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Introduction: Clinical trial research is increasingly utilizing risk-based quality management systems. The
identification and management of critical data elements is a crucial component of these systems. A quality
control method is required to meet the needs of risk-based quality management systems with respect to
critical data elements.

Objective: A quality control method, the endpoints dataset, is described to ensure critical efficacy endpoints
data are identified and managed to guarantee fitness for purpose and support good decision making.
Methods: The endpoints dataset consists of four components: demographics, disposition, endpoints, and
analysis. The structure of the four components are described in detail. A hypothetical endpoints dataset
based on a randomized oncology clinical trial is provided to illustrate the detailed description of the
endpoints dataset (supplemental material).

Results: The endpoints dataset compiles all required data to review and analyze the primary and secondary
objectives of a clinical trial. Efficacy endpoints data are derived from clinical trial and external data for
review and to support analysis. Analysis data is derived to directly support biostatistical analysis. All data
is formatted in one record per subject.

Conclusions: The generation of the endpoints dataset requires clinical data management and biostatistical
teams to understand and to agree on critical efficacy endpoints and analysis. Biostatistical analysis of
the primary and many secondary endpoints can be carried out using only the endpoints dataset. This
quality control method can be used for any type of clinical trial. The endpoints dataset is compared to

the Analysis Data Model (CDISC ADaM).
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Background

Industry and regulatory agencies have emphasized the
use of a risk-based quality management system in clinical
trial research.”” Fundamental components of a quality
system are the identification and management of critical
data elements that ensure “the reliability of trial results"
Critical efficacy endpoints are a special subset of critical
data elements that “are chosen to assess drug effects”*
These efficacy data endpoints are used to evaluate the
primary and secondary trial objectives, and to support
good decision making. Efficacy endpoints data are located
across the clinical trial database and even in external data
sources. For example, an oncology clinical trial with a
primary objective of progression-free survival compared
between two groups with high and low values of a selected
analyte will require endpoints data from multiple clinical
trial database tables and external lab data. Ensuring all
endpoints dataare complete, accurate, valid, and consistent
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for analysis demands an understanding of critical efficacy
endpoints and of the exact format of the data for analysis.
A quality control (QC) method is proposed herein to
ensure critical efficacy endpoints data are fit for purpose
and are appropriate for analysis prior to publication or
conversion for regulatory submission. This method is not
meant to replace the Clinical Data Interchange Standards
Consortium (CDISC) standards, especially the Analysis
Data Model (ADaM) submission standard. The example
of an oncology trial as described above will be used to
illustrate this QC method. This method, however, could be
applied to any type of clinical trial.

Methods

The endpoints dataset has four data components:
demographics, disposition, endpoints, and analysis.
The purpose of the endpoints dataset is threefold. First,
all data relevant to analysis of primary and secondary
objectives are compiled in one record per study subject.
This format for endpoints data makes review more
effective and efficient. Second, the metadata and data for
derived endpoints are provided to support the outcome
for each endpoint. Third, the analysis metadata and
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data are derived from the endpoints data. Any efficacy
endpoint and the resulting analysis data can therefore be
traced through a single record in the endpoints dataset.
The generation of an endpoints dataset will be illustrated
using a hypothetical oncology randomized open label
clinical trial with a primary objective of progression-
free survival (PFS). The secondary objectives will be best
overall response and overall survival (OS). The time to
event endpoints, PFS and OS, are defined as in the US
Food and Drug Administration (FDA) Guidance® and will
be analyzed using Kaplan-Meier analysis.®

The demographics data consist of the clinical site,
subject ID, patient demographics data, stratification
factors, and arm assignments (supplemental material).
Clinical site is included to provide for analysis of data to
identify site-specific effects. Demographics data allows for
description of the study sample and arms by age, sex, race,
ethnicity, etc. In addition, the demographics data can be
used to analyze for effects associated with demographic
factors. Stratification factors are used to analyze the
balance between arms; arm assignments provide for the
assessment of balance, and for analysis by arm. In the
hypothetical trial example, there are two stratification
factors: cancer stage, and histology; and two arms: control
(A), and treatment (B). Additional analysis factors could
be added to this component, such as a blood chemistry
level or tissue level of a selected analyte. All data copied
directly from data collected must have the same variable
name, variable format, and values as the data collected to
ensure traceability.

