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Gathering Substantial Data 
for Faster Clinical Trial Approval

Pharmaceutical manufacturers have long struggled to create 
an efficient clinical trial process for faster next-phase approval. 
The root cause of most failures is a lack of necessary efficacy 
data to support clinical trial claims. Subpar data can be 
directly tied back to an inability to track and report on patient 
adherence to drug protocol. Adherence is an issue of utmost 
importance to the overall success of the clinical studies, as well 
as the external scientific and regulatory community. 

The Underlying Problem of Low Efficacy Data
A study drug, no matter how chemically effective, is insignificant 
without substantial data for clinical validation. Tartaglia determined 
that 50% of drug compounds fail to demonstrate efficacy in clinical 
trials1, which leads to prolonged trial duration, increased study 
cost, and delayed approval prospects. The underlying cause of 
low-quality data is empirically linked to patient non-adherence to 
clinical medication protocol.

An average trial adherence rate is estimated from 43 to 78 
per cent2, and declines as complex regimen is introduced. Non-
adherence can lead to toxicity and suboptimal therapy efficacy as a 
function of the drug’s PK/PD characteristics and subject medication 
utilisation patterns in between site visits. It can jeopardise subjects’ 
health and lead to larger samples to achieve adequate statistical 
power. To demonstrate, a 20 to 30 per cent decrease in medication 
adherence may result in increasing the patient sample size by 50 
per cent to maintain sufficient statistical power, and a 40 per cent 
non-adherence rate would require a 200 per cent increase in the 
sample size to maintain significant statistical power3, resulting in 
increased clinical trial costs. 

Furthermore, the impact of non-adherence can permeate to the 
marketplace post-drug launch. 22 per cent of the drugs entering the 
US market between 1980 and 1999 required significant post-launch 
dose adjustments due to poor dosing during clinical trials4. Non-
adherence can develop discrepant or altered data due to inaccurate 
dosing, which can misinterpret the drug’s efficacy during the study. 

Non-adherence is not only limited to the quantity of use, it also 
involves the quality of medication utilisation. A 2011 study by Adler 
and Lynch electronically monitored a one pill per day regimen, and 
discovered that only 34 per cent of patients managed to take their 
medication as prescribed5. For Phase II-IIIb field-based studies 
involving oral solids, non-adherence can be the result of one or a 
combination of the following:

• Taking more medicine than prescribed,
• Taking less medicine than prescribed,
• Taking medication at a time of day or time intervals other than 

prescribed,
• Taking medication in conditions other than prescribed (with or 

without meals, etc.).

Although a prevalent issue, the silver lining is that non-
adherence is mainly unintentional and can be quickly addressed. 

A recent study by Express Scripts assessed that 70% of poor 
medication adherence comes from forgetfulness or procrastination 
in taking pills, refilling prescriptions or renewing them6. Several 
approaches have been introduced throughout the years to monitor 
patient adherence.

Measurements Used for Non-adherence to Achieve Efficacy Data
Pill Counts and Patient Diaries
A constant challenge that pharmaceutical companies experience 
is the ability to supervise the subject’s medication utilisation in 
the outpatient setting. The methods most frequently used are pill 
counts at 49 per cent7 and patient diaries at 22 per cent8. Pill counts 
are a simple way to measure adherence that is more objective 
than a self-report on a patient diary. Patient diaries are a simple, 
practical, and inexpensive method that can be easily implemented 
in clinical settings. This method can also serve as a tool to identify 
psychosocial barriers amenable to intervention. Diaries also give a 
high degree of specificity regarding non-adherence.

Although commonly applied in clinical trials, pill counts don’t 
explain utilisation patterns in between site visits, are subject to “pill 
dumping”, and consume staff resources that could be deployed to 
other value-added activities. Patient diaries, on the other hand, are 
limited by recall bias and vulnerable to social desirability that lead 
to measurable overstatements of adherence.

