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Abstract
Clinical trial monitoring involves intensive on-site monitoring visits at clinical trial sites and exhaustive source data verification (monitoring) of
clinical trial data [1]. Clinical researchers have questioned the validity and necessity for traditional monitoring methods [2], which have been under
investigation due to their ineffectiveness in improving the quality of clinical trial data or in protecting trial participants [3]. Implementing a risk
based monitoring (RBM) system is suggested by the ICH’s newly adapted guidelines to improve overall quality management [3]. The RBM involves
the identification of any risk that might have an effect on areas routinely subject during monitoring activities. Risks should be identified by a RBM
system followed by an evaluation of their likelihood of occurring and the extent to detect these errors and their impact on human subject protection,
trial data reliability, and GCP- and protocol compliance [4]. To date various tools for risk identification have been developed with both in paper
based or electronic RBM [5,6]. These tools have been compared on their characteristics and the strategy to decrease risk. However the application
and subsequent effectiveness of RBM tools is yet to be examined [6]. The aim of this research is to apply each non-commercial RBM tool to clinical
protocols and compare the potential risks detected in each, additionally the overall risk assessment of the protocols. Here we show that RBM tools
result in different overall risk assessment when applied to the same clinical trial protocols, interestingly, each RBM tool detected distinct risks which
thus resulted in a variation in the outcome mitigation.
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Background
Source data verification (Monitoring) is an essential
requirement for all clinical trials in phases I-IV as stated by
World Health Organization (WHO) guidelines for good clinical
practice (GCP) of clinical trials on pharmaceutical products, the
Food and Drug Administration (FDA) code of federal regulations,
and by the International Council for Harmonization (ICH) [1].
However, regulatory agencies have stressed the need for oversight
approaches to identify different risk levels in each specific trial
prior its commencement [1]. Moreover, it has been reported that
onsite monitoring is costly with a limited outcome to clinical trial
data quality onsite monitoring/SDV [2].
Clinical trial monitoring often involves intensive on-site
monitoring visits at clinical trial centers and extensive SDV of

clinical trial data [3]. Clinical researchers have questioned the
validity and necessity of traditional monitoring methods [4]. It has
been considered to be an expensive, time-consuming and resource
demanding activity that does not necessarily improve the quality of
clinical trial data or the protection of trial participants [5].
Over the years, clinical trials have developed complex designs,
became more globalized, and used advanced technological means
at various stages, which resulted in more recommendations to
the guidelines for GCP. ICH has given the sponsors flexibility
to utilize innovative approaches to plan, conduct and evaluate
clinical trials. Nevertheless, greater emphasis has been placed on
data completeness and accuracy than on critical aspects such as
risk management of outcome data. For this reason, an integrated
addendum to the ICH (GCP) Guideline was released in order to
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request improved and more effective methods to protect the rights
of clinical trial participants, and to ensure data reliability as well
as GCP and trial protocol compliance. The existing ICH guideline
has been modified with respect to points such as principles of
GCP, investigator responsibilities, sponsor responsibilities, and the
essential documents [6]. The amended ICH (GCP) guideline suggests
different recommendations to the sponsor to improve overall
quality management in a clinical trial. One of the recommendations
is to implement a risk based approach monitoring system.

A risk based monitoring (RBM) approach involves the
identification of any risk that might have an effect on areas routinely
subjected to monitoring activities. These risks should be identified
based on protocol mandated requirements and procedures,
protocol related logistics, clinical trial phase and country of conduct.
Identification should be followed by risk evaluation instead, risk
likelihood, the extent to detect these errors and their impact on
human subject protection, trial data reliability, GCP, and protocol
compliance [7].

To date various tools for risk identification have been developed
as either paper based or in electronic format [8,9]. These tools have
been compared regarding their characteristics and their employed
strategies in identification and classification of potential risks.
Additionally it has been stated that the lack of evidence to show
superiority of RBM over traditional onsite monitoring has held
back their utilization [10]. Recent research using ADAMON negates
the inferiority of risk adapted monitoring to extensive monitoring
[10]. We aim to evaluate the effectiveness of RBM as a tool for onsite
risk based monitoring, given the lack of investigation into such a
method so far [9].

