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1. INTRODUCTION

1.1 Preface

The aim of this guidebook is to gather the know-how of experts with long-term experience
in the field of healthcare systems and clinical registries management. This guidebook will
guide the user through the whole process, from the idea of establishing a patient regis-
try to the valuable outcomes of the registry, which might contribute to improvements in
common clinical practice.

1.2 Multiple myeloma

1.2.1 Epidemiology

Multiple myeloma (MM) is a malignant plasma cell disorder characterised by an uncon-
trolled proliferation of monoclonal plasma cells in the bone marrow [1] [2]. It constitutes
approximately 1% of all reported neoplasms and approximately 13% of haematological
malignancies worldwide [1]. In the US, Canada and Western European countries, approx-
imately 5 to 7 new cases of MM are diagnosed per 100.000 population every year [1], [3],

[4].

According to latest data from the Czech National Cancer Registry, the incidence of MM
in the Czech Republic was 4.8 cases per 100.000 population in 2014. In the last decade
(2004-2014), there was a 26.9% increase in MM incidence and an 8.3% increase in MM
mortality in the Czech population, which corresponds to a 74.4% increase in MM preva-
lence [5]. The overall epidemiological situation (i.e. incidence and mortality of MM) in the
Czech Republic from the 1970s to 2014 is summarised in Figure 1.

Figure 1 Trends in MM incidence and mortality in the Czech Republic
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Introduction

The risk of developing MM increases with age: the median age at diagnosis is 69 years
[1]. Incidence rates are highest between the age of 62 and 76 years and age-specific in-
cidence rates rise sharply from around the age of 45. At the time of diagnosis, less than
1% of all MM patients are under the age of 40 and 18.6% of all MM patients are under the
age of 60. The ratio of men to women with MM is about 3:2.

Multiple myeloma is usually preceded by an asymptomatic premalignant stage referred
to as the monoclonal gammopathy of undetermined significance (MGUS) [3], [6]. MGUS
is present in roughly 3-4% of the population aged over 50 [3], [6]. The diagnosis of MGUS
requires the absence of SLICRAB symptoms: hypercalcaemia, renal failure, anaemia,
bone lesions and myeloma defining events (percentage of clonal plasma cells >60, in-
volved to uninvolved free light chains ratio >100 and at least 2 focal lesions (>5mm) seen
in MRI serum) that can be attributed to an underlying plasma cell disorder [7], [8].

1.2.2 Clinical presentation

MM patients can have a variety of clinical presentations. Malignant plasma cells create
abnormal antibodies called M protein (exactly it is one type of monoclonal immunoglob-
ulin), which offer no benefit to the body. As multiple myeloma cells multiply, they crowd
out normal plasma cells, which can lead to a number of signs and symptoms [8]. Multi-
ple myeloma symptoms can vary from person to person. Some patients experience no
symptoms at all. Others may experience some of the following symptoms: bone pain
(the most common symptom present in 70% newly diagnosed MM patients), fatigue, loss
of appetite and weight loss, mental changes, constipation or excessive thirst. Infections
may occur more frequently in MM patients due to hypogammaglobulinaemia.

Diagnosis

The diagnosis of MM is based on the recommendation of the International Myeloma
Working Group (IMWG) [8], with bone marrow examination, serum and urine electropho-
resis and skeletal imaging techniques used as the main diagnostic methods.

Multiple myeloma evolves from a clinically silent premalignant stage referred to as the
monoclonal gammopathy of undetermined significance (MGUS) [6], [9]. MGUS is a classic
premalignant condition with a low risk of malignant conversion, but the risk of progres-
sion persists indefinitely. A small subset of patients has an intermediate clinical pheno-
type between MGUS and MM, and they are referred to as having smouldering multiple
myeloma (SMM) [10]. MGUS is associated with a risk of progression to MM or related
malignancy at a rate of approximately 1% per year, whereas SMM has a much higher
risk of progression - approximately 10% per year [7], [11]. MGUS and SMM are typically
asymptomatic and are typically diagnosed incidentally when a monoclonal (M) protein
is detected during laboratory work-up of patients who have a wide spectrum of clinical
conditions.

In the past, the diagnosis of MM required evidence of end-organ damage attributable to
the neoplastic clone of plasma cells: hypercalcemia, renal failure, anaemia and osteolytic
bone lesions, commonly referred to as the CRAB features [12]. In 2014, diagnostic criteria
for MM were revised by the IMWG [8]. The diagnosis of MM now requires 10% or more
clonal plasma cells on bone marrow examination or a biopsy-proven plasmacytoma plus
the presence of one or more myeloma-defining events [8]. Myeloma-defining events in-
clude the presence of one or more CRAB features, or one or more myeloma defining
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events [13]. They are clonal bone marrow plasma cells greater than or equal to 60%,
serum FLC ratio of 100 or higher, provided involved FLC level is 100 mg/L or higher, or
more than one focal lesion on MRI. Table 1 provides the revised IMWG criteria for the di-
agnosis of MGUS, SMM and MM. These three symptoms included in the definition of MM
are associated with an approximately 80% risk of progression to symptomatic end-organ
damage in two or more independent studies [8].

Table 1 Revised IMWG criteria for the diagnosis of non-igM MGUS, SMM and MM [8]

Diagnosis Criteria
All three criteria must be met:

Serum monoclonal protein (non-IgM type) < 3 g/dL
Non-IgM

MGUS Clonal bone marrow plasma cells <10 %
Absence of end-organ damage such as SLIMCRAB features that can
be attributed to the plasma cell proliferative disorder
Both criteria must be met:
Serum monoclonal protein (IgG or IgA) = 3 g/dL, or urinary monoc-
Smoulde- :
ring MM lonal protein = 500 mg per 24 h and/or clonal bone marrow plasma

cells 10%-60%
Absence of myeloma-defining events or amyloidosis
Both criteria must be met:

Clonal bone marrow plasma cells = 10% or biopsy-proven bony or
extramedullary plasmacytoma

Any (one or more) of the following myeloma-defining events:

Evidence of end organ damage that can be attributed to the
underlying plasma cell proliferative disorder, specifically:

Hypercalcemia: serum calcium > 0.25 mmol/L (> 1 mg/dL)
higher than the upper limit of normal or > 2.75 mmol/L
(> 11 mg/dL)

MM Renal insufficiency: creatinine clearance < 40 mL/min or
serum creatinine > 177 pmol/L (> 2 mg/dL)

Anaemia: haemoglobin value of > 2 g/dL below the lower
limit of normal, or a haemoglobin value <10 g/dL

Bone lesions: one or more osteolytic lesions on skeletal
radiography, CT, or PET-CT
Percentage of clonal bone marrow plasma cells > 60 %

Involved: uninvolved serum FLC ratio > 100 (involved FLC level
must be = 100 mg/L)

> 1 focal lesion on MRI studies (at least 5 mm in size)

Although the IMWG diagnostic criteria are not perfect, the intent and the implications of
the updated version are to facilitate an earlier detection and earlier initiation of therapy
with the aim to improve the overall survival of multiple myeloma patients. Indeed, pop-
ulation-based data support an earlier detection of multiple myeloma and an initiation of
therapy [8].

-8-
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1.2.3 Prognosis

There is a major variation in the survival of MM patients depending on host factors, tu-
mour burden (stage), biology (cytogenetic abnormalities), and response to therapy [14].
Tumour burden in MM has traditionally been assessed using the Durie-Salmon Staging
(DSS) [15] and newly by the International Staging System (ISS) [16], [17]. Both of these
staging systems, however, have some limitations.

Disease biology in MM is best reflected based on the molecular subtype of the disease
and the presence or absence of specific cytogenetic abnormalities [18]. For example, ab-
normalities such as t(4;14), t(14;16), t(14;20), gain(1g21), del(1p), and del(17p) influence
the disease course, response to therapy, and prognosis in MM [18], [19]. The Revised In-
ternational Staging System (RISS) combines elements of tumour burden (ISS) and disease
biology (presence of high-risk cytogenetic abnormalities or elevated lactate dehydroge-
nase level) to create a unified prognostic index that helps in clinical care as well as in the
comparison of data from clinical trials (Table 2) [20].

Table 2 Revised International Staging System (adapted from Palumbo et al.) [20]

Frequency 5-Year

Stage (% of Pati- Survival
ents) Rate (%)

Stage |

ISS stage | (serum albumin > 3.5, serum beta-

-2-microglobulin < 3.5) and 28 82

No high-risk cytogenetics

Normal LDH
Stage Il

) 62 62
Neither stage | or Il

Stage Il

ISS Stage Il (serum beta-2-microglobulin > 5.5)
and 10 40

High-risk cytogenetics [t(4;14) t(14;16), or
del(17p)] or elevated LDH

The RISS is important in the clinical practice in terms of counselling patients regarding
the prognosis, as well as in clinical trials when comparing outcomes across clinical trials.
The revised staging system also allows us to better predict outcome and tailor treat-
ments accordingly in individual MM patients [18].

It is probably fair to say that our understanding of the heterogeneous biology of multiple
myeloma and its implications to therapy is not very good. Emerging DNA sequencing
data show a massive genetic heterogeneity across and within given multiple myeloma
patients [21]. It has been found that, on average, a newly diagnosed multiple myeloma
patient has mutations in a large number of genes and these mutations are unevenly dis-
tributed in parallel sub-clones present already at diagnosis [21], [22]. Despite all success
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for the majority of multiple myeloma patients, yet today, approximately 25% of all new-
ly diagnosed patients survive less than 3 years [23]. Therefore, prospective studies are
needed to dissect tumour biology, to define multiple myeloma subtypes and, based on
biological insights, seek to develop rational therapies for individual subtypes.

1.2.4 Therapy

At the beginning of the 21st Century, the survival time of patients with multiple myeloma
was about 3 years on average [24]. Around that time, three drugs (bortezomib, lena-
lidomide and thalidomide) for the treatment of multiple myeloma were introduced to
the market. Yet another MM drug - carfilzomib - was approved in 2012 and four other
drugs (panobinostat, daratumumab, elotuzumab and ixazomib) were approved by the
FDA in 2015 [8]. The increased availability of highly effective targeted agents with limited
overlapping toxicities has shifted the therapeutic paradigm from less effective 2-drug
combinations towards the use of modern, effective 3-drug combination strategies [25],
[26]. Reflective of the fast-moving field, studies are already ongoing to evaluate modern
4-drug combinations, including monoclonal antibodies in combination with proteasome
inhibitors (PIs), immunomodulatory drugs (IMiDs) and low-dose steroids. Nowadays, the
overall survival of newly diagnosed multiple myeloma patients exceeds 10 years, accord-
ing to data from available population registries [23], [27]. The use of modern combina-
tion therapy integrated with modern clinical management is expected to deliver an even
longer overall survival for patients with multiple myeloma in years to come [24].

Response criteria in multiple myeloma were developed to use serum and urine assess-
ment of monoclonal proteins and bone marrow assessment (Table 3) [28].

Table 3 International Myeloma Working Group uniform response criteria [28]

Category Criteria

CR as defined below PLUS:

Normal SFLC ratio, AND

Absence of clonal plasma cells in marrow by immunohistochemis-
try or flow cytometry

Stringent
complete
response (sCR)

Negative immunofixation on the serum and urine, AND
Disappearance of any soft tissue plasmacytomas, AND
< 5% plasma cells in bone marrow

Complete
response (CR)

Very good Serum and urine M-protein detectable by immunofixation but not

partial response on eIectrophqregis, OR . L ,

(VGPR) > 90% reduction in serum M-protein plus reduction in 24h urinary
M-protein by > 90% and to < 100 mg/24h

> 50% reduction of serum M-protein, AND

reduction in 24h urinary M-protein by > 90% and to < 200 mg/24h, AND
> 50% reduction in the size of any plasmacytomas present at baseline
(In place of M-protein criteria: If serum + urine M protein unmea-
surable, = 50% decrease in difference between involved and unin-
volved SFLC levels, OR

If serum + urine M-protein + SFLC assay also unmeasurable, a >
50% reduction in marrow plasma cells is required, provided baseli-
ne bone marrow plasma cell percentage was = 30%)

Partial response
(PR)

-10 -



Introduction

Category Criteria

;Sstg;)le disease Not meeting criteria for CR, VGPR, PR or progressive disease

At least ONE of the following:
> 25% increase in serum M-protein in 3 months (absolute increase
must be > 5 g/L), OR
> 25% increase in urine M-protein in 3 months (absolute increase
must be > 200 mg/24h), OR
Progressive > 25% increase in the difference between involved and uninvolved
disease (PD) SFLC levels (applicable only to patients without measurable serum
and urine M- protein (absolute increase must be > 10 mg/dL), OR
> 25% increase in bone marrow plasma cell percentage (absolute
percentage must be > 10%), OR
Development of new bone lesions or soft tissue plasmacytoma, OR
Development of hypercalcaemia

Requires at least one of the following:

Development of new bone lesions or soft tissue plasmacytoma, OR
Clinical Increase in size of existing plasmacytomas or bone lesions, OR
relapse Any of the following attributable to myeloma: Development of hy-

percalcaemia, Development of anaemia (drop in Hb > 2 g/dL), Rise

in serum creatinine

Requires at least one of the following:

Reappearance of serum or urine M-protein by immunofixation or
electrophoresis, OR

Development of > 5% plasma cells in the bone marrow, OR
Appearance of any other sign of progression (e.g. new plasmacyto-
ma, new lytic bone lesion)

Relapse from CR

Given the high rates of complete response seen in patients with multiple myeloma with
new treatment approaches, new response categories need to be defined that can iden-
tify responses that are deeper than those conventionally defined as complete response.
Data from a recent meta-analysis show that MRD negativity is associated with longer
progression-free survival and overall survival [29]. In 2016, the updated IMWG response
criteria included MRD as the deepest level of treatment response in multiple myeloma.
The research has therefore recently focused on the identification of residual tumour cells
in the bone marrow using flow cytometry or gene sequencing [30], [31]. Based on the
2016 IMWG criteria, MRD negativity can be defined by either multiparameter flow-cy-
tometry-based or molecular-based assays with a sensitivity of at least 1 in 100,000 cells
(10-5 or even 10-6) to determine the MRD status; this status, however, should only be
determined in patients who have achieved a conventional CR. Furthermore, sensitive
imaging techniques can be used to detect the presence of residual disease outside of the
bone marrow [32]. Combining these new methods, the International Myeloma Working
Group has defined new response categories of minimal residual disease negativity, with
or without imaging-based absence of extramedullary disease, to allow uniform reporting
within and outside clinical trials [28].
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1.2.5 Future challenges

MM patients should be treated in clinical trials. In this way, it might be possible to achieve
better results and also to verify the optimal use of promising new agents for improve-
ments of treatment outcomes.

1.3 Why collect MM data

Data from diagnosis and therapy of MM patients provide evidence for good decision-mak-
ing for all potential stakeholders (clinicians, physician organisations, patients and patient
advocacy organisations, payers, drug or device manufacturers, policymakers or decision
makers). There are more different ways of collecting MM data.

For a clinician, “the patients' needs come first”. To deliver the best possible treatment
to our patients, the physicians’ decision should be based on evidence [evidence-based
medicine (EBM), the fundamental basis for clinical practice]. Physicians always have to
determine the trade-off between the evidence, benefits, risks and costs of alternative
treatment and consider their patients’ values and preferences.

Randomised controlled trials (RCTs) are considered number one in the hierarchy of EBM.
Patient registries resemble and differ from RCTs in many essential ways; they both have
important and complementary roles in evaluating patient outcomes.

Well-designed patient registries collect comprehensive data from all patients with a spe-
cific condition (with only few excluded, if any) and they evaluate care as it is actually pro-
vided (and not assigned or recommended by a protocol). Data from a MM registry may
be more generalisable and representative of what is achieved in real-world practice and
the broader patient population.

Therefore, the overall purpose of a MM registry is to assure high-quality patient care and
diagnostics in real haematological practice, to assess the adherence to national guide-
lines for MM, and to also provide source data for research purposes. However, to provide
this information, it is necessary to ensure that as many patients as possible from the
entire country are captured into the registry. Data from a single centre or even several
haematological centres may be inaccurate.

Patient registries, RCTs, other study designs and other data sources are all useful in the
development and evaluation of evidence, each with its own advantages and limitations
[33]. Patient registries provide valuable information, contribute to EBM and fill the gaps
in EBM that cannot be addressed by RCT. Properly designed and maintained patient reg-
istries can provide a real-world view of clinical practice, patient outcomes, safety and
comparative effectiveness [34].

1.4 How to collect MM data

General definition of a registry

»A patient registry is an organised system that uses methods employed in observational
studies to collect uniform data (clinical and other) in order to evaluate specified out-
comes for a population defined by a particular disease, condition or exposure, and that
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Introduction

serves one or more predetermined scientific, clinical or policy purposes. A registry data-
base is a file (or files) derived from the registry.” [34]

1.4.1 Registry types and purposes

Registry types: Registries are classified according to definition of their populations [34].

+ Patient registries (clinical registries, clinical data registries, disease registries, con-
dition registries and outcomes registries) are defined by patients having the same
diagnosis, such as MM.

+ Product registries include patients who have been exposed to the same biophar-
maceutical products, drugs or medical devices.

+ Health services registries consist of patients who have had a common procedure,
clinical encounter or hospitalisation.

+ Population registries (based geographically and not based on a disease, condition
or exposure) are created for public health reporting without tracking outcomes
(e.g. vaccine registries).

+ Listing registries are used solely to identify patients with particular diseases and
not for evaluation outcomes.
Registry purposes: Patient registries may serve one or more purposes and are estab-
lished for clinical, scientific and health policy reasons [34].
+ To describe the natural history of disease

+ Todetermine the clinical effectiveness or cost-effectiveness of healthcare products
and services

+ To measure or monitor safety and harm, and/or

* To measure quality of care

1.4.2 Registry of monoclonal gammopathies specifics

A registry of monoclonnal gammopathies (RMG) is a disease registry, i.e. it contains data
of patients who have been diagnosed with one of the diseases belonging to monoclonal
gammopathies. The registry typically enrols patients at the time of a routine healthcare
service. Depending on the scope of the collected data, the registry may serve one or
more purposes (see above) and provide valuable information for different stakeholders.

The data are collected in a ‘real-life’ clinical practice, the patient care is determined by the
clinician and the patient (i.e. not assigned by the registry protocol).

The typical properties of a RMG include:

+ The data are collected in a ‘real-life’ clinical practice, the patient care is determined
by the clinician and the patient (i.e. not assigned by the registry protocol).

+ The RMG is one of the few registries monitored similarly to clinical trials.

+ The scope of data in the registry and the registry design is defined to fulfil specific
purposes (data collection is purpose-driven) and/or there is a broader scope of
data to answer possible new questions (purpose/question being data-driven).

_13_



Introduction

The RMG collects data with the same standardised data definitions.

Data for each patient are collected uniformly; this applies to data type, scope and
frequency.

The registry can be matched with external databases (e.g. a mortality registry) or
with other data sources to explore new questions.

Studies derived from the RMG resemble traditional observational cohort studies
(the collection of detailed clinical and longitudinal follow-up data). New studies
(e.g. cluster-randomised studies or case-control studies) may be nested within the
ongoing registry.

Data from the registry are used by experts in the preparation of national guide-
lines.

The RMG is also newly used in the assessment of the effect of new drugs by health
insurers in the process of determining the reimbursement.
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2. PHASE 1: WHAT TO DO BEFORE START OF
THE REGISTRY

2.1 To make a good plan is the key to build up a
registry

Making a good plan is very important before the actual start of the registry project. This
phase of the project covers all steps that clarify how to set up the project, such as project
description, scope of the project, project timelines, roles and responsibilities, communi-
cation methods and plan among all project participants, project budget and cost man-
agement throughout the entire project life cycle, reporting, quality standards the project
should comply with, definition of risks and the risk management plan.

2.1.1 Project management plan

A project manager (PM) is responsible for the coordination and complete management
of the whole project. The project management plan (PMP) represents a tool describing
the main purpose(s) and scope of the project (the establishment of a new registry). The
PM is obliged to build up the internal project team, to organise external cooperating
members, to assign their responsibilities given for particular phases of the project and
to set a sequence of goals, tasks and procedures needed for successfully meeting the
project goals. Furthermore, the PMP includes a registry budget, timelines and schedule
of critical milestones in the registry throughout the registry's duration.

A very useful tool for setting up a registry is a checklist for the project containing the basic
steps of the PMP that should be done before starting a registry. We recommend creating
the project checklist (see Table 4) as a useful guide for the initiation phase of the registry.
The checklist should include the fundamental characteristics of the planned registry in
terms of what type of study is under consideration: a short-term non-interventional ep-
idemiological study (typically NIS with a duration from several months to 3-5 years) or a
registry with a long-term prospect of data collection (e.g. the Czech registry RMQ). If safe-
ty data of a new product or device are also gathered, the clinical registry can serve as a
PASS (post-authorisation safety study). Likewise, data on treatment efficacy of a product
may become the basis of a nested post-authorisation effectiveness study (PAES).

An example of clinical registry initiation checklist is shown in Table 4 below.

The basic operational elements of the initiation of a registry are:

Nominating an internal project team

The key project team members are the project manager, data manager, data an-
alyst, pharmacovigilance manager, data entry coordinator, registry support:

helpdesk, quality manager (for detailed information see the chapter Registry providers
team and roles to manage the project).
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Phase 1: What to do before start of the registry

Table 4 Clinical registry initiation checklist

PROJECT CHECKLIST
PROJECT NAME

PROJECT NUMBER

PROJECT ABBREVIATION
SPONSOR

CRO

PROJECT MANAGER
LANGUAGE

START DATE OF THE PROJECT
STEP

Type of project

Non-interventional epidemiological
Non-interventional scientific (academic)
Non-interventional pharmacoeconomics

Was the study ordered by state authority? (If
“yes”, then in most cases it is PAES)

Definition of target population

Definition of primary hypothesis (main pro-
ject objective - scientific target)

Definition of secondary hypothesis (What
other questions should the analysis answer?)

Definition of the number of subjects to
correctly verify the primary hypothesis or cli-
nically significant difference / Power Analysis

Definition of basic endpoints
(variables) including the choice
of appropriate methodology

Budget

Contract with sponsor (specify the type in
comments): gift / work contract / grant

Contract/contracts with investigator/
investigators

Protocol of the study/registry
Informed consent form

Ethics Committee approval

LEC

MEC

Notification to regulatory authority

- 16 -

long name

generated

123

XY

XX

PM name

English

FPI estimated date

SPECIFICATION COMMENTS
YES NO N/A

] g d
d g d
d ] d
d O d
] g d
d g d
d ] d
d O d
g d d
| g |
d g d
d O d
d O d
g d d
] d g
d d d
] O d
d O d



Phase 1: What to do before start of the registry

Establishing a scientific board for the registry

The engagement of key healthcare specialists and scientists, so-called “opinion
makers”, into the project, setting up a scientific board for the registry and involv-
ing a professional guarantee are critical steps for defining and fulfilling the reg-
istry's goals (for detailed information see the chapter Stakeholders and experts
of the registry).

Main objectives of the registry

As a starting point for a new registry programme, it is critical to “begin with the end in
mind”. In other words, what are the basic research questions the registry should answer.
In the registries, these questions are present as primary and secondary objectives. They
should be transferred into a measureable set of variables with well-defined outcomes,
including the assessment of a minimal sample size of collected data. The help of a medi-
cal expertis necessary. Another very important person in evaluating whether the defined
variables can be analytically processed to meet the objectives is a statistician, who should
validate the data set prior to the build-up of the complete case report form (CRF) (for
detailed information see the chapter Scope of the registry).

Data elements (definition of basic endpoints)

A key step consists of setting up the collected variables for the registry. For a proper and
long-term operation of the registry, it is undesirable and unhealthy to collect all the data
with negligible research potential, as there is a risk of fatigue on the side of small centres
and their gradual reluctance to enter the data into the registry. Therefore, it is necessary
to compile a balanced data set with regard to the expected outcomes from the registry,
the long-term sustainability of the registry, the cost of data collecting and the needs of
potential sponsors. This data set should represent mandatory variables in the registry.
In addition to these mandatory items, other interesting data could be collected, but they
will not be essential ones. It is recommended to perform a pilot test of the main data
set prior to the start of the registry in selected centres that shall be considered as par-
ticipating centres in the future. Another topic of collected data involves patient-reported
outcome measures (PROMs) taken directly from patients without interpretation by cli-
nicians. PROMs can contribute to a better understanding of patients’ experiences and
outcomes during therapy, may depict real-life information on the patients’ quality of life,
form the feeling of personal involvement and facilitate joint decision-making with the pa-
tient during the follow-up visit [13]. The means of collecting PROMs data (paper-based—
digitisation, electronic, web-based) should be considered, as well as the frequency of
collecting them and the type of questionnaire used to measure the quality of life. Many
types of those questionnaires are available and validated; one of the most frequently
used ones is SF36, for example.

Planning follow-ups based on the registry objectives

According to the main objectives of the registry, the frequency, length and extent
of the follow-ups shall be planned in such a way as to retain the patients in the registry
and to set adequate, but not unnecessarily frequent, periods of follow-up to address the
main objectives.
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Statistical Analysis Plan (SAP)

A statistical analysis plan (SAP) is critical in each research project, including registries. The
SAP should contain defined guidelines for analysis and data presentation at various stag-
es of the registry’s life. The SAP identifies how the outcomes will be measured, defines
the statistical tests that will be used for data analysis, provides key variables, endpoints
and covariates, specifies the sample size and patient subgroups of interest etc. (for de-
tailed information see the chapter Statistical analysis plan (SAP)).

Methods for data collection and control

Once the data set and source of data (clinicians, patients) are defined, the most suit-
able instrument for data collection should be selected. The most preferable means
of data collection is through the Electronic Data Capture (EDC) system into eCRF
(electronic case report form) with accessible via an Internet portal. The EDC sys-
tem allows the collection, cleaning, storing, monitoring and reporting of registry
data; therefore, it is the determining factor for meeting the goals of the registry.
In some cases, a paper CRF can also be useful, e.g. PROMs in elderly patients with
limited computer skills or with reluctance to use modern technologies. Regis-
tries may also integrate patient diaries, mail and telephone surveys with automatic
communications and a centralised call centre to collect all of the requested information
in a timely manner.

The validation tools are supposed to be included in the EDC system to cover the
data quality (completeness, consistence, no contradiction). We recommend in-
cluding tools for controlling the completeness of the primary data collection
to assess and report the extent of missing data at the key points of follow-up for data
elements that are critical to addressing the primary study questions (for detailed infor-
mation see the chapter EDC system).

Target sites, physicians, patient population

It is necessary to get an overview of the healthcare facilities (hospitals and physi-
cian practice/sites) for a given disease/group of diseases in the target area. This
is related to another parameter, namely the geographic scope of a registry (lo-
cal or international). With regard to the disease in question, it is important to define
a target patient group or, alternatively, to divide patients into cohorts according to the
severity of the disease or therapeutic regimens. It is also necessary to consider whether
the registry should have a short-term course or whether continuous data collection is
planned. Patients should be enrolled systematically and followed-up using similar pro-
cedures in all participating centres. The loss of a follow-up should be monitored and
minimised so that the realisation of the main objectives remains possible (for detailed
information see the chapter Definition of target population).

Adverse events reporting

Will the pharmacovigilance data be involved in the registry? Registries can func-
tion as a post-authorisation safety studies for sponsoring pharmaceutical compa-
nies participating in the project. It is necessary to define the sort of pharmacovig-
ilance data, frequency and form of reporting for adverse events / severe adverse
events (AE/SAE) and the subjects that will be addressed. The settings of AE/SAE rec-
onciliation in the project have to be made (for detailed information see the chapter
Pharmacovigilance).
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Protocol - essential document of the registry

The study/registry protocol forms an essential part of a registry project. It is a full de-
scription of the project and will act as a “manual” for members of the research team
to ensure adherence to the methods outlined. It is important to document all crit-
ical changes in the registry and to inform all stakeholders about these changes.
If any modification is needed, the amendment has to be prepared and justified
(for detailed information see the chapter Protocol).

Contracting process

For its existence, the registry needs financial support. The conditions of sponsor-
ship are given in a contract with the sponsors of the project where the exact con-
ditions of the financial relationship are set. The process of revising and approv-
ing the contracts with the assignment of responsibilities to the personnel must be
set. This demand is also applied to the investigator's contract, including settings of
remuneration with regard to a fair market value (for detailed information see the chap-
ters Cost management plan and Funding sources).

Regulatory and ethical requirements

The registry is supposed to be registered by the national regulatory authority in case that
national legal regulations apply. The essential precondition for patient data entry to the
registry is a signed informed consent form, which symbolises the patient’s voluntary de-
cision to participate in the project and to provide his/her personal and clinical data. The
informed consent form is mandatory and has to be approved together with the study
protocol by a multicentre/local ethics committee. In case that an international registry is
being organised, approval of the registry before its launch has to be done in each partici-
pating state and must meet the local legal requirements (for detailed information see the
chapter Regulatory and ethical feasibility).

Registry budget, cash flow

The Project manager is to prepare the overall budget of the registry, which has
to take into consideration the scope and complexity of the registry, requested
outcomes, numbers and arduousness of analyses, pharmacovigilance requirements,
geographical character of the project and all of the above-mentioned activities (for de-
tailed information see the chapter Cost management plan).

Registry graphics

The requirements for processing the project may comprise a global project
visual identity, including graphical elements such as the project logo, colour scheme,
fonts, templates for MS Office, official project website, analytical reports and summary
documents, posters, newsletters etc. All these elements should be described in detail by
visual guidelines, where the usage rules of the communication elements aimed at pro-
moting the visual identity should be introduced. It is crucial that the visual appearance
reflects the global communication and marketing strategy of the given project. Firstly, a
logo (the key element of each project), primary colour palette (for printing and digital me-
dia) and typography (comprehensive set of fonts) must be designed in order to ensure
the following harmony of the project’s visibility. The final visual identity manual contains
the approved standard graphic elements and their general usage in practice. Based on
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that, all other items, such as a standard stationery system of MS Office templates, can be
easily created. Finally, a project website should be designed, developed and implement-
ed. A typical website shows project activities and outputs in the form of basic information
(static HTML text and PDF reports) together with interactive presentations of the avail-
able data, preferably using modern data mining and visualisation technologies.

2.1.2 Staff and communication management plan

The purpose of the communications management plan is to define the communication
requirements for the registry and how information will be distributed. The communica-
tions management plan defines the following:

+  What information will be communicated-to include the level of detail and format,
e.g. reports of patient enrolment to the registry, reports of data completeness etc.

+ How the information will be communicated-in meetings, email, telephone, web
portal etc.

* When information will be distributed-the frequency of project communications
both formal and informal

+ Who is responsible for communicating project information
«  Communication requirements for all project stakeholders

* How any sensitive or confidential information is communicated and who must au-
thorise this

+ How the communication process and the changes in communication are managed
+ The flow of project communications
« Any constraints, internal or external, which affect project communications

* Any standard templates, formats or documents the project must use for commu-
nicating

+ An escalation process for resolving any communication-based conflicts or issues

The project managers should give considerable thought to how they want to man-
age communications for the registry with all participating stakeholders. By having
a solid communications management approach, they will soon find that many proj-
ect management problems can be avoided. Most projects consist of a broad range of
stakeholders, all of whom may have differing interests and influences on the project. As
such, it is important for project teams to determine the communication requirements of
these stakeholders in order to communicate project information as effectively as pos-
sible. There are a number of methods for determining stakeholder communication re-
quirements; however, it is imperative that they are completely understood in order to
effectively manage their interest, expectations and influence and to ensure a successful
project.

As mentioned in the chapter Project management plan, an internal project team for the
registry must be established. A very powerful tool for communication within the internal
registry team is the use of professional project management software. It can manage
the estimation and planning of tasks, scheduling, cost control and budget management,
resource allocation, collaboration, communication etc. You can enter all the steps of ini-
tiation for the registry into the software, add the appropriate members of team to tasks,
estimate the planned time and monitor the fulfilment of individual tasks. Under the same
circumstances, you can follow the registry during its entire life cycle.
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A critical step is the kick-off meeting where all prospective stakeholders discuss all is-
sues necessary for the successful and reasonable initiation of the registry (see the
chapter Stakeholders and experts of the registry). The stakeholders of the regis-
try should define the design of the registry, research objectives, rules for patient
recruitment, clinical centre recruitment, funding, data privacy and data access
at the beginning of the registry. This broader advisory board should meet on a regular
basis and more frequently upon the start of the registry.

One very important step is to make collective training for all the participating cen-
tres at the start of the project and pay attention to any user discomforts with enter-
ing data into the registry. Each new centre joining the registry has to be individu-
ally trained personally or by video teleconferencing (for detailed information see
the chapter Training).

Last but not least, we recommend organising regular meetings of the advisory board
twice per year at a minimum to exchange the first experiences, to evaluate the EDC sys-
tem and the CRF, to assess patient enrolment and time consumption and to approve
sources of funding and the budget of the registry. After some time, it will be the right
moment to evaluate the first results from the registry.

The Steering Committee (see the chapter Professional society) may be in narrow
contact with the registry project team. The connecting person is the project man-
ager, who coordinates most activities linked to the registry. This governance group
of the registry is obligated to communicate in any case of data access (see the chapter
Data privacy and confidentiality).

Guidelines for meetings

Meeting agenda

The Meeting agenda should be distributed 10-15 business days in advance of the meet-
ing. The agenda should identify the presenter for each topic along with a time limit for
that topic. The first item in the agenda should be a review of the action items from the
previous meeting.

Meeting minutes

Meeting minutes should be distributed within 5 business days following the meeting.
Meeting minutes should include the status of all items from the agenda along with new
action items and the list of attending participants.

Action items

Action items are recorded in both the meeting agenda and minutes. Action items should
include both the action item along with the owner of the action item. Meetings should
start with a review of the status of all action items from previous meetings and end with
a review of all new action items resulting from the meeting. The review of the new action
items should include the owner identified for each action item.
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Meeting chairperson

The chairperson (mainly the project manager) is responsible for distributing
the meeting agenda, facilitating the meeting and distributing the meeting minutes.
The chairperson will ensure that the meeting starts and ends on time and that all pre-
senters adhere to their allocated time frames.

Notetaker

The notetaker is responsible for documenting the proceedings of all meet-
ing points and taking notes of anything else of importance during the meeting.
The notetaker will give a copy of his/her notes to the chairperson at the end of the meet-
ing, as the chairperson will use the notes to create the meeting minutes.

There are many ways to present registry data by means of different media,
including abstracts, posters, podium presentations for scientific meetings and sym-
posia, manuscripts for publication in clinical journals, dossiers for reimbursement
authorities and speaker bureau/physician-support activities. The overall goal of
any registry programme is to continually produce reports and other communica-
tions that keep the registry outputs fresh and relevant to the participating physi-
cians and patients, thereby encouraging their continued engagement in the registry
programme. In addition, registry findings circulated through publications,
presentations or word of mouth may sway the prescribing behaviour of clinicians or the
formulary decision-making of managed care organisations or reimbursement authorities
which have never had any direct contact with the registry.

2.1.3 Cost management plan

The cost management plan clearly defines how the costs on the project are managed
through the entire project life cycle, as well as the responsibilities for managing costs and
cost changes approvals. Moreover, this includes the set up of the reporting, its frequency
and presentations.

Regarding the clinical registry cost management plan, the responsible person
is project manager, who manages and reports on projects costs and manages
the project activities for the whole team to keep the project on budget.

There are several possibilities when making a budget for the clinical registry.
The most transparent and easily manageable is a budget based on the estimated
time and hourly rate for the activities and required deliverables. To create this type
of budget, the cooperation of the whole team is needed as precision is very
important for budget estimation. To make a clear and precise budget, a budget template
can help. The budget template should be complex and should specify all possible individ-
ual activities that may appear in the sponsor’s requirements.

The budget template may contain a section with detailed specification of the activity. To

avoid misunderstanding regarding the scope of activity It is advisable to have a descrip-
tion of the actions.
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An example of clinical registry activities specification is shown in Table 5.

Table 5 Budget template - Registry activities specification

Study/registry specification
Activity
Clinical project management

Study design

Protocol

Clinical data management

Data management documen-
tation

Database preparation and se-
tup (eCRF) including
validation rules

Helpdesk
Statistics and programming

Statistical programming

Preparation of reports

IT and EDC system

Maintenance of the EDC
system

Hosting and backup of the EDC
system

Project special activities

Remote patients’ access

Project name
Activity description

Definition of registry/study type, therapeutic area,
definition of duties and responsibilities

of each study side, definition of study budget.

If a sample size is required, the analyst will count
the power analysis.

Protocol creation. Cooperation with the
department of data analysis and the department
of data management (DM).

Preparation of documentation (list of requests to
DM, data management plan, data validation plan).
Sponsor approves DMP and DVP.

eCRF preparation, setup of validation rules, DM
testing in advance to the final release of eCRF.
Plan of the medical coding process, list of coded
variables, setup of format, mean and frequency of
data transfer. In advance of the final release, the
sponsor is to test and to approve eCRF.

Technical support for the entire project life cycle
(problems with access, data entry, communication
with centres etc.)

Programming in statistical software - data structu-
re and derivation, outputs (tables,
figures, listings).

Preparation of results. Prepared codes are used.
Statistical report including the description

of statistical methods, results and statistical inter-
pretation.

Regular upgrade of SW and release. Incidents and
problem solving (SQL server, web server, operatio-
nal systems, web browser).

Upgrades and maintenance of HW. Server
hosting. Regular backup of data.

Remote patients’ access to enter data (QoL questi-
onnaire filling, patients diaries completion etc.)
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Precise budgeting at the beginning of the project is crucial, because increasing the bud-
get during the project might be quite difficult. Another very important aspect is to keep
the project on budget throughout the entire registry life cycle and to avoid going over
the budget.

The main reasons for going over the budget may involve incorrect budgeting at
the beginning of the project, inappropriate resourcing, both internal and external mis-
communication, slow execution, incorrect deliverables and following corrections, which
increase time spent as well as the costs of the activity [36].

During the budgeting process, it is very important to delegate people into the project
team and to plan the number of executive persons for the entire project life cycle. Having
an insufficient number of people faces the risk that the project goes on slowly and the
interim and total timelines are not met. On the other hand, if the project is overstaffed,
it is more likely to go over the budget. See more on project risks in the chapter Risk man-
agement plan.

Keeping the project on budget also depends on the project manager and his/her ca-
pabilities and experience in leading a project team, especially to accurately plan
the team’s activities to be well-executed with respect to the timeline and deliver-
ables. It should be done in combination with correct and regular communication
within the project team. Effective communication always saves time and resourc-
es. The project manager organises regular project meetings with the internal team
and with the client in order to keep communication as effective as possible. It is
very useful to use an internal software tool to manage the project, to see the cur-
rent status and progress of the individual project activities, to have evidence
of time spent on the activities and related budget, to share documents and records,
to communicate issues etc.

An integral part of cost management is reporting, its frequency and presentation.
It is suitable to revise the project's budget continuously and make internal report-
ing on a regular basis, for example once a month. In case of a budget risk, the de-
tailed revision of processes should start to reveal the cause. Detailed reporting
to the sponsor is done upon the sponsor's request or regularly, for example on
a yearly basis or at the end of the contract with the sponsor. The contract with
the sponsor is usually undertaken for one year. Revision of contractual relation-
ships often leads to reviews of processes within the registry, such as a new form
of reporting etc. (for more information see the chapter Risk management plan).

The clinical registry budget consists of the operational costs and costs spent on
outsourced work, the so-called pass-through costs. Operational costs are costs
spent on the project management, data management activities, data analyses,
reporting setup, IT solution and EDC system, pharmacovigilance (if required) and
the quality management of the registry. Operational costs vary depending on
the project phase. The initial phase is the most costly because it covers all of the set-
tings of the registry, from the plan and feasibility to database setup for the first
data entry. The subsequent phase, registry operation, covers the maintenance
of EDC system and common agenda within the project, data management, data
analyses, regular reporting, communication etc. Pass-through costs are costs
covering payment to investigators or data managers who enter the data into
the registry database. Pass-through costs cover also costs for other outsourced work, for
example to a translation agency, ethics committee fees or other fees.
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An example of budget template for operational costs is shown in Table 6.

Table 6 Budget template for operational costs

Workload and costs Project name

- . . Unit cost Total cost
Activity  Number of units Unit (EUR) (EUR)
Protocol 60 hour 80.00 4,800.00

An example of a budget template for pass-through costs is in Table 7.

