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Initiating Coverage on Cardiovascular/ Inflammatory 

Disease-Focused Cannabidiol Developer with a Speculative 

BUY Rating 

 

We are initiating coverage on ON-based cannabinoid and cardiopulmonary disease-

focused drug developer Cardiol Therapeutics with a Speculative BUY rating and a 

one-year PT of $12.50. The firm already has manufacturing and commercial alliances 

in place for its ultrapure cannabidiol formulation Cortalex, which was launched last 

quarter through Shoppers Drug Mart/Loblaw’s (L-T, NR) Medical Cannabis by 

Shoppers portal and which is produced through manufacturing & supply alliances 

with ON-based Dalton Pharma Services (Private) and with DE-based Purisys (the 

cannabinoid production division of pharmaceutical ingredients manufacturer 

Noramco), and which should generate top-line growth through that channel while 

cannabidiol-focused clinical activities transpire in the background, as we will 

describe. 

 

Valuation summary: Our valuation is based on NPV (using a discount rate of 35% for 

which we have a downward bias once Cardiol commences Phase II/III CardiolRx 

testing) and multiples of our F2027 EBITDA/EPS forecasts ($201.8M & $3.25, 

respectively), themselves based on our expectations for cannabidiol to generate 

profitable growth from Cortalex, plus from future cannabidiol/CardiolRx sales into 

inflammatory heart disease markets, including diastolic heart failure and acute 

myocarditis, along with addressing the acute inflammatory response to COVID-19 

infection in patients with either co-presenting or prior history of cardiovascular 

disease (see below). 

 

Cannabidiol’s clinical prospects in cardiovascular disease are, perhaps surprisingly 

at least to us initially, quite well-documented in the medical literature in preclinical 

models of disease, and our diligence thus suggests to us that Cardiol’s initiative to 

more fully test cannabidiol’s clinical prospects is justified and with strong prospects 

for value creation based on future Phase II/III efficacy signals that we expect to 

transpire during our forecast period. At current levels, our PT corresponds to a one-

year return of 180%. 

 

Our investment thesis at a glance. What we found most striking in our investigation 

of cannabidiol’s medical prospects in cardiovascular disease was just how well 

characterized its prospects actually were in this disease category, despite which few 

if any firms other than Cardiol are exploring this activity.  In one review article 

published back in 2013 in the British Journal of Clinical Pharmacology, it was clear 

from the literature cited therein that cannabidiol has already shown pharmacologic 

activity as a vasorelaxant and as a vascular protectant particularly in a high 

glucose/high inflammation environment, among other activities.   

 

But not all cannabinoids exert the positive cardiovascular benefits that cannabidiol 

seems to exert in published preclinical studies, and indeed, its activity may indeed be 

obscured by its frequent co-administration with its psychoactive analog tetra-

hydrocannabinol, for which cardiovascular activity is mostly negative, as summarized 

in a 2020 review in the journal Circulation, as depicted in Exhibits 5 & 35. 
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Revenue potential from already-launched ultrapure cannabidiol formulation Cortalex, but with upside from pending clinical 

programs in inflammatory disease. But our investment thesis is more focused on Cardiol’s insights into how ultrapure cannabidiol 

(and the word ultrapure is as important as the word cannabidiol in that sentence, as we will describe) could exhibit medical utility 

in at least three distinct medical markets, all of which are directly or secondarily related to the drug’s cardiovascular prospects.   

COVID-19-associated cardiovascular disease should be Cardiol’s first pivotal Phase II/III trial with CardiolRx. This includes a 

422-patient Phase III COVID-19 trial testing cannabidiol/CardiolRx’s ability to mitigate all-cause mortality or other cardiovascular 

complications (mortality, requirement for intensive care admission and/or ventilation support, major cardiovascular 

complications like myocardial infarction, stroke, myocarditis, arrhythmia, or heart failure) at four-week follow-up, in patients co-

presenting with severe COVID-19 symptoms (sufficiently severe to require hospitalization) and a prior history of, or risk factors 

for, cardiovascular disease (University of Pittsburgh cardiologist DM McNamara as lead investigator). Secondary endpoints of 

post-dosing cardiac function could be equally relevant to CardiolRx’s utility in this patient population, and these will include 

assessment of serum biomarkers of cardiac injury or inflammation (troponin I/T, and tumor necrosis factor-alpha). Cardiovascular 

symptoms need not arise from COVID-19 pathology itself in these patients, but there is growing evidence in the medical literature 

that the virus itself can engender cardiovascular pathologies that CardiolRx could mitigate, pending its performance in this Phase 

III trial.  We expect this trial to commence patient enrollment by FQ321. 

Acute myocarditis is a secondary market where we believe pure cannabidiol can confer medical relief. Another trial on the 

horizon is a 100-patient Phase II trial targeting acute myocarditis, an acute inflammatory heart pathology for which cannabidiol 

has shown positive effects in preclinical testing, and our model separately ascribes value to this program. Time to 

commencement of this trial is not as defined as for the aforementioned COVID-19 trial, but our model assumes that it could 

commence enrollment during FQ421 or perhaps FQ122. 

Exhibit 1. Income Statement and Financial Forecasts for Cardiol 

 

Source: Historical Data – Cardiol; Forecasts/Estimates – Leede Jones Gable 

Diastolic heart failure is a largely unserved, but substantial cardiovascular disease market for which cannabidiol also has strong 

medical prospects based on published preclinical evidence we have reviewed. A third cardiovascular study we expect to 

commence in coming quarters will test Cardiol/Rx’s utility in targeting diastolic heart failure.  This form of heart failure is distinct 

both diagnostically and physiologically from systolic heart failure, in that it manifests its pumping inefficiencies while the heart is 

filling its upper chambers with oxygenated blood (during diastole), unlike systolic heart failure which exhibits pumping 

Year-end December 31

(C$000, exc per share data) 2020E 2021E 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Cortalex $0 $1,622 $3,290 $5,004 $6,765 $8,575 $10,434 $12,344 $14,305 $16,318 $18,385

CardiolRx (Acute Myocarditis) $0 $0 $0 $0 $0 $30,365 $61,095 $86,046 $92,745 $93,301 $93,861

CardiolRx (injectible, diast HF) $0 $0 $0 $0 $0 $0 $41,689 $83,877 $126,571 $148,552 $170,792

CardiolRx (COVID-19) $0 $0 $23,623 $74,412 $52,088 $41,020 $43,071 $45,224 $47,485 $49,860 $52,353

Total revenue $0 $1,622 $26,913 $79,416 $58,854 $79,960 $156,288 $227,491 $281,106 $308,031 $335,391 

Revenue growth (%) NA NA NA 295% 74% 136% 195% 146% 124% 110% 109% 

R&D, clinical expenses $4,404 $7,500 $15,000 $15,450 $12,500 $10,000 $7,500 $5,000 $5,123 $5,248 $5,377 

G&A, marketing expenses $6,683 $6,857 $8,941 $10,577 $10,716 $13,137 $17,687 $20,502 $21,179 $21,142 $20,892 

Other expenses $196 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 

EBITDA ($11,283) ($12,935) $2,772 $53,189 $35,438 $56,623 $130,901 $201,789 $254,604 $281,441 $308,922 

EBITDA growth (%) NA 15% (121%) 1819% (33%) 60% 131% 54% 26% 11% 10%

EBITDA margin (%) NA NA 10% 67% 60% 71% 84% 89% 91% 91% 92% 

Non-operating expenses $3,480 $1,485 $735 $735 $735 $735 $735 $735 $735 $735 $735 

EBIT ($14,763) ($14,420) $2,037 $52,454 $34,703 $55,888 $130,166 $201,054 $253,869 $280,706 $308,187 

Other non-oper expenses ($130) $150 $150 $150 $150 $150 $150 $150 $150 $150 $150 

EBT ($14,633) ($14,570) $1,887 $52,304 $34,553 $55,738 $130,016 $200,904 $253,719 $280,556 $308,037 

Tax expense $0 $0 $566 $15,691 $10,366 $16,721 $39,005 $60,271 $76,116 $84,167 $92,411 

Net income, fully-taxed ($14,633) ($14,570) $1,321 $36,613 $24,187 $39,017 $91,011 $140,633 $177,603 $196,389 $215,626 

Fully-taxed EPS (basic) ($0.45) ($0.40) $0.04 $1.01 $0.67 $1.08 $2.52 $3.90 $4.92 $5.44 $5.97 

Fully-taxed EPS (fd) ($0.34) ($0.34) $0.03 $0.85 $0.56 $0.90 $2.10 $3.25 $4.11 $4.54 $4.99 

P/E (basic) NA NA NA 5.3x 8.0x 5.0x 2.1x 1.4x 1.1x 1.0x 0.9x 

EV/EBITDA NA NA NA 2.6x 4.0x 2.5x 1.1x 0.7x 0.6x 0.5x 0.5x 

S/O, basic (M) 32,797 36,099 36,099 36,099 36,099 36,099 36,099 36,099 36,099 36,099 36,099 

S/O, fd (M) 43,273 43,254 43,254 43,254 43,254 43,254 43,254 43,254 43,254 43,254 43,254 
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inefficiencies when discharging oxygenated blood from the left ventricle.  Diastolic heart failure is frequently known as heart 

failure with preserved ejection fraction in the medical literature for that reason. 

Despite its high prevalence and annual incidence, even by cardiovascular standards, there have not been any new diastolic 

heart failure medications developed or approved in recent years, and existing preclinical evidence that we review below suggests 

to us that CardiolRx could reverse that trend once contemplated clinical studies conclude. 

Clinical details for diastolic heart failure testing are still pending, but before that, we will be interested in technical insights into 

how Cardiol has adapted CardiolRx for subcutaneous administration. Clinical details for the diastolic heart failure program are 

still to be determined, but the trial will be conducted in collaboration with the Mexico-based Monterrey Institute of Technology & 

Higher Studies (specifically with TecSalud, the university’s health network) and the TX-based DeBakey Heart Center. 

Importantly, the trial will feature a novel subcutaneously-injectable cannabidiol formulation that we expect Cardiol to describe in 

more detail once this trial approaches commencement and once core patents are filed if not issued. 

TecSalud is collaborating on a few other clinical programs independent of Cardiol, including a 51-patient Phase II trial testing 

the utility of equine-derived antibody fragments from COVID-19-exposed animals, for which data on infectious disease status at 

four-week follow-up are expected next year, a longitudinal 4,500-patient Phase IV breast cancer trial testing multiple FDA-

approved therapies like Roche’s (ROG-SW, NR) Avastin, Herceptin, Tecentriq, Kadcyla, or Perjeta, for which six-year impact on 

overall survival are expected in 2025, and the organization is also participating in CureVac AG’s 36,500-patient Phase III COVID-

19 trial testing CureVac’s (CVAC-Q, NR) mRNA-based CVnCoV vaccine (one-year follow-up data expected in 2023). 

Formulating cannabidiol in high concentration in injectable form is conceptually a substantial advance in cannabidiol 

pharmacology, as it will allow the drug to be administered in ultrapure form without undergoing preliminary metabolism in the 

liver that orally-administered therapies do (cannabidiol in oil form is highly viscous and thus not amenable to injection other than 

with low-gauge needles that would not be practical for widespread use). Inhaled cannabis of course bypasses first-pass 

metabolism in the liver as well, but cannabidiol is co-inhaled with multiple other cannabinoids and terpenoids when administered 

in this way. Regardless, this program contributes substantially to our CRDL valuation and our model assumes that Phase II 

testing could commence in F2022, and before this, we will be watching for insights into how CardiolRx is formulated for 

subcutaneous administration and on timelines to patent issuance on this theme. 

Exhibit 2.  Valuation Summary for Cardiol 

 

Source: Historical Data – Cardiol; Forecasts/Estimates – Leede Jones Gable 

 

Company History 

Cardiol Therapeutics formally went public via an IPO via a in Dec/18, listing on the TSX. The go-public process saw the firm raise 

gross proceeds of $15.1M via the sale of 3M share-and-warrant units valued at $5/unit and separately the sale of 0.4M warrants 

at $0.38/warrant. Each unit consisted of a share and a common share purchase warrant, with each warrant exercisable at 

$6.50/shr. Since its IPO, the firm has only raised funds once via an upsized bought deal offering that closed in Jun/20. The firm 

NPV, discount rate 20% 30% 35% 40% 50% 60%

Implied value per share $17.70 $10.23 $10.02 $6.42 $4.32 $3.09

Price/earnings multiple, 2027E 20% 30% 35% 40% 50% 60%

Implied share price1 10 $9.20 $6.16 $5.10 $4.26 $3.01 $2.18

20 $18.40 $12.32 $14.50 $8.52 $6.02 $4.36

30 $27.60 $18.48 $15.30 $12.78 $9.03 $6.54

EV/EBITDA multiple, 2027E 5x 10x 12.5x 15x 17.5x 20x

Implied share price1,2 $5.09 $10.30 $13.11 $15.50 $18.10 $20.70

One-year Cardiol target price (C$) 1 $12.55

1 Based on F2027 fd fully-taxed EPS of $3.25; EBITDA of $201.8M, discounted at 35%, FD S/O of 43.3M

2 Includes proforma cash of $21.1MM (FQ320 cash of $16.5M, less assumed cash burn since quarter-end, plus 

$10M in option/warrant exercise post-quarter-end), no LT debt
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raised gross proceeds of $17.3M (from an initial announced size of $11.25M in May/20) through the sale of 6.9M units at 

$2.50/unit. Each unit consisted of one common share and one-half share purchase warrant (exercisable at $3.25 each). 

As we will describe below, Cardiol just announced that it received >$10M through recent exercise of outstanding warrants and 

options, a sizable proportion of which we believe were the $2.50/$3.25 warrants just indicated. We calculate that the firm has 

36.1M S/O after recent option/warrant exercise.  Assuming a minimal number of options/warrants were exercised by insiders, 

we calculate that about 10.4% of Cardiol’s basic S/O are held by insiders. 

Exhibit 3. Ongoing Phase II/III Clinical Studies Testing Cannabidiol or Crude Cannabis/Cannabinoid Preparations 

 

Source: US National Institutes of Health clinical database  

Drug CBD dose

Lead 

investigator or 

institution

Number of 

patients

Stage of 

Development Primary Endpoint

Timeline to 

Data Indication

Cannabidiol 

(CBD), 

CardiolRx

5-20 mg/kg

(oral) BID

Cardiol 

Therapeutics 

(CRDL-T)

100 (placebo-

controlled)

Phase I I Left ventricular eject fract,

extracellular volume, global

longitudinal strain

TBD Acute myocarditis

Cannabidiol 

(CBD)

600 mg/4 wks,

then 1,200 mg

for another 4

wks

New York

University, US

National Institutes

of Health

40 patients Phase I/II Change in alcohol consumption

(quantified in serum); change in

CH2O-deficient transferrin in

serum at four weeks

Q4-21 Alcohol use disorder

Cannabidiol 

(CBD)

600 mg daily New York

University, US NIH

48 patients Phase I/II Drinks per day over 6 wk follow-up Q3-21 Alcohol use disorder

Cannabidiol 

(CBD), 

monotherapy

10 mg TID

(sublingual 

liquid)

McLean Hospital

Brain Imaging

Center (MA)

16 (open-label) Phase II Beck Anxiety Inventory; Hamilton

Anxiety Scale at one month

Q3-21 Anxiety (adult; CNS)

Cannabidiol 

(CBD) oil

300 mg daily

(oral)

University of

Texas, Austin

90 (placebo-

controlled)

Phase I/II Behavioral Approach Test (BAT),

peak distress & persistence time

Q1-22 Anxiety-related fear

Cannabidiol 

(CBD), 100

mg/mL solution

NA University of

Colorado (Denver

CO)

70 (placebo-

controlled)

Phase II (CAS-

CADE trial)

Aberrant Behavior Checklist score

at 12 wks

Q1-23 Autism spectrum disorder

Cannabidiol 

(CBD), 

Epidiolex

5-20 mg/kg

daily

US San Diego

(CA)

30 (placebo-

controlled)

Phase II/III RBS-R score at 8 wks Q4-21 Autism (pediatric)

Cannabidiol 

(CBD); lithium

or valproate as

background

300 mg daily

(oral)

Hospital de

Clinicas de Porto

Alegre; University

of Sao Paulo (BR)

100 (placebo-

controlled)

Phase II/III Montgomery-Asberg Depression

Rating Scale, Hamilton Anxiety

Scale, Clinical Global Impression

Score at three months

Q2-22 Bipolar depression (CNS)

Cannabidiol 

(CBD)-

CardiolRx

2.5-7.5 

mg/kg (oral),

BID

Cardiol Thera-

peutics (CRDL-

T), Univ of Pitt

422 (placebo-

controlled)

Phase I I I All-cause mortality, CV comp-

lications, need for ventilator

support, 28d follow-up

Q3-21 COVID-19, with prior

cardiac indications or risk

factors

Cannabidiol 

(CBD); olive oil

as placebo

Up to 300 mg

daily

Stero Biotechs (IL) 28 (placebo-

controlled)

Phase II/III Number of flares up to 12 mo Q2-21 Crohn's disease (GI,

inflammation)

Cannabidiol 

(CBD), subQ

TBD Cardiol 

Therapeutics 

(CRDL-T)

TBD Phase I I TBD, collaboration with

Mexico-based TecSalud &

DeBakey Heart Center

TBD Diastolic heart failure

Cannabidiol 

(CBD), 

monotherapy

200-800 mg

daily (oral

capsule)

McMaster 

University (CA);

Tilray (TLRY-Q)

50 (control is 

sunflower lecithin 

oil)

Phase III HAMA, CGI, Generalized Anxiety

Disorder-7 at 8 wks

Q4-20 DSM-5 anxiety disorders

(general, social, panic,

agoraphobia), CNS

CBD-THC oil

(50:2)

200-800 mg

daily (oral

capsule)

McMaster Univ.

(CA); Medipharm

Labs (LABS-T)

40 patients 

(control is MCT 

oil)

Phase III HAMA, CGI, Generalized Anxiety

Disorder-7 at 8 wks

Q2-23 Anxiety disorders

Cannabidiol NA Yale University 72 patients Phase II Positive and Negative Sydrome

Scale and Clinical Global

Impression of Severity scale; both

out to 10 weeks

Q4-21 Early Psychosis

Cannabidiol 

(CBD), 

transdermal gel

(ZYN002)

125 mg or 250

mg, depending

on weight

Zynerba 

Pharmaceuticals 

(ZYNE-Q)

204 (placebo-

controlled)

Phase II/III,

CONNECT-FX 

trial

Aberrant Behavior Checklist-

Community Fragile X Factor

Structure subscale at 14 weeks

Q1-22 Fragile X Syndrome (genetic

neurocognitive disorder; CNS)

TN-TC11G; 

CBD & THC,

plus temo-

zolomide/RT

Up to 5 mg/5

mg THC:CBD

six times daily

Grupo Español de

Investigación en

Neurooncología, 

Tilray

30 (open label) Phase I/II Maximum tolerated dose (9

weeks) and Safety (12 months)

Q2-23 Glioblastoma (newly-

diagnosed)

Cannabidiol 

(CBD)

Probably 300

mg daily (oral)

Kalytera 

Therapeutics; 

Rabin Medical

Center

36 patients Phase II (open-

label)

Safety, PK, response rate out to

90d

Completed, 

Phase III 

pending

GvHD (prevention, post-bone

marrow transplant)

Cannabidiol 

(CBD), 

monotherapy

10 mg daily, up 

to 10 mg TID

Aalborg University

(Denmark)

180 (placebo-

controlled)

Phase II,

NordCAN trial

Visual Analog Scale pain intensity

at 12 weeks

Q2-21 Hand osteoarthritis, psoriatic

arthritis (inflammation)
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Exhibit 4. Ongoing Phase II/III Clinical Studies Testing Cannabidiol or Crude Cannabis/Cannabinoid Preparations 

 

Source: US National Institutes of Health clinical database   

Drug CBD dose

Lead 

investigator or 

institution

Number of 

patients

Stage of 

Development Primary Endpoint

Timeline to 

Data Indication

Cannabidiol 

(CBD), plus

vigabatrin 

(GABA trans-

aminase inhib)

40-150 mg/kg

daily (oral

solution)

Insys Therapeutics

(INSY-Q)

190 (placebo-

controlled)

Phase III Complete responders at day 15;

Sabril is Lundbeck/Ovation's

vigabatrin formulation

Q4-19 Infantile spasms (CNS)

Cannabidiol 

(CBD; 

Epidiolex)

NA GW 

Pharmaceuticals/ 

Jazz Pharma

(JAZZ-Q)

202 (open-label) Phase III,

GWPCARE7 trial

Treatment-emergent adverse

events, spasm-free duration out to

one year

Q4-18 Infantile spasms (CNS)

Cannabidiol 

(CBD; 

BRCX014)

Up to 910 mg

BID as

sublingual 

solution

Leaf Vertical

(Orlando FL)

160 patients (bkgd 

cancer chemo-

therapy allowed)

Phase I/II Response rate out to one year Q4-20 Mainly multiple myeloma &

glioblastoma (oncology)

Cannabis 

extract

Up to 2.5

mg/kg daily

(oral solution)

University of

Colorado (Denver

CO)

75 (placebo-

controlled)

Phase II Movement disorders society-

unified Parkinson's disease rating

scale Part III at three weeks

Q2-21 Motor symptoms with

Parkinson's Disease (CNS)

Cannabidiol 

(CBD)

Up to 2,800

mg/day (oral

solution)

University of

California, Los

Angeles

60 patients 

(randomized)

Phase I/II Cue-induced opioid craving at

days 7 and 28

Q3-21 Opioid use disorder

Cannabidiol 

(CBD) and THC

(varying ratios);

vapourized

Varying 

THC/CBD 

ratios

Prairie Plant

Systems/ 

CanniMed/Aurora 

(ACB-T)

40 (placebo-

controlled)

Phase II CAPRI

trial

Total pain reduction (VAS pain

intensity) up to 180 minutes post-

dose

Q4-18 Osteoarthritis of the knee

Medicinal 

Cannabis

125 mg (oral

oil formulation)

McMaster 

University

40 (randomized) Phase III Persistent post-surgical pain out to

6 months

Q2-21 Persistent post-surgical pain

following total knee

arthroplasty

Cannabidiol 

(CBD), 

monotherapy

NA US Veterans

Affairs; UC San

Diego (CA)

136 (placebo-

controlled)

Phase II Clinician-administered PTSD scale 

DSM5 (CAPS-5) at 28 weeks;

control is psychotherapy

Q3-23 Post-traumatic stress disorder

(PTSD; CNS)

Cannabidiol 

(CBD), 

monotherapy

20-40 mg/kg

daily (oral

solution)

Insys Therapeutics

(INSY-Q); Multi-

Care Health

System (WA)

66 (open-label) Phase II Safety/adverse events, changes in

weight, vital signs, ECG at one

year

Q2-20 Prader-Willi Syndrome

(endocrinology, CNS,

behavioral)

Cannabidiol 

(CBD; 

Epidiolex)

2-25 mg/kg

daily

GW 

Pharmaceuticals 

(GWPH-Q)

10 (open-label) Phase I/II Seizure frequency out to one year Q2-19 Refractory Sturge-Weber Syn-

drome (blood vessel abnormal-

ities in brain, skin, eyes; CNS)

Cannabidiol 

(CBD)

100 mg/mL

(oral solution)

GW 

Pharmaceuticals 

(GWPH-Q)

252  (placebo-

controlled)

Phase III Improvement on Clinical Global

Impressions & Rett Syndrome

Behaviour Questionnaire at 6 mo

Q4-21 Rett Syndrome 

Cannabidiol 

(CBD), plus

olanzapine

200 mg BID

(oral capsule)

Central Institute of

Mental Health

(Mannheim GR)

150 (placebo-

controlled)

Phase II Positive & Negative Symptome

Scale at one month; control is

olanzapine (Eli Lilly's Zyprexa)

Q4-21 Schizophrenia (CNS)

Cannabidiol 

(CBD), 

monotherapy

200 mg BID

(oral capsule)

Central Institute of

Mental Health

(Mannheim GR)

180 (placebo-

controlled)

Phase II Psychopathology scores (PANSS,

CGI, BSI-53, FROGS) out to one

year

Q4-18 Schizophrenia (CNS)

Cannabidiol 

(CBD) & THC;

oral GI-resistant

capsules

Up to 30

mg/day (30 mg

THC/10mg 

CBD)

PhytoTech Thera-

peutics/ Harvest

One (HVT-V)

70 (placebo-

controlled)

Phase II Change in sNRS scores at 4 wks Q4-18 Spasticity-related symptoms

related to multiple sclerosis

Cannabis drug

formulations

Varying 

THC/CBD 

ratios

University Health

Network, Toronto

12 (crossover) Phase II Modified Rush Video-Based Tic

Rating Scale (10 minutes)

Q2-19 Tourette syndrome

Cannabidiol 

(CBD; 

Epidiolex)

5-20 mg/kg

daily (oral

solution)

GW Pharmaceuti-

cals-Jazz Pharma,

JAZZ-Q); Univ of

Colorado (CO)

60 (placebo-

controlled; 

sesame oil-

ethanol with taste-

masking)

Phase II Safety/adverse events, changes in

weight, vital signs, ECG at up to

19 weeks

Reported Tremors associated with

Parkinson's Disease (CNS)

Cannabidiol 

(CBD; 

Epidiolex)

25 mg/kg daily

(oral solution)

GW Pharmaceuti-

cals-Jazz Pharma,

JAZZ-Q); Univ of

Colorado (CO)

210 (open-label) Phase III,

GWPCARE6 trial

Change in seizure frequency out

to four months

Q1-19 Tuberous sclerosis complex

spasms (CNS)
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Exhibit 5. Cannabidiol’s Positive Impact on Cardiovascular Function may be Obscured Pharmacologically When Co-

Administered with Tetrahydrocannabinol, for which Cardiovascular Impact is More Negative 

 

Source: Circulation (2020). Vol. 142, pp. e131-e152 

Cannabidiol’s positive impact on cardiovascular function is actually well-studied in the medical literature, but its co-administration 

with tetrahydrocannabinol (which has its own cardiovascular pharmacologic profile) in many studies tends to obscure its effects. 

