forms,
extensive pretreatment testing), and poor adherence by patients are ma-
jor factors contributing to the failure to achieve optimal treatment targets.
For example, the SANTORINI (Treatment of high and very high riSk dys-
lipidemic pAtients for the preveNTion of cardiOvasculaR events in
Europe—a multlnatioNal observatlonal) study found that only 20% of
adults at high and very high CV risk across 14 European countries achieved
guideline recommended (2019) low-density lipoprotein cholesterol
goals."" Overall, 22% of patients were not on lipid-lowering therapy
(LLT), 54% were receiving monotherapy, and only 24% were receiving
combination LLT. In this regard, NATs for dyslipidaemia and hypertension
are currently available or being intensely developed. More recently, the
International Action on Secondary Prevention through Intervention to
Reduce Events (INTERASPIRE) study conducted in 14 countries showed
that just 9.0% (inter-country range 3.8%—20.0%) of patients reported at-
tending cardiac rehabilitation, and 1.0% (inter-country range 0%—2.4%)
achieved the study definition of optimal guideline adherence."? Patient ad-
herence can also be impacted by polypharmacy.'® Increasing numbers of
older people have multiple comorbid conditions and require five or more
daily medications. Many do not take their medications correctly, leading to
increases in hospitalizations and mortality, and suggesting the need for
longer-acting strategies.

Transthyretin cardiac amyloidosis (ATTR-CA) can now also be
treated by NATs and a gene-editing investigational therapy using
CRISPR/Cas9 technologies is already far advanced in clinical trials.
While current therapies for ATTR-CA can reduce morbidity and
mortality, patients still progress on therapy.'* The future of effective
treatments may well lie in correcting underlying genetic variants—at
least initially in monogenetic cardiac conditions that are identifiable in
about a third of patients with cardiomyopathies. For example, in ani-
mal studies, delivery of RNA-guided Cas9 nuclease effectively inacti-
vated the hypertrophic cardiomyopathy pathogenic variant in >70%
of ventricular cardiomyocytes and prevented disease,’>"® demon-
strating the potential to provide a cure rather than life-long
treatment.

Nucleic acid—based therapies are providing novel opportunities for
long-acting treatments of chronic cardio-renal-metabolic conditions (e.g.
dyslipidaemia and hypertension) that are likely to support treatment ad-
herence. Of note, a survey of cardiologist conducted by the ESC and
European Atherosclerosis Society found that physician’s attributed failure
to optimize LLT to patient-related factors, particularly non-adherence, al-
though physician inertia around intensifying treatment also appeared to be
a factor.”? In fact, one study found that among 601 934 patients with
ASCVD, younger patients, female patients, and those with higher
Charlson comorbidity score were less likely to be prescribed any statin.
Only 22.5% were on a high-intensity statin but had the highest adherence
at 1 year.%° In fact, failure to prescribe GDMT at discharge after acute cor-
onary syndromes was a major factor predicting adherence in the
Cooperative National Registry of Acute Coronary care, Guideline
Adherence and Clinical Events (CONCORDANCE) registry.?' Further,
a survey of U.S. patients in the PALM (Patient and Provider Assessment
of Lipid Management) registry found that of those eligible for statin ther-
apy, a substantial proportion were not on treatment, and of those 40%
had declined or discontinued therapy mainly citing concerns around
side effects.”? However, 60—70% of patients were willing to reconsider
statin therapy if offered. An analysis of the SWEDEHEART registry con-
firmed that intensive early and sustained lowering of non-high-density lipo-
protein cholesterol after myocardial infarction (MI) markedly improved
the prognosis, thus challenging the current stepwise approach for choles-
terol lowering after M, which inevitably results in delaying goal attainment
and possible harm.”?

The lack of optimal treatments for some CV diseases, as well as pa-
tient non-adherence, underscore the need for more effective therapies
and better treatment strategies, especially those providing long-acting
effects or cure rather than daily treatment.

Rapid emergence of novel NATSs

Advances in design and delivery to target organs [eg.
GalNAc-conjugation for liver-targeting; lipid nanoparticle and advanced
viral vectors] have led to a rapid increase in the development of NATs
for prevention and management of diseases (Figure 1).>** Although a
large proportion of these therapies are in the area of oncology, there
is now growing interest for their use in CV diseases.