Table 7 Budget template for pass-through costs

Pass-through costs Project name
, Total pass-through
Activity glfuﬁiir Unit E.IJETJIE)C ost cost - estimated
(EUR)
Cooperation with medical hour  95.00 3,800.00
expert/medical writer
Translation agency .
cooperation Pag
Fee for EC approval approval
Fee for RA approval approval
Investigator's fee ]tee / valid
orm
Costs relating to the
payment of the investi- or
gator’s fee (bank charges, pa ment
exchange losses, postage pay
etc.)
QoL questionnaire licence
Medical coding i
e icence
dictionary

The division of the funding between operational and pass-through costs is shown in the
following scheme in Figure 2.

Operational costs in the first year (initial costs) are paid only once per clinical registry.
Operational costs to keep the registry running are paid every year.
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Figure 2 Budget structure

Payments to investigators are designed according to the registry structure and
the number of forms that are filled with the patient's data. Each patient has a base-
line form that contains data about the patient's history, status, current medication,
comorbidities, concomitant medication etc. Each individual patient visit
in the clinical centre is recorded in the follow-up form that contains data about
their status, medication, switch to the other medication, medication interrup-
tion etc. The fees for an investigator for filling out the baseline form and depend
on how difficult and time-consuming it is to fill out the form.

The baseline form fee is counted once per every individual patient entering
the registry (fee per baseline form x number of patients recruited by investiga-
tor). The follow-up form fee depends on the number of visits in defined period of
time (number of patients x number of follow-ups per period of time [quarterly,
semi-annually, annually]).

The setting of rules for determining the remuneration of investigators
in accordance with the fair market value process is one of the key areas of proj-
ect setup and management. The investigator or data manager who enters data into
the registry is responsible for fully completing all forms of the registry (eCRF) ac-
cording to the preset validation criteria and shall be remunerated for this service.
The remuneration provided to the investigator or data manager must be adequate
to the services provided according to the so-called fair market value (FMV). A clin-
ical registry must not serve as an incentive to prescribe or to recommend a med-
ication. The remuneration of the investigator or data manager must be adequate
to the work performed. When data are entered into the registry, the remuneration for
filling out one form or multiple forms of a patient (according to the rules set up in the reg-
istry) must correspond to the time needed to properly fill out the form while also taking
into account some other criteria.
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It is the project manager's responsibility to determine the final remuneration of
the investigator or data manager for filling out the form(s). This remuneration is
specified in the contract concluded with the centres / investigator / data manager
(for more information see the chapter Site feasibility).

The specific value corresponding to the fair market value is not given anywhere,
as it cannot be determined globally. In the case of clinical registries, FMV includes
only financial compensation for time and costs and must not promote the use
of the medicinal product or prompt any such promotion.

When determining the amount of remuneration corresponding to the FMV, the project
manager takes into account:

+ Measured time needed to fill out the form(s)
+ Average hourly wage of the investigator or data manager
+ Customary practices in a particular therapeutic area

+ Time needed to look up data in the patient's medical records (according
to the length and scope of the eCRF, this section may be consulted with
the expert guarantor of the project)

+ Place of activity and customs (e.g. country)

It is essential that the amount of the remuneration is fair, is in accordance with
the legitimate and expert knowledge and services provided by the investigator
or data manager.

The project manager consults the determined value with the sponsor or the registry
guarantor and requests the approval of the amount. The project manager documents
the FMV determination process in the registry file.

The clinical registry is a long-term project, so regular finance resources are needed for
setup at the beginning of the project with an outlook towards long-term financing. This
should be considered when the contracts with sponsors are negotiated. The most advan-
tageous option is a multi-financial approach when different financial sources are used:
grants from the government, insurance companies, pharmaceutical companies, other
industries or patient organisations (for detailed information see the chapter Funding
sources).

2.1.4 Quality management plan

The quality management plan (QMP) is conducted component of the project manage-
ment plan that describes how the organisation’s quality policies will be implemented.
It describes how the project management plans meet the quality requirements set for
the project [37].

The quality management plan describes which quality control and quality assurance ac-
tivities concerning the NIS have to be conducted. Thereby all quality relevant tasks are
defined, concrete quality objectives are described and responsibilities for single tasks are
named. Beyond this, the resources which need to be at disposal are defined accordingly
[38].
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The purpose of this plan is to:
+ Ensure that quality is planned
+ Define how quality will be managed
+ Define quality assurance activities
+ Define acceptable quality standards

Quality must always be planned into a project in order to prevent unnecessary rework,
waste, costs and time.

The QMP is a written document that describes the system in place to implement the
quality management programme. The preparation of the QMP is a multistep process
involving a number of people participating in the project.
The quality management plan should include

+ Implementation of the relevant standards

* Process documentation

* Process implementation

* Quality objectives

+ Resources identification and their verification

* Project documentation

+ Process for risk identification and risk management

+ Internal audits - plan of internal audits

+ Metrics settings, conducting measurement and evaluation of the results

+ Responsibilities

« Time plan

Quality management

The first step in quality management is to define all processes that are relevant for reg-
istry management throughout the entire life cycle of the registry. We have to manage
process settlement by the relevant rules and requirements for registry management.

In general, clinical studies have strict rules referred as GCP (Good Clinical Practice),
whereas non-interventional studies have more general rules referred as GPP (Good
Pharmacoepidemiology Practice). The first guidelines for GPP were issued by the ISPE
(International Society for Pharmacoepidemiology) in 1996. The latest revision (humber 3)
was published in June 2015.

The organisation suitable for registry management introduces standards that
ensure a high quality of provided services, final data and results.

The relevant standards for quality and security management in the field
of registries execution are
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+ ISO/IEC 9001:2015 Quality Management System (QMS) - basic internation-
al standard describing quality management. The main objectives of this stan-
dard are to enhance customer satisfaction based on the understanding
of customer needs and customer-specific requirements, risk-based thinking and
the continuous improvement of provided services.

+ ISO/IEC 27001:2013 Information Security Management System (ISMS) -
the application of this international standard ensures data confidentiality, integrity
and availability.

+ ISO/IEC 20000-1:2011 Information Technology Service Management (ITSM)
- the application of this standard ensures the quality of provided services
in the field of information technologies.

All of the above-mentioned standards, including GPP, are based on process
approach and management.

Process management

Process approach is a term that comes from the new, updated standards of ISO
9000 and the subsequent standards. It means that all steps and aspects leading
to the outputs must be identified, described and documented. Processes are managed
and controlled, and the interactions between these processes are identified and man-
aged, too.

The specification and objectives of the registry are defined in the project documentation
/ project protocol accordingly.

Process management is illustrated in the following scheme in Figure 3.

Figure 3 Schematic representation of single elements in a single process

These processes are divided into main and supported processes and are shown
in the following scheme in Figure 4.
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Supported processes

Main processes

: SW (DB)
Project management

Request for Contracts Contract oG

register management concluded

Documentation
«  Procedures Data Data
(soP) management analyses
* Project

Final Product

Registry

-

No project

Quality management
* Nonconformity and
incident
¢ Management
* Change control
¢ Audits
* Training

Figure 4 Main supported processes in registry management

All processes must be stated and documented in the internal standards (standard oper-
ating procedures) to ensure that each process will be done the same way every time by
everyone, leading to the same results. The registry operation consists of many processes
such as contractual management, database development, data management, data anal-
yses, training of employees and other involved parties, monitoring of deviations, noncon-
formity and incident management, change control etc. All sub-processes are intercon-
nected and interrelated. These interrelationships are represented in the process map.

According to ISO 9001, it is necessary to apply the PDCA cycle (or Deming cycle) of contin-
ual improvement for every process.

According to PDCA, the cycle consists of four basic parts (or phases), which are linked to
each other:

P = plan phase

During this phase, the objectives and processes necessary to deliver results
in accordance with the expected output (the target or goals) are established.

D =do phase
This phase covers the implementation of the plan, execution of the process and making

the product. The collection of data for subsequent checks, monitoring and further action
steps are also included.

C = check phase

During this phase, the results (data, information from previous phase) are checked
and compared against the expected results (targets, goals from plan phase). Part
of this phase consists of finding and identifying deviations and their sources.
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A =act

This phase covers introduction of actions that help to improve the process. Actions will
be planned, done, checked and so on.

It is clear that the PDCA cycle enables project team members to ensure that processes
are adequately resourced and managed and that opportunities for improvement are
determined and acted on.

All processes should be monitored and measured to provide objective results on the
process effectiveness and to determine if there is any place for improvement. The PDCA
cycle is illustrated in Figure 5.

Figure 5 PDCA cycle (Deming cycle) of continual improvement

It is very important that the quality management system considers both real
and potential risks. For more details, see the chapter Risk management plan.

GPP requirements

The GPP proposes the essential practices and procedures that should be
considered to help ensure the quality and integrity of pharmacoepidemiologi-
cal research and to provide adequate documentation of the research methods
and results. The GPP do not prescribe specific research methods, nor will
adherence to guidelines guarantee valid research [39].

The guidelines for GPP principles are applied to a wide range of studies
*+ Validation studies
+ Comparative effectiveness research
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+ Benefit and risks studies
« Descriptive studies
+ Post-authorisation safety studies

* The reasons for introducing GPP rules to the quality system into an organisation
which operates registries consist of the following

+ To assist researchers in adhering to good pharmacoepidemiological research prin-
ciples, including the use of pharmacoepidemiological studies for risk management
activities

+ To promote sound pharmacoepidemiological research by encouraging rigorous
data collection, analysis and reporting

+ To provide a framework for conducting and evaluating pharmacoepidemiological
studies

+ Tofacilitate the appropriate utilisation of technical resources by promoting careful
study/registry design and planning of study conduct

+ To facilitate transparency and ethical integrity in research conduct

The GPP Guidelines address six fundamental areas. These areas are displayed in Figure 6

Figure 6 Six fundamental areas according GPP guidelines
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1. Protocol development

At the beginning of each study/registry project, the protocol should be writ-
ten. During the study life cycle, the protocol is amended or updated as needed.
Some jurisdiction, such as the EU through EMA or ENCPePP, provides guidance on
the content or the format of the protocol (for detailed information see the chapter Pro-
tocol).

2. Responsibilities, personnel, facilities, resource commitment and
contractors

a. Responsibilities: The organisation(s) and individual(s) conducting and sponsoring
the research shall be fully responsible for the research. The relationship, roles and
responsibilities of the organisations and/or individuals conducting and sponsoring
the study should be described. In the case of collaboration with a CRO, a contrac-
tual arrangement has to be signed and should include the timeline for study com-
pletion and potential action to be taken if the timeline cannot be met.

b. Personnel: Personnel participating in the study should have appropriate and
verifiable education, training and experiences. The organisation should main-
tain updated training records (see the chapter Registry provider's team and roles
in managing the project)

c. Facilities - adequate facilities for conducting research and storing records should
be ensured.

d. The study sponsor should have the right to inspect the contractor’s facilities to
ensure conformance with the GPP. This possibility should be stated in the contract.

3. Study conduct

The principal investigator shall be responsible for the overall content of the
research project, including the day-to-day conduct of the study, interpretation
of the study data, and preparation and publication of the final report.

The study conduct section is divided into 4 parts:

a. Protection of human subjects: before human subjects will be included in the study,
approval by an Institutional Review Board (IRB) and Independent Ethics Committee
should be obtained. An explicit informed consent form must be signed by each hu-
man subject and personal data protection should be ensured. Investigators shall
ensure that personal identifiers will be removed from any study files that are ac-
cessible to non-study personnel in accordance with the applicable laws and regu-
lations and code keys will store the data separately (for more information see the
chapter Regulatory and ethical feasibility).

b. Data collection, management and verification: All data collected for the study
should be recorded accurately, promptly and legibly. All procedures used to ob-
tain, verify and promote data quality and integrity should be recorded in sufficient
detail so that others can replicate them. A historical file of these procedures shall
be maintained, including all revisions and the dates of such revisions. A control
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system should be established and adequate data backup should be ensured (for
complete information about the data management process see Phase 2: How to
create the registry and Phase 3: How to keep the registry alive).

¢. Analyses

+ A statistical analyses plan with the statistical procedures should be clearly de-
fined (for detailed information see the chapter Statistical analysis plan (SAP)).

+ All data management and statistical analysis programmes and packages used in
the analyses should be documented and archived.

* The analysis should be directed toward an unbiased estimation of the epidemi-
ological parameters of interest (e.g. risk or rate differences, risk or rate ratios).
The precision of the effect estimates should be quantified using confidence
intervals (for complete information about the data management process see
Phase 4: How to analyse MM data).

. Project Reports: during the project’s life cycle, interim reports can be issued (it

must be stated in the protocol). Every project has to be summarised in a final
report.

The final report should contain:

A descriptive title
Abstract
General purpose of the study (according to the protocol)

The names, titles, degrees, addresses and affiliations of the principal investigator
and all co-investigators

Name and address of each sponsor
Name and address of CRO (if applicable)

Important milestones of the project (dates for the beginning and completion the
study)

Specific aims and objectives of the study (according to the protocol)

Methodology description (selection of study subjects, data management
methods, data transformation, statistical methods) a description of circumstances
that may affect data quality or integrity

A discussion of strengths, limitations and possible bias of the study, including di-
rection and magnitude of bias, if known

A statement of the conclusions drawn from data analyses

A discussion of the project results (prior research versus present findings; possible
biases and limitations etc.

Acknowledgements

References
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4. Communication

The organisation should establish procedures under which communications
of the intent, conduct, results and interpretation of an epidemiological study will occur.
The means and scope of communication should be stated in the internal standards,
study protocol or contractual agreement (for detailed information see the chapter Staff
and communication management plan).

5. Adverse event reporting

Adverse events can occur whenever during pharmacoepidemiological study.
The sponsor should define procedures for reporting adverse events at the
time of protocol development (for detailed information see the chapter
Pharmacovigilance)

6. Archiving

Procedure archiving should be established. Secure archives must be maintained
for the orderly storage and expedient retrieval of all study-related materials. Access
to the archives shall be controlled and limited to authorised personnel only
to ensure the confidentiality of the archived information.

The length of the retention time for study-related materials depends on the na-
tional or local requirements. If not stated otherwise, the study documentation
should be archived for at least five years after the final report or the first publication
of study results.

The minimum requirements for archiving are the following:
+ Final report

+ All source data, a printed sample of the master computer data file(s) with reference
to the location of the machine-readable master

+ Documentation adequate to identify and locate all computer programmes and sta-
tistical procedures used, including version numbers where appropriate

+ Copies of electronic versions of analytic data sets and programmes, computer
printouts, if feasible, including the relevant execution code, which forms the basis
of any tables, graphs, discussions or interpretations in the final report. Any manu-
ally developed calculations shall be documented on a work sheet

+ Correspondence pertaining to the study, standard operating procedures, in-
formed consent releases, copies of all relevant representative material, copies of
the signed institutional review board and other external reviewer reports, as well
as copies of all quality assurance reports and audits. The communication of study
results to the sponsor, regulators and scientific community should be documented

+ Documentation relating to the collection and processing of study data,
including laboratory/research notebooks, training and reference documents for
abstracts, interviews and coders [39]
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2.1.5 Risk management plan

The risk management plan describes why it is essential to manage risks in order
to effectively manage the project. A risk is an uncertain event or condition that,
if it occurs, has a negative impact on the achievement of the project goal.

Risk management can be explained as a set of techniques, actions, plans and synchronised
activities designed to help assess, monitor, prevent or mitigate any risks. It is important to
carefully review the risk and find out if it is within the acceptable levels. Another key pro-
cess is to share information across departments and teams [40].

A guidance was released from the European Medicines Agency (EMA) regarding risk-
based approaches to clinical research titled “Reflection paper on risk based quality man-
agement in clinical trials”. The basic steps to risk management include the following:
identify risks, analyse risks, evaluate risks and treat and review risks. Additional steps
that are required throughout the process include the communication of risks and docu-
mentation activities [41].

Figure 7 Flowchart of the risk management process [42]

Risks accompany each component of the registry establishment and maintenance pro-
cess, from design, preparation, conduct, analysis and the use of results.

It is recommended that an extensive planning process be undertaken under the guid-
ance of experts familiar with the process of registry design and with stakeholders [43].
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The sponsor should include all stakeholders in the risk management process and define
the rules, responsibilities and accountabilities of the different stakeholders beforehand.

Risk identification is the process of finding, recognising and recording risks. Risk identi-
fication addresses the question: “What might go wrong?” Risk identification relies on the
brainstorming of stakeholders [43].

Risk analysis is "the process to comprehend the nature of risk and to determine the level
of risk". Risk analysis consists of determining the causes, the consequences and their
probabilities for identified risk events in a specific study [43].

Risk evaluation is needed to decide which risks need treatment and to prioritise for treat-
ment implementation [43]. Based on the risk evaluation, a decision is made on whether
a risk needs treatment, whether a risk needs priority in treatment, whether a treatment
activity should be undertaken and which path of treatment should be followed.

The purpose of risk treatment is to reduce the risk to an acceptable level. Once a risk
treatment is implemented, there may still be residual risks. Therefore, the risk treatment
must be assessed in order to decide whether residual risk levels are tolerable. If they are
not tolerable, a new risk treatment must be generated and its effectiveness assessed.
This is a cyclical process [43].

Selecting the most appropriate risk treatment option involves balancing the costs and
efforts of implementation against the benefits derived [43].

The review of risks is a continuous process throughout the project’s cycle. It is important
to involve the different stakeholders and experts in the selection of treatment actions
because the acceptability of each one may be different.

When the organisation already has a quality management system implemented accord-
ing to the standard ISO 9001, risk management documentation is usually integrated to
the quality management process, usually in the process of continuous improvement.

In a clinical registry setup process like in other projects, it is important to be able to iden-
tify risks. To do so, some historical information from similar projects are needed. When
planning and building up the clinical registry, we can identify the following risks:

* Technical risks

+ Safety risks

+ Costs risks

* Schedule risks

« Contractual risks

+ Human resource risks

* Quality risks
Good security is essential for legal, ethical and operational considerations. It should not
be underestimated. Security is easier to maintain on a dedicated server, but that also

requires a backup strategy and an intrusion detection system on the server itself to avoid
hackers [44].
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In order to maintain the privacy of participants enrolled in a registry and the data con-
fidentiality, security measures should be implemented. All security measures should be
contained in a document that describes in detail data security risks, policies and proce-
dures specific to that registry. Physical and technical safeguards should be incorporated
in the collection, storage, transmission of and access to data. These include data encryp-
tion, restriction of data access, data backups, methods (software) for the de-identification
of local data during potential transmission and storage etc. [43].

The Table 8 illustrates the examples of technical and security/safety risks in clinical regis-
tries and how risk management can be applied.

Table 8 Examples of technical and security risks

Technical
or security  Risks identification Risks mitigation plan
risks

EDC system is not easy and

EDC system flexible to be adjusted ac- Before searching for EDC system, it is

necessary to evaluate all requirements

setup cordmg to the client”s and for the features of the EDC system
registry needs
EDC system is not desig- To create a must-have list of conditions
ned for collection dataina  for EDC system properties in order to
EDC system : : :
health environment (i.e.to  quickly evaluate the EDC system and
robustness . .
collect a large amount of immediately rule out those systems that
data) do not meet your conditions

EDC system is not validated

and does not meet the regu- Before decision-making, it is necessary
EDC system latory requirements for data to ensure accuracy, reliability, intended
validation collection or the validation ~ performance and the appropriate valid

process is not properly do-  documentation

cumented
To close a good contract with the EDC
EDC system There is no guaranteed system provider and to ensure that the
maintenan- maintenance of the system  provider has a development plan in
ce on a regular basis place to maintain and regularly update

the system

Define all core functionalities you

Quality data EDC system does not have require from the system and make sure

manage- built-in qpallty ed't. chgcks that the provider offers all additional
ment in EDC and queries to maintain the modules or integrations that mav be
system data quality g y

needed now or in the future

EDC system does not meet  Before decision-making, it is necessary
Quality ISO standards and certifica- to audit that the provider has imple-
standard of tions, there are no rules and mented and follows ISO standards and
EDC system standard operation proce-  that standard operation procedures are
dures setup in place
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Technical
or security
risks

EDC system
setup to co-
llect perso-
nal data

EDC system
pricing mo-
del

Data securi-
ty in place

Safety data
collection

Safety data
collection

Risks identification

EDC system is not capable
of operating with personal
data (GDPR compliance)

EDC system is expensive
from the long-term perspec-
tive of the clinical registry
operation

There is no proper data
confidentiality, integrity and
availability and no security
plan to prevent hardware
failure, viruses and human
errors

There is no reporting sys-
tem for adverse events

There is no reporting sys-
tem for adverse events

Risks mitigation plan

Define all core functionalities you
require from the system and make sure
that the provider offers all additional
modules or integrations that may be
needed now or in the future

To close a good contract with an EDC
system provider and to ensure that
there is a clear and transparent pricing
model setup for looking several years
ahead, as the clinical registry is a long-
-term project

To make sure that EDC system imple-
mentation is provided properly, that
data are accessible and available only

to authorised personnel, that the data

is complete. There is spare equipment,
backups, regular reviews, antivirus upda-
tes etc.

One of the clinical registry objectives is
safety data collection. In this case equi-
pment for AE reporting must be part of
the EDC system and must be included in
the must-have list of requirements

One of the clinical registry objectives is
safety data collection. In this case equip-
ment for AE reporting must be part

of the EDC system and must be included
in the must-have list of requirements

Cost risks are risks that the project costs more than the estimated budget. Exceeding
costs can lead to a reduction in scope or quality. Cost risks can also lead to schedule risks
if the project is prolonged in order to complete the project in time. The Table 9 illustrates
examples of cost risks.

Schedule risks are risks that the project takes longer than planned. This can lead to an
increase in costs (costs risks), because longer projects always cost more and lack perfor-

mance if the projects are completed too late.

The Table 10 illustrates examples of schedule risks in clinical registries and how risk man-
agement can be applied.

Table 9 Examples of costs risks

Costs risks Risks identification
Budget is exceeded in the
Budget overrun initial phase of the pro-

registry

cess of building the clinical

Risks mitigation plan

Detailed activity and cost planning at
the beginning of the project
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Costs risks

Budget overrun

Budget overrun

Budget overrun

Budget overrun

Budget overrun

Budget overrun

Risks identification

Budget is exceeded in the
initial phase of the pro-
cess of building the clinical
registry

Budget is exceeded in the
initial phase of the pro-
cess of building the clinical
registry

Budget is exceeded in the
running phase of the clinical
registry

Budget is exceeded in the
running phase of the clinical
registry due to high internal
operational costs

Budget is exceeded in the
running phase of the clinical
registry

Budget is exceeded in the
running phase of the clinical
registry due to high variable
costs

Table 10 Examples of schedule risks

Risks mitigation plan

Appropriate communication in the
project team and good project man-
agement

Conclude good contracts with spon-
sors and vendors

Good project management and re-
porting system

Appropriate planning of people wor-
king on the project, not to overstaff
the project

Multiple and appropriate resourcing
overlooking several years, as the cli-
nical registry is a long-term project

Qualified guess of the number of pa-
tients entering the registry in the first
year and in each subsequent year. All
registry stakeholders (professional
society, sponsor etc.) must be inclu-
ded in the discussion

Schedule risks Risks identification Risks mitigation plan

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Experienced project ma-
nager who sees potential
obstacles in the project
life cycle

Schedule is planned as opti-
mistic (best case) rather than
realistic (expected case)

Schedule was based on the
use of specific team members,
but those team members were
not available at the start of the
project

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

To have backup team
members with the requi-
red skills
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Schedule risks

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and deadli-
nes are not met, the
project part or the
whole project takes
longer

Timelines and
deadlines are not met,
the project part or the
whole project takes
longer

Risks identification

A delay in one task causes
cascading delays in dependent
tasks

Inefficient team structure redu-
ces productivity, lack of team
members

Third-party task takes longer
than expected (translations,

resolving legal issues, EC/RA
project approval etc.)

Internal personnel work slower
than expected

Requirements are poorly defi-
ned from the project manager
or sponsor (misunderstan-
dings) or additional require-
ments are added

There is a chaos in communica-
tion and the handover of deli-
verables, the appropriate setup
for procedures does not exist

The budget is insufficient, lack
of money to continue, bad
budgeting

The budget is insufficient, lack
of money to continue, bad
budgeting
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Risks mitigation plan

Project needs an experi-

enced and skilful team to
be able to plan and work
efficiently

Team structure must
be defined, QMS setup
in place, backup team
members

Experienced project ma-
nager who sees potential
obstacles in the project
life cycle

Have experienced and
well-trained personnel,
efficient project manage-
ment

To have an experienced
and skilful project man-
ager to clear the requi-
rement with the sponsor
and setup rules of com-
munication within the
team

To have implemented
QMS and working in-
structions. All team mem-
bers must be well trained

Detailed activities and
cost planning at the
beginning of the project,
an experienced project
manager

Detailed activities and
cost planning at the
beginning of the project,
an experienced project
manager
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The Table 11 illustrates examples of contractual risks in clinical registries and how risk
management can be applied.

Table 11 Examples of contractual risks

Contractual risks

Budget overrun in the
initial phase of the
project

Budget overrun in the
initial phase of the
project

Schedule is not met,
the project is prolon-
ged

Bad data quality in
the clinical registry to
meet the study/regis-
try objectives

EDC system is insuffi-
cient for the clinical
registry (poor functi-
onality), EDC system
does not meet quality
standards

EDC system is insuffi-
cient for the clinical
registry (poor functi-
onality), EDC system
does not meet quality
standards

Risks identification

Contract with the sponsor
is inappropriately designed,
does not cover all activities
made within the project to
meet project objectives

Contract with the sponsor
is inappropriately desig-
ned, wrong estimation of
number of patients for
recruitment, late communi-
cation with the sponsor to
renew the contract for the
following period of time

Contract signed with the
vendor with inaccurate
conditions, definitions of
timelines and specification
of activities

Contract with the EDC
system provider does not
define the functionalities of
the system

Contract with the EDC
system provider does not
define the functionalities of
the system

Contract with the EDC
system provider does not
define the functionalities of
the system

Risks mitigation plan

Experienced project man-
agement to define the scope
of the project and specify all
project activities before the
contract is signed

Experienced project manage-
ment, proper communication
with the sponsor regarding
the long-term project

Experienced project manage-
ment, proper communication
with vendors

Experienced project manage-
ment and team members to

specify the requirements for
EDC system functionalities

Experienced project manage-
ment and team members to

specify the requirements for

EDC system functionalities

Experienced project manage-
ment and team members

to specify the requirements
for EDC system functionali-
ties

The Table 12 illustrates examples of human resources risks in clinical registries and how
risk management can be applied.
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Table 12 Examples of human resources risks

Human resources risks

The project takes longer
than planned, the pro-
ject team is not skilled

enough

The project takes lon-
ger, not enough team
members

The project takes lon-
ger, not a good envi-

ronment between the
members of the team

The project takes lon-

ger, chaos in leading the

project

Risks identification

Lack of needed personnel spe-
cialisation increases defects and
rework, personnel need extra
time to learn

Understaffed team is a risk to

project timelines, permanent em-
ployees le ave before the project

is complete

Team members do not work
together efficiently, conflicts

between team members result in

poor communication and extra
rework

Project manager with a lack of
experience to lead a project, no
procedures in place

Risks mitigation plan

To have well trained
personnel for all po-
sitions in the project
team. Backup for each
of team member

To have backup for
each member of the
project team, project
procedures setup in
place, QMS setup

Project must be led by
a strong and experien-
ced project manager,
frequent setup of
project meetings

Project must be led by
a strong and experien-
ced project manager,
project procedures
setup in place, QMS
setup

Project must be led by a
Project manager with a lack strong and experienced
of experience to lead a project, no project manager, pro-
procedures in place ject procedures setup in
place, QMS setup

The project takes lon-
ger, chaos in leading the
project

The Table 13 illustrates examples of quality risks in clinical registries and how risk man-
agement can be applied.

Table 13 Examples of quality risks

Quality resources
risks

The objectives of the
clinical registry are
not fulfilled, loss of
money or increasing
the budget to moni-
tor the sites, sche-
dule delay.

The project does not
follow the plan

Risks identification

Data in the registry is of
bad quality or is missing.

No good project man-

agement, no procedures,

no QMS setup in place
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Risks mitigation plan

Contract signed with setup condi-
tioned for investigators or sites.
Selected EDC system with reques-
ted functionalities. Validation
criteria in the registry well setup.

Experienced project management
and team members, implemen-
ted QMS with standard operation
procedures in place
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Quality resources

: Risks identification Risks mitigation plan
risks

Experienced team members, close
cooperation within the members
of the internal project team (pro-
ject management, data manage-
ment, data analysts) and sponsor
and client

Lack of definition of
The objectives of the primary and secondary
clinical registry are aims, incorrectly setup
not fulfilled eCRF structure to meet

study/registry objectives

No good project man-
agement, no procedures,
no QMS setup in place,
regulatory and legal du-
ties are not followed

Experienced project management,
knowledge of regulatory affairs
and legal duties included in the
project plan

Legal problems in the
project

Provider of the EDC sys-
tem does not have setup
procedures in place, no
implementation of ISO
for data security system.

The detailed selection of the EDC
system provider, audits, well
designed contract with the EDC
system provider

Hardware and soft-
ware incidents

2.2 Scope of the registry

The registry design, objectives, extensiveness of its structure, duration of data collection
and definition of the target population may reflect the scope of the registry and all par-
ties that are interested in the data. Besides the investigators and sponsor, it could be
healthcare providers, government, health authorities, patient organisations and other
researchers or pharmaceutical companies.

2.2.1 Purpose and goals of the registry

The mission of most registries is improving patient health by improving the quality of pa-
tient care. Monitoring and evaluating patient care are therefore often the primary goal.
This goal may be achieved in several ways. For example, clinical registries are a very use-
ful tool for EMA to gain insight into the risks of a product through real-world experience.
Clinical registries can also provide information on the appropriate use of a product, its
effectiveness, costs and the cost-effectiveness of common clinical practice. Furthermore,
clinical registries can bring essential information on patient-reported outcome measures
(PROMs) in case data that are prospectively collected. Moreover, patient registries can
provide information for public health planning [45].

The epidemiological studies of MM improve knowledge of the outcome for MM patients
treated in “real-world” practice. Pending research identifies e.g. new treatment approach-
es, treatment-related issues etc.. Some of these questions may be answered using data
from the MM registry
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2.2.2 Objectives when defining the structure of the registry

The objectives of the registry should be as accurate and simple as possible. The goal is
to obtain valid information on the objectives for all patients in different centres. There-
fore, basic objectives should be determined, which are further exactly defined by end-
points, easily evaluated during common clinical practice, measured in all centres and in
the same way.

The main objectives of the MM registry should be:

+ To monitor and to assess the quality of care and diagnostics provided to MM
patients

+ To standardise the treatment procedures for MM patients in the participating
centres

+ To evaluate the compliance of treatment procedures and long-term benefits
of therapy with national guidelines for MM

* To evaluate the PROMs

+ To provide source data for research purposes

To reach all of the above-mentioned goals of the registry, researchers and clinicians - in
close cooperation with the analysts - have to put together a set of variables to be collect-
ed and to embed them into the CRF as mandatory entries.

After everyone agrees on the main objectives, endpoints that answers the objectives
are derived. The endpoint consists exactly of a specified variable collected directly in the
registry or derived from the collected variables. Each objective is usually described by
one primary endpoint and, if needed, by one or more secondary endpoints. For example,
for the objective “to assess high quality patient care for patients with multiple myeloma”,
possible endpoints could be progression-free survival, overall survival, 10-year survival,
time to any event, best response rate, duration of response etc.

In analyses of MM data, the most important endpoints are usually closely connected with
survival analysis (see the chapter Descriptive analysis). The main endpoints obtained
from the survival analysis include: overall survival, progression-free survival, time to pro-
gression, duration of response, time to next therapy, time to treatment failure or event-
free survival (see the chapter Descriptive analysis for definitions). All of these outcomes
are usually studied within different subgroups of patients to discover the risk/protective
factors connected with shorter/longer survival (or lower/higher mortality). Other relevant
endpoints in analyses of MM data include, for example, the safety of treatment.

In addition, a MM registry also includes baseline demographic characteristics, clinical
stage and/or the World Health Organization performance status and laboratory exam-
ination results. They should reflect the occurrence of significant events that appeared
during the patient's therapy (treatment, progression, transplantation or death). The vari-
ables have to be grouped into the data required on entry into the registry and those
required during the planned follow-ups of appropriate frequency.
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The variables to be collected include, for example:

+ Demographic characteristics:

ID, date of birth, sex, initials, diagnosis, clinical centre

+ Diagnostics:

Date of diagnosis, performance status, previous history of MGUS, SMM diagno-
Sis

Laboratory examination (M-protein type, quantity etc.), Bone marrow examina-
tion, Biochemistry results, Cytogenetics results, Flow cytometry results, Medical
Imaging Modalities, Extramedullary mass, Stage

* Treatment line (1st - Xth)

Line of treatment number, Reason for the start of therapy

Before treatment: Performance status, Laboratory examination, Bone marrow
examination, Biochemistry results, Cytogenetics results, Flow cytometry results,
Medical Imaging Modalities, Extramedullary mass, Stage

Treatment: Treatment regimen, start date of treatment, Drugs overview (dos-
age, number of administrations and cycles etc.), total cumulative dosage, dose
adjustment

After treatment: Laboratory examination, Toxicity (before/after treatment)
Anticoagulant treatment, Granulocyte-colony stimulating factors
Radiotherapy

Transplantation

Treatment withdrawal (date, reason)

Response to induction treatment

Consolidation treatment

Maintenance therapy

Response after treatment line

*  Current status

Patient status (alive, deceased, lost to follow-up), date of last contact with the
patient, date of death, cause of death

MM associated amyloidosis (yes,no)

Other variables used in data analyses are derived from the collected data; for example,
age at diagnosis is counted from the date of birth and the date of diagnosis, time to pro-
gression is calculated from the start date of treatment and the date of progression etc.

When working with an enthusiastic physician board of advisors, it may happen in reality
that they believe everything about the patient should be collected, because it may be-
come important.

Yielding to this temptation may produce a registry programme that is too cumbersome
to implement and manage effectively, especially among physicians who are less re-
search-savvy than the board.
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Itis recommended to collect only data whose use is determined before starting to collect
them. Indeed, a registry is a dynamic tool for monitoring care and treatment outcomes
reflecting current guidelines and attitudes towards treatment, thus the structure of the
registry can develop. In any case, the registry should remain user-friendly.

2.2.3 Definition of target population

A more general population of patients can participate in the registry, in contrast to a
clinical trial's strict inclusion/exclusion criteria. The MM registry is observational, with all
interventions and scheduled visits performed solely at the discretion of the treating phy-
sician in accordance with their standard care. Participation in the registry is voluntary;
patients can withdraw at any time without affecting their subsequent medical care.

The MM registry should include data on all patients diagnosed with MM (eventually
MGUS). Patients are required to be aged =18 and provide written informed consent. Each
patient is to be followed up for the duration of the disease until early discontinuation
(i.e. due to death, withdrawal of consent, loss to follow-up). Current status data are to be
collected approximately every 6 months or at each change of the patient's status. In each
case, the setup of follow-ups should reflect common clinical practice.

Although it is preferable that data on all patients undergoing treatment for MM are col-
lected, analyses can also be focused on more homogeneous subgroups of patients. That
is a big advantage of a clinical registry compared to a clinical trial.

2.2.4 Duration of the registry

Longitudinal patient data collected in clinical registries on rare disease are important
for studies on the natural history of disease. Typically, the primary goal of registry pro-
grammes is to publish long-term patient outcomes, including product effectiveness, safe-
ty and eventually patient-reported outcomes. Clinical registries in general are thought of
as continual projects and the most difficult task is to keep such a registry alive.

It is highly advisable to keep motivating the clinicians and patients not only financially,
but mainly by constant reminders of the principal vision of the registry, i.e. to improve
the prognosis and treatment of MM patients. Clinicians should be getting regular and
constant feedback in the form of analytical outcomes on the current situation, which
may enable them to update and adjust the treatment strategy in their centres and can
represent a valuable source of information for their publication activity.

For patients, the registry should represent a tool for improving their chances in fighting
the disease not only for themselves, but also for the people with the same diagnosis yet
to come.

It is critical to keep reminding participants of the vision, general idea and successes won
so far, either in the form of scientific achievements (abstracts, presentations, posters,
articles, manuscripts accepted for publication in peer-reviewed journals) or informative
materials available to the patients and other registry stakeholders (newsletters). Presen-
tations of the results are also crucial for keeping the interest and flow of sponsor funding.
It is advised to take advantage of the fact that most subjects are likely to take partin the
project with a vision and clearly defined, positive goals that are regularly reinforced by
informing subjects of the current results and achievements on a regular basis.

_47_



Phase 1: What to do before start of the registry

The Czech registry RMG is an example of a long-running MM registry. Detailed informa-
tion about the purpose, goals, endpoints, target population and duration of the RMG
registry is provided in the next chapter (Goals of the CMG Registry of Monoclonal Gam-
mopathies).

2.2.5 Goals of the CMG Registry of Monoclonal
Gammopathies

The Registry of Monoclonal Gammopathies (RMG) is one of the main projects of the
Czech Myeloma Group (CMG; http://www.myeloma.cz). The registry is run by the Institute
of Biostatistics and Analyses Ltd, a spin-off company of the Masaryk University in Brno,
Czech Republic (http://www.biostatistika.cz/), hereinafter referred to as “IBA”. IBA is also
responsible for the technological solution of the registry.

RMG was established by the Czech Myeloma Group in 2007 [46]. The registry was estab-
lished in order to collect data on patients with monoclonal gammopathies in order to
monitor the disease incidence, how individual treatment modalities are used, what are
their results including adverse effects, and to monitor the patients’ survival in the long
term. Monoclonal gammopathies are a collective name for a heterogeneous group of dis-
eases that are characterised by the proliferation of one or more clones of differentiated
B cells producing a monoclonal immunoglobulin, which is sometimes referred to as the
M protein (paraprotein) [12]. The registry was originally focused on the collection of data
on two main representatives of monoclonal gammopathies: monoclonal gammopathy
of undetermined significance (MGUS) and multiple myeloma (MM). The registry was ex-
tended in 2014 when also forms for the collection of data on patients with Waldenstrom
macroglobulinaemia (WM) and primary or MM-associated AL (“amyloid light chain”)
amyloidosis were added.

Definition of RMG target population (inclusion/exclusion criteria)

The main target population of RMG are the patients with multiple myeloma. All MM pa-
tients diagnosed, treated or followed in one of the participating haematology centres
in the Czech Republic and Slovakia are included in the registry; there are no exclusion
criteria (as compared e.g. to clinical trials). Each year data of approximately 350 new MM
patients are recorded in the registry. Some centres also perform the retrospective regis-
tration of patients diagnosed prior to 2007.

