Use of an Artificial Intelligence Platform on Mobile Devices
to Assess Dosing Compliance in a Phase 2 Schizophrenia Study
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ABSTRACT
Introduction: Accurately monitoring and collecting drug adherence data can allow for a better
understanding and interpretation of the outcomes of clinical trials. The majority of clinical trials use a
combination of pill counts and self-reported data to measure drug adherence, despite the drawbacks
of relying on these types of indirect measures. It is assumed that doses are taken, but the exact
timing of these is often incomplete and imprecise. The objective of this pilot study was to evaluate the
use of a novel artificial intelligence (AI) platform on mobile devices in measuring medication adherence
compared with modified directly observed therapy (mDOT) in a substudy of a Phase 2 trial of the a7
nicotinic receptor agonist, ABT-126 in subjects with schizophrenia.
Methods: Ten out of 31 US sites participated in the substudy adherence program. Subjects were
allowed to choose between the AI platform or mDOT (three times per week). Subjects monitored by
the AI platform were assigned a device with the AI application downloaded. Subjects used the
application for each dosing administration. A total of nine phamacokinetic blood samples for analysis
of ABT-126 plasma concentrations were collected. The main adherence measures for the analyses
were based on scheduled pharmacokinetic sampling results and AI platform adherence data.
Results: A total of 75 subjects were enrolled in the substudy; 22 chose to be monitored by mDOT.
The early discontinuation rate in the AI group (32.1%) was similar to the early discontinuation rate at the
21 US sites not participating in the AI substudy (27.2%). The mean (SD) cumulative pharmacokinetic
adherence over 24 weeks was 89.7% for subjects receiving ABT-126 and monitored using the AI
platform compared with 71.9% for subjects monitored by mDOT. The US sites not participating in the
AI substudy had cumulative adherence over 24 weeks of 78.1% (n = 69).
Conclusions: Subjects receiving ABT-126 and monitored using the AI platform had higher cumulative
adherence (89.7%), as measured by study drug concentrations above the lower limit of quantification
(LLOQ) over 24 weeks, compared with subjects monitored by mDOT (71.9%). Using drug levels, this
substudy demonstrates the potential of artificial intelligence platforms to increase adherence, rapidly detect nonadherence, and predict future nonadherence. Subjects monitored using the AI platform
demonstrated a percentage change in adherence of 25% over the mDOT group. Subjects were able
to use the technology successfully for up to 6 months in an ambulatory setting with early termination
rates comparable to subjects outside the substudy.
METHODOLOGICAL QUESTIONS BEING ADDRESSED:
Accounting for and minimizing subject nonadherence is critical to clinical trial design, particularly in
CNS where high rates of nonadherence are observed.

BACKGROUND
Accurately monitoring and collecting drug adherence data can allow for a better understanding and interpretation of the outcomes of clinical trials (1, 2, 3). Since the advent of electronic monitoring, there
has been a wealth of published data on the value of analyzing drug adherence and using it as an
explanatory variable in itself (4, 5, 6). In order to understand the dose-response relationship of an
investigational drug, or understand factors contributing to intersubject variability in response to drug,
it is imperative to properly capture and understand the dosing history, ie, actual doses taken, missed
doses, late doses, etc. To ignore these variations in adherence is a “lost opportunity if not a scientific
lapse” (4) in both clinical research and in population health.
The majority of clinical trials use a combination of pill counts and self-reported data to measure drug
adherence, despite the drawbacks of relying on these types of indirect measures. It is assumed that
doses are taken, but the exact timing of these is often incomplete and imprecise. Pill counts have
frequently been shown to underestimate poor adherence and nonadherence. 1, 7, 8, 9, 10, 11, 12, 13
A recent study questioned the utility of pill count data when compared with pharmacokinetic data. For
the 1765 subjects receiving active drug in 8 Phase 2 or later psychiatric trials conducted between 2001
and 2011, the estimated nonadherence rates of 12.8% to 39.2% from the pharmacokinetic data (with
nonadherence defined as > 50% of pharmacokinetic samples below the limit of quantification for the
study drug in plasma), proved far higher than the nonadherence rates of 0.0% to 5.1%
estimated by pill counts in 5 of the 8 studies. 2
The artificial intelligence (AI) platform (AiCure, New York, NY) uses artificial intelligence to visually
confirm medication ingestion (Figure 1) using software that can be downloaded as an application onto
any mobile device. Software algorithms identify the patient, the drug, and confirm ingestion.
Encrypted data are sent to cloud‑based dashboards for real-time monitoring and intervention; with
suspicious activity, duplicate enrollment, or incorrect usage triggering alerts.
The present report describes medication adherence results from an exploratory pilot substudy using
the AI platform compared with modified DOT (mDOT) 3 times per week during a clinical study (Study
M10-855) of an investigational adjunctive oral medication (ABT-126) that was evaluated for treatment
of cognitive impairment in patients with schizophrenia.

