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[bookmark: _Toc108510413]Introduction
It has been more than a decade since regulatory agency and cross-sponsor organisation position papers1,2,3,4 began to challenge the prevailing thinking regarding monitoring of clinical trials. The major driver was to identify opportunities to move away from the historically resource-intensive, non-study specific approach of on-site monitoring and a key factor in the timing of this shift in thinking was emerging technologies that allowed for remote review of data. Although the COVID-19 pandemic has accelerated adoption of various elements of Risk-based Quality Monitoring (RBM)5, pre-COVID-19 implementation was slow and incomplete despite the growing body of evidence showing the benefits of RBM in clinical trial management.6,7  

Ten years on, the industry is still struggling to drive consistency and standardisation in implementing the various elements of RBM methodology. This can be attributed to factors such as:
· Broad (and sometimes inconsistent) definitions of RBM from regulators and ICH GCP
· Fear of inspection findings not detected through RBM when reduced SDV is employed
· Cost of the required technologies
· Often overwhelming options as to what analyses, KRIs and QTLs to apply
· Challenges with data access and limitations (not all organizations have abilities to access critical datapoints for some KRIs)
· Broad-based skills within the industry that have not kept up with the pace of change
· Decentralized trials and meta sites pose a challenge in determining what the unit of interest is since sites can’t be compared as they would be on a traditional brick and mortar trial  
· The increased data volume from wearables 

These challenges are further compounded by the obligation to adapt clinical processes to new regulatory requirements along with navigating the increasing complexity and pace of clinical trials.  

What is evident though, from more recent publications, ,9 is that despite the challenges, thinking within the industry is evolving. Increasing emphasis is being placed on a truly study-specific, Risk based Monitoring approach focused on data that matters and Centralized Monitoring (CM) is a key component in achieving that. CM fulfils many of the ambitions the industry has had for many years now to transform the way we monitor clinical trials.  

The purpose of this paper is to explore and elaborate on CM methodologies, challenges, and considerations in implementation. 

