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Reliable medication intake is a fundamental prerequisite for both 
therapeutic success and the validity of clinical trial outcomes. 
Deviations from prescribed regimens, including missed doses, 
incorrect timing or improper storage, can compromise efficacy 
assessments and introduce variability into study data. Around 
50% of patients in clinical trials do not adhere fully to dosing 
requirements and approximately 40% discontinue correct intake 
after 150 days, resulting in prolonged and more costly studies. Even 
a 1% improvement in adherence in Phase III trials can reduce costs 
by an average of 335,700 US dollars.1 Digital adherence monitoring 
technologies provide objective, real-time data and offer a pathway 
to more robust, data-driven clinical development.

Adherence: A Persistent Variable in Therapy
Medication adherence remains one of the most critical and least 
controlled variables in healthcare delivery and clinical research. It 
reflects the degree to which a patient follows a prescribed dosing 
regimen, yet is influenced by behavioural, psychological and practical 
factors such as forgetfulness, therapy complexity or perceived 
side effects. Particularly in chronic conditions and polypharmacy 
scenarios, adherence declines over time and introduces variability 
that is difficult to quantify using conventional approaches.

The broader implications extend beyond clinical outcomes. For 
instance, non-adherence contributes significantly to hospitalisations 
and mortality, with estimates attributing more than 10% of hospital 
admissions in the United States to poor compliance.2 In addition, it 
affects the economic performance of pharmaceutical products, as 
perceived lack of efficacy may lead to therapy discontinuation or 
product switching. This highlights that adherence is not only a clinical 
parameter but also a determinant of healthcare system efficiency and 
product lifecycle success.

Traditional monitoring approaches such as pill counting, patient 
diaries or investigator assessments provide limited insight. They are 
retrospective, susceptible to bias and incapable of capturing dosing 
patterns with sufficient granularity. As a result, adherence is often 
assumed rather than measured, despite its central role in determining 
therapeutic and clinical trial outcomes.3

Clinical Trials: Data Integrity Under Pressure
In clinical trials, adherence directly affects the interpretability of 
efficacy and safety data. Protocol-defined dosing regimens are designed 
to ensure comparability across patient populations, yet deviations 
introduce variability that can obscure treatment effects. Non-adherence 
may lead to underestimation of efficacy or misinterpretation of adverse 
events, ultimately compromising the scientific validity of the study.

From an operational perspective, the consequences are substantial. 
Increased variability often requires larger sample sizes to maintain 
statistical power, while prolonged study durations delay regulatory 
submission and market access. The cost of bringing a new drug to 
market has increased significantly over time, reaching an estimated 
2.6 billion US dollars,4 which further emphasises the need for efficient 
and reliable trial execution.

Digital Medication Adherence in Clinical 
Research

Digitalisation is reshaping clinical trial models, with decentralised 
and hybrid approaches gaining importance. These models reduce 
reliance on site visits but increase the need for remote, objective 
monitoring. Digital adherence technologies address this requirement 
by enabling continuous data capture without adding burden to patients 
or study sites. In this context, adherence evolves from an uncontrolled 
variable to a measurable and actionable parameter within clinical 
development.

Medication Adherence Monitoring: From Event to Data
Medication Adherence Monitoring converts physical medication use 
into structured digital information. Smart packaging equipped with 
conductive tracks and electronic components detects removal events. As 
soon as the patient pushes medications out of a cavity, data is generated 
in real time such as the exact time of pill removal, the respective cavity 
and the dose it contains. These data are stored within the packaging and 
transmitted via NFC or Bluetooth to connected data dashboards for 
analysis. This provides the investigator with a centralised overview of 
each study participant’s real-time adherence data.

This approach significantly improves data accuracy. While traditional 
methods achieve limited reliability, digital monitoring solutions reach 
accuracy levels of approximately 97%.5 This enables differentiation 
between pharmacological non-response and behavioural non-
adherence, providing a clearer interpretation of study outcomes. Based 
on this, the investigator can make an informed decision and intervene if  
necessary.

Beyond data collection, digital adherence monitoring supports 
operational efficiency. Automated drug accountability reduces 
comprehensive on-site monitoring and manual documentation, while 
real-time data enable early identification of irregular dosing patterns. 
This facilitates proactive intervention strategies and contributes to 
more adaptive trial designs. Furthermore, adherence data can be 
integrated into broader digital ecosystems, supporting patient-centric 
approaches and real-world evidence generation.

Technical Architecture of Smart Adherence Solutions
Smart adherence solutions are based on the integration of electronics 
into pharmaceutical packaging. Conductive tracks are precisely aligned 
with cavities or compartments to ensure that an electrical signal is 

Figure 1: Smart packaging enables secure generation, transmission and analysis of adherence 
data, with encrypted data transfer via smartphone or PC reader to a central database and 

controlled access for different stakeholders.



Journal for Clinical Studies  23www.journalforclinicalstudies.com

Clinical Trial Management 

generated with each removal. This signal triggers data generation 
within an integrated electronic module.

The system includes local data storage and communication 
interfaces for NFC or Bluetooth transmission. Optional temperature 
sensors enable monitoring of environmental conditions, particularly 
relevant for sensitive biologics. Data transmission is secured through 
encryption and designed to comply with regulatory requirements for 
data protection.

From a manufacturing perspective, the technology is implemented 
using scalable roll-to-roll processes which ensures 100 % quality control 
and thus an exceptionally robust quality. Smart packaging is delivered 
as a secondary packaging component that can be integrated into 
existing packaging and assembling lines without process changes. This 
ensures compatibility with established pharmaceutical manufacturing 
workflows while enabling large-scale deployment.