Nucleic acid—based therapeutics include RNA-targeted therapeu-
tics, microRNA-modulating and epigenetic therapies, gene therapies
in the sense of target overexpression and gene editing.” Among
the therapies that are most advanced in the CV area are the single-
stranded RNA-targeted antisense oligonucleotides (ASOs), the
double-stranded small-interfering RNA (siRNA) therapeutics, and
CRISPR/Cas9 gene-editing therapeutics, while the microRNA-
modulating therapies are at earlier stages, with only a few
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Figure 1 Rapid increase in publications related to RNA-based treatments. Reprinted from Sasso et al,** as per open access licence: https:/
creativecommons.org/licenses/by/4.0/. (A) Trends in publication volume for different RNA types in the years 1995-2020. Percentages are calculated
with yearly publication numbers for each individual RNA type, normalized by total publications in the years 1995-2020 for the same RNA type.
Example: percentage of circRNA documents in 2020 = (number of circRNA documents in 2020)/(total number of circRNA documents from 1995
to 2020). (B) Percentage of publications associated with RNAs in medical applications.
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Table 2 Potential benefits and challenges of nucleic
acid-based therapies

Potential benefits

Address specific targets that previously could not be effectively
treated: e.g. APOCS3, apolipoprotein(a), TTR

Potential cure for monogenetic CV diseases

More potent and sustained long-term efficacy (e.g. profound lipid
lowering, including the potential for single-course treatments with
permanent effects, TTR knockdown)

Potential for fewer side effects

Improved adherence with less frequent administration

Facilitate personalized therapy and better meet patient expectations
Potential to de-escalate or de-prescribe prior therapies

Reduced healthcare resource utilization due to simplified treatment
regimens and potential clinical benefits

Potential challenges

Specificity: targeted delivery to specific cell types and organs, and
avoiding off-target effects

Toxicities related to vectors or lipid nanoparticles
Immunogenicity

Endonuclease degradation

Difficulties in assessing potential long-term side effects

Regulatory challenges
Costs associated with manufacturing for some complex therapies (e.g.

viral vector gene therapies)

Ethical considerations—in particular: reimbursement, pricing and
access; informed consent; research ethics

Public education to counter potential negative opinions and avoid
misinformation

Adapted from references.>**~**,

APOC3, apolipoprotein C3; CV, cardiovascular; TTR, transthyretin.

progressing to clinical testing.” Table 1 provides a brief, updated
overview of some therapies that are approved or in development
for CV diseases. '

Potential benefits of NATSs

Two of the most important expected benefits of NATSs are (i) they can
be highly specific for conditions that previously could not be targeted
effectively and (i) they have the potential to be very long acting, which
can mitigate the challenges of adherence and lead to better risk factor
control in primary and secondary prevention of CV disease
(Table 2).>**** Finally, if conjugated to a ligand selectively targeting
an organ or cell (e.g. triantennary N-acetylgalactosamine or GalNAc
binding to the asialoglycoprotein receptor on hepatocytes), these tools
are highly organ specific.

RNA-targeted siRNA and antisense

oligonucleotides

RNA therapeutics have the potential to precisely address previously
‘undruggable’ targets by silencing expression of pathogenic proteins
or signalling pathways. For example, eplontersen, patisiran, and vutrisir-
an target TTR production, halting progression of hereditary TTR amyl-

oidosis and possibly enabling regression.25 263033 3445 | terms of

durability, lipid lowering with inclisiran is associated with about 50% re-
ductions in low-density lipoprotein cholesterol after an injection at day
1 and again at 3 months.*

Gene editing (DNA-targeted) therapies

In addition to treatments with the potential for once-yearly administra-
tion, gene-editing therapies may potentially generate a permanent
therapeutic benefit after a single administration. For example, the
CRISPR-based, gene-editing therapy nexiguran ziclumeran, which is
been evaluated for the treatment of ATTR amyloidosis, has been
shown to knockdown TTR synthesis with ~90% long-term reductions,
potentially once in a lifetime, with a single dose in ATTR-CA and evi-
dence of stability or improvement in several markers of disease pro-
gression.*>*” The potential clinical benefits of this approach are being
further evaluated in a phase 3 trial (Table 7). Given their high specificity
and infrequent administration, NATSs will allow for greater personaliza-
tion and enhanced effectiveness of CV therapies.*3*?