The technological background of the registry

The technological background of the registry has been built on the CLADE-IS platform
(Clinical Data Warehousing Information System), which is software specifically designed
for arepeated generation of electronic data capture (EDC) systems used in research man-
agement in clinical practice and in healthcare in general. Apart from classic randomised
control trials (RCTs), CLADE-IS also supports the design and running of observational
non-interventional studies, recently also referred to as “RWD/RWE" (real-world data / re-
al-world evidence) studies [47].
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Structure and principles of data collection in the RMG

RMG is an online web-based database suitable for parametric monitoring of patients. Co-
operation of important treatment centres is key to success, because an adequate amount
of representative data needs to be collected. A total of 23 treatment centres in the Czech
Republic and in Slovakia currently contribute to the registry (Figure 8). The main Czech
centres involve University Hospital Brno, University Hospital Hradec Kralove, Universi-
ty Hospital Olomouc, University Hospital Ostrava, University Hospital Plzen, University
Hospital Kralovske Vinohrady and General University Hospital in Prague. Each centre has
access to its data at any time; summary analyses are based on data from those centres
which have agreed to provide their data for analysis. The project is open for cooperation
to all treatment centres in the Czech Republic, Slovakia and other European countries.
The project has been designed as a study with both retrospective and prospective patient
recruitment. All patients are asked to sign an informed consent approving the registra-
tion of their clinical data into the registry. All patient data are anonymised.
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Figure 8 Participating centres from the Czech Republic and Slovakia

The registry currently contains data of approximately 10,000 patients; specifically, data
on more than 6,000 patients with MM and 3,500 patients with MGUS. RMG is therefore
one of the largest and most comprehensive registries collecting data on patients with
monoclonal gammopathies in Europe. As one of the few registries is regularly monitored
similarly to clinical trials. RMG has been designed as a purely observational, research-fo-
cused and epidemiological study. Treatment with all available therapies is recorded into
the registry, thus making RMG a valuable source of data from real clinical practice. Vis-
it https://rmg.healthregistry.org to find more information on the registry itself, the list
of centres with respective numbers of diagnosed patients, registry entry for authorised
users, online visualisations of data, a form requesting data analysis, list of publications
based on data from the registry etc.
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Data are entered into the registry by data managers from individual centres. Collection
and updates of data in the registry are controlled by the registry coordinator. Apart from
these tasks, the registry coordinator arranges training of new registry users as well as
current users (aiming to inform them of new recommendations by CMG on data collec-
tion), helping users with entering data into the registry, having new user accounts created
or existing user accounts deleted, etc. A detailed online visualisation of data on MM pa-
tients from selected centres is available for representatives of individual centres as well
as for top representatives of CMG. Online visualisations provide a well-arranged view of
required information, together with interactive elements and animated effects. As part of
the RMG project, an interactive browser has been implemented over data that had been
collected via the CLADE-IS platform. With regard to the nature of published information,
the visualisation is divided into a public part and an authenticated part, revealing only
relevant information to a given user, according to his/her level of access rights. For more
information about data visualisation, see the chapter Types of outputs from the registry.

Summary to CMG Registry of Monoclonal Gammopathies

RMG represents an international database designed for the collection of data on patients
with monoclonal gammopathies. The Registry of Monoclonal Gammopathies (RMG) was
established in 2007. Data originally stored in a former database system (based on a
modified version of the TrialDB system) were converted to a new CLADE-IS system in
2017. Revision of form structure and contents was performed together with database
conversion. New validation criteria were set in order to minimise the error rate in data.
Data are recorded into the system by data managers, who are supervised by the registry
coordinator.

A basic overview of data on individual diagnoses from all Czech or Slovak centres togeth-
er is publicly available on the registry website. A detailed online visualisation of data on
MM patients from selected centres, which can be also exported to a PDF file, is available
for representatives of individual centres as well as for top representatives of CMG. Data
from RMG are utilised in the preparation of national guidelines for treatment of mono-
clonal gammopathies, serve as a basis for negotiations with the State Institute for Drug
Control (SUKL), and are also used for subsequent negotiations on reimbursements of
new drugs with healthcare payers.

2.3 Feasibility

The feasibility of the project is a detailed analysis of how successfully a project can be
completed. In the clinical registry, it is important to consider feasibility from the techni-
cal and technological, legal and regulatory, and site point of views. The project manager
makes a feasibility study to determine the potential positive and negative outcomes of a
project before investing a considerable amount of time and money into it.

2.3.1 Technical feasibility

Conventional data collection for clinical trials traditionally is focused on paper-based case
report forms (CRF) followed by double data entry into a relational database. Electronic
data capture (EDC) systems represent an intriguing alternative, which allow investigators
to enter data, to review data in real time and to implement online data validation checks,
thus assuring data quality more effectively at the point of entry. The recent trend to per-
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form clinical studies with the use of EDC systems transformed the paper-based CRF into
an electronic CRF (eCRF), bringing multiple advantages such as faster and more efficient
data entry, higher security in terms of data integrity and better care for the environment.

Besides various EDC systems and tools for the facilitation of data management, there are
also other IT solutions termed as Clinical Trial Management Systems (CTMS), which help
pharmaceutical companies and medical research institutes to manage their projects in
clinical research. CTMS are focused on the operational side of the projects by monitoring
non-clinical workflows. More precisely, the tools that CTMS offer are to visualise and to
solve operational problems such as investigator communication, site payment tracking,
patient scheduling etc. Often, CTMS provide data to a business intelligence system, which
acts as a digital dashboard for trial or project managers. Ideally, EDCs and CTMS should
be applied in an integrated manner, thus allowing all involved users and stakeholders to
achieve more success and accomplishments in the sphere [48].

2.3.2 Technical solution and requirements

There are multiple approaches to characterise EDC/CTMS systems. For instance, a re-
view by Gazali et al. [49] focuses on data formats and key features of eight various clini-
cal data management software packages, including SAS Clinical Software, Oracle Clinical
software, COGNOS 8 Business Intelligence Software and Akaza's OPENCLINICA Software.
Unfortunately, the authors of this review do not aim to set a clear boundary between
EDC and CTMS. In addition, any evaluation criteria applicable to decision-making about a
particular EDC/CTMS systems are missing as well.

The most repeated requirements and features of EDC/CTMS software include:

+ Hosted solution which refers to the easy online access of data

+ Delivery in a software as a service (SaaS) operational mode, which refers to no
need for dedicated servers

+ Role-based user permissions, which refers to secure access to data

+ eCRF design which allows the optimisation of forms for data entry and enables the
configuration of data flow and various form states

« Data entry that sets the data into the appropriate eCRF, which refers to data
integrity

* Query management that provides streamlined communication between monitors
and other involved users (investigators, clinical site managers, data managers etc.)

+ Audit trails that support validation in accordance with 21 CFR part 11 [50]

+ Data exports
Deciding on an appropriate system will be definitely influenced by the scale of a clinical
trial; the evaluation criteria must be different for low-, medium- and large-scale studies.
Electronic data capture in small-scale clinical trials is investigated in [51], where the au-

thors present five clear evaluation criteria extracted from their previous concept map of
EDC system features that facilitate translational research [29]:

+ Availability of training materials and documentation
+ Ease of designing CRFs, including automated error detection

+ Ability to create a patient visit schedule for data entry
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* Presence of site and user roles and permissions

+ Efforts taken in exporting or importing data in a standards-compliant way

The list of investigated systems is narrowed by selecting only EDC software that is:
+ Open source, free or very low-cost
+ Web-based, preventing the need to install software

+ Offering an application programming interface (API) for integration with other data
sources

The preselected list of EDC systems contains seven systems. Of these, Visitrial and Tri-
alDB are discarded as they had no recent project activity, and Caisis and LabKey do not
offer a way for the study team to create their own CRFs. The remaining three EDC sys-
tems are Catalyst Web Tools from the University of Washington Learning and Scholarly
Technologies, OpenClinica from Akaza Research and REDCap from Vanderbilt University
and the REDCap Consortium. The review concludes by deciding on REDCap, pointing out
its very clear advantage due to extensive tutorials and online training materials.

Integration with other data sources can be an issue when trying to bridge traditional
RCTs with RWD/RWE trials. For instance, population-based registries are combined with
electronic health records from the public health domain in a pa per by Kibbelaar et al.
[52], providing high-quality data for observational studies and support for the develop-
ment of best practices.

The experience from [48], [49], [51], [52] can be generalised into the following lessons
learned: more functionalities in an EDC/CTMS do not warrant a higher value for clinical
trials, whereas comprehensive documentation and tutorials delivered in non-technical
language may contribute to a higher value of these trials. Stakeholders involved in medi-
um- and large-scale clinical trials prefer to have EDC and CTMS in a single integrated web-
based solution. In any event, finding competent admins for such complex EDC/CTMS
platforms could be an issue.

2.3.3 Information security and data protection

There are two major data regulations worldwide: (i) the Health Insurance Portability and
Accountability Act (HIPAA), applicable in the United States, and (ii) the General Data Pro-
tection Regulation (GDPR), applicable in the European Union. While HIPAA is focused on
personal health information, GDPR is focused on personal data information in general.
There is no authority who can “certify” that an organisation is HIPAA-compliant, and the
same is true for HIPAA-compliant EDC/CTMS software. A similar situation can be expect-
ed regarding GDPR, which is enforceable from 25 May 2018. Anyway, all regulations in
general require performing periodic technical and non-technical evaluations to make
sure that the security policies and procedures meet the security requirements.

A formal compliance audit must be performed in case of the implementation of an or-
ganisation’s information security management system that is based on ISO/IEC 27001
(the international best practice standard for information security) and further standards
within the ISO 27k family [53]. These standards are certifiable standards and encompass
the three essential aspects of a comprehensive information security regime: people, pro-
cesses and technology.
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By implementing measures to protect information using this three-pronged approach,
the company is able to defend itself not only from technology-based risks, but also other,
more common threats, such as poorly informed staff or ineffective procedures [54].

The information security as a technical term encompasses the so-called C.I.A. triad (con-
fidentiality, integrity, and availability):

1. Availability of information
2. Its integrity (completeness and accuracy)

3. Its confidentiality

Many managers believe that confidentiality of information is the most important or even
the only aspect of information security, but it only forms a minor part of the issue.

While administrative safeguards (policies and procedures that have to be in place to en-
sure the proper employee management, training etc.) are explained in this guidebook
(see the chapter Quality assurance in pharmacoepidemiological research), the purely
technical part of the information security can be divided into physical safeguards and
technical safeguards.

Table 14 exemplifies and categorises measures implemented in an organisation dealing
with information security management. Figure 9 outlines an organisation’s IT infrastruc-
ture that hosts an EDC/CTMS system in a data centre that consists of two independent
distant server rooms.

Table 14 Physical safeguards and technical safeguards related to data security and data
safety - an example illustrating measures within an implementation of an information secu-
rity management system in an organisation that deals with personal health information

Physical safeguards Technical safeguards

The data centre encompasses two
independent distant server rooms

Physical access to the data centre

X ) o ) The network provides services
is strictly limited to authorised per-

towards cybernetic security by

sonnel analysing all network packets

Electronic ID cards in real time with the use of ma-

Non-stop camera monitoring chine and human resources
Data security Servers are placed in a separat-

Fire detectors ed subnet dedicated only for

server traffic
Temperature detectors Firewall on the subnet and ded-
Movement detectors icated firewalls on each server

Alarm/detectors inform reception
with non-stop service and system Fragmentation detectors
administrators via SMS.
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Server operating system (Linux
- Ubuntu) is updated regularly

Servers are backed up before
any system changes are carried

out

Data safet
Y High-quality servers with HW accel-

erated disc arrays

Servers equipped with a backup HTTPS trusted certificates
power supply and redundant power

supplies SSL encryption

Authenticated users (login,

_ _ password)
Both the system configuration and

the data stored are subject to a reg- Authorised users (data access
ular backup procedure. The entire Management based on roles
system including data can be re- and permissions)

stored promptly

Encrypted communication

Automatic logoff after a prede-
fined period of user inactivity

Figure 9 An exemplary IT infrastructure that hosts an EDC/CTMS system (web server, SQL
server) in data centre that consists of two independent distant server rooms

2.3.4 Legal feasibility

Serious ethical concerns have led to the creation of legal requirements for using health
information for research purposes. The creation and use of a clinical registry for research
purposes constitute “research involving human subjects”. Legal requirements exist at
the regional, national and European level, but are not always the same. Many clinical
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registries have difficulties in consolidating this information and fulfilling the various ob-
ligations. The ethical principle of respect for persons supports the practice of obtaining
individuals' consent to the use of their health information for research purposes. Indi-
viduals (including children and their parents) should be informed with respect to the
type of the research that will or might be carried out, the arrangements for access to or
the sharing of stored information and the duration of storage (for more see the chapter
Informed consent) [44].

2.3.5 Data privacy and confidentiality

Two primary issues for participants often override all others: “How do you maintain pa-
tient confidentiality?” and “Who owns the data?”

Patient data, and data on cancer patients in particular, are highly confidential. An im-
proper disclosure of these data could result in emotional, psychological and financial
harm to patients and their families.

Here is the answer to the first question: it is crucial to ensure patients' privacy, in partic-
ular for patient identifiers. This includes the anonymisation or pseudonymisation of data
to ensure that information entered into the registry cannot lead to an individual patient
identification by third parties. We have to realise that in case of the need for follow-ups
(updating of the records) or combining different sources of data, anonymisation may
hamper these specific registry functionalities [45]. Pseudonymisation involves replacing
identifying items by artificial identifiers or pseudonyms (personal ID number) at the mo-
ment of entering patient and its data into the registry. Using personal ID numbers allows
the registry data to be shared while confidentiality is ensured. The key for re-identifying a
patient for the purpose of follow-ups or additional queries is only at the site of the treat-
ing centre that the patient belongs to [33][55].

If the data collection is undertaken by a group from a different country, regulations from
both the country of origin of the data and of the country where the data is stored should
be respected in order to maximise the protection of the participating patients. Further-
more, in case of indirect identifiability in the registry, there is a threat of re-identifying
the person suffering from a rare disease and living in a defined place. Such a person can
be easily identified as being the only one. In this situation it could be helpful to revise the
data set in the CRF to try to prevent such a combination of data leading to threating the
patient's data privacy. In addition, we also recommend consulting the above-mentioned
situation with the appropriate national authorities in charge of data protection to ensure
compliance with the requested standards. Another issue is whether existing databases
can be used for secondary analyses, i.e. a use not originally planned when the data were
collected without a specific informed consent. Ideally, researchers would inform each
subject in the study and obtain his/her informed consent. This is hardly feasible when
using linked records, especially if the data were collected years back in the past and the
number of subjects is large. As a result, the requirement for individual consent would
preclude the conduct of many important epidemiological studies. Moreover, this type of
study imposes no medical risk to the patients. In contrast, in these studies, contacting an
individual for consent would compromise patient confidentiality, since obtaining consent
would require access to their name, address or telephone number.

For research studies based on linked data, investigators and other researchers generally
have no interest in the patients’ identities. However, they must have assurance that the
records of the same person can be joined, and the assurance that those records are
protected at the source with suitable safeguards. For such secondary data analyses, the

_55_



Phase 1: What to do before start of the registry

Steering Committee of the registry should review the importance of the research and the
adequacy of privacy protections, and determine whether a secondary analysis without
specific informed consent is appropriate [34].

General principles of confidentiality and data privacy in a registry:

* The informed consent must be acquired prior to the entering of patient data in a
registry.

+ We recommend providing evidence that the de-identified data of a patient in the
registry are accessible according to their ID number only for the treating physician
of the patient.

+ No disadvantage, harm or distress may be caused to the patient by any release of
data in any way.

+ Appropriate safeguards must be in place to preserve the confidentiality of the in-
formation in the registry.

* Reports or analytical outcomes from the registry may not contain information that
might destroy the anonymity of either a patient or a physician.

+ The registry represented by the Steering Committee has a duty to maximise the
use of information in its possession to the benefit of all patients.

+ The personnel of the registry must be trained in the field of data protection, patient
privacy and confidentiality set in the registry and they have to comply to them.

+ Data in the registry must be protected by passwords and encoding.

+ Data in the registry have to be stored securely on dedicated servers with limited
access by authorised registry personnel only (for more information see the chap-
ter Information security and data protection). The rules of data protection must
also be set up for data transfer (e.g. sharing the data with international database/
registry).

+ Physical security: every written document needed for archival purposes must be
scanned and saved on the dedicated server with authorised access and the paper
version of these documents must be held within a locked storage cabinet with
limited and defined access; the room with access to the registry is obligated to be
under electronic alarm control.

«  Communication: all requests for the data from the registry should be referred to
the Steering Committee, and reports or analytical outcomes from the registry may
not contain information which would destroy the anonymity of either a patient or
a physician.

2.3.6 Data ownership and data access

There may be a couple of answers to the second question of “Who owns the data?” (see
also Data privacy and confidentiality).

Various parties, such as healthcare providers, patient advocacy organisations or national
law officials, often dictate the answers to this question according to their own interests
and interpretations. Sometimes the healthcare providers feel a proprietary ownership of
the data because of the work they have done to acquire the data about the state of pa-
tient health. In addition, they often have concerns that they may be violating the patients’
privacy rights by relinquishing control of the data to a third party of registry.
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The most widespread opinion is that data belongs to individuals in the patient commu-
nity. There is no doubt that the patient definitely has the right to this information and
can provide this information directly to the registry or allow his/her treating physician to
enter his/her data to the registry after acquiring the patient's informed consent. The use
of patient data in a national registry is justified because it benefits the entire community
of patients, including the individual. When patients understand this principle (principle of
beneficence), they provide their consent and can strongly support the application of their
data, especially if they know that their data can be made anonymous and that the analyt-
ical outcomes will be done on an aggregated data set. We can also consider the registry
providers’ request for patient consent as the representation of the respect for persons,
which is one of the most important ethical principles in medical science [55].

The Steering Committee (for detailed information see the chapter Professional society)
has input on the strategic direction of the registry, acts as a data access committee and
ensures that the registry acts in the best interest of the patients and meets the registry
objectives. If there is a request from participating centres or even from outside the regis-
try on either the data themselves or on an analytical outcome (secondary data use), the
procedure for registry data release should consider the following steps: In case of data
analysis, the request should state a clearly detailed description of the analytical hypothe-
sis, the data items to be used in the analysis and the outputs needed.

+ In case of data request, the subset of the data required has to be defined.

* Therequest must be in a written form, delivered by email, post or fax addressed to
the project manager of the registry.

+ Avague, non-specified request will be rejected and returned.

* The project manager is obligated to acquire the agreement with sharing the data
from all centres participating in the registry (by voting) if there is a requirement to
use either overall data from the registry or from particular centres of interest; after
voting, the project manager will contact the Steering Committee of the registry and
ask them to approve the request with respect to the results of the centres’ votes.

+ Allmembers of the Steering Committee are obligated to issue their statement with-
in the time frame specified in the operating instructions of the registry concerning
data access; it may be useful to adjust the rules on how to proceed if there is dis-
agreement on whether or not data should be provided (full consensus or majority
consensus specified by the ratio of voting members).

+ The final decision of the Steering Committee must be recorded in a written form
with all comments and objections, and it must clearly state whether the request
was accepted or not.

+ Approval of the analysis by the Steering Committee is required before providing
this outcome to the requester.

2.3.7 Personal data protection (GDPR)

In registry projects, the personal data and special categories of personal data of the
patients are collected and processed.

These data can be anonymised (meaning there is no possibility to identify a specific data
subject) or usually pseudonymised (personal data can be attributed to a specific subject
with the use of additional information).

In case that data are only pseudonymised, the data have to be processed in compli-
ance with the Regulation (EU) 2016/679 of the European Parliament and of the Council of
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27 April 2016 on the protection of natural persons with regard to the processing of per-
sonal data and on the free movement of such data, and repealing Directive 95/46/EC
(General Data Protection Regulation - hereinafter referred to as the “GDPR").

The effective date of the regulation was 25 May 2018. Each organisation processing per-
sonal data should implement appropriate and sufficient processes for personal data pro-
cessing into its quality system to ensure data confidentiality, availability and integrity.

Basic dictionary relevant to GDPR

Personal data - any information relating to an identified or identifiable person (data sub-
ject); an identifiable natural person is one who can be identified, directly or indirectly
(identifier can be a name, an identification number, location data, an online identifier
etc.) [56].

Special categories of personal data - data revealing racial or ethnic origin, political opin-
ions, religious or philosophical beliefs or trade union membership, genetic data, biomet-
ric data for the purpose of uniquely identifying a natural person, data concerning health
or data concerning a natural person’s sex life or sexual orientation [56].

Processing - means any operation or set of operations which are performed on personal
data or on sets of personal data, whether or not by automated means (processing is col-
lection, recording, storage, disclosure etc.) [56].

Consent of the data subject - means any freely given, specific, informed and unambig-
uous indication of the data subjects wishes by which he or she, by a statement or by a
clear affirmative action, signifies agreement to the processing of personal data relating
to him or her [56].

Controller - means the natural or legal person, public authority, agency or other body
which, alone or jointly with others, determines the purposes and means of the process-
ing of personal data [56].

Processor - means a natural or legal person, public authority, agency or other body which
processes personal data on behalf of the controller [56].

The basic rules for Personal data processing are the following:

1. Legality - meaning the processing is lawful only in case there exists a legal basis for
processing

a. The data subject has given consent for the processing of his/her personal data
b. The processing is necessary for compliance with the legal obligation
¢. The processing is necessary for the performance of a contract

d. The processing on the base of the legitimate interest pursued by the controller
or by a third party

e. The processing of personal data for the protection of vital interests of the data
subject

Note: the special categories of personal data in the registry project can be pro-
cessed only on the basis of explicit consent with this processing, which was given
by the data subject for this purpose.

_58_



Phase 1: What to do before start of the registry

2.

Purpose limitation - personal data can be collected only for the stated specified,
explicit and legitimate purposes and not further processed in a manner that is in-
compatible with those purposes

Minimisation of processed data - the processed personal data are adequate, rele-
vant and limited for the specified purpose and for the necessary long-term period

Accuracy - personal data have to be accurate, and if needed, updated. Accuracy is
ensured by regular verification

Transparency - the data subject must be informed or notified about the processing
of his/her personal data by responsible controller

Confidentiality and integrity - confidentiality means the personal data are accessi-
ble only to the authorised person (access is managed); integrity means the assur-
ance of the accuracy and consistency of data

Responsibility - the organisation is responsible for the personal data and is able to
demonstrate compliance with GDPR

Implementation of the GDPR in the organisation

The basic principles of GDPR data integrity, data confidentiality and data availability are
the same with ISO 27001. It is therefore possible to say the implementation of ISO 27001
requirements ensures data security and at the same time compliance with GDPR.

The GDPR have some extra requirements that must be implemented to this system.

The implementation of GDPR consists of the following steps:

1.

Mapping of personal data processing. The organisation should identify all pro-
cessed personal data, define their classification, purpose for processing, legality,
preventive technical and organisational actions, processing period and methods of
processing.

|dentification of resources for personal data processing (SW, HW, employees, facil-
ities...)

Note: Secured personal data as resources are marked in the information security
management system as protected assets.

An internal standard for personal data processing should be written, implemented
and trained to ensure the data will be processed in the safest way. The internal
standard should describe how the data subject can apply her/his rights. The sub-
ject rights are the following:

Right of access

o o

Right to rectification

Right to erasure (right to be forgotten)
Right to the restriction of processing
Right to data portability

Right to object

-~ o o N
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4. The organisation should execute risk analyses and evaluate the risks with an im-
pact on the data subject. In case that the processing of personal data proves a high
risk to the rights and freedoms of natural persons, the processor shall implement
appropriate technical and organisational measures to ensure that this risk is de-
creased. The implementation of preventive actions depends on their technical and
financial severity. If there is a very high risk to the rights and freedoms of natural
persons and it is not possible to implement a preventive action, it is necessary to
communicate the processing with the relevant supervisory authority.

5. The organisation/controller shall designate a data protection officer (DPO). The or-
ganisation operating the registries fulfils one of the GDPR conditions to designate
a DPO. This condition ensures the core activities of the controller or the processor,
consisting of processing on a large scale of special categories of data [56].

2.3.8 Regulatory and ethical feasibility

The use of health information on patients for research purposes is subject to strict ethical
rules at both national and international level. These rules may vary significantly. Because
a clinical registry collects sensitive health data about patients participating in the study, it
is necessary to ensure the safety and security of collected data, considering compliance
with the local laws and regulations. It is often advisable to consult the relevant local or
multicentre ethics committee and regulatory body. These legislative requirements can
significantly influence the choice of collected parameters and the subsequent use of col-
lected data for secondary data use for research purposes. The description of data collec-
tion in the registry and the nature of data, including other project information, is avail-
able in the protocol of a given registry (for more information see the chapter Protocol).

Project approval procedures resulting in a clinical registry may be required by more than
one managing authority; for example, when participants are recruited from multiple lo-
cations or the registry is intended to collect the data from more countries with different
legislative rules. Therefore, it is important to consult the requirements of the local gov-
erning bodies prior to the start of the project. Data collection can only start after all nec-
essary approvals are in place. When data are collected for research purposes, an ethics
review committee will oversee the process and will be required to assess and to ensure
that the benefits of the goals of the research outweigh the risks of participation [57].

If data collection is undertaken by a group from a different country, regulations valid in
both the country of origin of the data and in the country where these data are stored
should be respected in order to maximise the protection of the rights of the investigated
group of patients [57].

Atool for ethical access to registry participants is obtaining an informed consent from in-
dividual patients before their entry into the registry to use their health data for research
purposes.

2.3.9 Informed consent

Informed consent and data protection apply to all registries where individual patient
data are collected and stored.

According to GDPR, data collected in a registry belong to a special category of personal
data and can only be processed on the basis of an explicit patient consent (for more in-
formation see the chapter Personal data protection (GDPR))
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The informed consent should be obtained from the patient in a written form. The pa-
tient's informed consent to provide his/her to the clinical registry must contain several
particularities as stipulated by the legislation. The following is a list of the most important
ones:

+ Registry purpose and objectives

+ Information that the registry will only collect data from common clinical practice.
There is no intervention during the treatment

* The nature of data (anonymous / pseudonymous / personal) as well as the possibil-
ity and ways of identification in case of anonymised or pseudonymous data

* Who is the controller and who is the processor of personal data in case that the
registry will collect personal data; the administrator determines the purposes and
means of such data processing

+ Information about data safety and security

+ Reference to the legislation governing the handling of personal data
+ Form and method for the publication of collected data

+ Patient’s name and date of birth

+ List of patient data that will be collected in the registry

* The period of time for which the informed consent is given

* The purpose for which the informed consent is given

+ Statement that the patient has been properly instructed

+ Statement that the patient is aware that his/her participation in the registry is free
of charge

+ Information that the patient may withdraw his/her informed consent at any time
by his/her own will and without giving any reason

Other important information concerning the patient's right in relation to the informed
consent are:

* The right to ask the controller to provide information about personal data pro-
cessed in relation to the patient, the purpose, timing and nature of personal data
processing and the recipients of personal data

+ The right to ask the controller to provide a copy of the processed personal data

+ Theright to request an explanation from the controller, if necessary, to temporari-
ly stop the processing and to remove the defective condition if the patient finds or
believes that the processing of his/her personal data is contrary to the protection
of the his/her private and personal life or in conflict with the legislation

+ The right to ask the controller to delete the patient's data

+ The right to obtain from the controller personal data relating to the patient in a
structured, commonly used and machine-readable format and the right to pass
this information to another controller without hindrance

+ Theright to contact the Office for Personal Data Protection in case of threats to the
patient's personal data with a request for remedial measures

The patient should provide his/her informed consent freely, without pressure or persua-
sion, and based on information provided by trained personnel. If the patient removes
his/her consent, his/her data can no longer be used [57].
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Registry participants under the age of 18 cannot sign an informed consent by themselves.
The informed consent shall be signed by his/her legal guardian or parent. After the age of
18, a new informed consent from the patient should be obtained for their continuation in
the registry. The patient has to sign the informed consent before their participation in the
registry at the time of recruitment. The informed consent should be regularly reviewed
and updated according to the legislative changes applicable to the personal data protec-
tion and data safety and security. Consent obtained from patients should be clear about
data sharing and access for stakeholders other than the registry holders, with appropri-
ate consent in place for levels of data sharing; for example, aggregated anonymised data
versus individual patient data [58].

If there is an intention to merge data from one registry to another registry, this should
also be included in the informed consent.

If legislative conditions regarding data privacy protection changes or if there are any
other changes which influence the text of the informed consent form, this requires ob-
taining re-consent from the patient. The new (updated) informed consent form must be
approved by the ethics committee before its use.

2.3.10 Site feasibility

Determining site feasibility is one of the first steps in planning a clinical registry. The iden-
tification of suitable centres and physicians is a complex process managed by the team
consisting of the sponsor, guarantor of the registry, professional society and contract
research organisation providing services for the sponsor.

2.3.11 Site recruitment and selection

The process of site recruitment and selection and number of sites participating in the
registry are described in the protocol, which is presented to the centres during the site
recruitment procedure. The protocol also contains other key information such as the
registry purpose and objectives, research aims, data safety and confidentiality, data and
results sharing, conditions of data use and publication, motivation for patient recruit-
ment etc. (for more information see the chapter Protocol).

It is important to consider the number of sites needed to recruit and to retain enough
patients in order to achieve a reasonably informative number of person-years for analy-
sis. Many factors are involved in estimating the number of sites needed for a given study,
including the number of eligible patients seen in a given practice during the relevant time
period, the desired representativeness of sites with regard to geography, practice size or
other features, and the time frame within which study results are required, which may
also limit the time frame for patient recruitment [33].

Site selection also should reflect the target population. The purpose of a registry is to
provide information or to describe events, and often to generate hypotheses about a
specific target patient population to whom study results are meant to apply. In case of
selecting sites with different treatment patterns (e.g. complex centres) than unselected
sites, the results cannot be generalised to the entire population, but only to patients
treated in those types of centres.
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The usual methods for site recruitment can be:
+ Invitation letter which describes the purpose and objectives of the registry
+ Recommendation made by the professional society or the guarantor of the registry
*+ Interest of physicians from the centre
Among the most frequent motivation factors for a centre’s participation in the registry,
the following ones are notable:
+ Interesting scientific objectives of the registry with research potential
+ Obtaining data and analytical results about the centre’s performance
+ Offered remuneration
The main rights and requirements of the participating centres are defined in the contract

between the centre and either the sponsor or the contract research organisation as a
registry coordinator. The contract should specify:

+ Confidentiality of the collected data in the centre
+ Policies regarding the ethics committee approvals and the informed consent form
+ Voting rules about data sharing and reporting

+ Rights of the centre regarding self-assessment data and the quality of care (analy-
sis based on the data provided by the centre)

+ Remuneration for the data entry into the registry based on the fair market value
rules (for detailed information see the chapter Cost management plan)

+ Service for the centre from the sponsor or from the contract research organisation
(helpdesk, training, providing the centre with enrolment reports, data analysis for
the centre for research purposes, presentations at conferences, publications)

The contract research organisation usually helps centres and investigators solve their
problems by providing a helpdesk service.

Recent news from the registry are presented at the registry website, along with other
information about the registries such as its objectives, participating centres, publications,
EDC system used etc.

2.3.12 Identification of physician (centre lead)

The centre lead is the main person responsible in a given centre for data entry and data
quality. The centre lead is selected either by the centre management, by the professional
society or by the guarantor of the registry. It is very often the same physician who has
initiated the centre’s participation in the registry.

Among the most frequent motivation factors for a physician’s participation in the regis-
try, the following ones are notable:

+ Interesting scientific objectives of the registry

+ Research interest and publication potential

+  Well-respected guarantor in the professional society

+ Offered remuneration
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2.3.13 Recruitment of patients

Patients’ participation in most clinical registries is usually voluntary. That is why it can be
quite a challenge for the physician to recruit eligible patients. The main motivation for
participating in a clinical registry can be the patients’ desire to help other patients or to
help himself/herself to achieve better treatment results and to have a better communi-
cation with the treating physician.

Focusing on the patient population and recruitment strategy is key to success. Inclusive
and exclusive criteria for patient selection in the registry are broad and could be practi-
cally only limited to diagnosis, age or treatment. Very often, all patients are enrolled in
the registry and no selection is made; when using this approach, the results are expected
to reflect real patterns of practice and not to describe a pre-selected group, which always
hides risk selection bias. Some registries can collect data specific to treatment of selected
individuals, such as the registries on targeted biological therapies, which can only involve
patients with a specific diagnosis and treated with a defined therapy. Participation in
some clinical registries can be limited by age; for example, only patients over 18 years
old can be involved.

These broad inclusion and exclusion criteria exist because the clinical registries are
non-interventional studies in their design and a patient's entry into the registry does not
influence his/her treatment.

The target population is specified in the protocol (for detailed information see the Defini-
tion of target population and Protocol).

Regarding the registry design, registries are often designed as prospective studies. Some
registries can be retrospective-prospective, when additional data about patients’ history
and previous treatment are collected.

Registries are long-term projects; recruitment of patients is therefore continuous and is
not limited by time.

The recruitment and retention of patients as registry participants, and of providers as
registry sites, are essential elements in the design and operation of a registry as well
as in the success of a registry [33]. Registries are often intended to be representative
of a certain population of patients and reflective of the practices of certain providers
and geographic areas [33]. The easier the recruitment to the clinical registry that collects
anonymous data is, the better the patient's privacy is ensured. This data can be either
anonymised or pseudonymised and therefore cannot be traced to identify an individual
patient. Regarding pseudonymised data, only the treating physician of the patient can
trace the patient and re-identify him or her.

Methods of patient recruitment:

+ By the treating physician of the patient (the most common method)

+ By the activity of a patient organisation
The physician who enrols the patients into the registry provides the patients with all the
information about the purpose and objectives of the registry and instructs them about

their rights. The patient is asked to carefully read the informed consent form and to sign
it (for detailed information see the chapter Informed consent).
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It is good to set up reports that are distributed to all centres participating in the clinical
registry. These enrolment reports may be distributed on a monthly basis, providing up-
dated information about the number of recruited patients in each centre, the number of
follow-ups etc.

Patient recruitment can be supported by newsletters by which the centres are informed
about news, rules of filling patients’ forms in the registry, notification of filling errors and
recommendations etc.

2.4 Stakeholders and experts of the registry

The role of the contract research organisation and its internal project team is to ensure
that the key stakeholders are on the board and to make them familiar with the principles
demanded for developing and operating the registry. This working group should include
the representation of all key stakeholders that are expected to utilise, benefit or influ-
ence the progress of the registry. This is a critical step, as the clear understanding of the
needs and uses of the data will directly affect the success of the registry [59].

The main stakeholders are:

+ Professional society

+ Clinicians

* Molecular testing experts, laboratory experts, researchers

+ Contract research organisation (CRO)

+ Patient organisations and representatives

+ Pharmaceutical industry representatives

+ Regulatory authorities, healthcare providers, healthcare payers
Pharmaceutical companies often get a conditional market authorisation for their prod-
uct that orders them to conduct a post-marketing surveillance about the safety or ef-
fectiveness of its new product. Another reason could be the interest of manufacturers

in accessing data on the natural history of the disease for which they have a product in
development. The registry could be also a source of volunteers for clinical trials.

Patient organisations may consider gathering of data about the studied disease as piv-
otal for a better understanding of their disease and a better prognosis for patients to be
diagnosed in future.

A very important step in starting up the registry is a kick-off meeting of this working
group as we mentioned in the chapter Staff and communication management plan. How-
ever, such a broad advisory board can lead to difficulties in the daily management of the
registry. Therefore, a flexible governing body of the registry should be established in
order to resolve various issues that might occur in everyday practice.

2.4.1 Professional society

A professional society, comprised of the top representative clinicians and researchers, is
very often the initiator of a clinical registry and acts as an expert guarantor of the registry.
Professional societies need the data for evaluating the recommended national treatment

guidelines that they are responsible for, as well as for assessing the new trends in diag-
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nosis and possible methods for new interventions that can lead to changes in the patient
prognosis. A further goal could be to coordinate the level of treatment care across all
centres in a given country. Data about the effectiveness of high-cost therapy might be
crucial for negotiation with healthcare payers.

Each registry should have a clearly outlined governance structure that will define the
management of the registry, oversight roles and responsibilities. As we mentioned in the
chapter Project management plan, the project manager could be a registry coordinator,
but the subordinate role of the project manager is generally determined by the govern-
ing body of the registry, the so-called Steering committee. The Committee is composed
chiefly of members of the professional society, CRO (project manager) and possibly rep-
resentatives of the patient organisation. The Steering Committee should meet on a regu-
lar basis, either by conference call or in person. Meetings are more frequent in the early
stages of the registry formation, focusing on achieving a consensus about the registry's
design and goals.

In summary, the Steering Committee should cover the following tasks in the registry:
+ Governance of the registry
+ Data access and use by researchers
+ Database content and research objectives
+ Data ownership
+ Sharing the data with other sources
+ Alignment of interests (which might possibly be conflicting)
+ Funding the registry
+ Recognising legal and other obligations towards stakeholders
+ Recognising risks and managing difficulties
+ Cooperation with the broader audience or other stakeholders of the registry

The committee can delegate some of these tasks to the CRO, e.g. funding, legal and ethi-
cal obligations, communication with stakeholders, training of centres, data analyses and
reporting.

2.4.2 Clinicians (centres)

Clinicians are integral to the registry and should be involved, informed and empowered
where possible. They are the main contributors to the registry and they can benefit from
the registry by a better care provided to their patients. The proposal of participating cen-
tres is a critical point of the initiation process. The subsequent phase involves addressing
the proposed centres’ representatives with an initial explanation of the idea and goals of
the registry, stating the advantages of involving their centre, explaining what are the ob-
ligations and workload extent of the centre after becoming part of the registry and how
the feedback will be maintained. Another very important point of the initiation phase, fol-
lowing recruitment, is the meeting with all representatives of all candidate centres with
the advisory board member, where the overall organisation of the registry and suggest-
ed CRF will be presented and discussed so that the centres know that they are respected
partners and that they would play an integral role in the system. The CRF and other
duties must be put together concisely, shortly and in a way easy to understand so that
the clinicians, already being overwhelmed by their everyday clinical duties, will not be fur-
ther burdened by demanding data entries which would inevitably devolve into a loss of
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motivation and compromised data quality. An important role in maintaining motivation
is played by regular meetings of the participating centres, which involve information and
updates on recent activities and results, setting new challenges with time frames and a
clear distribution of tasks. Any member of the team is thus well informed of milestones
and outcomes with a strong sense of being part of a successful team.

The time and effort spent with entering data into the registry must be fairly rewarded.
The reward should correspond to fair market values set for a particular registry.

2.4.3 CRO - provider/academic institution

As we mentioned in the chapter Professional society, the advisory board of the registry
might delegate some critical steps and tasks in the initiation of a registry to a contract
research organisation (CRO). CROs have thorough experience with organising and man-
aging interventional and/or non-interventional studies and are the most suitable candi-
dates for providing some of the activities mentioned in the chapter Professional society.

The main responsibilities of CRO in the registry involve:
+ Coordination of the registry initiation
+ Preparation of CRF in cooperation with the registry stakeholders
+ Protocol development
+ Centres recruitment and training
* Providing an Electronic Data Capture (EDC) system
+ Arranging ethical and regulatory requirements (e.g. informed consent approval)
+ Coordination of running the registry
+ Reporting, data management, data quality control
* Analytical outcomes, interim analyses
+ Pharmacovigilance

+ Organising advisory board meetings, cooperation with the Steering Committee
is a critical connecting factor of the registry

+ Contract management with sponsor (funding) and participating centres (remu-
neration of investigators in the centre)

There are other activities concerning the termination of a registry, but this topic is not
relevant for registries such as the RMG registry, i.e. registries that are regarded as tools
for continual data collection. The CRO can be also included in organising collaboration
among another MM registries or international haematological registries.

2.4.4 Funding sources

Registries enable healthcare providers, researchers but also regulators and sponsors to
observe clinical responses in real time in a broader patient population and geographical
region. Clinical trials conducted for a narrow sample of the target patient group with
strict inclusion and exclusion criteria are not able to provide information on e.g. the
proper use of a product (new medicine, device, diagnostic product) or expectations of
treatment response in “real-world” practice. The answers to these questions are con-
cealed in real-world studies including clinical registries. This information is crucial for
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pharmaceutical companies in successful product launch and long-term product growth,
but also for global regulatory authorities as a means to monitor the safety of a medicinal
product after approval. Reimbursement agencies will be interested in how the clinical
outcomes (effectiveness and safety outcomes) of patients treated with a new product
compare with the outcomes of patients still receiving the current standard of care. In this
case, collecting appropriate data as well as patient-reported outcomes may provide the
information needed to demonstrate the value of the new product in the target patient
population. The increasing value of these post-marketing data significantly reinforces the
potential and importance of the registries for all of the above-mentioned subjects and
pharmaceutical, biotechnological and diagnostics companies are often willing to support
such registry programmes.

Another issue is the fact that in an existing clinical registry, clinical data represent treat-
ment results from a range of products available to physicians for treating their patients.
Data from the registry can provide evidence about the actual position of a new drug on
the market. Furthermore, registry data related to a new product can assure the sponsor
of the proper use of the product in real practice. In addition, over time, registry data can
suggest some more off-label use of the product or changes in the recommended dosage
performed/tested because of specific patients’ needs.

One of the determining elements in the establishment of a new registry is how to raise
funds not only for starting a new registry, but also for maintaining a longitudinal collec-
tion of patient data into the registry. The amount of expected costs is defined by the
scope of the registry in terms of the number of participating centres, number of patients,
extent of eCRF depending on the scope of data collected, complexity and frequency of
required outcomes (reports, analyses), geographical location etc.

