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Abstract

International Council for Harmonisation, Good Clinical Practice R2 (ICH GCP R2) focuses on
quality management as per risk-based methodology, and there has been a lot of focus on monitoring
strategy, which is a mixed method of on-site and centralised monitoring. This systematic review was
planned to search for the articles providing the evidence for the impact of risk-based monitoring
methodology and monitoring standards for cohort studies. A literature search was performed on
MEDLINE, COCHRANE, and WEB OF SCIENCE were as per the keyword’s searches. All the
publications were reviewed for the data that provides evidence risk-based monitoring for randomised
clinical trials and its impact to ensure that data integrity, patient safety, and results obtained were
reliable. The search resulted in four articles that were qualified that discussed about the comparison
between monitoring techniques and the risk-based monitoring methodology in randomised control
trials and other interventional trials. Two publications suggested that the SDV% can be <8% and range
from 20-50%, respectively, depending on the assessed factors and risks. Although there is research
being conducted to generate the evidence for risk-based monitoring and reduced SDV linked to data
errors, further empirical quantitative research should happen to show the impact of risk-based
methodology for clinical trials. There is a lack of systematic and empirical data for monitoring as part
of quality management in cohort studies.

Keywords: Cohort, monitoring, Quality management, Risk-based monitoring, Source data verification.

Introduction accordance with the protocol, Standard

ICH-GCP E6 R2 guideline [1] for Good Operating Procedures (SOPs), Good Clinical
Clinical Practice (GCP) states that “the sponsor Practuce (GCP,),’ and the applicable regulat-or-y
should implement a system to manage quality requirement(s)” and has further added that it is
throughout all stages of the trial process. the responsibility of the sponsor to develop a

Sponsors should focus on trial activities essential syste_ma.tlc, plr|c.)r|t:ze(_j, | rlslk—baseq q apfplrogck:)r_lllto
to ensuring human subject protection and the monitoring clinical trials. It provides Tlexibility

reliability of trial results”. The guidelines advise " the_ extent and . nature - of monlto_rmg by
that the quality management system should use providing the following approaches that improve

a risk-based approach. The guideline also th.eheffectlver]ess ancli eff|.C|encyhof momto;mg,
defines monitoring as “the act of overseeing the with appropriate explanation to the approach.

progress of a clinical trial, and of ensuring that it ; I(A)\n-snebr-non-ltorln?. . q lized
is conducted, recorded, and reported in + /A combination of on-site and centrafize

monitoring.
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3. Centralized
justified.

As one of the purposes of monitoring is to
ensure that the reported trial data are accurate,
complete, and verifiable from source documents,
sponsors have relied on 100% source data
verification (SDV) as a primary method of
monitoring. However, this approach does not
guarantee error-free data and reliable results.
Historically, the 1988 FDA Guidance on
Monitoring of Clinical Investigations stressed
personal contact between the monitor and
investigator. USFDA withdrew the same in 2010
as evidence grew for the need of a shift in
monitoring approach. The 1996 ICH E6 (GCP
Guideline) provided flexibility in how trials are
monitored; centralized monitoring alone is
appropriate only in exceptional circumstances.
In 1998, USFDA issued a guidance document in
which the agency suggested that monitoring can
be flexible so far it is acceptable and provides
data standards for studies with minimal on-site
monitoring. In 2009  Clinical  Trial
Transformation Initiative (CTTI) was formed,
and the mission was to identify practices that,
through broad adoption, will increase the quality
and efficiency of clinical trials. CTTI included
120 members from FDA, academia, industry,
government, and patients and investigators. The
project was to identify current monitoring
practices and link it with Quality by Design
(QbD [2] principles to clinical trials. During the
period of 2009 and 2010, there were more FDA
Warning Letters issued to Sponsors with
findings of failure to adequately monitor clinical
investigators. These findings included an
improper selection of investigators who
subsequently failed to meet GCP requirements,
failure of monitors to find protocol compliance
issues, and/or failure of sponsors to promptly
take actions to correct deficiencies when
identified through monitoring.