[bookmark: _Toc108510414]CM Definition and Scope 

As noted earlier, CM has been defined in a wide and often inconsistent way. Before discussing process details, it is important to clearly define what this paper means by “centralized monitoring.” In alignment with ICH GCP E6 (R2), this paper defines CM as the remote evaluation of accumulating data, performed in a timely manner, supported by appropriately qualified and trained persons with the purpose to protect data integrity, quality, and patient safety. 
While there are differences in implementation across the pharmaceutical industry, the heart of the risk-based approach using CM is to identify signals of site and study risk early, so mitigation can be implemented that ensures the safety of subjects and protection of data integrity and quality (and thus the reliability of trial results). 
As opposed to traditional monitoring of individual data points or subjects that gives a limited view of site performance and data quality, and certainly no insight into overall study data risk, CM’s unique vantage point enables detection of data integrity risk signals, trends and unusual data patterns across subjects, sites, and study without needing to step on-site. Further, close to real time access to aggregated trial data (enabled by advances in technology) now allows for this signal detection to occur earlier, when the mitigation efforts needed are typically smaller. By taking the detection of risk off the site monitors’ responsibilities, it frees them to instead focus on investigation into the site-specific risks and on activities that can only be performed during on-site or remote monitoring activities. Occasionally, sponsors also use CM outputs to direct the monitoring visit frequency, amount of SDV/SDR performed or to provide meaningful insight into selecting sites for routine sponsors’ audits. 
[bookmark: _Int_nigUXFHE]These benefits of CM are clear, yet implementation of CM is often a challenge, including determining if CM is appropriate for the study, and, if so, what analyses and key risk indicators (KRIs) should be applied. For studies that will use CM, the approach is ultimately driven by the initial risk assessment, where critical data, critical processes, and risks to that data are identified, and mitigation strategies planned.  
Once critical data is defined, a variety of CM approaches can be employed depending on study phase, sample size, clinical trial format (e.g., decentralized trials), type (e.g., medical device studies) and even company size. 
· A simple approach to CM is typically most applicable to smaller sample size studies e.g., early-stage studies (in some cases no CM is applied to very small, Phase I/first in human studies) 
· Complex CM, including elements of centralized statistical monitoring (CSM) and analytical tools to evaluate all clinical and operational data to identify atypical/outlier sites, are most beneficial for studies with higher sample sizes and greater volume of collected data e.g., late-stage Phase IIIA/IIIB. Large-scale pharmaceutical companies typically employ this approach.
· Smaller companies may rely on an intermediate approach that does not require the use of sophisticated tools and statistical monitoring, but uses simple reviews to evaluate data for unusual patterns or trends
Components of CM typically include pre-defined, standard KRIs and analyses applicable for all studies across all indications as well as those that are study-specific and based on the risk assessment of critical to quality factors. Exploratory CM analyses can also be utilized that were not part of the initial strategy, e.g., triggered by suspicion of fraud or new or emerging risks. 
[bookmark: _Toc108510415]Change Management
How we plan, adjust, communicate, and implement change can determine if that change will be successful and well-received, or, challenged and met with resistance.  In today’s environment, i.e., COVID, new regulations, technology, the way we have conducted clinical trials has vastly changed. With the pandemic, change was no longer wanted, it was necessary, and required to keep business continuity so this gave an opportunity to drive change with little resistance. However, as the industry evolves and new technologies are available, organizations will need to grow and evolve, and we will discuss best practices for change management. 
Change management is addressed differently at organizations, but one thing is consistent, if you do not have a clear plan and process in place to implement change, the road or path to success will be bumpy or even nonexistent.  To initiate change, ensure that the necessary individuals are at the table to ensure the following are thought out and discussed to implement a change plan.
Managing the changes that accompany CM implementation is complex and requires understanding and collaboration across an organization. However, there remains a gap in awareness of and knowledge about CM that continues to make successful change management a challenge. Common misconceptions include the perception that CM is simply creating extra work or is redundant to other functional reviews (e.g., Data Management or Safety listing reviews) instead of understanding the unique vantage point of CM and the powerful insights into site process gaps and data integrity risk it provides. Others fear that by scaling back source document verification (SDV), CM is replacing on-site monitoring, rather than viewing it as enhancing the effectiveness of monitoring (on-site and remote) by targeting areas of greatest risk for a site. In some cases, this lack of awareness and understanding stems from limited exposure e.g., study managers who are involved in new studies infrequently or clinical research associates (CRAs) who have been on legacy studies using a traditional model. 
No matter the cause, misunderstanding and lack of engagement can have negative impacts on the ability of an organization or study team to successfully implement CM. During CM development meetings, study teams may be disengaged due to perceived redundancy to checks happening in other functional areas or may focus more on Key Performance Indicators (KPIs) or metrics, rather than KRIs and analyses that can identify true risk. As important as identifying signals of risk, is taking action to investigate and mitigate that risk which may be performed by a function other than the CM team. Lack of understanding in this scenario can result in study teams explaining away risks, focusing too narrowly on the subject level, or treating signals of risk as checklists instead of digging deeper to understand root cause and developing meaningful mitigation. 
With so many challenges, a clear change management plan is essential. Executive support for the changes in monitoring strategy is crucial to developing awareness and desire to adapt. Training, resources, and other support systems are vital to ensure that at a high level, knowledge gaps are addressed. At the more granular level, Central Monitors should have a mastery of and be champions for RBM and CM practices with study teams. Clear expectations and responsibilities should be set from the beginning of study. For example, during the CM kick-off meeting an overview of the CM model that will be implemented should be reviewed along with examples of what is or is not in scope of CM (e.g., anomalies in lab results are in scope, but reviewing to ensure normal ranges are present is not). This can also be accomplished through regular attendance at study team meetings to reinforce principles and process, address risks identified via CM reviews, and help clarify what is not in scope of CM. 