There are many potential funding sources for registries, and funding models may vary
significantly. Potential sources of registry funding include:

+ Government: state regulatory authorities, health plan providers (Ministry of Health,
regional health agency and reimbursement agency) may be interested in a registry
to determine the long-term outcomes of medicines, devices or procedures and
to gain a powerful tool for providing evidence for health coverage and healthcare
decisions.

+ Patient advocacy group: a patient organisation may also be willing to support rare
disease registries.

* Pharmaceutical/product manufacturers, who are often interested in: studying the
natural history of the disease for which they have a new product; monitoring the
effectiveness and safety of their new approved products in real life; data mining in
the registry in terms of new information or consequences for improving the qual-
ity of care of treated patients or for their own research and developing intentions.
Also, worth mentioning as a source of funding is secondary data usage for third
parties that could not be regular sponsors of the registry.

+ Professional societies and public/private science foundation organisations: health-
care professional associations are directly participating and partnering in the es-
tablishment of new registries, setting up their goals and evaluating outcomes.
Granting is one of the most important forms of registry funding.

Funding needs should also be examined in terms of the projected life of the registry and/
or its long-term sustainability. Registries, when designed effectively and integrated with
a sponsor’'s market research activities, can provide a steady stream of new information
welcomed and desired for communication between physicians and other healthcare pro-
viders, researchers, private and public payers and regulatory authorities [43] [33].
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2.5 Registry provider's team and roles to manage
the project

Building up and keeping the registry alive are very complex processes. Prior to the start of
any registry, a team that will keep the registry ongoing has to be set-up. Each team mem-
ber has his/her single role, which is irreplaceable and needs special knowledge and skills.

2.5.1 Project manager

The project manager is responsible for planning and managing the process
and system setup for the clinical registry.
The project manager's responsibilities include:

+ Preparing and maintaining updated all project-related documentation such as the
protocol, reports, protocol revision in case of changes etc.

+ Negotiating with the sponsor and centres regarding contracts

+ Coordinating and monitoring the activities of all members of the project team (data
manager, analyst, medical expert, etc.) to ensure compliance with the protocol and
overall clinical objectives

+ Providing service to the sponsor personnel, professional society and centres par-
ticipating in the registry

+ Training investigators on the protocol and eCRF and instructing investigators in
informed consent procedures and documentation procedures

+ Maintaining budgets and timelines
+ Maintaining the regulatory and legislative compliance of the project

+ Being aware of all communication in the project - as the primary contact for the
client, the project manager maintains an updated contact list

+ Ensuring communication within the project team
+ Organising internal and external meetings and trainings, providing minutes

* Preparing or validating all project documents (data management documentation,
quality management system documentation, eCRF, ...)

+ Preparing for and participating in quality assurance audits conducted by study
sponsors, regulatory agencies or other review groups

+ Reviewing scientific literature, attending conferences and seminars

2.5.2 Data manager

The data manager is one of the key members of a clinical project team. He/she is respon-
sible for all of the actions related mainly to database construction and data validation.
Critical responsibilities of a data manager include:

+ Proposing the structure of the CRF with concrete parameters, forms and visits
+ Suggesting database structure and validation rules corresponding to the project’s
design and available documentation (study protocol, data management plan etc.)
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+ Setting up the registry database including all relevant validation checks in order to
ensure smooth data entry and data validation process

+ Looking after the registry database during the data entry process

+ Updating the database according to the needs determined during the project du-
ration

+ Exporting and reporting data from the database according to the project setup
rules

+ Locking the database

The data manager is a very important member of the project team over the entire proj-
ect duration. He/she starts working on the project in the phase of project designing and
budgeting. The main and critical part of his/her work is greatly appreciated during the
setup of CRF and related database, including all relevant checks. The data manager also
plays an important role during the live part of project when checking the entered data.
The last steps of data manager’'s work for any given project involve exporting the data
and locking the database.

2.5.3 Data entry specialist

In some clinical projects or registries, it may happen that some data need to be entered
into the database beyond the standard process, i.e. differently than by the investigator
on site (e.g. QoL questionnaires data). For this purpose, it is necessary to have a data
entry specialist on the team who is able to perform this data entry work. The main re-
sponsibilities of a data entry specialist involve:

+ Entering relevant project clinical data into the project database (eCRF)

+ Performing the control of data entered into the database by another data entry
specialist

+ Preparing a potential list of discrepancies to be sent to the investigator for data
correction

* Processing answered queries
+ Performing quality control
The data entry specialist does not need to part of the project team, as he/she works on

the project only in very specific parts, especially when some data need to be entered into
the database.

2.5.4 Data analyst

The data analyst is involved in the procedures and requirements for statistical activities
during the planning/designing, conduct and closure of the clinical registry.

These activities may include performing, contributing to or reviewing the following:

+ Support for planning and the optimisation of the clinical registry (including the
definition of objectives and endpoints, selection of retrospective or prospective
designs, determination of appropriate analysis methods and hypotheses with re-
spect to the objectives and endpoints/variables, sample size determination and
the set up of interim as well as the final analysis)
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+  Writing a statistical part of protocol, reviewing the whole protocol from the statis-
tical point of view

+ Development of a case report form (CRF)

+ Writing a statistical analysis plan (including examples/templates/shells of tables,
figures and listings)

+ Data analysis processing
+ Statistical reporting (including participation on writing publications)

+ Providing analytical services in terms of processing administrative and operation-
al data obtained from healthcare facilities, data-related and analytical support to
projects, such as the Health Technology Assessment (HTA)

+ Other support (statistical input/contribution at discussions and meetings)

2.5.5 Quality manager

The quality manager is an important control body throughout the entire life cycle of the
project. He/she is responsible for establishing the quality system its management, im-
provement and control systems to ensure a high quality of provided services and prod-
ucts by meeting specific customer requirements.

Responsibilities of a quality manager include:

+ Ensuring that relevant legal and normative requirements are established into the
quality system of the organisation (GPP, ISO/IEC 9001, ISO/IEC 27001, ISO/ IEC
20000-1, GDPR and other relevant local legal requirements for registry manage-
ment)

+ Ensuring that all processes are defined and clearly described in internal standards
(Standard Operating Procedures, Working Instructions, ...)

+ Management of control documentation (i.e. ensuring that there is integrity, avail-
ability and confidentiality of control documentation)

+ Execution of internal audits and CAPA management

+ Ensuring that employees participating in the project are trained properly
+ Management of the incidents and non-conformities

* Risk management

+ Change management

2.5.6 Project support: helpdesk

Managing complicated clinical projects and having an electronic system for data capture
means that at least part of the users will need support, especially during the project’s
operation. For this reason, we recommend having an established helpdesk team who
will be able to receive and partly resolve eventual issues and help users to work properly
according to the project's needs. The main responsibilities of the helpdesk team are:

+ Dealing with incoming emails and phone calls
+ Resolving simple issues

* Helping users online
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Distributing requirements to the project team according the nature of request

Replying to emails within a short period of time (24-48 hours are recommended,

according to the type of project)

The key period when the helpdesk is beneficial is during the project setup, when many
new users need help with a new project and a new system. The helpdesk is also very
helpful over the entire project duration because it is very convenient for users to be able
to contact someone who could help them with unexpected issues or just advise them
once they forget or make a mistake.

2.5.7 Pharmacovigilance manager

The pharmacovigilance manger is responsible for safety management, adverse event re-
porting and the reconciliation procedure.

The pharmacovigilance manger’s responsibilities consist of:

Monitoring, recording and reporting of adverse events reported by investigators via
clinical registries, follow-up processing towards marketing authorisation holders

Ensuring the reconciliation of adverse events
Processing and administration of internal documentation, SOP
Compliance of the registry's setup with pharmacovigilance guidelines

Collaboration with project manager when setting up studies (CRF revision, prepa-
ration of relevant pharmacovigilance part in contracts with the sponsor)

Setting regular training sessions for investigators and all project collaborators in
the area of pharmacovigilance

Preparing for and participating in quality assurance audits conducted by study
sponsors, regulatory agencies or other review groups

2.5.8 Medical expert

In a clinical registry, the medical expert plays the role of an expert guarantor. The medical
expert's responsibilities include:

Defining project objectives

Protocol approval and CRF approval

Guaranteeing compliance with the interests of the professional society

Project coordination at the highest level, communication with investigators
Presenting clinical registry results at centres’ meetings, conferences etc.
Publishing results, writing research articles

Participating in professional society meetings and conferences

Negotiating with representatives of the regulatory authorities and healthcare payers

Incorporating results into common clinical practice
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2.6 Quality assurance in pharmacoepidemiological
research

Quality assurance (QA) is the control body of relevant processes in clinical research proj-
ects. The aim of quality assurance is to make valid, scientific statements based on the re-
sults in NIS, in hopes to avoid the possibility of bias in the results by using an appropriate
study design and an adequate data analysis - assuring data authenticity, completeness
and validity and identifying and resolving deficiencies at an early stage [38].

Quality assurance checks and verifies that:

+ All study-related activities were appropriately planned and documented, the study
is performed in compliance with the study protocol and the other relevant docu-
ments and all activities are adequately documented

+ Potential and real risks were considered and evaluated and preventive actions to
decrease these risks were introduced

* Responsibilities for particular actions were defined

* The study is processed in compliance with the relevant legal and normative re-
quirements

2.6.1 Registered documentation (or documented
information)

It does not matter whether the documentation is available in printed or electronic form;
it must be controlled in both cases.

Controlled/registered documents are summarised in Figure 10.

Figure 10 Controlled documentation

_73_



Phase 1: What to do before start of the registry

Controlled documentation should meet the following requirements:

The documents should include a predefined identification (title/name, date, au-
thor, version)

Suitable format - determined by the organisation (language, graphics,
paper-based vs electronic etc.)

A person should be appointed to review and to approve the documents
(according to the kind of documentation)

Controlled documentation should be available and suitable for use when
and where it is needed

Controlled documentation should be adequately protected (integrity,
confidentiality)

The organisation should manage distribution, access and use

The organisation should manage changes to the documents (changes are record-
ed, documents are versioned and all versions are archived)

The organisation should manage the storage, archiving, backup and disposition of
controlled documents, especially documents with confidential data

Individual quality standards require different types of documents. Some documents are
the same for all standards, but some documents are required only by specific standards.
An overview of documents is shown in Table 15.

Table 15 Overview of documentation relevant to a particular standard

1SO/

pocument Gpp [SOMEC o’ ISOMEC  oopp
27001
. Quality ISMS  ITSM
Policy X Policy Policy Policy Yes
Processes
Process documentation (SOP, relevant to
. Yes Yes Yes Yes personal
WI, internal standards) d
ata pro-
cessing
Project documentation (spe-
cification of product, custo- .

. Explicit
mer requirements, protocol, Yes Yes Yes Yes informed
ICF, CRF, interim and final

consent
reports, contracts agree-
ment, ...)
Plans and records relating
to processing (records from Records
audits, records of nonconfor- about the
mities and incidents, records Yes Yes Yes Yes processing
about changes, records from of personal
meetings and communicati- data

on, metrics, ...)
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IS0/
Document GPP Igso%{llEc I2E7((Z) o1 IZSO%GI(I)EFI
Context of organisation X Yes Yes Yes
Risk analyses X Yes Yes Yes
Statement of applicability X X Yes X
Registry of protected assets  x X Yes X

2.6.2 Supported processes managed by QA

Internal audits

An internal audit is the main control tool for an organisation.

An internal audit is a systematic, independent and documented process for obtaining
objective evidence and evaluating it objectively to determine the extent to which criteria

are fulfilled.

Internal audits are usually performed by an employee of the organisation, but it is pos-
sible to perform this kind of audit by utilising an independent organisation on behalf of

the organisation.

Internal audits should be conducted in regular intervals according to the internal audit

plan.

According to ISO 9001, an organisation shall:

1. Plan, establish, implement and maintain an audit programme including the fre-
guency, methods, responsibilities, planning requirement and reporting, which
shall take into consideration the importance of the processes concerned, changes

affecting the organisation and the results of previous audits

2. Define the audit criteria and scope for each audit

3. Select auditors and conduct audits to ensure the objectivity and impartiality of the

process

GDPR

Yes
No

Yes

4. Ensure the results of the audits are reported to relevant management

5. Take appropriate corrective actions without undue delay

6. Retain documented information as evidence of the implementation of the audit

programme and the audit results [60]

The sectional points of an internal audit are displayed on the following scheme (Figure 11).
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Figure 11 Sectional points of internal audit

Top management shall regularly review the QMS to ensure its continuing suitability,
adequacy, effectiveness and alignment with the strategic direction of the organisation.
The outputs from this QMS review are inputs for other areas of improvement.

External audits

The CRO may be audited at any time by the study sponsor. The conditions for the audit
should be defined in the contract agreement.

The organisation may be also audited by a regulatory authority.

Risk management

Risk management is a necessary part of every project. All relevant standards are based
on risk management. ISO/IEC 31 000 Risk management is a special standard describing
risk management. The organisation should manage the risks, which means identifying,
analysing, evaluating and modifying the risks by treatment (technical or organisational
actions) in order to minimise the risks to acceptable criteria.

Risk analysis is the main tool for risk assessment. Risk analyses involves considering the
causes and sources of a risk, their positive and negative consequences and the likelihood
that those consequences can occur [60].

As a first step, the risk sources / protective assets should be identified (resources - em-
ployees, finance, SW, HW, facilities etc.)

As a second step, the possible threats should be identified (natural disasters, failure of
the technique or employees etc.)

As a third step for each asset and threat, the value of the probability, consequence and
vulnerability should be established. According to GDPR, processes with an influence on
the data subject should be included into the risk analyses due to the impact of risk on
the data subject (for more information see the chapter Personal data protection (GDPR)).
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The final risk value is = Probability x Consequence x Vulnerability (x Impact of risk on data
subject)

The organisation should set up a limit of acceptability. According to the final value, the
risk can be:
+ Acceptable - the limit of acceptability was not exceeded, no actions are required

+ Not acceptable - the limit of acceptability was exceeded, corrective and preventive
actions are required (for more information see the subchapter Corrective and pre-
ventive actions)

For detailed information about risks relevant to registry management, see the chapter
Risk management plan.

Nonconformity management

The process of managing nonconformities describes all activities from the moment of
detecting nonconformities until their remedy.
The objectives of nonconformity management are to:

+ Settle the nonconformities which have arisen

+ Prevent the risk of new nonconformities

+ Maintain the image of the organisation

+ +Remove the nonconformities which have arisen

+ Limit the extent of consequential damages

Scheme of nonconformity management

Discontinuation of Identification and
Nonconformity I the process and ' separation of Nonconforming Corrective and
identification execution of nonconformal - product settlement preventive actions

immediate action product

1L

Verification
and
evaluation of
effectiveness
introduced
actions

Detected by:

Nonconformity
employee,

e 1 N
customer,

audit [ MINOR } [ MAJOR } [ CRITICAL ]
(internal/
external)

Figure 12 Process of nonconformity management

The process consists of the following steps (see Figure 12):

1. Nonconformity identification (The nonconformity can be identified and subse-
guently announced by the employee, customer or detected during the internal or
external audit)

2. Discontinuation of the process and execution of immediate actions (The nonconform-
ing product should be immediately marked after detection to prevent its use. There
should be accepted immediate actions to prevent other nonconforming products)
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3. Detection of whether the nonconformity is a process or system error and deter-
mining the root cause. After this, the source of the nonconformities should be
removed from production

4. Introducing corrective and preventive actions to ensure the nonconformity will not
be repeated

5. Verification and evaluation of the effectiveness of introduced actions (After the
implementation of corrective and preventive actions, it is necessary to track and
evaluate if the introduced actions are sufficient and effective or if it is necessary
to execute other actions)

All steps through the process of nonconformity management must be appropriately doc-
umented. The form of documentation (record of nonconformity, registry of nonconfor-
mities) is fully dependent on the organisation.

Incident management

Information security is a term from the ISO/IEC 27001 standard. It means maintaining
the confidentiality, integrity and availability and other features of information such as
authenticity, responsibility, non-repudiation and reliability.

An incident is a specific and identified event, which is usually associated with the failure
of provided services or their parts or with a decrease in their quality.

A security event is an identified state of the system, service or network, pointing to pos-
sible violations of the security policy or the failure of security measures; this can also in-
clude different situations not seen before, that may be important in terms of information
security.

Incidents are classified into three categories according to their severity and extent:

Standard incidents

Standard incidents mostly have a short-term character and occur due to elementary
errors of the users or a temporary operating fault of the ICT; they are usually solved
through a routine intervention of a helpdesk worker, department of data administra-
tion or ICT administrator. In some cases, however, these standard incidents may require
more complex methods of management (removal or elimination) and will subsequently
fall into the category of serious incidents or the category of security incidents.

Serious incidents

Serious incidents are events or system messages that indicate that the respective service
is clearly not provided at all or shows shortcomings that are materially inconsistent with
the guaranteed parameters of the service (outages are repeated or their duration greatly
exceeds the tolerated and guaranteed service downtime, or the service provided does
not include all qualitative and quantitative elements).

Security incidents

Security incidents (information security incidents) are unwanted or unexpected security
events associated with a considerable likelihood of compromising the security of protect-
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ed information. This category also includes incidents involving privacy violations. In order
to ensure the least amount of damage, the following three points are important:

+ Early detection
+ Fast reaction

+ Sufficient prevention

The whole process for incident management is displayed in Figure 13.

Scheme of incident management

Discontinuation of Determination of
Incident the process and the research team Corrective and
) - . 3 . =) mm)| Inci |
identification execution of and classification of ehiétan seiliEma: preventive actions
immediate action the incident
Incident ificati
Detected by: Verlflcztlon
an
employee, .
pioy l l ‘ evaluation of
customer, ffacti
audit [ STANDARD } [ SERIOUS } SECURITY eriectiveness
introduced

(internal/

actions
external)

Figure 13 Scheme of incident management

All actions must be thoroughly documented. The method of documentation
depends on the organisation.

Corrective and preventive actions

Corrective and preventive actions, also called CAPA, are instruments for the improve-
ment of the organisation’s processes. CAPA are part of the processes for ensuring the
quality of the provided services and products. CAPA are the reactions to lacking items/
nonconformities found during the audits, nonconformity/incident management and risk
analyses.

If noncompliance that significantly affects or has the potential to significantly affect hu-
man subject protection or reliability of trial results is discovered, the sponsor should
perform a root cause analyses and implement appropriate corrective and preventive
actions [61].
During the implementation of CAPA, the following aspects are usually considered:

+ The likelihood that the nonconformity will be repeated if its causes are not eliminated

+ The complexity (labour consumption) of potential corrective actions

* The costs for the eventual implementation of the corrective action

« Customer satisfaction (complaints)

+ Nonconformity and incident frequency

+ etc
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All steps in CAPA management must be recorded and documented. After the implemen-
tation of CAPA, the actions must be monitored to evaluate if the implemented actions are
sufficient or if it is necessary to introduce other actions.

Change control

The change control process combines and interconnects the subprocesses of initialisation,
collection of information, evaluation, decision, planning, resources (people, finance, tech-
nical aspects), management, implementation, testing and the documentation of changes.

Change control consists of the following steps (see Figure 14):

Vs

Request for a
change

1. A specific request for a change is made (quality increase, efficiency improvement,

security increase, customer requirement, new technical possibilities, changes in
legal or directive regulations etc.).

. Each request for change has to be considered and assessed. It is necessary to de-

fine what benefits the change will bring and what are the potential risks. After that,
resources should be defined and an implementation plan stated (partial steps and
responsibilities).

. On the basis of available information, the final decision is taken if the change is

approved or rejected.

. Change execution should be performed according to the implementation plan. All

steps should be documented.

. After the implementation of the change, the control systems should be introduced

to verify the influence of the change on the system.

Change control process

N Y
. Gieiges m. Closing the
implementation
process
plan
~ ~
Change Monitoring
rejected and control i N
~ Y EEE— ,——— Change ,————— systems [ Evaluation of
_ o approved the
: Evaluation of » Decision about —) Change =) implemented
the change change execution change on the
J ~ ~ ~ \ system
\_ %
Difficulty,

benefits,

potential
risks,

resources

Figure 14 Scheme of change control process

It is necessary to determine a responsible person. Each process should be ap-
propriately recorded and documented. The form of documentation depends on
the organisation (change control form, change registry).
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Training of employees

Training of new employees as well as the continuous training and education of current
employees is a key point for ensuring a high quality and continuous improvement of ser-
vices provided by each organisation.

Therefore, it is important to implement a training process in the organisation.

This process begins by the selection of employees. Within the selection procedure, high
demands on education, knowledge and the experience of the potential employee are
required.

Each new employee has to be properly familiarised with the internal standards / internal
processes. The familiarisation has to be properly documented.

Each employee has to be familiar with updates to the relevant internal standard(s).

If it is required by the customer/sponsor of the study, all employees participating in the
study have to be trained on the sponsors SOPs and other relevant documents.

2.7 EDC system

CLADE-IS (Clinical Data Warehousing Information System) belongs to the class of the
most modern and progressive EDC systems developed on the grounds of web technol-
ogies. It comes with the Entity-Attribute-Value model (EAV) for the database. The EAV
model is also known as the vertical database model or open schema and it allows for the
encoding of data structures or entities with sparse characteristics. This is exactly the case
of data entities in clinical research databases where the number of parameters or attri-
butes used to describe an entity is potentially large, but the actual number of the applied
attributes with assigned values is relatively low. At a high level, the openness of the data
model means that CLADE-IS is in fact a robust platform for the design and deployment
of standalone EDC systems for data collection and management in clinical studies of var-
ious types, across a wide range of clinical fields.

The design capability of the platform is provided by its original and complex online form
builder and form generator. These components allow the defining of all the necessary for
clinical data collection, such as study arms, phases, forms, question groups and individu-
al questions with all possible types of data in the expected answers, including categorical
data. The efficient deployment capability of CLADE-IS is achieved with the inherent data
access model, which allows countless configurations of user privileges, roles and data
flow. In the default configuration, the following user roles are recognised inside CLADE-
IS: (i) investigator, (ii) site manager, (iii) regional coordinator, (iv) data manager, (v) moni-
tor, (vi) administrator.

CLADE-IS can be used in two different setups: (i) multicentric data collection, as shown in
Figure 15; (ii) ICT infrastructure for clinical data collection and harmonisation in the cen-
tralised data warehouse, as shown in Figure 16. The latter setup represents an optional
way of collecting personal data and storing them outside the central repository of the
system: personal data, if collected, are stored in a data warehouse run as part of an IT
infrastructure of the respective healthcare facility or other GDPR compliant institution.
(For more information about GDPR see the chapter Personal data protection (GDPR))
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Only authorised users - based on their login and password - can access the online inter-
face of CLADE-IS. Data in the registry are anonymous: for each patient/case, a unique ID
is always generated. The communication between CLADE-IS and its users is encrypted
with the use of SSL (Secure Sockets Layer).

Figure 15 A typical setup of CLADE-IS providing solution for multicentric data collection

Figure 16 The optional de-centralisation of CLADE-IS, with the CLADE-proxy component
implemented inside each clinical site (or other GDPR approved institution), which is useful
for personal identity data filtration. In this setup, CLADE-IS provides an ICT infrastructure for
clinical data collection, harmonisation and management in the centralised data warehouse

With the use of responsive webdesign, CLADE-IS provides its users with an easy and er-
gonomic interface. Navigation and reading require only a minimum of resizing, panning
and scrolling; a wide range of devices can be used: from desktop computers to tablets and
smartphones. CLADE-IS works in the majority of available web browsers, and therefore
does not require any desktop application to be installed by the user (i.e. investigator). It is
recommended to use only up-to-date browsers running on up-to-date operation systems.
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CLADE-IS basic components and modules

Although the CLADE-IS platform encompasses many modules and components, not all of
them have to be included in each individual deployed EDC system. There are, however,
four basic components that are involved in each particular CLADE-IS installation. Note that
one CLADE-IS installation can be used to deploy multiple EDC systems and each of them
can support more than one clinical study.

Server - a component that has no interface viewable in a web browser. It supports the stor-
age of study data with the assurance of its integrity and adherence to eCRF structures and a
configuration of data access management and data flow (user permissions, form states etc.).

Proxy - the only component that is directly in contact with the end-user's web browser
through which data are entered into forms. It communicates with the CLADEIS-Server
via REST API (JSON Data Exchange Format), builds a web page based on the received
structured data and sends the generated HTML code to the end-user’s browser. It is the
only component that works with personal patient data and therefore should be deployed
in the IT infrastructure of a GDPR-approved institution (e.g. clinical sites where the data
are collected). In case of anonymous data collection, it can be deployed in the same in-
frastructure as the CLADE-IS-Server (e.g. inside the CRO providing the data management
services).

Adminer - a module for the configuration of data access management and data flow
within one single study. It also provides data managers with data import features.

Designer - a module for building and generating eCRFs. It provides an online interface for
the definition of all entities and data structures required by a particular study or a data
collection, i.e. study arms, phases, forms, question groups and individual questions with
all possible types of data in the expected answers, including categorical data (drop-down
lists or combo boxes for making a choice among a list of mutually exclusive values). It also
provides data managers with features for skip logic definitions, interactive calculations,
validation procedures and instant help tools.

CLADE-IS optional components and modules

These modules and components enrich the CLADE-IS platform with additional features.
All of them may run as standalone web applications which are capable of serving multiple
CLADE-IS installations.

Reporter - a module for composing operational reports and providing their automated
delivery. It also provides data managers and analysts with features towards complete
study data export and data transformations that enable them to build data views for
analysts and online visual analytics.

Central Administration Tool (CAT) - a component that extends the basic functionality
of the Adminer module. Besides the capability of managing multiple CLADE-IS installa-
tions it also provides an authentication service for all CLADE-IS components and mod-
ules and thus enables the SingleSignOn property. The investigators who are enrolled
in a series of studies (e.g. in the same field of medicine and in one particular region) do
not have to use different usernames or passwords and seamlessly sign on the studies.
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Labyrinther - a module for the creation of virtual scenarios for the facilitation of scenar-
io-based learning - a safe way for training in competency, clinical reasoning and deci-
sion-making. Virtual scenarios encourage users (e.g. the investigators in lifelong training
courses) to use their knowledge base for exploring simple management decisions as
they work through a case that mimics a real-world problem. In addition, virtual scenar-
ios can be used to extend the common study protocol and parameterised data collec-
tion by enabling the entering of unstructured text data with subsequent extraction and
analysis using natural language processing and machine learning algorithms. Datavisor
- a module for scientific calculations and online data analytics over primary data ware-
houses transformed from the collected datasets. It enables online data browsing ac-
cording to the principles of modern visual analytics. The openCPU platform is employed
here to mediate between the web server and mathematical computing platforms such
as R, Matlab etc.

CLADE-IS technologies

In the long-term perspective, software development within the CLADE-IS platform is
oriented towards open-source technologies and products. The CLADE-IS developers
prefer open-source technologies with long-term support from other developer com-
munities or software houses which release their codes to the public. The most recent
stable versions of all included packages are used. No additional proprietary software
licences are needed to obtain the full functionality of the online EDC system capable to
securely collect, validate, process and analyse clinical study data.

Table 16 An overview of the technologies used inside CLADE-IS and the underlying ICT
infrastructure.

PostgreSQL is a powerful, open source object-

relational database system. It has more than 15
PostgreSQL years of active development and a proven archi-

tecture that has earned it a strong reputation for

reliability, data integrity and correctness.

Database
Object Relational Mapper that is a powerful part

of the database abstraction layer - this provides

Doctrine ORM developers with a powerful alternative to SQL
that maintains flexibility without requiring unne-
cessary code duplication.

Server-side scripting language designed pri-
PHP marily for web development but also used as a

Application general-purpose programming language.

The leading PHP framework to create websites

Symfony and web applications.
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Communica-
tion

User inter-
face

Operation
system

Virtualisa-
tion

REST API

JSON

HTTPS

ZURB Foundation

jQuery

Knockout

Linux Ubuntu LTS

KVM

CLADE-IS employs RESTful Web services, in order
to provide interoperability between computer
systems on the Internet. For instance, the Cana-
dian WAPPS-Hemo project communicates with
CLADE-IS through REST APl when pharmacokine-
tic analyses are computed in the Czech National
Haemophilia Programme (CNHP) registry project.

Data exchange format used for internal as well
as external (REST API) communication.

HTTP over SSL - the protocol used for server
communication. The main motivation for HTT-
PS is authentication of the visited website and
protection of the privacy and integrity of the
exchanged data.

Foundation is a family of responsive front-end
frameworks that make it easy to design respon-
sive websites and applications. Responsive Web
Design is about using CSS and HTML to resize,
hide, shrink, enlarge or move the content to
make it look good on any screen - smartphones,
tablets, personal computers etc.

Feature-rich JavaScript library which is used to
enrich the front-end of CLADE-IS with easy-touse
features (online calculations, online validation
procedures, skip logic etc.)

JavaScript library enabling CLADE-IS to provide
dynamic user interface.

The underlying servers use one of the most
stable Linux distributions Ubuntu - LTS stands
for long-term support - which means five years
of free security and maintenance updates.

Kernel-based Virtual Machine is a full virtualisa-
tion solution for Linux on x86 hardware. The use
of KVM results in faster recovery procedures in
case of hardware failure or disaster.
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Ris a free software environment for statistical
computing and graphics. CLADE-IS employs R for
R sophisticated data analytics. The OpenCPU sys-
tem is used to provide a reliable and interope-
rable HTTP API for data analysis based on R.

Data & Visu-

. Online analytics are composed with the use of
al analytics

D3.js - a JavaScript library for manipulating do-
cuments based on data. D3's emphasis on web

D3.js standards gives the full capabilities of modern
browsers, combining powerful visualisation
components and a data-driven approach to web
site manipulation.

2.8 Protocol

The protocol is the basic document containing all information about the registry. Each
registry should have its protocol before the eCRF is set up.

The protocol is usually written by members of the project team along with the guarantor
of the registry. The protocol should be approved by all participating sides, i.e. guarantor,
study lead, CRO and sponsor.

Once the protocol is internally approved, it is submitted to the ethics committee and
regulatory authority for evaluation and official approval. The procedure depends on the
country's regulatory and legislative rules. The approval procedure must follow all local
legislative requirements or regulations and medical practice. Local legislative require-
ments of the countries in which the study takes place must be applied.

In case of any changes in the protocol during the registry’s life cycle, the protocol should
go through the approval procedure again.

The protocol should be distributed to all centres before data collection starts. The project
manager should train all investigators mentioned in the protocol.

The project manager's responsibility is to keep the protocol updated. Once there are
some changes, the project manager has to inform all registry participants about the
changes and updates to the protocol. Changes have to be approved by the guarantor
and sponsors. The protocol belongs under the registered documentation and should
follow specific rules (for more information see the chapter Registered documentation (or
documented information).

The protocol should contain the following items:

+ Descriptive title, version identifier, date of issue, the registration/protocol number

+ Names, titles, degrees, addresses and affiliations of all responsible parties, includ-
ing the principal investigator and co-investigators, as well as a list of all collaborat-
ing primary institutions and other relevant study sites
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+ Name and address of each sponsor
+ Name and address of the contract research organisation

+ Project design - basic information about the kind of project (multicentre, national /
international, prospective / retrospective, observational, epidemiological ...)

+  What are the primary and secondary research objectives, specific aims and ratio-
nale

+ Investigated population (number and information about subjects included to the
project); inclusion and exclusion criteria; details of sampling methods if applicable

* The proposed study tasks, milestones and timeline
+ Information about the evaluated medicinal product or group of products

+ Information on how the investigators and other participants of the project will be
trained

+ Procedures for data management (data collection, data preparation, methods for
data correction and validation, reporting, data cleaning; description of storage of
the collected data, intervals of collection, frequency of follow-ups, types of forms,
types of patient cohorts etc.)

+ Statistical methods and data analyses (statistical analyses plan (SAP), power anal-
yses, methods of analysing and presenting of results, possible impact of biases,
confidence intervals of measures

+ Quality assurance and quality control procedures during the project’s life cycle

* Regulatory and legislative requirements (informed consent form, ethics committee
requirements and other local legal or international requirements)

+ Information about the protection of the privacy of human subjects, such as infor-
mation on whether study subjects will be placed at risk, confidentiality (what kind
of personal data will be collected, how the data will be protected: anonymisation /
pseudonymisation) or conditions under which the project will be terminated

+ Pharmacovigilance - adverse event reporting
+ Information about investigator's fee for data entry into eCRF
* Publication rules

+ References

The protocol can have appendices such as the list of participating centres, overview of
collected data, eCRF, informed consent form template, EDC system description etc. All
appendices are integral parts of the protocol. If any changes in appendices are made, all
registry participants, ethics committee and the regulatory authority have to be informed.
The procedure depends on the approval process and the regulatory and legislative rules
in the individual country.

2.9 Other project documentation

All processes of the registry’'s life cycle have to be precisely documented. Each depart-
ment participating in the setup and processing of the registry has to make its own doc-
umentation, plans and records. The main reason for this is to keep records of each
step. This chapter describes the documentation of the data management and analytical
department.
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2.9.1 Data management documentation

Except the study protocol as the critical document for whole project, there is a group of
very useful documents related to the data management process. Some of these doc-
uments are very important and should be always applied, whereas some of them are
optional and might be helpful in special cases. In this guidebook, we are talking mainly
about long-term projects. In the long-term, there can be personnel changes in the project
team, significant modifications of the database structure, changes in the legislation while
the project s still running etc. In each case, it is very important to stick to the original idea
behind the creation of this project, including the major project objectives. Also, the data-
base including all checks is prepared according to initial assumptions and requirements.
In order to maintain consistency, it is very important to document all plans and all set-
tings including all partial updates. All documents are in line with the quality management
system (see the chapter Quality management plan) in order to guarantee consistency of
the whole process.

Data management plan

The so-called data management plan (DMP) is one of two most important documents.
This document should be prepared during the initiation phase of each clinical project,
once the protocol and basic project attributes are known and approved. DMP is created
in agreement with other project plans (see the chapters Project management plan, Staff
and communication management plan, Cost management plan, Quality management
plan) to keep whole project consistent. The goal of the DM plan is to describe in detail a
list of all activities planned to be performed during the operational part of the project. The
document should be carefully written in accordance with the protocol and correspond-
ing to all practical expectations regarding data collection and processing (e.g. reporting).
The document should be discussed within the project team and finally approved by the
sponsor in order to guarantee that the whole process, including all particular parts, will
be performed in line with initial expectations. The DM Plan should consist of:

* Project scope. Even though the project scope is usually mentioned in the project
protocol, some of its items are also useful to include in the DM Plan, such as the
number of countries, number of sites and the estimated number of patients ex-
pected to participate in the project. The known number of users might help to set
up the database interface correctly. What should not be mentioned in the protocol
is the number of language mutations planned to be prepared for the project. In
addition, this is very practical and important information.

+ List of relevant SOPs. Data management in clinical projects (registries) is usually
a complex process containing many particular activities. It should be clear before
the project start how different activities will be managed and what processes will
follow. Then, it is good to present a list of SOPs that will be followed during the
project.

+ Requirements on eCRF structure. There are many ways to construct an eCRF/ data-
base. It should be clear that the protocol and paper CRF template will be followed,
but we need to specify much more as part of the DM Plan:

+ Special request for the visual design of EDC web pages
* Relevant form statuses

* Relevant user roles
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* Request to use simple validation

+ Request to use coherence checks at the form level

+ Request to have complex validation crosswise through the entire CRF
+ Adverse events reporting

* Enrolment reporting

+ Reports tailored according client needs

+ Translation/Coding

*  Medical review

+ Other optional setup (voting system etc.)

Structure of collected data and data flow description. There can be more than just
CRF/eCRF data in a given clinical project. We need to know all types of data that
are planned to be captured, processed and analysed. Except for key CRF data, we
can work, for example, with lab data or quality of life data and we must know the
structure of the data, how often these data will be processed, by whom and what
exactly will happen with these data.

Information on whether some advanced data management activities is required.
Activities such as translation, medical coding or SAE reconciliation are very useful
but are not required in all projects. We therefore need to specify at the very be-
ginning of the project whether we need them, and if so, we need to plan detailed
processes for these activities such as the expected frequency, involved personnel,
data flow, responsibilities etc.

List of applicable documents. As stated above, there can be lots of useful docu-
ments, but not all of them are relevant and helpful for all projects. At the begin-
ning, we should choose those documents that will be needed and helpful for our
project. It is highly recommended to define all of these documents at the very
beginning so that we know which processes will be described in which document;
only then, we can be sure that nothing will be forgotten.

Preliminary calendar of key milestones. Not only the question of “what”, but also
“when” is very important in the planning and realisation of a clinical project. We
should incorporate this plan into the data management process and to write down
key milestones and related timelines. The reason is clear: to be ready and able to
manage all of the activities on time.

Data validation plan

A second very important document is usually called the data validation plan (DVP). The
DVP should be linked to the DMP and describe in detail all checks and validations planned
to be performed on the collected data. Similarly, the DVP should be discussed within the
project team and finally approved by the sponsor in order to guarantee that all controls
performed on the data are in line with initial expectations. The DVP should consist of:

General rules on how to work with validations and queries. Overview of validation
types used for a concrete project.

List of simple validations, usually focused on the control of mandatory items, per-
mitted ranges of entered values, and whether an entered value corresponds to the
defined format. The goal of these checks is to alert the user that the entered value
is wrong and that it should be corrected.
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List of coherence checks on the form level. These checks are based on comparing
different values within one form. The goal is to alert the user that some of the en-
tered values are probably wrong in order to correct the data immediately.

List of complex checks across the whole database. Although complex validations
are in principle similar to coherence checks, they compare values among two or
more forms; they are therefore more complicated because particular forms are
saved at different times so that we have to deal with form statuses and the delay
of the identified discrepancy.

List of manual checks. Still, some checks cannot be programmed. However, if we
need what should be compared during the project, it is fine to define even these
checks at the very beginning and to mention them in the validation plan.

List of derived variables. It is useful to display the list of variables where the value
is calculated from other values entered into the system (e.g., the derived variable
of BMI is calculated from height and weight).

List of self-evident corrections. SEC are special types of corrections. They can usu-
ally be used when a group of the same answers should be automatically coded/
rewritten to another value. The original value must be kept, then the new variable
is created to also keep this corrected value. This can be used if some investigators
systematically fill in some value correctly, but differently than required.

Other relevant DM documents

Some of other documents that are typically useful, but not critical, consist of the following:

DB validation protocol. This document confirms that the database has been creat-
ed, tested and validated. It is important for internal purposes of the system provid-
er to guarantee that the database was prepared properly.

eCRF approval form. It is important to have this document approved before the
database is switched to live mode. It approves that key members of the study team
are in line with the prepared eCRF, including all functionalities and validations.

Data entry guide. This document is very important, describing systematically how
to log into the system and how to work with particular forms and functionalities.

Request for DB modification. Unlike clinical trials, registries are long-term projects
and there is a high probability that the database/eCRF will have to be updated.
For these purposes, it is good to have document where all the requirements for
updates could be specified in order to clarify all potential issues before proceeding
with any modifications.

External data. As stated above, if we are handling more than eCRF data, it might be
useful to create a separate document to describe the details on external data (lab,
QoL etc.). We are focused mainly on data structure, data format, frequency and the
type of data flow. We are especially interested in the process of how the external
data will be matched to CRF data.

Translation process. This process is usually applied for international projects where
local languages are used for capturing text fields. These items need to be finally
translated before further processing. Translation process should be planned; the
list of variables for translation should be mentioned.
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+ Medical coding. If we would like to analyse adverse events, medical history or con-
comitant medication data, the medical coding process needs to be considered. If
applicable for our registry, the process needs to be carefully planned and a specific
document could be used as well.

+ SAE reconciliation. If safety data are captured into more than one database, we
should consider the SAE reconciliation process in order to guarantee that correct
and latest data will be analysed. If this process is applicable, it is useful to have a
document to describe the whole process properly and to have it approved by the
responsible parties.

+ Database lock and archiving. Every project will end one day. For this reason, it is
good to have a document specifying what will happen once the project comes to
its conclusion. How should user accounts be handled? How to deal with the data?
These and other questions should be answered in this document.

2.9.2 Statistical analysis plan (SAP)

According to ICH-E9 Glossary [62], the statistical analysis plan (SAP) is defined as follows:
“A statistical analysis plan is a document that contains more technical and detailed elabo-
ration of the principle features of the statistical analysis than is described in the protocol,
and includes detailed procedures for executing the statistical analysis of primary and
secondary variables and other data”.