Potential challenges associated
with NATSs

Concerns around NATSs centre on the potential for unexpected side
effects, and issues around specificity, targeting, and stability
(Table 2).>**** In addition, classical pharmacodynamic and pharmaco-
kinetic models do not apply to NATS, and drug monitoring is not cur-
rently possible. Because randomized controlled trials enrol highly
selective patients, issues of inclusion and patient representativeness
should be considered even for the rare disease for which NATSs are
being developed.*®

RNA-targeted siRNA and antisense
oligonucleotides

These challenges may be unique with every new drug and every new
therapeutic target.” Indeed, at the moment, the liver is the target of
most NAT therapies, since it can be relatively easily targeted via the
asialoglycoprotein receptor by conjugating the therapeutics with
GalNAc. Safety concerns related to NATSs include off-target effects
at the cellular level, immunogenicity (including the nanoparticles), sys-
temic mis-targeting and accumulation, as well as the potential for
delayed-onset side effects.>**

Many of the issues such as instability of RNA, short half-life, pH sen-
sitivity, specificity, endonuclease degradation, immunogenicity, and
safety have been overcome with technological improvements.
Chemical modifications can reduce off-target binding and immunogen-
icity, encapsulation, or other formulations (including chemical modifica-
tions) can be used to protect therapeutic RNAs from enzyme
degradation and enhance cellular uptake, and delivery mechanisms
have been developed to improve bioavailability and efficacy.*®

Gene therapy and gene-editing
approaches targeting the myocardium

There have been advances in delivery to target sites through the use of
lipid nanoparticle and viral vectors. Recombinant adeno-associated viral
(AAVs) vectors have been the most commonly used vehicles for in vivo
cardiac gene transfer.>' Naturally occurring AAV serotypes with vary-
ing cardiac specificity such as AAV1, AAV6, AAVS, AAV9, AAVrH10,
and AAVrh74 have been widely used in experimental animal models.>?
Among them, AAV9 has been characterized by high transduction
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efficiency to the myocardium in rodents and larger animal models. The
AAV capsids have been further modified to yield even higher cardiac
tropism while de-targeting the liver. These modifications have been ac-
complished through directed evolution, which has produced among
others, the myoAAV vector with very high cardiac directed tropism.>®
Other alterations have been achieved through re-engineering and have
generated cardiac tropic and liver de-targeted capsids such as
AAV2i8>* Many of the vectors have entered clinical trials for cardiac
gene therapy, as mentioned below. AAV1 for delivery of SERCA2a
to treat different HF and cardiomyopathies,> AAV2i8 for delivery of
I-1c to target non-ischaemic cardiomyopathy,56 AAV9 delivery of
LAMP2B for the treatment of cardiac hypertrophy in Danon disease®”
and delivery of MYBPC3 for the treatment of hypertrophic
cardiomyor_uathy.58

Toxicities associated with AAV vectors

In recent clinical trials, AAV vectors have been delivered either system-
ically or through intracoronary injections. Intravenous injections re-
quire very high doses 3-10 E13 viral genomes/kg and can trigger
AAV specific toxicities. These include hepatotoxicity, thrombotic mi-
croangiopathy, thrombocytopenia, acute kidney failure, complement
activation, and myocarditis.>” There is a temporal cadence to these
toxicities with thrombocytopenia and complement activation occurring
in the first few days post-injection while hepatoxicity is based on a T-cell
response to the capsid and/or the therapeutic transgene and occurs 2-8
weeks post-injection. These toxicities have occurred despite immunosup-
pression with steroids, sirolimus, and anti-CD20 monoclonal antibody (ri-
tuximaby). Intracoronary injections require lower doses (<1 E12 vg/kg) and
have not necessitated immunosuppression.‘r’2 As novel, more cardiac trop-
ic AAV vectors are developed, the injected doses will decrease thereby
mitigating the observed toxicities.

Targeted delivery

Targeted delivery to the site remains a challenge, particularly in CV
medicine outside the pathogenic mechanisms that can be addressed
by liver-targeted approaches. To date, targeting cardiomyocytes or car-
diac fibroblasts has not been very efficient, because highly specific bind-
ing sites have not yet been identified. However, the introduction of
GalNAc, pioneered in CV disease with the siRNA inclisiran, has made
liver-targeting much more successful, and GalNAc addition is now being
utilized across multiple classes of NATs.?? However, while the liver of-
fers an accessible target, hepatotoxicity has been an issue with higher-
dosed untargeted ASOs, mipomersen and vupanorsen, which led to
their discontinuation.”’ In addition, there is still room for improve-
ments to address endosomal escape, enhance potency, and long-term
storage, #3606"

In the case of gene-editing therapies, CRISPR-based therapies can be
developed with high precision by using a highly-specific single-guide
RNA targeting a specific segment in the target gene to minimize the
risk of off-target effects.

