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Learning Objectives

JTF Clinical Research Competency Domains – 4 and 6

 Describe Good Clinical Practice guidance regarding data quality and audit trails

 Discuss the differences between Source Documents and Case Report Forms

 Apply ALCOAC-CEA principles to paper and electronic database design

 Incorporate Quality Assurance into your electronic database design
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https://mrctcenter.org/clinical-trial-competency/framework/domains/
https://mrctcenter.org/clinical-trial-competency/framework/domains/#domain4
https://mrctcenter.org/clinical-trial-competency/framework/domains/#domain6


Nobel Prize-winning scientist Frances Arnold retracts paper
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https://www.bbc.com/news/world-us-canada-50989423



Nobel Prize-winning scientist Frances Arnold retracts paper
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https://www.bbc.com/news/world-us-canada-50989423

"Efforts to reproduce the work showed that the enzymes do not catalyze the 

reactions with the activities and selectivities claimed. Careful examination 

of the first author's lab notebook then revealed missing 

contemporaneous entries and raw data for key experiments. The 

authors are therefore retracting the paper."



Good Clinical Practice (GCP)

Good Clinical Practice (GCP) is an international ethical and scientific quality 

standard for designing, conducting, recording and reporting trials that involve the 

participation of human subjects. 

Compliance with this standard provides public assurance that the rights, safety, and 

well-being of trial subjects are protected, consistent with the principles that have 

their origin in the Declaration of Helsinki, and that the clinical trial data are 

credible.



Good Clinical Practice (GCP)

Audit: A systematic and independent examination of trial related activities and 

documents to determine whether the evaluated trial related activities were 

conducted, and the data were recorded, analyzed and accurately reported 

according to the protocol, sponsor’s standard operating procedures (SOPs), Good 

Clinical Practice (GCP), and the applicable regulatory requirement(s).

Audit Trail: Documentation that allows reconstruction of the course of events.

- ICH GCP E6
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Good Clinical Practice (GCP) - Essential Documents

“If it isn’t documented, it didn’t happen”.  This highlights how 

important record keeping/data collection is in the field of clinical 

research and it applies to regulatory and clinical documentation.

The documents/data should be maintained so that an independent 

person, with no knowledge of the study, can review the study documents 

and follow the life cycle of the study without input from the study team.  
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Source Documents

 All information in original records and certified copies of original records of clinical 

findings, observations, or other activities in a clinical trial necessary for the reconstruction 

and evaluation of the trial. Source data are contained in source documents.

- Section 1.51 ICH E6 GCP

Examples: 

 Signed informed consent forms

 Hospital records and clinical notes

 Laboratory result reports

*Note: All source material must be signed and dated by the person who 

documented the information. This includes electronic signatures.
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Case Report Forms (CRFs)

 A printed, optical, or electronic document designed to record all of the protocol required 

information to be reported to the sponsor on each trial subject. - Section 1.11 ICH E6 GCP

Examples: 

 A CRF to record patient demographics

 A CRF to record laboratory results 

Notes:

 CRFs can be paper or electronic (e.g. REDCap, RAVE)

 CRFs should only capture data that is specified in the approved protocol

 Every data point collected on a CRF requires complementary source data in order 
to be verified  

9



Source CRF
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Can a study specific CRF be used as a source document?

Yes – CRFs may be used as source documents if they are the first place that the 

collected data was recorded.

For Example: 

 An Incentive Spirometry Measurement taken in-person for research purposes only 

 The results from this measurement are recorded directly onto a study specific CRF

 This is the original record of this data, and is considered a source document

 The CRF must be signed and dated by the member of key personnel responsible for 

this data and this form should be filed as a source document in the subject’s file 
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Can something be used as both a source document 
and a CRF?

Yes – A CRF is a document designed to record protocol specific information, so if this is 
the original place this data is being recorded, then a study specific CRF can also be 
signed and dated and considered a source document. 

For Example: 
REDCap is a secure database used to record and maintain data and can be used as a CRF or a source 
document. 

 Used as a Source Document – if this is where the data was initially recorded (in-person 
data recording or a subject survey sent out via REDCap)

 Used as a CRF – if the original recording of the data is elsewhere (a subject’s lab results 
where the original results are in the medical record)*

*NOTE: If being used as a CRF, the complementary source documentation is required
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Do I need hard copies of all of my source documents?

No. However, there must be a verifiable audit trail for all source documentation.

 If the source documentation is being kept electronically (the EMR or a share drive) 

then a Note to File must accompany any CRFs in the subject file to clearly 
outline the path to access the source documentation.

Examples:

 “Verification of eligibility criteria can be found in subject’s clinic visit note in their electronic medical 

record signed on 10/15/19 by Dr. Smith”.

