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First in the market

The digital revolution that has so profoundly transformed the first decades of the 21st century has yet to impact medicine fundamentally. (1) In November 2017, the Food and Drug Administration (FDA) issued a first-of-its-kind approval of a digital version of the second-generation antipsychotic aripiprazole that includes an ingestible digital tracker. (2) The digital version of the drug, which costs almost $1700 per month, might improve the patient’s compliance. In comparison, the cost of the generic oral version of the drug costs less than $20 per month. This first approval of a drug/device combination sets a precedent for how technology-enhanced medical drug delivery systems will be evaluated before marketing. (3) This technology is designed to track drug ingestion, which can provide objective data about patient medication-taking behaviours. That data can enable clinicians to remotely make more information-based therapeutic interventions. Furthermore, it can allow patients to have an active role in their therapeutic plans. 

How robust is the evidence beyond this digital dosage form?

There is a question about the availability and strength of evidence reporting on this digital medication pill. Recently, a systematic review aimed to examine the evidence supporting the FDA's approval of digital aripiprazole found that the data submitted to the FDA were limited to trials that only assessed whether patients could use the digital medication pill as indicated.(4) None of the studies provided data on remission, quality of life, or any clinical outcome. (4) There were no prospective, double-blind, randomised controlled trials comparing digital aripiprazole with non-digital formulations of the second-generation antipsychotics, or other active comparators or placebo.(4, 5)  Also, the review did not show evidence of better compliance rates with the digital aripiprazole in comparison to the non-digital version. (4)

Applicability in Cardiovascular Medicine

Patients with uncontrolled hypertension, diabetes, and hypercholesterolemia are usually at high-risk for cardiovascular events and costly interventions. (6, 7) Controlling these diseases has been shown to reduce the risk of these complications. (8-10)
Recently, a pilot randomised clinical trial has used the digital sensor to track patient compliance with cardiovascular medications for conditions like hypertension and type 2 diabetes. (11, 12) The purpose of this trial was to evaluate the ability of a new digital pill to lower arterial blood pressure and glycated haemoglobin in patients with uncontrolled hypertension and type 2 diabetes, respectively (11, 12)  The study enrolled subjects with uncontrolled hypertension and type 2 diabetes that have already failed at least two different antihypertensive medications and metformin and/or a sulfonylurea. Subjects were randomised to one of three arms: use of the digital pill for four weeks, use of the digital pill for 12 weeks, or usual care. Subjects randomized to the two intervention arms, used the study digital pill in order to (i) provide automatic and passive electronic documentation of medication compliance and patterns of medication-taking behaviour, (ii) assist healthcare providers in distinguishing inadequate medication compliance or pharmacologic unresponsiveness as the root cause for uncontrolled hypertension and type 2 diabetes; and (iii) inform therapeutic interventions such as dose adjustment, medication initiation or change, patient education, or referral to a specialist physician. Subjects randomised to usual care received usual medical care such as medication changes, patient education, and lifestyle coaching. The healthcare providers are also able to schedule additional visits without restrictions. (11)  The study included 109 participants from 12 geographical sites (mean age, 58.7±1.4 years; female gender, 49.5%) The characteristics of the participants were: 49.5% Hispanic; 56.9% were of income ≤ US $20,000; 52.3% of ≤ high school education. The digital pill arms included 80 participants from seven geographical sites, and the usual care had 29 participants from five sites.   The preliminary results of the study revealed that the arms of patients with uncontrolled hypertension and diabetes who used the digital pill achieved a statistically significant reduction in blood pressure (BP) and low-density lipoprotein-cholesterol (LDL), and were more likely to achieve their target BP than the patients of the usual care arm. (11) By week 4, 85% of the digital pill arms (n=72) and 33% of the usual care arm (n=24) achieved the BP target. The digital pill patients had a greater reduction in Systolic BP than usual care (-23 ± 2 mmHg vs -14±4 mm Hg, respectively). The digital pill arms also had a greater significant reduction in Diastolic BP compared to usual care (-9 ± 2 mmHg vs -5 ± 2 mmHg respectively). Patients receiving the digital pill had a significantly greater reduction of LDLc -18 ± 7 mg/dL compared to patients under usual care 1 ± 2 mg/dL.(11)
Noble and colleagues reported on the satisfaction of a cohort of community pharmacists in the United Kingdom with the digital pill utilisation. (13) The system helped pharmacists to identify specific factors contributing to uncontrolled hypertension, to make evidence-based prescribing and lifestyle recommendations for achieving treatment goals, and to create a collaborative experience for patients in the management of their self-care. (13)