In 2011 two draft documents were issued
from the FDA and the EMA to modify our
monitoring practices. In 2013, the FDA and
EMA each finalized their guidance documents.

monitoring  only,  where

The landmark shift happened in 2014 when
Trancelerate issued a position paper on Risk-
based monitoring (RBM) methodology [3]. The
paper that suggested to shift the monitoring
processes from an excessive concentration on
Source Data Verification to comprehensive risk
driven monitoring. The impact of RBM was
targeted to have earlier detection of issues, with
a greater focus on resolution and prevention of
issue recurrence, reduction in efforts expended
on low-value activities through centralization
and data analysis, cost reductions through more
focused centralized monitoring activities, and
targeted on-site monitoring, greater compliance
with Good Clinical Practice (GCP), relevant
regulatory  requirements and a more
collaborative cross-functional team approach —
the coordination of monitors, data managers,
statisticians, medical monitors, and site staff.

Since then, there have been research studies
and systematic reviews in  monitoring
methodology for clinical trials to show that
reduced % of SDV is non-inferior to 100% SDV
[4]. However, the systematic review research has
been limited to interventional randomised
control trials where monitoring is conducted in
routine settings [4]. Systematic review for
clinical trials shows that one hundred percent
SDV is not a rational method of ensuring data
integrity and subject safety based on the high
cost, and this literature review indicates that
reduced SDV is a viable monitoring method [5].
There has been no work done in Cohort studies.
However, it is important and significant to have
the monitoring techniques defined as a standard
practice in Cohort studies also, as the data
collected need to be reliable as they feed into
policy and give the pathway to translational
research.

The data is critical, and safety is important as
these are extra test beyond standard of care for
collection of data. With Cohort studies, the
monitoring is conducted with a different
approach and has been an area, which lacks
research. With the above background, the
systematic review is aimed to identify, examine,



and investigate the available literature for the
monitoring approaches executed in cohort
studies.

Methods

There have been several clinical research
systematic reviews, however, primarily for
clinical settings and disease indication. A
systematic review is an approach towards
identifying the literature and analysing the
literature data. This review provides the basis to
identify, examine and investigate the available
literature for the monitoring approaches in
interventional clinical trials and cohort studies.
We conducted a search by defining the protocol
with primary objective to identify, examine and
investigate the published papers for the
monitoring approaches in clinical studies for
randomised control trials (update systematic
review for other interventional clinical studies)
and cohort studies. We planned to extract data on
different monitoring approaches, identify the
factors that may be involved in the monitoring
approaches. These other factors included risk
levels for trial and participating sites, type of
data management system, recruitment numbers,

and critical data fields assessment. Additionally,
it was planned to detail the components of risk
monitoring: informed consent document, critical
data  fields, critical processes, on-site
monitoring, central monitoring, and explore the
proportion of Source Data Verification (SDV)
undertaken. It was also intended to describe the
use of a collaborative team approach for
reducing the errors, clarify the evidence linking
the percentage source data verification
percentage with error rates and assess the impact
of risk-based monitoring techniques on the
subject safety, data integrity, and cost
reductions. The Population, Intervention,
Comparison, and Outcomes (PICO) criteria were
used for including the studies in the review
(Table 1). While developing the protocol for
search, PRISMA guideline was followed. The
search was conducted by using MEDLINE,
COCHRANE, and WEB OF SCIENCE
electronic search databases for the last 10 years;
from 1 Jan 2009 — 25 Sep 2019 by the first
reviewer and a second reviewer independently
using free text to include all the available
published papers. A detailed search strategy is
provided on Table 2.

Table 1. The Population, Intervention, Comparison, and Outcomes (PICO) Criteria

Population, or participants and
conditions of interest

For this search, the defined condition of interest is
interventional clinical trials and Cohort studies (no
restriction to disease and population).

Interventions or exposures

For this search, monitoring is considered as an
intervention. Monitoring could be an internal quality
improvement or external monitoring as part of sponsor
responsibilities. Monitoring includes data monitoring,
process monitoring, or safety monitoring as part of
sponsor responsibilities.

Comparisons or control groups

This search is based on the comparison being ‘No
monitoring’ is considered as the comparator for the
cohort studies and ‘risk-based monitoring” for
randomised control trials and other interventional
clinical trials.