Our review of the existing medical cannabinoid medical literature is that cannabidiol’s potential in cardiovascular disease has 

been historically obscured by the preponderance of published studies that do not discriminate between chemically-distinct 

cannabinoids, and specifically not discriminating between tetrahydrocannabinol and cannabidiol that have well-known 

differences in the receptors to which they bind and thus in the physiological effects they engender (Exhibits 5 & 35). Based on 

our review of cannabidiol’s clinical history, specifically through GW Pharmaceuticals/Jazz Pharmaceuticals (JAZZ-Q, NR) Phase 

III activities in epilepsy/Dravet Syndrome/Lennoz-Gastaut Syndrome with Epidiolex, side effect profile for THC-free cannabidiol 

seems to be favorable, and liver toxicity in particular (as assessed by elevation in liver-derived transaminase enzymes in the 

blood) was not associated with many patient withdrawals in published clinical studies that were summarized in a 2020 review in 

Frontiers in Neurology that we reviewed for this analysis. 
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Exhibit 6. Direct (Top) & Indirect (Bottom) Health Implications of Cannabidiol 

 

Source: Expert Review of Cardiovascular Therapy (2020). Vol. 18, pp. 905-917 

Cannabidiol seems to have complex pharmacology and may exert its effects through multiple receptor pathways. 

Cannabis/hemp-derived cannabinoids interact with specific receptors in the body called the CB1 and CB2 receptors, and there 

are endogenous ligands that bind to these receptors in the body under normal physiological conditions, such as the omega-6 

derivative 2-arachidonylglycerol or the fatty acid neurotransmitter anandamide. 

Exhibit 7. Cannabidiol is Metabolized by the Conventional Drug Detoxification Pathways Based on Cytochrome P450-Based 

Hydroxylation and then Glucuronidation, Pathways by which Many Hydrophobic Drugs are Metabolized 

 

Source: International Journal of Molecular Sciences (2020). Vol. 21, pp. 6740-6789 
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Cannabidiol and tetrahydrocannabinol do not exclusively bind to either the CB1 receptor or the CB2 receptor. Cannabidiol 

specifically may exert pharmacologic effects through the capsaicin receptor channel TRPV1 or the ion channel TRPM8. And we 

do know from the work of US NIH researcher Pal Pacher that cannabidiol positively impacts cardiovascular function through 

mitigating inflammation, oxidative stress, cardiac myocyte dysfunction and fibrosis. As well, we know that cannabidiol does not 

bind directly to the CB2 receptor (which is most commonly found in immune cells, thereby explaining the anti-inflammatory 

effects of CB2 receptor agonists) but it does engage with CB2 receptor in a complex manner that could partially explain its anti-

inflammatory action. 

Cannabidiol has limited affinity for the CB1 receptor, which is more ubiquitously expressed throughout the body and including in 

the central nervous system where tetrahydrocannabinol exerts its psychotropic effects. Cannabidiol also has positive effects on 

diabetes symptoms, specifically the kidney (nephropathy) and eyes (retinopathy), that could be mediated through the 

endocannabinoid CB1/CB2 receptor pathways. But this activity is not directly relevant to Cardiol’s specific focus on 

cardiovascular disease. 

Exhibit 8. Proposed Mechanism for how Cannabidiol Could Mediate Diabetic Complications 

 

Source: American Journal of Physiology:  Heart & Circulatory Physiology (2007). Vol. 293, pp. H610-H619 

The two drugs tend to be studied simultaneously in any clinical trials that explore the pharmacology of inhalable cannabinoids 

and any study that does so necessarily obscures the independent pharmacology of either drug in isolation. And this dynamic 

manifests itself in fairly profound ways in cardiovascular medicine in our view, with tetrahydrocannabinol exhibiting broad-

spectrum cardiotoxicity in many studies where it has been studied independently, while cannabidiol exhibits multiple cardio-

protective activities, at least in preclinical studies we have reviewed (Exhibits 23 & 24). Our investment thesis assumes that 

Cardiol will fund human studies with its oral and subcutaneously-injectable ultrapure cannabidiol/CardiolRx that should bridge 

the knowledge gap between preclinical observation and clinical utility for this unique pharmaceutical ingredient. 

Cardiol’s Strategic Manufacturing Alliance for CardiolRx With Purisys and Dalton Provides Competitive 

Advantages in Medical Markets Where Cannabidiol Purity is Critical to Clinical Success 

 

Cardiol’s cannabidiol supplier Purisys (private) has a diversified cannabinoid production operation independent of its relationship 

with Cardiol. Cardiol’s cannabidiol provider, GA-based Purisys, is a sizable competitor in the production of cannabidiol for 

multiple nutritional and pharmaceutical markets, independent of its collaboration with Cardiol in targeting cardiovascular disease.  

In addition to cannabidiol, Purisys produces over fifty distinct cannabinoids that are relevant to its overall franchise. With the US 

Drug Enforcement Agency (DEA) removing cannabidiol specifically from Schedule I of its Controlled Substances Act (which just 



Cardiol Therapeutics Inc. | CRDL-TSX March 25, 2021 

  

 

 Douglas W. Loe, PhD MBA | Managing Director & Analyst | dloe@leedejonesgable.com | 416.365.9924 Page 9 

 

means that it no longer requires a prescription for sale), Purisys has been clear in public commentary that it is targeting the food 

& beverage industry as a nascent growth opportunity for this specific cannabinoid. With GW/Jazz’s Epidiolex attaining FDA 

approval in pediatric epilepsy (see below), it seems likely that Purisys’ ultrapure cannabidiol would not be subjected to DEA legal 

restrictions either, especially if CardiolRx performa well in pending clinical studies. We are encouraged by the fact that Purisys 

features its relationship with Cardiol as visibly as Cardiol itself, thus showing us clear optimism on the mutual benefits of the 

alliance by both parties and not just Cardiol itself. 

Purisys was created back in Sep/19 as the cannabinoid manufacturing business unit of DE-based Noramco, a more diversified 

controlled substances and active pharmaceutical ingredient manufacturer. Founded in 1979, Noramco is licensed by the US 

DEA to produce controlled pharmaceutical ingredients like the opioid codeine, morphine and oxycodone, and related molecules 

like naloxone or amphetamines.  The firm was actually a division of Johnson & Johnson (JNJ-NY, NR) until 2016 when it was 

taken private by SK Capital for a reported US$800M (as cited in a 2018 Chemical & Engineering News article on the firm). In 

recent statements that we also excerpted from CEN, Noramco stated its intention to focus its API production capacity around 

cannabinoids, obviously including cannabidiol as one flagship product it already synthesizes in high purity/yield. In addition to 

Cardiol, Noramco has publicly disclosed that it is synthesizing THC for two named clients. This includes the CA-based Axim 

Biotechnologies (AXIM-Q, NR) which until recently was developing chewing gum-releasable THC for treating nausea (however, 

this product is not emphasized in the firm’s May/20 investor presentation), and NJ-based RespireRx Pharmaceuticals (RSPI-Q, 

NR; was called Cortex Pharmaceuticals) which is developing synthetic THC-containing dronabinol as a sleep apnea therapy.  

Noramco/Purisys have published patents that give us insights into how the firm generates cannabidiol from precursors and not 

through isolation from cannabis/hemp itself. As we indicate in Exhibit 9, Noramco/Purisys’ flagship US patent (US#10,059,683 

entitled Process for the Production of Cannabidiol & Delta-9-Tetrahydrocannabinol) describes a few details on how the firm 

produces stereospecific and THC-free cannabidiol from chemical precursors. The synthetic methodologies described in that 

patent (Exhibit 9) are reasonable based on organic chemistry synthetic routes with which we are familiar, specifically using acid-

based reactions to combine halogenated and cyclic alkenes through reduction to form ultrapure cannabidiol.  We believe that 

the ability to product cannabidiol in this manner rather than separate it from other cannabinoids created in botanical source 

material, gives Noramco/Purisys a sizable advantage over its peers in generating the drug for Rx markets where absence of 

contaminating cannabinoids is not just desirable but necessary. 

Cardiol’s other cannabidiol formulation partner is ON-based drug manufacturing and formulation services provider Dalton 

Pharma Services (private), with which Cardiol also has an exclusive global manufacturing agreement for producing ultrapure 

(and thus pharmaceutical-grade) cannabidiol. Unlike for Purisys/Noramco, we did not identify any specific patents issued to 

Dalton that describe its cannabidiol production methodologies, but Dalton is already Health Canada/FDA-approved for 

producing pharmaceutical-grade cannabinoids under cGMP conditions and thus is an attractive local partner for Cardiol’s 

pending CardiolRx/cannabidiol clinical activities on that basis alone. Importantly, Dalton’s exclusive client for its cannab idiol 

production activities is Cardiol, which Dalton itself made clear while mentioning Cardiol specifically in its Jan/20 press release 

announcing a three-year license renewal for its cGMP-based cannabinoid production activities. Cardiol’s supply agreement with 

Dalton was featured in a 2019 article in Pharma Manufacturing, which Dalton links to its website. Both Purisys and Dalton are 

CRDL shareholders as part of their respective supply agreements with the firm, and we are encouraged by the fact that both 

Purisys and Dalton are as overtly positive about their exclusive agreements with Cardiol as Cardiol is, which should 

simultaneously enhance the profile of all three firms as Cortalex sales ramp through Shoppers Drug Mart and as Cardiol achieves 

clinical milestones with CardiolRx. 

Contract manufacturing/drug formulation peers for Dalton/Purisys, not specifically in cannabinoid production/formulation, include 

NJ-based Ascentia Pharma, NY-based Albany Molecular Research (AMRI-Q, NR), and Swiss giant Lonza (LONN-SW, NR), 

among others but with multiple regional peers throughout North America and rest-of-world. 
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Exhibit 9. Noramco/Purisys’ Published/Patented Synthetic Route for Generating Ultrapure Cannabidiol 

 

Source: US Patent & Trademark Office (US#10,059,683, Process for the Production of Cannabidiol & Delta-9-Tetrahydrocannabinol); also 

described in Chemical & Engineering News (2018). Vol. 96 (46). 

The Bidirectional Relationship Between COVID-19 Infection and Cardiovascular Disease is Already Well-

Established, Making Cardiol’s Pending Phase II/ III COVID-19 Trial Even More Timely 

Returning to the central rationale for Cardiol’s pending COVID-19 trial, data from a 416-patient trial published last year by Wuhan 

University researchers in the journal JAMA Cardiology, clearly showed that adverse event rate/mortality rate of COVID-19-

diagnosed patients with prior cardiac injury (82 of the 416 patients enrolled) was substantially higher than for other COVID-19-

infected individuals in the study.  And the differences between these two cardiovascular-defined patient subsets were striking 

and almost make statistical analysis unnecessary. 46.3% of cardiac injury patients required non-invasive ventilation support as 

compared to 3.9% of non-cardiac injury patients, while another 22% of cardiac injury patients required more invasive ventilation 

support as compared to 4.2% of non-cardiac injury control subjects. 

Two other measures of patient outcome were correspondingly striking – 58.5% vs 14.7% experiencing acute respiratory distress 

syndrome, and 51.2% vs 4.5% mortality rate during the 23-37 day follow-up.  With cannabidiol exhibiting strong cardiovascular-

active pharmacology in the medical literature, and with Cardiol itself demonstrating this for CardiolRx in at least one published 

study that we have reviewed, we believe it is medically justified for Cardiol to advance on this program and to preferentially fund 

this trial to data within the next few quarters. 

Shifting back to evidence for cannabidiol’s cardiovascular activity, we point to a few studies that clearly demonstrate sufficient 

preclinical evidence to justify Cardiol’s eventual clinical programs in at least two distinct cardiovascular disease markets, acute 

myocarditis and diastolic heart failure. In one recent murine study published in 2020 in the Journal of the American College of 

Cardiology by Cardiol in collaboration with Tecnologica de Monterrey, data from a mouse model of heart failure showed that 

subcutaneously-administered cannabidiol was able to reduce mRNA expression levels of pro-inflammatory cytokines 

(specifically, interleukin-6 and interleukin-1beta), while simultaneously reducing mRNA expression levels of the ironically-named 

heart failure marker BNP (short for brain natriuretic peptide, which is released from cardiac myocytes when they have been 

stretched, as they would be from hypertension or from systolic heart failure). 
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Exhibit 10. There is Already a Clear Bidirectional Relationship Between Cardiovascular Disease and COVID-19 Infection, either 

of which can Exacerbate Symptoms of the Other 

 

Source: Nature Reviews Cardiology  (2020). Vol. 17, pp.543-558 

COVID-19 Indication: Targeting Individuals with a History of Cardiovascular (CV) Disease 

Presently, the drug is undergoing a 422-patient Phase II/III clinical trial for the treatment of hospitalized patients with a prior 

history of cardiovascular disease or risk factors for the disease. The trial is slated for completion by FQ421, although interim 

data could be out by mid-2021. The primary endpoints of the trial will be to assess CardiolRx in conferring benefit, namely by 

looking at a composite endpoint that includes all-cause mortality, requirement for ICU admission and/or ventilator support, and 

lastly cardiovascular complications, all assessed at 28 days post randomization.  

There is already abundant, if indirect, evidence showing that cannabidiol could be relevant for mitigating cardiovascular 

pathologies associated with COVID-19 infectivity. Specific to cannabidiol’s potential in targeting COVID-19-associated 

pathologies, researchers at Medical College of Georgia published data last year in the Journal of Cellular & Molecular Medicine. 

Data showed that cannabidiol could mitigate symptoms from acute respiratory distress syndrome (ARDS) through its up-

regulation of a peptide cytokine called apelin, which has broad-spectrum cardiovascular activity in regulating blood pressure, 

cardiac contractility, and new blood vessel growth. One of the biological receptors through which apelin exerts these activities 

is the ACE2 receptor, to which COVID-19 binds in the lungs and other organs. Indeed, as we gleaned from a 2018 review of 

apelin’s cardiovascular activity in Frontiers in Physiology that we separately reviewed for this purpose, apelin is generated from 

larger peptide precursors through digestion by ACE (short for angiotensin-converting enzyme, whose usual substrate is of course 

angiotensin II), which is the natural ligand for ACE2. 
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Exhibit 11. Ongoing Phase II/III Clinical Studies Testing Cannabidiol in COVID-19-Related Disorders 

 

Source: US National Institutes of Health clinical database  

In the aforementioned study, researchers mimicked COVID-19 lung infection by infusing RNA into the lungs of test animals (RNA 

of specific sequence, in this case a polymer of inosinic & cytidylic acid, is in fact often used as an adjuvant in vaccine 

formulations), and found that doing so sharply reduced apelin expression in blood and lung tissue, a process that cannabidiol 

was able to reverse.  While these data are clearly still preclinical and not definitive for COVID-19 specifically, we do infer that 

there is a potential cannabidiol-COVID-19-apelin-ACE2 interrelationship that could be relevant to clinical manifestations of 

disease and thus which merit further exploration, which Cardiol is advancing with its own pending Phase III COVID-

19/cannabidiol program. 

Counter to this, we reviewed a 2020 editorial published in the journal Cureus by Stanford University researchers that called into 

question the utility (or more specifically, the claims of utility) of currently-marketed cannabidiol formulations for mitigating 

pulmonary symptoms of COVID-19 infection. We mention this review in passing because of its provocative title suggesting that 

cannabidiol needs to be debunked as a treatment for COVID-19, but the main message of the editorial was more of a criticism 

of cannabidiol retailers making medical claims (and not just related to COVID-19) that current clinical data does not yet support.  

We have no major disagreement with that sentiment, nor of Cardiol’s clear intention to fill the void with its planned Phase I I/III 

CardiolRx clinical programs. 

Pre-existing cardiac disease may exacerbate COVID-19 symptoms, but the infection itself is associated with structural damage 

to the heart, making Cardiol’s simultaneous focus on COVID-19 infection and cardiovascular disease even more timely. We 

were interested to see in a recent editorial published last month by McGill University researchers in the European Heart Journal 

that COVID-19-associated cardiovascular pathologies are becoming more prevalent in post-infection symptomology.  As cited 

in this editorial, available data indicates that patients with severe COVID-19 infections requiring hospitalization will have elevated 

serum troponin levels (a marker for cardiac injury) in about 13-41% of cases. The downstream consequences of virus-induced 

cardiac injury include myocardial edema, scarring and increased vascular permeability, as depicted diagrammatically in Exhibit 

12 and as documented in at least five distinct cardiac MR imaging studies that the editorial cites. In one of these studies, a 148-

patient trial published in the same journal earlier this year by UK researchers, cardiac MR imaging data from hospitalized severe 

COVID-19 subjects showed cardiac abnormalities in 54% of subjects within two-month follow-up, with abnormalities including 

local inflammation, ischemia and myocarditis-like scarring. 

 

Drug CBD dose

Lead institution 

or investigator

Number of 

patients

Stage of 

Development Primary Endpoint

Timeline to 

Data Indication

Ongoing clinical studies testing cannabidiol in COVID-19-related disorders

Cannabidiol 

(oral)

150 mg BID Rabin Medical

Center (Tikva IL)

40 (open-label) Phase I/II Change in serum level of C-

reactive protein (CRP), ferritin,

inter-feron-gamma, IL6, TNF at

day 14

Q2-22 rtPCT-confirmed COVID-19

infection, severe symptoms

with co-presenting pneumonia

Cannabidiol 

(oral)

300 mg daily University of Sao

Paulo (Brazil)

120 (open-label; 

BONSAI trial)

Phase II/III Abbreviated Maslach Burnout

Inventory, Generalized Anxiety

Disorder-7 test, at day 28

Pending Stress/burnout in front-line

healthcare workers in COVID-

19 environment

Cannabidiol 

(oral)

150 mg BID University of Sao

Paulo (Brazil)

104 (placebo-

controlled; 

CANDIDATE trial)

Phase II/III Prevention of severe symptoms at

day 28; placebo is MCT oil

Pending Mild-to-moderate COVID-19

infection

Cannabidiol 

(oral, 

sublingual)

TID, but dosing 

not specified

Sheba Medical

Center (Ramat

Gan IL)

50 (placebo-

controlled)

Phase I Clinical deterioration, requirement

for O2 therapy, changes in NEWS

scale, by day 14

Q1-22 rtPCR-confirmed COVID-19

infection; stage of disease not

specified in inclusion criteria

Medical 

cannabis

Not specified OMNI Medical

Services (FL)

200,000 (multi-

arm but no 

placebo)

Phase II Prevention of COVID-19 infection

at five years, as compared to

general population data

Q4-25 Multiple patient categories

(cancer prevention, opioid

avoidance, pre-existing

COVID-19 infection)

Cannabidiol 

(CBD)-

CardiolRx

2.5-7.5 

mg/kg (oral),

BID

Cardiol Thera-

peutics (CRDL-

T), Univ of Pitt

422 (placebo-

controlled)

Phase I I I All-cause mortality, CV

complications, need for

ventilator support, at day 28

Q3-21 COVID-19, with prior card-

iac indications/risk factors

(elevated serum lipids,

BMI>30, high BP, T1/2D)
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Exhibit 12. Post-Infection Cardiovascular Symptoms in COVID-19-Infected Individuals are Starting to be Better Understood, and 

Could Merit Supplemental Therapy 

 

Source: Editorial by Friedrich, MG & Cooper, LT in European Heart Journal (2021).  In press 

In a separate 100-patient study published by EU researchers in the journal JAMA Cardiology in Jul/20, MR imaging data revealed 

that an even greater proportion of COVID-19-infected individuals (78%) had some sort of MR-confirmed cardiac abnormality, of 

which 60% were inflammation-related. Cardiac inflammation (myocarditis) is a pathology for which cannabidiol could be effective 

based on its published pharmacology. Clearly some of these cases could have been pre-existing cardiac conditions unrelated 

to COVID-19 infection, and so it is conceivable that we are getting the pathological link backwards here, and thus that pre-

existing cardiac disease makes patients more susceptible to COVID-19 symptoms and not the other way around. More 

controlled studies would need to be undertaken to tightly establish a link between COVID-19 infection and cardiac pathology, 

but it does seem clear to us that a link does exist, regardless of its causal directionality. 
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Exhibit 13. Ongoing Phase II/III Clinical Studies Examining Cardiovascular Pathologies Associated with COVID-19 Infection 

 

Source: US National Institutes of Health clinical database  

Cannabidiol showed anti-inflammatory activity in preclinical testing, activity that could be relevant to its cardio-protective 

potential in COVID-19 patients. Secondarily, there is abundant pre-clinical evidence in the medical literature that cannabidiol 

has immunomodulatory activity and thus could exhibit anti-inflammatory activity through this general mechanism, as was 

summarized by Mississippi State University researchers in a 2020 review published in Cannabis & Cannabinoid Research.  The 

evidence on this seems to be conflicting however, as the review itself addresses, but staying with cannabidiol-induced immune 

responses for now, proposed mechanisms include its impact on microglial and T-cells, coupled with its induction of programmed 

cell death (apoptosis) in immune cell types that regulate immune function, such as regulatory T-cells or myeloid-derived 

suppressor T-cells. 

