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                         DATA ACQUISITION IN CLINICAL TRIALS     

Abstract

Clinical trials, not finding new chemical entities, are the most costly aspect of drug development. it looks at the software solutions that might make clinical trials cheaper & faster.

It is a labor-intensive job to gather &integrate data from clinical research centers to prepare a license application for drug regulators. 

For the past 15 yrs companies have been trying to move away from paper by investing in technology to improve the management of trials. Many types of software internally developed &commercially supplied have been introduced, CLINICAL DATA &CLINICAL TRIAL MANAGEMENT SYSTEMS (CDMS&CTMS), EDC (electronic data capture), ePRO, patient diaries and so on. Data is routinely exchanged manually or semi- manually through a series of exporting & importing steps.  

Introduction

Data means recorded information, regardless of form or the media on which it may be recorded.  The term includes computer software (computer programs, computer databases, and documentation thereof), and records of scientific or technical nature.  The term does not include information incidental to award administration, such as financial, administrative, cost or pricing, or management information.  In practice, scientific data include both intangible data (statistics, findings, conclusions, etc.) and tangible data.  Tangible data include, but are not limited to notebooks, printouts, computer disks, photographs, slides, negatives, films, scans, images, auto radiograms, electrophysiological recordings, gels, blots, spectra, samples, specimens, IRB consent forms, and other materials that are relevant to the research project.

The retention of accurately recorded and retrievable research data is of utmost importance for the progress of scientific integrity.  The investigator must have clearly defined responsibility for recording, retaining, and storing research data.  These records should include sufficient detail to permit examination for the purpose of replicating the research, responding to questions that may result from unintentional error or misinterpretation, establishing authenticity of the records, and confirming the validity of the conclusions.  

                                  Clinical Data Acquisition

Acquisition or collection of clinical trial data can be achieved through various methods that may include, but are not limited to, any of the following: paper or electronic medical records, paper forms completed at a site, interactive voice response systems, local electronic data capture system s, or central web based systems.

There is arguably no more important document than the instrument that is used to acquire the data from the clinical trial with the exception of the protocol, which specifies the conduct of that clinical trial. The quality of the data collected relies first and foremost on the quality of that instrument. No matter how much time and effort go into conducting the clinical trial, if the correct data points were not collected, a meaningful analysis may not be possible. It follows, therefore, that the design, development and quality assurance of such an instrument must be given the utmost attention.

The ICH guidelines on Good clinical practice (GCP) use the term ‘Case report form’ or ‘CRF’ to refer to these systems .

1. Simplifying Clinical Trial Management Using the Microsoft Office System

One of the largest barriers pharmaceutical companies face in bringing new drugs to market is the clinical trial process. Often paper-based and always subject to intense regulatory pressure, clinical trials involve managing massive amounts of documentation between multiple parties and systems. A clinical trial solution based on the Microsoft Office System can help make it easier to plan effective trials, capture patient data, and manage administration tasks more efficiently

Situation

Pharmaceutical companies can spend 12 to 15 years and up to $900 million to bring a drug to market. About 45 percent of this cost is accrued during the clinical trial phase. Additionally, studies indicate that 75 percent of all trials conducted in the United States are behind schedule by one to six months.

Because improving time-to-market for new drugs is critical for pharmaceutical companies, managing the clinical trial process is one of the most significant areas of opportunity for improvement.

Today, pharmaceutical companies struggle with the following challenges:

	•
	Lengthy and complex trial design and planning process. Clinical trials can often involve thousands of patients and hundreds of support staff. 

	•
	Inefficiencies and delays capturing patient data. Consistent, streamlined capture of patient data is critical for success.

	•
	Inability to connect to a wide variety of systems. Clinical trials often involve interaction with numerous trial sites using disparate systems and processes. 

	•
	Difficulty remaining compliant with FDA guidelines. Stringent FDA regulations are placing more pressure on how clinical trials are managed.

	•
	Lack of archived materials to build best practices. Each clinical trial often is started from scratch, not utilizing historical best practices and feedback. 


Overall, pharmaceutical companies will benefit from streamlining the clinical trial management process through a clinical trial management solution.

Solution

The goal of a clinical trial management solution is to facilitate the planning, execution, and tracking of relevant clinical trial activities.