Although to a lesser extent, the need for change management also extends to the site. When working in an RBM trial, every person has a role in ensuring data quality and data integrity.  The least impacted, in day-to-day activities, are site staff.  Taking a risk-based approach in the monitoring of clinical trial data does not change the role, accountability, or responsibilities of the site staff.  In conducting a clinical trial, keen focus should remain on protocol compliance, subject safety, investigator oversight, and data quality.  With this said, site staff will see a difference with the engagement of the study teams.  As stated previously, risk-based quality management differs from company to company, so the site adjustments will be based on sponsor/CRO specific workflows.  The evolution of RBM will assist in decreasing the site burden on unnecessary tasks or queries with minimal impact to the data. Where this process should help reduce the time spent on unnecessary query resolution, it should allow for more personal interaction between site staff and monitors. 
[bookmark: _Toc108510416]CM Implementation Models
A variety of CM models are being used across industry, influenced by attributes such as company size, characteristics of the studies being run (e.g., number, phases, sample sizes), and the most frequently used study delivery model (in-house or outsourced). Examples of CM models include:

	Model
	Description
	Benefits

	Dedicated department
	Gathers experts responsible for CM only or CM and RBM activities
	Close collaboration and frequent communication across the team helps gather and share knowledge (building CM know how), define best practices, and optimize ways of working

	Expansion of the responsibilities of an existing department
	Expand responsibilities of groups like Data Management (DM) or Quality Assurance (QA) to include CM activities
	Especially in the early days of an organizations adopting CM, or for smaller organizations, resources can be partially allocated to CM while still performing core job activities


	Divided accountability for CM activities
	Across a cross-functional team of experts from different functions such as DM, Quality Assurance, Medical, Safety, Site management and Monitoring
	Combined, diverse expertise of the team. This model may be most efficient in smaller studies or organizations, as communication paths in such teams are more complex and such models are more difficult to scale up


	Partial or full outsourcing of CM
	Outsource activities to an external vendor or CRO
	Availability of ready to implement CM process, technology, and an already integrated CM and monitoring process is a major advantage in outsourced model. It may prove most beneficial in companies that are just starting to adopt CM or if the most frequently used study delivery model is through collaboration with a CRO


Like the implementation models, there is also a variety of technology used to facilitate CM. Some companies invest in internally built solutions which some feel may give more flexibility and offer more fit for purpose analyses.  However, identifying resources for configuration and programming, long-term and maintenance costs, end user experience, and keeping up with industry requirements may create an internal burden.  Other companies use off the shelf solutions which bring benefits of standardization and scalability. These solutions do not require investment in technology build (both in terms of resources and time) and leverages the learnings of capability needs from organizations that may be further along in adoption. With off the shelf solutions another technology model would be to engage the RBM tool vendor as consultants that perform the CM activities within the tool. 
[bookmark: _Toc108510417]The Central Monitor Role & Skills
Having the right skillset in a central monitor is critical, yet the range of experience needed in a single individual is difficult to find--some even say it’s like finding a unicorn. 

While the model and details of the central monitor role vary from company to company, the primary requirement for a central monitor is a person who is qualified to review the KRIs and statistical analyses outlined in the CM plan using accumulated data to identify unusual data patterns, trends, outliers, or signals of risk.  As such, strong technical and analytical skills are essential. Likewise, an understanding of the clinical trial data flows and the ability to locate data sources and variables supporting Critical to Quality Factors (CtQs) are also key to interpreting the complex visualizations and data trends surfaced from KRI and statistical analyses. 

Advanced experience in clinical development (preferably from multiple areas like global and local study operations, Data Management, Safety, or Quality and including a strong understanding of Risk based Quality Management and ICH GCP E6 (R2)) is ideal as this provides the perspective needed to understand potential impact and risk related to signals identified. In other words, they should be able to see the “big picture”.  However, the central monitor must also have strong communication skills to translate these data signals clearly and concisely into actionable signals, so that the study team can take appropriate action.  Other beneficial skills could include deeper statistical background or knowledge, a curious, creative mindset and strong time management skills. 