 “All lab results recorded on individual subject CRFs have complementary source documents saved 

in participant-specific folders on the hospital share drive. Path: S:\Groups\Stark\00-001\Labs”

**All Notes to File must be signed and dated**
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ALCOAC-CEA Principles
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 Attributable – Who collected the data, performed a test, completed the documentation or edited the document and when.

 Legible – The documentation and all subsequent changes should be permanent and easy to read. 

 Contemporaneous – Documentation should be completed and dated in real time.

 Original – Study documents should be the originals, or it should be noted where the originals are located.

 Accurate – Documentation should be comprehensive and truthfully reflect what was observed.

 Complete – Maintenance of complete and up-to-date study documents.

 Consistent – The data’s sequence of events is in the expected sequence of operations and date and time stamped.

 Enduring – Paper and electronic data are appropriately recorded in lab notebooks, spreadsheets, databases etc. 

 Available – Paper and electronic data are required to be readily available for review, audits, or inspections. 



Correcting Study Documents Using ALCOAC-CEA
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Error Do’s Don’ts

• Correction needed on the 
original source document or 
a case report form

• Cross out wrong information with a 
single line, write in the correct 
information and initial and date the 
correction

• Scribble over the mistake
• Use white out 
• Write over the original data 

to correct it
• Destroy the originals
• Forget to initial and date!

• Missing data located at a 
later date

• Incorporate the data into the 
research record and initial and date 
with the current date

• Ignore the missing data
• Backdate or predate the 

information



Activity 1 

Take a minute and try to find 
all of the ALCOAC-CEA 
Principle errors in this 
document. 
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Bad ALCOAC-CEA
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Good ALCOAC-CEA



Options for Data Collection

 Paper Forms

 Electronic Forms 

 Electronic Health Record (EHR) Epic

 Electronic Data Capture (EDC) REDCap, RAVE

 Clinical Trials Management System (CTMS) OnCore, Velos

 Combination of Paper and Electronic
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Electronic Database Development - Where to Begin?

Start at the end!

 What specific data points are required to perform the statistical analysis?

 What specific data points are on the Case Report Forms (CRFs)?

 What is described in the protocol and other study documents?
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Electronic Database Development – Team Work

All study team members involved in data collection, data entry, or data 

analysis must be actively involved in the

 Development

 Testing

 Training
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Electronic Database Development - Preparation

Database development requires very detailed knowledge about each data 

point/field. 

 What is being collected and in what format? 

 Weight: lbs or kg?

 When is it being collected? (Every 12 weeks +/- 7 days) 

 Base off of which starting date? Date of Consent, Date of Enrollment, Day 1 Rx?

 Who is collecting it?

 Who needs access, who needs to be involved in the process?
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Electronic Database Development - Preparation
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Electronic Database Development - Preparation

But my study uses EHR (source) and RAVE (CRF), this doesn’t apply to me.
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 Field validation

 Calculation

 Logic

 Remote Data Capture

 Automation

 Alerts

 Scheduling

 Double Entry

 Queries

 Audit Trail

 Reports

Electronic Database Development – Quality Assurance
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Maximize features that minimize errors



Electronic Database Development – Data Field
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Electronic Database Development - Field Type
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Electronic Database Development - Field Validation
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Electronic Database Development - Field Validation
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Electronic Database Development - Validation
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Electronic Database Development - Field Calculation

30



Electronic Database Development - Piping
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Electronic Database Development – Logic
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Electronic Database Development – Remote Data Collection
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Electronic Database Development - Automation
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Electronic Database Development - Alerts
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Electronic Database Development - Scheduling
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Electronic Database Development - Scheduling
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Electronic Database Development - Scheduling
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Electronic Database Development - Scheduling
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Electronic Database Development – Double Entry
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Electronic Database Development – Queries
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Electronic Database Development – Built-in Notes to File
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Electronic Database Development – Audit Trail
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Electronic Database Development – Reports
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Electronic Database Development – File Repository
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Electronic Database Development – Permissions
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Electronic Database Development – Part 11 Compliance
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21 CFR Part 11 compliant?

The first is the IT level, which includes providing regular systems upgrades and daily backups as 

well as secure logins that are provided and monitored by the institution’s administrators. 

The second is the project level, which means it is the responsibility of the investigator to ensure 

training and compliance while using the EDC. This includes establishing appropriate standard 

operating procedures; to protect the collection and maintenance of data, ensuring the proper 

delegation of study specific roles and responsibilities to members of the study team, and 

instituting policies and procedures for the necessary training and oversight required throughout 

the study’s operation. 



Electronic Database Development - Tips

 Standardization is key (use as little free text as possible)

 Use features to minimize errors (build in QA)

 TEST TEST TEST and then TEST some more!