Exhibit 14. Cannabidiol’s Impact on Immune Suppression Could be Mediated by Interaction with Distinct Immune Cell Types 

 

Source: Cannabis & Cannabinoid Research (2020). Vol. 5, pp. 12-31. 

Trial name Therapy

Lead institution 

or investigator

Number of 

patients

Stage of 

Development Primary Endpoint

Timeline to 

Data Indication

Ongoing clinical studies testing cardiovascular pathologies associated with COVID-19 infection

MOIST trial NA Univ. of Alberta

(AB), VIGOUR

Center

228 Phase II/III Myocardial T1 relaxation time 

(MR-confirmed cardiac image

abnormalities) at 12 weeks

Q3-21 Brain and lung imaging will

also be undertaken; changes

in serum troponin levels also

assessed

MYOCOVID 

trial

NA University Hospital, 

Toulouse (FR)

400 Phase II/III Proportion of subjects co-

presenting with COVID-19 &

acute myocarditis at 6-12 mo

Q4-21 Hospital registry of acute

myocarditis in COVID-19

patients

MIIC-MI NA Univ. Cambridge,

Welcome Trust,

NHS Found Trust

20 Phase II/III Assessment of inflammation

cytokines or blood coagulation

markers; evidence of myocarditis

via multi-modal imaging

Q2-21 Testing patients with COVID-

19 & elevated serum troponin

CARDIOVID NA Imagine Institute

(Paris FR)

80 Phase II/III Changes in MR/CT cardiac

imaging from baseline at 2 years

Q2-22 Pediatric study looking at

cardiothoracic imaging in

COVID-19 patients with

systemic inflammation

CISCO-19 NA University of

Glasgow (UK)

180 Phase II/III Evidence of myocarditis post-

discharge at 28d, using cardiac

MRI & mod Lake Louise criteria

Q3-21 Comparing MRI with serum

troponin I or NTproBNP serum

markers of heart damage

PHOSP-COVID NA Univ. Hospitals of

Leicester NHS

Trust (UK)

10,000 Phase II/III Retrospective and prospective

changes in serum biomarkers

NA Assessing post-discharge

symptoms in COVID-19

hospitalized patients

COVID-HEART NA Universit of Leeds

(UK)

10,000 Phase II/III Changes in MR-confirmed cardiac

markers at one-year

NA Assessing post-discharge

symptoms in COVID-19

hospitalized patients



Cardiol Therapeutics Inc. | CRDL-TSX March 25, 2021 

  

 

 Douglas W. Loe, PhD MBA | Managing Director & Analyst | dloe@leedejonesgable.com | 416.365.9924 Page 15 

 

The interplay between cannabidiol and immune cell function is still under active investigation, specifically to identify the specific 

receptors through which cannabidiol exerts anti-inflammatory activity (the CB2 receptor, which appears to be more prevalent 

on the surface of immune cells than CB1 receptor, could be relevant to that enquiry) and to determine if this is a T-cell-specific 

activity or if antibody-generating B-cells or dendritic cells are also targeted in some way. Moreover, we are mindful that 

immunomodulation itself is a sliding scale in this context, because while immune over-exuberance can give rise to excessive 

release of pro-inflammatory cytokines like interleukin-6 or interferon or tumor necrosis factor, insufficient immune responsiveness 

to viral attack has offsetting negative consequences. We expect this balance to be explored in Cardiol’s pending Phase II/III 

COVID-19/cannabidiol program. 

Cannabidiol may even directly mitigate acute lung injury in ways that could mitigate COVID-19’s lung-damaging activity. 

Additionally, a 2020 review published by Italy-based researchers in the British Journal of Pharmacology summarized other 

published studies suggesting that in addition to interaction with immune cell function (and thus with the release of immune 

cytokines from these cell types) as described above, there are other mechanisms by which cannabidiol could exert anti-COVID-

19 activity. This includes potential impact on ACE2 down-regulation (including perhaps through impacting apelin’s normal 

physiology) or alternatively through acting as an anti-oxidant through receptors known to be relevant to oxidative stress, such 

as PPAR-gamma (PPAR is short for peroxisome proliferator-activated receptor, to which thiazolidinedione diabetes drugs like 

Glaxo’s (GSK-L, NR) Avandia or Takeda’s (4502-JP, NR) Actos bind), TRP cation-selective channel receptors (TRP is short for 

transient receptor potential), or adenosine receptors that are known to be relevant to cardiovascular function. 

Exhibit 15. Cannabidiol Recognizes Several Receptors and Displays a Multifaceted Immunomodulatory Activity that Could Limit 

Severity of COVID-19 Infection, Supplemental to its Potential in Mitigating Virus-Induced Cardiovascular Pathology 

 

Source: British Journal of Pharmacology (2020). Vol. 177, pp. 4967-4970. 

Cannabidiol improved lung function in at least two other preclinical studies we reviewed (acute lung injury was generated in test 

animals by exposure to lipopolysaccharide, a cell wall component in Gram-positive bacteria), one published in 2012 by University 

of Sao Paulo researchers in the European Journal of Pharmacology and another more recently published in 2015 by the same 

Brazilian research team in the journal Immunopharmacology & Immunotoxicology. Both preclinical studies suggest that 

cannabidiol’s impact on acute lung injury, perhaps even when caused by COVID-19 pulmonary infection, could be supplemental 

to its potential impact on cardiovascular pathologies engendered by the virus. 
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Exhibit 16. Solid Histological Preclinical Evidence that Cannabidiol Can Reverse Acute Lung Injury, suggesting to us that the 

Drug’s Clinical Utility in this Realm Should Also be Explored 

 

Upper left: Healthy lung tissue; Upper right:  Lipopolysaccharide-generated acute lung injury (alveolar congestion & thickening 

highlighted by arrows and circle); Lower left: CBD-treated lung tissue post-LPS exposure (20 mg/kg dosing); Lower right: CBD-

treated lung tissue post-LPS exposure (higher dosing at 80 mg/kg shows improved alveolar morphology) 

Source: Immunopharmacology & Immunotoxicology (2015). Vol.37, pp 35-41  

COVID-19 treatments: None of the Approved Therapies Focus on CV Co-morbidities. At the moment, under the FDA’s 

Emergency Use Authorization, only eight drugs and biologics have been approved under this pathway for COVID-19. This is 

inclusive of vaccines (Moderna’s (MRNA-Q, NR) COVID-19 vaccine, and Pfizer’s (PFE-NY, NR)/BioNTech’s (BNTC-Q, NR) 

COVID-19 vaccine), Gilead’s (GILD-Q, NR) remdesivir/Veklury, Eli Lilly’s (LLY-NY, NR) Olumiant/Baricitinib as well as 

Bamlanivimab, and Regeneron’s (REGN-Q, NR) REGEN-COV/Casirivimab and imdevimab among others. Of the approvals list, 

there are only three approved treatments for hospitalized COVID-19 patients, and none specializing in those with a history of 

cardiovascular disease. We note separately that the FDA has observed an increase in patients requiring critical care, leading to 

a shortage of FDA-approved drugs used for the sedation of patients requiring mechanical ventilation. This was communicated 

by the FDA itself in a letter to healthcare providers in the early days of the COVID-19 pandemic in Mar/20. As such, we see the 

potential for Cardiol to fill in an underserved medical population which is at high risk of progression towards critical care given 

the existing co-morbidities. 

CardiolRx, Acute Myocarditis 

In the US, epidemiological data on acute myocarditis remains sparse, but in general the incidence of myocarditis is thought to 

be ~22 cases per 100,000 persons, as described in a 2020 article published in StatPearls by Southern Illinois University 

researcher M Al-Akchar & University of Florida researcher J Kiel. Stratifying this against the US general population, we estimate 

~73,000 individuals are diagnosed with this condition presently. With the firm’s intentions of filing for an IND to commence a 

Phase II acute myocarditis program by FQ321, we anticipate that data from the trial can be concluded by FQ422 or early F2023 

before contemplating a pivotal trial thereafter. 
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Exhibit 17. Different COVID-19 Treatments Under Clinical Assessment 

 

Source: US Food & Drug Administration (FDA) 

A study published in 2010 in the Journal of the American College of Cardiology by US National Institutes of Health and Israel-

based Hebrew University of Jerusalem researchers generated preclinical data from a mouse model of diabetic cardiomyopathy 

and from primary human cardiomyocytes (heart muscle cells), showing that cannabidiol mitigated levels of a wide array of 

stress/inflammation-induced biomarkers for heart fibrosis, stress, inflammation, and cell death (all of which were measured 

indirectly by quantifying release of relevant biomarkers like malondialdehyde or 4-hydroxynonenal, which are formed from lipid 

peroxidation that itself results from oxidative stress and free radical oxygen production). 

CardiolRx, Diastolic Heart Failure 

Diastolic heart failure is a sub-category of heart failure itself, which is medically defined as impaired ability of the bottom chambers 

of the heart, the ventricles, to relax properly and contract and this manifests itself in impaired ability of the ventricles to fill with 

blood before they contract, thereby limiting the ability to pump sufficient blood out of the heart and to the rest of the body.  The 

cause of this is usually a stiffening of the left ventricle wall, as compared to what happened during systolic heart failure, when 

the left ventricle wall becomes weak and enlarged, thus also impeding its pumping action but for a different reason. Diastolic 

heart failure is referred to in the medical literature as heart failure with preserved ejection fraction, and thus is physiologically 

distinct from systolic heart failure which is characterized by the left ventricle only pumping out a fraction of the oxygenated blood 

it contains and termed heart failure with reduced ejection fraction. 

Common therapies currently deployed for diastolic heart failure, at least until more invasive surgical alternatives are required like 

valve replacement for example, are either diuretics (which reduce blood volume by increasing kidney function, and of which 

there are many, including hydrochlorothiazide/Microzide & furosemide/Lasix, both of which inhibit sodium and chloride ion 

reabsorption in the kidneys) or anti-hypertensive agents, of which there are many (beta-adrenergic receptor blockers, calcium 

channel blockers, angiotensin-converting enzyme inhibitors, or angiotensin II receptor blockers, to name four) and all of which 

facilitate smooth muscle relaxation in and around the heart and the blood vessels that connect to it. 

Diastolic heart failure is a sizable medical market for which standard-of-care is limited and for which effective Rx alternatives 

could be embraced if approved. We base our determination for disease prevalence/annual incidence for diastolic heart failure 

on a recent review by Texas Tech Health Sciences Center researchers just published in late 2020 in Reviews of Cardiovascular 

Medicine, which indicates therein based on other cited literature that overall prevalence of heart failure (both systolic and 

diastolic) in the US is about 6.5M, of which about 50% or 3.25M are estimated to be cases with preserved ejection fraction (also 

cited in the American Heart Association’s 2020 Heart Disease & Stroke Statistics published in the journal Circulation).  Annual 

incidence of diastolic heart failure is about 250,000-to-300,000 cases in the US alone, as cited in the aforementioned review 

and in a separate review published in 2017 in American Family Physician. Interestingly, incidence of diastolic heart failure has 
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grown in recent years, as compared to incidence of systolic heart failure for which annual incidence has declined slightly over 

the corresponding period, according to a 2018 study in JACC: Heart Failure. 

The increased incidence of diastolic heart failure might be associated with corresponding rise in incidence of hypertension, type 

II diabetes, and obesity, all of which are associated with systemic inflammation that in our view justifies an anti-inflammatory 

approach to diastolic disease treatment. With the exception of aortic stenosis (narrowing of the aorta, often near the aortic valve) 

which causes significant thickening of the heart muscle and therefore leading to diastolic disease, and some rare congenital 

heart conditions, there are not many examples of diastolic heart failure that can be treated with surgical or interventional 

procedures, as coronary artery disease can for example.  The disease is thus usually treated with diuretics and other supportive 

therapies, and not with any pharmaceutical options that are specific to diastolic disease.  

Diastolic heart failure has specific biomarkers that are useful for diagnosing disease. In a biomarker study published by 

Massachusetts General Hospital researchers in 2018 in the journal JAMA Cardiology, data showed that of the multitude of 

blood- or urine-based biomarkers for heart failure, only two – natriuretic peptides and urinary albumin-to-creatinine ratio (UACR) 

- were singularly associated with heart failure with preserved ejection fraction. And separately, data from the 8,592-patient 

PREVEND trial, published in 2014 in the European Heart Journal but updated many times thereafter, showed that a history of 

atrial fibrillation and elevated serum levels of the kidney disease marker cystatin C are also associated with diastolic heart failure. 

It thus seems plausible that these markers specifically could be used both for diagnosing disease at enrollment and perhaps for 

monitoring responsiveness to subcutaneously-injected cannabidiol in Cardiol’s pending diastolic heart failure trials. 

Exhibit 18. There are Multiple Proposed Pathways that Give Rise to Cardiomyocyte Pathology in Patients with Diastolic Heart 

Failure, Many Involving the Cardiac Sarcomere Protein Titin that Alter Cardiomyocyte Stiffness/Contractility 

 

Source: Journal of the American College of Cardiology (2017). Vol. 70, pp. 2186-2200 

Of equal interest to us, the same Massachusetts General Hospital researchers (though in this case as part of a larger clinical 

consortium) published data in the journal Circulation Heart Failure back in 2016 that provided differentiated risk factors for 

systolic vs diastolic heart failure.  Most of the symptoms associated with diastolic heart failure were fairly generic things like prior 

heart attack history, body-mass index and elevated systolic blood pressure requiring anti-hypertensive medication, but what 

strikes us is why these would be more associated with diastolic heart failure and not with systolic heart failure as well, for which 

a different set of symptoms were associated with this heart failure category (left ventricle hypertrophy and left bundle branch 

block, which are more characteristic of disease than risk factors for it, but also diabetes which we would have assumed would 

be an equivalent risk factor for both heart failure forms).  Regardless, diastolic heart failure does continue to be an active area 

of fundamental cardiology research, if not all that active as a target market for drug development, which we believe positions 

Cardiol well for capturing sizable market share if cannabidiol eventually performs well in pivotal Phase III testing. 
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Diastolic heart failure is a unique cardiovascular condition, but many of its causes are shared with other heart diseases. The 

causes of diastolic heart failure are, unsurprisingly, other cardiac pathologies like coronary artery disease (for which balloon 

angioplasty or coronary artery bypass surgery can be indicated if disease is advanced) or valvular disease 

(calcification/narrowing at the aortic valve or mitral valve, for which valve replacement can be indicated in advanced cases) or 

hypertension, for which an extensive pharmacopeia of beta-blockers and angiotensin-converting enzyme (ACE) inhibitors and 

angiotensin receptor blockers (ARBs) are already widely available.  According to a 2013 report from a joint counsel of the 

American College of Cardiology and the American Heart Association, the total annual cost for treatment/therapy/surgery applied 

to heart failure in general was in the US alone about US$30B, about half of which could reasonably be assumed to apply to 

diastolic heart failure if it accounts for half of all annual heart failure cases. 

Standard-of-Care in Diastolic Heart Failure is Based Mostly on Rate-Controlling Drugs that have Performed 

Modestly at Best When Tested Specifically in Diastolic Disease 

Most recent Phase III trials targeting diastolic heart failure have tested already-approved rate-altering antihypertensive agents, 

with at best mixed results. Current standard-of-care for diastolic heart failure is to administer rate-controlling (anti-hypertensive) 

therapies, of which there are several. These include beta-blockers, angiotensin-converting enzyme (ACE) inhibitors and 

angiotensin receptor blockers (ARBs; the protein hormone angiotensin causes release of the steroid aldosterone, whose action 

is to narrow blood vessels), as we summarize in Exhibit 20. These agents are not overly diastolic heart failure-specific though, 

and are indicated for systolic/systolic heart failure and for chronic atrial fibrillation as well. 

There is some justification for focusing on heart rate control as a way to mitigate diastolic heart failure symptoms, though the 

data is still ambiguous on this point.  We specifically point to the 26,376-patient OPTIMIZE-HF trial (of which 8,873 patients 

presented with preserved ejection fraction of >50%), completed long ago but for which an updated analysis published in 2017 

in JACC showed that in patients admitted to hospital with diastolic heart failure, lower heart rate at discharge was associated 

with a lower risk of all-cause mortality but not with a lower readmission rate for diastolic heart failure recurrence. 

Candesartan/Atacand. The evidence supporting the use of anti-hypertensive agents to mitigate diastolic heart failure symptoms 

is actually still mixed. For example, the 3,025-patient CHARM-Preserved trial published back in 2003 in the journal The Lancet 

showed that the ARB candesartan (AstraZeneca’s (AZN-L, NR) Atacand, now sold by MN-based Ani Pharmaceuticals; ANIP-

Q, NR) exhibited no benefit on cardiovascular-related death at three-year follow-up but it was associated with reduced hospital 

admissions for heart failure symptoms.  This was confirmed in a longer-term analysis published in 2014 in the European Journal 

of Heart Failure, documenting therein that candesartan-treated patients experienced 8.9 heart failure-related hospitalizations 

per 100 patient-years as compared to 12.5 for placebo patients. 

Irbesartan/Avapro. In another NEJM study, the 4,128-patient I-PRESERVE trial, this time published in 2008 by researchers at 

the SF Veterans Affairs Medical Center and alternatively focused on the ARB irbesartan (Sanofi’s Avapro), data showed that this 

small-molecule drug minimally impacted diastolic heart failure symptoms at 49.5 month follow-up – primary event rates were 

100.4 vs 105.4 per 1,000 patient years in the irbesartan vs placebo study arms and hospitalization rate also slightly favored 

irbesartan at 70.6 vs 74.3 per 1,000 patient-years but these differences were minor and not significant, and death rates were 

identical in the respective study arms. 

Perindopril/Aceon. Shifting to a different category of anti-hypertensive therapies, the small-molecule ACE inhibitor perindopril 

(Xoma’s (XOMA-Q, NR) Aceon, sold by Symplmed Pharmaceuticals since 2013) was tested in the 850-patient Phase III PEP-

CHF trial, for which pivotal data were published in the European Heart Journal back in 2006. Substantial patient withdrawal from 

both the perindopril and placebo study arms limited the study’s interpretive capacity, but of the 207 patients who reached two-

year follow-up, there was a general trend toward reduction in heart failure events and mortality for drug-treated diastolic heart 

failure patients at one-year follow-up, but this benefit narrowed significantly at later time points. 

Spironolactone/Aldactone. A similarly-designed Phase III study focused on a different drug, the anti-minerocorticoid steroid drug 

spironolactone (branded as Aldactone by Pfizer), was published in the New England Journal of Medicine (in 2014) by University 

of Michigan researchers. Unfortunately, like the heart medications described above, the study also generated mixed impact on 

diastolic heart failure. The drug works by inhibiting interaction of steroids like aldosterone with the androgen receptor in the 

body. Data from the 3,445-patient diastolic heart failure trial (the TOPCAT trial) showed that spironolactone-treated patients did 

experience a lower rate of heart failure-related hospitalizations vs placebo (12.0% vs 14.2%) but with far higher rates of 

hyperkalemia (high potassium levels in the blood) and high serum creatinine levels, suggesting renal toxicity at test doses. 
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Interestingly, there was some post-hoc analysis of the trial that showed sizable geographic variability in study outcome 

(cardiovascular event rate was below study average in two eastern European nations in which patients were enrolled, and 

excluding patient data from these two nations favored spironolactone more vigorously than the aggregate data set did). 

Investigation into why this happened and if it could be relevant to the drug’s pharmacology is ongoing. Indeed, a supplemental 

150-patient trial (the STRUCTURE trial) published in 2016 in JACC showed that spironolactone-treated patients experienced 

improved exercise capacity and oxygen uptake efficiency, and so it is no surprise to us that clinical testing in diastolic heart 

failure is still ongoing. Spironolactone continues to be tested in diastolic heart failure in the 3,200-patient SPIRRIT trial, as shown 

in Exhibit 21 and for which we expect final cardiovascular event rate data by mid-F2022. 

Eplerenone/Inspra. A related aldosterone receptor antagonist called eplerenone, branded as Inspra by GD Searle (part of Pfizer) 

was separately tested in the 44-patient RAAM-PEF trial that was published back in 2011 in the Journal of Cardiac Failure; in that 

study, no improvement at six-month follow-up in six-minute walking distance was observed, but in comparison to placebo, there 

was improvement in diastolic function and in biomarkers of disease like collagen turnover. A 20-patient diastolic heart failure 

study at Northwestern University is continuing to explore the drug’s utility in diastolic heart failure (data in Q122), and 

eperenone/Inspra may be substituted for spironolactone in the 3,200-patient SPIRRIT trial (data in Q222) in patients who are 

spironolactone-intolerant. 

Nebivolol/Bystolic, carvedilol/Coreg. Beta-blockers have generally performed well in legacy clinical studies on conferring benefit 

on all-cause mortality but not on heart failure-based hospitalization rate, based on a fifteen-study meta-analysis published by 

Mount Sinai Hospital researchers in 2015 in Heart Failure Reviews. Two sizable studies described therein caught our eye. One 

was a 2,128-patient Phase III trial (the SENIORS trial) testing the beta-blocker nebivolol (Allergan/AbbVie’s (ABBV-NY, NR) 

Bystolic) in a wide-reaching heart failure study that included elderly diastolic heart failure patients (36% of subjects exhibited 

ejection fraction >35%). Primary data (as above, a composite endpoint of heart failure recurrence, hospital admission rate, and 

all-cause mortality) favored nebivolol at 21-month follow-up (31.1% vs 35.3% placebo achieving at least one adverse event over 

that time period). 