Agot et al. reported in 2014 that self-reports and pill counts 
that were intended to capture consistent pill use over four-week 
periods had the lowest predictive values, at less than 30 per cent on 
average9. They elaborated that the large discrepancy found between 
adherence assessed through self-report or pill count and adherence 
assessed through drug concentrations or other biomarkers was 
not unique to their study. For example, in an HSV-2 suppression 
therapy trial, acyclovir was detected in 55% of participants’ urine, 
yet adherence by pill count was 90 per cent10. Adherence measured 
by pill count and self-report in the iPrEx trial was 93 per cent, yet a 
sub-study of drug concentrations showed that only 50 per cent of 
participants were swallowing their pills11. 

Pill counts upon site visits and self-reports are not accurate 
enough adherence measures and are retrospective ones that leave 
no room for proper screening and timely enrichment interventions. 
The use of technology has been introduced in the healthcare 
industry in search of innovative solutions to combat medication 
non-adherence.

Medication Electronic Monitoring Systems (MEMS)
76 studies from 2000 to 2006 were conducted in which medication 
electronic monitoring systems (MEMS) were used to measure 
adherence. Authors reported that using MEMS allowed them to 
record consistency in daily dose-taking and dose-timing12. Legacy 
MEMS were used in packaging to time-stamp medication container 
openings or closings, but could not track pill counts. The data 
being captured only syncs at selected sites, not in real time. This 
limits clinical study teams to act only in retrospect instead of in 
a timely intervention. The healthcare industry has leveraged the 
advancements of technology to improve medication adherence 
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since then. Some MEMS approaches made improvements to 
the legacy MEMS tools, and others conceptualised a different 
methodology to track medication adherence.

MEMS: Direct Observation Therapy (DoT) Solutions
New approaches have surfaced in recent years. For example, 
biomarkers in the study drug which once ingested and absorbed are 
transported via blood to the lungs, coupled with an accompanying 
device that takes a post-ingestion breath sample. This provides a 
direct and definitive proof of the study medicine being ingested. 
Biomarkers are also objective and away from selective memory, 
unlike self-reporting patient diaries. The disadvantage is that 
they do not provide dosing history and results can be affected 
by nutraceutical interactions and formulation changes. They can 
only provide a snapshot of recent patient adherence. Ingesting a 
biomarker is also considered as an invasive approach to improving 
adherence.

Other novel approaches include facial recognition technologies 
for visual confirmation of drug intake. This approach is a direct 
and visual observation of medication adherence. This is more 
convenient for the patient than having them drive to the research 
centre to take the medication in front of a research team member. 
The disadvantage to this methodology is that it may disrupt patient’s 
lifestyles, which can lead to the subject retention and satisfaction 
being compromised.

These approaches can be thought of as novel direct observation 
therapy (DoT) solutions, which provide “proof of ingestion” and 
high reliability for monitoring adherence. When designing a 
clinical study, it should be considered that DoT solutions are not 
scalable into clinical settings nor do they provide information 
about natural patient behaviours. The researcher must evaluate 
if observing natural behaviour is an important factor of the study 
being conducted. Collecting adherence information is paramount 
and DoT and microchips provide higher reliability of study medicine 
ingestion than diaries and pill counts. However, the selected 
adherence monitoring approach should not conflict with subject 
enrolment, satisfaction and retention. Therefore, there is a growing 
interest in a more comprehensive and holistic approach that 
integrates interactive devices, software, and personalised support 
as a passive approach to combat medication non-adherence.

MEMS: Device-enabled Adherence Platforms
Pillboxes with daily alarms were initially used to combat medication 
non-adherence. However, this legacy MEMS tool is one-
dimensional. It doesn’t provide visibility to the researchers regarding 
dosing patterns, and it doesn’t promote patient engagement to 
encourage adherence. With today’s technology, a more robust 
integrated approach is introduced to enhance the legacy pillbox 
reminder approach. 

Medication bottles with reminders are now improved by a 
tracking feature for dosing patterns when the bottle is accessed. The 
bottle works in conjunction with a customer portal where the data 
is visible and research teams can present the data as meaningful 
analytics for benchmarking and reporting aggregated by patients, 
by clinical sites, etc. Improvements also feature notification setup to 
alert the team when the patient is showing non-adherent behaviour 
in real time, to enforce timely interventions. The research team can 
then place a call, or send text messages or emails to communicate 
with the patient and ask what they are experiencing, and what 
the reason is for not taking their dose at the scheduled time. Some 
solutions providers also include a mobile app to increase the patient 
engagement even more. 