Methods

Search Strategy on RBM tools and Clinical Trial Protocols
For RBM tools:
Google Scholar was used in October 2018 to search the following
key terms: risk based monitoring tools, risks assessment of clinical
trials and risk analysis of clinical trials. The search resulted in
Table 1: Rating scale for risks covered by Risk Based Monitoring tool.

16 pages and after page 10 there were no suitable publications.
Additional restrictions for the advance search option in Google
Scholar were not used. Additionally, PubMed search engine was
used with the terms: risk based monitoring tools, risks assessment
of clinical trials where it resulted in 4 pages.
For Protocols:

Google Scholar was used with following terms: clinical trial
protocols and summary protocols of clinical trials phases. The
search resulted in 13 pages of results of which 10 were suitable.
We did not use any additional restrictions for the advance search
option in Google Scholar. Additionally “clinicaltrial.gov” has been
used with the terms clinical trial protocols. An advanced search was
used to specify available study protocols.
Assessment of Clinical Trial Protocols:

The first objective was to find out whether non-commercial
RBM tools give similar overall risk assessment for the selected
protocols. Noncommercial RBM tools (ADAMON [10], NORM [11],

MHRA [12], Yee [13], Transcelerate [14], OPTIMON [15] and SWISS
[16]) were applied to perform risk assessment of 18 clinical trial
protocols from different phases with different indications. Based on
the outcome the risk was categorized into high, medium, low for the
respective clinical trial.

Comparison of RBM Tools Risk Covered

The second objective was to investigate whether the tools cover
different risk aspects. Transcelerate RBM tool has been used as a
standard by six commercial RBM tools [9]. For this reason it was
used for the second investigation as a base for risk category to be
compared to each RBM tool by its risk category structure: safety,
study phase, complexity, technology, subject population, data
collection, endpoints, staff experience, Investigational medicinal
drug (IMP), logistics, blinding, operation complexity, geography in
order to investigate the different risks covered between the RBM
tools. Evaluation of the different risk statements was done by the
following rating scale that we developed to identify whether the
risk is also investigated by the other RBM tools and to which level
as shown in Table 1.

Rating scale of risk

Description

Statistical methods

Addressed

Risk is investigated by several
questions relating to its importance

Fisher test was used to detect differences between the risks
investigated by the RBM tools if any using R statistical software
version (3.6.0). The flow chart (Figure 1) was developed in R as well
using packages “grid” and “Gmisc”.

Partially

Risk is investigated as a minor risk
of limited importance

Ethical consideration

Not addressed

Risk is not addressed by the tool
at all

Neither human subjects were involved nor were personal
subjects data were collected and/or processed in this research,
hence no ethical permission needed for this study.
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Figure 1: Selection of 18 Clinical Trial Protocols to be assessed by 7 noncommercial RBM tools.

Results & Discussion
Search Strategy
In total 24 RBM tools were identified based on a systematic review article [9], of which 7 were publicly available (Figure 1).

Assessment of Clinical Trial Protocols (Figure 2)

Figure 2: Overall risks assessment of Clinical Trial Protocols by each RBM tool.
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For the overall risk assessment of each protocol by different
RBM tools, results are reported anonymously. Out of the 18
protocols, 4 protocols belonged to phase 1(P12, P11, P2, P5), six
protocols to Phase 2 (P1, P3, P4, P7, P8, P9), four protocol to Phase
3 (P10, P13, P14, P15), and four protocols to Phase 4 (P6, P16, P17,
P18). Out of the 7 RBM tools, one tool did not provide an overall
outcome assessment of the whole trial.

