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Abstract

Aims Acute myocarditis, although a rare disease, can be associated with sudden cardiac death or the need for transplanta-
tion in both children and young adults. To date, there is no definitive evidence to support the routine use of immunosuppres-
sive therapy or treatment targeting inflammation in patients with myocarditis. Animal models of cardiovascular (CV), as well as
neurological diseases, have demonstrated that cannabidiol has significant anti-inflammatory properties and may represent a
promising therapy in acute myocarditis. This efficacy has been shown in a murine model of autoimmune myocarditis as well as
in in vitro and in vivo models of heart failure (HF).

Methods and results We present the rationale and design of the ARCHER Trial, an international multicentre, double-blind,
randomized, placebo-controlled, phase Il study examining the safety and efficacy of a pharmaceutically produced cannabidiol
formulation, in patients with mild to moderate acute myocarditis. Eligible patients are those with acute myocarditis, random-
ized within 10 days of the diagnostic cardiac MRI (CMR), which has met defined diagnostic criteria for myocarditis. Oral treat-
ment (cannabidiol or placebo) is titrated from 2.5 mg/kg of body weight up to 10 mg/kg of body weight b.i.d. (or highest
tolerated dose) and taken for 12 weeks in addition to standard of care therapy for HF. The primary endpoints are defined
as changes in global longitudinal strain (GLS) and extra cellular volume (ECV), measured by CMR at 12 weeks. Assuming
80% power, a 5% alpha risk and 25% missing CMR follow-up data at Week 12, 100 patients are required to demonstrate
the desired treatment effect of 18%. The change in left ventricular ejection fraction (LVEF) from baseline to Week 12 was se-
lected as the secondary endpoint. Additional exploratory endpoints include changes in hs-troponin, NT-proBNP, markers of
inflammation and endothelial function during the 12-week treatment period. The trial is ongoing but is now more than
50% recruited. As enrolment in the trial continues, no interim data are available for inclusion in this Design paper.
Conclusions The ongoing ARCHER Trial is an international, multicentre, double-blind, randomized, placebo-controlled phase
Il study, designed to determine the effect of a pharmaceutically produced cannabidiol formulation on CMR parameters in pa-
tients presenting with acute myocarditis. Enrolment of 100 patients is expected to conclude in Q3 2024. Study results will be
available in early 2025.
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Introduction

Acute myocarditis is a rare condition characterized by cardiac
inflammation which may result in impaired cardiac function,
arrhythmias and conduction disturbances. The presentation
may be fulminant, requiring pharmacologic or mechanical cir-
culatory support or can result in sudden cardiac death; milder
cases can be self-limiting but may progress to dilated cardio-
myopathy with eventual chronic heart failure (HF).

Although the aetiology of acute myocarditis is varied, the
most common cause is viral infection of the myocardium.*
Common viruses associated with myocarditis include adeno-
virus, enterovirus, parvovirus B19, herpes virus, Epstein—Barr
virus and cytomegalovirus.! Other viruses that uncommonly
cause myocarditis include hepatitis C,” the human immuno-
deficiency virus,* and the SARS-CoV-2 coronavirus.®

In addition to viruses, myocarditis can be triggered by
other infectious processes such as Chagas disease, Lyme dis-
ease and even diphtheria.* Myocarditis can also be precipi-
tated by a large number of chemical entities; examples in-
clude the more recently introduced checkpoint inhibitors.*
Some antipsychotic agents such as clozapine can also induce
inflammation in the myocardium.® Finally, myocarditis has
also been reported in association with a number of clinical
syndromes, including reactions to certain drugs, such as pen-
icillin, and secondary to autoimmune diseases such as lupus
and Sjogren’s disease.