The limitation with this methodology is the assumption that 
the patient took a single and correct dose each time the container 
is opened and did not overdose. Also, since it only tracks the 
container opening and not the actual ingestion of the drug, the 
research team cannot confirm that the medication was consumed. 
It may also be susceptible to technical malfunction or device  
failure.

The benefit of this is that it is a passive, non-invasive approach 
that goes beyond the pill by enriching patient engagement with 
dosing visibility and communication tools. This methodology offers 
a substantial correlation with clinical outcomes. The data remains 
objective and untampered and can be monitored in real time. It 
provides continuous data history instead of only providing the most 
recent activity. It is nothing out of the ordinary from a patient’s 
regular routine and observes the patient’s natural state. This also 
adds a layer of visibility for the research team, and allows analysis 
of adherence patterns over time.

Improving Adherence in Clinical Trials
Patient Selection
The key to adherence is early and responsive intervention. It begins 
from subject selection, where investigators screen for subjects 
who are likely to be non-adherent, and those at risk can either be 
screened out or targeted for adherence-enhancement interventions. 
This strategy must be done before randomisation. FDA in 2012 
stated that removing poor compliers identified after randomisation 
is generally not acceptable because such patients are not likely to be 
a random sample of the study population and because compliance 
itself had been linked to outcome13.

The two methods of pre-randomisation screening strategies are the 
following:

• Run-in screening – the subjects are placed on a prescribed 
regimen for a specified period to assess fidelity in the proxy 
regimen. This is a short-term adherence pre-randomisation 
that may predict long-term adherence after enrolment, and can 
eliminate 5 to 10 per cent of potential at-risk subjects14.

• Test-dosing screening – the subjects are given a small dose of 
active agents for a short period to identify subjects who have 
difficulty tolerating adverse effects and candidates for exclusion 
based on biological response to specific agents. This method is 
useful for drugs that are more difficult to consume, have a high 
frequency of adverse effects, or have profoundly adverse effects. 

Patient Communication
Effective communication is linked to study outcomes including 
subjects’ participation, recall of information, and adherence. 
Communication contributes to their understanding of the trial 
participation, study protocol, and the collaborative partnership 
between them and the research team. After the selection process, 
the clinical researcher must preemptively explain to the chosen 
subjects the burdens associated with the study and the imperative 
compliance to regimens. 

It goes without saying that subjects must comprehend what 
they are supposed to do before they can follow medical directions. 
Studies show that the risk of non-adherence is high when patients 
cannot understand basic medical instructions. A 2500-patient study 
by Williams et al. found that 42 per cent misunderstood common 
directions for taking medications15. Maintaining frequent contact 
by phone, email and visits is central for early intervention. It is also 
worth exploring the subjects’ motivation, expectations, and views 
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of the research. A sense of critical involvement emphasises patient 
empowerment and motivates interest in participating. 

Leverage Novel Technologies
Healthcare is embracing the digital transformation and 
pharmaceutical companies are gradually adapting. Once patient 
selection is completed and the study has been thoroughly 
communicated to the patients, implementing a novel technology 
serves as a layer of visibility for the researchers during the clinical 
trial. The study design varies depending on the purpose of each. 
Research teams need to seriously consider leveraging novel 
technologies for medication adherence if these conditions apply:

• Studies designed to establish safety, efficacy and tolerability at 
different dose levels,

• Therapy classes with concerns of overdosing propensity or in 
which the study medicine is prone to diversion,

• Protocols with multi-doses, irregular, complex and/or 
infrequent dosing schedules; studies that require titration; 
adaptive studies; studies of therapies with narrow PK profile,

• Studies in high-toxicity therapy classes and narrow PK profiles,
• Phase II/IIIB studies where medicine ingestion is unsupervised.

Faster clinical approval cannot be achieved without addressing 
the central problem of medication non-adherence. Addressing this 
issue will render substantial efficacy study data, increasing approval 
success rate. Integrating novel technologies, along with enriching 
patient selection and support strategies, is the best comprehensive 
approach to combat medication non-adherence.
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