Gene editing is also associated with unique ethical concerns around
genome editing in humans. Patient and physician education, and robust
ethical practices will be necessary to promote trust in these treatments
and enhance their acceptability and explainability.

Regulatory aspects

From a regulatory perspective, NATSs include synthetic oligonucleo-
tides (ASO and siRNAs), which are at the interface of small molecules

Table 3 Challenges in the evaluation of nucleic acid-
based therapies from the regulatory perspective

* Limited clinical pharmacology studies, clinical data, and follow-up
* Limited relevance of animal models
* Limited precedents and experience

* Product specific and multifactorial risk factors

and biologicals, as well as gene therapies which fall under the category
of advanced therapy medicinal products.®> The European Medicines
Agency (EMA) has published guidance documents for academics and in-
dustry to support the development of NATs. The draft guideline on the
development and manufacture of oligonucleotides addresses specific
aspects regarding the manufacturing process, characterisation, specifi-
cations and analytical control for synthetic oligonucleotides.®® In gen-
eral, International Council for Harmonisation (ICH) M3(R2) and
especially ICH S6(R1) guidelines should be followed for non-clinical de-
velopment of synthetic oligonucleotides. Several EMA guidelines cover
quality, non-clinical and clinical aspects of gene therapies.* EMA also
offers scientific advice upon request and encourages developers to
seek assistance early and frequently in the development process to gen-
erate robust evidence on a medicine’s benefits and risks, thus facilitating
drug development.®®

Several synthetic oligonucleotides have been approved in the EU for
CV diseases with CV benefit demonstrated (Table 1).**' To date, ap-
proved gene addition therapies largely consist of AAV gene addition
treatments for rare diseases and ex vivo AAV, lenti- and retroviral treat-
ments. The only EMA approved CRISPR-based therapy is exagamglo-
gene autotemcel, an ex vivo hematopoietic stem cell targeted therapy
for the treatment of sickle cell disease and beta thalassaemia.
Currently, there are no EMA approved gene addition or gene editing
therapies for CV diseases. The AAV gene therapy alipogene tiparvovec
was approved for the treatment of lipoprotein lipase deficiency by the
EMA in 2012, but the marketing authorization was not renewed in
2017. Assessing NATSs for approval continues to pose challenges for
regulatory agencies (Table 3).

Since NATS are diverse in nature, EMA uses a flexible risk-based ap-
proach to assess the potential risks associated with their clinical use.®®
The risk-based approach is defined as a strategy aiming to determine
the extent of quality, non-clinical and clinical data to be included in
the marketing authorization application. Risk factors may relate to bio-
logical characteristics, the manufacturing process, and the specific
therapeutic use of the product. Adequate risk mitigation strategies
are required for both early risk identification and post-marketing mon-
itoring. Long-term follow-up of patients treated with gene therapy me-
dicinal products can be extended up to 15 years, based on the safety
specifications in consultation with regulatory authorities.®”®

Implementation

In addition to secondary prevention and treatment of patients with
ASCVD, different NATSs are also being studied in familial hyperchol-
esterolaemia, familial chylomicronemia syndrome, hereditary and
wild type ATTR amyloidosis, and in patients with high lipoprotein(a)
blood levels or hypertriglyceridaemia (Table 1).>~*' Furthermore,
the population eligible for such treatments continues to expand,
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Table 4 Barriers and strategies to facilitate implementation of nucleic acid-based therapies

Patient

Physician

Healthcare system

Barriers to implementation

Poor health literacy
Lack of specific education

Fear of side effects

Misinformation on hazards

Cost and access issues

Social problems

Negative public opinions
Multiple morbidities
Polypharmacy

Strategies to facilitate implementation

Improve health literacy
Education on disease, treatments and side
effects

Fewer meds, less frequent administration

Develop and distribute tools to improve
adherence (reminders, remote monitoring,
etc.)