The SAP aims to ensure the integrity of the data analysis and confidence in the final
results by the specification of statistical analyses a priori. The SAP comprises a compre-
hensive and detailed description of the analysis methods to be performed upon the com-
pletion of the project and the corresponding lock of the particular database.

In general, the SAP does NOT apply to projects such as long-term registries. However, if
there are defined hypotheses conducted within a clinical registry, the SAP is applicable.

The SAP includes the following items:
+ Specification of software to be used for the statistical analysis

+ Brief description of the project (summary of objectives, design, specification of tar-
get population)

+ Conditions for preparing the flow of patients (a flow diagram can follow, for exam-
ple the Consort structure [63]).

+ Research hypotheses and endpoints section containing detailed specification of
the primary and secondary endpoints and corresponding hypotheses

+ Sample size consideration regarding the primary (and secondary, if needed) end-
point

* The baseline characteristics section should outline the methods for the summa-
ry and description of the population. A list of variables used to assess similarity,
and how these will be reported (e.g. means/standard deviations [errors], medians/
range, proportions) should be included. If appropriate, a comparison of character-
istics of patients included in the registry and those who did not give their consent
should be also added
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Analysis sets (populations) should be defined in the SAP according to the protocol

Usage and description of any external data (data not recorded in the clinical data-
base)

Definitions of baseline values or measurements (for example, if more than one
baseline measurement is relevant)

Details of any formulas for derived variables, rules, references or programmes
for the calculation of derived variables

Handling/classification of concomitant medication and adverse events

A description of the methodology to be used to handle missing data, incomplete
dates/times, repeated measurements, multiple observations, outliers, withdrawals
and so on

The efficacy and safety section should address the evaluation of the effectiveness/
efficacy and safety of the treatment or intervention under investigation. Both p-val-
ues and confidence intervals should be provided with estimates of the effect size
for the primary outcome(s). Moreover, the following issues should be discussed, if
applicable:

* An adjustment for multiple comparisons if there is more than one primary out-
come

+ If appropriate, a secondary/sensitivity analysis for treatment efficacy that is ad-
justed for predefined, highly prognostic baseline characteristics, and variables
used in stratified randomisation

* An evaluation of treatment effectiveness or safety with respect to secondary
outcomes. Confidence intervals should be provided with estimates of the effect
Size

* Any planned subgroup analyses. Regression models with interaction terms
would be typically used as well Significance level of the statistical tests, two or
one-sided statistical tests

+ Level of validation of outputs, e.g. double programming or review by another
statistician

« A list of planned tables, figures and listings (TFL) and/or examples/templates/
shells of TFLs, specifications of data presentation (e.g. sorting in listings, labels
to be used for presentation of visits, treatments, time-points or abnormal values)

The process of writing the SAP is driven by a project analyst. He/she ensures an accurate
and timely completion, review, approval and storage of the SAP as well as the validation
documentation. He/she cooperates closely with the project manager, who should pro-
vide all relevant materials, such as the final version of the protocol and (e-)CRFs, and
potentially access to registry data or a sample of data.

The SAP has to be written after the project protocol (or similar document) and (e-)CRFs
are finalised, and the final version has to be completed and approved before the data-
base lock for the analysis (or an equivalent point of time).

The SAP in the form defined above is usually not prepared for long-term registries be-
cause their objectives are more general, descriptive and not exactly specified to one end-
point. However, some activities must be done before each statistical analysis in any case.

_92_



Phase 1: What to do before start of the registry

The project data analyst has to check the following formal requirements and data prop-
erties (from the statistical point of view) and to ensure that they have been completed
before the analysis is performed:

« All relevant data-management processes are finalised (approval by the project
data manager and/or project manager)

+ Confirmation by the sponsor that data are complete (i.e. include all patients rele-
vant to the analysis)

+ Any external data are checked for discrepancies
+ Statistical hypotheses and endpoints are clearly defined

+ Itis clearly stated which analyses are planned for confirmatory and for exploratory
purposes

+ The analysed population (selection criteria) and subgroups are clearly defined
+ Correct formulas for all derived variables are given

+ Variables to be transformed and formulas for transformation are specified

+ Reference ranges for laboratory and other relevant data are known

+ Relevant publications with similar data are available, provided by the investigators
or sponsor

+ The coding of adverse events, concomitant mediation and medical history are fi-
nalised and approved

2.10 Pharmacovigilance

Clinical registries as primary data collection systems are also focused on assessing safety
associated with the use of medication. The processes of adverse event (AE) detection and
reporting should be established.

Pharmacovigilance is defined as the science and activities relating to the detection,
assessment, understanding and prevention of adverse effects or any other drug-
related problem (WHO 2002).

2.10.1 Adverse event reporting

An adverse event is defined as a medical occurrence temporally associated with the use
of a medicinal product, but not necessarily causally related.

The timely reporting and follow-up of adverse reactions is a requirement described in
the Good Pharmacovigilance Practices (Module VI) for marketing authorisation holders
in the case of post-authorisation studies based on primary data collection. This require-
ment cannot be fulfilled if the post-authorisation study is based on  a registry where
only de-identified drug data can be provided to a pharmaceutical company. In some reg-
istries, processes have been put in place to inform investigators about the spontaneous
reporting of adverse events/adverse reactions, but there is no standardised procedure
across registries. In some cases, this is due to a lack of knowledge about reporting re-
quirements [43].

Clinical registries can often be used to monitor the safety profile of the drug under
real-world usage.
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The advantage of registries is that their observational and inclusive design may allow for
the surveillance of a diverse patient population that can include sensitive subgroups and
other groups not typically included in initial clinical trials, such as pregnant women, mi-
norities, older patients, children or patients with multiple comorbidities, as well as those
taking concomitant medications [33].

The decision to collect adverse events (AE) in the registry and AE reporting to the mar-
keting authorisation holders is considered at the outset when planning a clinical registry
and defining primary and secondary objectives. The collection and reporting of AE is then
described in details in the protocol of the clinical registry. If the registry collects AEs, then
there is a form in the eCRF devoted to AE and investigators are obliged to use and fill it in
when an AE occurs during patient treatment.

The AE form collects the minimum dataset to be collected and reported by investigator:
+ Date of AE report
+ Adverse event term

* Date of AE onset

+ AE duration (this could be automatically calculated from the data in the registry -
start date of AE and end date of AE)

+ AE first awareness date

+ End date of AE

* Outcome

+ Seriousness of AE

+ Causal relationship with drug
+ Measures taken to treat AE

Before the start of the registry, the process for the collection and reporting of AEs has to
be established in collaboration with the sponsor and professional society. The process
has to be consistent with national and international guidelines. Collection and reporting
should be described as internal procedures related to the clinical registry and all investi-
gators and the project team should be trained in these procedures.

The process for the collection and reporting AEs could be setup as follows:

1. The patient experiences any adverse event and reports this to the investigator
during a visit. The investigator performs a causality assessment and enters the
adverse event along with the other information directly into the registry within 24
hours.

2. The filled-in and completed adverse event form could be automatically generated
as a report by the EDC system. This step depends on the EDC system setup and its
functionalities.

3. The automatically generated AE report is directed to the predefined e-mail ad-
dresses of the pharmacovigilance department of the marketing authorisation
holder and the pharmacovigilance department of contract research organisation.

Reporting form the registry does not replace the duty of the investigator to report AEs to
the local competent authority according to the current laws and regulations. This fact is

described in more detail in the protocol of each project.
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2.10.2 Reconciliation

We speak about reconciliation especially in dealing with the issue of serious adverse
events, but the process is also applicable more generally, i.e. for all ad verse events or
potentially for any data of special attention being collected at two or more independent
places.

Why reconcile safety data?

Especially due to regulatory and safety reasons, there is often special attention dedicated
to adverse event data. These data are usually collected together with other project data
but they are frequently reported to the pharmacovigilance department of the CRO or
sponsor for further processing and pharmacovigilance purposes. During this process-
ing, the PV department can ask the investigator additional questions for follow-up or to
make the reported information more precise. An adverse event can be reclassified too. In
practice, it might happen that this follow-up information is not reported into the clinical
database anymore, and they are reported only to the safety database managed by the
PV team. However, global statistical analyses are usually performed on data in the clinical
database so it might happen that we will analyse obsolete data. To prevent this situation,
we should consider the process of reconciliation to compare data in both databases in
order to unify them and ensure that we are analysing the correct data.

When to reconcile data?

The goal is clear. Before planning the concrete steps of the reconciliation process, we
should consider the project's agenda, key milestones and expected outputs. In projects
where we have only one source of data and all data modifications are performed in one
database, we do not need to perform the reconciliation process at all. If we work with
two or more databases, we should integrate the reconciliation process into the agenda of
particular steps. In light of the previous paragraph, it is critical to perform reconciliation
before providing data for statistical analyses. Nevertheless, it is not the only time point to
reconcile the data. It might be performed, for example, on a quarterly basis to maintain
data accuracy in the clinical database. If the first reconciliation process is planned after
a long period of time, it is recommended to perform it once after a few months of data
collection for checking purposes, to see if the process is running correctly as part of the
data review process.

How to reconcile data?
The first point is to plan the whole process, ideally during the initiation phase of the proj-
ect. It is recommended to create a plan of reconciliation containing:

+ Names of parties responsible for reconciliation

+ Expected frequency of reconciliation process

+ Format of reconciled variables

+ List of variables to be reconciled

+ Consistency rate, e.g. a description if the compared items must be an exact match
or if they can be consistent only in their meaning

+ Description of the queries process
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It is necessary to compare exports from both databases, to check them field-
by-field and highlight any identified inconsistencies. Inconsistencies should be
resolved via the queries process and the database updated until there are no
remaining inconsistencies.

The Figure 17 displays the common steps for the SAE reconciliation process.

Safety Database Clinical Database
Listing of SAEs Listing of SAEs
PV Specialist Data Manager
4 N
. SAE Reconciliation
SAE Reconciliation
..................................... » Report
Data Manager
Data Manager
- J/
‘ Queries Queries ’
PV team, Physicians DM team, CRAs, Physicians
; . 4 N
SAE Reconciliation
------------------------------------------ > F|na| Report
Data Manager
- J/
Inconsistencies in SAE Reconciliation Inconsistencies in
safety database Discrepancy Tracker clinical database
PV Spedialist Data Manager Data Manager

Figure 17 SAE Reconciliation process
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3.1 Introduction

After many preparation steps performed mainly under the responsibility of the project
manager, the practical creation of the registry primarily falls under the responsibility of
the data management team. As you can see in the scheme below, there are several steps
leading to the live release of a registry. The scheme can be divided into three columns:

* The first column (final protocol to final CRF) represents preparation activities and
the fine tuning of key documents before the start of database development.

+ The second column (database setup to database final version) represents one of
the crucial activities in building up the registry database.

* The final column (data entry guide to FPI) represents several minor but important
steps allowing the registry database to go live.

The individual steps displayed in the scheme (Figure 18) are described in detail in the
following chapters.

Figure 18 Data Management Process: Final Protocol to FPI

3.2 CRF creation

This chapter highlights the importance of the CRF existence and describes the personnel
and stakeholders participating in CRF creation and their roles. A significant part of this
chapter is on selecting the right parameters and CRF structure.

A case report form (CRF) is a specialised printed or electronic document that is designed
to record all the information required by the project protocol (more details about the pro-
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tocol are available in the chapter Protocol). It is a crucial document for clinical research
and it should collect a sufficient amount of information from all participating subjects
needed to answer questions based on both primary and secondary project objectives.

This form is used as a template for database creation; therefore, it is essential to think
about the structure of visits from the very beginning. There may be a few short ques-
tionnaires following identical parameters, which are then compared over time or sev-
eral-year patient monitoring in which a large number of parameters are collected and
evaluated. In both cases - simple questionnaires and long forms - the main objective is
to collect information that will be accurately analysed. For this reason, the data analyst,
who is responsible for the analysis, should also comment on the CRF structure. To cap-
ture important information, it is necessary to focus on the objectives of the registry, con-
sidering the anticipated number of patients and the number of centres involved. A CRF
is not intended to collect all available patient data, but to collect the data needed for a
particular registry. Therefore, it is important at first to consider which pieces of informa-
tion can really be useful and which pieces of information are important for answering the
main research questions. Questions necessary for an accurate analysis can be marked
as mandatory. For all questions, it is important to make sure they are undoubtedly un-
ambiguous. If questions were ambiguous, it might easily happen that different people
understand them in different ways and their answers could not be further processed.
The easier and more comprehensible a CRF is for the person entering the data, the fewer
problems will be encountered after launching the project. On the other hand, it is easier
to collect some information and not to use them later than to find out that we are missing
some of them during the data collection stage.

It is advisable to focus on the target group when preparing the study. At this stage, the
clinical background of the project plays an important role. In case it consists of a disease
mainly affecting men/women or older/younger people, it is appropriate to predetermine
the target population; in particular, the application of exclusion criteria for the study will
ensure that those who might cause outliers in the analysis will be excluded. These criteria
should be involved in a CRF and may be required to be met when creating a record on a
patient in the data capture system.

Typical parameters of CRF:
Any parameters needed for a specific project may be captured. Typical groups of param-
eters that are usually collected are given in the points below:

+ Project identification, site identification, subject identification

+ Current date (Date of project start / screening / first visit - it is useful to have a date
which can be compared to all future dates)

+ Date of signature of the informed consent
+ Basic information about the subjects (age or year of birth, sex, height, weight)

+ Subject characteristics - smoking habits, diet, medical history, pregnancy test, pre-
vious medication etc.

+ Diagnosis, an indication of study medication
* Inclusion criteria, exclusion criteria

+ Dosing schedule, compliance
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¢ Treatment duration - list of visits
+ Concomitant medication
« Adverse events record

«  Premature discontinuation

Potential structure of CRF:

CRF is a complex document that should have a logical structure corresponding to the
project design and enabling to develop an electronic version of CRF (eCRF) which will be
understandable to database users, i.e. physicians who will be entering data. Examples of
CRF structure components are:

« Parameters (variables)

« Paragraphs (question groups) - a paragraph consisting of a set of questions (pa-
rameters)

+ Forms (pages) - a form is a set of paragraphs
*+ Visits (phases) - a visit consists of a set of forms

¢« Arms -anarm is a set of visits

3.2.1 Paper-based projects

In some special cases, data may be collected via paper questionnaires. These may be
one-time anonymous questionnaires or a project for which no data collection database
is created and no EDC system needed. Another possibility is that the physician writes the
required data on a paper questionnaire and another person transcribes the data into
a database. In all of these cases involving paper questionnaires, digitisation is required
after the data are collected. This process involves converting data into an electronic form,
which will make it possible to carry out a statistical evaluation later. Potential errors that
can be made by the person transcribing the data present an obvious challenge of this
approach. Another potential problem is the impossibility of setting validation, i.e. the per-
son entering the data is not notified if the entered value is beyond the expected range.
Another problem may also occur due to unreadability of data written on the paper; if the
data is written illegibly and data entry operator is not able to verify the accuracy of the
reading, the data cannot be used for analysis and must be labelled as missing. All these
errors can lead to data distortion and therefore to a lower quality of statistical analysis.
Another important aspect is the time and much slower progress involved in paper-based
projects. Nowadays, for most projects, it is recommended to avoid data collection using
paper questionnaires except for simple disposable data collection purposes.

CRF creation process

The CRF creation process should always be the product of teamwork.

* The sponsor along with the medical expert should provide the initial parameters
which the CRF should meet, including the list of parameters to be captured, project
design and medical scheme (all this information should be included in the project
protocol).
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+ The data manager should then design the CRF details, including the structure of in-
dividual visits and basic information about the future database and planned man-
ual checks to be applied on the data.

+ The data analyst should review the CRF from the point of view of data analysis, es-
pecially if all key parameters are included in the CRF in a proper format, which will
make possible not only data collection, but also their correct analysis.

+ The project manager should review the CRF and make sure that it is in line with the
protocol and sponsor expectations and intelligible for investigators.

* The medical expert should review the CRF and make sure that it makes sense from
the clinical point of view, as well as that data are collected in a format correspond-
ing to treatment in common practice and on sites participating in this project.

The CRF should be consulted during its creation by all of the above-mentioned team
members; it is very important to conduct mutual consultations between departments,
because each of these people sees CRF-related issues from their own point of view. For
this reason, all of them should go through the final version of the CRF and sign it if they
agree. This signature approves that they are able to perform their part of work on the
registry. After the final version of the CRF is prepared and approved, it is possible to start
creating a database (electronic CRF, eCRF).

3.3 Database setup

This chapter contains a detailed description of the entire process of registry database
creation from the very beginning to its activation, including specific details and the expla-
nation of different steps and various functionalities.

Once the final version of the protocol and CRF is obtained, we can start working on the
development of the database. Database development is a very complex process involv-
ing many aspects, and only a careful approach can lead to demanded results. The follow-
ing aspects should be taken into account:

* Protocol. Because the project protocol is the key document, we should obviously
build a database based on the key information mentioned in it. We should focus on
project goals, the list of required parameters or the treatment scheme.

+ CRF. The CRF is another key document representing the structure of visits in more
detail and is commented on by several members of the project team. We should
focus on the structure of the CRF and the variable types of different parameters.

+ Data management plan. Complete data management process for the whole proj-
ect is defined in the DMP (more details about the DMP in the chapter Data man-
agement documentation).

« Data. All checks are defined and approved in the DVP (more details about the DVP
in the chapter Data management documentation).

+  Number of investigators and their PC skills. The more investigators and the worse
their PC skills should mean a more transparent database, easier handling, avail-
able helpdesk contacts etc.

+ Project design. It is not only the structure of the CRF that is important for data-
base development. You should know the detailed design of the project, schedule
of planned visits, flow of all collected data and consequences.
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* Repeated visits, repeated forms, repeated questions. To be able to develop the
database properly, you should know all possible scenarios of how a patient could
proceed in the project.

+ Translation and codelists. The database should contain only a minimum number of
free text fields, otherwise data will be hard to analyse.

+ Special requests for database functionalities. Even though we can expect that the
majority of activities will be similar to most projects, there are often specific re-
quests that have to be discussed, planned and implemented. Here are only a few
guestions that must be answered in the initial phase of database development:

+ Is some specific reporting expected?

+  Will safety data be automatically transferred to the PV department?
+ Shall some data be transferred between forms?

+ Should some values be calculated automatically?

+ Is the randomisation process planned?

+  Will the investigators be paid? What is the criterion for payment? Is it according
to the number of completed forms? Which forms?

+  Will some data be imported into the clinical database (e.g. from laboratories)?

+  What will be the access policy to different forms? Will all investigators have the
same access rights? What about rights for other project team members? What
about access rights for patients (e.g. QoL questionnaires)?

+  Will some data be manually entered by someone other than investigators (else-
where than on site)?

+  Will the number of patients be limited for the project arm/site/region/country?

+  Will some automatic alerting be required (e.g. once the agreed number of pa-
tients are enrolled or once a screening failure form completed etc.)?

* Reporting process. Some reports are required from the beginning. But we should
think about potential future reports and adapt the database accordingly.

+ Adverse events management. Maybe no action with adverse events is required.
But at least basic questions about handling with safety data should be asked and
consequently answered to develop the database properly.

+ Other relevant information. Constructing the database is a big game taking place
in the playground of the data manager. The data manager can follow a lot of as-
pects as sketched out above, but he/she should know the best system in which
the database is developed and how data entry screens will look for final users, so
he/she should figure out all important information, ask questions and arrange the
database in the best possible way.

* There are several possible approaches for how to grasp the process of develop-
ing the database. Just keep the process logical and consistent. The following para-
graphs will present one of the possible scenarios for developing a clinical database.

3.3.1 Database structure

As described above, the database development with the creation of project arms, par-
ticular phases, visits, forms, variables and special functions is one of the key parts of a
clinical project’s duration. It strongly affects all future steps, data collection, data cleaning
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and validation, communication with sites, data quality, data analyses and global results
of projects.

The first steps in creating the database are based on the study protocol. The protocol
includes information about the name of the study, the website address and the primary
language of the project. This information is usually the first practical step in establishing
the database. It is also needed to specify the requirement for randomisation or pharma-
covigilance reporting if relevant for the study, whether queries will be applicable or not,
or if payments for investigators will be connected to form statuses.

Subject form

When creating the forms, we firstly need to create the subject form, which has a specific
role. The form needs to be completed for each patient when enrolled in the project. It
should contain basic patient data, including the data needed to find the patient in the
database (searching options). If inclusion/exclusion criteria are involved the study, the
question of the fulfilment of these criteria should be included in this form. After entering
the data completely and saving the form, a new patient is created in the database and it
is possible to start filling in other forms, as defined in the CRF. If patient randomisation
is involved, the patient could be assigned to a specific group based on the information
contained in the subject form. On the other hand, the patient could be randomised later;
alternatively, a specific randomisation form could be prepared.

Once the subject form is created, the patient ID is automatically generated. It might be

useful to insert a country code or site code directly into the ID as it is clearer for further
activities in the system. An example of a subject form is shown in Figure 19.

Figure 19 Example subject form
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Site form

In addition to completing the form of the subject, the site form may also be required. This
form is mainly used in multicentre projects and helps to fill in the patient data that are
identical for the centre, e.g. the name of the hospital or the physician’s name. Site forms
can be also used for reference laboratory values in different sites. There can be a request
to compare the entered laboratory values of enrolled patients with reference values that
might be different for different sites. Site forms may help us to meet these requirements.

Arms and phases

The first step that has to be developed for data collection in a project is the creation of
project arms and phases. There can be one or more arms as well as one or more phases.
Different arms are typically used for different diagnoses; different phases are used for
particular parts of one subject during a given amount of time. One phase contains one or
more forms that are logically composed together (e.g. in the same time period); individual
phases can represent, for example, a baseline visit, a treatment visit and follow-up visits.

Phase form

The largest amount of the collected information is mostly gathered in phase forms that
record pieces of information from individual visits. The preparation of these forms is
based on the CRF. The structure of individual forms and their inclusion in phases should
be obvious according to the CRF. Each form consists of individual questions; these are
arranged in question groups. The first part of the validation process is to distinguish
among mandatory questions. These questions are usually marked with an asterisk and
it is impossible to save the form as completed until these questions are answered. Each
question should have its place in the structure and its data format should be clearly
known from the CRF. The most commonly used data formats are listed in the Table 17.

Database field types

Table 17 and the following pictures (Figure 20 to 24) describe specific data types that
have to be set up for all variables involved in the project database. Each field type has
some attributes and affect the entire process of data entry and data validation.

Table 17 Data types

Field type Description Detailed field type
Short text (usually less than 256 .
String
characters)
Text that is expected to have a
length of more than 256 charac- Text
Text ters, such as a comment box, note
This is used for any purpose that Help text

does not require data collection
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Field type

Number

Code list

Checkbox

Analog scale

Picture map

Date

Description

Number without decimal places
(used, e.g. for a count)

A real number with one or more
places behind the decimal point

List of more options where only
one can be chosen

List of more options where only
one can be chosen

List of more options where more
than one can be chosen

This control is a simple box that
EDC users can mark with a check
by clicking or leave blank

Analog scale where the desired
value is chosen according to the
patient’s feeling

Picture divided in parts from
which the desired value is chosen
according to the patient”s feeling

Entering date in pre-defined for-
mat yyyy-mm-dd

Entering time in pre-defined for-
mat hh:mm

Entering combination of date and
time in pre-defined format yyyy-
-mm-dd hh:mm

Entering partial date

Figure 20 Database field type - Text

Figure 21 Database field type - Number
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Figure 22 Database field type - Drop-down

Figure 23 Database field type - Checkbox

Figure 24 Database field type - Date

There are also special data types that can be configured to suit a specific registry. Finding
a combination of drugs from a predefined list is one example; after writing several letters

contained in the drug name, a rollout selection is displayed in which the combinations
are contained in the written text (Figure 25).
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Figure 25 Rollout selection

In addition to data types, it is also important to consider the attributes of data fields,
which might be:

+ Mandatory - these must be always filled in

* Hidden - these are not visible on the form, but are saved in the database and can
be used for calculations

+ Read-only - it is not possible to enter data into these fields (Figure 26)

+ Automatically calculated (e.g. automatic filling of the score based on the calculation
from previous questions or refilling the values from other forms)

The example given in the Figure 26 shows a read-only question for Polyclonal PC (%), which
is calculated from the previous two questions - Plasmocyte count FC (%) and Clonal PC (%).

Figure 26 Automatically calculated read-only question
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Question groups

Questions related to a specific examination (a monitored parameter or a logical unit)
are usually placed in the same question group. It contributes to an easier orientation
in the form and to the creation of relationships between questions. If a question group
concerning an examination that may be repeated, it is possible to set the repeated in-
put of answers. Repeating groups can also be used to write concurrent data or data for
which the maximum number of records is not specified, e.g. concomitant medication or
treatment regimes. It is also possible to define a concrete number of repeating steps.
Similarly, it is possible to define the number of groups that will appear on the default
screen. This might be useful, for example, in cases where we know we will need at least
three repeating groups; therefore, we can define that three repeating groups will appear
on the initial screen. An example of a repeated group is shown in Figure 27.

Figure 27 Repeat group

If a repeated medical examination with multiple data should be recorded, it is advis-
able to have a separate form for recording data from this examination. For this purpose,
it is possible to allow a repeated creation of the form (similarly as in repeating forms, it is
possible to define the limit for repeating - unlimited or to define the limit). In contrast to
the repeat group, it is possible to ask for more questions on the repeat form without los-
ing clarity. In addition, the repeat form may include some repeat groups of the question,
such as medication. The adverse events (AE) reporting should also use the repeat form
because the number of repetitions is not known in advance. The forms of predefined
visits or the termination form can be set to only one completion.
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Linked parameters

If some of the questions are identical for several forms and it is not expected that their
values will vary greatly between the individual forms, it is possible to set the transfer val-
ues. This means that some values from the previous form are transferred when the fol-
low-up form is created. This can be used especially for parameters that are not expected
to change markedly. A typical example is the medication during individual patient visits;
if the answers are automatically transferred, the physician does not have to list all the
medication and their dosages, but only checks and adjusts the values transferred from
the previous form.

When entering information into the follow-up form, some information from the previous
forms may also be helpful for the person entering the data. These may be answers to
some questions about the patient or the number of days since the last visit. In both cas-
es, itis a question whose answer should not be changed, and therefore it can be marked
as read-only. In addition to transferring values from other forms, the read-only questions
can also be a calculation based on previous answers.

In a typical example, the investigator filled in some data in the past (months, years ago)
and would like to see these historical data on the current form for informational purpos-
es. We just need to be careful with the setup of these values to ensure it will not affect
a proper entering of the current data, i.e. that the investigator will not be influenced by
those older data.

Skip logic

An important step in creating the eCRF is to set each form in a way that will enable a sim-
ple and convenient data entry. If the form is long and some questions in it are dependent
on previous answers, it is unnecessary to display everything after opening the form. For
this purpose, we use the skip logic, which allows us to hide questions that do not need
to be filled in for all patients. It is a relatively simple step that will help the form become
clearer. The use of skip logic can be seen in the Figure 28 and Figure 29: if there is a pos-
itive answer, other questions are uncovered; if there is a negative or unfilled answer, the
questions remain hidden.

Figure 28 Skip logic - positive answer

-108 -



Phase 2: How to create the registry

Figure 29 Skip logic - negative answer

Language mutations

The primary language was already mentioned in previous chapters. It is important to
define the primary language for other setup processes. Nevertheless, besides the pri-
mary language, it might be useful to create the project database in more languages,
especially for multi-country registries. Once you define the whole database, including all
specific functionalities, you could use the translation module to translate all items into all
required languages. Of course, you need to specify all terms in different languages but,
at the end, the database will exist in more languages; that is, it will be the same data-
base with the same functionalities, but with several language mutations. Moreover, if you
plan to capture data in local languages, you should also plan the process of translation;
ideally, you should translate all captured data into one primary language for clear data
analyses. The translation process is applicable after the collection and validation of data.

Graphic design

Itis nice if a specific project has its own design, project-specific colours or own logo. In the
case of RMG, a colourful design is used and a specific logo is placed in the header. You
can read more details about graphic design in general in the chapter Project manage-
ment plan. Besides the global graphic design, a separate part of database development
is linked to the functional design of particular forms. This involves:

+ description texts displayed above or below particular variables and informing the
user in more detail about this item,

+ hidden information texts appearing only if you click on the relevant icon and dis-
playing additional text,

+ indentation of particular variables for better clarity of the entire form,

+ aset of questions can be grouped into a table for better clarity as well (e.g. labora-
tory value, unit and ranges on one line).

Form statuses

Multiple statuses can be set up for an easier handling of forms. These statuses can be
seen by the person entering the data in the form overview; in this way, this person will
immediately see in which forms some data are still missing or which form requires an
update. When opening a new form, its status is "Pending", which means that the values
on the form are not final and can be changed. If all mandatory values are entered and
the submitter wants to mark the form as finished, he/she can change its status to "Com-
pleted". At this point, validation starts and checks the entered data if they are within
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the allowed range and meet all the defined conditions. This step is performed in order
to highlight possible misspellings and omitted mandatory questions. If all values are in
the allowed range and meet the conditions, the system automatically switches the sta-
tus of the form to "Valid". This status means that the submitter has marked the data as
complete and the system did not find any errors. If the system does find some error, it
provides an error message and marks the form again as "Pending".

The use of form statuses can be used not only to alert the user to an error when saving
the form, but also to allow the user to complete data later. If the value of a question is
not known at the time of entering the data (for example, biopsy results are awaiting), the
form is stored in the "Pending" status because it is not complete. Once the biopsy results
are known, it is possible to search for patients who have pending forms and add the re-
quired information to their forms.

Besides the above-described statuses, there other statuses according to specific project
needs can be defined. Examples of these statuses involve:

+ "Monitored" - allowing to demonstrate the fact that the form has been checked by
the monitor, if applicable.

+ "Signed" - this could logically follow the status "Monitored", allowing the investiga-
tor to confirm that the form contains all data, is checked and no more updates will
be performed on it.

+ "Locked" - confirming that form is locked and no more actions can be performed
on it.

+ "Paid" - if payment procedures are applied in projects and connected to form status-
es, it can be demonstrated that successfully filled in forms were paid to investigators.

In addition to searching for forms with the "Pending" status, it is possible to set the search
according to data entered in the database or according to the form’'s name. It is good to
think about setting up a patient search when creating a database because selecting the
appropriate parameters to search for may be important in the further use of the registry.
If we want to set up searching based on some data entered for the patient, the question
should be marked as mandatory to include all patients in the search. In addition to the
patient’s personal data, it can be useful to search for information about the name of the
person that entered the patient into the database or about the date of their entry. The
proper setting of search criteria can be crucial for adding information to the forms or
filtering patients meeting certain requirements.

The ability to create a form in different ways is a specific aspect of working with forms.
The default option is usually to create forms in the same structure for all patients. Nev-
ertheless, it is possible to define a specific algorithm of conditions regarding the creation
of particular forms. One of the simplest examples could be creating a form containing
questions related to ovaries that will be created only for female patients. Therefore, the
condition could be the patient’s sex, but also date or a concrete expected answer to a
specific question. Nowadays it is possible to prepare and programme many specific func-
tionalities, with the important aspect being to specify them during the preparation phase
of the project.

Dashboard

A dashboard is a place where the logged-in user can see basic information about the
project. Different information can be displayed there, and it is generally useful to present
the following:
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+ Basic information about the project
+ Current information about the project's progress
+ Current versions of the technical and clinical manual

+ Other project documents like informed consent form or questionnaires

Figure 30 Dashboard in the RMG registry

A welcome system functionality could also be the ability to record a file into the system.
Such a file can consist of an X-ray picture or some scanned documents that can be kept
in the system as additional information.

Validations

Because of possible human and machine error, data entered into eCRFs are rarely com-
pletely accurate. The aim of a correctly set eCRF, in addition to clarity, is the effort to
eliminate these errors as much as possible. Therefore, it is advisable during the eCRF's
creation to think about potential problems and to minimise them. One way to minimise
problems is to set minimum and maximum values for numeric questions and to set var-
ious validations that are described in more detail in the next section.

3.3.2 Programming of validations

One of the key aspects of data management is to ensure the validity and consistency of
data in the registry. It is needed for subsequent reports, analysis and the statistic evalu-
ation of the entered data.

Every system for collecting data (medical data in this case) should have validations imple-
mented, as should any registry or clinical study. As every registry or clinical study usually
has some analysis planned or even just a simple data output, there is a need for valid
data. A great tool for establishing and negotiating the specifications of data validation
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rules and data checks performed is a DVP - a document describing the process of data
cleaning, specifications and details about the programmed checks by the data manager.
When the DVP is being created, all interested parties (project manager, data manager,
analyst etc.) should take part in this process and all parties should understand and agree
on the validations described therein. All programmed checks have to be tested and val-
idated. It is recommended that this process is performed along with the creation of the
database/registry.

Particular checks can be divided into the categories described below.

Control of format

The format of the data is defined at the stage of database creation. Details for the setup
of every defined variable are described in the Data Dictionary document. The most im-
portant part of this document could be printed directly from the EDC system. The Data
Dictionary is a structured list of questions containing the following information:

+ If a question is mandatory
+ If a question refers to the validation rule
« If a question is linked to skip logic
+ If a question is read-only
+ If a question contains calculated variable
* Question datatype
+ Setup question boundaries
Values entered into the database are compared with the defined format of variables in

real time for the data entry process upon saving the page. Variables might be checked
according to the following parameters:

+ Data type: number, text, date etc.

+ Mandatory items: must be filled in (otherwise an explanation is eventually required)

Coherence checks on the form level

These controls are planned and programmed to check for the coherence of variables
within one form. The coherence check on the form level is processed at the same time
as the check of the format, in real time during the data entry process, and eventually
during saving the form. If a mistake is found, an error message appears on the screen.
This mistake has to be corrected before the form is saved as complete and further steps
of data processing can be continued. The following controls can be checked at this level:

+ Length: maximal length of the entered text
+ Boundaries: minimum and maximum permitted value
+ Future dates: it might not be possible to enter a future date

+ Special checks: compare two values within one form etc.
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Figure 31 The setup of new validation on the form level is straightforward in the Clade-IS
system

Coherence checks across the database

The controls of coherence are planned and programmed to check the coherence of vari-
ables across the whole database. These checks are programmed by the data manager
according to specifications and details described in the DVP. The data manager tests all
programmed controls by running them on dummy data. The combinations of possible
options of data values are tested. These checks are run after the processing of format
checks and coherence checks at the form level. These controls mean, for example:

+ Date of informed consent signature cannot be later than the date of the first ex-
amination.

+ Date of diagnoses cannot be later than the date of the baseline visit.

+  The weight of patients should not differ more than 10% between two consecutive
visits.

+ Adverse event presence is ticked on the visit form but the adverse event form is
missing.

+ Date of patient's death cannot be earlier than the date of the last visit.

Manual checks

Manual checks can be performed on the data entered into the database. Any team mem-
ber who has access to the database and relevant rights (e.g. data manager, monitor,
safety officer, medical reviewer) can check the data and in case of any discrepancies, the
qguery can be manually created in the system.

+ Consistency between concomitant therapy and concomitant medication should be
checked.

+ Consistency between medical history and previous medication should be checked.

+ Consistency between adverse events and concomitant medication should be
checked.
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Figure 32 Possibility to create a new manual query in Clade-IS

Based on the used EDC system, when there are validations implemented we can describe
the overall status of a study form. As described in the subchapter Form statuses, there
are two basic form statuses in Clade-IS. The study form is either "Pending", meaning not
yet completed with possible invalid data, or "Valid", meaning all data were added by the
user and all were validated with a positive result. Depending on this form, the project
analyst can then decide which forms to include into his/her statistical analysis or a partic-
ular report could be set to include only valid data.

Special checks

Special checks can be made for additional registry requirements. An example might be
sending a monthly list of patients who are missing a form.

3.3.3 Setup of the reporting process

Well-designed registries can be an important source of information about healthcare
patterns, decision-making and insight into the quality of patient care.

In order to present this type of information and as a tool to enhance the registry through-
out its duration, specific reports can be set.

Depending on how complex the reports are and what type of information they contain,
we can divide them into categories described below.

Enrolment report

We can set up an enrolment report as an example of a simple report that contains infor-
mation about how data in general (patients and study forms) in the registry grow over
time or how active each investigator is (i.e. how many patients and forms he or she en-
rolled in a specified time frame).
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Report of entered data

Another example of a simple report would be an overview report of entered data that
can be a good indicator of data quality. Investigators, to whom this type of report would
be directed, can reflect and adjust their data entry process so their data quality improves.
This report is very useful on the country level, on the site level and on the subject level.

Queries

A report containing the number of generated queries, number of resolved queries, and
especially the number of pending queries, shows very well the quality of data entered
into the database. In addition, an overview of the number of queries per sites (countries)
might be very interesting.

Custom reports

The last category would be a custom report showing any type of information that can be
obtained from the collected data. Typically, we can focus on adverse events or details
about a given treatment. In more complex studies that are aimed at specific information,
a report reflecting the study or registry's primary or secondary objectives can be set as a
custom report, too.

Report processing

Reports can be processed in different ways. It is very popular to view some reports on-
line and being able to view the situation in real time. Alternatively, reports can be auto-
matically sent to predefined email addresses once per agreed period (weekly/monthly/
quarterly). Another efficient way of report handling is a semi-automatic process when an
automatically generated report is commented on by a data manager and then provided
to other team members (sponsor, investigators etc.). In this wasy, it is safer to guarantee
the provision of real and checked data and prevent working with non-validated reports.
Reports can be provided in read-only format (pdf) as an official document; in these cases,
it is recommended to review the data and validate the report before sending it. Alterna-
tively, it can be sent in an updateable form (xlsx) for the purposes of further modification,
combining with other data etc.

Each report type can be a part of the regular reporting process or as a per-request item.

Itis recommended that more complex reports should have a longer interval than simpler
ones in terms of the regular reporting process, simply because more complex reports
require more time to be processed and analysed by their recipients and it can take more
time to recommend further steps based on the report’'s content.

As mentioned above, reports can be used to improve the quality of such a registry, so not
only the CRO (Contract Research Organisation), sponsor or client are the ones that can
make good use of those, but the registry provider as well. For example, it can be used to
modify specific parameters as well as to remove or add new ones to the eCRF. Patient
criteria may be adjusted as well if they are too loose or too strict, depending on a specific
case.
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The whole reporting process should be a part of the DMP that both sides agreed on and
signed. Frequent communication about the content of the report before its first genera-
tion is a good practice. All interested parties should fully understand what those allocat-
ed data represent and which parameters they are computed from.

All reports that are being programmed have to be properly tested as well. It is strongly
recommended that a large time frame is allocated for this testing process because more
complex reports require more time to get validated. Discovering an error or discrepancy
once the report is being generated on a regular basis could be quite difficult or may just
be a matter of coincidence.

Considering the practical preparation of various reports, it is very efficient if the required
reports are defined before the project goes live, because the required report structure
may affect the database’s design and specific functionalities.

3.3.4 Setup of the pharmacovigilance process

As previously described in the chapter Pharmacovigilance, we must consider if safety
data are collected in the project or not; in general, we can say that adverse event data are
related to all clinical projects. An adverse event can arise from any use of the drug (e.g.
off-label use, use in combination with another drug) and from any route of administra-
tion, formulation or dose, including an overdose.

If adverse event data are collected, we need to know several details about the AE data
capture process in order to develop the database properly:

+ If adverse event data should only be collected with no further processing and no
reporting, then we can consider them as other data. The only thing we need to
consider is that the safety data should be considered as critical data (for example
when planning database coherence checks).

+ If adverse events are classified within the project, we should consider creating a
separate instance for serious adverse events; it is highly probable that these SAE
data will be somehow reported and consequently processed, and it is much sim-
pler and more efficient to have these data in a separate form.

« If the request for safety data reporting already exists, we should focus on the
means, format and sending frequency of these data. The optimal format is having
the database form corresponding to the form in the initial CRF and to the sponsor’s
standards and/or the professional society’s requirements. As described below, the
most efficient way is to directly generate an adverse event report from the data-
base once the adverse event is entered in the database. If this report is sent via
email, we just need to take care how to set up this functionality to prevent the sys-
tem from sending too many emails without completed information. Then, adverse
event reporting should be connected to such a form status ensuring the data will
not be modified.
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An adverse event is classified as "serious" if the patient died, involved or prolonged in-
patient hospitalisation or involved persistent or significant disability or incapacity, was
life-threatening or involved a congenital anomaly. All other AE are classified as "non-seri-
ous". As we are talking about safety data, it is obvious that special attention needs to be
paid to these data. We must be sure to respect all project requirements in the manage-
ment of adverse events.