Outcomes of interest

The outcomes of interest are error rates, subject safety,
data integrity, and cost reductions
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Results and Discussion

Our search strategy and keywords resulted in
the 5 full-text articles as per MEDLINE [6-10],
2 full-text articles from COCHRANE [4, 11]
search, and 17 full-text articles from Web of
Science [6-9, 12-24]. The search resulted in a
total of 19 publications from MEDLINE,
COCHRANE, and WEB OF SCIENCE, after
removing duplicates from the total of 24 articles
as shown in Figure 1. 14 articles described
methods for quality management, monitoring of
clinical trial activities in varying levels of detail
by the clinical team in clinical settings, data
management  process, central  statistical
monitoring, technology systems for central
monitoring, these were not referring the

monitoring techniques and approaches in
clinical trials or cohort studies. These were also
not describing the research conducted on
monitoring techniques and comparison for
quality management and therefore were
excluded. 1 article was excluded as the full text
was not available in English, though the title
abstract was available in English. 4 articles were
qualified based on the information available in
abstracts and title to be included in the
systematic review. These articles discussed
about the comparison between monitoring
techniques and the risk-based monitoring
methodology in randomised control trials and
other interventional trials. A summary of all the
included publications is listed on table 4.0 with
the limitations.

Records 1dentified through electronic data bases (24)

Records after duplicates removed (19)

Y

Records screened (19)

'

Full text articles (16)

Y

Full text articles included for
qualifative analysts (4)
|

Records excluded (1) for title abstract m English
however full text not available m English

Full text articles excluded (14) for data management,
monitortng as clinical responstbilfy, not describimg
RBM as mferventton in clinscal trials, monitoring as

intervention 1n Cohort studies

Full text articles eligble for

w

qualtaftve analysts (4)

Figure 1. Literature Search Protocol Design and Results
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Monitoring  Strategy and  Factors

Defining Monitoring Strategy

The challenge is to have the evidence for how
much SDV is sufficient to meet the fundamental
requirement of GCP as safety and well-being of
participants and reliable results.

The evidence on the effects of errors from the
literature published [21] for the period of 2011-
2014 was studied. They suggested the
operational considerations for minimising the
impact of data error on the study conclusion by
mitigating the factors that poses risk. These were
(@) risk of error occurrence further categorising
into data never queried / never changed, queries
leading to no change, changes (non—key data),
changes (key data points), and initially missing
data that are added later without query (usually
as a result of monitoring activities) (b)
probability that error will not be detected and
corrected and (c) error severity. They estimated
the SDV effectiveness, SDV redundancy, study
size effect, and error hierarchy by severity. It
was recommended that SDV, rather than just
focussing on the key primary efficacy and safety
outcomes, focus on data clarification queries as
highly discrepant (and the riskiest) data. They
suggested that the monitoring strategy should
take the study size effect into consideration,
focusing SDV on ‘‘high-value’’ data points.

Risk ADApted MONitoring (ADAMON)*
study was conducted to investigate whether a
trial-specific, risk-adapted, reduced on-site
monitoring strategy is as effective as an
extensive, non-targeted on-site monitoring
strategy in preventing major or critical violation
of GCP objectives, as ascertained by
independent audits at the end of the trial.
ADAMON was designed to be a stratified,
cluster-randomised non-inferiority study. Trial
sites within participating clinical trials were
randomised either to extensive or to risk adapted
monitoring. Their results showed that the
average number of monitoring visits and Time
spent on-site was 2.1 and 2.7 times higher in on-
site monitoring than in risk-adapted monitoring,

respectively. The findings were identified in
18%-99% of the audited patients after
monitoring. The study demonstrated that risk-
adapted monitoring is non-inferior to extensive
on-site monitoring. This benchmark study also
showed that Risk-adapted monitoring in only a
sample of patients is sufficient to identify
systematic problems in the conduct of clinical
trials. It was concluded that Risk-adapted
monitoring has a part to play in quality control
and should be part of a comprehensive quality
management approach covering the entire trial
lifecycle. Another critical aspect innovated
during ADAMON study was a classification of
trials based on risk identified. The criteria’s used
were standard to classify as K2, intermediate-
risk, and K3, low-risk trials based on publication
[20] describing the risk-adapted on-site
monitoring in non-commercial trials.