OBJECTIVES
The objectives of this exploratory pilot substudy were to evaluate the AI platform as a real‑time
monitoring method for study drug adherence and to examine the feasibility of using the platform in a
6‑month, Phase 2 schizophrenia study.
The present report describes medication adherence results from an exploratory pilot substudy using
the AI platform compared with modified DOT (mDOT) 3 times per week during a clinical study (Study
M10-855) of an investigational adjunctive oral medication (ABT-126) that was evaluated for treatment
of cognitive impairment in patients with schizophrenia.

METHODS
STUDY DESIGN
• Phase 2, multicenter, randomized, double-blind, placebo‑controlled, dose-ranging, parallel-group, 24-week study in nonsmoking
subjects with schizophrenia who were clinically stable.
• The study was conducted at a total of 31 sites in the United States (US), 20 sites in Russia, and 7 sites in the United Kingdom.
• 431 subjects were enrolled and randomized to placebo or ABT-126.
• Subjects were dosed once daily (QD) 25, 50, or 75mg ABT-126 or matching placebo, as 3 capsules in the morning for 24 weeks.
• Adherence was measured by review of returned study drug blister cards.
• A later protocol amendment included an optional adherence program (AI substudy) for US sites.
• 10 out of the 31 US sites participated. In addition to blister cards, subjects at these sites were asked to chose between the AI
platform or modified Directly Observed Therapy (DOT) at least 3 times per week, as a further measure of adherence.
• Subjects monitored by the AI platform were assigned a device with the AI application downloaded.
• Pharmacokinetic blood samples for analysis of ABT-126 plasma concentrations were collected at Weeks 2, 4, 6, 10, 12, 16, 18, 22,
and 24.
• The primary exploratory analyses for the AI substudy were performed for all randomized subjects who received study drug at the 10
designated US sites, and included data through Week 24.
• Daily adherence data captured by the AI platform were summarized by week (7-day intervals). The protocol planned measure for
adherence used pill count data based on the returned blister packs.
• The main adherence measures for the analyses in this article were based on scheduled pharmacokinetic sampling results and AI
platform measured parameters.
• A subject on ABT-126 was said to be adherent for a given week based on pharmacokinetics if the subject’s pharmacokinetic
sample taken during that week had measureable study drug concentration (ie, concentration above the lower limit of quantification
[LLOQ]). A subject’s AI platform adherence rate for a given week was defined as the number of doses captured by the AI platform
relative to the number of planned doses for that week. Additionally, for each subject at each of the study weeks, cumulative
pharmacokinetic and AI platform adherence rates were calculated based on data from that week and previous weeks with
nonmissing data.
• No planned sample size or power calculations were performed for these post hoc exploratory analyses. Analyses are exploratory in
nature, the reported results need to be interpreted descriptively and used to generate future hypotheses.