The exact pathophysiology of myocarditis is not
completely understood. In viral infection-mediated myocardi-
tis, viral proliferation in myocytes can cause direct tissue
injury. However, most tissue damage in myocarditis results
from the interaction of the viral trigger with the immune
system. The immune response is activated to eliminate
virus-infected cells to control the infection. Further, intracel-
lular components released from necrotic myocytes may trig-
ger an autoimmune response by molecular mimicry with viral
antigens.” It is the autoimmune response that results in con-
tinued cell necrosis, inflammation, development of fibrosis
and further impairment in cardiac function and is believed
to lead to the development of chronic dilated cardiomyopa-
thy. It is acute idiopathic or presumed viral myocarditis with
ongoing inflammatory damage to the myocardium that is
the focus of the current study.

To date, no specific therapy has been developed with
proven efficacy in patients with acute myocarditis. All
patients with acute myocarditis should receive guideline-
specified medical treatment for HF as indicated by the clinical
presentation.® This includes ACE inhibitors, ARBs or ARB/NEP

inhibitors, beta-blockers, diuretics (including aldosterone in-
hibitors) and SGLT2 inhibitors. If the presentation is one of
fulminant HF, then inotropic support and possibly mechani-
cal circulatory support or veno-arterial extracorporeal life
support are indicated.” Steroid-based immune suppressive
immunomodulating therapies are recommended only for
endomyocardial biopsy (EMB)-proven giant cell or eosino-
philic myocarditis.

A number of therapeutic approaches have been tested in
patients with myocarditis, although the condition remains a
therapeutic dilemma.! Although intense inflammation in
the myocardium serves to eliminate the virus quickly,
thereby avoiding more extensive tissue damage, if the in-
flammation persists despite viral elimination, continued myo-
cardial damage can occur. An effective anti-inflammatory
therapy, while limiting tissue damage mediated by inflamma-
tion, must not facilitate, for example, progressive viral repli-
cation. In a trial in patients with chronic HF (>6 months)
with evidence of myocardial inflammation in the absence
of continued viral genome persistence, immunosuppressive
therapy with cortisone and azathioprine had beneficial
effects.® The LVEF improved in almost 90% of the treated
group versus none in the placebo group and showed a
long-term benefit over 20 years.’ In a long-term (follow-up
of 100 months) registry, the authors found that immuno-
suppressive therapy was associated with better heart
transplant-free survival.'® Unfortunately, further research
has not confirmed these positive findings. Mason et al.
assigned 111 patients with myocarditis and LV dysfunction
to either conventional therapy alone or combined with immu-
nosuppressive therapy with prednisone and either cyclo-
sporin or azathioprine. The primary outcome was the change
in LVEF over a 24-week period. This study found that LV func-
tion improved regardless of the treatment received and that it
did not support the routine treatment of myocarditis with im-
munosuppressive agents.'*

Some therapies have been aimed at eliminating the virus
in patients without acute myocarditis or myocardial inflam-
mation. Because enterovirus and adenoviruses directly infect
the cardiomyocytes, viral clearance with a 6-month course of
Interferon beta was associated with an improvement in LVEF
and NYHA status.’? Those with viral clearance had a better
survival than those with viral persistence.’* Unfortunately,
to date, randomized trials have not established anti-viral
therapy as efficacious for acute myocarditis.®

Approaches that have not proven efficacious include
intra-venous immunoglobulin®; however, this may be effec-
tive for certain viral subtypes. Other immunosuppressive
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and immunomodulatory approaches are being tested.®
Anakinra, an interleukin-1 receptor antagonist used in the
therapy of connective tissue disorders, has recently been
evaluated. Patients with acute myocarditis were randomized
within 72 h of the diagnosis to either anakinra or placebo.
The endpoints were event-free survival, hospitalization for
HF, chest pain requiring medication, LVEF >50%, ventricular
arrhythmia, ventricular tachycardia (VT) or ventricular fibrilla-
tion (VF). No benefit was seen after 28 days of follow-up.*®

In summary, there is, as yet, no accepted specific therapy
for patients who present with acute myocarditis.

