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Rationale and Background:

Dual antiplatelet therapy (DAPT) with aspirin and clopidogrel represents the standard of care
for the prevention of recurrent ischemic events in patients undergoing percutaneous coronary
intervention (PCl). For more than 20 years, dual antiplatelet therapy with aspirin and
Clopidogrel has remained the cornerstone of treatment for patients with acute coronary
syndrome (ACS). However, some patients have impaired clopidogrel response and thus persist
with high on-treatment platelet reactivity (HPR) resulting in an increased risk of
atherothrombotic events. The boxed warning added to the clopidogrel label underscoring the
potential risk of adverse cardiovascular outcomes among patients with a “poor metabolizer”
genotype and advocating the use of other antiplatelet medications or alternative dosing
strategies for these patients has led to investigations of treatment options associated with
more optimal platelet inhibition. These include switching to a novel generation P2Y12 inhibitor
(e.g. prasugrel or ticagrelor).

Sodium-glucose transport 2 inhibitors (SGLT2i) such as empagliflozin have been found to reduce
the risk of hospitalization for heart failure and death in individuals with type 2 diabetes,
although the exact mechanism behind this effect is not yet fully understood. It is also uncertain
whether empagliflozin's impact on platelet function plays a role in its ability to decrease
cardiovascular mortality. SGLT2i therapies have become increasingly important for T2DM
patients, as evidenced by major clinical trials like EMPA-REG OUTCOME and DAPA-HF, which
have shown a significant reduction in major adverse cardiovascular events (MACE). The exact
mechanisms responsible for these positive cardiovascular outcomes are still being investigated.
It is currently unknown whether SGLT2 inhibition has an antiplatelet effect. However, a pilot
study has shown that empagliflozin does have a greater antiplatelet effect than traditional
treatments for T2DM patients with coronary artery disease (CAD). This study is important for its
potential to improve both efficacy and safety in the treatment of T2DM.

Hypothesis:
1. Empagliflozin attenuates platelet reactivity in patients with diabetes mellitus.
2. Empagliflozin decreases platelet reactivity by 10%.

Null Hypothesis:
There is no difference in response in patients with stable coronary artery disease on DAPT
concerning PRUs on Empagliflozin.

Study Goals and Objectives:
1. To describe platelet function profiles of patients with stable coronary artery disease on

DAPT on Empagliflozin.

Study Design:



The study will be a prospective, open-label study that aims to assess the effect of empagliflozin
25 mg once daily for 10 days. Patients at the Eric Williams Medical Sciences Complex (EWMSC),
Mt. Hope, Trinidad and Tobago will be screened for potential eligibility.

Methodology:

Inclusion criteria

Patients will be screened and considered eligible for the study if they are:

1. between 18 and 74 years of age,

2. have stable coronary artery disease and diabetes mellitus, already on DAPT with aspirin
and clopidogrel for at least 6 months,

3. noton any physician-prescribed medications or complementary/alternative therapies,

Exclusion criteria

Patients are ineligible to participate if any of the following criteria are met:

1. presence of active internal bleeding or history of bleeding diathesis or clinical findings
associated with an increased risk of bleeding,

2. history of ischemic or hemorrhagic stroke, transient ischemic attack, intracranial
neoplasm, arteriovenous malformation, or aneurysm,

3 history of clinical and/or hemodynamic instability,

4. within 1 month of placement of a bare metal stent,

5. within 30 days of coronary artery bypass graft surgery or PCl without a stent placed,
6 planned coronary revascularization,

7. treatment with fibrin-specific fibrinolytic therapy <24 h or non-fibrin-specific fibrinolytic
therapy <48 h,

8. use of an oral anticoagulation agent or international normalized ratio >1.5,

9. body weight <60 kg,

10. age >75 years,

11. hemoglobin <10 g/dL,

12. platelet count <100x108/uL,

13. creatinine >2 mg/dL,

14. hepatic enzymes >2.5 times the upper limit of normal,

15. pregnancy and/or lactation.

