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Meehan et al. Front. Oncol., 24 April 2020



Toward a New Framework for Clinical Radiation Biology

Henning Willers, MD , Florence K. Keane, MD Sophia C. Kamran, MD

Hematology/Oncology Clinics 2019



4 main types of “biomarkers have been studied; so far, no-one has been validated in a 
RCT:

1. DDR-related biomarkers (MRE11, etc.)
2. Genetic signatures (RSI)
3. Epigenetic signatures (microRNA)
4. Microenvironmental biomarkers (immune-related biomarkers)

Static, tissue-based biomarkers



Clinical Oncology 2015 27561-569DOI: (10.1016/j.clon.2015.06.002) 



A Gene Expression Model of Intrinsic Tumor Radiosensitivity: Prediction of Response
and Prognosis After Chemoradiation

Eschrich S et al, IJROBP 2009



A Gene Expression Model of Intrinsic Tumor Radiosensitivity: Prediction of Response
and Prognosis After Chemoradiation

RSI correlates with LC in the H&N cancer 
cohort, n=92

RSI correlates to response for rectal and esophageal 
cancer patients

Eschrich S et al, IJROBP 2009



A genome-based model for adjusting radiotherapy dose (GARD): a retrospective, 
cohort-based study. 

Scott et al., Lancet Oncol 2017

Genomic-Adjusted Radiation Dose (GARD): a 
novel model that integrates RSI and physical 
dose of radiation to quantify the biological 
effect ofa given dose in an individual patient.

GARD is a pre-clinically and clinically 
validated combination of a genomic profile, 
which assumes pan-tissue biological 
networks of radiosensitivity, with LQ model.

Erasmus breast cancer cohort distant-metastatis free survival



Pan-cancer prediction of radiotherapy benefit using genomic-adjusted radiation 
dose (GARD): a cohort-based pooled analysis.

Scott et al., Lancet Oncol 2021

GARD is associated with time to first recurrence and 
overall survival for different cancer types, 
overperforming physical radiation dose (EQD2)



Tumors with an estimated high sensitivity to RT 
demonstrated distinct enrichment of interferon-
associated signaling pathways and immune cell
infiltrates (eg, CD8+ T cells, activated natural killer cells, 
M1-macrophages; q < 0.05), which was in the context of 
diverse expression patterns of various
immunoregulatory molecules.

npj Genomic Medicine 2021 and IJROBP 2022



Biomarker signatures for primary radiochemotherapy of locally advanced HNSCC. 
Hypothesis generation on a multicentre cohort of the DKTK-ROG

Lock et al, Radiother Oncol 2022



Dynamic biomarkers: ctDNA



Retrospective ctDNA MRD Data From >240 NSCLC Patients



ctDNA MRD Detection in Localized NSCLC

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



“In silico” Clinical Trial to Test Effect of Consolidation Immunotherapy in ctDNA MRD+ NSCLC



Outcomes in Patients with Undetectable ctDNA After CRT



Outcomes in Patients Without ctDNA Response During Consolidation ICI



ctDNA Clearance During Consolidation ICI is Associated With Improved Outcomes



Dynamic Imaging Biomarkers

Imaging tumour metabolism and dose painting

Dose painting: selectively deliver dose to different parts of a tumour, i.e. 
higher doses to treatment-resistant areas, rather than escalating the 
dose to the whole tumour (“biologic target volume”). 

Areas of high pre-treatment 2-[18F]FDG uptake within the primary tumour
are considered to be more aggressive. Therefore, these areas may be 
considered the target for dose-escalation.

PET-boost trial (Netherlands, NCT01024829) showed the feasibility of 
dose-escalation using an integrated boost to the primary tumour or high 
FDG uptake regions (>50% SUVmax) whilst keeping the pre-defined 
dose constraints. The dose could be escalated to at least 72 Gy in 75% 
of patients, without increasing the dose to the OAR.

Van Diessen et al, 2018



Dynamic Imaging Biomarkers

Intermediate/mid-treatment 2-[18F]FDG PET/CT and adaptive RT: RTOG1106

Prospective phase 2 RTOG1106 trial:
LA NSCLC, dose escalation to persistent FDG avid 
tumour on mid-treatment FDG PET/CT (after 40 Gy)
Boost as SIB with daily-fraction size 2.2 to 3.8 Gy up 
to 80.4 Gy/30 fractions (median 71 Gy).

Kong et al, ASCO 2021



Dynamic Imaging Biomarkers

Other non-2-[18F]FDG radiopharmaceuticals

PET tracers other than 2-[18F]FDG have a potential role in 
imaging tumour biology and heterogeneity, through the 
evaluation of hypoxia, proliferation, and vascularization 
([18F]FMISO, [18F]HX4 and [18F]FAZA).

A prospective phase II multicenter dose escalation study 
applying [18F]FMISO in NSCLC in hypoxic sub-volumes 
(RTEP5), showed the feasibility of escalating dose up to 86 
Gy, without significant toxicity. 

After 3 years of follow-up, the RT boost increased median OS 
by 11.2 months in [18F]FMISO-positive patients.

Vera et al, RTEP5 Study, 2017



Dose escalation to hypoxic subvolumes in head and neck cancer: A 
randomized phase II study using dynamic [18F]FMISO PET/CT

Welz et al, Radiother Oncol 2022



Radiomics/Radiogenomics Biomarkers

Extraction of a large number of quantitative features from medical images using advanced imaging 
processing and analysis tools.

PET and CT features were found predictive of local control in retrospective analyses for many tumour
entities, e.g. lung and rectal cancer.



Sun et al. Lancet Oncol 2018



The exact same CT-based signature, trained in lung cancer,  works 
in head & neck cancer

Aerts, Lambin et al. Nat. Commun. 2014;  Leijenaar et al, Acta Oncologica 2015

c-index = 0.69
(p-value= 7.99x10-07)

c-index = 0.69
(p-value= 3.53x10-06)



Results of applying SUNDIAL in the BlueSky Radiomic Study

The application of the SUNDIAL radiomics signature in the BlueSky cohort did not statistically significantly
separate patients classified with different prognosis (unresectable stage 3 receiving CRT plus durvalumab)

SUNDIAL cohort BlueSky cohort

Filippi et al, poster@ELCC22









Final remarks

• Currently, there are no biomarkers predictive of radiosensitivity or radiotherapy benefit used 
as standard of care.

• A few on the horizon show promise, especially when different approaches are combined.
• We need prospective to validate biomarkers-based strategies: GARD is one of the most 

advanced in application, as researchers at Lee Moffitt are starting a GARD-based study for 
deintensification in HPV-pos H&N and a second for guiding the use of RT boost in TNBC.

• Most of the radiomics studies are prognostic, and not prospectively validated; however, high-
quality efforts are ongoing in the field.

• As RT is such a commonly utilized form of cancer therapy, identifying and validating 
biomarkers would have the potential to improve outcomes for a very large number of patients 
across different cancer types, with a huge effect on oncology practice.