For our purposes, data are ambiguous since the trial included systolic heart failure patients, but follow-up analysis published in 

2009 in the journal JACC showed that data were fairly uniform across different heart failure categories.  Moreover, SENIORS 

data are still useful for reference since it exclusively enrolled elderly (>70 years old) subjects and diastolic heart failure is more 

frequently encountered in elderly subjects. As supplemental analysis on beta-blockers, Glaxo/Smith Kline Beecham’s legacy 

beta-blocker drug carvedilol (branded as Coreg or Coreg CR) was also tested in diastolic heart failure specifically in Japanese 

patients in the 245-patient J-DHF trial, with similarly negative data on composite cardiovascular endpoint (death or heart failure-

based hospitalization). 

Investigators commented that the median dose tested was for some reason lower than the target dose (7.5 mg vs 20 mg daily 

dosing) and so there may be justification to continue testing carvedilol in this indication. Indeed, a 300-patient placebo-controlled 

Phase IV diastolic heart failure trial (the CAYMUS-HFpEF trial) at South Korea-based Yonsei University testing 8-32 mg daily 

carvedilol dosing and a separate 250-patient placebo-controlled Phase IV diastolic heart failure trial (the PREVENT-CHF trial) at 

CA-based City of Hope Medical Center could address historic dosing limitations. We will not extend our analysis of beta-blockers 

beyond that observation, as they are in widespread use in hypertension management anyway and are unlikely to experience any 

impact on Rx volumes regardless of data quality in diastolic heart failure clinical testing. 
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Exhibit 19. Cause of Death in Patients with Diastolic Heart Failure is Frequently, but Not Necessarily, From Heart Failure Itself, 

Suggesting that Consequences of Disease Could be More Systemic than Heart Pathology itself Might Suggest 

 

 

CV, cardiovascular; GI, gastrointestinal; HF, heart failure; MI, myocardial infarction; SD, sudden death; CNS, central nervous 

system; GU, genitourinary 

Source: Journal of the American College of Cardiology (2017). Vol. 69, pp. 556-569 
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Nitrate drugs (isosorbide mono- or dinitrate).  Long ago genericized but originally branded as Isordil by Wyeth (now Pfizer) and 

as Monoket as now sold by Lannett (LCI-NY, NR), nitrate-releasing drugs in general have been useful as vasodilators for 

mitigating angina pain and were recently tested in diastolic heart failure by Mayo Clinic researchers. The resulting 110-patient 

trial specifically tested isosorbide mononitrate, which may not be representative of other nitrate-releasing therapies that could 

be tested on this theme, but in this case, there was no benefit on hours of daily activity nor were there any changes in serum 

levels of NT-proBNP (a biomarker of diastolic heart failure) as compared to placebo patients. 

Ranolazine/Ranexa. Gilead Sciences’ FDA-approved chronic angina drug ranolazine (branded as Ranexa by innovator CV 

Therapeutics) has also been tested as a diastolic heart failure drug, but as with most anti-hypertensive therapies we describe 

above, the drug did not perform well in a 20-patient Phase II trial (the RALI-DHF study) as published in 2013 in JACC Heart 

Failure by Gilead and collaborators (though in this early-stage trial, primary endpoints were based on heart hemodynamic 

properties and not clinical outcomes). 

Sacubitril-Valsartan/Entresto. Lastly, we reflect on the 4,822-patient Phase III PARAGON-HF diastolic heart failure trial that 

Novartis (NVS-NY, NR) funded a few years ago for its sacubitril-valsartan combination therapy Entresto. The trial was published 

in 2019 in the New England Journal of Medicine.  All enrolled subjects exhibited an ejection fraction of >45%. Data showed that 

this combination of a neprilysin inhibitor and an angiotensin receptor blocker, which is FDA-approved for treating chronic heart 

failure, did not demonstrate a statistically-significant benefit in diastolic heart failure in PARAGON-HF in comparison to patients 

treated with valsartan alone (which Novartis separately sells as the anti-hypertensive drug Diovan). For context, Entresto 

achieved blockbuster status on its FDA approval, with F2020 sales at US$2.5B, up 45% y/y. However, the relative proportion of 

adverse CV events did favor Entresto-treated subjects at interim analysis (894 events in 526 drug-treated patients, 1,009 events 

in 557 valsartan-treated patients), though without a clinically-meaningful difference in rate of heart failure-related hospitalization 

or mortality. 

As we show in Exhibit 21 though, Entresto’s potential in treating diastolic heart failure continues to be actively investigated in 

ongoing Phase III studies, specifically the 592-patient PERSPECTIVE trial (cognition as endpoint) the 800-patient PARAGLIDE-

HF trial (change in serum NT-proBNP as endpoint) for which data are expected in 2022. But importantly, Entresto was actually 

granted limited FDA approval for patients with diastolic heart failure in Feb/21, as announced by Novartis and based on 

PARAGON-HF data, so the drug could be used more expansively in diastolic heart failure for now and until data from the 

aforementioned Phase III diastolic heart failure trials conclude. As importantly, an FDA Advisory Panel review that convened in 

Dec/20 did not categorically endorse Entresto’s use in diastolic heart failure, with specific commentary on PARAGON-HF 

limitations as we describe above, as well as separate commentary on the extent to which ejection fraction needs to be ‘preserved’ 

in order for Entresto to be deemed effective in diastolic heart failure patients.  
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Exhibit 20. Recent Clinical Activities in Diastolic Heart Failure have not Generated Positive Outcomes, Though Most Trials have 

Been Focused on Rate-Controlling Therapies that are Mechanistically Distinct from Cannabidiol 

 

Source: Adapted from American Family Physician (2017). Vol.  

  

Trial Comparison Population Duration Results

Aldosterone Receptor Blockade

in Diastolic Heart Failure (Aldo-

DHF) trial

Spironolactone vs.

placebo

422 patients with symptomatic HF

and LVEF ≥ 50%

12 months No difference between groups in Minn-

esota Living with Heart Failure Ques-

tionnaire scores; patients taking spirono-

lactone had lower six-minute walk distance 

(517 vs. 536 meters; P = 0.02)

Candesartan in Heart Failure –

Assessment of Reduction in

Mortality and Morbidity — Pre-

served (CHARM-Preserved) trial

Candesartan 

(Atacand) vs.

placebo

3,023 patients with NYHA class II to

IV HF, LVEF > 40%, and prior

hospital admission for cardiac

reason

36 months No difference between groups in CV

mortality; CV, HF, or all-cause hospital-

ization; withdrawal due to adverse events

was greater in the candesartan group

(17.8% vs. 13.5%; NNH = 24; P = 0.001)

Digitalis Investigation Group

(DIG) ancillary trial

Digoxin vs. placebo 988 patients with LVEF > 45% and

normal sinus rhythm

37 months No difference between groups in HF

hospitalizations or HF or CV mortality

Digitalis Investigation Group

(DIG) ancillary trial (post hoc

analysis)

Digoxin vs. placebo 631 patients 65 years and older with

LVEF > 45% and normal sinus

rhythm

37 months Patients in digoxin group were more likely

to be hospitalized (9% vs. 3.8%; NNH = 20; 

P = 0.026)

Irbesartan in Patients with Heart

Failure and Preserved Ejection

Fraction (I-PRESERVE) trial

Irbesartan (Avapro)

vs. placebo

4,128 patients with NYHA class II to

IV HF, LVEF > 45%, and HF

hospitalization in previous six

months

49.5 months No difference between groups in CV or all-

cause mortality; CV, HF, or all-cause

hospitalization; or withdrawal due to

adverse effects

Japanese Diastolic Heart Failure

Study (J-DHF)

Carvedilol (Coreg)

vs. placebo

245 patients with HF and EF > 40% 3.2 years No difference between groups in CV or all-

cause mortality or HF hospitalization

Nitrate’s Effect on Activity

Tolerance in Heart Failure with

Preserved Ejection Fraction

(NEAT-HFpEF) trial

Crossover trial of

isosorbide 

mononitrate vs.

placebo

220 ambulatory patients 50 years

and older with HF and LVEF ≥ 50%

Two six-week 

crossover 

periods

Patients in isosorbide mononitrate group

had lower activity levels as measured by

an accelerometer (9,185 vs. 9,623 accel

units; P = 0.02) and less daily activity (9.01

vs. 9.31 hours; P = 0.002)

Perindopril in Elderly People with

Chronic Heart Failure (PEP-CHF)

trial

Perindopril (Aceon)

vs. placebo

850 patients >70 years old taking

diuretics for clinical HF diagnosis

with CV hospitalization in previous

six months and LVEF 40% to 50%

2.1 years No difference between groups in all-cause

mortality or combined all-cause mortality

and unplanned HF hospitalization

Phosphodiesterase-5 Inhibition to

Improve Clinical Status and

Exercise Capacity in Diastolic

Heart Failure (RELAX) trial

Sildenafil (Revatio)

vs. placebo

216 patients with symptomatic HF

and LVEF ≥ 50%

12 weeks No difference between groups in change

in peak oxygen consumption, clinical rank

score, exercise capacity, six-minute walk

distance, or adverse effects

Study of Effects of Nebivolol

Intervention on Outcomes and

Rehospitalization in Seniors with

Heart Failure (SENIORS) trial

Nebivolol (Bystolic)

vs. placebo

2,128 patients 70 years and older

with clinical diagnosis of HF (hospital 

admission for HF in previous 12

months or known LVEF ≤ 35%),

including patients with HF with

preserved or reduced EF 

21 months No difference between groups in all-cause

hospitalization or mortality; fewer patients

in the nebivolol group had the combined

outcome of all-cause mortality and CV

hospitalization (31.1% vs. 35.3%; NNT =

24; P = 0.039)

Study of Effects of Nebivolol

Intervention on Outcomes and

Rehospitalization in Seniors with

Heart Failure (SENIORS) trial

(post hoc analysis)

Nebivolol vs.

placebo

752 patients with clinical HF

(hospital admission for HF in

previous 12 months and LVEF >

35% (mean EF of 49%)

21 months No difference between groups in all-cause

hospitalization or mortality, or combined all-

cause mortality and CV hospitalization

Treatment of Preserved Cardiac

Function Heart Failure with an

Aldosterone Antagonist

(TOPCAT) trial

Spironolactone vs.

placebo

3,446 patients with HF symptoms,

LVEF ≥ 45%, and hospitalization in

previous 12 months

3.3 years No difference between groups in CV or all-

cause mortality, all-cause hospitalization,

or adverse effects; patients in

spironolactone group had lower rates of

HF hospitalization (12% vs. 14.2%; NNH =

45; P = 0.04)

Abbreviations: CV = cardiovascular; EF = ejection fraction; HF = heart failure; LVEF = left ventricular ejection fraction; NNH = number needed to harm; NNT

= number needed to treat;

NYHA = New York Heart Association
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Exhibit 21. Ongoing Late-Stage Clinical Trials Targeting Diastolic Heart Failure or Acute Myocarditis 

 

Source: US National Institutes of Health clinical database, adapted in tabular form by Leede Jones Gable 

 

Drug

Mechanism of 

action

Lead investigator 

or institution

Number of 

patients

Stage of 

Development Primary Endpoint

Timeline 

to Data Indication, comments

Ongoing clinical studies focused on diastolic heart failure

CoQ10 

(ubiquinol), D-

ribose

Isoprenoid in 

electron transport 

chain

U. Kansas Medical 

Center

153 Phase II 

(placebo-

controlled)

Change in KC cardio-

myopathy questionnaire 

(KCCQ) at 3mo 

Q1-21 DHF, with preserved ejection fraction 

(see BMC Cardio-vascular Disorders, 

2018 )

Dapagliflozin 

(Farxiga)

Sodium-glucose co-

transport (SGLT2) 

inhibitor

AstraZeneca, 26 Phase II 

(STADIA-

HFpEF)

LV distensibility, echo-

cardiography-measured, 

KCCQ, at 13wks

Q2-22 FDA-approved in May/20, based on 

4,744-pt DAPA-HF trial (NEJM, 2019 )

CAP-1002 Allogeneic 

cardiosphere-

derived cells

Capricor, Cedars-

Sinai Med Ctr, Med 

Univ South Carolina

40 Phase II  

Regress-HFpEF)

Safety at 3yrs (acute 

myocarditis, arrhythmias, 

CV-related death)

Q2-21 Regression of fibrosis & dias-tolic HF; 

MUSC HF researcher M. Zile as 

principle investigator

TRC041266 Decanoic acid 

cocrystal of TRC-

4186

Torrent Pharma-

ceuticals (IN)

800 Phase III 

(placebo-

controlled)

Composite CV endpoints; 

mortality, HF worsening, 

six-min walking distance

Q2-24 TRC4186 is pyridinium, 3-[[2-

(methylsulfonyl) hydrazino] carbonyl]-1-

[2-oxo-2-2-thienyl) ethyl]-chloride

Mirabegron 

(Myrbetriq, 

YM178)

Beta3-adrenergic 

receptor agonist

Astellas Pharma, 

funded with Horizon 

2020 EU grant

297 Phase II 

(Beta3_LVH 

trial)

LV mass index & cardiac 

fibrosis at 12mo

Q3-21 FDA-approved in 2012 for overactive 

bladder; high beta3-AR levels in 

diseased heart

IASD System II Transcatheter inter-

atrial shunt (lowers 

pressure between 

left & right atria

Corvia Medical (MA) 608 Phase III, sham-

controlled 

(REDUCE-LAP-

HF II)

Composite CV endpoints 

at 24 mo (time-to HF 

recurr, mortality, stroke)

Q3-27 Already CE-marked; Germany-based 

100-pt REDUCE-LAP-HF III & 150-pt 

REDUCE-LAP-HF IV trials ongoing

Sacubitril & 

valsartan oral 

tablet (Entresto)

Angiotensin II 

receptor blocker, 

neprilysin inhibitor

Germans Trias Pujol 

Hospital (SP), Abbott 

(ABT-NY, NR)

14 Phase III 

(ARNIMEMS 

trial)

Change in pulmonary 

arterial pressure at 18 

weeks, measured with 

Abbott's Cardio-MEMS

Q4-22 Relief of pulmonary hyperten-sion is 

main target market, but enrolling pts 

with preserved ejection fraction

Spironolactone 

(Aldactone)

Derivatized steroid,

anti-androgenic 

activity

Uppsala U, Karolin-

ska U (SW), Duke

Clinical Res Inst

3,200 Phase III

(SPIRRIT)

Time to CV death or

hospitalizationo, to 5 yrs

Q2-22 Extends TOPCAT trial to ex-plore if

aldosterone antagonism mitigates

heart failure

Sacubitril &

valsartan oral

tablet (Entresto)

Angiotensin II

receptor blocker,

neprilysin inhibitor

Flinders U (Adelaide

Australia)

60 Phase III

(PRISTINE-HF)

MR-confirmed changes in

microvascularization or

ischemia at one-year

Q1-24 Exploring utility of rate control (with

ARB) and increase in serum natriuretic 

peptodes

Dapagliflozin 

(Farxiga)

Sodium-glucose co-

transport (SGLT2)

inhibitor

AstraZeneca, 6,263 Phase III

(DELIVER)

Time to first CV adverse

event to 39 months

Q4-21 International, multi-center, NYHA class

II-IV, LVEF>40%

Spironolactone 

(Aldactone)

Derivatized steroid,

anti-androgenic 

activity

Charite University

(Berlin GR)

1,300 Phase III

(SPIRIT-HF)

Cumulative CV adverse

events at four years

Q4-24 As with SPIRRIT trial, extends

TOPCAT to look for specific impact in

HFpEF

Sacubitril &

valsartan oral

tablet (Entresto)

Angiotensin II

receptor blocker,

neprilysin inhibitor

Novartis (NVS-NY,

NR)

800 Phase III (PARA-

GLIDE-HF), 

valsartan ctrl

Change in serum NT-

proBNP at two months

Q1-22 Assessing utility of NT-proBNP as

measure of HFpEF

Empagliflozin 

(Jardiance)

Sodium-glucose co-

transport (SGLT2)

inhibitor

Boehringer 

Ingelheim, Eli Lilly

(LLY-NY, NR)

5,988 Phase III

(EMPEROR-

Preserved)

Cumulative CV adverse

events at 38 months

Q2-21 As in DELIVER trial, exploring utility of

HbA1C reduction on heart failure

Semaglutide 

(Ozempic, 

Rybelsus)

GLP-1 analog, binds

GLP-1r to increase

insulin secration

Novo Nordisk A/S

(NVO-NY, NR)

516 Phase III (STEP-

HFpEF)

Change in Kansas City

Cardiomyopathy 

Questionnaire at one-year

Q2-23 Assessing impact on body-mass index

(GLP-1 slows gastric emptying) on

HFpEF

Finerenone 

(BAY94-8862)

Non-steroidal anti-

mineralocorticoid 

Bayer AG (BAYN-

XFRA, NR)

5,500 Phase III

(FINEARTS-HF)

Cumulative CV events vs

placebo at 42 months

Q2-24 Lead indication is kidney disease, also

in Phase III trials

Sacibutril &

valsartan 

(LCZ696)

Angiotensin II

receptor blocker,

neprilysin inhibitor

Novartis (NVS-NY,

NR)

592 Phase III (PER-

SPECTIVE), 

valsartan ctrl

Change in CogState

Global Cognitive

Composite Score at three

years

Q1-22 Evaluating impact on cognition in

HFpEF patients

Anakinra 

(Kineret)

Interleukin-1beta 

receptor antagonist,

rheum arth drug

Assist Publique,

Hopitaux de Paris;

Orphan Biovitrum)

120 Phase II/III (plac-

ebo-controlled)

28-day survival post-

hospital disch; ACE/beta-

blocker bkdg therapy

Q2-22 FDA-approved in Dec/20 for IL-1-

receptor antagonist (DIRA) deficiency

(pediatric autoin-flammatory disease)

Rexlemestrocel-

L (Revascor)

Mesenchymal 

precursor stem cells

Mesoblast (MSB-AX,

NR) (AUS)

537 Phase III

(DREAM-HF)

Heart failure or stroke

incidence at 30 mo

Q4-20 Chronic heart failure, not diastolic

disease; positive data published in

Jan/21 in NEJM)

Omecamtiv 

mecarbil

Myotrope (small-

molecule cardiac

myosin activator)

Cytokinetics (CYTK-

Q, NR) (CA)

8,256 Phase III

(GALACTIC-HF)

Composite CV endpoint

(death, HF recurrence,

hospitalization)

Q4-20 Syst heart failure, mixed data pub in

Jan/21 in NEJM ; no reduction in time-

to-CV death

Source: Company reports, Clinicaltrials.gov

Ongoing clinical studies focused on heart failure (left ventricular systolic dysfunction, congestive, HFrEF)

Ongoing clinical studies focused on acute myocarditis
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Still Early Days for Research into Cannabidiol’s Utility in Cardiovascular Diseases 

Key takeaway: Research on cannabidiol and its influence on the cardiovascular system remains in the nascent phase, and 

subsequently the therapeutic potential for CBD has yet to be investigated clinically in cardiovascular diseases (CVD). With that 

caveat aside, there is a growing body of evidence investigating CBD’s utility in various animal models for CVD, and a sparse 

number of healthy human volunteer trials (just as importantly noting its minimal side effect profile in such trials), as we will discuss 

below. 

Exhibit 22. Effects of Cannabidiol on the Cardiovascular System Under Physiological and Pathological Conditions 

 

Source: International Journal of Molecular Sciences (2020). Vol. 21, pp. 6740-6789. 

Ischemia, Reperfusion and Arrythmias 

Insofar the studies summarized below suggest that CBD could potentially reduce the risk of additional cardiac events following 

ischemia/reperfusion, while also separately demonstrating a potential to prevent arrhythmias (issues related to the rate or rhythm 

of the heartbeat) across a number of different cardiac conditions. 

▪ In a study published in the American Journal of Physiology-Heart and Circulatory Physiology (293, no. 6, pp. H3602–H3607, 

2007), researchers Durst and colleagues demonstrated treatment with CBD conferred anti-inflammatory and 

cardioprotective properties in rats with ischemia-reperfusion injury. Although CBD did not necessarily ameliorate myocardial 

contractility or remodeling parameters, data did indicate that treated rats had a reduced infarct size. For context, infarct size 

(or the extent of tissue death following myocardial infarction) is often used as a predictor for patients at higher risk of further 

cardiac events; thus the lower the infarct size, the lower the risk. Additionally, the rats also demonstrated lower levels of IL-

6, implying that the cardioprotective effects of CBD were caused by a systemic immunomodulatory effect. 

▪ Another study conducted by Walsh and colleagues and published in the British Journal of Pharmacology (vol. 160, no. 5, 

pp. 1234–1242, 2010) deployed a similar rat model. Specifically, researchers wanted to assess the effects of CBD when 

administered before ischemia/reperfusion injury were induced in these rats, and subsequently the effect CBD had on cardiac 

arrhythmias and infarct size. Likewise with findings from the study above, results indicated a reduction in infarct size, while 

in turn also significantly reducing the number of ischemia-induced ventricular arrhythmias as compared to the control group. 
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▪ Next, in a rabbit model assessing the effect of CBD on acute re-perfused myocardial infarction, results published in the 

Journal of Cardiovascular Pharmacology (vol. 66, no. 4, pp. 354–363, 2015) found that left ventricular function was restored 

in animals treated with CBD. 

In a 2014 study published in the Journal of Cardiovascular Pharmacology and Therapeutics (vol. 20, no. 1, pp. 76–83, 2014) 

Gonca and colleagues observed that CBD reduced the incidence and duration of ventricular tachycardia (a condition where the 

heart beats too fast) in a rat model. 

Cardiovascular Complications and Cardiomyopathies Associated with Co-Morbidities 

Presently, data from the studies listed below suggest a role for CBD in conferring cardioprotective properties in more burdened 

disease states, specifically relating to cardiovascular complications with other concurrent diseases (co-morbidities) and various 

cardiomyopathies (both autoimmune and drug-induced forms). 

Exhibit 23. Cannabidiol’s Therapeutic Utility in Cardiovascular Disease is Well-Documented in the Medical Literature, Specifically 

in Preclinical Models of Cardiomyopathy 

 

Source: Garza-Cervantes & coworkers – Therapeutic Applications of Cannabinoids in Cardiomyopathy & Heart Failure, in Oxidative Medicine 

& Cellular Longevity (2020).  

