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➢ Overview of Biomarker-Driven Trials: 

• Generate vast, high-dimensional data from multiple biospecimens and assay modalities.

• Widely adopted in clinical research:

o ~50% of oncology trials.

o 16.5% of all clinical trials incorporate biomarkers.

➢ Challenges: 

• Linking data across modalities and centralizing reports for timely decision-making.

• Managing high-dimensional biomarker datasets.

• Manual processes (e.g., data requests via email, data stored and shared on SharePoint) and reliance on non-standard formats.

• Limited or non-existent validation methods.

• Reproducibility of R analytical code, workflows, and results.

➢ Call to Action: 

• A Centralized Biomarker Database: Integrates clinical baseline data, biomarker data, and sample data from trial start.
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➢ Exploratory Analysis Plan (EAP):

• Details key biomarker questions, hypotheses, and intended functions.

• Describes the analysis approach of the exploratory data.

• Aligns with exploratory objectives and endpoints outlined in the clinical trial protocol.

➢ Clinical Baseline Dataset:

• Integrates key demographics, baseline characteristics, safety, and efficacy variables.

➢ Data Processing and Storage:

• Statistical software R handles large data volumes.

• Amazon S3 ensures secure storage and sharing of raw and processed data.

• R packages enable seamless data transfer to/from Amazon S3 bucket.

Key Elements
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➢High-priority Question:

• Does the baseline immune status (immunophenotype, cytokines; > 500 

reportable) determine the ability of a patient to mount an anti-tumor immune 

response? 

o (e.g., do deficiencies in the patients’ immune cells 

(frequency/activation/exhaustion) correlate with non-response?)

➢Cytometry by time-of-flight (CyTOF) is a recently introduced technology that uses 
mass spectroscopy to measure the abundance of metal isotope labels on antibodies 

and other tags (such as peptide-MHC tetramers for labeling specific T cells) on single 
cells. 

• The current dataset was produced by analyzing specimens such as RBC-lysed 

whole Blood and Bone Marrow Assay (BMA) using gate definitions and markers, 

produced results such as Mean, Percent of parent Populations results along with 

event counts, Leukocytes Counts, etc.,

• Our work used CyTOF data; we can extend it to all other Biomarker data.

Key Elements cont.,
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Shaping Your Data
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➢ What if you were asked to produce an exploratory analysis dataset that involves high-dimensional biomarker data? 

➢ Would you opt for a long or wide format?

➢ In a wide format, results for various biomarkers across visits are presented as columns, making them visually interpretable.

➢ In a long format, it organizes data over multiple rows, enabling easier aggregated analysis.

➢ Biomarker characteristics, gate definitions, marker strings, source samples, and reagents combine to define analysis parameters like 

‘Mean Metal Intensity,’ ‘Event Counts,’ and ‘Percent of Leukocytes’.



Process Flow
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Kick off meeting to discuss 
requirements.
• Programming team
• Statistician
• Exploratory Analysis 

team

Setup
• Access to work environment 

(S3 bucket, Share point, Posit 
workbench, GitHub 
repository)

• Access to study documents

Create / Update template 
to request Clinical data
• Update template based 

on current analysis 
requirements

• Review with statistician 
and others to finalize 
the Clinical Baseline 
Dataset Specification

Create Clinical dataset per 
template
• Use ADaM datasets as 

source
• Combine all required data 

into Clinical dataset as per 
Clinical Baseline Dataset 
Specification

Create Integrated Biomarker 
Dataset specification
• Finalize the analysis variables 

and parameters to be included 
from biomarker data.

• Includes finalized Clinical 
data variables

Biomarker vendor data

Create Integrated 
Biomarker Dataset 
• Combine Clinical 

and Biomarker 
data based on 
Integrated 
Biomarker 
Dataset 
specification

Validate Integrated 
Biomarker Dataset 
• Input data and 

specification to 
create QC 
dataset

• Compare 
production 
dataset with QC 
dataset and 
generate 
compare report

Final 
Integrated Biomarker 

Dataset

Feedback

Primary programmer QC programmer



Data Flow
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Clinical Baseline Dataset 
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Repository for all subject-level attributes and clinical measurements; One-record-per-subject structure; 
variable names and labels are set to 15 and 100 characters in length.

One-stop-shop for all the data that aids in meaningful biomarker data analysis; Sourced from several 
SDTM/ ADaM domains, including ADSL, ADEX, ADTTE, and ADCM.

Baseline parameters such as vital signs, questionnaires, laboratory parameters, immune response, 
Exposure-related variables (study drugs and other relevant medications).

It can contain stratification variables used to identify biomarkers specific to subgroups. 

Controlled terminology is applied to ensure uniformity.

Leveraging standardized datasets to construct the Clinical Baseline Dataset optimizes efficiency and 
workflow. 
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Clinical Baseline Dataset Cont.,
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➢ Setup working environment for programming.

• Created a working repository on GitHub for the biometrics team to store and share files.

The Data Wrangling Journey

11



The Data Wrangling Journey Cont.,
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➢ Link Posit Workbench to the GitHub repository for collaboration and version control purposes.

➢ Get access to the Amazon S3 bucket.

➢ Link Amazon S3 bucket with Posit Workbench.

➢ Process-related README files are produced for future use in standardization.