A clinical trial management solution built on the Microsoft Office System provides the following benefits:

Improved Process Planning
	•
	Design and prototype trials faster and easier

	•
	Model visit schedules, data schema, edit checks, and form design using a drag-and-drop interface

	•
	Build powerful form libraries and collaboration processes to facilitate even faster design cycles


Standardized Data Collection Processes

	•
	Increase the speed and accuracy of data entry and exchange through Web-based data collection

	•
	Generate more consistent reports through an FDA-compliant library of templates

	•
	Provide single sign-on access to multiple clinical processes including electronic data capture (EDC), data management, and adverse events reporting


More Effective Data Management and Analysis
	•
	Provide one centralized place to track progress by study, site, and staff member

	•
	Exchange protocol synopsis, confidentiality agreements, and other critical documents electronically and securely

	•
	Integrate with different site systems for faster data exchange, query resolution, and data reconciliation

	•
	Provide the pharmaceutical sponsor of the trial with greater visibility of clinical data


Improved Trial Administration
	•
	Streamline administrative processes through one central location for tasks, issues, and schedules

	•
	Integrate with budgeting and finance applications.

	•
	Get team members up and running faster with both real-time and archived online training modules

	•
	Provide sites with online access to sponsor and CRO information, archived documents, and frequently asked questions (FAQs)


The following graphic shows how a clinical trial management solution gathers and centralizes data for easier access, greater visibility, and more efficient processing. [image: image1.png]Fharmacenteat
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Figure 1 Clinical trial management solution gathers and centralizes data

Benefits

A solution built with the Microsoft Office System enables pharmaceutical companies to more effectively and efficiently implement and realize:

	•
	Faster trial design and planning processes.

	•
	More efficient collection and management of both patient and trial administration data.

	•
	Improved FDA compliance.

	•
	Secure, centralized access to sites, trials, and programs. 

	•
	Reduced administrative costs. 


2. HTML

Data acquisition for automated processing is a central aspect of clinical trials with large numbers of cases because of their extensive demand for manpower. Scientific data can be collected using data forms, which are created in Hypertext Markup Language and published on the Internet. The completed data form can be returned via E-mail or Common Gateway Interface-Script and forwarded into a study database. For the Internet-based data acquisition of a prospective multicenter trial (e.g., on endophthalmitis incidence after cataract extraction), we developed two special HTML forms that can be opened in the ophthalmology department's homepage. A large number of acquired anonymous data has been collected via Internet and automatically transferred into the trial database. The Internet provides a fast and easy avenue for the acquisition of scientific data. This method of data acquisition and data processing will become more commonplace in multicenter clinical trials. 

3. THE DUKE CONCEPT

This article reports on a health care industry project for improving data collection processes that cover both clinical trials of drugs and patient care. This project includes a trial at Duke University that tests the idea of capturing clinical trial data in a single source and sharing the data using standard protocols, with direct implications for future research procedures and health care quality. 

The potential link between the information underlying health care delivery and clinical research remains largely untapped. Information that could benefit all parties---patients, physicians, investigators, regulators, and biopharmaceutical product developers---remains in disparate databases and paper records. 

Significant Opportunities for Improvements and Savings 

An online survey conducted by the Clinical Data Interchange Standards Consortium (CDISC) and CenterWatch1 with 750 respondents--including investigative site personnel (355), biopharmaceutical companies (211), service providers for the industry (146), and technology providers (38)--yielded the following results: 

· Clinical trials are conducted using paper data collection as the primary tool (over 75%) despite the fact that electronic data collection tools have been available for more than 2 decades. 

· Biopharmaceutical companies (93%) feel that standards are very important for efficient interchange of clinical data among different parties, and 90% feel that these standards should be extended to facilitate data collection at the investigative site. Site personnel (89%) feel that sponsors of clinical trials should collaborate in the standardization of electronic data collection practices and systems for investigative sites. 

· Sponsors (80%) and service providers (81%) advocate the use of electronic source documentation online now or in the future. Sponsors (70%) and site personnel (73%) indicated that they feel this is a key area where technology can better be leveraged in the future to support clinical research. 

· Pharmaceutical companies/clinical trial sponsors (69%) and service providers/contract research organizations (CROs) (67%) do not feel that the current technological applications for clinical trials have adequate functionality to meet the current needs. Sponsors and CROs feel that there is no clear technology leader in the clinical trials arena. 