It should come as no surprise that finding the experience set needed for the Central Monitor role, much less an experienced central monitor, can be very challenging, especially given that the field remains relatively new. For recruitment purposes, it is therefore key to find transferable/related skills. For example, individuals who have a background in research, academia, or the hard sciences typically have the critical thinking aptitude and communication skills (e.g., experience via symposia, lectures, or papers) needed for the central monitor role. Individuals within this niche background also have a remarkable ability to problem solve effectively while simultaneously managing multiple concurrent and often, novel research projects. The ability to perform literature searches as part of their research also shows a capacity for technical reading comprehension paramount to understanding clinical protocols. The skillset it takes to procure a novel protocol, test it, and communicate findings in an understandable manner can be compared to a central monitor; programming study specific KRIs based on the needs of a clinical protocol and communicating the resulting clear and actionable signals to the study team to effectively mitigate risks to the reliability of trial outcomes.  

When used and depending on the CM model, the central monitor may also need to translate risks to CtQs into programmable scenarios that can be visualized and monitored on study dashboards or custom tools, when used, with the support of experts from operational, medical, statistical and/or DM roles. Working in such a highly digitalized and complex environment of data flow such as clinical research, it is easy to see why the technical qualities of a Central Monitor are sometimes compared to those of a business analyst from the IT field. 
 

Picture: Combination of the expertise areas and soft skills 

Although most people won’t have all these skills, it is important to remember that many are teachable. If you find someone with a good core background, they can often be taught and coached to become successful in a central monitoring role. 

[bookmark: _Int_B3vN2AO4]Even for those with prior central monitor experience, the specifics of the process will vary by company, so robust training is important for successful onboarding. At some companies, the central monitor functions in a site-facing role also including traditional monitoring tasks, such as reviewing missing pages or open query metrics and contacting the site directly for resolution.  At other companies, the role focuses strictly on RBM strategies, including reviewing data in a risk-based approach and escalating signals of risk for investigation, action, and mitigation by other functions. 


[bookmark: _Toc108510418]CM Execution
A robust CM plan is key to effectively implementing any CM strategy and this should be informed by the risk assessment process completed early in study - identifying critical data risks (e.g., unconventional data collection methods, complex procedures, etc.) and building mitigation strategies to protect the reliability of that data and its final analysis, including the KRIs and statistical monitoring analyses performed by the CM team. 

CM activities can be divided into 3 phases: 
1. Planning 
2. CM Review Conduct 
3. Close out 

[bookmark: _Toc108510419]Planning
CM planning, as part of Quality by Design (QBD)10, should start as early as possible, in alignment with the risk assessment. QbD is an approach with a goal to ensure quality by implementing risk-management methodology across the design and development of clinical trials.  This will allow more time for the thoughtful design and implementation of mitigation strategies to protect critical data including development of KRIs, thresholds, statistical monitoring, and Quality Tolerance Limits (QTLs). Of note, depending on which function is responsible for the risk assessment, there could be impacts on timeline of CM plan development. 

The following table outlines several aspects that should be considered as part of CM planning. 

	Aspect
	Considerations
	Examples

	CM Applicability
	Number of subjects, sites, study duration, study design 
	Is the sample size adequate to perform CM, but perhaps too few sites to have meaningful output? Is the study timeline too short to effectively operationalize CM? Are QTLs appropriate for the study? 

	CM Analyses & Analytics
	Critical data collection methods, data availability, normalization approach
	What types of analytics will be implemented (e.g., KRI, statistical monitoring, aggregated data visualization)? If KRIs and statistical monitoring will be implemented and how much data do you need to accumulate before you start? What approach will be used, e.g., using Z-score calculation will allow you to start with minimal data accrual, but will potentially provide less accurate results as the study progresses.