➢  Vendor-produced raw datasets:

• By analyzing specimens of RBC-lysed whole Blood and Bone Marrow Assay (BMA). 

• Results, such as mean metal intensity, Percentage of parent populations, event counts, and leukocyte counts, were produced us ing gate definitions and 

markers. 

Biomarker Raw Data
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Variable Name Description

SUBJID Subject ID

LBREFID Sample ID

LBGATDEF Gate Definition

LBMRKSTR Marker String

LBTSTDTL Test Detail (e.g., “mean” or “percent”)

REAGMMI Metallic Based Mean Intensity Reagent

LBSPEC Specimen Type

VISIT Visit

LBORRES Original Result

PCTLEUK Percent of Leukocytes

EVNTCT Event Count

➢ The dataset’s structure is one record per subject per biomarker, test, and timepoint.

➢ The raw biomarker dataset consists of Subject ID (SUBJID), Gate Definition (LBGATDEF), Marker String (LBMRKSTR), Test Detail 

(LBTSTDTL), Specimen, and reagent-related variables.



Processed Biomarker Data
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➢ ADaM BDS variables like PARAM, PARAMCD, BASE, CHG, and other time points and biomarker-identifying variables 

are derived. A few variables were remapped, E.g., visit, to apply study-specific controlled terminology. 

➢ Some variables retained the same names as the source data, such as LBGATDEF, LBMRKSTR, and REAGMMI, to 

ensure end-user interpretability. 

➢ TESTDETAIL was created to aid efficient data screening by concatenating variables LBGATDEF, LBMRKSTR, and 

LBTSTDTL. 

➢ Integrated biomarker dataset specification was developed to guide the creation of the final dataset. 

➢ ‘Event count’ and ‘Percentage of leukocytes’ were additional results maintained in wide format . The result 

variables were named EVNTCTORIGRES and PCTLEUKORIGRES. 

➢ The structured dataset design optimizes compatibility with statistical and visualization tools, allowing for more 

effective cross-functional analyses in a regulated clinical research environment.



Processed Biomarker Data Cont.,
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Clinical 
Baseline 
Variables



Processed Biomarker Data Cont.,
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Important processed variables Variable Name Description

SUBJID Subject ID

SAMPLEID Sample ID

LBGATDEF Gate Definition

LBMRKSTR Marker String

LBTSTDTL Test Detail (e.g., “mean” or “percent”)

REAGMMI Metallic Based Mean Intensity Reagent

TESTDETAIL Combined Value of Gate Definition Marker String Test Detail

SPECIMENTYP Specimen Type

TIMEPOINT Timepoint

PARAM Parameter

PARAMCD Parameter Code

ORIGRES Original Result

BASE Baseline Result

CHG Change from Baseline

FCHG Fold Change over Baseline

EVNTCTORIGRES Event Count Original Result

EVNTCTBASE Event Count Baseline Result

EVNTCTCHG Event Count Change from Baseline

EVNTCTFCHG Event Count Fold Change over Baseline

PCTLEUKORIGRES Percent of Leukocytes Original Result

PCTLEUKBASE Percent of Leukocytes Baseline Result

PCTLEUKCHG Percent of Leukocytes Change from Baseline

PCTLEUKFCHG Percent of Leukocytes Fold Change over Baseline

➢ To keep transparency, carry forward the 

biomarker identification variables.

➢ Derived Timepoint, PARAMCD, PARAM, 

TESTDETAIL variables.

➢ The primary results are the ORIGRES variable 

and derived variables, such as BASE, CHG, 

and FCHG, which increase efficiency across 

time points and test types.

➢ Derived for all corresponding result variables, 

such as Event Count and Percent of 

Leukocytes. 



Data Validation
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➢ A parallel programmer validates the Integrated Biomarker Dataset.

➢ Independently recreate the dataset using source datasets and specifications.

➢ Performed in a validated R environment.

➢ Checks completeness, consistency, and adherence to specification of both data and metadata.

➢ Resolves discrepancies between primary and QC datasets.

➢ Clean compare report marks a finalized Integrated Biomarker Dataset.



Challenges
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Understanding Biomarker Data

➢Biometrics team has limited knowledge about exploratory biomarker data.

➢Multiple consultations with Biomarker data SMEs.

➢Knowledge sharing early on to prevent downstream delays.

Decision on Data Orientation

➢The exploratory team is used to working with wide-format data, and standardizing in this orientation is 

challenging. 

➢Variability in the number of biomarkers.

➢Create a long format dataset (CDISC ADaM-like) for Exploratory analysis.



Future Considerations
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➢ Depending on the data volume that needs processing, the programming team can consider using SAS or other 

programming languages instead of R.

➢ The R Shiny app can partly automate the process of requesting data and creating analysis datasets.

➢ Developing an R shiny app for data visualization and interactive reports can be explored for established 

biomarkers.



      Our work thus establishes some critical elements of creating a biomarker dataset for exploratory analysis.

Conclusion
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Stable and validated 
integration platform

Standardized dataset
Reliable validation 

process



Conclusion Cont.,
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Establishing a centralized biomarker database using a streamlined process is paramount for effective data 

analysis and exploratory research.

Integrated Biomarker Dataset

Robust data management

Enhanced decision making

Operational efficiency

Streamlined Integration Process

Improved quality control (QC)

Data integrity and reliability

Enhanced collaboration
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