The study will undergo a formal approval process by the Campus Ethics Committee (CEC) of the
University of the West Indies (UWI) and all patients are to provide written informed consent
before participating in the study. The trial will be conducted by the Declaration of Helsinki and
the International Conference on Harmonization (ICH) Guidelines for Good Clinical Practice
(GCP). Two clinical research associates (CRAs) will secure and assess the quality of the data and
the university biostatistician will perform the data analysis after data lock. The CRAs will then
deliver the database and the analysis results to the principal investigator (Pl). Data will be
coded per patient by first letter of first name, first letter of last name followed by numerical
date of birth in the order of day, month, and year in a password-protected and encrypted



database program in the office of Lecturer Dr. Naveen Seecheran at the Department of Clinical
Medicine office, 2nd Floor, Building 34, Eric Williams Medical Sciences Complex.

Patient Interview and Case Report Form

If a patient satisfies the selection criteria from the initial screening process, a physician or CRA-
directed interview will then be administered. Demographic and anthropometric data will be
recorded on a case report form (CRF). This will comprise the patient’s medical and procedural
history including any active medications.

Each patient will then be allocated via a computerized randomization program. Patients on
DAPT for at least 6 months will be tested for platelet function testing with the P2Y12 VerifyNow
assay at baseline. The patient will be administered empagliflozin 25 mg once daily for 10 days,
followed thereafter by platelet function testing. The study will be randomized via a computer
randomization program with a permuted block design and concealment allocation. It is also a
controlled, prospective trial design, as group A serves to act as a baseline comparator group
and group B has the desired antiplatelet strategy to be investigated over the longitudinal 2-
week period. The study will also be blinded as patients will be unaware of their treatment
assignments as well as the CRA or physician (Interventional Cardiologist) that performs the
platelet function testing.

Blood Sampling, Phlebotomy

Blood samples for platelet function testing will be collected at baseline before the patients are
administered empagliflozin (baseline sample). Blood will be drawn via an antecubital vein using
a 21-gauge needle. The initial 5 mL of all blood samples will be discarded as medical waste as
per the institution's policy (to avoid spontaneous platelet activation). Several laboratory tests
will be performed including:

1. Complete Blood Count

2. Renal Function Profile

3.  Hepatic Function Profile

4. VerifyNow P2Y12 PRU test assay - which will also be performed at the 2"d-week time point
after patients have completed their assigned treatment schedules.

Overall, there will be 2 separate instances in which blood sampling/phlebotomy will be
performed.

Aggregation Testing, Platelet Function Testing

Citrated blood samples are processed by CRAs and study investigators. The platelet function
assay to be utilized is the VerifyNow P2Y12 (VN-P2Y12) assay (Accriva, San Diego, California). In
brief, the VN-P2Y12 assay is a rapid whole blood point-of-care device that reports results as
P2Y12 reaction units (PRU) and percent inhibition of platelet aggregation (%IPA). Assays will be
performed as per the instructions of the manufacturer previously described. Please see
attached:

° http://www.accriva.com/uploads/assets/clsi-procedures/14983-revf.docx

° http://www.accriva.com/uploads/assets/clsi-procedures/14982-revk.doc


http://www.accriva.com/uploads/assets/clsi-procedures/14983-revf.docx
http://www.accriva.com/uploads/assets/clsi-procedures/14982-revk.doc

Safety Considerations:
Overall, patient risk would be considered minimal.

The risks of phlebotomy coupled with treatment and management are:

1. Arteriospasm, Hematoma — sterile compression bandage will be done to achieve
hemostasis monitoring of vital signs digital pulse oximetry to ensure perfusion of
tissues, blood transfusions, Vascular Surgeon consultation for brachial artery repair,
and/or luminal dilatation.

2. Nerve damage/injury- Orthopaedic management of possible injury to median nerve,
evaluation, and follow-up in the clinic, and possible anti-inflammatory medications for
nerve inflammation.

