
Clinical and Experimental Radiobiology Course 2025

Scott V. Bratman, MD PhD
Clinician-Scientist & Associate Professor
Radiation Oncology & Medical Biophysics
Princess Margaret Cancer Centre
University of Toronto

April 11, 2025

Predictive Biomarkers and 
Treatment Individualization



Clinical and Experimental Radiobiology Course 2025

Disclosures

Patents/Licensing: Roche, Adela

Ownership: Adela



Clinical and Experimental Radiobiology Course 2025

• Describe the concept of personalized radiation medicine 
based on biomarkers. 

• Distinguish between prediction versus prognostic 
biomarkers. 

• Understand examples of molecular and imaging 
biomarkers used in radiation oncology. 

Learning Objectives
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Role of Biomarkers in
Precision Radiation Medicine
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What is a “Biomarker”

• Biomarker: Characteristic that is objectively measured as 
an indicator of a biologic processes or a responses to a 
therapeutic intervention 

• Assay: Method for determining the presence or quantity 
of a component 

• Test: Procedure that makes use of an assay for a 
particular purpose 
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Tissues
(Normal & Malignant)

Biofluids
(Blood, Urine, etc.)

Imaging
(Anatomic, Functional, etc.)

A Renaissance of Biomarker Research

MEDIUM ENABLERS

Tumour Cells
(Primary & metastasis)

Host (Normal) Cells
(Healthy tissues)

Tumour Microenvironment
(Vasculature, immune infiltrates, etc.)

SOURCE

New Technologies
(DNA sequencing, etc.)

Clinical Trials
(Improved infrastructure)

Relevant Endpoints
(Efficacy, toxicity, QOL, cost, etc.)
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Examples of Biomarkers
Setting Biomarker

Risk of developing cancer BRCA carrier
Clonal hematopoiesis

Screening & diagnosis Mammogram

Prognosis Oncotype Dx for ER+   
breast ca

HPV in head & neck ca

Predictive of treatment benefit/harm ER/PR
HER2

Monitor disease burden and treatment 
effect (dynamic biomarker)

PSA
ctDNA (e.g., EBV DNA)

Surrogate endpoint for efficacy MRI, PET
PSA
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Purpose of Therapeutic Biomarkers

• Many cancer treatments benefit only a small 
subset of patients

• Treatments should be targeted to the patients 
that can derive clinical benefits in order to:
• Maximize therapeutic index

• Reduce health care costs associated with unnecessary 
treatments and toxicities



Clinical and Experimental Radiobiology Course 2025

Prognostic biomarker: provides information on the likely course of the cancer 
disease in an untreated/similarly treated individual(s).

Predictive biomarker: can be used to identify subpopulations of patients who are 
most likely to respond to a given therapy. 

Prognostic vs Predictive Biomarkers

Prognostic Predictive

Sensors; 2012, 12:8966-8986

Treatment 1

Treatment 2
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Therapeutic Biomarkers: Validation

• Analytical validation
• Compare to gold standard to determine repeatability, accuracy, 

robustness, etc.

• Clinical validation
• What are the associations of the biomarker with clinical endpoints 

(e.g., survival, toxicity, etc.)

• Clinical utility
• Does use of the biomarker result in patient or societal benefits

• Depends on clinical context/use of the biomarker
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Biomarkers in Clinical Trials

• Retrospective Designs 
• Hypothesis generation studies

• Retrospective analyses based on convenience samples 

• Prospective/retrospective designs 
• Can be used for clinical validation

• Prospective Designs to demonstrate utility
• Target selection (enrichment) designs
• Marker by treatment interaction designs 

(biomarker stratified design) 
• Biomarker-strategy designs
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Tissue-Based Biomarkers

Liu FF, Fyles T, et al. JCO 2015;33(18):2035-40

Whelan et al. NEJM 2023;389:612-9

T1N0 Luminal A Breast Cancer

T1N0 HER2+ and TNBC

• Is this a prognostic or 

predictive biomarker?

• Target selection clinical trial:

• How could clinical utility be 

demonstrated?
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Prostate Cancer Tissue-Based Biomarkers
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Examples of Blood-Based Biomarkers

De Michino, Lok, Bratman et al. IJROBP 2020; 107(5),873-886

ctDNA: circulating tumor DNA
CTC: circulating tumor cell
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Examples of Other Biofluid Sources

Wan…Rosenfeld et al. Nat Rev Cancer 2017 



Clinical and Experimental Radiobiology Course 2025

Chapt er 1. Int r oduct ion 7

Figure 1.2: ct D N A appl icat ions for disease management . Clinical applicat ions

of ctDNA analysis in a hypothet ical pat ient throughout course of disease. ctDNA could

enable earlier diagnosis and molecular profiling of tumours prior to metastat ic spread.

Localized cancer ismoreamenable to surgery and treatmentswith curat ive intent . Detec-

t ion of minimal residual disease post-operat ion could inform of relapse and neo-adjuvant

therapy can be monitored with serial liquid biopsies to elucidate clonal evolut ion. This

schemat ic illustrates the development of a single tumour clone that diverges into mult iple

dist inct ent it ies as a result of select ive pressures from cancer progression and drug thera-

pies. Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Cancer,

[1], 2017.

genes associated with leukemia have been observed in 1% of people under 50 years of age.