Critical factors to achieve a higher level of information sharing include: a) the development and adoption of global data interchange standards that are harmonized between health care and clinical trials; b) the use of technology that is more acceptable to users; c) clarification of and adherence to regulatory requirements for health care and clinical trials; d) implementation of new technologies that are being employed by other industries to facilitate data interchange, specifically the use of the eXtensible Markup Language or XML. 

The current paper-based process for collecting clinical trial data is inefficient and error prone. It requires that data be entered by hand, typically on a three-part paper case report form (even if it is already in an electronic record), from which it is reentered once or even twice into a clinical trial database and only then is it evaluated for errors/inconsistencies. The standards-based and technology-enabled single-source process proposed here can reduce transcription errors, increase efficiency, and facilitate information flow and timeliness of data, thus improving data quality and patient safety. 

The Duke Single-Source Proof of Concept 

Work on a proof of concept project--code-named Starbrite--began in early 2003 as a collaboration among the Duke Clinical Research Institute (DCRI), Duke Clinic, and CDISC with several technology partners and financial support from several sponsors. This proof-of-concept project will be conducted in parallel with traditional processes for an ongoing clinical trial. It will take advantage of two converging standards, Health Level Seven's Clinical Document Architecture (HL7's CDA) and CDISC's Operational Data Model (ODM). 

The participants in the Starbrite trial bring considerable clinical and research experience. Duke Clinical Research Institute is an academic research organization that manages and conducts clinical trials for a number of biopharmaceutical sponsors and has used numerous electronic data collection tools. Duke Clinic is an early adopter of technology to support documentation of clinical visits. Paper charts in Duke Clinic were retired approximately 2 years ago, putting it into a very small group of U.S. providers who have made this transition. CDISC is a standards development consortium focused on developing standards to facilitate clinical trial data interchange, including regulatory submissions to the Food and Drug Administration (FDA). 

This project seeks to demonstrate the extracting of clinical trial data and patient health care records from a single electronic source. Several factors set this proposal apart from earlier eSource (aggregated data from health care databases), electronic data capture, and single source efforts. 

	Previous efforts: 
	This project: 

	· Changed provider workflow 
	· Integrates into existing workflow 

	· Extracted data from electronic medical records (EMRs) structured for individual patient records, not for research 
	· Captures data for trial use first and later merges that into the patient record 

	· Required that patient records be fully structured within the EMR, inhibiting use of a transcription interface 
	· Supplements structured data entry and data reuse with transcription 

	· Relied on closed, proprietary data formats 
	· Uses open standards from established standards organizations (CDISC, HL7) 


Several innovations have opened up new opportunities to converge the worlds of health care and clinical research standards and technology. XML, an information encoding meta-language from the World Wide Web Consortium, has gained currency as a universal data descriptor. XML is now incorporated in all major technology solutions, making possible widespread information exchange. 

Both CDISC and HL7 have articulated XML strategies that can be mapped to one another at the implementation level and leveraged using off-the-shelf technology. CDISC and HL7 have collaborated in the development of an extensive data model, the HL7 Reference Information Model (RIM). 

The current phase of this project is mapping the CDISC ODM, which is an XML implementation, to the HL7 CDA, which is derived from the RIM. The result will be corresponding data representations for clinical and trial data, both based on the RIM. The combination of XML and an underlying data model produces an unprecedented opportunity for semantic interoperability. 

Concepts and Execution 

The Starbrite trial will use a single source to create patient clinic notes in the form of the HL7 CDA and to create electronic case report forms that will support a trial currently being conducted by Duke Clinical Research Institute. The clinical trial data will be expressed using the CDISC XML standard operational data model. 

The proof-of-concept project will work with a subset of the overall clinical trial data. The actual clinical trial will use the current paper data collection process. This proof of concept will use the same process, with minimal modifications done in parallel. 

Regulatory Environment and Support 

Data from the CenterWatch study indicate that over 70% of clinical trial sponsors and service providers feel that the adoption of electronic data collection would be more rapid absent the fear of regulatory repercussions. Regulatory concerns ranked as the top reason listed for adoption delays for electronic clinical trial technologies. 

This project will adhere to all appropriate regulatory requirements. The CDISC ODM is compliant with Title 21 Code of Federal Regulations Part 11, including electronic data archiving. Furthermore, it anticipates the direction regulators would like to move in terms of expediting and standardizing submissions. 