	CM Operational Strategy
	Enrollment speed, data accrual rate, timing of CM reviews
	Data flow is critical to setting appropriate review frequencies. For example, simple metric-based compliance checks may be implemented earlier on study when data accrual is lower, while statistical monitoring should not be implemented until adequate data has accrued across study. Specific analyses also have data flow limitations e.g., Screen Failure KRIs are meaning full early on study while Survival rate KRI will not accumulate enough data until much later. Note, if an RBM platform is used, requirements for the minimum datapoint and volume collection should be part of set up discussions. 



[bookmark: _Toc108510420]CM Analysis Set Up
CM analysis is informed by the risks to the study’s critical data identified through the risk assessment process and defined as part of the CM plan development.  Many organizations have a library of analyses and thresholds considered for all studies utilizing CM. As part of the planning and set-up phase of CM, each study should be assessed to confirm if the standards are appropriate or if adjustments are required. For example, the standards may not be suitable for studies with either small or very large sample sizes and modifications may be required (e.g., thresholds may need to be more stringent for a very large study). 

[bookmark: _Int_xWuwK7F0]In addition to standards, study-specific and custom analyses can significantly benefit a clinical trial. 

When defining CM thresholds, whether for standard or custom analyses, it is important to consider the threshold at which additional action is warranted, with input from the study team. For example, individual missed assessments are monitored and actioned through regular site monitoring and the deviation management processes. The goal of CM is to identify when a site (or study) has crossed a threshold at which additional action, investigation, and mitigation may be warranted. So, the threshold should balance these aspects. It is possible that the thresholds set at study start may require revision e.g., if it is observed early during study that most sites are failing to stay within the set threshold, it may indicate the threshold was not appropriate and requires adjustment. On the other hand, if the high proportion of sites exceeding the threshold is not related to the threshold itself, site retraining is likely warranted.  

Another important consideration is the CM review frequency. Throughout the course of the study, the scope of KRIs and analyses applied (potentially even the thresholds applied) may vary depending on the timepoint or changes in risk. For example, if the impact/probability/detectability changes for a data risk that a CM analysis is helping mitigate, the analysis may no longer be warranted, or the actions taken to address outliers may require adjustment. As another example, the KRIs shown below are applied based on the study lifecycle timepoint.
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[bookmark: _Toc108510421]Data Acquisition & Architecture
 
Another critical aspect of CM planning is ensuring the data required to perform CM reviews will be available and, in the format, needed to populate any CM tools used. This data architecture varies, but the following components are key.

[image: ]

[bookmark: _Toc108510422]Data Ingestion, Aggregation and Standardization 
Data ingestion is the process of importing data from sources such as Electronic Data Capture (EDC), Interactive Response (IRT) System, Clinical Trial Management System (CTMS), Protocol Deviations capture system, and various vendors (e.g., electronic Patient-Reported Outcome (ePRO), Central Lab, Imaging, etc.). As this list indicates, the number of data sources and data types per trial have increased the complexity of ingestion considerably over the past few years. As an added layer of complexity, whereas external vendors have historically provided data at a weekly, monthly, or even quarterly frequency, new business requirements such as CM, necessitate real-time or near real-time data availability. Although modern technology has played a significant role in enabling data ingestion in real time (e.g., some of the Actigraphy Wearables collect in-stream data at a remarkably high velocity and volume, but that data is accessible in near real time), some vendors still have a traditional pricing structure where clients are charged per data transfer. This can hinder real time data analysis, particularly when there are budget constraints and teams may not truly understand the need or the downstream impact of limited data transfers. 

Once data is ingested and aggregated, the next step is standardization - arguably one of the more challenging steps given that data structure varies widely from study to study. To increase efficiency and speed in this step, it is considered best practice to automate the standardization of key domains (e.g., AE, MH, CM, etc.) and to limit manual mapping to only those study-specific variables critical to include in CM analyses. Several technologies now offer auto mapping based on artificial intelligence/machine learning, which can further decrease data standardization from weeks to days. 