The disposition data component contains the enroll-
ment date, randomization date, first treatment date, last
treatment date, off treatment and off study information,
date of death, and last visit date (supplemental material).
Randomization date is the start date used to compute
time to event for Kaplan-Meier analysis.>® Also, the data
from this component are used to validate disposition
and endpoints data. Off treatment and off study data
include the first and last treatment dates, off study date,
and reasons for off treatment and off study. The text data
to further explain the reasons for off treatment and off
study are also included. The off treatment date, off study
date, date of death, and last visit date are also used to
determine PFS and OS status and dates as defined by
the FDA Guidance on cancer trial endpoints.® First and
last treatment dates should be determined from actual
treatment data and not from reported off treatment
dates. Actual first and last treatment dates are more
accurate than treatment dates inferred from disposition
data. Again, all data copied directly from data collected
must have the same variable name, variable format and
values as the data collected to ensure traceability.

The endpoints data component of the endpoints dataset
contains the dates and outcomes that will determine the
efficacy endpoints (supplemental material). PFS and best
overall response will be determined and coded by the
response evaluation criteria in solid tumors — RECIST v1.17
Objective response for PFS and best overall response are
determined by calculating the change in tumor burden
at each disease evaluation. The objective response is
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then coded as a complete response (CR), partial response
(PR), stable disease (SD) or progressive disease (PD). The
endpoints component will contain data for each subject
with the date and objective response for PFS and best
overall response. The PFS date is usually the date from the
most current disease evaluation or date of progression.
The best overall response date is the date of the best
response from the start of study treatment. The dates and
objective responses must follow the definitions in the
study protocol. To ensure traceability, variable names for
the dates and responses copied from the data collected
must have the same variable name, variable format and
values as in the data collected. Derived variables, such
as the best overall response date, must be described in
the metadata and can be maintained across protocols to
promote standardization of the endpoints dataset. In the
hypothetical trial, the PFS date and response variables
are named RCSTDAT and RCSTRESP and the best overall
response variable names are BRCRPDAT and BRCRESP. The
DAT component of the date variable names conforms to the
CDISC Clinical Data Acquisition Standards Harmonization
(CDASH) standard for dates.®

The final component of the endpoints dataset is
the analysis component. This component consists
of derived data for the Kaplan-Meier analysis of the
efficacy endpoints. The two time-to-event analyses in
the hypothetical trial are PFS and OS. PFS is defined as
the time from randomization until disease progression
or death from any cause. If a subject has not progressed
or died, the status of the subject is censored at the
last disease evaluation. OS is defined as the time from
randomization to death from any cause. If the subject
has not died, the status is censored at the last contact
with the subject. Censoring is a concept of the time-
to-event analysis and is required for the Kaplan-Meier
analysis. These definitions should be followed based on
the protocol. Each subject will therefore have a PFS date
and an OS date in addition to a censoring variable for each
analysis. Variable names must be assigned for these dates
and censoring data. In the hypothetical trial, the date
variable names are PFSDAT, OSDAT and the censoring
variables names are PFSSTAT and OSSTAT. These variable
names and formats must be described in the metadata.
The censoring variables are coded 0 — the event has not
occurred, or 1 — the event has occurred. The values and
coding definitions must be included in the metadata.
Finally, Kaplan-Meier analysis requires the actual time to
event, which is calculated in months. The time unit for
months used by most biostatisticians is calculated by the
formula 365.25/12 which equals 30.4375 days. The time
to event for PFS is calculated by the formula (PFSDAT-
Randomization Date)/30.4375. Likewise, the OS time to
event is calculated by the formula (OSDAT-Randomization
Date)/30.4375. If the endpoints dataset is developed
as a spreadsheet, these times can be calculated in the
spreadsheet. The variable names for the PFS and OS times
to event are PFSTIM and OSTIM respectively. The TIM
component of these variable names is also compatible
with the CDASH standard.® The time to event variable
names, variable formats, variable coding, and derivation
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equations must be described in the metadata. The variable
names, formats, coding and derivation equations can be
maintained across protocols to promote standardization
of the endpoints dataset.

The metadata can be compiled in a document, such
as a data dictionary. The data dictionary will contain the
source-collected data and any derived data. The format of
the data dictionary should include the data table name of
the collected data as specified in the clinical trial database
as well as the variable format, the name of the code list
for the variable, and any data derivation descriptions. The
data dictionary will also include, in a separate component,
code lists and data derivations that are referenced in the
list of data tables. The hypothetical endpoints dataset
includes code lists and data derivations as would appear
in a data dictionary.