FDA in its report, Improving Innovation in Medical Technology: Beyond 2002 has stated a strategic goal to speed development of medical technologies. Three key areas of interest to FDA include: 

· Reducing delays in reviews of submissions, 

· Implementing a continuous improvement/quality systems approach, and 

· Expanding collaboration in the development of guidance for product development. 

FDA representatives take an active part in the development of standards for regulatory review and warehousing of clinical data. They require that data be submitted in SAS transport files and PDF formats today, but has expressed an interest in moving to XML once appropriate standards and tools are available. 

FDA, CDISC, and HL7 have collaborated for over 2 years through a technical committee formed within HL7 called Regulated Clinical Research and Information Management (RCRIM). A common informatics platform for health care and clinical research is one area of RCRIM interest. 

Conclusion 

The project will ease the burden of validating the source of clinical research data and improve quality and efficiency by eliminating manual and redundant data entry. Single-source data capture can improve data quality while decreasing the time and resources required for clinical trials. The trial design proposed here would also ease the burden of clinical documentation for the practicing physician. Ultimately, it will lead to richer sources of support for clinical trials and more rapid trials. 
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4. BAYER with IBM

 Bayer improves collection of clinical trial data with help from IBM. To bring good new drugs to market more quickly, it needed to reduce the time spent gathering and analyzing the data it collected during clinical testing. Working with IBM Business Consulting Services, Bayer selected and implemented a new global Electronic Data Capture (EDC) system for collecting and managing trial data electronically, replacing a localized, in-house system. With help from IBM, Bayer was able to identify the impact on processes and to adapt them to realize the full benefits of the new global approach. IBM Information Technology Services assisted Bayer in establishing a global 24/5-service desk to support the trial doctors and Bayer personnel using system. . 

Key Benefits – Reduction in time taken to gather clinical data – from weeks to near real-time. One of the biggest obstacles in resolving such problems is the fact that most pharmaceutical companies still use paper-based processes for recording patient data during trials. This increases the number of errors that are made at the point of data entry and often results in a three- or four-month delay before the information can be accessed. Electronic data capture (EDC) – the capture and management of trial data electronically – greatly improves the quality of the information that is initially collected and ensures that it is available on a near real-time.

Together with IBM Business Consulting Services, Bayer drew up a list of its key requirements and started exploring the alternatives. Most of the 70-odd EDC systems the project team evaluated were unsuitable but, after extensive research, the team chose Medidata’s Rave™.A global approach required global, cross-functional process changes, and the IBM team worked closely with Bayer and Medidata Solutions Worldwide to identify the processes Bayer needed to alter to harness the full benefits of the new system.

The IBM consulting team provided additional support in the form of change management, the development of an appropriate IT architecture, integration of Bayer’s existing trial management systems and training. Rave™ is now live, and being used to manage all the new trials Bayer conducts in-house.

Bayer has appointed the company to provide EDC help-desk services for all trials conducted with Rave™ over the next three years. It is also exploring the opportunities for working with IBM on a broader “e-clinical” agenda that includes integrating information from other sources, such as drug safety reports and central laboratory data, with the data recorded in its EDC system.

5.Electronic collection of clinical outcomes

Imagine picking up a drug prescription and, while reviewing the product labelling, you encounter the term IVR. Reading on, you find out the data for the FDA-approved drug you are taking was collected via computer includes patient self-report data collected during a one-year clinical trial. These data were collected using interactive voice response (IVR). IVR technology now permits study subjects to enter self-report, clinical trials data using a normal, everyday touch-tone telephone. Most people are familiar with the use of computers to facilitate the administrative aspects of clinical trials.

 Clinical trial data management systems help track and manage sites, documentation, budgets, patient recruitment, and overall study progress. An IVR system allows us to efficiently randomize subjects into simple and complex stratifications. IVR systems also track medication inventories to ensure that drug supply material is available, when and where needed. Clearly, there are many success stories with regard to the ability of computers to optimize the operational efficiency for the administrative aspects of clinical trials.

What about the patient data? If computers can help with the administrative aspect of a trial, can they also help identify safe and effective drugs? The safety of drugs is a lively issue in today’s media. Can computers help us learn more about the drugs we are studying and the associated side effects? How about treatment effects that occur outside of the office setting? Are there better ways to collect this data so that we know more about the speed of onset? The answer to all of these questions is yes. 

