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Introduction

The clinical phase is the most complex part in a drug 
development process and requires efficient planning, 
conducting and monitoring of clinical trials to achieve the 
desired quality and obtain reliable study data that is 
appropriate for regulatory submission.

As complexities in clinical trials continue to increase, the 
clinical monitoring cost and, in turn, the trial management 
cost have risen significantly in order to achieve higher data 
quality and better monitoring of patient safety.



Introduction

What is the cost of monitoring?
Monitoring is one of the largest expenses in a clinical trial, 
accounting for 9 – 14% of the overall budget.
Source Data Verification (SVD) can additionally account for up to 15% 
of the budget, depending on the phase of the trial.
These costs are just behind clinical procedure costs (15 – 22%) and 
administrative staff costs (11 – 29%).4

4. https://aspe.hhs.gov/report/examination-clinical-trial-costs-and-barriers-drug-development

https://aspe.hhs.gov/report/examination-clinical-trial-costs-and-barriers-drug-development


Introduction

The most recent update (Integrated Addendum E6(R2) -
November 2016) to ICH Guideline for Good Clinical Practice 
encourages “implementation of improved and more efficient 
approaches to clinical trial design, conduct, oversight, recording 
and reporting while continuing to ensure human subject 
protection and reliability of trial results.”1

One such approach, to protect the safety of trial subjects and 
reliability of the data collected, is risk-based monitoring. FDA 
guidance for industry2 and an EMA reflection paper3, both 
published prior to the Integrated Addendum, suggest this 
approach.

1. http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R2__Step_4_2016_1109.pdf
2. https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM269919.pdf
3. http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/11/WC500155491.pdf

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R2__Step_4_2016_1109.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM269919.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/11/WC500155491.pdf
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Section 5.18.3 (Extent and Nature of Monitoring) of the ICH 
E6(R2)1 has been updated to recommend a risk-based 
monitoring approach, which includes centralized monitoring.
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Traditional Monitoring vs. RBM vs. CSM

Traditional Monitoring
A Clinical Research Associate (CRA) performs Source-Data 
Verification (SVD) at each site on a regular bases (i.e. every 6 weeks)
The CRA also checks that staff at the site are aligned with the study 
protocol.

Advantages:
Catches un-intentional data entry errors.
May be able to determine if staff are not following study procedures.

Disadvantages:
Costly
Time consuming
Difficult to detect patterns across visits or subjects



Traditional Monitoring vs. RBM vs. CSM

Risk-Based Monitoring – using Metrics
The study Sponsor and Data Manager set thresholds to flag sites or 
subjects (e.g. > 3 Serious Adverse Events (SAE) per site).

The Data Manager reviews the data (or data can be reviewed 
programmatically) as collected and alerts the CRAs/Sponsor when a 
subject or site meets or exceeds a threshold.

Data review and preventative/corrective actions are tracked and 
documented.

Critical results can be discussed with the study team, so all are up to 
date as the study progresses.



Traditional Monitoring vs. RBM vs. CSM

Risk-Based Monitoring – using Metrics
Advantages:

Monitoring efforts (including corrective measures) can be focused on 
sites and subjects approaching the thresholds à a proactive 
approach to monitoring.
Data cleaning process can be streamlined.
Sponsor has a broader view of how the study is progressing and data 
can be reviewed as soon as the enrollment begins.

Disadvantages:
Thresholds are subjective and fixed.
Sponsor may have a long list of indicators to review.
Fraud and instrument mis-calibration/malfunction is difficult to 
detect.



Traditional Monitoring vs. RBM vs. CSM

Centralized Statistical Monitoring (another approach to RBM)
Thresholds are not set at the beginning of the study, rather the 
results are data-driven.
Data is analyzed as collected with appropriate statistical models.
Each site or subject is assigned a “risk score” based on the results of 
the statistical models.
Sites or subjects with high risk are the focus of monitoring efforts, 
including corrective actions.



Traditional Monitoring vs. RBM vs. CSM

Centralized Statistical Monitoring (another approach to RBM)
Advantages:

Data driven approach creates exceptional data quality checks.
“Risky” sites/subjects can be flagged sooner, rather than waiting for them to 
approach a subjective threshold.
Models can be run at any interval, throughout the study.
Fraud and instrument mis-calibration/malfunction can easily be detected.

Disadvantages:
Every protocol requires statistical input to determine critical data.
Appropriateness of the model needs to be carefully reviewed by a 
statistician on an ongoing basis.
A significant amount of data needs to be collected before the model is 
considered appropriate.
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Our approach to CSM: Centralized Statistical Intelligence

Our tool uses a statistical methodology developed around 

Principal Component Analysis (PCA):

It assigns a «risk score» to each site by taking into consideration 

different types of indicators.*

The distribution of all recorded variables at each investigative site 

are compared with that of the other sites.

Critical data can be selected by the Statistician, agreed by the 

Sponsor and the tool is configured by a Programmer.

Once a study has a suitable number of investigational sites, with 10 

subjects enrolled per site, the model can be run.