The ideal solution is if the EDC system allows the automatic generation (and sending) of
reports on any adverse event (AE) that have occurred. Such a system allows setting up
the generation of an automatic email to the pharmacovigilance department of the CRO
once the AE form is saved with a valid status. Therefore, the CRO is immediately informed
that an AE occurred. Therefore, the AE questionnaire must be on a separate form. The
drug safety department does not necessarily have to be comprised of a part of the CRO
and may be outsourced to a different company. The automatic sending of an AE notice
may be conditioned according to various settings. As an example, it can be mentioned
that only serious AEs will be forwarded to the drug safety department. Another interest-
ing example is that AE notices are distributed according to the country of the treatment
centre to an appropriate national authority.

Reports for all AE can be set up with a certain frequency (i.e. monthly, quarterly) and
provided to the CRO.

The reporting of AE depends on the local legacy of each country. Reporting by the data-
base to the CRO does not stand for the investigator’'s obligation to report the AE to the
local committee regarding the laws in his/her country.

3.3.5 Database testing

Testing of the database before its launch intends to provide objective feedback to the au-
thor of the database. The main purpose is to prevent any future errors in the database.
Any modification, while the database is already running, is always more complicated than
having the modification done before the start of data collection. Future modifications
usually demand that the study stops and sometimes also involves the import of data.
The functionality of the database is tested by entering the complete data of at least one
patient into all language mutations.

Testing should be done by a data manager other than the one who created the database
in order to bring a different point of view into the task. The database can be reviewed
before launch also by another member of the project team if needed. If any errors are
found, the author corrects the errors and provides the improvements proposed by the
tester. The database is retested until the last feedback is implemented.

The testing process mainly consists of reviewing the database structure and checking the
validations and verification of various other setups, including reports. All setups have to
correspond to the CRF, data management and validation plans. An example of testing
parts is described in Table 18. However, not all of them have to necessarily be part of
every clinical project, depending on the requirements specified by each client and on the
needs of a particular project.
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Table 18 Example of points to be tested

Test according to

Test focused on
a relevant document

Table with list of visits and parameters
Eligibility criteria

Protocol

Database structure (arms, visits, forms, question groups,
questions)

CRF Simple validations (mandatory items)

Format of all variables (data type, code list limits, units)
Functionality of all skip logics

Database URL address and technical setup

Specific exports

Reporting process

Form statuses

DMP

User roles and user groups created in the database and
their permissions

Format of all variables (data type, code list limits, units)
Transfer of values
DVP Coherence checks within one form
Coherence checks across the database
Correctness of calculated variables

Randomisation, limit of enrolled patients, forms created
according to specific conditions

Grammatical correctness
Graphic design

Special functions

General

Once the testing process is finished and all suggestions to improve the database
are included in the settings, the tester writes the database validation protocol
as a last step of his/her goal. Testing has to be done before the initial launch
of the database and after each database modification.

3.3.6 Database validation

It was already mentioned that getting the database into production mode is one of the
key milestones. It is a starting shot, meaning that the race (data collection for the clinical
project) has begun and this step cannot be returned back. Then it is quite clear that not
only internal testing by the data management team, but wider global revision is needed
(or at least strongly welcome) in order to minimise potential future troubles that always
make the project less efficient (meaning extra work, the worsening of investigator's work
etc.). After testing the database (by the sponsor, investigators, project manager, analyst
and tester from the data management team), it is necessary to approve the final version
of the database and sign all important documents such as the DMP, DVP and eCRF ap-
proval form confirming the correct eCRF structure. These documents have to be signed
by the entire project team - the project data manager, project data analyst, project man-
ager and, of course, the sponsor (and CRO if relevant) - and they describe the setting
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of the database, validations and plans or goals of the project. When all documents are
signed, the database can be launched.

A good practice is to remove all test patients and their forms from the database before
setting the database into production. This step cannot be performed later as all changes
must be kept in the database because of the audit trail.

Subsequently, user access is sent - the login, password and web address of the registry.
User access is created by the data management team or helpdesk upon the request of
the sponsor or project manager. Access is also sent to all members of the project team.
Users also will receive an email about the launching of the registry, basic project infor-
mation, and manuals and information about the potential training of investigators. After
these emails, investigators can enter data for the first patients.

3.3.7 Management of database users

Considering the database users, we first need to think about:

+ Basic roles applicable for this project. Do we need only an investigator and data
manager? Alternatively, do we need access permissions for the sponsor, medical
expert, pharmacovigilance expert, medical coder etc.?

+ Investigator. Will all the physicians have the same rights? Do we have a principal
investigator with more rights? Do we have data entry coordinators on sites having
less rights?

+ Do we have different countries? Do we need regional coordinators having, for ex-
ample, read-only rights to all the sites of this country?

+ Considering the project team, what rights we need for the project manager, data
analyst, sponsor or medical expert?

+ Is the payment of investigators linked to database access permissions?

+ Do we need form statuses because of some specific functionality (locking forms
because of randomisation), specific form status for CRA, or to allow the investiga-
tor to sign pages that have been filled in by the data entry specialist?

These are some of the questions that should be answered before we create and set up
the system of database users, roles and permissions. Typical users that are present in
the clinical project may consist of:Typical users that are present in the clinical project may
consist of:

* investigator - physician on site, primarily responsible for project on site,
*+ site coordinator - support on site, could be a nurse,
+ sponsor - global permission, main responsible person for the project,

* sponsor - regional coordinator, applicable in multi-county projects, has limited ac-
cess, can see data only for the sites in their region,

+ medical expert (professional society) - representative of the professional society
supervising the whole project,

« data manager - managing the database and all access,

+ data analyst - biostatistician responsible for the project,

+ medical coder - if medical coding is applicable,

+ pharmacovigilance specialist - responsible for data safety,
* CRA - only if monitoring is applicable.
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After all documents are signed, the sponsor should provide a list of users, their
sites and roles. Only then is the data management able to create access for
the users.

It is very important for each user to have his/her individual login, because only then can
the database track all changes done by each user (creating patients, updating forms).

Each user will acquire his/her unique login and password, which is sent directly
to his/her email address. The password is automatically generated and can be set to
work only for the first login, after which the user is then prompted to create his/her
unique password.

Figure 33 New user

Following data are usually defined for each user:
* name - name and surname of user,
+ e-mail - user's email,

+ username - user’s login, most common is the user’s surname and the first letter of
their name,

+ password - automatically generated (uppercase, lowercase letters and numbers),
+ belongs to groups - user’s defined centre or/and roles,
+ active - user is immediately activated after creation.

After the user is saved, the system will send an automatically generated email with the
username, password and the web address of the registry.
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3.3.8 Groups - sites and roles

Groups are not only individual sites of users, but there is a wide range of settings for
creating distinct roles for each user such as the project coordinator, national coordina-
tor, helpdesk etc. The "investigator" role, which is added to almost every site, is the most
commonly granted type of access to the database; in Figure 34, this role is added to
group/centre "RMG IBA". This role means that every user in this centre can create, update
and delete all records provided by this centre.

The "project coordinator" is another role, allowing the user to see all data in the database
but only in a read-only view (i.e. nothing can be modified). This type of access is typically
granted to the sponsor as they oversee the data. The role of "national coordinator" is
similar, but data that are available to this user are limited to only his/her country.

Besides the permissions for adding new patients and viewing/editing their data, there
permissions can be set up for query management (creating, answering, closing), for han-
dling reports/exports and for designing the database and the management of user ac-
counts. The more flexible the EDC system, the more complicated it is to set particular
roles and their permissions, so a global permission schedule has to be carefully prepared
and consequently set up.

If a user has more than one site/role, the database will let him/her choose under which
role they want to work after logging in (only one role/site can be chosen at one time and
the user can switch between them in the database).

Figure 34 User role

3.3.9 Patient access

Itis also possible to create access to the database for the patients themselves. This access
is convenient when the patient is supposed to fill in certain forms such as the "Quality of
life" or if they want to see the recorded data about themselves. There are two different
settings for patient access:

+ Without creating the patient’s access details - the database uses only the patient’s
e-mail to send him/her an automatically generated e-mail with a web link to one
specific form, which the patient can fill and save.

+ Including the creation of the patient’s access details - each patient obtains a per-
sonal username and a password that he/she can use to log into the database. This
access is always limited to a particular patient, who can subsequently only view
data on himself/herself. Other restrictions might apply, such as that all forms can
be viewed in a read-only mode except those the patient is supposed to fill in, or
that other forms - except the selected forms - can be even hidden for this user.
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3.4 Technical manual

The technical manual is one of the key documents and basic tools for registry users (in-
vestigators).

The manual is usually created by the data management team because of the standard-
isation of rules across all included centres and users. There can be hundreds of users,
which is an amount that is impossible to communicate and train individually. When acti-
vating each user’s access, this manual is also included in the e-mail message and it serves
as basic training for all users. For more details about different possibilities of training, see
the chapter Training.

The manual contains all mandatory information about the database with illustrative ex-
amples and pictures. Also, users can be enrolled in the study with various levels of IT
knowledge; for this reason, therefore, the manual is intended to be as illustrative as pos-
sible.

The user guide is divided into chapters that describe the process from the login page
through form completions to the specifics of each registry.

3.4.1 Common chapters of the manual

The first chapter of the technical manual is usually dedicated to the login procedure.
The first screenshots display the login page and then the basic application window.

Basic application window

Navigation to all the necessary functions is described here. This includes searching for sub-
mitted patients and their forms, creating new patients in the database, reading the structure
of the registry, the option to search for queries and accessing contacts for the helpdesk.

Figure 35 Dashboard
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New patient registration

How to create a new patient in the project is obviously an important part of documen-
tation, making it possible for the physician to find out how to enter a new patient into
system and continue with data entering.

Patient search

This chapter describes how to search for patients by ID and by various other parameters
that can be combined together for a more precise search.

Figure 36 Patient search

The technical manual should have two parts: a general part describing the general func-
tionalities of the system, and a specific part describing specific functionalities of the proj-
ect, including:

+ automatic reporting of adverse events,
+ handling with payments,

* questionnaires filled in by patients.

An important part of the document is the contact list, which is needed in order to provide
an easy navigation to direct support.

3.4.2 Working with the forms

For the most important chapters and subchapters describing how to create, update and
enter data into the forms in the database, see the example below.
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Form completion

The form contains questions and entry fields beneath the questions. There are several
options for data input (see A-E, Figure 37 and Figure 38):

A.
B.
C.

Direct writing
Selecting an option from a drop-down menu

Dates can be written (in the mandatory format - dd/mm/yyyy) or selected from
the calendar

Checking a checkbox
Repeating a group

Figure 37 Field types
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Some sections of forms consist of repeating groups of questions. You can add new items
to this group by clicking the "Add" button (see 1 on the figure below). A row of blank
guestions appears to be filled in.

Clicking the "Delete" button (see 2 on the figure below) then deletes the selected group

of questions.

1D
D2

Figure 38 Field types - repeating groups of questions

Specific functions

Mandatory questions are marked by an asterisk (see (*) in Figure 39). Without completing
these questions, it is impossible to save the form as complete.

If the entry field is grey, data cannot be entered; the corresponding value is calculated
(see Figure 40).

In the case of a mandatory question that is impossible to fill in, there is a slider switch
indicating that the information is not known (see B - Figure 41). The question is turned
on if the information is known (see A - Figure 41). By clicking on the slider, we can turn
the question off or on.

For some questions, there is additional information available via the (D icon next to the
question (see (i) in Figure 42).

O

Figure 39 Specific function - mandatory question
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Figure 40 Specific function - calculated question

Figure 41 Specific function - the information is not known

O

Figure 42 Specific function - additional information
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Validation of records

This subchapter describes how the validation rules work and how users are notified if a
validation criterion is not met.

A
B.
C.

Mandatory field - the value must be given
Special checks - for example, data must be matched to other data

Dates - the value must be given in a predefined format (dd/mm/yyyy) and the
value must not refer to a future date

Numeric values - some numeric values have a minimum and maximum warn-
ing limit

Figure 43 Validation of records

If this validation criterion is not met, the error message is displayed directly for the relat-
ed question where the error occurred.
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3.5 Clinical manual

A clinical manual is prepared for the registry. This manual contains information how to
enter individual data and provides the information needed for response evaluation.

The registry database can be accessed from the website of the Czech Myeloma Group
(CMG). Comprehensive data entered to the database are structured into several chap-
ters. A range of predefined variables are collected. These include baseline demograph-
ic characteristics, laboratory parameters, prognostic markers, clinical stage, symptoms,
treatment, toxicity, outcome and death. Dates and results of tests and events are reg-
istered to allow for follow-up over time at the level of an individual patient. Continuous
collection of follow-up data in the registry is carried out according to a predefined range
of variables at the time of significant events: diagnosis, treatment, progression, trans-
plantation or follow-up. The registry covers all variables included in the International
Myeloma Working Group (IMWG) criteria for diagnosis and treatment initiation. There is
collective agreement on CRF (standardisation of data collection between centres), which
is periodically updated.

3.5.1 Clinical manual of the RMG registry

One particularity of the RMG registry is that phases and forms are displayed depending
on the selected diagnosis. Depending on the chosen answer of the question "Diagnho-
sis" in the form "Patient personal data", corresponding phases and forms are displayed,
which can then be completed for a specific patient. A detailed description of all options
is provided in Table 19.

Table 19 Displaying phases and forms depending on the chosen diagnosis

Diagnosis Phase Diagnostic Follow-up CIOTEmE  CEEOLCED) Treatment B

status amyloidosis and wait

MGUS X X X

MGUS AMYL X X X
WM X X X
MGUS X X X

WM WM X X X
MGUS X X X

MM MM X X X X
AMYL X
MGUS X X X

AL AMYL AMYL X X X X

3.5.2 Clinical manual of the Registry of monoclonal
gammopathies

In the following tables, data collected on patients with multiple myeloma (Table 20, Table
21, Table 23) and monoclonal gammopathy of undetermined significance (MGUS) (Table
24, Table 25, Table 26) are provided as the example of diagnosis-specific forms.
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Table 20 Example of form Diagnostics for patients with multiple myeloma

Diagnosis MM - Form Diagnostics
Group of questions

Diagnostics

Laboratory examination

Bone marrow examination

Biochemistry

Cytogenetics

Flow cytometry

Question

Previous history of MGUS

SMM diagnosis

History of solitary plasmacytoma
Polyneuropathy in medical history
Date of diagnosis

WHO ECOG

M-protein type (IgG; IgA; IgD; IgE; 1gM; Biclo-
nal; Triclonal; Nonsecretory; LC only)
Serum M-protein quantity (g/l)

Urine M-protein quantity (mg/24h)
Urine M-protein quantity (mg/l per 24h)
FLC quantity (if measured)

Light chain type

lgG quantity (g/1)

IgA quantity (g/I)

lgM quantity (g/1)

HLC quantity (if measured)

Bone marrow aspiration cytology/Monoclo-
nal plasmocyte count (%)

Bone marrow histology/Monoclonal
plasmocyte count (%)

Haemoglobin level (g/1)

Thrombocyte count (10E9/I)

Calcium total level (mmol/I)

Albumin level (g/1)

Creatinine level (umol/l)

Beta2 microglobulin (mg/l)

LDH (ukat/l)

CRP (mg/l)

Date of sample collection

Conventional (Normal; Changed; Complex)

FISH: Method used; IGH disruption; t(11;14);
t(4;14); 1(6;14); t(14,;16); del(13)(q14)/mono-
somy 13; gain 1g21; del(17)(p13); Hyperdi-
ploidy;

Plasmocyte count FC (%)

Clonal PC (%)

Polyclonal PC (%)
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Diagnosis MM - Form Diagnostics
Group of questions

Medical Imaging Modalities

Extramedullary mass

Stage

Question

Osteolytic lesions - X-ray
Osteolytic lesions - NMR
Osteolytic lesions - CT
Osteolytic lesions - LDCT
Osteolytic lesions - PET
Osteolytic lesions - PET/CT
Osteolytic lesions - MIBI
Extramedullary mass - relation
Extramedullary mass histology
Extramedullary mass - lesion count
Durie-Salmon stage
Durie-Salmon substage

ISS classification

R-ISS classification

Table 21 Example of form Treatment for patients with multiple myeloma

Diagnosis MM - Form Treatment
Group of questions

Line of treatment

SMM (only for 1st line)

Reason for the start of the therapy

Question

Line of treatment
Progression SMM to MM (Yes, No)
Date of progression

Hypercalcaemia: serum calcium >0.25
mmol/L (>1 mg/dL) higher than the upper
limit of normal or >2.75 mmol/L (>11 mg/
dL)

Renal insufficiency: creatinine clearance
<40 mL per mint or serum creatinine
>177 pymol/L (>2 mg/dL)

Anaemia: haemoglobin value of >20 g/L
below the lower limit of normal, or a hae-
moglobin value <100 g/L

Bone lesions: one or more osteolytic lesi-
ons on skeletal radiography, CT, or PET-CT

For 1st line: Biomarkers of malignancy:
Clonal bone marrow plasma cell percen-
tage* >60%; Involved: uninvolved serum
free light chain ratio =100; >1 focal lesions
on MRI studies

Other: Rapid progression of paraprotein;
FLC escape; Hyperviscosity; Extramedulla-
ry lesion; Amyloidosis; Recurrent infecti-
on; Other
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Diagnosis MM - Form Treatment
Group of questions

Relapse/progression (for 2nd and hi-
gher lines)

Performance status before treatment

Laboratory examination before tre-
atment

Bone marrow examination before tre-
atment

Biochemistry before treatment

Cytogenetics before treatment

Flow cytometry before treatment

Medical Imaging Modalities before
treatment

Question

Reason for treatment (Relapse/progressi-
on; Insufficient response)

Date of relapse/progression
WHO ECOG

M-protein type (IgG; IgA; 1gD; IgE; IgM; Bic-
lonal; Triclonal; Nonsecretory; LC only)

FLC quantity (if measured)

Light chain type (Kappa; Lambda; Biclonal)
Serum M-protein entry level (g/1)

Urine M-protein entry level (mg/24h)
Urine M-protein entry level (mg/| per 24h)

Bone marrow aspiration cytology (Posive,
Negative)/Monoclonal plasmocyte count (%)

Bone marrow histology (Posive, Negative)/
Monoclonal plasmocyte count (%)

Haemoglobin level (g/1)

Thrombocyte count (10E9/1)

Calcium total level (mmol/I)

Albumin level (g/l)

Creatinine level (umol/l)

Beta2 microglobulin (mg/l)

LDH (ukat/l)

CRP (mg/l)

Date of sample collection

Conventional (Normal; Changed; Complex)

FISH: Method used; IGH disruption;
t(11;14); 1(4;14); t(6;14); t(14;16); del(13)
(g14)/monosomy 13; gain 1921; del(17)
(p13); Hyperdiploidy;

Yes/No; Sample date
Osteolytic lesions - X-ray
Osteolytic lesions - NMR
Osteolytic lesions - CT
Osteolytic lesions - LDCT
Osteolytic lesions - PET
Osteolytic lesions - PET/CT
Osteolytic lesions - MIBI
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Diagnosis MM - Form Treatment
Group of questions

Extramedullary mass before treatment

Stage before treatment

Treatment

Drugs - overview (depends on drug
type)

Dose adjustment

Drugs - overview of total cumulative
doses

Laboratory examination after tre-
atment

Question

Extramedullary mass (yes/no)
Extramedullary mass - relation
Extramedullary mass histology
Extramedullary mass - lesion count
Durie-Salmon stage

Durie-Salmon substage

ISS classification

R-ISS classification

Treatment regimen

Health insurance company

Clinical study (Yes/No; Name of clinical
study)

Length of cycle (days)

Date of treatment initiation

Dosage

Number of administrations per cycle
Number of cycles

Route of administration

Dose adjustment (Yes/No)

Date of dose adjustment

New dosage

Dose interuption (Pernament, Temporary)
- if new dosage =0

Reason/Grade (Neuropathy; Nausea,
vomiting; Anorexia; Diarrhoea; Consti-
pation; Fatigue; Thrombosis/Thrombus/
Embolism; Infection; Thrombocytopenia;
Neutropenia; Anaemia; Rash; Other)

Total number of administrations
Total cumulative dosage (mg)
Serum M-protein level after treatment (g/1)

Urine M-protein level after treatment
(mg/24h)

Urine M-protein level after treatment
(mg/l per 24h)

Serum M-protein - ratio after treatment/
entry (%)

Urine M-protein (mg/24h) - ratio after
treatment/entry (%)

Urine M-protein (mg/l per 24h) - ratio
after treatment/entry (%)
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Diagnosis MM - Form Treatment .
. Question
Group of questions

Immunofixation after treatment - serum
(Posive, Negative)

Immunofixation after treatment - urine
(Posive, Negative)

Monoclonal plasmocyte count (%) in bone
Laboratory examination after tre- marrow aspiration after treatment

atment 4-color plasmocyte cytometry after tre-
atment (Posive, Negative)

8-color plasmocyte cytometry after tre-
atment (Posive, Negative)

Kappa/lambda ratio after treatment (Nor-
mal, Abnormal)

Grade of thrombocytopenia before tre-
Toxicity before treatment atment
Grade of neuropathy before treatment

Toxicity (Neuropathy; Nausea, vomiting;
Anorexia; Diarrhoea; Constipation; Fati-
. . gue; Thrombosis/Thrombus/Embolism;
Toxicity during treatment Infection; Thrombocytopenia; Neutrope-
nia; Anaemia; Rash; Other)

Grade/Related

Anticoagulant treatment (yes/no)
Type of anticoagulant treatment
Granulocyte-colony stimulating factor

Granulocyte-colony stimulating factors (Y€S/N0)
(G-CSF) Dosage 301U /0,5 ml - number of doses

Dosage 48 IU / 0,5 ml - number of doses

Switch of therapy regimen (if yes all of
previous questions are collected again)

Radiotherapy (yes/no)

Type of radiotherapy (Analgetic, Therape-
utic)

Total dose [Gy]
Transplantation (yes/no)

Response before transplantation (sCR; CR;
VGPR; PR; MR; SD)

Transplantation Date of transplantation
Special transplantation technique

Anticoagulant treatment

Switch of therapy

Radiotherapy

Type of conditioning regimen
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Diagnosis MM - Form Treatment
Group of questions

Treatment withdrawal

Response to induction treatment

Consolidation treatment

Consolidation treatment - toxicity

Question

Date of treatment withdrawal

Reason for treatment withdrawal (Tre-
atment response; Treatment response

+ PBSCT (transplantation); According
treatment protocol; Insufficient response;
Progression; Toxicity; Exitus; Rash; Other)

Interruption of treatment (Date, Reason,
Grade)

PR after cycle

Date of partial response (for DOR calcula-
tion)

Maximal response after cycle
Date of maximal response

Maximal response to treatment (sCR; CR;
VGPR; PR; MR; SD; PD)

Final response after induction therapy
(sCR; CR; VGPR; PR; MR; SD; PD)

Consolidation treatment (yes/no)
Specify consolidation treatment
Date of treatment initiation

Date of treatment withdrawal

Reason for treatment withdrawal (Tre-
atment response; According treatment
protocol; Insufficient response; Progressi-
on; Toxicity; Exitus; Rash; Other)

Number of cycles

Maximal response (sCR; CR; VGPR; PR;
MR; SD; PD)

Date of maximal response

Toxicity (Neuropathy; Nausea, vomiting;
Anorexia; Diarrhoea; Constipation; Fati-
gue; Thrombosis/Thrombus/Embolism;
Infection; Thrombocytopenia; Neutrope-
nia; Anaemia; Rash; Other)

Grade
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Diagnosis MM - Form Treatment
Group of questions

Maintenance therapy

Maintenance therapy - toxicity

Response after treatment line

Question

Maintenance therapy (yes/no)
Specify maintenance therapy
Date of treatment initiation

Date of treatment withdrawal

Reason for treatment withdrawal (Tre-
atment response; According treatment
protocol; Insufficient response; Progressi-
on; Toxicity; Exitus; Rash; Other)

Maximal response (sCR; CR; VGPR; PR;
MR; SD; PD)

Date of maximal response

Toxicity (Neuropathy; Nausea, vomiting;
Anorexia; Diarrhoea; Constipation; Fati-
gue; Thrombosis/Thrombus/Embolism;

Infection; Thrombocytopenia; Neutrope-
nia; Anaemia; Rash; Other)

Grade

Final response after treatment line (sCR;
CR; VGPR; PR; MR; SD; PD)

MRD evaluation (Method, Date, Result,
Sensitivity, Grade)

Table 22 Example of form Current status for patients with multiple myeloma

Diagnosis MM - Form Current status
Group of questions

Secondary amyloidosis

Current status

Question

MM associated amyloidosis (yes,no)
Date of the last update
Patient status (Unknown; Alive; Dead)

Patient status - alive (Unknown; Treated;
Not treated)

Date of death - if Patient status = death

Cause of death (Related to diagnosis,
Other)
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Table 23 Example of form Watch and wait for patients with multiple myeloma

Diagnosis MM - Form Watch and wait

Group of questions
After line of treatment

Progression

Question

After line

Date of progression

Table 24 Example of form Diagnostics for patients with MGUS

Diagnosis MGUS - Form Diagnosis
Group of questions

Diagnostics

Laboratory examination

Bone marrow examination

Biochemistry

Question

Date of diagnosis
WHO ECOG

M-protein type (IgG; IgA; 1gD; IgE; IgM; Bic-
lonal; Triclonal; Nonsecretory; LC only)

Light chain type (Kappa; Lambda; Biclonal)
Serum M-protein quantity (g/l)

Urine M-protein quantity (mg/24h)

Urine M-protein quantity (mg/l per 24h)
FLC quantity (if measured)

IgG quantity (g/1)

IgA quantity (g/1)

IgM quantity (g/1)

IgE quantity (IU/ml)

HLC quantity (if measured)

Bone marrow aspiration cytology (yes/no;
Monoclonal plasmocyte count)

Bone marrow histology (yes/no; Monoclo-
nal plasmocyte count)

Haemoglobin level (g/1)
Thrombocyte count (10E9/1)
Calcium total level (mmol/l)
Albumin level (g/1)
Creatinine level (umol/I)
Beta2 microglobulin (mg/l)
LDH (ukat/1)

CRP (mg/l)
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Diagnosis MGUS - Form Diagnosis
Group of questions

Cytogenetic - FISH

Flow cytometry

Medical Imaging Modalities

Molecular-biology (for M-protein =
IgM)

Question

Cytogenetics (yes/no)
Date of sample collection

IGH disruption; t(11;14); t(4;14); t(6;14);
t(14;16); del(13)(g14)/monosomy 13; gain
1921; del(17)(p13); Hyperdiploidy;

Plasmocyte count FC (%)
Clonal PC (%)

Polyclonal PC (%)
Osteolytic lesions - X-ray
Osteolytic lesions - NMR
Osteolytic lesions - CT
Osteolytic lesions - LDCT
Osteolytic lesions - PET
Osteolytic lesions - PET/CT
Osteolytic lesions - MIBI
Molecular-biology examination (yes/no)
MYD88 examination
Mutation in CXCR4 gene

Table 25 Example of form Current status for patients with MGUS

Diagnosis MGUS - Form Current Status
Group of questions

MGUS development

Current status

Question

Progression MGUS to (No progression;
MM; WM; Lymphoma; AL amyloidosis;
CLL; Plasmacytoma; Other)

Further specification

Date of MGUS progression

Date of the last update

Patient status (Unknown; Alive; Dead)
Date of death if Patient status = death

Cause of death (Related to diagnosis,
Other)
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Table 26 Example of form Follow up for patients with MGUS

Diagnosis MGUS - Form Follow up

Group of questions Question

Date of sample collection
Serum M-protein quantity (g/l)

Associated disease (None; Lymphoproli-

Follow-up ferative disorder; Other haematological
disease; Connective tissue disorder; Neu-
rological disease; Dermatological disease;
Endocrine disorder; Liver disease; Immu-
nosupression; Other)

3.6 Training

As described in the sections above, it is quite complicated to prepare a complex and
functional registry. Many different aspects have to be considered and the result is very
specific for each particular registry. Even if you are working with an experienced inves-
tigator and well-instructed staff, you should always consider proper training on how to
proceed for this concrete project, what is required, recommended and forbidden, and
especially how to make the entire project work more efficiently. It is important to know
that not only initial training during the project's setup period should be considered, but
also training for new users added during the project; moreover, training after an update
of the database structure is very important in order to guarantee consistent work with
the database system throughout the study's duration for all database users.

3.6.1 Types of training

There are several types of training and the goal of each always involves the organisation
of such type of training that will efficiently ensure proper training for all relevant staff with
reasonable costs. The paragraphs below represent different categories of training, starting
from more detailed (but more expensive) to less proper (but less time-consuming).

Personal on site

It is not surprising that personal training is the most efficient from the point of view of
information transfer. Once you have time dedicated to one site, you can answer all ques-
tions, explain all the details properly and make sure that the trainees understood every-
thing well. Moreover, the personal knowledge of team members also has a very positive
impact on the study process. You can apply this type of training especially in cases with a
low number of sites and a more complicated process (extensive CRF, complicated study
procedures, strong quality demands etc.) or in projects with a middle or higher budget.
Unless there are hundreds of sites in the project, you can understand training on site as
an investment that should be repaid in the future during the project's duration.
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Personal investigators meeting

This type of training is also very efficient. A very careful preparation is the key aspect of
such a training. You should take care to plan the date of the meeting enough in advance
(more than 1 month) to be sure that most investigators will have time to participate in
the meeting. You should also thoroughly plan the agenda and make sure that you will
provide all the important information, such as:

+ clinical background (key opinion leader strongly welcomed),

+ typical patient,

+ details of the protocol, inclusion criteria, exclusion criteria,

+ organisation aspects (project duration, number of planned patients, ...),

+ specific processes (AE reporting, ...),

* project milestones (analyses, when and what is included),

+ nature of data entry, frequency of data entry,

+ detailed presentation of eCRF including technical and clinical manual,

+ contacts - whom and when to contact (helpdesk, PM, sponsor, medical expert etc.).

In terms of content of the presentation, everything must work with respect to speaking
to the personnel directly. As many as possible questions should be answered. It is recom-
mended to have a small discussion after each partin order to keep the audience involved
in the meeting. There are several disadvantages when compared to on-site training, such
as less time for each investigator, fewer chances to discuss the setup activities for each
site and less opportunities for personal contact. On the other hand, advantages include
having open discussions between medical experts and investigators, the ability to hear
the opinions of colleagues and the collective approach to the project's success. Besides
that, the organisation of one meeting should be cheaper than on-site training for tens or
hundreds of sites.

Audio/video conference

An audio/video conference is a very popular and efficient way to train many people with
very limited costs. You can save time because no travelling is needed and you can train
many people at once. Unfortunately, there are several disadvantages of using this kind
of training:

+ No personal contact
+ Limited possibility to ask and answer questions
+ Potential technical problems with installation and using the video conference ap-
plication
We can recommend using this solution especially for:
+ Projects with a very easy eCRF

+ Special situations like training new staff in an already-running project or training
several new functionalities after the database is updated

+ Projects where you know the investigators and system users well and they know
the system well, too
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When using this solution, be sure to prepare the agenda carefully; you should be able to
guarantee the duration of meeting agenda. Count on a delay at the beginning because a
significant number of users will not be ready at the planned starting time (often due to
technical obstacles even if the system is running properly). When presenting for a high
number of meeting participants, we recommend keeping everybody on “mute” status
to keep the meeting compact and to let the audience discuss at the end of each section
only. If you want to be sure you are sticking to the planned schedule, it is recommended
to let participants ask questions only in written form and to provide detailed answers
later by email (for a large number of participants only).

Video presentation

Video presentation training is also a very efficient and popular method of training, espe-
cially for projects with a huge number of investigators, sites and countries participating
in the project. It is very cost-effective because you prepare all the materials only once
and the rest of the process is very flexible. Participants can attend the training whenever
convenient for them, they do not need to install anything and they can read all the infor-
mation slowly and carefully, as they would prefer. The requirement to have everything
perfectly prepared in this type of training is very strong, because the way you prepare it
will affect the rate at which users will adopt the system and processes, which will strongly
impact the entire study process. It is always recommended to define the period in which
the training should be completed and allow the participants to ask questions in a way
that will be convenient for both you and them. An optimal option for asking questions is
a form linked to the video presentation in order to simplify the process. The advantage
is that you can prepare as many video presentations as you need during the study's
duration. The only thing you need to think about is to keep everything clear for system
users. For example, you can put all the training materials directly into the eCRF (on the
dashboard) so that all users can easily come back to it during the duration of the study.
Since it is not printed, you can update it anytime if needed.

Text presentation

A text presentation represents a similar type of training as a video presentation, but
while the video presentation is more easily understandable, it is more time-consuming in
regards to the preparation as well as more expensive to produce.

Finally, it is good to say that we have quite a lot options for training system users, investi-
gators and other staff. We just need to think and choose the right option for our project.
An ideal solution is typically combined from the above-mentioned types of training.

Example: We can imagine the initiation of an important and rather complex registry,
initially planned for five big sites; additional sites might be added in future. We will start
with a group of on-site trainings for all five sites. After one year, 15 more sites are joining,
so we will organise an investigator's meeting inviting representatives from all sites; be-
sides the initiation training for the new sites, we will plan a discussion forum focused on
sharing the experience from the five initial sites. After some time, we need to update the
eCRF due to new methods of treatment, and this update means several modifications in
working with the whole system. We will then organise a video conference where we ex-
plain the reasons and key points of the update and prepare a video presentation that can
be viewed by anybody and anytime to see in further detail what are the new processes
and what should be observed. You can see that all types of training could be efficiently
realised in one project.
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Training on site

Training on site is organised in situations involving more complex projects when more
information than a simple training is needed to guarantee sufficient training. The key
aspect is to consider all information that should be part of the training:

Clinical background. It must be clearly described what patients will be included in
the project, and the details of their inclusion and exclusion criteria should be dis-
cussed as well as the key parts of the study protocol.

Organisational aspects should be discussed, including details of the contract be-
tween the investigator and the sponsor or CRO. The contract should contain infor-
mation about the project’s duration and the planned number of enrolled patients,
the level of information entered into the system and the declared responsibility for
data quality guaranteed by the investigator.

The means of working is important, too. It should be clear how often data should
be entered into the system, how to work with queries that arise, and compliance
with project milestones (e.g. defined data entered into the database before freez-
ing data for interim analyses etc.).

Data security and technical background should be discussed. The investigator
should present on the process of working with data will be undertaken.

Detailed presentation of eCRF structure including the provision of key documents
and technical and clinical manuals. It must be clear that the investigator (system
user) understood the system functionalities properly and that he/she is able to
enter data into the system properly and in the required quality.

Specific processes such as the reporting of adverse events should be explained in
detail as well.

Contacts: it must be clear who should be contacted in case of any issue or question
(helpdesk, PM, sponsor, medical expert etc.).

Finally, the investigator(s) should sign the training form confirming that all key
parts of the training were done properly and that everything is clear to the inves-
tigator(s).

All personnel that will participate in the project should participate in the training, and the
site staff should ensure enough time for such a site training in order to be sure that every
topic will be properly covered. If the training is well prepared, the site staff has enough
time for training and you are clear, open and give significant space for questions, this will
lead to a successful training. Last but not least, you should provide relevant contacts to
people who will be able to help and leave the impression that all questions are welcome.
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4.1

Having the first patient in the database is a very significant milestone in the project’s life
cycle. The database is ready now, most of the settings are already done, but there is still
a lot of work to do. If the preparation activities were done carefully and the database
was set up properly, the majority of the processes could run automatically. Nevertheless,
there are still a lot of things to care for. The remaining data management activities are
roughly described in the scheme displayed below (Figure 44) and can be divided into
three parts:

PHASE 3: HOW TO KEEP THE REGISTRY ALIVE

Introduction

+ The first column (FPI to error messages of coherence checks) represents the com-
munication between investigator entering data and the system accepting data or
informing the investigator about any detected inconsistencies. The system alerts
the investigator according to checks programmed in the database during the setup
phase.

+ The second column (data correction to data review) represents a very complex
process of data validation. It is one of the crucial activities to obtain the data in the
required quality.

+ The final column (database lock to statistical analyses) represents the final part of
the data management process, preparing the data for statistical analyses and lock-
ing the database to prevent any database users from modifying any data.
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Figure 44 Data management process: FPI to statistical analyses
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4.2 Data validation

This chapter describes the continuous process of data validation, including particular
steps of data validation. We have already described the process of creating validations
(see the chapter Programming of validations). Now, once the project is live, it is obvi-
ous that all of the automatic checks planned to be applied are already programmed
and should be in progress. This means that work of the database user is continuously
checked according the initial plan.

* What is the impact? The primary impact should be better data quality. How is this
possible? The investigator enters data into the EDC system - and once the EDC sys-
tem finds any inconsistency compared to the programmed validations, it alerts the
investigator to correct this mistake. However, there can be also negative impact. If
the number of validations is too high and their level is too strict, there might be a
lot of queries. Some of these queries might be even useless. We are talking about
the capturing of real-world data, i.e. data from real practice that, when compared
to clinical trials, are not so strict (e.g. regarding the permitted ranges for different
parameters). Therefore, we must carefully plan and program validations to keep
investigators on friendly terms with the data capture system.

+ Isthisenough? Onthe other hand, we might ask a question if all of the programmed
checks are enough to guarantee the required data quality. The answer is not so
simple. It is good to consider which data are critical, how we can check them and,
in combination with the data review, find out if we should do so in practice. If not,
we can add a set of manual checks that will help us increase the data quality.

* How to communicate with sites? If the validation finds some inconsistency, it will
always result in a query. The simplest possible way to communicate queries to
investigators must be found, because they may understand answering queries as
an extra job and if there are still new queries it can be very demotivating for inves-
tigators, which might have a negative impact on data quality.

All programmed validations are being performed in different steps of the data entry pro-
cess. During the data processing, in the first step the format of all variables, depending
on whether the variable is mandatory (Figure 45), and programmed coherence checks on
the form level are checked. As an example of how these types of checks can be presented
to the registry user, screenshots from the Clade IS EDC system are presented below.

Figure 45 Example of online validation of mandatory question

The registry user can interact immediately by correcting the inserted value or leave it for
a later correction (the pending form status would then be used as it allows invalid data).

The next step in the process of data validation consists of programmed coherence checks
that validate parameters across the whole database. Based on the used EDC system and
the setup of the concrete project, the results of these checks might lead to the generation
of queries in order to correct the data.
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Figure 46 Example of query validating parameters across the whole database

Queries can also be set to allow a user input. The investigator can then respond to those
queries and, for example, clarify a rare case with a combination of specific parameters
for which those validations should be manually overridden. The project coordinator,
monitor or data manager can then reply as well or communicate the case in further de-
tail. The whole communication is attached to that specific query.

Figure 47 Example of investigator and data manager communication in order to resolve
a query

Manual queries

The initial feeling about manual queries might be that they are redundant because of the
wide scale of possible automatic checks. The reality is different. There is always some-
thing that:

+ cannot be checked automatically (for example, the logical consistency of medical
terms collected in the text format; the system cannot check these terms automati-
cally, it must be done manually, ideally by a medical expert);
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+ is more efficient to check manually (checking several values present on different
places of the database is too complicated for programming, but simple for a man-
ual check).

Processing of manual queries

Any member of the project team, depending on the set-up database permissions, could
create a manual query. Manual queries are typically created by either the data manager,
medical expert or pharmacovigilance specialist, i.e. people who are in charge of data re-
view. If the monitoring process is applicable, manual queries might be also be generated
by the CRA.

System queries are applicable immediately after the project goes live. The more users
are active in entering data, the more automatic queries are generated, so we can say that
the amount of new automatic queries mimics the activity of users. For manual queries,
this is different. The amount of new manual queries mimics the activity of other team
members. Moreover, they cannot start with data control immediately after the project
goes live, because there are no data at that time. Alternatively, we can say that the more
project is close to its end, the more manual queries appear in the system because some
data could be only checked after the data are complete or almost complete. It is import-
ant to inform investigators about the planned process of data cleaning in order to let
them know that, in addition to the common data entry process, the expected workload
will increase before key milestones and before the project's end, because most of the
queries are active in these periods.