The usability of the packaging remains unchanged for patients. 
Removal of medication follows established handling patterns, ensuring 
high acceptance and minimising the risk of user-related errors.

Figure 2: Smart blister packaging with integrated electronics records each tablet removal event 
and generates time-stamped adherence data without altering standard patient handling.

Figure 3: Smart Blister Wallet with embedded conductive tracks and electronic module for 
real-time monitoring of medication intake across multiple cavities

Figure 4: Smart Syringe Box with perforated compartments and integrated electronics for 
automated tracking of syringe removal and optional temperature monitoring.

Portfolio of Digital Adherence Solutions
A range of smart packaging formats has been developed to address 
different dosage forms and clinical trial requirements. Smart Blister 
Wallets enable monitoring of solid oral dosage forms and can 
accommodate complex dosing regimens with up to 64 cavities. Smart 
Vial Kits extend this concept to multi-vial packaging, while maintaining 
precise tracking of removal events.

These solutions are designed to be adaptable to various packaging 
formats and regulatory requirements. Child-resistant designs, multi-
layer configurations and customised layouts can be implemented 
without compromising electronic functionality. The integration of 
adherence monitoring into established packaging standards ensures 
compatibility with existing supply chains.

In addition to clinical trial applications, such solutions can also 
provide value in commercial settings. By generating real-world 
adherence data, they support therapy optimisation, patient engagement 
and long-term product differentiation. Integration with digital 
platforms via standardised interfaces allows seamless incorporation 
into broader healthcare ecosystems.

Adherence Monitoring for Pre-Filled Syringes
Injectable therapies present specific challenges for adherence 

monitoring. Many advanced treatments require precise dosing intervals 
and strict temperature control, making deviations particularly critical. 
In clinical trials, improper administration or storage conditions can 
directly affect efficacy and safety outcomes.

The Smart Syringe Box extends adherence monitoring to syringe-
based therapies. It incorporates a perforated cardboard layer with 
numbered compartments corresponding to individual syringes. 
Opening a compartment triggers a defined electronic event, generating 
a time-stamped record of syringe removal.

The smart packaging captures key adherence data, including timing 
and compartment identification, and enables transmission of this 
information to a central database. Optional temperature monitoring 
ensures that storage conditions are tracked, providing an additional 
layer of safety for sensitive products such as biopharmaceuticals.

The solution is compatible with various syringe packaging formats 
and integrates seamlessly into existing manufacturing processes. By 
enabling objective monitoring of injectable therapies, the Smart Syringe 
Box supports improved data quality and operational efficiency in 
clinical trials.

Digital Display Labels: Dynamic Labelling for Clinical Trials
In addition to event-based adherence tracking, digital display 
technologies introduce a new dimension to marking of investigational 
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drugs by transforming static labelling into a dynamic and updateable 
information interface. In clinical trials, where protocol number 
changes, patient group adjustments or changes to expiry dates are quite 
common, conventional labels quickly reach their operational limits. 
These changes typically require manual relabelling of investigational 
medicinal products across multiple regions, resulting in delays, 
additional logistical effort and increased costs.

The Digital Display Label addresses these challenges by enabling 
label information to be updated electronically and in real time. This 
ensures that both clinical staff and patients always have access to 
current and accurate information without the need for physical 
relabelling. As a result, process efficiency is improved and the risk of 
errors due to outdated or incorrect labelling is significantly reduced.

From a technical perspective, the solution is based on a modular 
system comprising a reusable plastic housing that protects the 
integrated display electronics. An adapter concept enables flexible 
application across a wide range of pharmaceutical packaging formats, 
including flat blister wallets, kit boxes and cylindrical containers 
such as vials or bottles. For transparent primary containers, 
additional functionalities such as light protection or blinding can be 
incorporated.

Beyond operational efficiency, Digital Display Labels contribute to 
improved patient safety by ensuring that critical product information 
is always up to date. At the same time, the reusable design of both the 
housing and the adapter system supports sustainability objectives by 
reducing material consumption and waste. The modular architecture 
allows integration into existing standard packaging without requiring 
modifications, facilitating implementation within established clinical 
trial processes.

In the context of clinical trials, Digital Display Labels complement 
digital adherence monitoring technologies by addressing a different but 
related challenge: the reliable and flexible communication of product 
information. While adherence solutions capture and analyse patient 
behaviour, Digital Display Labels ensure that the information guiding 
this behaviour remains accurate and current throughout the study 
lifecycle.

Conclusion
Digital medication adherence monitoring is a decisive factor in 
the success of clinical trials and the effectiveness of therapeutic 
interventions. Traditional manual monitoring methods are 
insufficient to capture the complexity of patient behaviour, while 
digital adherence technologies provide precise, real-time insights 
into medication use.

Figure 5: Digital Display Label mounted on a pharmaceutical container, enabling dynamic 
and remote updating of label information in clinical trial applications.

Smart packaging solutions transform adherence into a measurable 
parameter, enabling improved data quality, operational efficiency 
and patient-centric trial designs. Digital Display Labels are another 
forward-looking approach to enhance clinical trial workflows and 
accelerate the entire trial process. 

As clinical research continues to evolve towards decentralised 
models, the ability to capture and utilise adherence data will 
become increasingly important. Digital adherence monitoring 
provides a scalable and reliable foundation for this transformation, 
contributing to more robust clinical evidence and more efficient 
drug development.
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