*References for indicator development can be found in the paper associated with this talk.



Our approach to CSM: Centralized Statistical Intelligence

Errors Approach/Description Type Overall 
Risk

Dates Detecting visits occurring on weekends and 
national holidays

proportion

Univariate 
Outliers

Identified by using a certain rule (e.g. 3σ rule) proportion

Visit 
Scheduling

Difference between planned study day and 
actual study day

p-value

Rounding 
to Integers

Frequency of rounded values compared 
among sites

proportion X

Digit 
Preference

Trailing digit from all continuous variables –
one site compared to all others; P-value for 
CMH Row Mean Scores Differ; Max percent 
difference

p-value

SAE Rate Frequency per site/number of subjects/time 
period of reporting

rate

Systematic 
Errors

Test on means of one site compared to all 
others

p-value X



Our approach to CSM: Centralized Statistical Intelligence

Errors Approach/Description Type Overall 
Risk

Repeated 
Measures

Minimum within-subject variability for 
each test with repeated measures 
(standard deviation) at each site. 

normalized 
value

X

Multivariate 
Inliers/ 
Outliers

Mahalanobis distance compared to Chi-
squared statistic to classify observations

proportion X

Missing Values Proportion of missing values among sites 
through a Chi-squared test

p-value X

Neighborhood Density-based clustering (Minimum 
Distance to Nearest Neighbor)

normalized 
value

X



Our approach to CSM: Centralized Statistical Intelligence



Our approach to CSM: Centralized Statistical Intelligence

Principal Component Analysis (PCA) is run on the matrix of 
indicators.
Principal components are selected based on

How much variance is explained
What the components represent

Risk score is computed by Euclidean distance to the center of 
the PCA space.
Thresholds are used to classify sites into low, medium, high risk 
groups.



Our approach to CSM: Centralized Statistical Intelligence

Some notes about the PCA methods:
Cross-validation is used to determine the number of PCs and the 
statistician will review the PCs that result to determine if any mainly 
describe the imputation.
With ongoing studies, missing data tends to cause problems with 
traditional PCA methods.
Our solution is to use one of two methods:

Bayesian PCA
SVD imputation followed by traditional PCA

Implemented in SAS/IML®



Our approach to CSM: Centralized Statistical Intelligence

Selected principal components Risk score

A moderately 
risky site



Agenda

Introduction
Traditional Monitoring vs. Risk-Based Monitoring (RBM) 
Metrics vs. Centralized Statistical Monitoring (CSM)
Our approach to CSM: Central Statistical Intelligence
Future steps: Integration with Visualization Platform
Conclusions



Future Steps: Integration with Visualization Platform

Considering several options including SAS VA



Future Steps: Integration with Visualization Platform

Tools in the visualization platform
Integrate RBM Metrics with CSI
Easy to navigate for clinical staff (e.g. legends, 
labels, data tabs)
Drill-down capabilities (e.g. view a single site 
or subject)
Email alerts
Tracking of corrective and preventative actions
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Conclusions

Guidance from regulatory bodies around the world suggest 
taking a risk-based approach to the monitoring of clinical trials.
“Risky” sites may compromise subject safety or overall quality 
of study data; centralized monitoring tools identify these sites 
for targeted monitoring efforts.
Data driven approaches provide a scientific safety net. 
Data review is enhanced by using data visualization.
Cost-effective way of meeting regulatory requirements.



Background References

1. INTEGRATED ADDENDUM TO ICH E6(R1): GUIDELINE FOR GOOD CLINICAL PRACTICE 
E6(R2). Current Step 4 version. 9 November 2016. 
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E
6_R2__Step_4_2016_1109.pdf

2. Guidance for Industry: Oversight of Clinical Investigations — A Risk-Based Approach to 
Monitoring. U.S. Department of Health and Human Services, Food and Drug 
Administration. August 2013. Procedural. 
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/G
uidances/UCM269919.pdf

3. Reflection paper on risk based quality management in clinical trials. European 
Medicines Agency. EMA/269011/2013. 18 November 2013. 
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/
11/WC500155491.pdf

4. Sertkaya, A, Birkenbach, A, Berlind, A. Examination of clinical trial costs and barriers for 
drug development. Report, U.S. Department of Health and Human Services, Office of 
the Assistant Secretary for Planning and Evaluation, Washington, DC, July 2014. 
https://aspe.hhs.gov/report/examination-clinical-trial-costs-and-barriers-drug-
development

*References for indicator development can be found in the paper associated with this talk.

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R2__Step_4_2016_1109.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM269919.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/11/WC500155491.pdf
https://aspe.hhs.gov/report/examination-clinical-trial-costs-and-barriers-drug-development


Thank You!

Laura Williams
Senior Statistical Programmer

CROS NT
laura.williams@crosnt.com

Giulia Zardi
Senior Biostatistician 

CROS NT
giulia.zardi@crosnt.com

Lisa Comarella
Director of Biostatistics

CROS NT
lisa.comarella@crosnt.com