Biological subject

CBD 

concentration Experimental model CBD treatment key results

In vitro models

Human umbilical artery smooth

muscle cells

0.1-10 μM ROS modulation with NAC Protective effect against aberrant proliferation and migration by an

increased expression of HO-1

Human aortic endothelial cells 10 μM High glucose/insulin Decreased inflammatory (↓NF-κβ,) proliferation (↓JNK, ↓p70s6K), and

increased survival (↑Akt) pathways

Human coronary artery endothelial

cells

1.5, 3, 4.5, 6 μM High glucose-induced

endothelial cell inflammatory

response

Reduced mitochondrial superoxide generation, NF-κβ activation, and ICAM-

1 and VCAM-1 expression 

Primary human cardiomyocytes 4 μM Diabetic cardiomyopathy by

high glucose culture

Decrease of oxidative/nitrosative stress and NF-κβ activation 

Rat ventricular myocytes 1-10 μM Normal conditions Inhibition of L-type Ca2+ channels

Cardiomyocytes (iPSC) 1 μM Ischemia/reperfusion and LPI

administration
Reduced Ca2+ overload providing ischemia/reperfusion protection (↓GPR55 

activation, ↓RhoA, ↓ROCK)

Ex vivo models

Zucker diabetic rat aorta 10 μM Diabetic cardiomyopathy Improved acetylcholine-induced vasorelaxation

Rat mesenteric arteries 10 mg/kg Diabetic cardiomyopathy Endothelium COX- and NO-dependent enhanced vasorelaxation of Ach

Human mesenteric arteries 10 μM Vasorelaxation Promotes vasorelaxation via CB1 and the TRP activation and increased

eNOS expression

Rat aorta 10 μM Contraction stress by a

combination of U46619 and

methoxamine

Increase vasorelaxation of precontracted aorta by inhibition of calcium

channels and increased transcriptional activity of PPARγ

In vivo models

Primary and secondary hypertension

rat model

10 mg/kg Spontaneous and

deoxycorticosterone acetatesalt

hypertension 

Reduction of cardiac and plasma oxidative stress (increased GSH and

decreased GSSG) both in heart and plasma

Spontaneously hypertensive rats 3, 10 and 30 

mg/kg

Hypertension A dose-dependent decrease in HR and blood pressure mediated via TRPV1

In vivo rat I-R model 5 mg/kg LAD ligation ischemia/reperfusion

injury

A decrease in the infarct size and reduction of inflammation molecules like

IL-6

In vivo I-R rabbit model 100 μg/kg Acute reperfusion myocardial

infarction

Reduced infarct size and facilitated restoration of left ventricular function

In vivo rat I-R model 10, 50 μg/kg LAD ligation ischemia/reperfusion

injury

Reduction of the infarct size and ventricular arrhythmias Inhibition of

collagen-induced platelet aggregation

In vivo rat I-R model 50 μg/kg LAD ligation ischemia/reperfusion -

induced ventricular arrhythmias

Decreased incidence and duration of ventricular tachycardia and the total

length of arrhythmias by activation of the adenosine A1 receptor

Zucker diabetic rat 10 μM Diabetic cardiomyopathy Improvement on vasorelaxation by involvement of the CB2 receptor and the 

enhancement of COX and SOD activity

Diabetic cardiomyopathy mice

model

1, 10, 20 mg/kg Streptozotocin induced diabetic

cardiomyopathy

Attenuated myocardial dysfunction, cardiac fibrosis, oxidative/nitrosative

stress, inflammation, and cell death

Autoimmune myocarditis mice model 10 mg/kg MyHCα334–352 induced autoimmune

myocarditis

Attenuated the CD3+ and CD4+ T cell-mediated inflammatory response and

injury, and myocardial fibrosis

Doxorubicininduced cardiomyopathy

mice model

5 mg/kg Doxorubicin-induced 

cardiomyopathy

Decreased serum creatine kinase-MB, cTnT, cardiac malondialdehyde,

TNF-α, NO and Ca2+ levels, increased glutathione, selenium, and zinc ions

levels

Doxorubicin induced

cardiomyopathy mice model

10 mg/kg Doxorubicin-induced 

cardiomyopathy

Attenuated oxidative and nitrative stress, improved mitochondrial function,

and biogenesis

In vivo rat stress model 1-72 mg/kg Restraint stress Abolished increase of HR and MAP by activation of 5-HT1A receptor
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In two separate studies conducted on diabetic rat models, CBD appears to cause vasorelaxation (the relaxation of blood 

vessels), potentially implying a role in modulating cardiovascular complications in which the blood vessels narrow (narrowing of 

blood vessels reduces blood flow which in turn can cause the muscular wall to tighten leading to heart damage over time). 

▪ We observed in one study published in The Journal of Pharmacology and Experimental Therapeutics (vol. 351, no. 2, pp. 

457–466, 2014) where researchers measured that CBD increases vasorelaxation by 40%.  

▪ And delving into diabetic cardiomyopathy, Rajesh and colleagues in the Journal of the American College of Cardiology (vol. 

56, no. 25, pp. 2115–2125, 2010) demonstrated via a type I diabetic cardiomyopathy mouse model that CBD mitigated 

changes typically observed in the disease state (including cardiac fibrosis, oxidative/nitrosative stress, and inflammation) by 

inhibiting pro-inflammatory and cell death pathways (NF-κB, p38 and p38α MAPK, JNK), while enhancing the pro-survival 

signally pathway Akt. 

Exhibit 24. Cannabidiol’s Therapeutic Prospects in Cardiovascular Disease Has Been Explored Tangentially by Testing Other 

Cannabinoid-Like Small Molecule Drugs in Cardiomyopathy as well, With Encouraging Results 

 

Source: Garza-Cervantes & coworkers – Therapeutic Applications of Cannabinoids in Cardiomyopathy & Heart Failure, in Oxidative Medicine 

& Cellular Longevity (2020).  

Next, two studies assessed the impact of CBD in drug-induced heart injury, specifically doxorubicin-induced cardiomyopathy 

and with results suggesting a role in conferring beneficial properties related to tissue injury. The antibiotic drug doxorubicin is 

commonly used as a chemotherapeutic but is known to cause cardiovascular side effects and in some cases lead to heart failure.  

Compound

 Pharmacological 

activity 

Cardiomyopathy

model Observed effect

SR144528 CB2 antagonist I-R Abolished cardioprotection of ECS, PEA, 2-AG, ACEA, 

and methanandamide

Abolished 5-HT vasodilatory response

Arrhythmia No effect over ACEA protection

No effect over ECS and PEA cardioprotection

CB1 antagonist I-R Abolished ACEA, methanandamide, and half 2-AG

cardioprotection

SR141716A (rimonabant) Endogenous cannabinoid Abolished 5-HT vasodilatory response

CB1 and CB0 agonist MI Prevention of hypotention followed by MI

Arrhythmia No effect over ACEA and HU.210 protection

I-R Heart protection against ischemia 

Arrhythmia Reduction of the infarct size

Anandamide (arachidinoyl-

ethilenamide, ACEA)

Increase resistance to arrhythmogenic

effects of epinephrine

Arrhythmia Improvement on cardiac resistance to arrhythmia

Pulmonary artery

hypertension

Endothelium-dependent pulmonary artery

relaxation

Heart function recovery after reperfusion

2-arachidonoylglycerol

(2-AG)

Endogenous cannabinoid,

CB1 and CB0 agonist

I-R Protection of preconditioning on the endothelial function,

heart function recovery after reperfusion

Palmitoylethanolamide (PEA) Endogenous cannabinoid,

CB1 agonist

I-R Protection of preconditioning on the endothelial function,

no effect on infarct reduction

JWH105 CB2 agonist I-R Heart protection against ischemia

Non-hydrolyzable 

anandamide analog

I-R Reduction of the infarct size

Methanandamide Arrhythmia Improvement on cardiac resistance to arrhythmia

No effect on infarct reduction

JWH-133 CB2 agonist I-R Reduction of myocardial injury

WIN55212-2 CB2 ligand I-R Protection against myocardial damage

AM630 CB2 antagonist I-R Abolished cardioprotection of WIN55212-2 and JWH-

133

AM251 CB1 antagonist I-R No effect on WIN55212-2 cardioprotection

HU-210 CB1 and CB2 agonist I-R Cardioprotection by mimic postconditioning

Arrhythmia Antiarrhythmic effects

Abnormal cannabidiol Regioisomer of CBD Diabetic 

cardiomyopathy

Hemodynamic, reduction of LV contractility and

relaxation index
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▪ A paper published in Environmental Toxicology and Pharmacology (vol. 36, no. 2, pp. 347–357, 2013) by Fouad and 

colleagues observed that CBD was associated with a decrease in several heart injury markers which had initially been 

elevated due to doxorubicin. These markets include serum creatine kinase-MB and cardiac troponin T (cTnT), and cardiac 

malondialdehyde attenuated inflammation and oxidative stress. 

Exhibit 25. Cannabidiol Universally Mitigates or Reverses the Increased Expression of Pro-Inflammatory Cytokines/Chemokines 

That Myocarditis Stimulates 

 

Legend: Ctrl, control animals; CFA, animals injected with complete Freund’s adjuvant only; EAM, animals induced to exhibit experimental 

autoimmune myocarditis; EAM/CBD, diseased animals treated with cannabidiol (10 mg/kg intraperitoneal) 

CD3e-CD3g-CD4-CD8, T-cell surface markers; Itgax-EmR f4/80, integrin-based marker (CD11) & eosoniphil marker; IL-6-IFN-gamma-IL-

1beta, pro-inflammatory cytokines/chemokines  

Source: Adapted from Molecular Medicine (2016). Vol. 22, pp. 136-146. 
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Another in vivo study published by Pal Pacher’s team at the US National Institutes of Health in Molecular Medicine (vol. 21, no. 

1, pp. 38–45, 2015) also echoed similar findings, with CBD observed to have modulated doxorubicin-induced cardiac oxidative 

and nitrative stress, while improving mitochondrial function and biogenesis. 

Lastly, in an immunocompromised mouse model replicating autoimmune cardiomyopathy, a US NIH team led by leading 

cannabinoid researcher Pal Pacher (Molecular Medicine, vol. 22, no. 1, pp. 136–146, 2016) found that administration of CBD 

conferred inflammatory and injury protection by way of a reduction in T cell-mediated inflammatory responses (specifically lower 

CD3+ and CD4+ counts) and a decrease in myocardial injury and fibrosis. 

Indeed, our best evidence for the utility of cannabidiol in treating myocarditis is derived from the 2016 Molecular Medicine study, 

since it directly showed in a mouse model of myocarditis (animals were immunized with cardiac myosin, thus mounting an 

immune response to their own cardiac tissue), cannabidiol’s impact on myocarditis findings at clinically meaningful doses (10 

mg per kg body weight) was profound, at least on mitigating T-cell-based immune responses to injury and on reducing the 

fibrosis and cardiac dysfunction that results from that. 

Stress Induced Cardiovascular Changes 

CBD has been assessed in both animal and human studies for anxiety, with a particular focus on its role in modulating blood 

pressure and heart rate increases often associated with stressful situations. On the animal studies, rat stress models have 

demonstrated that injected CBD overall caused a reduction in mean arterial blood pressure and heart rate. Specifically, with 

stress-related changes in the cardiovascular system, CBD is thought to modulate 5-HT1A receptors. 

Cardiac stress conditions represent another variation of stress, but research for now also remains largely confined to animal 

studies. One way of inducing cardiac stress is to restrain movement, which four studies undertook in animal models to assess 

the impact of CBD on induced cardiovascular responses. Data from a review of these four studies (published in Oxidative 

Medicine and Cellular Longevity, 2020 Oct 27;2020:4587024) suggested that pre-treatment with CBD was able to reduce the 

increase in heart rate and mean arterial pressure in stressed animals. However, pre-treatment with CBD was not able to affect 

baseline cardiovascular parameters, and as such implies CBD’s utility could lie specifically in stress-related cardiovascular 

pathways. 

Shifting gears to human studies, such studies for now tend to be focused on healthy human subjects instead of patients with 

cardiovascular disease. For now, CBD as an anti-anxiety agent in mitigating stressful situations remain mixed. 

▪ In this study published in the British Journal of Clinical Pharmacology (2020, 86, 1125–1138) by Sultan and colleagues, 26 

healthy males were given 600 mg CBD or placebo orally for seven days (repeated dosing vs acute dosing). Cardiovascular 

parameters were assessed during isometric exercise and compared to when these subjects were at rest. Researchers 

concluded that CBD did slightly reduce blood pressure but did not influence HR or other cardiovascular parameters during 

the stress test. The effect was lost after seven days of treatment, implying tolerance to the regimen. However, researchers 

also found that repeated CBD administration influenced hemodynamic parameters including reducing arterial stiffness and 

improvements to endothelial function, thereby suggesting a role in patient populations with vascular disease. 

▪ Acute administration of CBD at this same dosage of 600mg was also tested in a small study published in JCI Insight (Jadoon 

et al, 2017 Jun 15; 2(12): e93760), with results slightly contrasting the study above. Data from the 9-subject study indicated 

that acute CBD administration tended to decrease blood pressure but increased heart rate across different stressful 

situations (a mental stress test, an exercise stress test and a cold stress test). 

▪ But interestingly, two studies (Bergamaschi et al [Neuropsychopharmacology, 2011 May;36(6):1219-26] and Zuardi et al 

[Journal of Psychopharmacology, 1993, 7, 82–88]) with similar trial design concluded otherwise from the aforementioned 

studies. In these studies, two different dosages of CBD (300 mg/600 mg) CBD under a simulated stressful situation (public 

speaking) in either healthy volunteers or treatment naïve patients with generalized social anxiety disorder, and with data 

suggesting no effect on blood pressure or heart rate. 

Arterial Hypertension 

Overactivation in the endocannabinoid system has been proposed to lead to the activation of arterial hypertension. In particular, 

endocannabinoids modulate oxidative stress and inflammation, which are both factors that lead to the development of 

hypertension. At the same time, research has shown that cannabinoids can lead to hemodynamic changes, and in turn result in 

vasorelaxant effects. 
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However as it relates to the use of CBD, evidence on this suggests that CBD does not appear to confer blood pressure-lowering 

effects in hypertension, and in particular since the data remains relatively sparse and so far research has only been done in rat 

models of hypertension. Conclusions from these two rat studies remain contradictory owing to differences in trial design. The 

way in which hypertension was induced in these rats, as well as how the vasodilatory action of CBD was measured were different 

in the trials. Subsequently, one study demonstrating a reduction in the vasorelaxant effects of CBD and in another study 

concluding the opposite. That said, while CBD does exhibit vasodilation properties, its effect is not hypotensive per se, and 

instead exhibit its utility where there are stress-induced increases in blood pressure. 

Exhibit 26. Biological Characteristics of Diastolic Heart Failure (Heart Failure with Preserved Ejection Fraction) are Varied and 

not Actually Limited to the Heart in Advanced Cases 

 

Source: Journal of the American College of Cardiology (2017). Vol. 70, pp. 2186-2200 

Cardiovascular (CV) Drug Developers - High Profile Acquisitions in a Field with Scarce Assets 

Scarcity of clinical assets in cardiology: We observed with interest in an article published on Biopharma Dive regarding the state 

of cardiovascular research. High profile acquisitions of CV drug developers (as we will cover below) in recent months have 

essentially reduced the already shallow pool of biotechnology firms working on CV drugs, leading to a scarcity of assets in 

cardiology.  

▪ Myokardia: On Nov/20, Bristol Myers Squibb (BMY-NY, NR) completed the acquisition of MyoKardia (MYOK-Q, NR) in a 

US$13.1B transaction, or the per-share equivalent at $225.00, representing a 61% premium. Prior to the acquisition, 

MyoKardia was focused on the submission of an NDA filing to the FDA for lead cardiac myosin inhibitor mavacamten, with 

submission timelines expected in FQ121. The therapy was aimed at the treatment of a chronic progressive disease known 

as obstructive hypertrophic cardiomyopathy.  

▪ The Medicines Company: Among one of the largest high profile CV drug developer take-outs was first announced in Nov/19, 

wherein Novartis (NOVN-SW, NR) announced the acquisition of The Medicines Company. The deal was valued at US$9.7B, 
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representing US$86/shr in cash or a 41% premium in share price at time of announcement. The focus of the acquisition 

was centered on the firm’s then-Phase III siRNA inhibitor inclisiran, aimed at the reduction of LDL-C in high-risk patients. 

▪ Corvidia Therapeutics: Novo Nordisk (NOVO.B-CPH, NR) acquired Corvidia Therapeutics in an all-cash US$725M 

transaction dated Jun/20. The transaction will give Novo Nordisk access to Corvidia’s lead human anti-IL6 monoclonal 

antibody ziltivekimab. The Phase II-stage asset is being indicated for the reduction of major adverse cardiovascular events 

in chronic kidney disease patients with atherosclerotic cardiovascular disease (ASCVD) and inflammation. 

▪ ZS Pharma: An older acquisition that took place in 2015, AstraZeneca (AZN-L, NR) acquired ZS Pharma in a US$2.7B 

transaction or on a per share basis at US$90. The firm’s lead asset is the potassium-binding compound ZS-9 (brand name: 

Lokelma), aimed at the treatment of hyperkalaemia (a metabolic disorder that causes high potassium levels), which by 

extension is also a condition that is typically associated with chronic heart failure.  At time of acquisition, AstraZeneca was 

anticipating approval of the therapy by 2016, but the drug was ultimately approved in 2018 following a number of complete 

response letters focused on manufacturing concerns.  

Exhibit 27. Cardiovascular Research Pipeline Remains Deemphasized Relative to Other Indications 

 

Source: Biopharma Dive, “Pharmacquired: Splashy deals belie a shallow pool of heart drugs left to acquire”, published Oct 8 2020 

Competitive Landscape 

Heart Failure Drug Developers 

On competitive landscape, there are few pharmaceutical alternatives being actively explored specifically for diastolic heart 

failure, though there are several in advanced clinical trials for systolic heart failure, as we summarize in Exhibit 21. One device-

based therapy that we are tracking is a transcatheter-deployable interatrial shunt device called IASD System II, developed by 

private MA-based medtech firm Corvia Medical. The device performed well in the 44-patient Phase II REDUCE-LAP-HF I trial 

that was published in 2017 in the journal Circulation, with data showing that the majority of patients treated with the device 

experienced statistically-significant improvement in pulmonary capillary wedge pressure (an indirect measure of left atrial 

pressure) as compared to patients treated with a sham operation.  A larger pivotal 608-patient trial (the REDUCE-LAP-HF II trial 

is ongoing and should generate two-year efficacy data on heart failure avoidance by H227. But while this larger study is ongoing, 

Corvia indicated in recent press releases that it intends to submit its PMA regulatory filing to the US FDA by end-of-F2021, 

presumably supported by the aforementioned Phase II trial and other patient data acquired under the devices Continued Access 

Protocol. 

 

Exhibit 28. Cardiol Peers: CV Drug Developers and Cannabinoid Drug Developers 
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Source: Consensus data – Refinitiv, Table and Commentary by Leede Jones Gable 

Stem cell developer Mesoblast is generating promising systolic heart failure data with its mesenchymal stem cell platform, thus 

showing us that heart failure is amenable not just to surgical intervention. The Australia-based stem cell developer Mesoblast 

(MSB-AX, NR) is developing a variation of its mesenchymal stem cell platform, generically called rexlemestrocel-L and branded 

as Revascor, for chronic systolic heart failure and it reported positive data from its 537-patient Phase III DREAM-HF trial in 

Jan/21. Revascor is not targeting diastolic heart failure in this trial, but data still reflect favorably on the ability of novel therapies 

to mitigate pumping inefficiencies in the heart, which both systolic and diastolic heart failure are. On the data itself, Mesoblast 

Share

Shares price

Company Curr Sym out (M) 23-Mar (curr) (C$) (curr) (C$) Company description

Cannabinoid drug development peers

Artelo 

Biosciences Inc

USD ARTL 15.7 $1.72 $27 $34 $3 $3 Lead asset is the synthetic cannabinoid ART27.13, currently in a Phase

I/IIa trial, assessing patients with cancer anorexia and weight loss.

Avicanna Inc CAD AVCN 40.8 $1.15 $47 $47 $65 $65 Firm announced a partnership with University of Toronto in Jun/20 for

the development of a cannabinoid-based treatment for lung

inflammation associated with COVID-19.

Botanix 

Pharmaceuticals 

Ltd

AUD BOT 973.1 $0.11 $102 $98 $14 $13 BTX-1801, synthetic cannabidiol formulation targeting methicillin-

resistant Staphylococcus aureus infection in 60-pt Phase II trial; also

BTX 1503 gel, completed Phase II acne trial

Cara 

Therapeutics Inc

USD CARA 49.9 $19.90 $993 $1,249 $574 $722 Firm's main cannabinioid asset CR701 is a CB receptor agonist

currently in preclinical testing, and was previously tested in rodent

models for the reversal of neuropathic pain.

Corbus 

Pharmaceuticals 

Holdings Inc

USD CRBP 124.9 $2.13 $266 $335 $57 $72 Corbus' lead asset Lenabasum is an oral synthetic selective

cannabinoid receptor type 2 (CB2) agonist, data from a 354-patient

Phase III trial for systemic sclerosis failed to show any signifncant

differences on primary and secondary endpoints owing to high placebo

response.InMed 

Pharmaceuticals 

Inc

CAD IN 8.1 $4.90 $39 $39 $27 $27 The firm's lead multiple cannabinoid formulation INM-755 is aimed at

the treatment of epidermolysis bullosa; filing to commence Phase II trial

underway by H121.

Revive 

Therapeutics Ltd

CAD RVV 308.4 $0.48 $148 $148 $57 $57 Revive's cannabinoid pharmaceutical portfolio includes the use of CBD

for the treatment of auto-immune hepatitis and for the treatment of

ischemia and reperfusion injury from organ transplantation; lead Phase

III asset is dithiol drug bucillamine. 

SOL Global 

Investments 

Corp

CAD SOL 54.5 $4.17 $227 $286 $73 $92 Lead drug is NMDA antagonist and CB2 agonist (patents also cover a

combination of NMDA antagonist and a FAAH inhibitor without0

involvement of a CB2 agonist) SCY001P, aimed at the treatment of

brain trauma injury.

Tetra Bio 

Pharma Inc

CAD TBP 360.5 $0.20 $70 $88 $52 $65 Cannabinoid drug developer targeting several indications including

COVID-19 and cytokine storm (ARDS-003), and uncontrolled pain

(CAUMZ/QUIXLEEF) as examples.

Zynerba 

Pharmaceuticals 

Inc

USD ZYNE 41.3 $4.89 $202 $253.9 $40 $50.0 ZYN002 is a transdermal formulation of cannabinoid aimed at the

treatment of Fragile X Syndrome; pivotal trial expected to commence

before end-2021.

Cardiovascular Therapy Developers

Milestone 

Pharmaceuticals 

Inc

USD MIST 29.8 $6.76 $202 $253.7 $99 $124.2 Milestone Pharmaceutical's lead is the nasal spray formulation of the

calcium channel blocker etripamil for the treatment of patients with

PSVT, currently in Phase III testing.