[bookmark: _Toc108510423]Data Intelligence 
Data Intelligence is the next step whereby insights and meaningful information from aggregated data are generated. In the case of CM, an example is the thresholds for Key Risk Indicators which are applied at the study, indication, program, or TA (Therapeutic Area) level and are then measured against the actual values to gain insight into data risk. Some sponsors program rule-based edit checks to flag discrepancies, but the trend in this space is to leverage machine learning to flag anomalies, misconduct, and fraud which are not possible through rule-based engine or naked eye monitoring. 

[bookmark: _Toc108510424]Data Action Workflow 
Data Action Workflows are often built on top of the data intelligence platform. Some technologists do not consider this capability as part of data architecture and not all companies use them. However, for CM this is often the most important aspect of the technology architecture. Once a discrepancy or crossed threshold is flagged via the data intelligence process, an action item is generated in the workflow (or a query is auto issued in EDC if applicable). Many systems also have the ability to auto-assign associated action items. 
 
[bookmark: _Toc108510425]Data Acquisition Related Challenges 
 
Standard Data Structure
The Clinical Data Interchange Standards Consortium (CDISC) creates standards that are now mandatory for regulatory submissions to FDA and SDTM is one of such standards. SDTM provides a uniform data structure standard from study to study to ease data exchange internally and across vendors. Despite the benefits, SDTM may not be available at the time of initial CM review and may also present data currency issues if the SDTM is not refreshed in alignment with CM review frequencies. CM also uses other types of data such as protocol deviations, CTMS etc. which are not part of CDISC standards. For these reasons SDTM is not always ideal for use in CM.  

Data Transfer Issues
External data sources present operational challenges to implementing CM. Not only can issues with data availability arise, but data structure may not be aligned with the CM tool requirements.  To mitigate this, the Data Transfer Agreement should be implemented early in CM set up. Annotating the transfer specifications can also reduce the timeline for integration with CM tools.  

Data Currency 
[bookmark: _Int_IG8WOr2N]Data entry currency directly impacts the ability to perform CM reviews as well as data cleaning and monitoring in a timely manner. Site delays in data entry and failure to report all required data (e.g., missing pages) is therefore a study and subject safety risk as CM activities cannot accurately identify signals of data integrity risk. It is critical that sites are trained on data entry expectations and when delays or missing pages are identified, action is immediately taken to mitigate these additional risks. 

Protocol Amendments 
Changes to the Protocol can result in data mapping/structural issues when new or changed data is captured. Failing to notify the respective team about the changes can lead to a discrepant data pool. Hence, it is critical that an impact analysis is completed by the team in a timely manner to avoid downstream impact to the timeliness of data collection/review.  The data management organization should serve as the subject matter experts for determining the impact on data collection, acquisition, review, etc.  As part of standard processes after impact assessment, in partnership with key stakeholders (including CM), all changes must be tested and validated following system development lifecycle best practices.   
 
Other data related considerations include implementation of Clinical Data Acquisition Standards Harmonization (CDASH), use of Study Data Tabulation Model (SDTM), coding dictionaries (MedDRA, WHODrug, CTCAE), and ePRO Questionnaires (e.g., if different versions are required for different cohorts on study, this could lead to data anomalies in analyses).

[bookmark: _Toc108510426]CM Review Conduct

[bookmark: _Toc108510427]Frequency
The timing of the first CM review is dependent on adequate data accrual to ensure meaningful output of KRI and statistical monitoring analyses. This is typically driven by factors such as recruitment rate, study indication, protocol complexity, number and frequency of assessments, nature of expected risk (e.g., is it expected to emerge early or later during the study), and data source (e.g., digital devices which collect a high volume of data). 

Subsequent review cycles should also be dataflow driven to ensure adequate time for mitigation actions and so that changes resulting from those actions can be evaluated (e.g., a site flagged as an outlier in AE reporting that has retraining, and process gaps addressed would require adequate accrual of new data to evaluate the effectiveness of that mitigation). These frequencies therefore vary. For example, very rapid studies such as vaccine trials may warrant weekly or bi-weekly review, while studies on the other end of the spectrum such as slow enrolling oncology or rare disease studies may only warrant quarterly reviews. Review frequency can also vary based on the nature of the data e.g., critical data may require more frequent review such as monthly while less critical data is reviewed less frequently. Study timepoint is also a factor, where review frequency is typically higher during the study start-up and treatment periods and lower during follow-up and close out periods. Study milestones such as interim analysis can also drive ad hoc frequency changes. 