One final column should be added to the endpoints
dataset following the time-to-event and censoring variables:
a comments column. There are always unusual outcomes
for a few subjects. For example, a patient withdraws
consent after the first treatment is administered. This
subject will have a first treatment date, a last treatment
date, off treatment and off study information, but no post-
baseline disease evaluations or resulting efficacy endpoints
data. A comment that explains the circumstances will
provide everyone involved with the endpoints data and
the analysis as to why this data is missing.

Finally, the endpoints dataset should be complied
and validated by separate individuals. For example,
one clinical data manager can compile the endpoints
dataset and another clinical data manager can validate
it. The independent validation of the endpoints dataset
is absolutely crucial as this is the dataset that will be
used by the biostatistician for analysis and ultimately
be the basis for decision making. The endpoints dataset
can be compiled manually, or by programming, or by a
combination of programming and manual methods. A
spreadsheet provides flexibility to compile and validate the
endpoints dataset even if the initial dataset is generated
through programming. Once validated, the spreadsheet
can easily be converted to either SAS or R-programming
dataset formats.

Results

The endpoints dataset described for a hypothetical
oncology clinical trial provides all the relevant efficacy
endpoints data for review and analysis for each subject
in one record. First, the compilation of all efficacy
endpoints in one record per subject focuses clinical data
management and biostatistical analysis staff on the fitness
for purpose of the efficacy endpoints data. Second, the
derived efficacy endpoints data for PFS and best overall
response are determined for each subject and can be
reviewed with respect to disposition and other data.
For example, a subject with an off treatment reason of
disease progression should have a PD coded for the PFS
RECIST response (RCSTRESP) on the appropriate disease
evaluation date (RCSTDAT). The endpoints component
can also be reviewed with respect to other data, including
reported disease response, and survival status. Third, the
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data required for Kaplan-Meier analysis can be derived
from the disposition and endpoints data and is available
for analysis. A biostatistician can execute the Kaplan-Meier
analyses directly from the PFSTIM, PFSSTAT, OSTIM, and
OSSTAT variables. Consistent use of variable names across
endpoints datasets can make analysis of trials across the
organization very efficient. In addition, the biostatistician
can also efficiently review the data for fitness for purpose.

The most important result of the generation of an
endpoints dataset, as illustrated with the hypothetical
trial, is the integration of all information related to
efficacy evaluation. This integration of information
includes metadata. The experimental design, the protocol
objectives, the definition of endpoints, the appropriate
data elements, and the derivation of analysis data must be
understood to generate the endpoints dataset. The clinical
data management and biostatistical teams must have a
unified understanding of the origins and derivation of the
critical efficacy endpoints data.

The endpoints dataset method has been used in
multiple published clinical trials.>!*!"!

Discussion

Analysis datasets have been used for regulatory sub-
missions for many years.” The current standard for
regulatory data submission to the FDA is the CDISC Analysis
Data Model (ADaM).”? This standard meets the needs of
the FDA and of industry for regulatory submissions for
approval. The ADaM standard is primarily used by the
clinical trial statistical staff and FDA regulatory staff at the
time of submission. The endpoints dataset is proposed
for use by clinical data management staff and clinical
trial statistical staff to ensure critical efficacy endpoints
data are fit for purpose and support good decision
making. While the ADaM standard is a detailed and well
designed standard for submission, the endpoints dataset
is offered as a QC method for collection, management,
and biostatistical analysis for publication or preparation
of ADaM datasets. The design of the endpoints dataset can
form the foundation for the creation of ADaM datasets.
The endpoints dataset has many features in common
with the ADaM subject-level analysis dataset (ADSL) and
the basic data structure (BDS). The ADSL has one record
per subject, contains subject-level population flags, and
treatment, demographics, randomization, subgrouping,
and important timing variables. The BDS contains the data
related to the statistical analyses. The endpoints dataset
combines these two ADaM data structures into one dataset
for clinical data management and statistical analysis.

Conclusions

The endpoints dataset provides a QC method to compile all
required efficacy data and derived efficacy endpoints data.
The process of generating an endpoints dataset demands
a total understanding of the clinical trial design, and
agreement by clinical data management, and biostatistics.
In addition, data that supports other analyses, such as
demographics, stratification factors, and correlatives are
included for review and analysis. This QC method serves
multiple purposes and increases the reliability of efficacy
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results for decision making. While the endpoints dataset
generation was illustrated with an oncology clinical trial,
any type of clinical trial could apply this QC method.

Additional File
The additional file for this article can be found as follows:

- Supplemental Material. Hypothetical Endpoints
Dataset. DOI: https://doi.org/10.47912/jscdm.174.s1
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