 Develop a manual/SOPs (update when database is updated)

 Training (new study team members or when database is updated)

 Process in case system is down 

 PDFs of form/instruments (system to download copies when database is updated)

 Build in flexibility with IRB for these occasions
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ALCOAC-CEA Principles
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 Attributable – Who collected the data, performed a test, completed the documentation or edited the document and when.

 Legible – The documentation and all subsequent changes should be permanent and easy to read. 

 Contemporaneous – Documentation should be completed and dated in real time.

 Original – Study documents should be the originals, or it should be noted where the originals are located.

 Accurate – Documentation should be comprehensive and truthfully reflect what was observed.

 Complete – Maintenance of complete and up-to-date study documents.

 Consistent – The data’s sequence of events is in the expected sequence of operations and date and time stamped.

 Enduring – Paper and electronic data are appropriately recorded in lab notebooks, spreadsheets, databases etc. 

 Available – Paper and electronic data are required to be readily available for review, audits, or inspections. 



Activity 2

Determine how the EDC features 

discussed in our presentation could be 

used to improve the quality of the data 

being collected electronically compared 

to this paper form

Attributable Legible Contemporaneous 

Original Accurate Complete

Consistent Enduring Available
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Activity 2

How EDC’s Improve 
Data Collection
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CV

C
V

CV

CV

CV

CV



Activity 2 – Examples of how an EDC can improve data entry 

1. Headers can be piped in so they are auto-generated at the top of each form

2. Date fields can be validated so they are all consistent in their entry

3. You can create field notes that state what units should be used for each field and use field validation so that if someone tries to type “ft” into 

an integer field, it will error.

4. Calculated fields can be set up so that there is no question if they were done correctly.

5. The systolic and diastolic blood pressure fields could have a flag attached to it so that if the systolic pressure is above 140 or the diastolic is 

above 90 then it will notify the study team that they need to retake this measurement. Branching logic could also be used here so that the 

second question won’t appear if the first question is answered with a “No”.

6. Again, these date and time fields can use field validation to answer them in a consistent way and with the date field there is even a “Today” 

button which allows researchers to just hit the button to fill in todays date instead of having to type it in. There is a similar button for time 

fields which allows you to click “Now” and it will fill in the current time if you’re doing data entry in real time.

7. EDCs automatically log who was entering data and when on the back end of the system, so this is taken care of by the logging function of an 

EDC. However, if you did need or want a signature on your electronic form, there is a signature field that allows users to sign with their 

mouse or finger. 

8. And then finally for the note at the bottom, you can create a notes field for free text if you find it would be helpful to have a place to document 

things that come up over the course of your subject’s visit. But also with this particular note here, if your study team decided that reaching 

out to remind patients of their next visit a few days in advance was a best practice and you wanted to do this for all of your participants, the 

EDC can be set up to send email reminders to your participants a few days before their next visit based on their study calendar dates.
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Research Professionals Network

“Our overarching goal is to enhance the quality of clinical research by 

supporting the professional development of clinical research faculty and staff.” 
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Site Specific REDCap Information
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BU Med Campus/BMC:

To get started with REDCap you should: 1) Submit end user agreement: 

https://redcap.bumc.bu.edu/surveys/?s=RYKEW4N4RX; 2) Review training 

videos & FAQ: https://redcap.bumc.bu.edu/index.php?action=training; 3) 

Request a REDCap consult: rchelp@bu.edu

UF: https://www.ctsi.ufl.edu/research/study-design-and-analysis/redcap/

UVM: https://www.uvm.edu/biostatistics/redcap

https://redcap.bumc.bu.edu/surveys/?s=RYKEW4N4RX
https://redcap.bumc.bu.edu/index.php?action=training
mailto:rchelp@bu.edu
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ctsi.ufl.edu%2Fresearch%2Fstudy-design-and-analysis%2Fredcap%2F&data=04%7C01%7Cjennifer.holmes%40uvmhealth.org%7C789bb046f53b433274b808d8c178edfb%7C5fc09f37dc5a489395c0ae3bb5ef18df%7C0%7C0%7C637472072422789922%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0&sdata=y4x5xuFh0Sivaqe0MEekJeFh5cVYWfW58zfZhZxQZQw%3D&reserved=0
https://www.uvm.edu/biostatistics/redcap


Contact Information

UVM Research Navigator Program

research.navigator@med.uvm.edu
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Annie Penfield-Cyr, MS 

annie.penfield-cyr@med.uvm.edu

Jennifer Holmes, CCRP

jennifer.holmes@uvmhealth.org

mailto:research.navigator@med.uvm.edu
mailto:annie.penfield-cyr@med.uvm.edu
mailto:jennifer.holmes@uvmhealth.org
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