Figure 2 Geometric Mean ABT-126 Plasma Concentrations, Normalized to the 50
mg Dose, for Subjects who Participated in the Adherence Substudy Stratified by AI
Platform Versus mDOT Use
Figure 2: The analysis set consisted of all subjects who received any dose of ABT-126 at
the participating US sites and
who had available pharmacokinetic data. Visits were based on a
categorization of collection day
data into weekly windows. Error
bars are mean ± standard error.
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• Ten of the 31 US sites participated in the AI substudy. A total of 75 subjects were enrolled at these sites. Of these 75 subjects,
53 were monitored with the AI platform (Table 1). Remaining 22 subjects chose to be monitored by mDOT.
• All subjects monitored by mDOT completed the study. The early discontinuation rate in the AI group (32.15) was similar to the rate at
the 21 US sites not participating in the AI substudy (26.7%).
• Mean (SD) age was 45.9 and 54.7% of the subjects were male.
• Subjects who were monitored by the AI platform, and had available pharmacokinetic data, had geometric mean ABT‑126 drug
levels, normalized to the 50 mg dose, that were higher at each time point evaluated through Week 24 compared with subjects
monitored by mDOT (Figure 2).
• For subjects who received ABT-126 at the AI substudy sites and had available drug concentration data, cumulative
pharmacokinetic adherence was higher from Week 2 through Week 24 for subjects monitored using the AI platform compared with
subjects monitored using mDOT (Figure 3).
• The mean (SD) cumulative pharmacokinetic adherence over 24 weeks was 89.7% (24.92%) for subjects receiving ABT-126 and
monitored using the AI platform (n = 28) compared with 71.9% (39.81%) for subjects receiving ABT-126 and monitored by mDOT
(n = 15).
• Subjects (n = 69) at the 21 US sites not participating in the AI substudy had cumulative pharmacokinetic adherence over 24 weeks of
78.1% (29.65%).
• A total of 19 subjects (35.8%; 13 subjects on active drug and 6 subjects on placebo) were flagged as having suspicious drug
administration behavior by the AI platform (Table 1).
• At Week 24, mean (SD) cumulative pharmacokinetic adherence for suspicious subjects using the AI platform (n = 10), for
nonsuspicious subjects using the AI platform (n = 18), was 78.9% (36.83%) and 95.7% (12.72%).
• The mean percentage of subjects with adherence ≥ 70% as measured by review of returned study drug blister cards was ≥ 90% at
all study visits evaluated.
• Concordance was not demonstrated between the AI platform and pharmacokinetic cumulative adherences rates, giving a
Pearson’s correlation of r = 0.33 (95%CI: -0.12, 0.65).
• Mean time required to take a capsule (placebo or active drug) while being monitored with the AI platform ranged from 40.3 to 70.6
seconds over Weeks 1 to 24.

Figure 3: The analysis set consisted of all subjects who received any dose of ABT-126 at
US sites selected to use the AI
Platform and who had available
pharmacokinetic data. Visits
were based on a categorization
of collection day data into weekly
windows.
Pharmacokinetic adherence was
defined as ABT-126 levels greater than the lower limit of
quantification (0.7 ng/mL). Cumulative results were based on
data from current and previous
visits with nonmissing data.

Table 2. Demographic Characteristics (AI Substudy)

Table 1. Subject Disposition (AI Substudy)
Placebo

RESULTS

Figure 3: Cumulative Adherence Based on Study Drug (ABT-126) Concentration
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CONCLUSIONS
• Electronic monitoring of medication adherence14 has highlighted the value of obtaining real‑time dosing data for
better informed pharmacokinetic, pharmacodynamic, and efficacy analyses and for treatments requiring close
monitoring. 12,15
• Adherence measures (AI platform versus mDOT) were compared with drug concentration measurements to build a
framework for evaluating the effectiveness of the AI platform in measuring drug ingestion and promoting treatment
adherence.
• Cumulative adherence, measured by study drug concentrations above the LLOQ, appeared to be higher through
24 weeks for subjects monitored using the AI platform (89.7%) compared with subjects monitored
using mDOT (71.9%).
• The study drug concentration among the mDOT group (71.9%) is consistent with a prior work which showed
nonadherence rates of 12.8% to 39.2% based on PK data.
• Deceptively removing pills to feign higher adherence leads to the low rates of nonadherence typically measured by
pill count, as seen in the aforementioned study (0.0% to 5.1%) and in the present study (0 to 3%).
• Within the AI group, subjects who were identified as suspicious had lower cumulative pharmacokinetic adherence
at Week 24 compared with subjects who were not identified as suspicious (78.9% vs 95.7%). Subjects who were
grandfathered into the substudy had lower cumulative pharmacokinetic adherence at Week 24 compared with subjects who were not grandfathered into the substudy: 81.0% vs 92.6%. Excluding these first 2 groups might have led
to higher cumulative adherence in the AI group.
• Lack of concordance between the AI platform and pharmacokinetic adherence rates may be explained by: 9 of the X
subjects receiving active study drug were grandfathered into the substudy (more than 1 PK sample with no
corresponding AI platform adherence data); AI platform dataset for each subject (max. of 540 data points) was
compared to the PK dataset (max. of nine data points); AI platform dataset included doses that were missed or
self-reported, examples of sub-optimal adherence that may not have been captured in the PK dataset.
Limitations:
• The principal limitation of this substudy was the lack of randomization; subjects were allowed to choose
between the AI Platform and mDOT.
• A second limitation was the small sample size of subjects randomized to active drug (AI platform, n = 38; mDOT,
n = 15).
• A third limitation was the inconsistent use of mDOT.
• A fourth limitation was the use of the plasma concentrations in the analysis without regard to the collection time relative to the recorded last dose. The impact of this on the conclusions is believed to be negligible since the threshold
for declaring lack of adherence was a concentration below the LLOQ, a conservative criterion.