Manual queries, as well as automatic queries, should be answered by the investigator.
The investigator is responsible for the data, so he/she should confirm that the data are
entered properly.

Manual queries should be closed by the person who created them. If somebody creates
a manual query, he/she should know why the query was created and whether the an-
swer provided by the investigator is relevant or not. If the answer is not relevant, he/she
should query the investigator again; only if the query is answered sufficiently, it should
be closed.

The output of manual data control can be sent to registry users by email or can be en-
tered into the registry. Some discrepancies can be found during the checks, which offer
an incentive to set new limits for the parameters or new validations. After a period of
data collection in the registry, there is a need to pool all the generated queries so that
registry users can search and work on resolving them in an efficient way. The user has an
option to search in all his/her queries or just queries attached to a specific patient. The
following images show an example of a query search.

As was the case with patient forms, which have different statuses, queries have statuses
as well, informing whether they are open, in progress or resolved. Once a query is creat-
ed, itis clear that it should be resolved in order to get as clean data as possible.

Since the number of queries is a significant project metric and might be used for report-
ing the global project status to the project team as well as providing relevant feedback to
sites, it is recommended to monitor the number and status of queries in different sites
and countries on a regular basis. This can be done optimally via queries reporting.
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Figure 48 Example of a searchable list of queries for a single patient or for all investigator
queries

4.3 Datareview

Data review is a very complex process that can be very diverse in different projects. The
goal of this process is to review the collected data before a project milestone in order to
make a certain decision or to update the established process. This process is very often
undervalued because it is usually not strictly defined and required. However, placing
the data review process - or at least a part of it - into the clinical project process might
have a strong positive impact on the project's success. The data review process offers a
unique opportunity to review data globally, not on an individual basis as during the pro-
cess of query management. Especially for long-term projects, it is recommended to set
up the milestones and frequency of particular data review processes in order to enable
updating the processes in case some inconsistencies are found. The data review process
usually focuses on:

+ Preparation of specific data listings containing a list of all/selected data entered
into the database

* Medical review of specific predefined consistencies of medical information
+ Patient enrolment

+ Global overview of subjects and their database statuses (for example enrolled /
screened / completed / validated)

* Global overview of forms and their statuses

+ Total number of queries in particular sites compared to the number of open que-
ries in order to discover:

« Systematic mistakes of one (or several) sites. One site has more queries than
the others do. New training might be needed.
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+ Too many open queries. Investigators are not working properly. Maybe the CRF
is too complicated; maybe the investigators have not been trained properly.

+ Feedback to data management. One type of query is more frequent than the
others. Maybe something is not clear or is ambiguous. A database update might
be needed.

+ Feedback for the DM. Some validations do not produce any query. Maybe it is
not well programmed, maybe it is redundant.

List of specific data inconsistencies, coming from manual queries or messages
from investigators

Fluency of patient enrolment, feedback from sites

Plan of remaining steps until the nearest milestone (temporary lock, data export,
annual analyses etc.)

Overview and classification of protocol deviations and relation to project popula-
tions

The typical process of data review contains a meeting or conference call as the key part
of the whole process. Then following steps should be respected:

Agenda. Itis very important to define in advance what will be discussed and ask rel-
evant personnel to prepare materials for this discussion. All pieces of information
mentioned in the paragraph above have to be composed of the data in the clinical
database by a member of the project team. The agenda is usually prepared by the
project manager, i.e. the key person involved in the communication process.

Participation of all key people. Depending on points planned to be discussed during
the data review meeting, it is important to invite the relevant people in order to ar-
range a constructive discussion leading to appropriate conclusions.

Minutes. All the decisions should be written, reviewed by all participants, confirmed
and optimally signed. Then, it is the perfect base for further steps minimising po-
tential further discrepancies.

Be sure that the agreed points are performed. Only having the signed document
is not a guarantee that everything will work properly. Be sure to manage all con-
sequential steps such as the update of the project database including testing and
validation, an update of the technical manual, an update of the clinical manual,
new training of sites etc.

The following personnel should participate in the process of data review:

Project manager, having an overview of the clinical part of the project

Data manager, having an overview of the database status, number of queries and
data quality

Data analyst, who is able to confirm whether the current project status, structure
of the collected data, quality of the collected data etc. is sufficient for the required
statistical analyses

Medical expert, who should confirm that the collected medical terms are consis-
tent across the whole database and that physicians are collecting meaningful data

Sponsor representative, who should confirm that the project is running according
to expectations and in line with the initial documentation and defined processes

The above-described list of personnel is not ultimate. Any team member whose pres-
ence is relevant should be invited, too. As mentioned above, the data review process
is important and we should take care to hear all potentially useful comments.
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As mentioned above, the process of data review is organised especially before key proj-
ect timelines such as interim analyses or project revision milestones. Nevertheless, some
parts of the data review process can be realised continuously during the project’s dura-
tion. One of these steps could be the continuous revision of entered data, which could
be carried out by the data entry coordinator who can be in permanent contact with in-
vestigators and give them regular feedback about the quality of their data. He/she can
simultaneously discuss with investigators potential issues with data entry and help them
work with the system properly. A key skill of coordinator is the ability to communicate.
He/she should be in contact with the database users, but also with the team of service
providers in order to inform the helpdesk, data managers or project managers about
potential issues or about a situation in the process of data entry, which might help to
improve the whole process in a relevant manner.

4.4 Reporting

This chapter describes in more depth the practical aspects of data reporting and displays
some practical examples of a few reports.

Within the registry duration, there are several aspects about data reporting that need
to be considered. Running a registry is not a short-run activity, and multiple structural
and functional changes might occur. All of these may or may not affect reports that have
already been set and that are being generated on a regular basis. Any change that is
performed should be analysed and the affected report must reflect this change. Data re-
porting is usually handled by the data management department, so there is only a small
chance that a database change (handled by data management as well) of any kind would
g0 unnoticed. In spite of this, it is a good practise to set some kind of regular report test-
ing or at least an overview before sending any report out to its recipient.

An important aspect of data reporting is the feedback from receiver(s) of the report. In
general, it is usually the sponsor or client finding out that interim evaluations or analysis
are diverging from initial expectations. A few possible outcomes may arise from this. The
most common would be the modification of eCRF or patient criteria so that proper and
relevant parameters are being collected.

As the volume of entered data grows in time, the informative value of such registry grows
as well, and therefore more sites may want to participate in data collection for that regis-
try. It is well known that more does not always translate into better. Specific reports can
then reflect certain ways in which data are being collected and the amount of data each
site is entering, so these reports may reveal less active or even inactive participants. It is
then up to the sponsor or client how to handle this; the discontinuation of such partici-
pants would be an option only in extreme cases.

More sites and more sponsors as well may join the registry during its duration. More
sponsors may also mean more and different reporting demands, so another setup of the
reporting process may occur, as described in the chapter Setup of the reporting process.

As with joining the registry, discontinuation has to be handled as well. Report recipients

have to be managed so that no longer involved parties do not receive any kind of regular
report from the registry.
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Figure 49 Treatment report

Figure 50 Global overview report

Figure 51 Customised enrolment report

4.5 Import

There are two basic principles of importing data for clinical projects:

One-time data import

The registry is a long-term project, so new sites and users are joining throughout its du-
ration. These new participants may maintain some kind of registry of their own and may
be collecting similar data. It may be convenient to import their data into our registry.
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Alternatively, big and sophisticated registries may want to join data into one main regis-
try as well. The larger the amount of data that needs to be imported, the greater role the
data manager has to play.

The process of data import is not an easy one and many issues have to be considered:

* Mapping process is the main responsibility of the data manager during any data
import. This process consists of communication with the data managers responsi-
ble for the data that needs to be imported and deciding which parameter from the
source database corresponds to which parameter in the target database. This also
involves creating rules for the EDC system, which then transform the data from the
source database to the target database.

+ The decision whether the whole dataset is needed or just a subset would be used.

+  We must be sure of whether the dataset is valid and properly cleaned or whether
we must perform some additional data validation.

+  We must determine if it is required to collect more or different parameters than
those already defined in our registry. This may lead to a modification in eCRF (see
the chapter Database update), which is not a simple step; it should be therefore
decided if those data are worth it.

Data import on a regular basis

Some providers of external data (such as laboratory data, questionnaires or special ex-
aminations) may have an option to export data from their devices, so a follow-up import
would be an option.

This case should be recognised before the registry launch so an appropriate part of eCRF
may be designed for this type of data.

To set up the whole process properly, it is necessary to clarify the following points with
data providers:

+ List of variables and their data types

+ The format of source data

* The frequency of sending data

+ Method of providing data (cumulative or partial)

+ Other specific requirements
After each data import, it is necessary to perform quality control in order to ensure that
all data have been imported completely and correctly. The basic idea of the Quality Con-

trol process is to compare the source data with data in the target clinical database. The
whole process should be properly documented.

If only a little amount of data should be imported, these can alternatively be entered

manually because it might be more efficient, including the quality control step. For this
type of process, the data entry specialist would be a great option to handle this.
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4.6 Database update

Because running a registry is usually a long-term project, it is quite common to modify
the database structure while the project is running.

There can be various reasons for the database update:

+ Simplification of the database structure. Even if the database is properly set up
and carefully discussed, we might discover during the project's duration that some
changes would be welcome for the database users, sponsor or the professional
society.

+ News in the system of data collection. As each system is developed, after years of
the project's duration there might be new functionalities available that can make
some parts of the process more efficient. It is good practice to apply them.

+ Adding new parameters. This item might be related to new processes in clinical
practice, innovations in methods and treatment, a new medicinal product planned
to be involved in the registry database etc.

* Removal of some parameters. During the project’s duration, we can discover that
some items are redundant. Why keep them in the database? Let's simplify the da-
tabase instead.

+ Therequest for database modification may require the analyst (because of realisa-
tion/simplification of the analysis or another practical reason), the data manager
(because of improvements in data quality, adding validation, adding limits of pa-
rameters etc.), the project manager (because he/she knows the latest news in the
surveyed area) and the sponsor (for example, a request of registry users) to be
involved.

If the suggestion to modify the database structure comes from the registry users, the
proposed modifications have to be approved by both the sponsor and the project man-
ager. Requests to modify the registry are received by the data manager. When the entire
project team and the sponsor (possibly represented by the registry users or at least by
representatives of the sites) have approved the modifications, then the data manager
can start the process of registry modifications. All required modifications to the registry
are recorded in the document Request for database modification. A detailed database
structure with the required modifications can be added to this document. Before modi-
fying the registry, it is a good idea to download the current database structure with limits
of parameters and validations. Sometimes, the database modification also involves data
modifications - import, update, removal etc. In this case, it is recommended to download
a complete export with all data before modifying the database. Later, we can check the
data after and before the modification.

Some modifications require the suspension of the database during the process - deleting
questions, changing discrete values etc. In general, we consider it more secure to keep
the suspension of the database even for other modifications. The users of the registry
are informed about the suspension of the database adequately in advance.

After the database suspension, the data manager can start the process of registry modifi-
cations according to the document Request for database modification. He/she begins by
modifying the structure and then continues with data modification. All database changes
are recorded in the document eCRF tracker, which provides descriptions of the change,
the database status before and after the update, the name of the person who updated
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the database, the name of the person who approved the change and the reason for the
update. Data manager also records the date from when the new version of the database
is valid in the eCRF tracker. For data modification, data manager creates a document that
contains all commands for the update, insertion or deletion of data. If we modify the vali-
dations, we record these changes in the data validation plan document and create a new
version of this document. After all database modifications are complete, it is possible to
test the database.

Another data manager (i.e. not the data manager who did the modifications) then tests
the new version of the database. The tester checks if all required modifications have
been done and if no other changes have been made at the same time. The tester also
checks the functionality of all parameters, correctness of data types, validations, the set-
ting of skip logic and grammar by creating several test patients and their forms. If more
language mutations are available, all of them must be tested. For some modifications, it
is recommended to check the setting of the payment export, reports and AE reporting.
After testing and correcting any errors, it is possible to launch the new version of the da-
tabase. After launching, the current database structure (eCRF) is saved and the export is
completed; then, the database status before and after the update can be seen.

Some database updates might require updating the data because the new structure af-
fects the placement of the data that might be different from the original. One example
could be a new item in the code list where the initial data for this new item were entered
into the option "other". These data have to be replaced and carefully checked.

The registry users then typically receive an email about the database re-launch and about
the changes made in the registry. If the changes were important, it is appropriate to in-
clude these changes in the technical/clinical manual and organise a training for investi-
gators. All of the team members, especially the data analysts, have to be informed about
the update that has been just carried out.

4.7 User management

We have already spoken about the setup of database users, their roles and permissions.
We have specified roles for countries, sites and users; we know how to manage special
requirements.

During the time when the registry is running, there can be requests to add new users or
new sites, to change some user’s permissions, to add or extend permissions of the exist-
ing user, to change their personal details or to deactivate some users or sites from the
database due to different reasons.

For all of the above-mentioned steps, the responsible person should initially approve
the requests; typically, this tends to be the project manager, who guarantees that only
verified persons get access to the database.

The assigned helpdesk officer or data manager can easily create another user or site
with the previously created permissions or he/she can easily deactivate users who are no
longer participating in the project.

There can be numerous reasons for deactivating a user; mostly commonly, the user is no
longer an employee of the participating centre.
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The request for these changes can be received through the helpdesk or sent directly to
the project manager. All of these changes should be logged in the user list or in some
internal system.

When the helpdesk department sends some mandatory information to all database us-
ers, they should also check all automatic email responses from the user's e-mails. If they
detect some undelivered message due to a non-existing email address or some other
reason, they should solve this issue as quickly as possible and the result can be either the
deactivation of this particular user or a change to his/her email address.

At the end of the project, there is the phase of locking the registry. User access is then
modified at the request of the sponsor. The database can be either completely locked,
so all investigators are unable to log in, or the database can be locked to all data changes
but still can be accessed, so all data will be only in read-only form for all users. Some us-
ers can be excluded from this read-only mode as external data cleaning users, who will
have permission to update some of the forms.

4.8 Data export

The purpose of a good registry is to collect high-quality data that contains all important
parameters for a specific project - for example, RMG. All of our efforts described in previ-
ous chapters leads to exporting data, because a data export is a gate for further process-
ing, mainly data review and statistical analyses.

Export format

Data can be exported into different formats, depending mainly on the purposes of data
export:

Export format

+ MS Excel format. The typical format used for data review or for additional opera-
tive work with the data

+ (CSVformat. The widely-used format used for further processing or for import into
another electronic system

* SAS (or another alternative format for statistical processing). Used for importing
into statistical software for the purposes of statistical analyses

Format conventions

+ Data with a translation of code lists. Optimal for the sponsor, CRA, medical expert
etc.

+ Data without translations. Optimal for data analysts (numeric codes preferred in-
stead of text translations)

+ Format conventions. Simple short names (no spaces, no diacritics, meeting specific
conventions) are convenient for a data analyst.

+ Format conventions. Long names are convenient for the sponsor, CRA, medical
expert etc. for each orientation in the data
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Data exported in the format where each form is on a separate list. Transparent for
checking according to the initial CRF, because it has the same structure

Data exported in the format where repeating question groups are on separate lists

All data exported in one list. This might be better for the global review as all data
are grouped together

Exported data in different language mutations if applicable

Data of all form statuses or only chosen ones (complete data, valid forms, signed
forms, paid forms etc.)

Use of exports

There can be many processes that require data exports. Moreover, each purpose might
have different requirements on the export type, so more export types can exist for one
clinical project. Some examples might be:

Translation of text fields. Relevant data are exported, provided to the person re-
sponsible for translation and consequently translated

Medical coding. Similarly, relevant data are exported, provided to the person re-
sponsible for medical coding and consequently coded

SAE reconciliation. Similarly, relevant data are exported, provided to the person
responsible for SAE reconciliation and consequently reconciled

Data review. Relevant data are exported, usually modified, provided to the person-
nel who prepares materials for the data review based on these data

Payments. We might need to export correct data (or valid forms etc.) to name those
investigators who should receive a payment based on their actual work activity for
the project

Complete export. There are various purposes for the utilisation of a complete ex-
port. The primary one is to serve as a basis for statistical analyses

Export conventions

With any data export used, for the data we obtain, we must be always sure that we ex-
ported all of the data that we wanted to export. As described above, there can be more
than one export type so we must always validate the export and confirm that the export
was done properly and only with relevant data. We have to check, for example:

Export-focused only on a specific country

Export-focused only on a specific site

Only a specific form status (completed, valid, paid etc.) required
No variable is missing

No error in formatting

No error caused by the software (e.g. MS Excel has a limited number of rows and
columns)
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Complete export

It is possible to check the quantity and quality of the data from users of the registry
through a complete export. The data manager downloads the complete export, which
can contain all parameters or chosen parameters from the registry. The data manager
can then check an export by himself/herself or he/she can send it to an analyst for a more
complex analysis. Furthermore, the complete data export can be sent to the analyst for
an additional analysis. Different exports can be used for different analyses, so we can de-
fine the export according to the requirements of the analyst - different order of parame-
ters, different descriptions of the parameters, selected parameters or a complete export.

The investigators can also use a complete data export for their needs - for an overview of
patients, drugs, treatments etc. or for their own analyses or publications. In these cases,
the investigator asks the helpdesk for a data export from the registry (this request must
be approved by the project manager or sponsor). The helpdesk then sends a request
to the data management department and, finally, the data manager will download and
define the export according to the requirements of the investigator.

The final database export prepared for the final analyses should be exported in a format
preventing any further changes. It should be in read-only mode for everybody in order

to ensure that no data will be unjustifiably modified before the statistical analyses are
completed.

Figure 52 Example of export setting
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Data exports can also be used to combine data from different databases (registries) or
to connect other data to clinical data in the registry. This is how to combine data from
different countries with similar databases focusing on the same area. These combined
data are used to jointly analyse or to import data into an international registry. The result
is @ combination of patients with the same diagnosis from different countries, a larger
database and a more representative sample of patients. That is why international com-
panies often request exports from national registries. In addition, patients can request
their data for use in other registries or countries for legal purposes; this depends on the
legislation process in different countries, but since we collect the data of patients, they
should have the right to receive these data.

Before the end of the project, it is good practice that the data manager saves the final
complete export - the result of data collection - for further processing, typically for final
statistical analysis or payments.

4.9 Database lock

First of all, we need to highlight one of the main differences between a clinical registry
and a clinical study. Usually, a registry is observational whereas a study is investigational.
Therefore, the registry does not necessarily have to be previewed to be locked one day
and the registry’s lifetime is not designed to be limited. For a registry, a data export is
done periodically (twice a year, annually etc.), and the database lock might consist of the
following forms:

« Database freeze. The first step when editing the data is prohibited to all investi-
gators. The only right is that queries can be created, answered and closed. This is
used for the phase of the project when we want to stop data entry and focus on
data cleaning, typically before the final database lock or before a key milestone.
Once the queries are sufficiently resolved, we can either export the data, open the
database and continue with the data entry process, or continue with the locking
process.

« Database soft lock. If the database is soft-locked, nobody can perform any changes
in it. No data can be modified; no queries can be created and answered. This is a
natural process after data is frozen before the end of the project. Another option
is that we do not want investigators to perform any changes in the database. This
option is typically applied during the process of database update.

+ Database hard lock. The database is hard-locked only after the end of the project.
The data manager cannot work in the database either.

+ Complete/partial freeze/lock. The database can be frozen/locked completely,
which means it is either fully applied to all sites, or partly applied only to selected
sites or countries.

Once the clinical project is finished, the clinical database has to be locked. The database
lock is performed according to the following checklist (Table 27) only if these components
are relevant for the concrete clinical project.
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Table 27: Example of Database lock checklist

=

8 EEEEEE

=

All data planned to be collected (CRF data; laboratory data; data from patient
questionnaires) are available and entered into the database

All subjects/patients in the database are valid (or in the database status required
for the project)

All data validation checks planned to be processed are performed
Translation is performed if applicable

Medical coding is performed if applicable

Medical review of relevant data performed by the client/medical expert
All generated/created queries are resolved

SAE Reconciliation process performed and all issues resolved if applicable
Quality control performed with an acceptable error rate if applicable
Relevant data management documentation is approved and signed

Data review performed and meeting minutes are approved, sighed and imple-
mented

Approval for database lock is given by the client

The database lock ensures that there will not be any future data modification neither
from the investigator's activity nor from anyone else. When the criteria for a database
lock are accomplished, then the data manager can revoke the access by all investigator.
As a final step, a complete data export is generated and must be checked so that all data
are included in this export. This file consists of all data entered by all investigators into
the database. It is provided to the analyst in order to carry out the final statistical analysis
for the project.
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5.1 Introduction

A clinical registry is an important source of data regarding clinical features of patients
with the same disease or condition. Figure 53 shows the most important steps of
a statistical workflow, which describes how to translate the information hidden in the
data into clinically meaningful outputs. Data quality control has to be the first step in
any research; successful “cleaning” of registry data improves the quality of the outputs.
Depending on the objectives of given research, statistical analysis is performed in the
next step. During the hypothesis generating process, the sample size (number of patients
who fulfil inclusion criteria for the analysis) should be considered; advanced multivariate
methods can be performed in cases when the sample size is large enough (i.e. more than
10 patients per one variable); in cases with a small sample size, research is restricted to a
descriptive summary of data. Finally, the results can be presented in many different ways
depending on the type of statistical methods used and the objectives in general.

Figure 53 Statistical workflow

Correct decision making processes during the analysis together with the users’ ability
to interpret the results crucially influence the utility and applicability of the registry data
[64]. This chapter explains how to assess clinical data of patients diagnosed with multiple
myeloma (MM).

5.2 Randomisation in clinical registries?

One of the most frequent objectives is to determine the effectiveness and safety of ther-
apy in a real world setting. Compared to randomised clinical trials (CTs), clinical registries
reflect real clinical practice, where the treatment of patients is not strictly regulated by

the protocol instructions; compliance is lower but the target population is wider - also in-
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cluding elderly patients, patients with comorbidities and other groups, which are usually
excluded from clinical trials. The effectiveness gathered from the clinical registry can be,
undoubtedly, lower than the efficacy in CTs. However, the results from registries provide
real-world evidence and therefore have a high external validity, i.e. are more generalis-
able to a wider target population.

Randomisation is not carried out in clinical registries. Data collected in the regis-
tries reflects real clinical practice where the treatment selection, care and its evaluation
fall within the physician’s decision. The attending physician may change anything during
the treatment according to current clinical outcomes and his/her expertise. In such non
randomised studies, it is important to consider the adjustment of treatment effect for
a measured set of confounders using complex statistical methods (for an overview, see
[65]). The easiest and the most commonly used methodology is to add the potential con-
founders as predictors in a multivariable statistical model. statistical matching or weight-
ing techniques based on propensity score [66] might be another option. The propensity
score describes the probability of a person to be assigned into a specific treatment group
based on measured covariates (selected confounders). The procedure then matches/
weights participants from two treatment conditions using this score so that the final sam-
ples are well balanced in this score and consequently also in considered covariates. This
method actually performs the so-called “post randomisation”. The matching-adjusted
indirect comparison (MAIC) [67] is a similar method, which also ensures the similar dis-
tribution of baseline characteristics to be the same or almost the same as the compared
dataset; in this case, however, the reference dataset is not directly available as patient
level data but only as aggregated data - clinical trials, other studies or experiments are
most commonly used.

The main confounders in MM data, which should be interpreted if available, include:
sex, age, duration of follow up, stage of disease (International Staging System, ISS [68];
revised ISS, R ISS [69]), patient’s performance status (Performance Status developed by
Eastern Cooperative Oncology Group, ECOG PS [70]), comorbidities, previous therapy
(novel drugs, transplantation), reaction to the previous therapy (relapsed and/or refrac-
tory [71]) and the number of previous treatment lines.

5.3 Data pre processing

Validation processes in electronic data capture (EDC) system should significantly reduce
the collection of erroneous data. As an example, the system does not allow to fill the date
of treatment withdrawal which would preceding date of treatment initiation; as another
example, the system can automatically calculate staging systems using laboratory values.
The character of every item and its limits (range of numerical variables) in the registry
should be defined before the registry establishment, in this way, the system itself re-
stricts the collection of extreme or incorrectly recorded values. In case of MM treatment,
a standardised collection of data regarding the specification of induction therapy is cru-
cial, as there are many options (regimens) depending on the patient’s condition and an
important regulatory system in the respective country might apply.

After importing data into a specialised statistical software, quality of these data has to
be checked. The analysis has to be based on predefined objectives (hypotheses). Usually
not all patients are selected for analysis: some hypotheses could be related to a specific
subset of patients who fulfil the inclusion or those who do not fulfil the exclusion criteria
(e.g. include patients aged up to 70 and exclude patients with therapies conducted within
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clinical trials). Representativeness of the selected sample compared to the whole pop-
ulation of patients with MM could be disturbed. The final interpretation of results has to
consider the selection criteria; i.e. if only patients with ISS stage Il were selected for the
analysis, the results cannot be generalised to the whole population of patients with MM.

The selection criteria in a standard analysis of MM treatment usually specify the
treatment regimen and lines of therapy (e.g. lenalidomide -+ dexamethasone in 2nd-4th
line of therapy); as for all other characteristics (e.g. age, stage, performance status), the
goal is to be representative of the whole population which may receive the given therapy.
Finally, the subset analysis can describe the outcomes in specific groups of patients (e.g.
ISS [ 111). Nevertheless, many hypotheses can be generated above MM data, e.g. focused
on patients with extramedullary disease, high risk cytogenetics or not yet mentioned
progression from the asymptomatic stage of disease.

Descriptive summary of data is the first step of analysis. This phase itself reveals most
troubles regarding the quality of data. Incorrectly recorded values (e.g. continuous pa-
rameters out of the defined range) or results directly reported as NA (not available) or
“cannot be measured” used to be recoded as missing. In general, there are three types
of missing data [72]:

1) Missing completely at random (MCAR): missing data are not related to any
other patient's characteristics.

2) Missing not completely at random (MNCAR): missing data are associated
with information not observed in data.

3) Missing at random (MAR): missing data are related to patient's characteris-
tics observed in data.

How to handle missing values depends mainly on the character and the amount of
missing data and objectives of the respective study. If the objective is the univariate anal-
ysis of individual variables, researchers usually report the number of missing values and
do not use any imputation technique to complete gaps in the data. In case of multivariate
analysis (assessing simultaneous effect of multiple variable), most statistical softwares
automatically perform a complete case analysis, i.e. they only select patients with all the
characteristics available. Nevertheless, if missing data is of type MAR or MCAR (which is
assumed for the majority of missing registry data), complete case analysis causes a
selection bias: the analysed sample is no longer a random sample from the population.
There are many options how to handle the missing values; for a review concerned on
sophisticated imputation techniques, see [72]. Multiple imputation belongs to the most
recommended techniques outperforming other methods (complete case analysis, miss-
ing indicator method, overall mean imputation). Using this technique, missing values are
predicted in multiple steps by other known patient's characteristics. Multiple imputation
can be performed relatively simply, e.g. by using the freeware software R (www.r-project.
org) or the package MICE (Multivariate Imputation by Chained Equation) [73]. In con-
clusion, missing data is a challenge for most of clinical research; imputation techniques
should be considered mainly if multivariate analysis is included in the statistical analysis
plan.
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5.4 Descriptive analysis

Usually, the first step in any analysis is to summarise or to display gathered data in or-
der to get some information about the analysed population of patients. Even the main
outcomes of therapy can be described by descriptive statistics. Descriptive analysis is
therefore often the first and sometimes also the final step, and researchers do not have
to proceed with more advanced statistical methods.

This chapter will show several ways of describing patients’ demographic and clinical char-
acteristics depending on the type of data (i.e. if the data are categorical or continuous). In
the analyses of MM patients, the following variables are often among the most reported
ones:

* Patient’'s characteristics: sex, age, duration of follow up, performance status, co-
morbidities.

* Clinical features: ISS, R ISS, biochemistry (e.g. beta2 microglobulin, creatinine,
haemoglobin), percentage of plasma cells in the bone marrow, type of monoclonal
immunoglobulin, cytogenetic risk (changes in the genome of plasma cells), extra-
medullary disease, bone lesions.

* Characteristics of therapy: line of therapy, induction regimen, transplantation,
reason for treatment termination, therapy in previous treatment lines.

* Outcomes: maximal and final response to therapy, time to event endpoints (e.g.
the overall survival, as discussed in chapter 5.6).

* Safety: grade of adverse events.

5.4.1 Summary of categorical data

An exploratory analysis of qualitative (i.e. categorical) data (e.g. sex, stage of disease) is
performed in two complementary ways - description by frequency tables and visualisa-
tion by bar plots or pie charts.

Frequency tables describe the representation of each category in a data set by display-
ing absolute frequencies, usually accompanied by relative frequencies (i.e. percentages)
as well (see Figure 54). If the frequency of some categories is low, we should consider
merging adjacent (or similar) categories together. Apart from frequency tables, categor-
ical data can be also summarised by the modus, which is represented by the variable’s
category with the highest frequency. Furthermore, in case of categories that can be or-
dered (i.e. ordinal data), the median value can also be calculated.

Bar plots and pie charts are undoubtedly the most frequently used graphs for the vi-
sualisation of qualitative data. A bar plot is suitable for displaying both absolute and
relative frequencies (the height of the bars corresponds to category frequencies). A pie
chart is appropriate for the depiction of relative frequencies because the entire area of
a pie chart represents 100% [74]. Examples of a bar plot and a pie chart are shown in
Figure 54.
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Figure 54 Visualisation of categorical data

Very often, it is useful to display two categorical variables on one graph to see their rela-
tionship. This can be done by drawing clustered or stacked bar plots (see Figure 55). The
statistical evaluation of the relationship is described in the chapter Association between
clinical parameters.
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Figure 55 Visualisation of categorical data - bar charts for two variables

5.4.2 Summary of continuous data

Not only qualitative parameters, but also quantitative (both discrete and continuous)
parameters often represent an important part of collected data; age, creatinine level or
treatment duration can be given as typical examples. Summary statistics can be divided
into measures of central tendency (e.g. mean or median) and measures of dispersion
(e.g. standard deviation or variance, percentiles, range):
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* Mean defines the centre value a...round which other values fluctuate. If data con-
tains atypical values (i.e. outliers), the mean is often considerably biased.

* Median represents the value that separates data into two halves - the higher half
and the lower half. Unlike the mean, the median is not affected by atypical values.

* Variance is defined as the average of squared deviation from the mean. Similar to
the mean, it can be greatly influenced by outliers.

* Standard deviation (SD) is represented by the square root of the variance. The
favourable feature of the standard deviation is that it is measured in the same
units as the mean.

* Standard error of mean (SE) is defined as the standard deviation of the sample
mean and characterises the accuracy of the mean. This statistic is calculated as
the standard deviation divided by a number of patients; it is therefore significantly
affected by the sample size.

* Range presents another measure of dispersion and is defined as the interval be-
tween the minimum and maximum. As well as variance and standard deviation,
it is affected by atypical values.

* Quantiles are measures of dispersion, which are robust against outliers. For ex-
ample, the 0.25 quantile (i.e. the 25th percentile, called lower quartile) divides the
data set into the first quarter and the remaining three quarters.

* Interquartile range (IQR) is defined as the difference between the upper (i.e. 0.75
quantile) and lower quartiles (i.e. 0.25 quantile) and therefore covers 50% of ob-
served values. IQR is sometimes reported as an interval between the lower and the
upper quartile.

To sum up, if data are symmetric, then both the mean and the median are appropriate
characteristics of central tendency and result in similar values. On the other hand, if
data are asymmetric or if they contain outliers, then only the median is a good estimate
of the frequency centre of the data because it is not affected by atypical values (unlike
the mean). Thus, in practice, if the data do not follow a normal - or at least symmetri-
cal - probability distribution, it is common to calculate the medians and percentiles (5th
and 95th) rather than the means and standard deviations. In some cases, it may help to
transform the data, so that we can obtain data with the required probability distribution
(e.g. normalising log-normal data using the logarithmic transformation).

Descriptive statistics alone are usually sufficient, but it is often convenient to add some
graphs which can show more than just numbers. For the visualisation of continuous or
guantitative data, we can draw histograms, box plots or scatter plots [64]. Examples
of a box plot and a histogram together with a table containing descriptive statistics are
shown in Figure 56. Both summary statistics (e.g. range) and graphs (e.g. boxplot) can
reveal outliers, extreme values or incorrect values. A scatter plot allows to study the re-
lationship of two continuous variables. For more details about the correlation of two
variables, see the chapter Association between clinical parameters.
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Figure 56 Visualisation of continuous data

5.5 Hypotheses testing

Summary description and the visualisation of data form an integral part of almost ev-
ery statistical analysis. To compare certain groups of patients (e.g. according to different
types of treatment), we can draw graphs (e.g. bar plots) or calculate descriptive statistics
(e.g. means, medians, counts) for each group (for more details, see the chapters Sum-
mary of categorical data and Summary of continuous data). However, human eyes alone
are often not sufficient to discover significant differences among compared subgroups
and formal testing is therefore inevitable. P-values of statistical tests help us to make
conclusions about the tested null hypotheses (e.g. there is no difference in mean value of
haemoglobin in two groups of patients). P values describe the probability of getting the
same or larger difference while the null hypothesis is true. A low p-value (less than the
significance level usually set as 0.05) thus indicates rejection of the null hypothesis; in our
example, we could conclude that there is a significant difference in haemoglobin level
between the two groups. In case of high p values, the inference is that we failed to reject
the null hypothesis. The p value is influenced to a large extent by the sample size and
variability of data (with higher sample size and lower variability, the test provides lower
p values even if the means in both groups did not change). The statistical report should
therefore always include p values describing the statistical significance together with
the summary statistics (mean, percentage) describing the clinical significance [74].

This chapter deals with the statistical comparisons of patient subgroups according to
values of categorical parameters (such as performance status or ISS stage) or continuous
parameters (such as age or creatinine level). It also includes ways to measure the asso-
Ciation between two variables (such as clinical parameters). The last part of this chapter
is focused on statistical measures of the accuracy of diagnostic tests. The choice of a
statistical test depends on the data type and study settings. The decision-making pro-
cess during the selection of appropriate statistical methods explained in this chapter is
shown in Figure 57. A real example of statistical comparison of patients from RMG in two
groups is shown in [75]; the manuscript focuses on the effectiveness and adverse events
of intravenous and subcutaneous administration of bortezomib.
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Figure 57 Decision-making process in the selection of conventional statistical tests

5.5.1 Comparison of patients’ groups in continuous variable

Continuous variables can be compared across different subgroups via the parametric
t-test (in case of one or two samples; for a summary with practical examples, see [76])
and the analysis of variance (generalisation of t test for more than two samples) or via
non-parametric alternatives: Mann Whitney U test [77] and Kruskal Wallis test [78].

Parametric tests should be only used if the data follow a normal distribution (in a
simplified way, if there are no outliers and the data are symmetrical) and have the same
variance across all subgroups of patients. The normality assumption can be checked
with normality tests, such as the Shapiro Wilk or Kolmogorov Smirnov test [79], [80].
An alternative option is to use a graphical means of verification, such as histograms,
boxplots or normal-quantile plots. The equality of variance in subgroups can be tested
formally using tests such as the F-test, the Levene's test, the Bartlett's test or the Brown
Forsythe test [81][82][83]. Plotting quantile-quantile plots, histograms or boxplots rep-
resents a graphical way to check the equality of variances. The violation of equal varianc-
es is not crucial if patient subgroups have the same sample sizes. The independent sam-
ples t-test is used for testing the null hypothesis that the means of two subgroups are
equal. In case of inequality of variances or different sample sizes, Welch'’s t-test can be
used instead (also known as unequal variance t-test) [84]. Testing the equality of means
in more than two subgroups can be performed with the analysis of variance (ANOVA).
Testing through ANOVA tells us whether an overall difference exists among groups, but
it does not say which particular groups differ. Post-hoc tests (e.g. Tukey's method or
Scheffé's method) enable us to discover which subgroups pairs differ.

Non-parametric tests represent an alternative to parametric tests in cases of violation
of assumptions (such as skewed data or presence of atypical values in data) or a small
sample size. The advantage of non-parametric tests is that they do not assume a cer-
tain shape of the probability distribution and that they are not affected by outliers (they
work with signs or ranks of values). On the other hand, they are said to be less powerful
than the parametric tests [64], [85], [86]. The Mann-Whitney U test [77] is a non-para-
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metric counterpart of the two sample t-test. Unlike the t-test, the Mann Whitney U test
is focused on the comparison of the probability distribution of data across tested sub-
groups, not the means. The Kruskal-Wallis test, a non parametric alternative to ANOVA,
is used for the evaluation of differences in probability distributions between more than
two subgroups [78]. Both the t-test and ANOVA are quite robust against the violation of
the equality of variances and of normality. However, if the data are substantially skewed,

the sample size is small or outliers are present, then it is necessary to use non-parametric
tests [64], [85].

A comparison of men and women in terms of thrombocyte count is shown in Figure 58.
The Mann Whitney U test revealed that there is a statistically significant difference (p <
0.05) between the two groups. Clinical significance was proved as well: the median of
thrombocyte count is approximately 20 units higher in women than in men. The box plot
shows that the distribution in respective groups is right-skewed (with less frequent high
values): the boxes (corresponding to IQR) are not in the middle of the way between min-
imum and maximum, which points on an asymmetry of distribution. The value of mean
is higher than the value of median, as explained in the chapter Summary of continuous
data; mean is greatly influenced by outliers and asymmetry of distribution; therefore, it
can be concluded that the mean does not describe the centre of distribution in this case
(unlike the median).

700 q
= 500 - T
g _
= 500 { Mann-\Whitney U test
s p < 0.001
S 4004 Men Women
z N 222 196
‘5 300 4 00 Median IQR 145-227 161-265.5
_g - [] 25th—75th percentile median 181.5 2055
g 200 4 Eﬂ T Min-Max mean 191.7 214.5
= 100 min-max 7 8-634 31-555

U — T — 1

Figure 58 Example of visualisation and statistical comparison of two samples in continuous
parameters using a non-parametric test

Apart from testing the differences of parameter values across different subgroups, one
can evaluate if the mean or median value of the parameter of interest is smaller, larger
or equal to a given reference value (e.g. testing the haemoglobin in MM patients against
the reference value of haemoglobin level in a healthy population). This can be done using
the one-sample test: either a parametric t-test or a non-parametric Wilcoxon signed-rank
test [77]. In contrast to the one-sample t test, which compares the mean to a reference
value, the Wilcoxon test works with ranks and compares the median to a reference value.
Figure 59 shows the result of Wilcoxon test comparing the median of thrombocyte count
with reference value 150 x 109/ and 200 x 109/1 respectively. The median of thrombocyte
count is significantly different from 150 (p < 0.05) but not significantly different from 200
(p > 0.05). As expected, the p-value decreases with a larger effect size (due to a difference
in the observed median and value and the reference value).
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Figure 59 Example of visualisation and statistical comparison of one sample to reference
value (ref.)

Sometimes, it is also needed to test two related samples (or repeated measurements
on a single sample). For example, we want to compare the values of the parameters of
interest (such as the quantity of monoclonal immunoglobulin) before initiation and after
termination of the therapy. Testing one sample over time can be performed with the
parametric paired t-test or the non-parametric Wilcoxon signed-rank test. The paired
test actually corresponds to the one sample test with the difference between the paired
values as an input. The assumption (normal distribution) therefore has to be controlled
on the difference of the paired values. One of real examples from RMG is shown in Figure
60 [87]. In this study, the effectiveness of the first and second administration of lenalid-
omide from one treatment centre was compared. Descriptive analysis included paired
comparison of baseline characteristics. Figure 60 shows the difference in LDH (lactate
dehydrogenase) at the first and second administration; the Wilcoxon test proved that
there was no significant change in the level of LDH.
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Figure 60 Example of visualisation and statistical comparison of paired samples

5.5.2 Association between clinical parameters

The magnitude of the association (correlation) between two continuous variables can be
described using the parametric Pearson’s correlation coefficients or the non-paramet-
ric Spearman'’s correlation coefficient. A correlation coefficient ranges from 1 (nega-
tive correlation) through 0 (no correlation) to +1 (positive correlation) [88]. The correla-
tion coefficient (r) used to be reported together with the p value and the test compares
the value of observed coefficient with 0. Association can be shown via a scatter plot (see
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Figure 61). In the left graph, we can see a positive correlation, i.e. that with the increasing
values of the beta2 microglobulin, the values of the creatinine increase as well. The right
graph shows an opposite trend; as the values of haemoglobin go up, the values of the
beta2 microgobulin tend to go down, which is a negative correlation. The trend of associ-
ation could be derived only using the correlation coefficient without the need of plotting
the scatterplot, but it is highly recommended to check the distribution as the coefficient
could reach high value only thanks to extreme values (in case of parametric approach).