Inadequate GDMT prescription

Lack of knowledge/adherence to guideline
recommendations

Lack of structured clinical pathway
Therapeutic inertia

Knowledge gap between levels of care
Complex medication regime

Educate and empower physicians and other
healthcare providers

Use structured, team-based, patient-centred
interventions

Personalize risk prediction and management:

define patient profiles that will benefit most
Provide clear protocols for treatment

Administrative barriers to drug prescription (e.g.
prior approval)

Cost of novel therapies

Barriers to reimbursement

Limited availability of cardiac rehabilitation
programmes

Poor coordination among healthcare stakeholders
Limited time for patient

Enhance medication accessibility (reimbursement:
consider cost-effectiveness and benefit to society)
Start with highest risk but expand to broader patient
subsets

Shift focus from volume of services to patient
outcomes achieved

Consider incentive-driven reimbursement

Need for awareness and patient advocacy
groups (need to lobby at EU level)
Provide ongoing patient support

Ensure necessary infrastructure
Optimize delivery system

19,21,22,69-71,73,74
Based on references,!??":2269=71.73.

EU, European Union; GDMT, guideline-directed medical therapy.

which emphasizes the importance of educating patients and their
doctors, representatives of healthcare system, and the population
at large.

Patient selection

Optimal patient selection will be paramount for the successful clinical
use of NATSs. First the patient must have the target mechanism as
the relevant cause of their specific CV disease. Nucleic acid—based ther-
apies are often first evaluated in people who already receive optimal
GDMT, yet have uncontrolled risk factors or continue to progress or
have CV conditions with neither effective nor disease-modifying
pharmacotherapy. Use of NATs will be optimally deployed by careful
personalization of therapy using structured, team-based, patient-
centred approaches involving family, pharmacist, and other healthcare
workers to individually tailor interventions.®”"

Patient preference
Patient understanding and willingness to undergo NATs will be critical
to the successful implementation of these therapies in clinical practice.
In one patient preference survey, it was found that over one-third of
patients would choose a one-time gene-editing procedure over more
frequently administered therapies.”? Indeed, most patients expect
and hope for a cure when seeing a doctor and not lifelong pill taking.
A representative from the ESC Patient Forum provided some im-
portant insight from a group of patients who have undergone NAT
for CV and hereditary eye diseases that have no treatments or low ad-
herence to, and/or side effects from conventional therapies. These pa-
tients had a high level of understanding and an ongoing desire for

education about their condition. Before treatment, their attitude to-
ward NATSs was generally positive but was influenced by their mental
state, the severity and stage of their disease, and their support network.
After undergoing therapy their attitude toward the therapy was im-
pacted by the occurrence of side effects, the success of the treatment
from the patient point of view, and the strength of their support net-
work. There continues to be an ongoing unmet need for support for
and from treating clinicians and allied healthcare professionals, society,
family, and other patients.

Barriers and facilitators around the use of

NAT:S in clinical practice

Although the barriers and facilitators for the use of NATs may vary for
different treatments (RNA-targeted therapeutics vs gene editing, etc.),
and different CV diseases (rare conditions such as ATTR amyloidosis vs
hypercholesterolaemia or mixed dyslipidaemia, etc.), they must be
identified and addressed for successful implementation of these treat-
ments in clinical practice. There will be barriers at the level of the pa-
tient, physician, and healthcare systems. Some of these barriers as
well as strategies to address them are shown in Table 4.'%212269=71.73.74

Ethical considerations

NATs—in particular, gene therapies and genome-editing approaches—
raise several ethical challenges. Two particularly pressing challenges are
reimbursement, pricing and access; and informed consent (in clinical
practice and clinical research settings).

Many NATs have very high treatment costs. For instance, the esti-
mated annual treatment cost of inotersen for hereditary TTR
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amyloidosis amyloidosis was between €338000 and €676 000 in
Germany in 2018, and that of patisiran for the same condition was be-
tween €344 000 and €515 000.”° Most (one-time) gene therapies ap-
proved by the FDA in recent years have US list prices exceeding
USD 2 million. These high treatment costs, in combination with con-
strained healthcare budgets, may prevent implementation for many in-
novative NATs in most countries. In this context, the following ethical
questions become paramount: (i) For payers (health insurers/tax-
funded healthcare providers): Under which conditions should such me-
dicinal products be reimbursed? Which prices should be reimbursed to
pharmaceutical companies? (i) For pharmaceutical companies: Which
prices are ethically justifiable, and under which conditions? (iii) For
healthcare professionals: Which innovative medicines should be re-
commended to patients, particularly in cases of high out-of-pocket
costs? and (iv) For all: Which patients should be given access to innova-
tive therapies in situations of limited availability?