Mesoblast Ltd AUD MSB 648.7 $2.47 $1,602 $1,537.1 $1,244 $1,193.1 Allogeneic mesenchymal stem cell developer. Remestemcel-L for acute

graft vs host disease, ARDS/COVID-19. Also Revascor (mesenchymal

stem cells injected directly into the heart muscle) for chronic heart

failure, positive DREAM-HF data in Jan/21

Cytokinetics Inc USD CYTK 71.1 $23.69 $1,685 $2,120.1 $1,356 $1,706.9 Lead drug is omecamtiv mecarbil (myotrope; cardiac myosin

activation); 8,256-pt Phase III GALACTIC-HF trial (systolic HF) is

ongoing in collaboration with Amgen, showed stat signif benefit on

composite CV endpoint compared to placebo (though difference of

37% vs 39.1% was objectively modest), published in NEJM, 2021.

Applied 

Therapeutics Inc

USD APLT 26.0 $19.61 $510 $641.9 $413 $520.0 Aldose reductase inhibitor AT-001 is targeting diabetic cardiomyopathy

with data anticipated from a pivotal Phase III trial by 2022.

Amarin 

Corporation PLC

USD AMRN 393.6 $6.08 $2,393 $3,012.0 $1,892 $2,381.5 Amarin markets icosapent ethyl capsules Vascepa, aimed at reducing

the cardiovascular risk of patients as an add-on therapy with statin

$676 $473 

Cardiol 

Therapeutics 

Inc

CAD CRDL 36.1 $4.47 $161 $203 $112 $141 High-purity cannabidiol (CardiolRx) in 422-patient Phase I I /I I I

COVID-19 trial, Phase I I acute myocarditis & diastolic heart

failure testing also pending

Mkt cap ($M) Ent val ($M)
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reported that heart attack and stroke incidence was 60% lower over a 30-month monitoring period in patients treated with a 

single injection of Revascor as compared to sham-treated patients and other measures of cardiovascular health correspondingly 

favored Revascor (68% lower rate of recurrent hospitalization for cardiovascular symptoms, and a far lower proportion of NYHA 

class II patients progressing to NYHA class III in the Revascor vs sham arms).  We summarize study details in Exhibit 21. 

Coincidentally, Mesoblast is also testing a mesenchymal stromal cell formulation, remestemcel-L for treating COVID-19-

associated multisystem inflammatory syndrome in children (Cardiol is of course testing cannabidiol for COVID-19-related 

symptoms) and early data from the first two pediatric patients enrolled were published in Feb/21 in the journal Pediatrics. In both 

cases, heart failure and hyperinflammatory shock symptoms were normalized following remestemcel-L administration.  The trial 

is being conducted under an expanded access program (EAP) and so has no defined duration but it seems plausible that 

remestemcel-L could transition from clinical to commercial use if a few more similarly-positive outcomes are reported. 

Cardiovascular-focused Cytokinetics is also advancing its own heart failure program with small-molecule myosin-targeted 

therapy, but Phase III heart failure data were disappointing. We are also closely monitoring progress in heart failure therapy 

development by CA-based drug developer Cytokinetics ((CYTK-Q, NR), which was testing its cardiac myosin-binding derivatized 

piperazine drug omecamtiv mecarbil in partnership with Amgen (AMGN-Q, NR) in the 8,256-patient Phase III GALACTIC-HF 

trial. Data based on a composite cardiovascular event rate score were reported last year and published in 2021 in the New 

England Journal of Medicine and were at best mixed, with Amgen returning all rights to Cytokinetics last Nov/20.  Though there 

was an 8% relative risk reduction in the omecamtiv mecarbil arm, death from cardiovascular causes at (37% vs 39.1% of 

subjects experienced an adverse event at 21.8-month follow-up). 

CBD Drug Developers - Relatively Nascent Field but with at Least One High Profile Acquisition now Underway 

GW Pharma: Jazz Pharma (JAZZ-Q, NR) announced that the firm will be acquiring GW Pharma (GWPH-Q, NR) in a US$7.2B 

mixed cash-and-share deal, or on a per share basis of $220. The transaction represents 13.6x F2020 revenue and was a 50% 

premium to share price at time of announcement. The firm’s lead asset is the purified pharmaceutical grade cannabidiol (less 

than 0.1% THC) oral formulation Epidiolex (FDA approved in 2018), and is used for the treatment of rare treatment-resistant 

epileptic disorders (Dravet syndrome, and Lennox-Gastaut syndrome).  

In our view, Cardiol’s competitive landscape consists of two main groups of drug developers – those involved in the cannabinoid 

drug development space, as well as peers involved in the cardiovascular drug development space. As noted in our exhibit, the 

proportion of publicly-traded cardiovascular drug developers remain relatively scarce in contrast to cannabinoid drug 

developers, likely for reasons we have disclosed in our acquisitions section of this report.  

On the cardiovascular drug development side, we believe that the cardiovascular disease market would ascribe a premium on 

innovation given unmet needs within a broad medical population.  

▪ CVD drug space now consists mainly of generic therapies with minimal innovation: With exception of the entry of PCSK9 

inhibitors beginning in 2015, the current pharmaceutical products used for the treatment of cardiovascular diseases remain 

largely generic now. Even as far back as 2016, a Pharmaceutical Commerce report observed that generics already 

accounted for 83% of anti-cholesterol medications used currently. At that time, the report noted that Express Scripts also 

projected further decreases in blood pressure and other cardiovascular drug medications by 4%-9% annually with further 

generic entry anticipated in 2016 and 2017.   

▪ Continued shortages of cardiovascular drugs, exacerbated by the ongoing COVID-19 pandemic: On the FDA’s drug 

shortage website, at least 13 CV drugs remain currently under shortage, apart from other CV drugs that were discontinued. 

Among this list includes Dobutamine injection for the treatment of heart failure, which is also observed to be a COVID-19 

related drug shortage. It is also likely that COVID-19 could have exacerbated the drug shortage problem, owing to the risk 

of developing cardiac injury in patients with COVID-19 disease. 

CardiolRx’s Orally-Active Formulation Benefits from Licensed Drug Delivery Technology to Improve its Heart-

Specific Delivery 

Relationship with the University of Alberta spin-out Meros Polymers incorporates reasonable economics on licensing core 

formulation patents that we infuse into our model. As described in Cardiol’s 2019 annual information form, Cardiol consummated 

a licensing agreement with the private University of Alberta spin-out Meros Polymers, which is effectively a commercial entity for 

developing polymer-based nanotechnologies that originally emanated from Afsaneh Lavasanifar’s laboratory at the university.  
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The economics of the licensing deal, ostensibly allowing Cardiol to use Meros’ poly(ethylene oxide)-poly(epsilon-caprolactone) 

block copolymer technology for cannabidiol formulation, describes modest cash payments to Meros as Cardiol advances 

cannabidiol formulations through cardiovascular-targeted clinical testing(cumulatively $1.6M if/when FDA approval is eventually 

conferred).  And then layered onto this are royalties on future cannabinoid net sales (5%) and on any non-royalty revenue (7%) 

that Cardiol may receive from its own future co-development or marketing alliances.  The Meros deal also contemplates separate 

economics for any other cardiovascular assets that Cardiol may develop using Meros’ polymer technologies, but for now, our 

model does not incorporate any supplemental clinical assets that do not involve cannabidiol specifically. 

Exhibit 29.  Cardiol’s Original Cannabidiol Formulation Efforts were Focused on Micelles Based on Patented and Well-

Characterized Block Co-Polymer Technology 

 

Source: CBD structure adapted from British Journal of Clinical Pharmacology (2013). Vol. 75, pp. 313-322; Block copolymer structure adapted 

from US patent #8,309,515 & Journal of Controlled Release (2005). Vol. 104, pp. 301-311; Molecular Pharmacology (2017). Vol. 14, pp. 

2487-2502; Cardiol investor presentation Jun/17 

One of the key observations that emerged during our investigation of the interrelationship between cannabidiol and 

cardiovascular disease was just how well-studied this relationship actually is in the medical literature already.  To be sure, much 

of the published data in cardiovascular disease has been preclinical, either in cardiac myocytes studies in the laboratory or in 

various animal models, but the themes that universally emerge are that cannabidiol has measurable impact on cardiac 

physiology and often in ways that imply positive impact on cardiac pathologies.  An extensive summary of preclinical findings 

published in recent years was published last year in the journal Oxidative Medicine & Cellular Longevity, as we show in Exhibit 

23. 

Cardiol has a long-standing collaboration with the University of Alberta and specifically with pharmacology professor A 

Lavasanifar, who has published extensively on the use of proprietary block co-polymers to formulate (and thus to improve 

bioavailability of) water-insoluble hydrophobic small-molecules like cannabidiol. The nanotechnology upon which Cardiol’s 

cannabidiol formulation is based surrounds the drug with a polymer that has a lipophilic (fat-liking) end and a hydrophilic (water-

liking) end. The lipophilic end points toward the core of the spherical formulation where cannabidiol itself resides, and the 

hydrophilic end sticks out toward the surface of the spherical formulation that it forms (Exhibit 29), thus facilitating its 

translocation through the bloodstream to cardiac tissue where it exerts its cardioprotective activity. 

Cardiol’s polymer-based drug formulation platform has biophysical properties consistent with its ability to deliver hydrophobic 

drugs including cannabidiol. Cardiol has not emphasized the chemical composition of its cannabidiol micellar formulation in 

recent investor presentations. But in earlier manifestations of this document and in its 2019 Annual Information Form, the firm 

indicated that its patented drug formulation technology is based on a core block co-polymer comprised of ethylene glycol and 

epsilon-caprolactone as the substituent monomers. This chemistry is patented by the University of Alberta in two separate US 

patents, one issued in Sep/15 (US#9,139,553) and an earlier version issued in Nov/12 (US#8,309,515), both of which are 

entitled Poly(ethylene oxide)-block-poly(ester) block co-polymers. The title itself provided us with sufficient detail on the 

underlying formulation chemistry embedded into Cardiol’s cannabidiol Rx formulation. Interestingly, neither patent contemplates 

cannabidiol as one of the hydrophobic drugs for which the described block co-polymer could enhance bioavailability. That 

innovation resides with Cardiol, and has been described in a published patent application (WO2019113685A1).  
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This block copolymer was characterized back in 2005 in a Journal of Controlled Release manuscript we reviewed that was 

published by University of Alberta pharmacology professor A. Lavasanifar, in which micellar formulations based on this co-

polymer were shown to be useful in generating bioavailable (and thus GI-absorbable) of other hydrophobic drugs like cyclosporin 

A. In more recent drug formulation publications from the University of Alberta team, data in a 2020 study published in the journal 

Pharmaceutics characterized a poly-ethylene oxide-poly-(benzyl carboxyl caprolactone) micellar formulation of the colorectal 

cancer drug SN38 (a metabolite of another anticancer drug, irinotecan, which itself is a metabolite of the DNA topoisomerase I 

inhibitor drug camptothecin), for which superior anti-tumor activity as compared to non-micellar-formulated drug was 

documented, thus implying superior delivery to target cells. 

In another paper also published last year but instead in the journal Bioimpacts, Lavasanifar and coworkers used a slightly different 

co-polymer comprised of ethylene glycol and caprolactone to formulate the natural product drug silibinin, and as with the SN38 

micelle formulation characterized above, micelle-formulated silibinin exhibited superior anticancer activity (presumably through 

superior drug delivery) against a preclinical model cell line for melanoma (B16 cells). Lavasanifar’s team has characterized 

multiple other block co-polymers based on an ethylene oxide and polyester backbone, most recently in a 2017 Molecular 

Pharmacology review that we separately surveyed, but with Cardiol selecting a polymer micelle composition resembling that 

which was solidly validated for cyclosporin A formulation many years ago. 

We Await Details on Cardiol’s Subcutaneous CardiolRx Formulation – Other Hydrophobic Drugs Have Been 

Successfully Formulated in Injectable Form Before, but We Expect to See Some Cannabidiol-Specific 

Innovations 

Cardiol indicates in its regulatory filings that it is developing a subcutaneously injectable cannabidiol formulation that it will deploy 

in its diastolic heart failure clinical activities. We look forward to insights on how Cardiol and its collaborators achieved this 

formulation.  Details are not yet in the public domain, and admittedly, we will become less interested in a year or two about how 

the injectable formulation was achieved than about how well it works clinically in its target markets.  Since diastolic heart failure 

constitutes a sizable proportion of our CardiolRx royalty revenue projections, and designing a suitable CardiolRx formulation is 

a key risk factor in those projections, we explored the medical literature for historic examples of how other hydrophobic drugs 

were formulated as injectable therapies, just to see if it was feasible (it is) and how well they worked in their respective medical 

markets (well enough to be FDA-approved in many cases).  

We assume that Cardiol has gained recent insights into how to subcutaneously inject cannabidiol in ways that greatly expand 

its addressable market in cardiovascular disease.  It is easy to miss in our description of Cardiol’s murine heart failure study 

published in JACC (2020) last year that the firm was administering cannabidiol subcutaneously, and this in our view is a major 

innovation in cannabidiol formulation that greatly expands the addressable market for cannabidiol, specifically but not uniquely 

in cardiovascular disease.  We assume that the formulation was inspired by Cardiol’s existing alliances with Dalton Pharma or 

Purisys/Noramco or with academic collaborators at Tecnologica de Monterrey with whom Cardiol generated data for the 

aforementioned preclinical study.  We look for insights on this theme once Cardiol commences Phase II diastolic heart failure 

testing, or perhaps when the firm formally receives a Notice of Allowance for patents describing injectable cannabidiol forms. As 

stated above, we looked for some perspective on how hydrophobic water-insoluble drugs have been formulated for injection 

before, and thus where the technical overlap may reside for Cardiol’s cannabidiol formulation as well. Further details can be 

found in Appendix I at the end of our report. 
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Exhibit 30. Summary of Cardiol’s Filed and Issued Patents, Along with Patents Issued to Peers with Overlapping Claims 

Pertaining to Cannabidiol and Cardiovascular Disease 

 
Source: Cardiol Therapeutics regulatory filings, US Patent & Trademark Office 

 

Inventor(s) Assignee

Issuance 

Date

Patent 

Number Title Description of Claims

Formulation patents germane to Cardiol's cannabidiol Rx programs in cardiovascular & infectious disease

Lavasanifar, A;

Mahmud, A

University of Alberta 

(Edmonton AB)

13-Nov-12 US 8,309,515 Poly(ethylene oxide)-block-poly

(ester) block copolymers

Foundational patent for delivering/formulating

water-insoluble agents to enhance bioavailability.

Does not explicitly reference cannibidiol

Lavasanifar, A;

Mahmud, A

University of Alberta 

(Edmonton AB)

22-Sep-15 US 9,139,553 Poly(ethylene oxide)-block-poly

(ester) block copolymers

Follow-on patent to UA's '515 patent, claims are

similar but does extend duration of exclusivity for

core block copolymer structures to Sept/32

Lavasanifar, A;

Bolton, AE

Cardiol 

Therapeutics 

(Oakville ON)

Pending EP 3,723,731 Amphiphilic block copolymers,

micelles, and methods for treating

or preventing heart failure

Originally filed in Oct/18

Prior art relevant to cannabidiol medical prospects in cardiovascular disease

Sacks, H;

Edvinsson, T

Gelpell AG 

(Switzerland), 

Satipharm AG 

(Vancouver BC)

11-Feb-20 US 10,555,906 Oral solid cannabinoid formulations, 

methods for producing and using

thereof

Broad claims for formulating various cannabinoids

in gelatin matrix; CV disease is mentioned as one

of many target indications; parent company

Harvest One acquired Delivra in Jul/19, LivRelief

platform used to create various topical pain meds,

including some based on cannabidiol

Fan, P; krasinski, 

A; Mali, VR;

Miao, S; Punna,

S; Song, Y;

Stella, VJ; Zeng,

Y; Zhang, P

ChemoCentryx 

(Mountain View CA)

26-Nov-19 US 10,487,098 Soluble C5aR antagonists Patent is clearly more relevant to ChemoCentryx's

complement C5 inhibitors like avacopan, but

cannabidiol and CV disease are mentioned in

'098s patent claims 

Borja, J;

Hayano, SS

Acupac Packaging 

(NJ)

4-Dec-18 US 10,143,755 Anhydrous hydrogel composition

and delivery system

Carboxymethylcellulose-based gels for formulating

cannabidiol is one of the central themes in patent

claims; CV is only relevant through claims of CV-

active agents being amenable to this gel form;

preceded by US#9,839,693

Banister, RM;

Brew, J; Dilly,

SJ; Stoloff, GA;

Caparros-

Wanderley, W

Infirst Healthcare 

(London UK)

25-Nov-14 US 8,895,537 Compositions and methods for

treating cardiovascular disease

Not specific to cannabidiol, though it is one of

many small-molecules described in claims; CV

only relevant through claims that CV-active agents

are amenable to formulation; also US#8,895,536

Patents related to cannabidiol production issued to Noramco/Purisys

Dialer, L;

Petrovic, D;

Weigl, U

Purisys Inc (Athens 

GA)

24-Nov-20 US 10,844,035 Process for the production of

cannabidiol and delta-9

tetrahydrocannabinol

Follow-on patent (identifying Purisys as assignee)

to '683, describes use of di-bromo-olivetol and

substituted cyclic alkenes to produce dibromo-

CBD, subsequently debrominated to produce CBD

Dialer, L;

Petrovic, D;

Weigl, U

Noramco Inc 

(Athens GA)

28-Aug-18 US 10,059,683 Process for the production of

cannabidiol and delta-9

tetrahydrocannabinol

Noramco/Purisys' core US patent describing how

to synthetically produce cannabidiol with high

stereospecificity from di-halo olivetol and cyclic

alkenes through acid-catalyzed reactions

Stoss, P;

Merrath, P

Heinrich Mack 

Nachf GmbH 

(Germany)

13-Jul-93 US 5,227,537 Method for the production of 6,12-

dihydro-6-hydroxy-cannabidiol and

the use thereof for the production of 

trans-delta-9-tetrahydrocannabinol

Long-ago expired patent, but describes synthesis

of hydroxylated cannabidiol analog, using olivetol

and hydroxylated alkene as precursors, some

notional similarity to Purisys' cannabidiol synthesis

Patents related to cannabidiol isolation and/or production, not necessarily synthetically

Ferraro, A;

Edwards, B

Heinkel Filtering 

Systems (NJ)

8-Dec-20 US 10,858,303 Cannabidiol isolate production

systems and methods

Not a synthetic method, describes how to isolate

cannabidiol from CBD oil using a specific filter

dryer system; also described in US#10,751,640

Chen, T; Peng,

L; Wang, R;

Chen, K

No affiliation 7-Apr-20 US 10,611,713 Automated production line for

preparing cannabidiol extract

Also not a synthetic method, describes solvent

dispersion-extraction-dilution-chromatography-

crystallization processes for CBD production

Erfurt, H; Weber,

M; Niemeyer,

HJ; Gotz, MR;

Winkler, M

Symrise AG 

(Germany)

12-May-20 US 10,647,691 Method for purifying cannabinoid

compounds

Not a synthetic method and not cannabidiol-

specific, describes general chromatographic

procedures for purifying cannabinoids from crude

extracts
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Financial Forecast Assumptions 

Our Model Assumes Differential Pricing for CardiolRx Based on Target Market 

With few available diastolic heart failure therapies on which to base our cannabidiol pricing assumptions, we reviewed pricing 

for other small-molecule cardiovascular therapies for reference. For cannabidiol pricing in acute myocarditis and diastolic heart 

failure, we have few competitive products to which to benchmark our assumptions on price per annual course of therapy. But 

we do have several approved therapies that target related cardiovascular indications that we can use to establish a reasonable 

pricing range in our valuation.  For example, Sanofi’s (SAN-EU, NR) atrial fibrillation-targeted amiodarone analog drug 

dronedarone/Multaq currently sells for about US$700 for 60-400 mg tablets, which corresponds to a one-month supply of the 

medication (recommended dose is 400-mg twice daily), and thus corresponds to an annual price per course of therapy of 

US$8,400. 

As a separate example, Gilead Sciences’/CV Therapeutics’ small-molecule chronic angina-targeted ranolazine formulation 

Ranexa sells for about US$450 for 60-500 mg tablets, and its recommended dosing like Multaq is twice-daily (though can be 

higher in severe cases), thus corresponding to a slightly lower price per annual course of therapy of US$5,400. A 2002 review 

published by University of North Carolina researchers in the American Journal of Critical Care calculated that the mean monthly 

cost of medications for heart failure was US$438, or about US$5,250 per annual course of therapy.  These data are clearly 

dated but still provide us with an inflation-adjusted baseline upon which to predict cannabidiol pricing in diastolic heart failure. In 

summary, and giving consideration to the FDA-approved cardiovascular disease-targeted therapies indicated above, we believe 

that a reasonable price per annual course of therapy for cannabidiol in diastolic heart failure is US$5,000. 

Our model assumes that cannabidiol could be differentially priced for acute care indications like acute myocarditis and chronic 

indications like diastolic heart failure. Shifting to acute-care therapies, we have few examples of glycoprotein IIb/IIIa inhibiting 

anti-platelet drugs targeting acute coronary syndrome (ACS) that are useful reference points on cannabidiol pricing as well.  For 

example, the tirofiban formulation Aggrastat as sold by Canadian cardiovascular-focused drug marketer Medicure (MPH-T, NR) 

for about US$56-to-US$70 for a 3.75 mg/15 mL injectable form, and upon reviewing dosing regimens for this drug (high-dose 

bolus initially, followed by lower-dose 18-hour infusion thereafter), total dose can be 12-to-20 mg of drug (assuming patient 

weight is somewhere between 70-to-100 kg), or about US$150-to-US$300 per treatment session. A related ACS therapy 

originally developed by COR Therapeutics and now sold by Takeda is eptifibatide, branded as Integrilin, sells for about US$550-

to-US$600 for 75 mg of drug. By our calculation, about twice this amount would be administered in a typical infusion period, 

thus corresponding to about US$1,100-to-US$1,200 per treatment session. 

A 2003 study specific to Integrilin and published in the journal Pharmacoeconomics showed that the drug has a favorable cost-

effectiveness ratio of US$1,407 per life-year gained. In a separate economic study of diastolic heart failure published by German 

researchers last year in the journal ESC Heart Failure used data from the ALDO-DHF trial to calculate that annual cost per 

patient was about €1,118, or about US$1,330, and most of these costs were hospitalization-related (unsurprisingly since the 

diastolic heart failure pharmacopeia is largely devoid of any disease-specific therapies).  These economic studies are specific to 

ACS and not diastolic heart failure, but they give a reference point for assessing reasonable cost-benefit analysis that is 

methodologically relevant to how cannabidiol could be priced in acute myocarditis and/or diastolic heart failure. 