For phase 1, four (T1, T2, T3, T5) out of six tools classified the above
mentioned protocols as high risk level. While tool T6 categorized
these protocols into moderate risk level. Remaining tool (T4)
categorized the protocol P12 as low, P11 as moderate and two
protocols P2, P5 as high risk level. While for phase 2 trials, three
(T1, T2, T3) out of 6 tools classified 4 protocols into high risk level,
while T4 classified them as high and low risk levels. The other two
tools (T4, T5) assessed 3 protocols as Medium risk while 1 protocol
was assessed as Medium and Low risk levels. For phase 3 protocols,
3 tools (T1, T2, T3) categorized P10, P13, P14 as High risks and P15
as Moderate risks while T4 categorized P10, P13 as Low risks while
P14 and P15 as Moderate risks, nevertheless T5 categorized all
phase 3 protocols as Low risks and remaining tool T7 categorized
P10, P13 and P15 as Low risks and P14 as Moderate risks. For
phase 4 protocols, all tools categorized P6 as Low risks while 3
tools (T1, T2, T3) categorized P16, P17 and P18 as Moderate risks
but T4 categorized P16 and P17 as Moderate risks and P18 as Low
risk. Remaining Tools (T5, T6) categorized all Phase 4 Protocols as
Low risks.

Risk category covered by each RBM Tool (Figure 3)
Tool 6 is the Transcelerate RBM tool being compared to the
other non-commercial RBM tools. Risk category “blinding in the
study design” is fully addressed by T7, while it is addressed partially
by T1, T2, T3 and is not addressed by T4 and T5. Complexity risk
category is fully addressed in 4 tools (T1, T2, T3, T7), partially
addressed by T5 and not addressed in T4. Data collection is only
addressed in T7. Endpoints are partially covered in 4 tools (T1,
T2, T3, T7), while not addressed in 2 tools (T4, T5). Geography
risk is not covered by any of the tools. Risk category related to
investigational medicinal product (IMP) is addressed in T7 while
partially addressed by 5 tools (T1, T2, T3, T4, T5). Logistics risk
category is addressed in T7 and partially addressed in 5 tools
(T1, T2, T3, T4, T5). Operation Complexity risk category is only
addressed in T7 and not addressed in other tools as well (T1, T2,
T3, T4, T5). As for safety risk category, it is addressed by 4 tools
(T1, T2, T3, T7) while partially addressed and not addressed by
2 tools, T4 and T5 respectively. Staff experience risk category is
addressed in 4 tools (T1, T2, T3, T7) and not addressed by 2 tools
(T4, T5). Study phase is addressed by all tools except 1 tool (T4)
where it is partially addressed. Risks related to subject population
are addressed by 3 tools (T1, T2, T3) while partially addressed by 2
tool (T4, T5) moreover not addressed by 1 tool (T7). Risks related
to Technology are only addressed by T7. Significant differences (p
< 0.05) were observed between risks covered by each RBM tool.

Figure 3: Risk area covered by each RBM Tool.

The assessment of protocols by the non-commercial RBM tools
has shown that they result in different risk outcomes regardless of
the clinical trial phase. Hence the mitigation plan to manage these
risks will differ as well. The mitigation plan of an assessed risk

should be implemented with either onsite monitoring or centralized
monitoring [3]. The observed differences in the assessment clearly
show that there is not yet an ideal non-commercial RBM. Each
RBM tool focuses on specific risk aspects. Our findings highlight
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differential risk considerations between RBM tools. Of the latter
that fail to cover risk categories, their comparison revealed a
significant difference. Moreover the weight age of a certain risk and
its importance is usually assessed by the individual risk assessor
implementing the RBM tool. The risks covered by each RBM tool
should guarantee the safety and rights of the human subjects
nevertheless the accuracy and reliability of data [3]. Our research
points to apparent heterogeneity in the different risks being
covered by each RBM tool.
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work on this is still missing and is therefore, in the opinion of the
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level a clinical study has.

Limitations

The quality of the protocols was not taken into consideration, as
our aim was to assess the protocols that follow ICH GCP guidelines
and have already been reviewed, approved and accepted by the
institutional review board (IRB). The author has solely done the
assessment of the protocols with RBM tools, critical questions

have been discussed within the author’s group before the decision
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