What are patient-reported outcomes? 

The term patient-reported outcomes (PROs) encompass both data from diaries and from scientifically validated assessments. A diary is a self-report measure that may or may not have undergone scientific validation; it is often proprietary to a sponsor. Examples include pain, sleep, asthma, IBS and migraine diaries. An assessment (or scale) has typically undergone some formalized validation including publication of the validation data in a peer reviewed journal. These scales usually have a standardized methodology for interpretation of results and often have a royalty payment to the author. Importantly, a patient’s self-report assessment can be a surrogate for a clinician’s assessment. In the clinical trial setting, validated assessments are used to collect quality-of-life, pharmacoeconomic and syNot only are these scales used to measure change over time, but they may also be used as inclusion criteria. For example, a patient in an antidepressant trial must meet a minimum level of depression severity to be eligible for study inclusion. Increasingly, computer assessments are replacing paper with PROs . There is a growing body of literature exposing the limitations of paper for the collection of patient self-report data. Paper assessments or diaries completed at or away from the study site have data issues such as missing, conflicting, ambiguous or extraneous entries. In addition, the integrity of data collected by completion of paper diaries is suspect due to the unknown time and date of completion. Computers can conveniently and efficiently gather data directly from study subjects. Over the last 15 years, IVR systems have been applied to the collection of PRO data in a wide range of clinical trials for disorders, including asthma, diabetes, migraine, pain and psychiatric disorders. IVR systems are being used in clinical drug trials to collect primary and secondary efficacy data, quality of life data, and work productivity data. Safety data is vital, for example, when a clinician for a critically important clinical trials, receives safety alerts via voice mail or on his or her PDA.

Sponsors and the FDA are under increasing pressure to provide more transparent drug safety reporting. Historically, it has been difficult to receive the right data in a timely manner. Using ePRO data and database (engine) triggers, it is possible to alert sites and sponsors of critical safety data – for example, an increased level of suicidal ideation. With the centralized storage and web-based reporting capability of IVR systems, sponsors and sites can monitor adverse event data, such as sexual dysfunction data collected via the CSFQ, withdrawal symptoms, and other patient-reported symptoms or side effects. IVR systems also facilitate the collection of study data between study visits. For compounds with a fast onset-of-action profile, it is critical that data be collected outside of the office setting. At the 2004 American College of Neuropsychopharmacology meeting, Eli Lilly presented IVRcollected data that demonstrated a favorable speed of onset profile for one of its compounds. Specifically, patients started at higher doses of the study drug Cymbalta reported greater improvement by day one in shoulder and back pain when compared with a lower dose of the same drug. These IVR data would have been difficult, if not impossible; to collect reliably at the study site or via paper. The FDA has also approved compounds based on electronically collected PRO data. Two examples include Estotrra for insomnia and ACULAR LS for ocular pain.

 On 4 August 2004, the FDA issued guidance with regard to the use of self-reports as efficacy measures for compounds being studied for depression. Specifically, the FDA indicated, ‘we would accept self-report in general as an approach to assessing symptom severity in drug trials focusing on major depressive disorder in outpatients. This is true, whether that approach involves IVR technology, paper and pencil, or other means.’ The HamD, the Inventory for Depressive Symptomatology (IDS) and the Quick Inventory for Depressive Symptomatology (QIDS) were all mentioned as acceptable means assessing symptom severity. The expanded use of patient-reported outcomes provides many opportunities for increased clinical trial efficiency.

 Using electronically collected self-report data to assess subjects has facilitated subject screening; unnecessary early identification subjects not meeting inclusion criteria can eliminate study procedures. In fact, such screeners have been used during patient recruitment campaigns to ensure that only qualified patients arrive at study sites. Because of built-in data checks and time/date stamping, sponsors are able to show measured improvements in data quality and integrity compared with PRO data collected on paper. In instances where the sponsor wishes to collect onset of action data or supplemental pharmacoeconomic or quality of life data, technology efficiently facilitates data collection between study visits.

6. THE GOVERNMENTS APPROACH 

Gathering and storing data

• Confidentiality of personal data is essential,7 including data associated with tissue and biological samples. A Local Research Ethics Committee, Multi-Centre Research Ethics Committee, or other appropriate ethics committee must approve all research involving identifiable personal information or anonymous data from the NHS. All personal information must be encoded or anonymous as far as is possible and consistent with the needs of the study, and as early as

possible after collection; ciphers should be held separately. This applies to both paper and electronic records.