A 2001 pharmacoeconomic study published in the American Heart Journal calculated from 30-day outcome data for patients 

previously undergoing elective balloon angioplasty that the in-hospital costs for patients treated with anti-platelet drugs like 

Integrilin or Eli Lilly’s ReoPro was in the range of US$7,207-to-US$8,336, but most of this cost is derived from hospital services 

and not cardiovascular drug costs as such. These data are specifically germane to coronary artery disease and not diastolic 

heart failure as such, but the analysis does give us a cost-based framework from which to derive credible pricing assumptions 

for cannabidiol in its cardiovascular indications. 

Acute myocarditis is an orphan indication to which orphan-like pricing should apply. But importantly, we know that acute 

myocarditis is an orphan indication (annual incidence of about 70,000 is well below the threshold annual incidence of <200,000 

that the FDA established for this designation) and it is thus likely that approved acute myocarditis therapies could be subjected 

to higher pricing that is ascribed to other, more cardiovascular indications.  One other point of reference for us is the interleukin-

1 receptor antagonist anakinra, branded by Swedish Orphan Biovitrum (SOBI; private) as Kineret and currently sold as a 

rheumatoid arthritis drug worldwide. It is also approved for an ultra-rare pediatric inflammatory condition called DIRA, which 

stands for deficiency in interleukin-1 receptor antagonists (such patients have mutations in the IL1RN gene which encodes a 
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naturally-produced protein antagonist of this receptor), and for a separate pediatric inflammatory condition called NOMID 

(neonatal-onset multisystem inflammatory disease). 

Of course, none of this commentary suggests that Kineret is at all relevant to acute myocarditis or to cannabidiol, but importantly, 

the drug is in fact being tested in the indication in a 120-patient Phase II/III acute myocarditis trial in France (Exhibit 21), for 

which 28-day efficacy data are expected in Q2-22.  We know that Kineret is conventionally priced at about US$3,800 for 28 x 

100-mg injections, which corresponds to about a one-month supply of drug in rheumatoid arthritis patients and a similar dose 

schedule for NOMID patients (1-2 mg/kg body weight, or 50-100-mg for a 50-kg patient). Kineret is thus currently priced at up 

to US$45,000-to-US$47,000 per annual course of therapy, and if eventually approved in acute myocarditis (as we expect 

CardiolRx to be), it seems unlikely that SOBI would price Kineret at a discount to its conventional price for a more severe orphan 

indication like acute myocarditis.  

That said, we assume that a course of therapy in acute myocarditis would be conferred over a 4-8 week period and not 

administered chronically as Kineret is, and so if we take Kineret annual price per patient of US$46,000 and then adjust for 

expected duration of therapy in acute myocarditis (so essentially dividing that price by six), we derive a reasonable price per 

patient for cannabidiol in this market is US$7,600, which we will round to US$7,500. 

We expect CardiolRx pricing in COVID-19 to be subjected to more competitive pricing. For the COVID-19/cardiovascular 

symptoms market, we base our pricing assumption on other small-molecule therapies that have become early standards-of-

care in this growing market, specifically Gilead’s remdesivir which is priced at US$520 per vial, or US$3,120 per annual course 

of therapy. This is below the annual price recommended by the Institute for Clinical and Economic Review published last year of 

US$4,580-to-US$5,080. Availability of alternative therapies, possibly the RNA polymerase inhibitor drug favipiravir/Avigan 

undergoing development by NS-based infectious disease developer Appili Therapeutics (APLI-T, Speculative BUY, PT $2.75), 

could compress cannabidiol pricing below this threshold and so we are more comfortable with setting our pricing forecast for 

cannabidiol in this market segment at US$2,000. 

For modelling purposes, we will assume that the number of hospitalized COVID-19 patients is a reasonable proxy for the number 

of patients who are, or who eventually will, succumb to cardiovascular side effects from disease – at last update in Jan/21, the 

US CDC estimated that in the US alone, there were 1.9M confirmed hospitalizations and 29.4M total confirmed COVID-19 

infections, corresponding to about 13.9%-14.0% of total cases becoming sufficiently symptomatic to require institutionalized 

care. These values are dynamic and expected by us to climb in coming months. The US CDC also projects that over the next 

several weeks, that about 1,300-to-6,500 daily new hospitalizations could transpire, and we will assume the low-end of this 

range in our projection for cumulative case burden in the US throughout F2021, after which we expect total infected patients to 

stabilize as vaccination roll-out (many approved alternatives are now available for which Phase III data were positive, or at least 

sufficiently positive so as not to delay their commercial availability, in our view). But we consider this to be a highly conservative 

estimate of cannabidiol’s addressable market in COVID-19 because it seems plausible to assume that an abundance of 

infections, perhaps even most infections, could engender cardiovascular side effects over time that require pharmaceutical 

intervention.  

The prevalence of co-presenting cardiovascular disease in COVID-19 patients has varied widely from study to study, as 

summarized in a 2020 manuscript in Nature Reviews in Cardiology by Stanford University researchers that we reviewed.  And 

of course the virus itself, and the anti-retroviral drug therapies that may be administered to eradicate it, may exacerbate pre-

existing symptoms. In the review, data showed that the proportion of COVID-19-infected subjects with co-presenting 

cardiovascular pathologies varied widely, from as low as 10% to as high as 30%, and variability was further infused by the 

distribution of patients with hypertension or type I/II diabetes or obesity, all of which are related disorders if not quite what we 

mean when we refer to cardiovascular pathologies as such; for modelling purposed, we will assume the mid-point of this range. 

In summary, Cardiol’s imminent Phase II/III cardiovascular trials (including one that is exploring CardiolRx’s utility in mitigating 

COVID-19 cardiovascular symptoms, and thus with an inflammatory cardiovascular disease focus), are incorporated into 

Exhibits 31 & 32, and include a 422-patient placebo-controlled Phase III COVID-19 infection study that will explore CardiolRx’s 

impact on four-week cardiovascular-related physiology (all-cause mortality, need for ventilator support, myocardial infarction, 

heart failure, arrhythmia, stroke) with oral 5-to-15 mg/kg twice-daily dosing (enrollment should start by FQ321, data by FQ122), 

a 100-patient Phase II placebo-controlled acute myocarditis trial that will test a higher CardiolRx dosage range (5-to-20 mg/kg 

twice-daily, also oral dosing) and with primary endpoint focused on changed in left ventricular function (ejection fraction, cardiac 

magnetic resonance imaging measurement of ventricular strain and amount of cardiac edema). This acute myocarditis trial 

should commence during FQ421-FQ122, and generate efficacy data by FH123. 
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Details for a third clinical program in diastolic heart failure are still pending, but we expect Cardiol to feature a new 

subcutaneously-injectable CardiolRx formulation to tested in that medical market. Study details are still pending, but the trial will 

be conducted in collaboration with Cardiol’s long-time academic partners at the Mexico-based Monterrey Institute of Technology 

& Higher Studies (specifically with TecSalud, the university’s health system) and the TX-based DeBakey Heart & Vascular 

Center. This program incurs higher clinical risk in our view because of limited details on Cardiol’s subcutaneous cannabidiol 

formulation, but we are confident that the firm has made substantial advances on formulating the drug for subcutaneous injection 

and below we provide some context for what some of the characteristics of this formulation could be. But in general terms, 

Cardiol has publicly indicated that formulation lock on a subcutaneous injectable form has indeed been achieved, which we 

consider to be a substantial advance in cannabidiol pharmacology and thus expanding targetable indications for the drug beyond 

those for which oral administration is possible. Our model assumes that Phase I testing in diastolic heart failure could commence 

during FH122. 

Our valuation for Cardiol rests squarely on commercial prospects for the firm’s ultrapure cannabidiol formulation, both as a 

consumer product through its Loblaw’s/Shoppers Drug Mart alliance and through pending clinical activities in cardiovascular 

and infectious diseases as we describe above.  Following from this, our model will make the following assumptions on cannabidiol 

economics: 

Cortalex 

▪ For our Cortalex revenue projections in Canada, we assume that target market will be the number of individuals who are 

already registered cannabis users, which we adjust for the proportion already showing a preference for cannabis oil 

formulations and then stratifying further by the proportion of subjects exhibiting a pre-existing bias toward purified 

cannabidiol formulations (2019 Health Canada survey).  We quantify this in our revenue projections (Exhibit 31); 

▪ Following from this, we assume that Cortalex will sell for about C$400 per 100 mg/mL bottle (3g total cannabidiol), and that 

at steady-state, users will purchase three bottles per year on average, corresponding to C$1,200 per patient per annual 

course of treatment; 

▪ Cortalex is ranked currently as the highest priced cannabis oil In the Medical Cannabis by Shoppers portfolio but it is also 

the highest purity; for comparison, Aphria’s lead cannabidiol formulation (branded as Aphria CBD 2:50 cannabis oil) is priced 

at $178, with a far lower cannabidiol concentration (49.47 mg/ml) than for Cortalex. No other cannabidiol formulation that 

we have identified has the same concentration or purity as Cortalex, which makes the product more amenable to Rx markets 

than a lower-purity formulation might be. 

▪ For our Cortalex revenue forecasts, we will forecast net sales from which we have subtracted economics back to cannabidiol 

supply partners Dalton Pharma and Purisys, which we will assume is 25% of gross sales, and thus effectively corresponding 

to a gross margin of 75% that is conventionally achieved by specialty pharmaceutical firms we have previously analysed in 

our coverage history; 

▪ For now, our model will not assume that Cortalex will be used for any specific disease indication, though we observe in 

passing that Cortalex is chemically identical (though in a more pure form) to GW/Jazz Pharmaceuticals’ Epidiolex for which 

positive impact in pediatric epilepsy has been well-documented in Phase III testing and through positive FDA regard 

conferred upon the drug in FQ218; 

▪ Accordingly, our model assumes that Cardiol will recognize $1.6M in Cortalex sales by Loblaw’s/Shoppers in F2021, 

increasing to $3.3M in F2022 and $5.0M in F2023, with our annual projections to F2030 as summarized in Exhibit 31. 

Acute Myocarditis 

▪ Shifting to acute myocarditis, our model will assume that Cardiol will target the US market initially and thus our projections 

in this medical market are based on that geography alone, for now.  Based on literature sources (primarily a 2019 Circulation 

Research study from the Tecnologico de Monterrey), we estimate a prevalence of approximately 70,000-72,000 cases of 

acute myocarditis, which we adjust slightly downward by 26% for the proportion of cases annually that self-resolve without 

intervention; 

▪ As described above, our model assumes that CardiolRx will sell for US$7,500 per course of therapy in acute myocarditis 

patients, and we assume that one course of therapy will be sufficient for most patients to resolve disease; 
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Exhibit 31. Revenue Projections for Cardiol 

 
 

Source: Historical Data – Cardiol; Forecasts/Estimates – Leede Jones Gable 

▪ As with Cortalex, we will assume that economics back to Dalton/Purisys will be 25% of gross sales.  But for CardiolRx, our 

model will assume that Cardiol will not build out its own US marketing team and will alternatively seek commercialization 

partners to sell CardiolRx (assuming favorable Phase III performance and regulatory review beforehand, of course) in 

cardiovascular and infectious disease markets. 

▪ We assume that Cardiol will partner either during or subsequent to conclusion of Phase III acute myocarditis testing, and so 

we believe that a royalty rate of 30% is reasonable. Virtually all global pharmaceutical firms have franchises in cardiovascular 

Year-end December 31

(C$000, exc per share data) 2020A 2021E 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Cortalex - Medical Cannabis Sales, Canada

Current proportion of medical cannabis patients 377,024 382,302 387,655 393,082 398,585 404,165 409,823 415,561 421,379 427,278 433,260

Proportion, preference for cannabis oil forms 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46%

Proportion, preference for high/pure CBD forms 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41%

Target Medical Population 71,107 72,102 73,112 74,135 75,173 76,226 77,293 78,375 79,472 80,585 81,713

Price per bottle (C$) $400 $400 $400 $400 $400 $400 $400 $400 $400 $400 $400

Assumed bottles acquired annually 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x

Assumed cost of an annual course of therapy $1,200 $1,200 $1,200 $1,200 $1,200 $1,200 $1,200 $1,200 $1,200 $1,200 $1,200

Est. value of target medical market (C$000) $85,326 $86,521 $87,732 $88,960 $90,205 $91,468 $92,749 $94,047 $95,364 $96,699 $98,053

% Market Share 0.0% 2.5% 5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 20.0% 22.5% 25.0%

Gross revenue, Cortalex (C$000) $0 $2,163 $4,387 $6,672 $9,021 $11,434 $13,912 $16,458 $19,073 $21,757 $24,513

Less: Proportion of gross rev to Dalton/Purisys (%) 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%

Net revenue, Cortalex (C$000) $0 $1,622 $3,290 $5,004 $6,765 $8,575 $10,434 $12,344 $14,305 $16,318 $18,385

Acute Myocarditis Program, US

Current Population, United States 330,068,046 332,048,454 334,040,745 336,044,989 338,061,259 340,089,627 342,130,165 344,182,946 346,248,043 348,325,532 350,415,485

Proportion, Acute myocarditis 72,615 73,051 73,489 73,930 74,373 74,820 75,269 75,720 76,175 76,632 77,091

Target Medical Population, adj for recovery cases 53,735 54,057 54,382 54,708 55,036 55,367 55,699 56,033 56,369 56,707 57,048

Price per treated patient (US$) $2,000 $2,000 $2,000 $2,000 $2,000 $2,000 $2,000 $2,000 $2,000 $2,000 $2,000

Est. value of target medical market (US$000) $107,470 $108,115 $108,764 $109,416 $110,073 $110,733 $111,398 $112,066 $112,738 $113,415 $114,095

% Market Share 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 50.0% 70.0% 75.0% 75.0% 75.0%

Gross revenue, CardiolRx (US$000) $0 $0 $0 $0 $0 $27,683 $55,699 $78,446 $84,554 $85,061 $85,571

Gross revenue, CardiolRx (C$000) $0 $0 $0 $0 $0 $35,988 $72,408 $101,980 $109,920 $110,579 $111,243

Less: Proportion of gross rev to Dalton/Purisys (%) 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%

Gross revenue, CardiolRx (C$000) $0 $0 $0 $0 $0 $26,991 $54,306 $76,485 $82,440 $82,935 $83,432

Royalty rate on net sales (%) 30.0% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

CardiolRx (Myocarditis), royalty rev (C$000) $0 $0 $0 $0 $0 $8,097 $16,292 $22,946 $24,732 $24,880 $25,030

Diastolic Heart Failure, US

Current Population, United States 330,068,046 332,048,454 334,040,745 336,044,989 338,061,259 340,089,627 342,130,165 344,182,946 346,248,043 348,325,532 350,415,485

Heart failure prevalence, all subcategores 6,500,000 6,539,000 6,578,234 6,617,703 6,657,410 6,697,354 6,737,538 6,777,963 6,818,631 6,859,543 6,900,700

Prevalence, diastolic heart failure 3,250,000 3,269,500 3,289,117 3,308,852 3,328,705 3,348,677 3,368,769 3,388,982 3,409,316 3,429,772 3,450,350

Annual incidence, diastolic heart failure 275,000 276,650 278,310 279,980 281,660 283,350 285,050 286,760 288,481 290,211 291,953

Price per annual course of therapy (US$) $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000

Est. value of target medical market (US$000) $1,375,000 $1,383,250 $1,391,550 $1,399,899 $1,408,298 $1,416,748 $1,425,248 $1,433,800 $1,442,403 $1,451,057 $1,459,764

% Market Share 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.0% 20.0% 30.0% 35.0% 40.0%

Gross revenue, CardiolRx (US$000) $0 $0 $0 $0 $0 $0 $142,525 $286,760 $432,721 $507,870 $583,905

Gross revenue, CardiolRx (C$000) $0 $0 $0 $0 $0 $0 $185,282 $372,788 $562,537 $660,231 $759,077

Less: Proportion of gross rev to Dalton/Purisys (%) 25.0% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%

Gross revenue, CardiolRx (C$000) $0 $0 $0 $0 $0 $0 $138,962 $279,591 $421,903 $495,173 $569,308

Royalty rate on net sales (%) 30.0% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

CardiolRx (Diastolic HF), royalty rev (C$000) $0 $0 $0 $0 $0 $0 $41,689 $83,877 $126,571 $148,552 $170,792

COVID-19 with Prior History of Cardiovascular Disease, US

Current Population, United States 330,068,046 332,048,454 334,040,745 336,044,989 338,061,259 340,089,627 342,130,165 344,182,946 346,248,043 348,325,532 350,415,485

Proportion with positive COVID-19 tests 8.9% 11.6% 12.1% 12.6% 13.2% 13.8% 14.4% 15.0% 15.7% 16.4% 17.1%

Cumulative patients tested positive for COVID-19 29,431,658 38,556,658 40,484,491 42,508,715 44,634,151 46,865,859 49,209,152 51,669,609 54,253,090 56,965,744 59,814,031

Proportion with positive COVID-19 tests 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%

Cumulative hospitalized COVID-19 cases 1,881,819 2,465,259 2,588,522 2,717,948 2,853,845 2,996,537 3,146,364 3,303,682 3,468,867 3,642,310 3,824,425

Target Medical Pop, COVID-19 with CVD History 376,364 493,052 517,704 543,590 570,769 599,307 629,273 660,736 693,773 728,462 764,885

Price per treatment, annually (US$) $3,120 $3,120 $3,120 $3,120 $3,120 $3,120 $3,120 $3,120 $3,120 $3,120 $3,120

Est. value of target medical market (US$000) $1,174,255 $1,538,321 $1,615,238 $1,695,999 $1,780,799 $1,869,839 $1,963,331 $2,061,498 $2,164,573 $2,272,801 $2,386,441

% Market Share 0.0% 0.0% 5.0% 15.0% 10.0% 7.5% 7.5% 7.5% 7.5% 7.5% 7.5%

Gross revenue, CardiolRx (US$000) $0 $0 $80,762 $254,400 $178,080 $140,238 $147,250 $154,612 $162,343 $170,460 $178,983

Gross revenue, CardiolRx (C$000) $0 $0 $104,990 $330,720 $231,504 $182,309 $191,425 $200,996 $211,046 $221,598 $232,678

Less: Proportion of gross rev to Dalton/Purisys (%) 25.0% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%

Gross revenue, CardiolRx (C$000) $0 $0 $78,743 $248,040 $173,628 $136,732 $143,569 $150,747 $158,284 $166,199 $174,509

Royalty rate on net sales (%) 30.0% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

CardiolRx (COVID-19), royalty rev (C$000) $0 $0 $23,623 $74,412 $52,088 $41,020 $43,071 $45,224 $47,485 $49,860 $52,353

Total product royalty revenue (C$000) $0 $1,622 $26,913 $79,416 $58,854 $57,692 $111,485 $164,391 $213,093 $239,610 $266,559
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or infectious disease, and our model embeds no bias on the identity of future partners, though because our financial 

forecasts are highly North America-based, future partners must have established marketing bandwidth in that geography; 

▪ Our model assumes that Cardiol will commence Phase II acute myocarditis testing by end-of-year and generate efficacy 

data by end-of-F2022.  Our model assumes that CardiolRx could be FDA-approved and launched by future partners by 

FH225, generating royalty revenue in that year of $30.4M, increasing to $61.1M in F2026 and $86.0M in F2027. Phase II 

data will need to be unambiguously positive for our regulatory/commercial timelines to be achieved, but as indicated in 

Exhibit 21, SOBI’s Kineret is being tested in an advanced Phase II/III acute myocarditis trial for which 120-patients will be 

enrolled, similar to that which Cardiol and collaborators will enrol. 

Diastolic Heart Failure (Heart Failure With Preserved Ejection Fraction) 

▪ For diastolic heart failure, our model will assume that there are about 3.25M existing patients in the US alone with untreated 

disease and that there are about 275,000 new cases annually in that geography (we have many references citing total US 

heart failure prevalence of about 6.5M, of which approximately 50% manifest diastolic disease). To be conservative on our 

market size assumption, we will assume that CardiolRx will initially be deployed to treat newly-diagnosed diastolic heart 

failure patients, but longer-term, we believe that patients with legacy diagnoses, could benefit from CardiolRx therapy; 

▪ Based on pricing comparisons to other approved heart medications, we believe that a price per annual course of therapy 

for treating diastolic heart failure of US$5,000 is reasonable; as with acute myocarditis described above, we assume a 

similar royalty rate of 30% from future commercialization partners; 

▪ Our model assumes that Cardiol will commence Phase II diastolic heart failure testing in early FH122, and we will for now 

assume that an initial Phase II trial similar in scale to the acute myocarditis trial described above will be initially undertaken, 

and concluding by FH223.  We have a similar amount of detail on future Phase III diastolic heart failure trial design (as in not 

much), but we have several historic Phase III studies on which to base expectations, as shown in Exhibit 21.  It seems 

probable that the primary endpoint will be a composite of adverse cardiovascular events (hospitalization rate, mortality, 

episodes of heart failure, frequency of myocardial infarction or stroke) over a 2-3 year period and that enrolled subjects will 

exhibit preserved ejection fraction of at least 40-45%, as a guess. 

▪ But we stand by our view that medical prospects for subcutaneously-administered CardiolRx in diastolic heart failure are 

well-supported by published studies we have reviewed and so our confidence in the drug’s eventual success is strong, even 

while timelines to concluding clinical testing are still variable.  But our model will assume that pivotal Phase III testing can 

conclude by FH126, with FDA-approval and launch by FH226, generating royalty revenue from future partners (probably, 

though not necessarily, the same partner as for acute myocarditis) in F2026 of $41.7M, increasing to $83.9M in F2027 and 

$126.6M in F2028. 

COVID-19/Cardiovascular Disease 

▪ Our market metrics for targeting COVID-19 cardiovascular side effects with CardiolRx are clearly dynamic, but as of this 

writing, we believe there are 29.4M diagnosed cases of COVID-19 infection in the US, of which 1.9M have required 

hospitalization for some duration.  Available data indicates to us that about 20% of these hospitalized patients exhibit 

cardiovascular symptoms that merit therapeutic intervention, or about 376,000 as shown in Exhibit 31.  Economics to 

Dalton/Purisys and royalty rate ascribed to future commercial partners are assumed to be similar to those ascribed to 

cardiovascular disease-focused partners. 

▪ We believe that more aggressive timelines to data in COVID-19 are more reasonable than for cardiovascular indications 

described above, because duration of CardiolRx therapy is only four weeks and primary endpoint is well-defined and based 

on objective clinical outcomes (all-cause mortality, need for ventilator support, adverse cardiovascular events).  Accordingly, 

we believe that if the trial commences in FQ321 as we expect, that data could be available by end-of-FQ222.  If data are as 

positive as published evidence suggests it could be, we believe that CardiolRx could be launched as a supplemental 

cardiovascular-active COVID-19 therapy in FH222, generating net revenue of $23.6M, increasing to $74.4M in F2023 and 

then stabilizing at that level in F2024-to-F2030 of $41.0M-to-$52.4M. 
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Exhibit 32. Comprehensive Income Statement and Financial Forecasts/Model for Cardiol 

 

Source: Historical Data – Cardiol; Forecasts/Estimates – Leede Jones Gable 

Summary and Valuation 

We are initiating coverage on Cardiol/CRDL with a Speculative BUY rating and a one-year PT of $12.50.  Our valuation is based 

on NPV, to which we ascribe a discount rate of 35% that we believe is reasonable for a Phase III-pending small-molecule drug 

developer, and multiples of our F2027 EBITDA/fd EPS forecasts of $201.8M and $3.25, respectively. 