3. Infection- Debridement, microscopy, culture, and sensitivity as well as initiating
empirical broad-spectrum antibiotics, and monitoring for signs of sepsis. If febrile or
septic shock admission to hospital and commencement of intravenous fluids,
intravenous antibiotics with possible ICU intervention.

4. Low risk: Phlebotomy: Vascular spasm, hematoma, local infection, Medium Risk
Phlebotomy: nerve damage/injury (unlikely), Empagliflozin: urinary tract infections,
fungal infections, (rare-occasional, usually not life-threatening), Serious Risk
Phlebotomy: hand surgery (exceedingly rare), Empagliflozin: diabetic ketoacidosis,
Fournier's gangrene, and hypoglycemia (very rare).

The study will be by the summary of risks and risk-reduction strategies outlined in Table 8 in the
WHO Guidelines on Drawing Blood: Best Practices in Phlebotomy. Any serious adverse events
(SAEs) will be recorded as per the Bleeding Academic Research Consortium (BARC) group
definitions and reported to the Ethics Committee of the University of the West Indies within 24
hours. The patient will receive health care per the participating institution’s guidelines and
policies i.e. Cardiology Department at EWMSC, Mt. Hope, Trinidad & Tobago.

Follow-up:

Patients will be informed of their results in person, or if unavailable via telephone. They will
also be provided with a hard-copy report of their platelet function profiles. They will also be
informed on a scheduled basis of the management plan for any serious adverse events (SAEs)
that may have unfortunately occurred as a result of their direct participation in the study.

Data Management and Statistical Analysis:

The patient information will be initially recorded on CRFs which will be stored in the Adult
Medicine Unit locking file cabinets, located at the Department of Clinical Medical Sciences,
University of the West Indies, St. Augustine. Data will be coded per patient by first letter of first
name, first letter of last name followed by numerical date of birth in the order of day, month,
and year in a password-protected and encrypted database program in the office of Lecturer Dr.
Naveen Seecheran at the Department of Clinical Medicine office, 2nd Floor, Building 34, Eric
Williams Medical Sciences Complex. Each CRF and study database will be reviewed by 2 CRAs to
minimize error, and clean and reconcile any conflicting data. We will aim for n of least 16
patient profiles, see sample size calculations. Any missing information will be censored and



thus, not imputed. The study biostatistician will perform routine statistical analyses with SPSS v.
11.0 software (SPSS, Chicago, IL). Continuous variables are expressed as means * SD.
Categorical variables are to be expressed as frequencies and percentages. Student’s t-test will
be used to compare continuous variables. Comparisons between categorical variables will be
performed using the two-tailed Fisher’s exact test or Pearson’s X2 test, as appropriate. A p-
value of < 0.05 will be considered statistically significant. No adjustments for multiple
comparisons will be made. Results will be reported as least-square mean + SEM for the detailed
analyses.

Sample Size Calculation:
Assuming:
1. A 75mg/d clopidogrel maintenance dose required at least 5 days and a 600 mg loading
dose of clopidogrel required up to 8 hours to achieve ~50% steady state of inhibition of ADP-
induced platelet aggregation.
2. Anestimated decrease of 10%, thus achieving a steady state inhibition of ADP-induced
aggregation of 55% in patients with empagliflozin.
3. Type 1lerrorrate 5%
4.  Statistical power of 80%
n=20
(http://hedwig.mgh.harvard.edu/sample_size/js/js_parallel_quant.html)

Quality Assurance:

The study will be by GCP and the Declaration of Helsinki. In addition, it will only commence
after official approval from the Ethics Committee of the University of the West Indies. There will
be no Data Safety and Monitoring Board (DSMB). Patient Informed Consent Forms (ICFs) and
Case Report Forms (CRFs) will each be quality-controlled by 2 CRAs and recorded in triplicate (1
for patient records, 2 for the study team).