Although the prevalence of these alterat ions increased to 10% in people over 65 years

of age, the absolute risk conversion into hematologic cancer was 1% per year as not all

mutat ions led to the development of disease [33]. To dist inguish individuals at high risk

of developing leukemia, pre-leukemic mutat ions could be evaluated in peripheral blood of

individuals prior to diagnosis of disease. As early mutat ions are likely low in frequency,

a sensit ive detect ion method is required to screen these rare variants.

Sincenot all mutat ions in whiteblood cells (WBC) lead to cancer progression, it is im-

portant to dist inguish tumour-derived alterat ions from mutated cfDNA of non-malignant

cells. In a study of 821 healthy individuals, there was a high correlat ion between somat ic

variants detected between WBC and cfDNA. This warrants caut ion when searching for

low frequency tumour fragments in plasma, as 90% of somatic mutat ions detected in

cfDNA have been ident ified to be derived from blood cells [34]. Therefore, it is im-

portant to use pat ient matched WBC to di↵erent iate ctDNA from background somat ic

Wan…Rosenfeld et al. Nat Rev Cancer 2017 

Could ctDNA have utility across the 
cancer care continuum?
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• For advanced cancers, validated and adequately sensitive ctDNA assays have 
utility in identifying actionable mutations to direct targeted therapy, and 
may be used in routine clinical practice, provided the limitations of the 
assays are taken into account

• For early-stage cancers, detection of molecular residual disease (MRD) has 
high evidence of clinical validity in anticipating future relapse, but MRD 
detection cannot be recommended in routine clinical practice due to lack of 
clinical utility studies

• Additional potential applications of ctDNA assays are not recommended for 
routine practice

ESMO recommendations on the use of ctDNA

Pascual, Turner et al. Annals Oncol 2022
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Imaging Biomarkers

• Anatomical imaging
– Computed tomography (CT), magnetic resonance imaging (MRI), 

ultrasound

• Functional & molecular imaging
– MRI, contrast enhanced imaging, radiotracer positron emission 

tomography (PET), etc.

• Dynamic imaging
– Changes during or between scans
– Behavior of injected contrast agents

• Quantitative image analysis & radiomics
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Fluorodeoxyglucose (FDG)-PET

Voltin et al., Cancers 2020, 12, 601
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FDG: fluorodeoxyglucose

FMISO: fluoromisonidazole

Is tumor hypoxia a biomarker, assay, or test?

Hypoxia PET Tracers
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Hypoxia PET Tracers

Lee N, Riaz N et al., J Clin Oncol. 2024
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What type of therapeutic biomarker is hypoxia PET in this context?

Hypoxia PET Tracers
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Radiomics: Quantitative Image Analysis

Aerts et al., Nature Comm 2014
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Torres-Roca, Can Control, 2008

Intrinsic Radiosensitivity as Predictive 
Biomarker for Radiotherapy Response
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Why is SF2 not used in clinic?

Torres-Roca, Can Control, 2008

Intrinsic Radiosensitivity as Predictive 
Biomarker for Radiotherapy Response
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Abazeed, et al. (2013) Cancer Res

Yard, et al. (2016) Nat Commun

Searching for Molecular Surrogates for 
Radioresistance or Radiosensitivity

TCGA, Nature Genetics, 2013
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Manem…Bratman, et al. (2019) Cancer Res

Ma…Riaz, et al. (2017) Oncotarget

Importance of DNA Damage Repair

Association With Radiation Response in Cell Lines Mutation Prevalence in Cancer Patients (TCGA)

Radiosensensitive Radioresistant



Clinical and Experimental Radiobiology Course 2025
Espinosa-Diez, et al. (2015) Redox Biol

Importance of ROS scavenging

Nrf2/Keap1/Cul3 mutations increase ROS scavenging

Guan, et al. (2024) Clin Cancer Res 

Nrf2/Keap1/Cul3 mutations in T2N0 larynx cancer
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?

?

Potential clinical actionability of NRF2 
pathway mutations
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Normal Tumour

Chronic

Hypoxia

Acute

Hypoxia

Microenvironment: Tumour Hypoxia

Adapted from Brown and Wilson; Nature, 2004
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Microenvironment: Immune Cells

Infiltrating CD19+ B cells in HPV+ HNSCC

Kim, Sharabi, et al, CCR 2020
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TCGA, Nature Genetics, 2013

The Promise of -Omics
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Deep Profiling of Individual Cells
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Blood-Based Biomarkers

De Michino, Lok, Bratman et al. IJROBP 2020; 107(5),873-886

ctDNA: circulating tumor DNA
CTC: circulating tumor cell
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PET Tracers for Molecular Functional Imaging

Trotter et al. (2023) Adv Radiat Oncol
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Summary

• Individualization of treatment can be done through risk 
stratification (prognostication) or through use of predictive 
biomarkers

• Sources of therapeutic biomarkers can be from tumour tissue, 
germline, bodily fluids, and imaging

• Prospective studies are needed to validate and prove utility of 
therapeutic biomarkers for use of radiotherapy

• Many novel biomarkers are being evaluated to maximize the 
therapeutic index
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Questions?
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Thank you!

Scott Bratman
scott.bratman@uhn.ca
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