At current cash burn run-rate, Cardiol has about seven quarters of cash, but new CardiolRx Phase II/III clinical activities are on 

the horizon. On balance sheet metrics, Cardiol exited FQ320 with cash & equivalents $16.5M and this has since been 

supplemented with >$10M in proceeds from a recent warrants-and-options exercise. When we adjust for probable operating 

cash loss since end-of-FQ320 of about ($5.5M) – average quarterly operating cash loss last year, excluding working capital, 

was ($2.7M) – we derive current pro forma cash of $21M. The firm has no debt. But as indicated, we do not believe that Cardiol’s 

trailing operating cash loss metrics are representative of its future cash requirements, with Phase III COVID-19 testing and Phase 

II cardiovascular disease testing on the horizon, and possibly as soon as next quarter. 

Basic S/O have been revised by recent warrant exercise, though obviously with no impact on fd S/O on which our forecasts are 

based. We assume that the derivative securities that were converted into shares in recent weeks includes 984,300 options with 

weighted average exercise price of $2.73 (well below current CRDL price, and our PT) and 4.5M warrants, all maturing in 2022 

and with exercise prices ranging from $2.50-to-$4.00, also well below current CRL price.  For calculating pro forma S/O, we will 

assume that all $2.73 options ($2.7M), all $2.50 warrants (294,000, or $0.7M), and a proportion of $3.25 warrants (2.0M, or 

$6.6M) have been exercised, and in so doing, we calculate pro forma S/O of 36.1M (was 32.8M at end of FQ320). Fully-diluted 

Year-end December 31

(C$000, except per share data) 2020E 2021E 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Cannabidiol-related sales/royalties

Cortalex 0 1,622 3,290 5,004 6,765 8,575 10,434 12,344 14,305 16,318 18,385

CardiolRx (Acute Myocarditis) 0 0 0 0 0 30,365 61,095 86,046 92,745 93,301 93,861

CardiolRx, subQ (Diastolic HF) 0 0 0 0 0 0 41,689 83,877 126,571 148,552 170,792

CardiolRx (COVID-19) 0 0 23,623 74,412 52,088 41,020 43,071 45,224 47,485 49,860 52,353

Total revenue 0 1,622 26,913 79,416 58,854 79,960 156,288 227,491 281,106 308,031 335,391

Y/Y revenue growth(%) NA NA NA 295.1% 74.1% 135.9% 195.5% 145.6% 123.6% 109.6% 108.9%

Operating Expenses

R&D Expense 4,404 7,500 15,000 15,450 12,500 10,000 7,500 5,000 5,123 5,248 5,377

G&A expenses (inc salaries/regulatory) 5,179 5,308 5,441 5,577 5,716 5,859 6,006 6,156 6,310 6,467 6,629

Marketing expenses, investor relations 1,504 1,549 3,500 5,000 5,000 7,277 11,681 14,346 14,869 14,674 14,263

Other 196 200 200 200 200 200 200 200 200 200 200

Total operating expenses 11,283 14,557 24,141 26,227 23,416 23,337 25,387 25,702 26,501 26,590 26,469

EBITDA (11,283) (12,935) 2,772 53,189 35,438 56,623 130,901 201,789 254,604 281,441 308,922

EBITDA margin (%) NA NA 10.3% 67.0% 60.2% 70.8% 83.8% 88.7% 90.6% 91.4% 92.1%

Non-Operating Expenses

Depreciation expense, PP&E 144 150 150 150 150 150 150 150 150 150 150

Amort expense, Intangible Assets 84 85 85 85 85 85 85 85 85 85 85

Stock option expense 3,252 1,250 500 500 500 500 500 500 500 500 500

Loss (gain) on one-time items 0 0 0 0 0 0 0 0 0 0 0

EBIT (14,763) (14,420) 2,037 52,454 34,703 55,888 130,166 201,054 253,869 280,706 308,187

Adjusted EBIT margin (%)

Interest expense 0 0 0 0 0 0 0 0 0 0 0

Interest income (76) 100 100 100 100 100 100 100 100 100 100

Currency exchange loss (gain) (44) 50 50 50 50 50 50 50 50 50 50

Change in derivative liability 0 0 0 0 0 0 0 0 0 0 0

Other expense (income) (10) 0 0 0 0 0 0 0 0 0 0

EBT (14,633) (14,570) 1,887 52,304 34,553 55,738 130,016 200,904 253,719 280,556 308,037

Tax expense 0 0 566 15,691 10,366 16,721 39,005 60,271 76,116 84,167 92,411

Effective tax rate (%) 0.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0%

Net income, fully-taxed (14,633) (14,570) 1,321 36,613 24,187 39,017 91,011 140,633 177,603 196,389 215,626

EPS (basic, fully-taxed) ($0.45) ($0.40) $0.04 $1.01 $0.67 $1.08 $2.52 $3.90 $4.92 $5.44 $5.97

Adjusted EPS (fd, fully-taxed) ($0.34) ($0.34) $0.03 $0.85 $0.56 $0.90 $2.10 $3.25 $4.11 $4.54 $4.99

Shares out (basic, 000) 32,797 36,099 36,099 36,099 36,099 36,099 36,099 36,099 36,099 36,099 36,099

Shares out (fd, 000) 43,273 43,254 43,254 43,254 43,254 43,254 43,254 43,254 43,254 43,254 43,254
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S/O is unchanged by this option/warrant conversion and is still 43.3M, but now with 1.6M outstanding options and 5.6M 

outstanding warrants added to revised basic S/O. 

Revenue-EBITDA-EPS summary. Taking together our revenue components from Cortalex/CardiolRx, we are projecting 

consolidated product revenue/royalty revenue in F2022 of $26.9M, increasing to $79.4M in F2023 and then stabilizing at lower 

levels in F2024/25 until F2026, the first full year of CardiolRx commercialization in acute myocarditis and the first financial period 

that we project initial CardiolRx sales in diastolic heart failure, when we project revenue of $156.3M, increasing to $227.5M in 

F2027 and $281.1M in F2028. 

Our EBITDA/EPS forecasts as shown in Exhibits 1 & 32 are $56.6M/$0.90 in F2025, increasing to $130.9M/$2.10 in F2026 and 

$201.8M/$3.25 in F2027 (the reference year in our valuation, as stated above).  But in the near term, our investment thesis will 

be focused on at least four distinct milestones, including initial insights into Cortalex commercial traction through Medical 

Cannabis By Shoppers in FH121, as well as updates on CardiolRx intellectual property status in its core inflammatory heart 

disease markets and on details pertaining to CardiolRx’s oral/subcutaneous injectable formulations.  We also expect an imminent 

update on timelines to commencing Phase II/III testing in cardiovascular disease patients with COVID-19 infection and a Phase 

II study in acute myocarditis patients, with our model assuming that both programs could commence enrollment within the next 

2-3 quarters.  We expect clinical and technical updates on CardiolRx to drive value in the near-term; at current levels, our PT 

corresponds to a one-year return of 180%. 
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Appendix I: Hydrophobic water-insoluble drugs Formulated as Injectables 

Many excipients are available and already used to formulate approved hydrophobic drugs. Historically, many of the leading 

hydrophobic therapies like the immunosuppression drug cyclosporine A (Novartis’ Sandimmune) or the anticancer microtubule-

binding drug paclitaxel (Bristol Myers Squibb’s Taxol) have been formulated in a derivatized formulation of castor oil called 

Cremophor EL (which is polyoxyethylene glycerol covalently linked to the 18-carbon hydroxylated fatty acid ricinoleic acid).  This 

solvent vehicle is not biologically inert however, and can generate its own suite of adverse side effects like anaphylactic shock 

or neural toxicity, to name two. Importantly, the imperative to eliminate Cremophor EL as a drug delivery vehicle provided key 

motivation for CA based Abraxis BioScience (now part of Celgene [CELG-Q, NR) to develop its albumin-based nanoparticle 

paclitaxel formulation Abraxane, a formulation that is gaining traction in medical oncology.  An alternative solvent vehicle for 

hydrophobic drugs is the oleic acid-polyoxyethylene-sorbitan compound polysorbate 80, also widely used as an emulsifier in 

food production and pharmaceutical formulation, specifically but not limited to the antiarrhythmia drug amiodarone and the 

paclitaxel-based anticancer drug docetaxel (Sanofi’s Taxotere), to name two. 

Propylene glycol was once used as a solvent vehicle for several approved intravenous drug formulations, including lorazepam, 

diazepam, etomidate, phenytoin, nitroglycerin, hydralazine, esmolol, phenobarbital, trimethoprim-sulfamethoxazole, and 

chlordiazepoxide. About half of intravenously-administered propylene glycol is excreted without any metabolism by the kidneys, 

but the rest is metabolized by dehydrogenase enzymes in the liver to glycolic and lactic acid (thus leading in some cases to 

lactic acidosis), and then to pyruvic acid or acetone before it is excreted. 

The biodegradable polymer poly(lactic-co-glycolic acid), or PLGA, is still a commonly used vehicle for extending serum half-life 

of injectable therapies, an example of which is AbbVie’s leuprolide formulation Lupron Depot or AstraZeneca’s exenatide/GLP-

1 formulation Bydureon, and even Gilead’s newly-approved (for emergency use) small-molecule antiviral drug remdesivir is being 

formulated with this polymer to extend its serum half-life post-injection (this was described in a paper published last month in the 

International Journal of Pharmaceutics by NY-based St. John’s University researchers).  But we do not believe that Cardiol is 

formulating cannabidiol in a long-acting Depot formulation for targeting acute cardiovascular diseases. Polyethylene glycol-

phospholipid-based micelles have been used to formulate water-insoluble drugs before, but more prominently in published 

studies than in approved pharmaceutical formulations, at least so far,  

A multiplicity of small-molecule hydrophobic drugs have been formulated in various lipid-based matrices that allow for enhanced 

GI absorption with oral delivery (one of which is Cipher’s [CPH-T, Speculative BUY, PT $2.50] isotretinoin formulation Absorica), 

as nicely summarized in a 2017 review published by Catalent Pharma researchers in Drug Development & Industrial Pharmacy, 

but such formulations are not necessarily amenable to injectable therapies. 

From reviewing prescribing information for injectable cardiovascular drugs, we know that the anti-arrhythmia drug amiodarone 

in its injectable form is constituted with benzyl alcohol and polysorbate 80 (see Exhibits 32 & 33), presumably added as a 

preservative and as a solubilizing agent, respectively. We assume that excipients that would conventionally be added to 

injectable protein-based biologics or antibodies would not be as useful for formulating cannabidiol, examples of which would 

include ethylenediaminetetraacetic acid (EDTA, a calcium chelating agent), free amino acids like histidine as buffering agents, 

or soluble carbohydrates like sucrose (a protein structure stabilizer). Many injectable formulations of water-insoluble drugs are 

based on encapsulating the relevant drug in some sort of macromolecular carrier, either a lipid- or polymer-based microsphere, 

and there are multiple FDA-approved examples of this as summarized in a 2018 review in the journal Pharmaceutics (Exhibit 

33). That said, Cardiol has not yet published any specific details of its injectable cannabidiol formulation, and we reproduce 

Exhibit 33 solely to show that pharmaceutical science has already established methods and tools for formulating water-insoluble 

drugs like cannabidiol, which in our view mitigates developmental risk of Cardiol’s cannabidiol formulation efforts that are already 

well-advanced. 

We of course know that Cardiol developed its subcutaneously injectable cannabidiol formulation with its partners at TecSalud-

Dalton-Purisys, but there are in fact a few drug development firms that specialize in formulating highly water-insoluble drugs.  

Ireland-based Elan plc (now part of Perrigo) was one of the high-profile publicly-traded firms that demonstrated expertise in this 

niche with its NanoCrystal platform, but more recently, NJ-based Ascentia Pharma (private) has featured its Emulsol-Nanosol 

oil/lipid nano-emulsions for this purpose. 
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Exhibit 33. FDA-Approved Injectable Drug Products Based on Lipid-Based Nanotechnologies 

 

Source: Pharmaceutics (2018). Vol. 10, pp. 263-282 

  

Drug name Active ingredient Composition/Type Company Indication

Approval 

date

Liposome

Doxil Doxorubicin, anthracycline Hydro soy phosphatidylcholine (HSPC), cholesterol,

polyethylene glycol (PEG)

Janssen Ovarian cancer,

sarcoma, myeloma

1995

Ambisome Amphotericin B, polyketide HSPC, distearoyl phosphatidyl-glycerol (DSPG),

cholesterol

Astellas Fungal infection 1997

Depocyt Cytarabine, nucleoside analog Cholesterol, triolein, dioleoyl-phosphatidylcholine

(DOPC), dipalmitoylphosphatidylglycerol (DPPG)

Pacira Lymphomatous 

memingitis

1999

Exparel Bupivacaine, amino amide anesthetic DOPC, dioleoylphosphatidyl-ethanolamine (DPOE) Pacira Local anesthetic 2011

Marqibo Vincristine, microtubule-binding Vinca 

alkaloid

Cholesterol, egg sphingomyelin Talon (Arbutus

Bioscience)

Acute lymphoblastic

leukemia

2012

Onivyde Irinotecan, DNA topoisomerase I inhibitor DSPC, MPEG-2000, DSPE Ipsen Ademocarcinoma of

the pancreas

2015

Microspheres

Lupron Depot Leuprolide acetate (peptide-based

gonatotropin-releasing hormone analog)

Poly(lactic acid, co-glycolic acid) (PLGA) Abbvie Advanced prostate

cancer

1989

Sandostatin 

LAR

Octreotide acetate (octa-peptide

somatostatin analog)

PLGA Novartis Acromegaly 1998

Trelstar Triptorelin pamoate (decapeptide

luteinizing hormone analog)

PLGA Abbott (Allergan) Advanced prostate

cancer

2000

Definity Perflutren (octafluoropropane) Dipalmitoylphosphatidic acid (DPPA), dipalmitoyl-

phosphatidylcholine (DPPC), MPEG-5000-DPPE

Lantheus Ultrasound contrast

agent

2001

Respirdal 

Consta

Risperidone (polycyclic atypical

antipsychotic)

Poly(lactic acid, co-glycolic acid) (PLG) Janssen Schizophrenia, 

bipolar I disorder

2003

Vivitrol Naltrexone (opioid receptor blocker) PLG Alkermes Alcohol dependence 2006

Bydureon Exenatide (exendin-4; reptilian GLP-1

analog)

PLGA AstraZeneca 

(Amylin)

Type II diabetes 2012

Signifor LAR Pasireotide pamoate (cyclic hexapeptide

somatostatin analog)

PLGA Novartis Acromegaly 2014

Lumason Sulfur hexafluoride PSPC, DPPG Bracco Ultrasound contrast

agent

2014

Bydureon 

Bcise

Exenatide (exendin-4; reptilian GLP-1

analog)

PLGA AstraZeneca 

(Amylin)

Type II diabetes 2017

Triptodur Triptorelin pamoate (decapeptide

luteinizing hormone analog)

PLGA Arbor Central precocious

puberty

2017

Suspension & nanoparticle

Atridox Doxycycline hyclate (tetra-cycline-class

antibiotic)

PLA Tolmar Pharma Chronic adult

periodontitis

1998

Eligard Leuprolide acetate (peptide-based

gonatotropin-releasing hormone analog)

PLGA (Atrigel) Tolmar Pharma Advanced prostate

cancer

2002

Abraxane Paclitaxel (microtubule-stabilizing natural

product)

Albumin nanoparticle Abraxis 

(Celgene)

breast, lung,

pancreatic cancer

2005

Somatuline 

Depot

Lanreotide acetate (cyclic octapeptide,

somatostatin analog)

Nanotube (protein self-assembly into beta-sheet-rich

gels/filaments)

Ipsen Acromegaly 2007

Zyprexa 

Relprevv

Olanzapine pamoate (atypical

antipsychotic)

Microcrystal Eli Lilly Schizophrenia 2009

Invega 

Sustenna

Paliperidone palmitate (atypical

antipsychotic)

Nanocrystal Janssen Schizophrenia 2009

Feraheme Ferumoxytol (iron oxide) Carbohydrate-coasted iron oxide nanoparticle Amag Pharma

(Covis Group)

Iron 

deficiency/anemia

2009

Sustol Granisetron (indizole analog; 5-HT3

receptor antagonist)

Ortho ester (Biochronomer) Heron 

Therapeutics

Chemotherapy-

induced nausea

2012

Abilify 

Maintena

Aripiprazole (piperazine-based atypical

antipsychotic)

Nanocrystal (Elan/Perrigo; drug is coated onto a

surface modifier like lecithin)

Otsuka Pharma Schizophrenia 2013

Ryanodex Dandrolene (ryanodine receptor/Ca

channel antagonist)

Nanocrystal Eagle Pharma,

also Norgine BV

Malignant 

hyperthermia

2014

Invega Trinza Paliperidone palmitate (atypical

antipsychotic)

Nanocrystal Janssen Schizophrenia 2015

Aristada Aripiprazole Lauroxil (piper-azine-based,

lauric acid-modified prodrug)

Nanocrystal Alkermes Schizophrenia 2015

Sublocade Buprenorphine (opioid receptor

agonist/antagonist)

PLGA Indivior Opioid 

overuse/addiction

2017

Emulsion

Cleviprex Clevidipine (dihydropyridine-based Ca

channel blocker)

Lipid emulsion (soybean oil, glycerin, egg

phospholipids, oleic acid, EDTA)

Chiesi Hypertension 2008

Cinvanti/ 

Emend

Aprepitant (neurokinin-1 receptor

antagonist, blocks substance P)

Lipid emulsion (egg lecithin, ethanol, oleic acid,

soybean oil, sucrose)

Heron/ Merck Acute 

nausea/vomiting

2017
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Most of the already-accepted excipients in FDA-approved subcutaneously-injected pharmaceuticals are fairly benign inorganic 

salts or pH-stabilizing agents like sodium phosphate/hydroxide/chloride/acetate/carbonate, emulsifying agents like fatty acids or 

triglycerides (stearic acid or coconut oil are common, and not just for injectable drugs) or are low-molecular weight alcohols like 

sorbitol or mannitol for drug stabilization, but one excipient with distinctive activity is the low-toxicity organic solvent N-methyl-

2-pyrrolidone that is also fairly common in subcutaneously-injected drugs, as is the preservative methylparaben (the methyl ester 

of 4-hydroxybenzoic acid).  It seems plausible to assume that one or more of these agents could be incorporated into CardiolRx 

for imminent infectious disease and cardiovascular disease clinical studies that Cardiol is contemplating.   

Abundant evidence that novel cannabidiol formulations can improve pharmacokinetic and even clinical outcomes, giving us 

confidence that Cardiol’s cannabidiol block copolymer formulation can achieve similar advantages in its target markets. One 

alternative cannabidiol formulation called PTL101, based on Satipharm AG’s gelatin-based Gelpell platform, solidly 

demonstrated in at least two clinical studies we reviewed that superior pharmacokinetic behavior is indeed achievable with 

alternative drug delivery modalities.  In one 15-patient Phase I study published in 2018 in the journal Clinical Pharmacology in 

Drug Development, Tel Aviv University researchers showed that gelatin-based PTL101 exhibited a 1.7x higher peak plasma 

concentration, a 1.3x higher AUC (short for area-under-curve, a measure of cumulative circulating drug over time) and 134% 

higher bioavailability than a reference cannabidiol formulation (GW Pharmaceuticals’/Jazz Pharmaceuticals [JAZZ-Q, NR] 

mucosal spray Sativex, an admittedly inferior standard that contains nearly equal proportions of cannabidiol and THC, but with 

dosing adjusted to ensure equal amounts of administered cannabidiol). 

Exhibit 34. Parenteral Drug Formulations Previously Developed and Approved that Contain Co-Solvents and Surfactants 

 

Source: Acta Pharmaceutica Sinica B (2015). Vol. 5, pp. 442-453 

And in a more recently-published 11-patient three-month Phase II treatment-resistant pediatric epilepsy study that tested 

PTL101 as an alternative to GW/Jazz’s approved CBD formulation Epidiolex and which was published in 2019 in the journal 

Epilepsy & Behavior, data showed that PTL101 dosing was associated with a 73% reduction in monthly seizure frequency, with 

nine of eleven evaluable subjects reporting reduced seizure severity if/when episodes did arise.  Of course, at least one 

cannabidiol formulation (GW/Jazz’s Epidiolex, as indicated) is already approved for mitigating seizure frequency/severity in this 

indication, but our key takeaway from this study is that PTL101’s gelatin-based formulation was able to engender strong efficacy 

with oral dosing, thus supporting the utility of novel drug delivery modalities in cannabidiol’s ever-expanding Rx profile. 

Solvent

Percentage of 

marketed 

formulation (%)

Percentage 

administered (%)

Route of 

administration Drug

Relevant brand & 

innovator

Cremophor EL 11-65% <10% IV infusion Paclitaxel Taxol (BMS)

Cremophor RH 60 20% <0.08% IV infusion Tacrolimus Prograf (Astellas)

Dimethylacetamide 

(DMA)

6% <3% IV infusion Teniposide Vumon (HQ Specialty 

Pharma)

Ethanol 5-80% <6% Subcutaneous Dihydroergotamine Generic, also Embolex 

(Novartis, with heparin-

lidocaine)

Glycerin 15-32% ,15% Intramuscular, 

subcutaneous, IV

Dihydroergotamine Bausch, Hikma, 

Paddock, Provepharm, 

Sagent, West-Ward

N-methyl-2-

pyrrolidone

100% 100% Subgingival Doxycyclin Doxy 100/200 

(Fresenius Kabi)

PEG 300 <60% <50% Intramuscular, IV 

bolus

Methocarbamol Robaxin (Hikma 

Pharma)

PEG 400 18-67% <18% Intramuscular Lorazepam Ativan (Hikma Pharma)

Polysorbate 80 0.08-100% <4% Intramuscular Chlordiazepoxide Librium (Bausch 

Health)

Propylene glycol 10-80% <80% Intramuscular Lorazepam Ativan (Hikma Pharma)

Solutol HS-15, also 

Cremophor EL

50% 50% IV Propanidid Althesin (Bayer)

Source:  Acta Pharmaceutica Sinica B  (2015). Vol. 5, pp. 442-453
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Exhibit 35. Differentiated Pharmacology of CB1/CB2 Receptor-Mediated Pathways is Highly Relevant to Cannabidiol’s Potential 

in Cardiovascular Disease 

 

 

Source: British Journal of Pharmacology (2020). Vol. 177, pp. 4967-4970. 
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