Expected Outcomes of the Study:

The information obtained from the study would be integral in developing antiplatelet strategies
for patients with impaired platelet reactivity. It will advance knowledge in the field i.e. useful
for baseline information and hypothesis generation for further studies within the scientific
community. It will also determine if empagliflozin is an adjunct for non-response to the current
armamentarium of antiplatelet therapies available in Trinidad and Tobago. This information can
then reliably inform regulatory bodies e.g. Ministry of Health (MOH) to make additions to the
national Chronic Disease Assistance Medication Program (CDAP) to include this as a possible
adjunct to facilitate a more potent antiplatelet effect.

Dissemination of Results and Publication Policy:

The patients will be informed of their results in person, or if unavailable via telephone. They will
also be provided with a hard-copy report of their platelet function profiles. The results and
conclusion of the study will be published for the scientific community for further analysis and
discussion. The aforementioned study team, including collaborators, will be acknowledged in


http://hedwig.mgh.harvard.edu/sample_size/js/js_parallel_quant.html

any publications. The principal investigator (PI) will determine the order of author
contributorship.

Duration of the Project:
Please see the Project Management and Gantt Table below. The estimated duration for the
study is approximately 2 years.

Problems Anticipated:
1. Financial: The resources (see outlined budget below) required for the study are relatively

expensive and thus, would require funding to ensure successful completion.

Project Management:

ICF | CRF Sample VN POC | Database | Statistical [ Manuscript
Collection | Analysis | Entry Analysis Preparation
Timeline/month | 20m | 20m | 20m 20m 2m 2m 2m
s
CRA1 X X X X X
CRA 2 X X X X X
Bio-Statistician X
NS X X
Ethics:

The final version of the protocol will be submitted to the Ethics Committee of the University of
the West Indies, located at the University of the West Indies, St. Augustine, Trinidad and
Tobago. The study team will await official approval before any study-related activities can
commence. There are no significant ethical concerns about conducting the study. All patient
samples (blood) that are surplus to requirements will be discarded as per the participating
institution’s medical waste protocol. The study will be stringently conducted by the Declaration
of Helsinki.

Informed Consent Forms:

Please see the attached Ethics Committee of the University of the West Indies file for the final
version of ICF. ICFs will be physician or CRA-administered and available only in English. They will
undergo an approval process by the Ethics Committee of the University of the West Indies
before the study can commence. Each ICF will be done in triplicate (1 for patient records and 2
for the study team). The ICF will comprise the important aspects that are per the international
guidelines outlined in the references.

Budget:



Item Quantity Purpose/Justification Total/USD

VerifyNow ASA and 2 Test Kits for collected ~21,000 TTD
P2Y12 PRU Test Kits blood samples
Maintenance N/A Analyzer needs to be ~0TTD

maintained as per
Company’s policy
(located in US -
shipping, handling &
insurance)

Stationery 25 25 Informed Consent ~0TTD
Forms & Case Report
Forms (Triplicate)

Total ~$2,000 USD

Other support for the Project:

The study will be financed via grant support from the University of the West Indies, St.
Augustine. Applications to other sources of funding will be submitted to the respective
agencies.

Financing and Insurance:

The study will be financed via grant support from the University of the West Indies, St.
Augustine. No specific insurance coverage will be provided to the study participants; however,
they will receive health care per the participating institution’s guidelines and policies i.e. the
Cardiology Department at the EWMSC, Mt. Hope, Trinidad & Tobago.
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Abbreviations and Acronyms:

HOT-PR High on-treatment Platelet Reactivity
LTA Light Transmission Aggregometry
MPA Maximal Platelet Aggregation

PD Pharmacodynamic

PRI Platelet Reactivity Index

PRU Platelet Reactivity Units

VN-P2Y12 VerifyNow P2Y12



mailto:david.schneider@uvmhealth.org

References:

10.

11.

. Das SR, et al. Expert consensus decision pathway on novel therapies for cardiovascular

risk reduction in patients with type 2 diabetes. ] Am Coll Cardiol. 2020.
https://doi.org/10.1016/j.jacc.2020.05.037

Zinman B, et al. Empagliflozin, cardiovascular outcomes, and mortality in type 2
diabetes. N Engl J Med. 2015;373:2117-28.