Final CM reviews should be performed with adequate time prior to database lock for any follow-up actions to be taken. Consideration should be made to ensure only those analyses and KRIs that produce actionable findings at this point during study are performed. For example, analysis focused on potential AE under reporting cannot affect change in a site’s process this close to study closure, but any pending AE data entry/unreported AEs can be targeted.

[bookmark: _Toc108510428]Communication and Documentation
As with any other documentation in clinical research there are basic requirements that CM output must meet. FDA outlines the following in industry guidance on risk-based monitoring8:
· Date of the review
· Individuals conducting/participating in the review
· Summary of data/activities reviewed
· Description of the noncompliance, potential noncompliance, data irregularities, or other deficiencies identified
· Recommended or required actions

Documentation should be able to show what happened, when an issue was identified, and actions taken.   
· Documentation includes evidence of adherence to the Central Monitoring Plan.  Documentation includes interpretation of results, investigation of issues, and results of the investigation.  
· As part of the risk management plan, to meet the regulatory requirements, the process from issue identification to its resolution must be documented in a report. Communication between different stakeholders is instrumental to the traceability of the CM process for regulatory audit purposes.  It is therefore clear that producing periodic CM reports is essential for executing CM.  
· CM reports specifically serve to indicate how the situations progress in response to mitigation actions. 
· A holistic review of operational KRIs, site-entered, and external data is performed in primary as well as supporting system and are documented in the CM reports.  
· A periodic CM report should include the site-specific risk factors that are outside tolerance thresholds at the time of review, the specific KRI values, and their variations since the last review. 
· The CM report is generated and shared with the extended team members or stakeholders 
· Mitigation actions and rationale behind choosing the mitigation action should be documented in the CM report.  

Essentially, the documentation must be able to show evidence that the CM review was conducted (even if no signals were detected) in line with the CM plan and what actions should be taken to address the signals of risk. This documentation should also be filed in the study trial master file (TMF) in a timely manner, ideally contemporaneously. 

It is important to note here that, although the delivery methodology varies, the central monitor’s communication skills are key to ensuring the data signals are translated clearly and concisely into actionable findings that even a “non-data” person can understand.

Timely communication of the CM findings to the study team (and sponsor if CM is outsourced) is imperative. The method by which this is achieved varies along with the CM model and tools used by the company. Best practice across industry points to discussing the findings in a dedicated CM meeting that includes key study team members across functions (Data Management, Clinical Operations, Medical Monitoring, Biostatistician, etc.). Bringing together a multi-disciplinary group in this way can be very successful in quickly identifying root cause, establishing meaningful mitigations/actions, and improves the ability to monitor changes over time. This can also include discussion of QTL output (when applicable) to further enhance the mitigations for processes that are critical to quality. The information may be presented in a variety of different manners. Based on the decisions made during this meeting, required actions are confirmed and owners are assigned (if not part of the meeting, there should be a mechanism by which owners are notified).  


[bookmark: _Toc108510429]Close Out
Close-out of the CM lifecycle typically occurs at the point when data collection stops. However, based on certain study designs or study analyses, the conclusion of CM activities could happen prior to the termination of data collection if the volume of data is expected to be low during a follow-up or survival phase, for example. Or as another example, if the duration between visits increased, also amending the frequency of CM review could be more effective.  Reconciliation of all the risks/issue signals that resulted from CM reviews should be performed to ensure there is documentation of follow up actions and the communication loop is closed prior to any critical study deliverables. 

As a final note, it is imperative that companies build off the knowledge they are gaining around RBM now to impact future use.  