Figure 61 Example of visualisation and statistical assessment of correlation between two
continuous variables

The association of categorical (i.e. qualitative) variables can be assessed using the Pear-
son's chi-squared test or the non-parametric alternative Fisher's exact test [89]. These
tests are used when we want to decide whether the proportions of a variable's categories
are different depending on the value of the other categorical variable. Let us imagine
that we want to study whether the proportion of men and women is the same across
patients with and without extramedullary disease (EMM and MM). Counts of patients in
categories of two variables can be displayed using a contingency table (see Table 28).
The assumption of the Pearson'’s chi-squared test is that at least 80% of cells in the con-
tingency table have an expected count (assuming independence) of at least 5 and 100%
of cells of at least 2. If this assumption is violated, the Fisher’s exact test should be used
instead. Table 28 shows that the analysed groups (EMM and MM) significantly differ in
sex and age. The column percentages (to make the groups comparable, sum of percent-
ages in the target groups should be 100) revealed that there is a higher proportion of
male and young patients in the EMM group.

Table 28 Pearson’s chi-square test as a test of independence in the contingency table

Baseline characte-

= = 2
ristics’ EMM (N = 309) MM (N =2 092) P
Sex
Women 112 (36.2%) 1014 (48.5%) <0.001
Men 197 (63.8%) 1078 (51.5%) :
Age (years)
<65 172 (55.7%) 992 (48.3%)
66-75 99 (32.0%) 685 (33.4%) 0.011
>75 38 (12.3%) 375 (18.3%)

" Described using N (column %)
2 p-value of the chi-square test
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If we wish to compare the counts in categories within related samples (e.g. two different
risk stratification algorithms), we can apply the McNemar’s test [90] (see an example in
Table 29). The McNemar's test points to a statistically significant difference in the classi-
fication of patients into stages of ISS and R ISS. Using percentages, we can conclude that
the classification differs in 27% of patients.

Table 29 McNemar's test in the evaluation of paired categorical data (blue = reclassification
from a higher ISS to a lower R ISS stage; red = reclassification from a lower ISS to a higher R
ISS stage)

Staging ISS

systems' Stage 1 Stage 2 Stage 3 P
R-ISS

Stage 1 97 (17.5%) 0 (0.0%) 0 (0.0%)

Stage 2 57 (10.3%) 157 (28.3%) 95 (17.1%) <0.001
Stage 3 0 (0.0%) 0 (0.0%) 149 (26.8%)

' Classification of patients described using N (total %)

2 p-value of the McNemar's test

The relationship of two or more categorical variables (e.g. types of treatment, types
of response) can be illustrated using the contingency tables. Statistical tests only say
if there is a statistically significant relationship between the two categorical variables
or not. However, these tests do not quantify this association. The risk ratio and odds
ratio are measures of effect for assessing the strength of the relationship between two
qualitative outcomes. They are usually applied to evaluate the association between a
given exposure (e.g. presence/absence of a prognostic factor) and a specific outcome
(e.g. presence/absence of a complete response) [91]. For example, we can be interested
whether patients obtaining a new treatment have bigger odds for a complete remission
than patients obtaining a conventional treatment. We can also study whether patients
who are administered a novel drug have a higher risk of adverse events than patients
who are administered an old drug.

Relative risk (also risk ratio, RR) can be calculated as the ratio of two probabilities - the
probability of the presence of a specific outcome (e.g. adverse events) in a group with
a given exposure (e.g. a new treatment combination) and without that exposure (e.g. a
standard treatment combination). The odds ratio (OR) does not compare the probabili-
ties in two groups: it evaluates the comparison of the odds instead. Odds are defined as
the ratio of two probabilities - the probability of the occurrence of an outcome of interest
(e.g. partial remission) and the probability of the non-occurrence of that outcome [92].
For a better understanding of the difference between the relative risk and the odds ratio,
see Figure 62 with computational formulas. If the value of the RR is 1, then there is no
difference in the risks between two groups. Values higher (or lower) than 1 mean that the
outcome is more (or less) likely to occur in the group with the examined factor. Similarly,
if the OR is equal to 1, there is no difference in the odds of the outcome between the
compared groups. If the OR is higher (or lower) than one, then the exposure is associat-
ed with higher (or lower) odds of the event. Risk ratios and odds ratios provide similar
results if the probability of an event is generally small. Nonetheless, if the probability of
occurrence is high, then both measures result in different values. The relative risk should
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not be used in cases of retrospective studies; odds ratios should be applied instead [92],
[93]. A MM registry should be designed as a prospective study; therefore, both RR and
OR could be used in the analysis. It is always more than appropriate to add confidence
intervals (Cl) to both statistics.

Partial remission

Yes No Total X
N =] (b b 5 gath) @
+ - a
Treatmentcombination oW L2 LbJ 2 RR=14 j 2 OR = b/(:a +b) =|L|
Standard c d c+d — c/lc+d) " [E
Total a+c b+d a+b+tc+d d/ic+d) 'd

Figure 62 Calculation of relative risk (RR) and odds ratio (OR)

Odds ratios are closely connected with the logistic regression. Regression coefficients
in the logistic regression represent the log odds of the outcome (e.g. response to treat-
ment) per unit increase in the predictor (e.g. age). In other words, the exponential func-
tion of the regression coefficient corresponds to the odds ratio associated with a one-unit
increase in a predictor [93]. Table 30 shows the ORs from the assessment of association
between baseline characteristics and the EMM status. Based on the results, we can con-
clude that the population of men has a 1.66 times (i.e. 66%) larger chance of having
EMM when compared to the population of women. When evaluating the age, there is an
opposite direction in OR (< 1), which reflects a lower chance of having EMM in older age.
The odds ratios are often visualised via forest plots, i.e. using the same type of graph
as hazard ratios in survival analysis (see the chapter Cox proportional hazard model). A
p-value lower than the significance level reflects a statistically significantly different value
of OR from 1 (where 1 means no association).

Table 30 Odds ratio as a help in interpretation of contingency table

Baseline cha-

= = 0,
racteristics’ EMM (N=309) MM (N=2,092) OR(95% CI) p
Sex
Women 112 (36.2%) 1,014 (48.5%) reference <0.001

Men 197 (63.8%) 1,078 (51.5%) 1.66(1.29-2.12) )
Age (years)

<65 172 (55.7%) 992 (48.3%) reference

66-75 99 (32.0%) 685 (33.4%) 0.87 (0.67-1.13) 0.294

>75 38 (12.3%) 375 (18.3%) 0.59 (0.41-0.87) 0.007

' Described using N (column %)

5.5.3 Evaluation of diagnostic tests

Diagnostic tests (e.g. measurement of the quantity of monoclonal immunoglobulin in
the serum) are frequently used in medicine in order to confirm the presence of disease
in individuals suspected of having that condition or to discriminate between subgroups
of patients. Receiver operating characteristic (ROC) analysis helps to evaluate the di-
agnostic ability of such medical tests, as well as classifiers or models. If the result of
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a diagnostic test is dichotomous (e.g. positive or negative), then sensitivity and specific-
ity are conventionally used as measures of the efficiency of the test. Sensitivity (true pos-
itive rate) is defined as the conditional probability that individuals with a given disease
are correctly identified by the test as having that disease. In other words, it measures
the ability of the test to recognise individuals with a given disease. Conversely, specific-
ity (true negative rate) represents the percentage of healthy people who are correctly
identified as not having the disease. Thus, specificity measures the ability of the test to
recognise healthy individuals. Other useful indicators of discrimination ability in clinical
practice include positive and negative predictive values. The positive predictive value
(PPV) represents the probability that a person with a positive test actually has a given
disease. Similarly, the negative predictive value (NPV) is defined as the probability of
being healthy after obtaining negative test results. These two measures are influenced
by the prior prevalence of disease [94]. The derivation of aforementioned characteristics
is illustrated in Figure 63. Sensitivity, specificity, PPV and NPV can be reported as proba-
bilities (with range 0-1) or expressed as percentages.

Disease status

Present Absent TP =true positive

Diagnostic test Positive TP FP FP =false positive
result . — p— FM = false negative
Negative Fi N J TH = true negative

Iy

... _  [TPJ _ TP
Sensitivity = TN PPV (TPHED
Specificity = ——— NPV =——_

Figure 63 Comparison of diagnostic test results and real disease status through sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV)

However, the outcome of diagnostic tests does not have to be a binary result (positive/
negative); it can also be a continuous/quantitative variable (e.g. albumin level). In that
case, the previously mentioned indicators cannot be used because both sensitivity and
specificity can be calculated across all possible values of the variable. Unless the cut-off
value for the variable discriminating between healthy individuals and those with a given
disease has already been found in previous research, we do not know which cut-off value
of the continuous variable is the best. The ROC analysis represents an effective way to
overcome this problem because it can help to find out whether the continuous variable
is good for discriminating between healthy individuals and those with a given disease or
not. Moreover, the ROC curve also enables us to identify the best cut-off point in terms of
discriminating abilities. The ROC curve can be created by plotting sensitivity on the y-axis
and one minus specificity on the x-axis (see Figure 64). The area under the curve (AUC)
represents an effective summary measure of the accuracy of the diagnostic power of the
test. It takes on values from 0 to 1, where 1 means the best discriminating ability and 0.5
denotes no discriminating ability. Accordingly, one can compare different tests through
AUC. Figure 64B illustrates different shapes of the ROC curve with excellent, no and re-
versed discriminating ability. In the case of “no ability to discriminate between groups”
(the grey diagonal line), the result of diagnostic test is basically no better than chance
level (i.e. random). The closer to the upper left-hand corner the ROC curve lies, the better
diagnostic ability it has [94].
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Figure 64 Example of ROC curve (blue line) with area under the curve (AUC; yellow) (A) and
ROC curves with different discriminating ability (B)

There are several criteria to determine the best cut-off values. One of them is, for ex-
ample, the Youden index, which searches for the maximum distance of the ROC curve
from the diagonal line. That basically means that the sum of sensitivity and specificity is
maximised [95]. Another commonly used method works with the squared distance be-
tween the upper left corner (x-axis=0, y-axis=1) and any point on the ROC curve and tries
to minimise that distance [94].

ROC analysis clearly has a place when working with MM data. In case of MM patients, it
is very helpful to categorise the patients into different groups according to their stage
of disease, prognosis or values of prognostic factors, as treatment should be well suited
for each patient. Therefore, the stratification of patients into various groups with differ-
ent demands for treatment is much needed. For example, the ROC analysis was used in
the evaluation of bortezomib base therapy in the first line not followed by autologous
stem cell transplantation [96]. The ROC analysis pointed to a significant association of
concentration of monoclonal immunoglobulin (M Ig) with treatment response PR (partial
response) or better. Using the Youden index, the cut off 2.3 g/dl was identified (the cut
off was associated with sensitivity and specificity value around 60%). The logistic regres-
sion finally revealed that patients with low levels of M Ig (< 2.3 g/dl) had 1.7 times higher
chance of reaching PR or better when compared to patients with high levels of M Ig.
The ROC analysis is therefore used very often in order to simplify the interpretation of
regression modelling: the coefficients in the regression equation explain the change of
outcome in association with unit increase of continuous variables, while the comparison
of risk vs. reference group in case of binary variable (using the cut off from ROC) is much
easier to interpret and more useful in practice.

In case of MM data, the endpoints used to be time dependent variables (e.g. the overall
survival or the progression-free survival described in the chapter Survival analysis). In
case of such endpoints, conventional ROC is not sufficient because it requires binary
outcomes (e.g. the reaching of at least PR, as mentioned in the previous example). The
prediction performance of the continuous variable can change over time; with increasing
time from the assessment of the marker value, the predictive ability usually decreases.
A special approach called time-dependent ROC should be adopted in these cases [97].
This technique assesses the predictive value of a continuous variable in predefined times
of a patient’s follow up (for a review, see [98]). In one study [99], time dependent ROC
was performed to compare the survival prediction between two stratification algorithms;
the one with a higher value of AUC was reported as the better one (i.e. having a better
predictive ability).
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5.6 Survival analysis

The main objective of the survival analysis is to analyse the expected duration of time
until one or more events happen (e.g. death, progression or relapse). Time to event
endpoints are the most important outcomes in the sense of long-term assessment of
treatment effectiveness. Traditional statistical methods (such as t-test) cannot be used
for modelling due to the presence of incomplete data (i.e. the event does not occur in
all patients at the time of evaluation). Therefore, appropriate analytical techniques must
be considered instead. This chapter provides a basic overview of statistical methods in
survival analysis. The principles of the methods, their usage and several examples will be
presented.

5.6.1 Kaplan-Meier method

As previously mentioned, the incompleteness of survival data is an important feature that
requires the application of non-standard statistical methods. An observed event can be,
for instance, death, progression/relapse, first treatment, next treatment, partial response
and many others. The main goal is to find out how often and when such events occur
since the beginning of the follow-up. Here are two examples of scientific questions:
“Does the new treatment prolong the patients’ survival time?” or “What proportion of pa-
tients will have disease progression at a certain time after treatment initiation?”. The term
“survival time” is used even if the observed event is not death.

Another crucial part of survival analysis is the definition from which time point the oc-
currence of events will be followed. The observation period can start, for example, at
the time when a patient enters into the registry, at the time of diagnosis or at the time
of treatment initiation. In MM data, survival analysis is mostly focused on the evaluation
of the effect of therapy; therefore, the date of treatment initiation is usually the starting
point. Even in this case (i.e. observation started at the date of treatment initiation), we
can compare the survival according to the characteristics assessed in previous time peri-
ods (e.g. ISS at diagnosis, refractory status).

As mentioned before, the event of interest does not have to occur in all patients during
the follow-up period; in this case, therefore, censoring is needed. The patients in which
the event of interest has not occurred during the follow up period have to be censored in
the survival analysis, i.e. considered as without that event at the time of last evaluation.
This can be due to a patient’s drop-out, loss to follow-up during the study or the end
of the study (i.e. the closure of the database). These observations are called right-cen-
sored and are very common in real-world data. Patients with censoring still have their
survival time (i.e. censoring time) included in the analysis and should not be removed
from the analysis, as they are highly valuable. The stretch of time without experiencing
the event of interest is itself very informative. In addition to ‘right censoring’, we can also
come across the so-called ‘interval censoring’, which means that we do not know the
exact time of event occurrence; we only know that it happened between two known time
points (e.g. visits), i.e. in an interval of time. Yet another type is ‘left censoring’, which
means that the event of interest has already occurred before the time of enrolment in
the study but we do not know when [100]-[102]. For a better understanding of right cen-
soring, see Figure 65.
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Figure 65 lllustration of right censoring

When analysing survival data, there are several important quantities to be defined. One
of the crucial quantities is the survival function which describes the probability of survival
(i.e. the non-occurrence of the event of interest) at given times. The survival function can
be illustrated through a non ascending survival curve [102]. The real probability distri-
bution of the survival data is usually not known. Therefore, non-parametric estimators
represent frequently used means of estimating that do not require a specification of the
distribution. The non-parametric Kaplan-Meier estimator is the most commonly used es-
timation technique of the survival function [103]. The Kaplan-Meier method is based on
the probability of survival until a given time point, conditional to the probability of being
alive in previous intervals. The assumptions of Kaplan-Meier analysis include the knowl-
edge of exact time points at which events occur and the independence of censoring and
event rate [104]. In MM data, the most frequently used intervals assessed using Kaplan
Meier methodology are [71], [105]:

* Overall survival (OS): duration from the start of treatment (or date of diagnosis)
to death from any cause.

* Progression-free survival (PFS): duration from the start of treatment to date of
relapse/progression or death from any cause (whichever occurred first).

* Time to progression (TTP): duration from the start of treatment to date of re-
lapse/progression or death related to MM (whichever occurred first).

* Duration of response (DOR): duration from the first date of documented PR to
date of relapse/progression or death related to MM (whichever occurred first).

* Time to next therapy (TNT): duration from the start of treatment to start date of
next therapy (time interval between two consecutive lines).

* Time to treatment failure (TTF): duration from the start of treatment to treat-
ment discontinuation from any reason (progression, toxicity, etc.).

* Event-free survival (EFS): definition of EFS often corresponds to PFS, but EFS may
include additional events, such as serious toxicity.

If the event of interest is not observed, patients are censored at the time of last evalua-
tion (date of last contact with the patient). The interval thus corresponds to the duration
of the patients’ follow up. Definitions of treatment intervals should always correspond
to the up to date guidelines of International Myeloma Working Group (IMWG) [71]. Ex-
amples of endpoints are illustrated on the timeline of an imaginary patient in Figure 66.
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Figure 66 Timeline illustrating the set of various endpoints in a survival analysis

An example of the Kaplan-Meier curve is shown in Figure 67. The vertical axis of the curve
represents the estimated probability of survival and takes on values between 0 and 1.
Sometimes, it is also expressed as values from 0 to 100 (i.e. as the percentage of patients
without the event of interest). The horizontal axis displays the time from starting the ob-
servation. The Kaplan-Meier curve begins at 1 on the vertical axis, representing the entire
study population. When the events of interest occur, the line drops and the height of the
step is dependent on the proportion of patients with that event at a given time point.
Confidence intervals can be drawn around the curve to show the precision of estimated
probabilities. Censored observations are very often indicated by notches or crosses in

the Kaplan-Meier curve.
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Figure 67 Example of Kaplan-Meier curve

The Kaplan-Meier curve is often accompanied by median survival time, which corre-
sponds to the amount of time after which 50% of patients reach an event of interest. The
estimated median survival time can be found by looking at the intersection of the survival
curve and the horizontal line corresponding to the probability of survival equal to 0.5 (see
the red dashed line in Figure 67). Sometimes, it may happen that median survival time
is not reached, which occurs when the survival curve does not drop below 0.5. The Ka-
plan-Meier curve also enables us to obtain the x-year survival rate (i.e. the proportion
of patients that survived for x years). See the green dashed line in Figure 67, which shows
how to find the 5-year survival. It is also useful to provide, together with the Kaplan-Mei-
er plot, the number of patients at risk at various time points in a table underneath the
graph. Patients are ‘at risk’ if they are still alive and the event has not yet occurred at that
time. It is important to keep in mind that survival curves are estimated less precisely if
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only few subjects are at risk, usually near the end of a follow-up. Apart from summary of
the survival time, it is also helpful to summarise the follow-up time through the median,
since dissimilar follow-ups in compared groups could lead to bias [100]-[102].

Very often it is desirable to compare two or more Kaplan-Meier curves that can corre-
spond, for example, to subgroups of patients with different treatment options. This can
be done using the log-rank test [106]. The null hypothesis is that there is no difference
in survival curves across different subgroups. The resulting p-value is usually compared
with the level of significance a = 0.05 (less frequently 0.001 or 0.1). If p < 0.05, the differ-
ence in survival between the subgroups of patients is considered as statistically signifi-
cant; otherwise it is statistically insignificant [101].

Kaplan Meier curves represents the most frequent outcome in the analysis of MM data;
accordingly, numerous studies focused on survival analysis of MM patients are available.
An overall summary of survival of MM patients recorded in the RMG is reported in [107].
Figure 68A describes the overall survival of 4,738 patients who were diagnosed with MM.
The median overall survival from the time of diagnosis was 5.7 years (95% Cl: 5.4-6.0).
From the table underneath the graph, we can find out how many patients were at risk
every 5years. During the time period, the number of patients at risk decreases; for exam-
ple, the 10 year-long follow up was only reached in 358 patients, i.e. 92% of patients had
either already died or had been followed for less than 10 years without the occurrence
of event (censored). Together with the number of patients at risk, the probability of sur-
vival (i.e. proportion of surviving patients) was reported, again with a downward trend
over time. At 10 years of follow up, the proportion of surviving patients was 32%. The
censored data are not shown in the figure (it is an option of researcher if he/she wants
to show the marks for censoring). Figure 68B describes the overall survival in respective
lines of therapy. As expected, the OS decreases with higher line of therapy: the median
OSwas 60.5, 34.3,22.6 and 13.8 months in 1st, 2nd, 3rd and > 4th line of therapy, respec-
tively. As the analysis was strictly descriptive, no statistical comparison was performed.

A) Overall survival from diagnosis B) Overall survival from treatment initation
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Figure 68 Overall survival from MM diagnosis (A) and from initiation of respective line of
therapy (B)[107]

If the database includes data on asymptotic stages of MM, it is often in the research-
ers' interest to assess the time from diagnosis of asymptomatic disease to treatment
requiring MM, as shown in several previous studies [107]-[110]. Figure 69 shows that
the Kaplan Meier curve does not necessarily have to start at 1 (i.e. at 100%). It can be
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plotted in a reverse way if the goal is to show that the number of events increases. In case
of OS, an increasing duration of follow up is associated with a decreasing probability of
survival. In case of evaluation of time to progression, an increasing duration of follow up
is associated with an increasing risk of progression, and therefore the curve is plotted in
a reverse way. An analysis of patients diagnosed with MGUS (monoclonal gammopathy
of undetermined significance) revealed that the risk of progression in 5, 10 and 15 years
of follow up was 7.6%, 16.5% and 26.5%, respectively [108].

100

1 887 MGUS patients; 162 with progression

80

60

40

Risk of progression (%)

20

15 years: 26.5% (95% Cl = 21.3-32.7)

10 years: 16.5% (95% Cl =13.7-19.9)

5 years: 7.6% (95% Cl =6.2-9.2)

[ I I ! I I I I 1

o 5 10 1% 20 256 30 35 40

Time from diagnosis (years)

Figure 69 Time to progression from MGUS diagnosis [108]

A marked heterogeneity in survival is observed in MM patients, depending on many
prognostic factors [111]. The Kaplan Meier methodology is therefore often used to verify
the OS or other intervals per risk groups. An explanatory analysis of OS and PFS in patient
subgroups (according age, ISS, etc.) can be found in [112]. As another example, a study
[113] was focused on the assessment of performance of staging systems in MM patients
recorded in the RMG. Figure 70 displays the OS from diagnosis according to the IMWG
risk score [111] and the R ISS stratification [69], respectively. The Kaplan-Meier curves
were compared using two sided log rank test. The figure clearly shows that the OS was
significantly worse in higher stages for both risk stratification algorithms (p < 0.05).

Figure 70 Overall survival from diagnosis according to the IMWG risk score (A) and the R-ISS
risk stratification (B)
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Registry data, reflecting real world evidence (as discussed in chapter Randomisation in
clinical registries?), can serve as a comparator to the trial-based therapy. In study [114],
data regarding daratumumab monotherapy conducted within clinical trials were com-
pared to data of heavily pretreated multiple myeloma patients recorded in the RMG. The
median observed PFS for daratumumab and the RMG cohort was 4.0 and 5.8 months,
respectively. As another example, the study [96] was focused on the assessment of bor-
tezomib based therapy in patients who initiated the first line of therapy and who were
not eligible for transplantation. Survival analysis revealed that VMP (bortezomib + mel-
phalan + prednisone) regimen outperforms the other regimens based on the evaluation
of OS, PFS, TTP and DOR.

5.6.2 Cox proportional hazard model

The hazard function is another fundamental quantity in survival analysis. The hazard
function does not represent probability; instead, it is an indicator of the risk of experi-
encing the event of interest at a given point in time [102]. The Cox proportional hazards
model enables us to investigate the relationship of predictors (e.g. patient or treatment
characteristics) and survival time through the hazard function [115], i.e. it can quantify
the effect of predictors on patient survival. The advantage of the Cox model as opposed
to parametric survival regression models is that it does not require the definition of a
particular survival distribution (it is semi-parametric) [101]. The interpretation of the Cox
model is done using the hazards ratios (HRs). A hazard ratio is defined as the ratio of the
predicted hazard function under two different values of a predictor variable (e.g. treated
vs. untreated patients) while controlling for the effects of other covariates in the model
(e.g. age, sex or thrombocyte count). If the hazard ratio is greater than 1, the occurrence
of a given event is more likely. A hazard ratio less than 1 means an event is less likely to
occur [102]. This allows us to distinguish between risk factors (increasing risk of event)
and protective factors (decreasing risk of event) according to values of the hazard ratios.

Hazard ratios of predictors can be graphically represented via forest plots (see Figure
71). The figure is one of the outcomes of a real analysis from the RMG, focusing on pa-
tients treated with pomalidomide in relapse of MM; it was presented in an abstract in
the EHA (European Hematology Association) conference in 2017 [116]. Association of
predictors with the overall survival was assessed, HR > 1 points to higher risk of death for
risk category compared to the reference in categorical variables and risk associated with
unit increase of continuous variables. Specifically, for example patients with ISS Il have
almost three times (exactly 2.9 times) higher risk of death compared to patients with ISS
I. Similarly, patients with extramedullary myeloma have almost three times higher risk
of death compared to the patients without extramedullary mass. In terms of continuous
variables, unit increase of beta2 miroglobulin was associated with 1.1 times higher risk
of death. By contrast, a unit increase in thrombocyte count (platelet count) or haemoglo-
bin level was associated with a lower risk of death (HR < 1). Using the p-values, we can
interpret if the HR is significantly different from 1 (1 means no association with a given
endpoint). In case of continuous variables, significant HRs close to 1 were observed; this
is the consequence of the fact that model assesses a small change (the unit increase). If
we used the time dependent ROC (as discussed in the chapter Evaluation of diagnostic
tests) to recode the parameter into binary variables (e.g. haemoglobin <110 g/land > 110
g/l) and use this as a predictor in the model, HR would reach higher values (compared to
the continuous approach).

Forest plot are presented in a different way if the goal is to compare two treatment regi-

mens, see for example [117]. The rows in the plot describe the selection of patients (e.g.
women) and HR describes the effect of therapy in this subset.
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B HR (— 95% CI)

Clinical features 0 1 2 3 4 5 HR (95% CI) p-value
ISS stage (I), n =32 ' . ' ' ' ' reference

ISS stage (), n =29 - » 243(0.85-623) 0.065
ISS stage (Ill), n=22 f ™ » 2.90(1.19-7.03) 0.019
ECOG stage (0), n =34 [ reference

ECOG stage (1), n =59 k - > 363 (1.09-12.16) 0.036
ECOG stage (2—4), n =17 1221 (3.22-46.30) <0.001
B2 microglobulin {(mg/l), n =122 - 1.09 (1.01-1.18) 0.025
Hemoglobin (gf), n =122 i 0.977 (0.959-0.996) 0.017
Thrombocyte (10-€9/) , n =122 4 0.995 (0.990-0.999) 0.039
Extramedullary mass (no), n = 108 " reference

Extramedullary mass (yes), n= 15 k ] » 291 (1.36-6.23) 0.006

Risk factor

Figure 71 Example of forest plot - association of risk factors with OS in patients with pomalid-
omide in relapse of MM [116]

The Cox proportional hazards model assumes proportional hazards for different val-
ues of predictors. In other words, the effects of covariates should be constant over time.
Therefore, it is important to check the assumption for all predictors tested. There are
several graphical methods to do this. The simplest one is to look at whether survival
curves move apart gradually and without intersections (see Figure 72). A small crossing
at earlier points in time is usually fine. If the researcher wishes to examine the results
more thoroughly, he/she can plot a cumulative hazards function or Schoenfeld residuals
vs. time to identify patterns [103], [119].
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Figure 72 Checking the assumption of proportional hazards using Kaplan-Meier curves

The univariate Cox proportional hazards model can be used as a complement to the
log-rank test. The log-rank test gives us information on whether there is a difference be-
tween given subgroups in terms of survival; the univariate Cox regression model quanti-
fies the difference in the form of unadjusted hazard ratios (it quantifies the magnitude of
association with endpoint similarly as OR in a contingency table does). Statistically signif-
icant variables in univariate analyses (e.g. when p < 0.05 or p < 0.10) are usually included
in a multivariate Cox analysis as well, to obtain adjusted hazard ratios. This enables us
to study prognostic factors independently. Using results from the univariate analysis, the
CMG (Czech Myeloma Group) model was developed to classify patients into risk groups
with different risks of progression from MGUS to MM [108]. Table 31 presents results of
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both, univariate and multivariate analysis; even if adjusted by another covariate (from
CMG model), all predictors significantly (p < 0.1) increase the risk of progression. Ad-
justing for confounding factors (as mentioned in the chapter Randomisation in clinical
registries?) could be another option; for an example, see study [114].

Table 31 Univariate and multivariate analysis of predictors from CMG model associated with
progression from MGUS to treatment requiring MM [108]

Univariate Multivariate

Risk model parameters
HR (95% Cl) p HR (95% CI) p

CMG model

Monoclonal protein in serum:
> 1.5 g/dL 3.65(2.29-5.82) <0.001 2.83(1.75-4.56) <0.001

Kappa/lambda ratio: <026 0r 350 (1.85-5.52) <0.001 2.68(1.53-4.69) 0.001

Bone marrow infiltration - cyto-

logy: > 5 % 2.57(1.50-4.41) 0.001 1.60(0.93-2.75) 0.092
Haemoglobin: <12 g/dL 1.99 (1.15-3.46) 0.015 1.92(1.11-3.32) 0.019
Immunoparesis: Any Ig lower 2.73(1.72-4.34) <0.001 1.78(1.09-2.88) 0.020

Immunoparesis: IgA < 0.61 g/l, 1I8G <7.67 g/l, IgM < 0.5 g/l

5.7 Types of outputs from the registry

Data collected in the registry can be processed in several different ways, depending on
the collected parameters and objectives of the registry (see the chapter Purpose and
goals of the registry). However, the main goal of all data analyses should be more or less
the same - to contribute to improvements in the quality of patient care. Only thanks to
the collection of data from multiple treatment centres, the analysis of registry data re-
flects the representative results regarding the effectiveness of therapy and its adverse
events. Typical types of outputs that can be obtained from the registry include periodical
reports (monthly/quarterly/annual), articles or publications, conference papers and on-
line charts.

Periodical reports may serve as a useful tool to obtain an overview about the size of the MM
population, demographic and clinical characteristics of patients, types and effectiveness
oftreatment and adverse events. The reports are often in the form of slideshows (e.g. PPTX
or PDF documents) which usually contain a summary of all data in the database altogeth-
er. However, it can be also useful to prepare periodical reports for each centre separately;
these can serve as a means of data control (e.g. the centres can check if the numbers of pa-
tients in which a certain type of therapy was started during the last month correspond to
true numbers, confirming that they did not forget to enter the data into the database etc.).

A detailed analysis (usually focused only on a specific treatment regimen, line of therapy
etc.) is the most frequent output of MM data. MM represents a very complex disease and
a high number of hypotheses can therefore be generated. The structure of a final report
is therefore tailor made, depending on the original objectives. Results can be presented
via articles, publications and conference papers (abstract or poster). Considering the
fact that the results are presented to the broader public, it represents the most valuable
form of outputs from the registry.

-180 -



Phase 4: How to analyse MM data

Figure 73 Parameter
options for visualisation

Besides, another very helpful tool is represented by online visualisations, which can
interactively draw graphs and tables according to the selected patients' groups and pa-
rameters. Obtaining necessary information about the patient population of interest (e.g.
the size of the population or types of treatment) can be particularly interesting for cli-
nicians or researchers before the initiation of analyses or studies. Additionally, leaders
of individual treatment centres use the visualisation for a quick check of collected data.
Visualisations are divided into a public part and an authenticated part, revealing only rel-
evant information to a given user. The public part contains basic information about the
number of patients diagnosed with MM and their basic characteristics. Figure 73 shows
the options offered by the authenticated part of online visualisation of Czech data on MM
patients. In the first step, the user needs to select groups of patients to be included in the
analysis (example of selection criteria are presented in Figure 74). Figure 75 shows some
of many possible online outputs that can be obtained by the online visualisation.
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Figure 74 Selection of data in an online visualisation

Figure 75 Example of outputs from an online visualisation
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6. PHASE 5: WHAT COULD BE THE IMPACT OF
THE RESULTS TO CLINICAL PRACTICE

6.1 Impact of the results to clinical practice

The impact of the results of MM data on a patient registry depends on the design, data
scope, execution and quality of the registry itself - and the interpretation of results
should reflect this. Different stakeholders benefit from the registry information in dif-
ferent ways. The major impacts for a clinician include real-world evidence of patient out-
comes, clinical practice, safety, and clinical, comparative, and cost-effectiveness, and can
serve qualified decision-making [33].

Describing the natural history of the disease

MM data may help to evaluate the natural history of the disease [33], its characteristics,
changing management and outcomes with and/or without specific treatment. The natu-
ral history of some diseases is often not well described, may vary across different groups
or geographic regions and may change after the introduction of new therapies.

Determining effectiveness

Disparities have been demonstrated between the results of clinical trials (efficacy) and
the results in actual clinical practice (effectiveness) [33].

Efficacy in a clinical trial determines whether an intervention produces the expected re-
sult under ideal circumstances for a well-defined population and these results may not
be generalisable to other populations or subgroups of interest (the underrepresentation
of older patients in cancer clinical trials is a typical example [119]).

Effectiveness measures the degree of beneficial effects under “real-world” clinical set-
tings. Registries may help to determine clinical effectiveness and/or cost-effectiveness in
real-world clinical practice.

Registries may be useful for tracking effectiveness outcomes for a longer period, which
is typically not feasible with clinical trials, and may help to answer new questions (e.g.
secondary malignancies caused by MM treatment). Furthermore, if the registries collect
cost data and effectiveness data they can be used in modelling and assessing cost-effec-
tiveness.

Cost-effectiveness is a means to describe the comparative value of a healthcare product
or service in terms of its ability to achieve a desired outcome for a given unit of resources
[120].

There is increasing interest and investment in registries for comparative effectiveness

research (CER) across a number of stakeholders. Patient registries are considered a core
component of CER data.
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Assessing safety or harm

Patient registries can measure and monitor safety and harm and serve as an active sur-
veillance system for the occurrence of unexpected or harmful events [33].

Measuring quality of care

Patient registries may be useful in measuring the quality of care. They can help to discov-
er differences between providers or patient populations, compare treatments outcomes,
identify disparities in access to care and show opportunities for quality improvement.

Providing epidemiological data

If all patients from a specific region (city, country) are included, the registry can provide
valuable epidemiological data such as incidence and prevalence. With the advent of new
therapies, the overall survival for MM patients is longer. These data may help for health
care planning and negotiation with payers.

The interpretation of results should include the validation of key results from the registry
by an external data source, e.g. treatment consumption (resp. ratio of treatments) can be
correlated with the amount of purchased drugs (or their ratio); treatment outcomes can
be validated by results from other studies - both non-interventional and clinical trials.
This method demonstrates the external validity of the results, i.e. that the distribution
of patients in the registry corresponds to the reference (target) population that the re-
searcher wishes to make claims about.

Example from practice

The comparison of the results of lenalidomide treatment in patients with refractory / re-
lapsing MM is a good example of the importance of data collection from practice. Accord-
ing to the recommendation for the use of lenalidomide in this indication, the drug should
be administered until the next disease relapse / progression. Until 2014, the treatment
with lenalidomide in the Czech Republic and Slovakia was limited by specific “stop rules”
of state regulators and insurance companies (namely, the maximal duration of therapy
10-12 cycles or the cumulative dose reaching 4200 mg). In our analysis, we compared
the results achieved in real-world setting with results of clinical trials on similar patient
populations. A comparison of these data clearly showed that the use of lenalidomide
within clinical trials (= until disease progression) is associated with better outcomes for
both progression-free survival (PFS) and overall survival (OS) than the treatment of a
comparable group of patients in routine practice Figure 76 [121]. The results of our anal-
ysis subsequently contributed to the abolition of the above-mentioned “stop rules” for
lenalidomide treatment in the Czech Republic and Slovakia.
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Figure 76 Comparison of PFS and OS from diagnosis for lenalidomide treatment that were
achieved in real-world setting (green dots) with results of clinical trials on similar patient
populations (blue dots).
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7. LIST OF ABBREVIATIONS

AE Adverse event

AL amyloid light-chain

ANOVA  Analysis of variance

AUC Area under the curve

CAPA Corrective and preventive action
CAT Central administration tool

CER Comparative effectiveness research
CFR Code of Federal Regulations

cl Confidence intervals

CLADE-IS Clinical Data Warehousing Information System
CMG Czech Myeloma Group

CR Complete remission

CRAB Hypercalcaemia, renal failure, anaemia, bone lesions
CRF Case Report Form

CRO Contract Research Organisation
CRP C-Reactive Protein

cT Clinical trial

cT Computed tomography

CTMS Clinical trial management systems
DB Database

DM Data management

DMP Data management plan

DNA Deoxyribonucleic acid

DPO Data protection officer

DSS Durie-Salmon Staging

DVP Data validation plan

EAV Entity-Attribute-Value

EBM Evidence-based medicine

EC Ethics Committee

ECOG Eastern Cooperative Oncology Group
ECOGPS Performance status developed by Eastern Cooperative Oncology Group

eCRF Electronic case report form

EDC Electronic Data Capture

EFS Event-free survival

EHA European Hematology Association
EMA European Medicines Agency

EMM Extramedullary myeloma
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List of abbreviations

ENCePP
EU
FDA
FISH
FLC
FMV
FN

FP
FPI
GCP
GDPR
GPP
HIPAA
HLC

European Network of Centres for Pharmacoepidemiology and Pharmacovigilance
European Union

Food and Drug Administration

Fluorescent in situ hybridisation

Free light chain

Fair market value

False negative

False positive

First patientin

Good cclinical practice

General Data Protection Regulation

Good pharmacoepidemiology practice

Health Insurance Portability and Accountability Act
Heavy/light chain pair

Hazard ratio

Health Technology Assessment

Hardware

International Classification of Diseases
Informed consent form

Information and communication technology
International Electrotechnical Committee

The International Council for Harmonisation
Immunomodulatory imide drugs

International Myeloma Working Group
Interquartile range

Institutional Review Board

Information security management system
International Organization for Standardization
International Society for Pharmacoepidemiology
International Staging System

Information technology

Information technology service management
International Unit

Low-dose computed tomography

Lactate dehydrogenase

Local Ethics Committee

Missing at random

Missing completely at random

Multicentre Ethics Committee
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List of abbreviations

MGUS
MIBI
MICE
M-lg
MM
MNCAR
MRD
MRI

NA
NIS
NMR
NPV
OR
oS
PAES
PASS
PBSCT
PC
PD
PDCA
PET
PFS
PM
PMP
PPV
PR
PROMs
PV
QA
QMP
QMS
QoL
RA
RCTs
RISS
R-ISS
RMG
ROC

Monoclonal gammopathy of undetermined significance
99Technitium sestamibi

Multivariate imputation by chained equation
Monoclonal immunoglobulin

Multiple myeloma

Missing not completely at random
Minimal residual disease

Magnetic resonance imaging

Number

Not available

Non-interventional study

Nuclear magnetic resonance

Negative predictive value

Odds ratio

Overall survival

Post--authorisation effectiveness study
Post-authorisation safety study
peripheral blood stem cell transplantation
Plasma cells

Progressive disease

Plan, Do, Check, Act cycle

Positron Emission Tomography
Progression-free survival

Project manager

Project management plan

Positive predictive value

Partial response

Patient-reported outcome measures
Pharmacovigilance

Quality assurance

Quality management plan

Quality management system

Quality of life

Regulatory Authority

Randomised controlled trials

Revised International Staging System
Revised-international staging system
Registry of Monoclonal Gammopathies
Receiver operating characteristic
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List of abbreviations

RR
RWD
RWE
SaasS
SAE
SAP
SAS
sCR
SCT
SD
SD
SE
SFLC
SMM
SOP
SQL
SSL
SW
TFL
TN
TP
VGPR
WHO
Wi
WM

Relative risk (risk ratio)
Real-world data

Real-world evidence
Software as a service

Severe adverse event
Statistical analysis plan
Statistical analysis software
Stringent complete response
Stem cell transplantation
Stable disease

Standard deviation

Standard error of mean
Serum Free Light Chains
Smoldering MM

Standard operating procedures
Structured Query Language
Secure sockets layer
Software

Tables, figures and listings
True negative

True positive

Very good partial response
World Health Organization
Working instructions
Waldenstrom macroglobulinaemia
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