Nassif ME, et al. Dapagliflozin effects on biomarkers, symptoms, and functional status in
patients with heart failure with reduced ejection fraction. Circulation. 2019;140:1463-76.

Vallon V, Thomson SC. Targeting renal glucose reabsorption to treat hyperglycemia: the
pleiotropic effects of SGLT2 inhibition. Diabetologia. 2017;60:215-25.

Verma S, McMurray JJV. SGLT2 inhibitors and mechanisms of cardiovascular benefit: a
state-of-the-art review. Diabetologia. 2018;61:2108-17.

World Medical Association. World Medical Association Declaration of Helsinki: ethical
principles for medical research involving human subjects. JAMA. 2013;310:2191-4.

Seecheran NA, et al. Prevalence of clOpidogrel ‘resIstaNce’ in a selected population of
patients undergoing elective percutaneous coronary intervention at a tertiary
cardiovascular center in Trinidad: the POINT pilot study. Open Heart. 2019;6: e000841.

Seecheran N, et al. TRimetazidine as an Agent to affeCt clopidogrEl Response: the
TRACER study. Cardiol Ther. 2019. https://doi.org/10.1007/ s40119-019-0139-0.

Seecheran N, et al. The effect of low-dose ticagrelor on platelet function profiles in
patients with stable coronary artery disease in Trinidad: the TWIST pilot study. Cardiol
Ther. 2020. https://doi. org/10.1007/s40119-020-00195-2.

Tantry US, et al. Consensus and update on the definition of on-treatment platelet
reactivity to adenosine diphosphate associated with ischemia and bleeding. J Am Coll
Cardiol. 2013;62:2261-73.

Schneider DJ. Factors contributing to increased platelet reactivity in people with diabetes.
Diabetes Care. 2009;32:525-7. 12. Ali A, et al. SGLT2 inhibitors: cardiovascular benefits
beyond HbA 1c—translating evidence into practice. Diabetes Ther. 2019;10:1595-622.


https://doi.org/10.1016/j.jacc.2020.05.037

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Madaan T, Husain I, Akhtar M, Najmi AK. Exploring novel pharmacotherapeutic
applications and repurposing potential of sodium-glucose cotransporter 2 inhibitors. Clin
Exp Pharmacol Physiol. 2018. https://doi.org/10.1111/1440-1681.12963.

Holman RR, Paul SK, Angelyn Bethel M, Matthews DR, Neil HAW. 10-Year follow-up
of intensive glucose control in type 2 diabetes. N Engl J Med. 2008;359:1577-89

Bonora BM, Avogaro A, Fadini GP. Extraglycemic effects of SGLT2 inhibitors: a review
of the evidence. Diabetes Metab Syndr Obes. 2020;13: 161-74.

Winocour PD, Watala C, Kinglough-Rathbone RL. Membrane fluidity is related to the
extent of glycation of proteins, but not to alterations in the cholesterol-to-phospholipid

molar ratio in isolated platelet membranes from diabetic and control subjects. Thromb
Haemost. 1992;67:567-71.

Keating FK, Sobel BE, Schneider DJ. Effects of increased concentrations of glucose on
platelet reactivity in healthy subjects and patients with and without diabetes mellitus. Am
J Cardiol. 2003;92:1362-5.

Assert R, et al. Regulation of protein kinase C by short-term hyperglycemia in human
platelets in vivo and in vitro. Diabetologia. 2001;44:188-95.

Pedren”o J, Hurt-Camejo E, Wiklund O, Badimao'n L, Masana L. Platelet function in
patients with familial hypertriglyceridemia: evidence that platelet reactivity is modulated

by apolipoprotein E content of very—Ilow-density lipoprotein particles. Metabolism.
2000;49:942-9.

Yngen M, Norhammar A, Hjemdahl P, Ha’kan Walle'n N. Effects of improved metabolic
control on platelet reactivity in patients with type 2 diabetes mellitus following coronary
angioplasty. Diabetes Vasc Dis Res. 2006;3:52—6.