The ARCHER trial is assessing if a pharmaceutically pro-
duced cannabidiol formulation, by modulating the immune
response in the setting of acute myocarditis, will have bene-
ficial effects in this patient population. We, and others, have
demonstrated the significant anti-inflammatory response
resulting from the administration of cannabidiol in a number
of models of cardiovascular disease. Indeed, a recent study in
a model of acute pericarditis has demonstrated that CBD in-
hibits the development of the NLRP3 inflammasome, a mech-
anism of inflammation that is important in both the cardio-
vascular and neurologic systems.*5”

Trial design and methods

The ARCHER trial is a phase 2 international, multicentre, ran-
domized, double-blind, parallel-group, placebo-controlled
study, evaluating the effects of a pharmaceutically produced
cannabidiol formulation (CardiolRx", Cardiol Therapeutics
Inc., Canada) on CMR parameters of LV function and tissue

Figure 1 Trial design.

composition in patients with mild to moderate acute
myocarditis.

The study design is shown in Figure 1.

The study was designed in accordance with the Declaration
of Helsinki, International Council for Harmonization (ICH),
Good Clinical Practice (GCP) guidelines, and all relevant
country-specific regulations. The conduct of the study was
approved by an institutional review board for each participat-
ing centre, and all participants provide written informed con-
sent before any study-related procedures are done. The trial
has been registered on ClinicalTrials.gov: NCT05180240.

Patient population

Patients enrolled in the ARCHER study are women and men,
>18 years of age with mild to moderate acute myocarditis
characterized by symptoms of chest pain, arrhythmia, or
shortness of breath, often with a history of preceding
viral-like illness. Laboratory investigation usually reveals ele-
vated troponin and markers of inflammation (C-reactive pro-
tein) plus CMR diagnosis of acute myocarditis (Lake Louise
Criteria) within 10 days prior to randomization or
endomyocardial biopsy showing either cellular inflammation
and/or immunohistochemistry consistent with inflammation.

Key exclusion criteria include presence of coronary artery
disease, severe valvular heart disease, inability to undergo
CMR assessment, estimated glomerular filtration rate
(eGFR) < 30 mL/min, elevated liver function parameters, sep-
sis, severe left ventricular (LV) dysfunction requiring inotropic
support, left ventricular assist device (LVAD) or other circula-
tory assist devices, or the urgent need for transplantation. In

Clinical diagnosis of acute myocarditis (Lake Louise Criteria)
Cardiac Magentic Resonance (CMR) or Endomyocardial biopsy

RANDOMIZED 1:1
DOUBLE-BLIND

Pharmaceutically produced

Cannabidiol Formulation
2.5 mg/kg to 10 mg/kg b.i.d.

Matching PLACEBO

Primary Endpoint: Improvement in Extracellular Volume (ECV) and
Global Longitudinal Strain (GLS), measured by CMR after 12 weeks

Secondary Endpoint: Improvement in Left Ventricular Ejection Fraction
(LVEF), measured by CMR after 12 weeks
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addition, documented biopsy evidence of giant cell or eosin-
ophilic myocarditis, prior history of sustained ventricular ar-
rhythmia, acute coronary syndrome (ACS) or percutaneous
coronary intervention (PCl) within the prior 30 days, or a his-
tory of QT interval prolongation or having a QTc interval
>500 ms are also exclusion criteria.

For a complete list of all eligibility criteria, please refer to
Table 1.

One hundred patients are being recruited in 38 sites in
North America, Brazil, France, and Israel. The first patient
was randomized in August 2022.

Study design

Patients with suspected diagnosis of acute myocarditis are
consented for a CMR. All CMRs are evaluated centrally by

Table 1 Eligibility criteria

the Imaging Core Laboratory. The Central CMR Laboratory
verifies the diagnosis of acute myocarditis according to the
Lake Louise criteria and approves the image quality of the
outcome parameters before the patient is randomized.

Baseline assessments include a clinical assessment, vital
signs and a 12-lead ECG; haematology and blood chemistry,
New York Heart Association (NYHA) classification, Columbia
Suicide Severity Rating Scale (C-SSRS), and Kansas City
Cardiomyopathy Questionnaire (KCCQ). Frozen plasma is
retained for central analysis of CBD levels as well as hs-tro-
ponin, NT-proBNP, inflammatory markers, and endothelial
markers.