Another literature article that focussed on the
monitoring strategy was titled as Triggered or
routine site monitoring visits for randomised
controlled trials: the result of TEMPER, a
prospective, matched-pair study 2*. The study
was designed as a prospective study to assess the
value of triggered monitoring in distinguishing
sites with important protocol or GCP compliance
issues which are not identified by central
monitoring. The primary analysis showed that
88.1% of triggered monitoring visits had at least
1 new Major or Critical finding when compared
to 81.0% of untriggered monitoring Visits.
Several re-consent issues were found during
these visits; therefore, once reconsent findings
were excluded, it resulted in 85.7% versus
59.5%. It was suggested that a triggered
monitoring approach might be used but needs to
be complimented and improved with an
investigation of further central monitoring
triggers.

Evidence Based Linking the Percentage
Source Data Verification Percentage and
Error Rates

It was concluded that the value of SDV is
currently hugely overestimated, and for large



studies, SDV produces no detectable return on
investment [21]. The research group estimated
that manual SDV is approximately 15 times less
effective than computerized data validation by
deriving from data from [25] and TransCelerate
[3], respectively. Their analysis demonstrated
that the true effectiveness value of SDV
(measured as a proportion of key data points
modified because of SDV) is minimal (0.1%-
1.4%), especially when the acceptability of error
by industry is 5% alpha error. The important
aspect that was shown is that overall, 97% of
data in a typical study never change, and only
0.9% of key data that are typically modified after
original entry and need possible attention. It was
estimated that non-queried data is 0.22% and
bears risk, if any, and therefore no intervention
is required, including on-site SDV. Their
analysis demonstrated minimal effects of errors
and error corrections on study results and study
conclusions, with diminishing effect as the study
size increases. It was also suggested that, on
average, <8% SDV is adequate to ensure data
quality, with perhaps higher SDV rates for
smaller studies and virtually 0% SDV for large
studies. The limitation of the monitoring model
described was that it was based on assumptions
that the query generation process, including data
validation and centralized monitoring, is
comprehensive and focused on key data points;
(2) that errors are distributed randomly across
subjects and variables; and (3) that the 80% of
prospective data changes are identified and
captured as “‘queries”.

The evidence was generated on a risk-based
monitoring approach in academic settings [6].
The mixed-method study was conducted at the
Clinical trials unit of the University Hospital in
Basel. The studies were selected according to the
assessed base don ADAMON for a stipulated
duration between 2012-2014. The study had
guantitative retrospective analysis with the study
level variables as study design, study type, study
sponsor, study design, type of research, study
phase (1-1V), and type of study population (e.g.,
the inclusion of vulnerable population). The

variables further were specifically selected for
site-level information as site location,
ADAMON risk category, presence of electronic
database, principal investigator, and whether
he/she changed during conduct, staff experience,
and a number of planned subjects at the site.

At the level of each monitoring visit,
information collected was a type of visit (i.e.,
initiation, interim, close-out), the number of
findings categorised by administrative, patient
rights, patient safety, laboratory/biological
specimen, data point confirmation, and endpoint
related. The study also conducted prospective
semi-structured interviews of the monitors
involved on these studies. It was concluded that
the risk-based approach majorly identified
administrative findings contributing 46.2% of
total findings and right subject findings
contributed 49.1% of total findings. The
interviews with monitors resulted in the
conclusion that the monitors understand the
positive aspects of a risk-based approach but fear
missing systematic errors due to the low
frequency of visits concluding that a risk-based
on-site  approach  should  further  be
complemented by centralized monitoring for
trial data quality.

Monitoring in Cohort Studies

The search showed that there is literature
available for the randomised control trials and
other interventional trials. There is gap in
literature for quality management and
monitoring in cohort studies. Systematic and
empirical research is required for research in
data and process monitoring in the cohort
studies.

Conclusion

Risk-based  monitoring is  imperative
advancement in clinical trial monitoring
methodology. Evidence shows that reduced on-
site monitoring is a viable method of monitoring
in randomised clinical trials. Evidence has been
generated that a risk-based monitoring approach
for clinical trials complimented with centralised



monitoring is the way forward for randomised
clinical trials. However, there is no data is
available for quality management and
monitoring in the large cohort studies. As
known, cohort studies come with their own
specifications as these are large in sample size,
longitudinal in design with several facets. These
contribute largely to evidence generation for
indication study at the population level, and
therefore, the quality management for these
studies should not be underestimated. In
conclusion, cohort study has a large magnitude.
The data generated from these cohort studies
should be of utmost quality as these are the
primary source for feeding the data for policy
generation. As there is a gap in the literature for
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