[bookmark: _Toc108510430]Conclusion
CM is a key factor in the ever-evolving clinical research landscape. By enabling earlier identification of risks to critical study data, CM helps focus the downstream monitoring activities on those that are most meaningful - protecting subject safety and the reliability of final study analysis. Although there is still work to be done to fully integrate CM in the industry as a standard component of the overall monitoring strategy, great strides are being made. 

We have talked about how to implement CM, challenges and future PHUSE papers will further explore considerations on how to measure CM value and metrics. 



[bookmark: _Toc108510431]Disclaimer
The opinions expressed in this document are those of the authors and should not be construed to represent the opinions of PHUSE members’ respective companies or organizations. This document reflects the views of the authors and should not be construed to represent the FDA’s views or policies. The content in this document should not be interpreted as a data standard and/or information required by regulatory authorities.
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What is the change?


Within CM, we are placing individuals in unique role that drives RBM and with that takes some steps away from other team members but with the change, tasks are being shuffled so that the process is fit for purpose. Clearly outline what and who the change will impact on day-to-day business drivers. Set clear boundaries and responsibilities in the beginning. Understand that at the beginning, there will be overlap in processes. 


Need for Change


WHY


Central Monitors are the RBM experts within the industry, so it is important that an organization acknowledges the gap of team awareness. People have heard RBM for a number of years but when you really engage with them, the understanding is minimized to reduced CRA activities instead of an entire business change to conduct clinical trials. Providing the driving factor for a process change will help individuals understand the need and can reduce the amount of resistance with implementation. People tend to want to know “what’s in it for me” so ensure that the “why” is specific to each business unit that will be impacted, and it is not generalized or too high level leading to the “why” not being viewed as important or necessary for any one group. 


Process Flow


HOW


Pilot a few scenarios prior to finalizing a documented process flow so that the final steps are tested, and positive impact is confirmed. While trying to change a critical process within a business, if leaders are unsure of the success or if significant roadblocks are discovered during implementation, teams will lose faith in the change and disengage.  Do not rush to implementation.  Evaluate the potential roadblocks, test or pilot scenarios to formulate a concrete plan for initial implementation.  Once this is established, create the process flow so individuals can visualize the new process, have reference materials to refer to and ensures consistency in implementation for large organizations. 


WHAT


Stakeholder Management


WHO


This feeds in with culture as well.  No matter the size of the organization, if you do not have stakeholder buy in, there will be lack of support during implementation.  Develop a roadmap of key stakeholders within the process and ensure they are informed of the changes and the impacts to their departments prior to implementation so that there is support from all levels within the organization.  Ensure constant communication and updates as change is implemented to receive feedback for improvements along the way. 


Training and Support


Culture 


Environment


The corporate culture influences the mindset of individuals.  If the corporate culture is rigid and is resistant to changes, then this will automatically instill fear for change.  Hearing from top leaders in an organization that innovation and new ways of working are inspiring and necessary to stay competitive within the industry, then teams will feel energized to evaluate new ways of working and be receptive to process changes.


Implementation 


RBM is a significant change in the ways of working.  Effective training and adequate support will ensure unnecessary errors or roadblocks occur.  Generalized training slides that don’t provide the WHAT and HOW can impact the consistent approach to implementation for any process.  Training that is not fit for purpose or too high level, without really preparing team members for implementation will lead to confusion, frustration, and errors.  A support model is also crucial to change management.  CM should be the champions for RBM and have mastered the principles, but will your central monitoring organization be broad enough to perform the new tasks AND support all of the study team needs for implementation?  Plan on starting a support group of SMEs within each function that can help drive the process changes and be a colleague for questions from within their functions so that the central monitoring organization is not the only source for support. 


Review and Analyze


Allot enough time for implementation and adaption prior to reviewing.  A full implementation from scratch typically takes 12 months 18 months to fully be adopted.  Collect feedback, perform check ins and meet with stakeholders to address concerns and then analyze the data for impactful improvements.  Ensure changes are not reactive but analyzed and necessary.  


Evaluate
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