Eligible patients are randomized to either cannabidiol or
placebo within 10 days of the diagnostic CMR.

Oral study treatment (cannabidiol or placebo) is initiated
after randomization and is titrated weekly from 2.5 mg/kg of
body weight, to 5.0 and 7.5 to 10 mg/kg body weight b.i.d.

Inclusion criteria
1. Males and females 18 years of age or older
2. Diagnosed with acute myocarditis including:

a. Clinical criteria (symptoms of chest pain, arrhythmia or shortness of breath, or history of viral-like ilness), preferably followed by

elevated troponin PLUS

b. CMR diagnosis: (Lake Louise Criteria) within10 days prior to randomization OR

wo

Endomyocardial biopsy showing either cellular inflammation and/or immunohistochemistry consistent with inflammation

. Male subjects with partners of childbearing potential who have had a vasectomy or are willing to use double barrier contraception

methods during the conduct of the study and for 2 months after the last dose of study drug.

. Women of childbearing potential willing to use an acceptable method of contraception starting with study drug administration and

for a minimum of 2 months after study completion. Otherwise, women must be postmenopausal (at least 1 y absence of vaginal
bleeding or spotting and confirmed by follicle stimulating hormone [FSH] = 40 mIU/mL [or > 40 IU/L] if <2 years postmenopausal) or
be surgically sterile. The following reliable methods of contraception are: parenteral contraceptives, oral contraceptives, patch
contraceptives, implantable hormonal contraceptives, intrauterine device or system, surgical sterilization (hysterectomy, bilateral
oophorectomy, and/or bilateral salpingectomy), tubal ligation/occlusion, vasectomized partner, or sexual abstinence, if this is the
subject’s current practice. Periodic abstinence, that is, calendar, symptothermal, or post-ovulation methods are not an acceptable
form of contraception for this study. These methods of contraception also apply to female partners of male subjects.

Exclusion criteria

ubhwN =

N O

. Coronary artery disease (CAD) defined as a stenosis greater than 50% in a major epicardial coronary artery

. Severe valvular heart disease

. Inability to safely undergo CMR including administration of gadolinium

. Estimated glomerular filtration rate (eGFR) < 30 mL/min

. Elevated alanine aminotransferase (ALT) or aspartate aminotransferase (AST) > 5 times the upper limit of normal (ULN) or ALT or

AST > 3x ULN plus bilirubin >2x ULN.

. Sepsis, defined as documented bacteremia at the time of presentation or other documented active infection.
. Severe left ventricular (LV) dysfunction requiring inotropic support, left ventricular assist device (LVAD) or other circulatory assist

devices, or urgent need for transplantation

. Documented biopsy evidence of giant cell or eosinophilic myocarditis
. Prior history of sustained ventricular arrhythmia

10. Acute coronary syndrome within 30 days

. Percutaneous coronary intervention within 30 days

12. History of QT interval prolongation or QTc interval >500 ms

13. Treated with strong inducers CYP3A4 or CYP2C19

14. Treated with digoxin and/or type 1 or 3 antiarrhythmics

15. Current participation in any research study involving investigational drugs or devices

16. Inability or unwillingness to give informed consent

17. Ongoing drug or alcohol abuse

18. Women who are pregnant or breastfeeding

19. Current diagnosis of cancer, with the exception of non-melanoma skin cancer

20. Any factor, which would make it unlikely that the patient can comply with the study procedures

. On any cannabinoid during the past month

22. Body weight >170 kg
23. Showing suicidal tendency as per the C-SSRS, administered at screening
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(or maximally tolerated dose) for a total treatment period of
12 weeks.

During the 12-week treatment period, patients are being
re-evaluated seven times for any potential deleterious effect
on clinical, ECG or laboratory parameters. Final efficacy as-
sessments are taken place after 12 weeks of study treatment
and include a second CMR as well as all other efficacy param-
eters. A final safety assessment is carried out 1 week after the
last dose of study medication.