Another major ethical challenge relates to informed consent, par-
ticularly in the context of gene therapies and genome-editing ap-
proaches. In this regard, the World Medical Association Declaration
of Reykjavik states that ‘Patient autonomy should be respected, and in-
formed consent should always be obtained. This informed consent process
should include disclosure of the risks of gene therapy and editing, including
the fact that the patient may have to undergo multiple rounds of gene ther-
apy, the risk of an immune response, the potential problems arising from the
use of viral vectors and off-target genome effects’.”®

Obtaining informed consent can be particularly challenging in highly
vulnerable patients participating in clinical trial, e.g. critically ill children
or patients under extreme distress, shock or despair. In addition, thera-
peutic misconception and lack of understanding regarding, e.g. the side-
effects and long-term uncertainties can further complicate the task of
facilitating informed consent.

Programs for implementation of NATs
NATS hold the promise of improving the long-term management of CV
risk factors and disease, eventually reducing the rate of CV events and
complications. When combined with patient education on CV diseases
and lifestyle interventions, the infrequent administration of NATs (or
potential for cure) is a major advantage in the approach to improving
achievement of treatment targets. Specific implementation studies
should be conducted to ensure fidelity, adaptability, and sustainability
of the appropriate use of NATs based on published evidence, as well
as to identify and address the barriers to successful use of NATSs in clin-
ical practice.

Healthcare system and policy strategies
for sustainability

In addition to targeted programs aimed at patients and clinicians, suc-
cessful deployment of NATSs will require long-term strategies within
healthcare systems and among policy makers (Table 4).'**12269-71.73.74
Although these treatments may be associated with high costs, the po-
tential for long-term cost savings is considerable. Infrequent administra-
tion will result in fewer healthcare visits, and sustained improvement in
risk factors and reductions in CV event rates will result in lower rates of
hospitalization and CV interventions. However, to achieve such bene-
fits, it will be necessary to enhance accessibility of medications, which
requires a shift from fee for volume of services to fee for achievement
of patient outcomes.”””® Data-driven benchmarking, such as achieve-
ment of quality indicators, should be used to assess performance and
foster continuous improvement.79 These types of value-based

healthcare initiatives will be necessary if NATSs are to be a sustainable
option once their use has moved beyond patients at the highest risk
and has expanded to lower risk patients.””~%°

Perspectives

A more detailed understanding of the causal genetic and epigenetic ba-
sis of CV diseases, and advances in the technology of therapeutics, have
led to the rapid development and increasing importance of NATs for
prevention and treatment of CV diseases.

NATs provide novel opportunities to target pathways that could not
be effectively controlled by classical pharmacological therapies and for
long-acting treatments of CV diseases and risk factor such as dyslipidae-
mia and hypertension. They are likely to improve treatment adherence
by providing long-acting or potentially permanent effects rather than
daily treatment. Nucleic acid—based therapeutics include RNA-targeted
therapeutics, microRNA-modulating and epigenetic therapies; gene ther-
apies; and gene editing. The therapies that are most advanced in the CV
area are the RNA-targeted ASO, siRNA therapeutics, and CRISPR-based
gene-editing therapies.

Among the most important expected benefits of NATs is
their high specificity to target conditions that previously lacked
effective therapies and in their extended dosing intervals, in some
cases consisting of a single dose with life-long effects. Challenges
associated with the use of NATs may be unique with every new
drug and every new therapeutic target and may include the potential
for unexpected side effects, and issues around specificity, targeting
and stability.

Assessing NATs for marketing approval continues to pose challenges
for regulatory agencies. These include the availability of limited data on
their pharmacology, long-term safety and efficacy, and limited clinical
experience.

There are a number of barriers around the use of NATs in
clinical practice including lack of specific education, fear of side ef-
fects, costs, and ethical considerations regarding genome editing.
Implementation of these therapies will require careful patient selec-
tion, and physician, patient and public education on diseases, treat-
ments, and side effects.

Successful implementation of NATSs will require long-term strategies
within healthcare systems and among policy makers. Despite potential-
ly high initial treatment costs, there is an opportunity for long-term cost
savings including fewer healthcare visits due to infrequent administra-
tions, and lower rates of hospitalization and CV interventions that
may result from sustained improvement in control of risk factors and
leading to a decrease in CV event rates.
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