Scheen Al. Reduction in HbAlc with SGLT?2 inhibitors vs DPP-4 inhibitors as add-ons
to metformin monotherapy according to baseline HbAlc: a systematic review of
randomized controlled trials. Diabetes Metab. 2020;46:186-96.

Storgaard H, et al. Benefits and harms of sodium-glucose co-transporter 2 inhibitors in
patients with type 2 diabetes: a systematic review and metanalysis. PLoS One.
2016;11:e0166125.

Ranucci M, et al. Platelet reactivity in overweight and obese patients undergoing cardiac
surgery. Platelets. 2019;30:608—14.

Vasilakou D, et al. Sodium-glucose co-transporter 2 inhibitors for type 2 diabetes: a
systematic review and meta-analysis. Ann Intern Med. 2013;159: 262-74.


https://doi.org/10.1111/1440-1681.12963

24.

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

35.

36.

Westerbacka J, et al. Inhibition of platelet-collagen interaction. Arterioscler Thromb Vasc
Biol. 2002;22:167-72.

Hammoudi N, et al. Empagliflozin improves left ventricular diastolic dysfunction in a
genetic model of type 2 diabetes. Cardiovasc Drugs Ther. 2017;31: 233-46.

Xu L, et al. SGLT2 inhibition by empagliflozin promotes fat utilization and browning
and attenuates inflammation and insulin resistance by polarizing M2 macrophages in
diet-induced obese mice. EBioMedicine. 2017;20:137-49.

Nishimura N, et al. Ipragliflozin, a sodium-glucose co-transporter 2 inhibitor, ameliorates
the development of liver fibrosis in diabetic Otsuka LongEvans Tokushima fatty rats. J
Gastroenterol. 2016;51:1141-9.

. Komiya C, et al. Ipragliflozin improves hepatic steatosis in obese mice and liver

dysfunction in type 2 diabetic patients irrespective of body weight reduction. PLoS One.
2016;11:e0151511.

Freedman JE. Oxidative stress and platelets. Arterioscler Thromb Vasc Biol.
2008;28:511-6.

Fo'rstermann U, Xia N, Li H. Roles of vascular oxidative stress and nitric oxide in the
pathogenesis of atherosclerosis. Circ Res. 2017;120:713-35.

Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circ Res.
2010;107:1058-70.

Handin RI, Karabin R, Boxer GJ. Enhancement of platelet function by superoxide anion.
J Clin Investig. 1977;59:959-65.

Schaeffer G, Wascher TC, Kostner GM, Graier WF. Alterations in platelet Ca2?
signaling in diabetic patients is due to the increased formation of superoxide anions and
reduced nitric oxide production. Diabetologia. 1999;42:167-76.

Schafer A, Bauersachs J. Endothelial dysfunction, impaired endogenous platelet
inhibition and platelet activation in diabetes and atherosclerosis. Curr Vasc Pharmacol.
2008;6:52—-60.

Lim HS, Blann AD, Lip GY. Soluble CD40 ligand, soluble P-selectin, interleukin-6, and
tissue factor in diabetes mellitus: relationships to cardiovascular disease and risk factor
intervention. Circulation. 2004;109(21):2524-8. https://doi.org/10.1161/01.
CIR.0000129773.70647.94.

Tahara A, et al. Effects of sodium-glucose co-transporter 2 selective inhibitor
ipragliflozin on hyperglycemia, oxidative stress, inflammation, and liver injury in
streptozotocin-induced type 1 diabetic rats. J Pharm Pharmacol. 2014;66:975-87.



37. Seecheran N, et al. Epidemiologic insight into Trinidad’s awareness and prevention of
heart disease. The EPITAPH study - a Trinidadian cardiovascular health literacy survey.
Int J Community Med Public Health. 2017;4:903.

38. Seecheran N, et al. A Trinidadian cardiovascular medication adherence survey: the
ADHERE TNT study. Int ] Community Med Public Health. 2017;4: 3601.