Standard medications employed for the therapy of the
clinical presentation are not altered for the purpose of the
study and may include ACE inhibitors, ARBs or ARB/NEP in-
hibitors, beta-blockers, diuretics, SGLT2 inhibitors, and, if in-
dicated, corticosteroids. The use of cannabinoids, digoxin,
type 1 or 3 antiarrhythmics and strong inducers of CYP3A4
and CYP2C19 is not allowed during the study. In addition,
drugs that are known to prolong the QT interval must not
be started during the trial.

Efficacy assessments

The primary efficacy outcome of the ARCHER trial is com-
prised of two endpoints, that is, the change in global longitu-
dinal strain (GLS) as a sensitive and re-producible measure of
LV function and the change in extracellular volume (ECV) as
an estimate of oedema and/or fibrosis, quantified by CMR
at 12 weeks post-randomization between the active and the
placebo groups.

The secondary efficacy outcome is the difference in the
change in LVEF, as measured by CMR, at 12 weeks
post-randomization between the two groups.

Exploratory efficacy outcomes include additional CMR
parameters, the improvement in other clinical parameters
from baseline, such as survival, freedom from major events
(cardiac transplant, LVAD, hospitalization for HF) 12 weeks
post-randomization, the change in CMR parameters, NYHA
classification, Kansas City Cardiomyopathy Questionnaire
(KCCQ), as well as hs-troponin, NT-proBNP and inflammatory
and endothelial markers from baseline to Week 12. They also
include the time to resolution of clinical symptoms, time to
normalization of hs-troponin, NT-proBNP and inflammatory
and endothelial markers as well as ECG abnormalities.

Safety parameters consist of the number of adverse events
(AEs) and serious adverse events (SAEs), changes in ECG pa-
rameters, changes in the Columbia Suicide Severity Rating
Scale (C-SSRS) as well as changes in laboratory parameters,
including liver function parameters, and INR.

Statistical considerations

Sample size calculations were based on published data for
GLS and ECV.*® Assuming 80% power, a 5% alpha risk, and es-

timated 25% missing CMR follow-up data at Week 12, 100 pa-
tients are required to demonstrate the desired treatment ef-
fect of 18%.

For both primary outcomes, the means in GLS and ECV at
12 weeks will be compared between the active and the
placebo groups, applying an ANCOVA procedure, adjusted
for baseline means. The two primary outcomes will be
considered statistically significant following the Hochberg
Procedure®® in order to preserve the overall type 1 error rate
at a level of 0.05 (two-sided).

The same analytical approach will be used to evaluate the
effect of study medication on the change in LVEF and other
continuous outcomes. Binary outcomes will be compared
using a chi-square test. The differences in proportions
experiencing these outcomes will be estimated, along with
95% confidence intervals.

The primary analysis population will be the intention-to-
treat (ITT) population. Additional sensitivity analyses may
be done, if supported by the data.

Discussion

Acute myocarditis imposes a significant burden on patients
and is difficult to manage with existing treatment options.
No therapies are formally approved by US and European reg-
ulatory authorities to treat acute myocarditis.

It is proposed that a pharmaceutically produced cannabi-
diol formulation, via its anti-inflammatory effects, will
favourably modify acute myocarditis, based upon the known
anti-inflammatory properties of cannabidiol. Cannabidiol
naturally occurs in the Cannabis sativa L. plant. However,
the cannabidiol used in the pharmaceutically produced can-
nabidiol formulation is chemically synthesized rather than be-
ing extracted from the plant. This provides essentially 100%
purity with limits of tetrahydrocannabinol (THC) being below
the limit of detection (<5 ppm).

Previous experimental data support the potential benefi-
cial effect of cannabidiol in the therapy of acute myocarditis.
Cannabidiol has also been shown to reduce oxidative stress,
fibrosis, and inflammatory and cell death signalling pathways
in models of diabetes,?® a common co-morbidity in CV dis-
ease patients. Cannabidiol has been demonstrated to be pro-
tective in the setting of doxorubicin-induced cardiotoxicity,
including reducing pro-inflammatory responses in the
heart.?*?