Clinical Perspective

Patient’s compliance can be challenging, and a new "digital pill" may allow healthcare providers to monitor their patients remotely but closely. Given the strong belief in the potential ability of digital medicine to provide valuable insights into patient medication-taking behaviours and overcome health disparities in the most vulnerable patient populations, including those with mental health disorders, cardiovascular, cancer, or other disabilities, there are still many questions in terms of the clinical studies sample size and robustness in addition to the cost-effectiveness of the digital pills’ incremental cost. (3) That will depend on what the evidence ultimately shows in terms of improving compliance rates and reducing the consequences of patients’ poor compliance. The aforementioned studies were limited by their small sample size and short-term follow-up. Also, the effectiveness and safety of the digital pill will remain controversial due to a lack of strong evidence. 
Digital medicines can represent a future for cardiovascular healthcare helping to identify barriers in implementation of preventative and therapeutic interventions.  They can also be used to track drug administration and, in future, send automatic alerts in case of missed administration. This latter point can be of specific importance for patients taking antiplatelets and anticoagulants and heart failure medications.  Furthermore, these drug monitoring systems can be implemented in clinical trials for monitoring purposes and to identify non responders from non-adherent patients.

Word count = 1016
Eur Heart J CV Pharmacotherapy – Editorial Draft 1


1

References: 
1.	Elenko E, Underwood L, Zohar D. Defining digital medicine. Nat Biotechnol. 2015;33(5):456-61.
2.	Belluck P. First digital pill approved to worries about biomedical ‘big brother’. New York Times. 2017.
3.	Prosser H, Clayson K. A content analysis of prescription drug information in the UK print news media. International journal of pharmacy practice. 2008;16(4):223-30.
4.	Cosgrove L, Cristea IA, Shaughnessy AF, Mintzes B, Naudet F. Digital aripiprazole or digital evergreening? A systematic review of the evidence and its dissemination in the scientific literature and in the media. BMJ Evid Based Med. 2019:bmjebm-2019-111204.
5.	Huitfeldt B, Hummel J, European Federation of Statisticians in the Pharmaceutical I. The draft FDA guideline on non-inferiority clinical trials: a critical review from European pharmaceutical industry statisticians. Pharm Stat. 2011;10(5):414-9.
6.	Luengo-Fernandez R, Leal J, Gray A, Petersen S, Rayner M. Cost of cardiovascular diseases in the United Kingdom. Heart. 2006;92(10):1384-9.
7.	Gheorghe A, Griffiths U, Murphy A, Legido-Quigley H, Lamptey P, Perel P. The economic burden of cardiovascular disease and hypertension in low- and middle-income countries: a systematic review. BMC public health. 2018;18(1):975.
8.	Charlson ME, Charlson RE, Peterson JC, Marinopoulos SS, Briggs WM, Hollenberg JP. The Charlson comorbidity index is adapted to predict costs of chronic disease in primary care patients. J Clin Epidemiol. 2008;61(12):1234-40.
9.	Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. ESC 2016 Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. 2016;37(27):2129-200.
10.	Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, et al. 2013 ESH/ESC guidelines for the management of arterial hypertension: the Task Force for the Management of Arterial Hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur Heart J. 2013;34(28):2159-219.
11.	Frias J, Virdi N, Raja P, Kim Y, Savage G, Osterberg L. Effectiveness of Digital Medicines to Improve Clinical Outcomes in Patients with Uncontrolled Hypertension and Type 2 Diabetes: Prospective, Open-Label, Cluster-Randomized Pilot Clinical Trial. Journal of medical Internet research. 2017;19(7):e246.
12.	Frias J, Virdi Naunihal S, Raja P, Kim Y, Savage G, Unger J, et al. Abstract 17375: Evaluation of a Digital Health Offering to Optimize Blood Pressure and Lipid Control in Patients With Uncontrolled Hypertension and Type 2 Diabetes: A Pilot, Cluster Randomized Study. Circulation. 2016;134(suppl_1):A17375-A.
13.	Noble K, Brown K, Medina M, Alvarez F, Young J, Leadley S, et al. Medication adherence and activity patterns underlying uncontrolled hypertension: Assessment and recommendations by practicing pharmacists using digital health care. Journal of the American Pharmacists Association : JAPhA. 2016;56(3):310-5.