• Data should be stored in a way that permits a complete retrospective audit if necessary.

• Data should be stored safely, with appropriate contingency plans.

• Data records should be monitored regularly to ensure their completeness and accuracy.

• Raw (original) data/images should be recorded and retained. This is especially important where data/images are subsequently

enhanced. If possible, both original and enhanced data/images should be stored. Over enhancement or over interpretation

of images must be resisted.

• Confidentiality is also important where there is potential

commercial exploitation  

Retaining data

Retention of accurately recorded and retrievable results is essential for research.

• Primary research data (and where possible/relevant specimens, samples, questionnaires, audiotapes, etc) must

be retained in their original form within the research establishment that generated them for a minimum of ten

years from completion of the project.

• Work that informs national policymaking should be archived.

• Research records relating to clinical or public health studies should be retained for 20 years to provide scope

for longer follow-up if necessary.
• Researchers who are leaving the establishment that generated the data and who wish to retain data/copies of

data for personal use must get permission from their team leader or

head of department to do so. Where personal data are involved, the request should be refused unless it is clear that

future use will be consistent with the terms of the consent.

• Publication of the data (including in Masters/Doctoral theses) does not negate the need to retain source data.

Notebooks and electronic records

The following basic policies apply:

• All raw data should be recorded and retained in indexed laboratory

notebooks with permanent binding and numbered pages or in an electronic notebook dedicated to that purpose.

• Machine print-outs, questionnaires, chart recordings, auto radiographs, etc which cannot be attached to the main

record should be retained in a separate ring-binder/folder that is crossindexed with the main record.

• Records in notebooks should be entered as soon as possible after the

data are collected. Recorded data should be identified by date of the

record and date of collection if the two do not coincide. Subsequent

modifications or additions to records should also be clearly identified and dated.

• Special attention should be paid to recording accurately the use of

potentially hazardous substances (e.g., radioactive materials) in both

laboratory notebooks and any central logbooks. 

• In clinical studies, consent forms should be kept securely with the raw data, and normally for the same period of time. • Supervisors should regularly (monthly or as appropriate to the nature of the work) review and "sign-off “notebooks of researchers to signify that records are complete and accurate. Queries should be discussed immediately with the individual who recorded the data and both should sign any resultant changes to the records. Authentication of data collected and recorded electronically requires special consideration.

Computer-generated data

Special procedures are necessary for electronically generated data.

• Data should be backed-up regularly; duplicate copies should be held on disc in a secure but readily accessible archive.

• Where feasible, a hard copy should be made of particularly important data.

• Copies of relevant software, particularly the version used to

process electronic data, must be retained along with the raw data to ensure future access. Software updates must be logged and stored as new formats and media are adopted.

• Special attention should be paid to guaranteeing the security of electronic data.

7. THE COLUMBIAN CONCEPT (Rascal)

While it might seem obvious that science and research are about collecting, storing, and sharing data, ethical considerations can arise for a researcher every step of the way. How can data collected from human subjects of research be protected so that private information does not become accessible? Is it legal for a student to make copies of laboratory databases for future use? What should an investigator do if he or she is working on a project the results of which might have national-security implications? This module has addressed such issues and provided resources for more information on the various subjects.

Finally, for the benefit of Columbia University members, they have provided a link to Rascal, the university’s Research Administration System. This may prove invaluable, as the Department of Human and Health Services and other grant-funding agencies may require RCR training for researchers in the future. 

Rascal is a Web-based application that is constructed to improve resources available to faculty and researchers for information in planning, analysis, and management decision-making. Rascal's responsibility is to provide access to research information for the entire Columbia research community. The openness of Rascal technology will allow authorized access to central administrators, researchers, and departmental administrators at all levels of need.

                                          CONCLUSION

It has been long road to reach the level of automation. Human intervention is needed so that data can be sent in different electronic formats to many different organizations taking part in a trial.

At times data may be printed out, re-keyed- leading to inconsistencies that need to be checked manually. Drug companies are looking forward to software & service suppliers to provide evidence that their technology will ultimately cut costs. So, the technologies that will win greatest favor will be those that truly increase efficiency as clinical trials reach new levels of complexities. More complexity will surely increase the rate of uptake of automated systems.
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