In a murine model of experimental autoimmune myocardi-
tis (EAM) caused by immunization with the myocarditis
inducing cardiac myosin peptide (aMHC334_355), treatment
with cannabidiol (10 mg/kg, by intraperitoneal administra-
tion) reduced infiltration of the myocardium by inflammatory
cells, decreased myocardial inflammation as reflected by
lowered levels of inflammatory cytokines and chemokines,
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and resulted in reduced measures of oxidative stress and a
reduction in myocardial fibrosis.?

The effect of cannabidiol has also been investigated using
the cardiomyoblast cell line H9c2. HI9c2 cells display a hyper-
trophic response to angiotensin Il administration, manifested
by an increase in surface area of cultured cardiomyocytes.
This increase was significantly decreased by cannabidiol. Sim-
ilarly, the expression of both Brain Natriuretic Peptide (BNP)
and collagen by H9c2 cells was significantly increased by
angiotensin 1l and, again, this increase was prevented by
cannabidiol (Cardiol Therapeutics, unpublished data). There-
fore, in these models, cannabidiol reduces the deleterious ef-
fect of angiotensin Il on cardiomyocytes, including abrogating
increases in cardiomyocyte size and the expression of bio-
markers involved in remodelling processes.

In addition, the use of cannabidiol has been tested in the
animal model of HF in male C57BL/6 mice, based on the
method of Cordero-Reyes.?* Although not strictly a model of
myocarditis, it is a model of cardiac inflammation with associ-
ated depression of myocardial function. In this case, subcuta-
neous administration of cannabidiol reduced inflammation
and fibrosis induced by angiotensin-Il and was associated with
a reduction in cardiomyocyte area. In addition, cannabidiol
was associated with reduced expression of BNP in HF hearts
(Cardiol Therapeutics, unpublished data). Therefore, in this
HF model, cannabidiol administered by subcutaneous injec-
tion reduced a number of markers reflecting HF.

Cannabidiol interacts with a range of cellular receptors,
which may be involved in the anti-inflammatory activities of
cannabidiol. Although cannabidiol has a low binding affinity
for the canonical endocannabinoid receptors CB1 and CB2,
cannabidiol is active at peroxisome proliferator-activated re-
ceptor gamma (PPAR-gamma) receptors, 5-HT1A receptors,
adenosine Al and A2 receptors, transient receptor potential
(TRP) channels, including TRPV1, TRPV2, TRPMS, TRPA1, and
the G-protein-coupled receptors GPR55, GPR18, GPR6, and
GPR3.7?8

While the exact mechanism by which cannabidiol exerts its
anti-inflammatory effects has not been fully elucidated, cur-
rent evidence supports its effects on upstream intracellular
inflammatory signalling pathways, including inhibiting NLRP3
inflammasome activation, the critical step that leads to
downstream interleukin release.*”?®

In vitro models using activated murine macrophages have
demonstrated cannabidiol’s ability to significantly decrease
the levels of the inflammatory cytokines interleukin-1 beta
(IL-1B) and interleukin-6 (IL-6), and significantly inhibit tran-
scription of NLRP3 and pro-IL-1B.*®

These recent reviews have shown the important role of
the NLRP3 inflammasome in the genesis of a number of CV
diseases, including myocarditis and acute pericarditis,?*° as
well as non-CV inflammatory conditions.>*

In summary, a number of studies have demonstrated that
cannabidiol has anti-inflammatory activity in vivo in a range

of animal models of both non-CV disorders and CV diseases,
including in a murine model of experimental autoimmune
myocarditis as well as in in vitro and in vivo models of HF,
which are associated with myocardial inflammation and fibro-
sis. Furthermore, there is evidence of binding of cannabidiol
to a range of different receptors, several of which are associ-
ated with anti-inflammatory activities. This, plus the demon-
stration of the inhibitory impact of cannabidiol on the gene
transcription of the NLRP3 inflammasome components and
substrate Il-1B provides a sound rationale for the ARCHER
trial to evaluate the effect of a pharmaceutically produced
cannabidiol formulation in patients presenting with acute
myocarditis.