Sex

Race

ACKNOWLEDGEMENTS
We thank George M. Haig, lead investigator Department of Neuroscience Clinical Development, Abbvie, and Deli
Wang, employees of Abbvie for their help in preparing and assisting with the primary dataset. The authors
acknowledge Aubri Charboneau and Caren Carver of Sage Scientific Writing, LLC for writing and editing
support for the manuscript.
AUTHOR DISCLOSURE
David Walling, PhD reports grant and research support from Novartis, J&J PRD, Sunovion, Janssen, Pfizer, Shire,
Eli Lilly, Abbott, Abbvie, Forest, Allergan, Eisai, Takeda, Otsuka, Zogenix, Omeros, CoMentis, IntraCellular and is
consultant to Otsuka, Eli Lilly, Janssen, and Acadia. John E. Hinkle, PhD, has active consulting agreements with
AiCure and several drug discovery, pharmaceutical, medical food and contract research organizations. Christy
Chuang-Stein, PhD, reports consulting agreements with AiCure, AstraZeneca, Abbvie, TEVA, Amgen, and Merck
Serono. Earle Bain, MD, and Ahmed A Othman, PhD are employees and shareholders of Abbvie.

REFERENCES
1. Blaschke TF, Osterberg L, Vrijens B, et al: Adherence to medications: insights arising from studies on the unreliable link between prescribed and actual drug
dosing histories. Annu Rev Pharmacol Toxicol 2012; 52:275-301
2. McCann DJ, Petry NM, Bresell A, et al: Medication nonadherence, “professional subjects,” and apparent placebo responders: overlapping challenges for
medications development. J Clin Psychopharmacol 2015; 35:566-573
3. Shiovitz TM, Bain EE, McCann DJ, et al: Mitigating the effects of nonadherence in clinical trials. J Clin Pharmacol 2015; Dec 4. doi: 10.1002/jcph.689.
4. Urquhart J: Patient compliance as an explanatory variable in four selected cardiovascular studies. In: Cramer JA, Spilker B, editors. Patient Compliance in
Medical Practice and Clinical Trials. New York: Raven Press; 1991
5. Efron B, Feldman D: Compliance as an explanatory variable in clinical trials. Journal of the American Statistical Association 1991; 86:9-17
6. Urquhart J: Variable patient compliance in ambulatory trials--nuisance, threat, opportunity. J Antimicrob Chemother 1993; 32:643-649
7. Farmer KC: Methods for measuring and monitoring medication regimen adherence in clinical trials and clinical practice. Clin Ther 1999; 21:1074–1090
8. Diaz E, Levine HB, Sullivan MC, et al: Use of the medication event monitoring system to estimate medication compliance in patients with schizophrenia. J
Psychiatry Neurosci 2001; 26:325–329
9. Osterberg L, Blaschke T: Adherence to medication. N Engl J Med 2005; 353:487–497
10. Sajatovic M, Velligan DI, Weiden PJ, et al: Measurement of psychiatric treatment adherence. J Psychosom Res 2010; 69:591-599
11. Daniels T, Goodacre L, Sutton C, et al: Accurate assessment of adherence: self-report and clinician report vs electronic monitoring of nebulizers. Chest
2011; 140:425–432
12. Vrijens B, Urquhart J: Methods for measuring, enhancing, and accounting for medication adherence in clinical trials. Clin Pharmacol Ther 2014; 95:617-626
13. Liu X, Lewis JJ, Zhang H, et al: Effectiveness of electronic reminders to improve medication adherence in tuberculosis patients: a cluster-randomised trial.
PLoS Med 2015; 12: e1001876
14. AARDEX® Ltd. MEMS® 6 Medication Event Monitoring System. Zug, Switzerland; http://www.aardexgroup.com/upload/pdf/mems6_trackcap_datasheet.
pdf
15. Rubio A, Cox C, Weintraub M: Prediction of diltiazem plasma concentration curves from limited measurements using compliance data. Clin Pharmacokinet
1992; 22:238-246