Rationale for primary endpoint selection

Changes in LVEF have been traditionally used to assess effi-
cacy of potential therapeutic agents in patients with
myocarditis.&***1%32 There are several limitations with this
approach.3? First, LVEF does not describe the function of the
muscle but rather the change in LV volume over the cardiac
cycle. The geometric assumptions used to calculate the
end-diastolic and end-systolic volumes are considerable—
particularly in patients with segmental wall motion abnor-
malities. LVEF is also load-dependent, and values can change
considerably with changes in preload or afterload and is only
moderately reproducible. In some patients with myocarditis
the LVEF is markedly depressed and intensive therapy is re-
quired to support the circulation. However, in many (perhaps
the majority), the LVEF is within the normal range throughout
the course of the acute presentation, with the significance of
LVEF changes within the normal range being questionable.®*
Because of these limitations, LVEF was selected as the sec-
ondary outcome and not one of the primary outcomes.

More recently, there has been renewed interest in estimat-
ing LV strain—perhaps as a more sensitive measure of LV
function. The development of speckle tracking by echocardi-
ography provided a reproducible means to measure longitu-
dinal, circumferential and radial strain.>® The same measures
are available from CMR images. These studies have revealed
that patients presenting with acute myocarditis with normal
LVEF measures, have abnormal measures of strain—with lon-
gitudinal strain being the most reproducible. Strain measures
from CMR images have been shown to have excellent intra-
and interobserver reproducibility as well as good interstudy
agreement.>®*” For these reasons, LV GLS was selected as a
primary endpoint to enhance the ability to detect changes
in myocardial function in response to therapy with a pharma-
ceutically manufactured cannabidiol formulation.

In addition to impairment of LV function, other character-
istic features of acute myocarditis are oedema (secondary to
the inflammation) in the early phases of the disease, followed
by necrosis and increased fibrosis in the later phases. Both of
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these processes expand the ECV in the heart tissue. CMR has
been shown to have utility in measuring the ECV in patients
with cardiac disease and is particularly helpful in detecting in-
filtrative diseases, such as amyloidosis or those with in-
creased fibrosis. In patients with acute myocarditis, CMR
measures of ECV have revealed more extensive cellular dam-
age than suspected based solely on assessment of the extent
of late gadolinium enhancement.®® ECV has been added as a
second primary endpoint to GLS in an attempt to better
quantify the abnormal function and structure of the myocar-
dium in this disease.

GLS and ECV have both been found to be independent
prognostic predictors of CV outcomes in myocarditis
patients.>**° Furthermore, change in measures of LV contrac-
tility and ECV/oedema between baseline and follow up CMR
predict long-term risk for adverse CV outcomes.** These find-
ings make GLS and ECV ideal imaging endpoints for this trial
as improvements in either or both after 3 months®? of treat-
ment with a pharmaceutically manufactured cannabidiol for-
mulation compared with placebo would support the potential
benefit of this medication in improving clinical outcomes in
myocarditis patients.

Conclusions

Currently, there is a significant knowledge gap concerning
how acute myocarditis should be treated. To date, few stud-
ies have examined therapeutic interventions in the setting of
early, acute myocarditis. Most previous studies examining im-
munosuppressive approaches have examined patients with
LV systolic dysfunction and HF in a later phase of the disease
process, with mixed results.

The ARCHER trial, in contrast, will study the effect of a
pharmaceutically produced cannabidiol formulation in the
acute phase of the disease process. The hypothesis, based
on the known anti-inflammatory effects of cannabidiol, is
that this intervention will modulate the immunomediated
inflammatory response with beneficial effects on CMR mea-
sures of LV contractility and extracellular volume/oedema.
With this approach, the ARCHER trial will potentially begin
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