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New paradigm shift in treatment 



Prognostic and predictive biomarker: 

Razvi, Clinical OMICs October 8, 2014 



Biomarkers Prognostic Predictive 

EBV                 ? 

HPV                 ? 

PET imaging 
post-treatment 

               ? 

Hypoxia                ?                ? 

EGFR               ? (HN)                (NSCLC) 

TP53 gene mutation                ?                ? 

Gene-expression profiles               ?                ? 

Immune checkpoint-related               ?                ? 

BRCA1 

HER-2 

Prognostic and predictive biomarker: 



EBV DNA as prognostic factor 
HNSCC 

Lin JC, 2004 

2yy OS 96,7% vs 56,3% undetectable 
vs persistently detectable plasma 
EBV DNA after RT 



Leung SF, 2003 

EBV DNA as predictive factor 
HNSCC 

The cutoff of 4000 copies/ml for baseline EBV 
DNA was also identified as predictive value of 
post-treatment distant failure in patients with 
early-stage (I-II) nasopharyngeal carcinoma of 
undifferentiated type 



HPV infection 

• HPV infection is very common worlwide, being the most 
frequent sexually transmitted infection 
 

• About 20% of SCCHN are associated with HPV infection, mainly 
oropharyngeal SCCHN (about 50%) 
 

• More than 130 HPV types are known and classified as low-risk 
or high-risk based on their oncogeneic potential 
 

• HPV16 is the most commonly found and is present in 
approximately 90% of HPV-positive oropharyngeal cancers 



HPV+ and better HN survival 

HPV is the strongest prognostic indicator for overall survival 



Prognostic risk group in OPSCC: Ang classification 

HPV prognostic role 
Ang KK and O’Sullivan prognostic risk group 
BUT predictive role? 



HNSCC: EGFR as prognostic role? 

EGFR seems to represent a powerful prognostic parameter but a real and certain 
prognostic role of EGFR in HN cancer has not been identified yet  



HNSCC: EGFR as predictive biomarker 

Eriksen and Bentzen showed benefit in LRC in patients with high EGFR 
expression treated with accelerated fractionation radiotherapy. Further studies 

needed to validate this results. 



HNSCC: EGFR as predictive biomarker 

No predictive role was identified for EGFR in HN cancer patients 
treated with EGFR inhibitors 



NSCLC: EGFR as predictive biomarker 

• Erlotinib is associated with better PFS compared with placebo for both EGFR 
mutation+ tumors and EGFR WT tumors 

• The degree of benefit is greater in the EGFR mutation+ group, suggesting that EGFR 
mutation status is predictive of erlotinib response 



studies have 
revealed that a 
pre-existing 
immunologic 
response might 
enhance the 
effects of 
chemotherapy 
and radiotherapy 

Immunological molecules as predictive signature 



• Tumour hypoxia is a marker of poor prognosis in SCCHN 
 

• DAHANCA trial -> gene expression classifier, consisting of 15 hypoxia-related genes, 
able to predict for hypoxic RT induced modifications in SCCHN. More hypoxic 
tumours, found by this signature, had benefit in terms of DSS and LRC when 
treated with nimorazole, which is a hypoxic modifier drug, versus placebo 
 

• Very high potential use of hypoxic related biomarkers as predictive factors of 
response to RT 

Hypoxia 

Do we have other tools to predict hypoxia and its related RT response? 



Hypoxia as predictive signature in HNSCC 

Overgaard J., 2011 



Hypoxia as predictive signature in HNSCC 

Toustrup K., 2011 

 3 methods to measure hypoxic status of a tumour: 

 

- The physical approach  -> oxygen sensing electrode inserted into the tumour 

 

- A metabolic approach -> preinjection and visualization of metabolically bound 

exogenous tracers 

 

- Biological driven approach -> measurement of one or more endogenous 

hypoxia markers that are expressed by the tumor cells at hypoxic conditions 



Toustrup K., 2011 

15-Gene Hypoxia classifier with prognostic and predictive impact 

15 of the in vitro identified hypoxia-
responsive genes -> discriminate between 
«more» or «less» hypoxic NHSCC 

This 15-gene hypoxia classifier was evaluated in 
relation to its prognostic and predictive impact for 
hypoxic modification RT with nimorazole in the 
DAHANCA 5 cohort, (RCT: RT vs RT+nimorazole) 



• HPV positive is also a prognostic signature 

• The validation on a cohort of OPC cancer HPV positive and negative of the 15 gene 
hypoxia classifer, demonstred surprisingly that hypoxia is comparable in the two 
group, but the predictive impact of classifier was restricted to HPV negative 
tumours. 

 

 

Why? 
 

 

 

• Probably other mechanism plays a role, above hypoxia. 

Hypoxia and HPV as predictive signature in HNSCC 

Toustrup K., 2011 



Radiosensitivity index 
Gene-expression 
molecular signature, as 
a molecular estimate 
for cellular survival at 2 
Gy (classical measure of 
intrinsec 
radiosensitivity) 

Eschrich SA, 2009 

A lower RSI indicates higher radiosensitivity 

Radiosensitivity index: 



Eschrich SA, 2009 

RSI as a biomarker radiotherapy-
specific is able to predict response 
only in pts treated with RT 

2yy LRC: 86% radiosensitive vs 
61% radioresistant (p=0.05)  
 
RSI distinguishes clinical 
populations with different disease-
related outcomes in HNC cohort of 
92 patients treated with definitive 
RTCT 
 

Radiosensitivity index in HNSCC: 



Clin Cancer Res. 2012 September 15; 18(18): 5134–5143 

• Pts classified as radiosensitive by RSI 
had improved RFS at 5 years 
 

• No difference in RFS between 
radiosensitive and radioresistant 
patients in those not treated with RT  

Radiosensitivity index in breast cancer: 

• DMFS 77% radiosensitive vs 64% 
radioresistant 

 
• DMFS was similar for radiosensitive 

and radioresistant pts in the non-RT 
group  



(A) the proportion of patients in each 
radiotherapy dose group.  

(B) dose assignments for patients in 
GARD score groups: (B) high (89·41–
100 percentile); (C) middle (30·41–
89·4 percentile); and (D) low (0–30·4 
percentile).  

 

Genomic-adjusted radiation dose (GARD) 

Scott J, Lancet Oncol 2017; 18: 202-11 

Clinical model for genomic radiation dosing that could allow the individualization of RT dose to 
tumour radiosensitivity 
 
GARD: gene-expression-based radiosensitivity index + the linear quadratic model 
A high GARD value predicts for high therapeutic effect for RT 



Genomic-adjusted radiation dose (GARD) 

70 Gy 

60 Gy 45 Gy 



Disadvantages 

• A reasonable concern with gene expression analysis based on quantification from 
the tumor biopsy is heterogeneity and, thus, a classification based on only a small 
fraction of the total tumor.  

 

• Therefore, there is a risk of compromised reproducibility, and, potentially, a tumor 
can be misclassified, in case, the tumor biopsy is not representative of the rest of 
the tumor. 

 

• In general molecular signature needs to be validated in multiple cohort 

 



Radiomics 
 
 

The hypothesis is that quantitative analysis of medical image data through 

automatic or semi-automatic software of a given imaging modality can provide 

more and better information than that of a physician.  



Eur J Cancer 2012, P. Lambin 



Hypoxia-guided adaptive radiation dose escalation 
 

FAZA-PET-guided dose adaptive escalation is feasible without substantial dose 
increase to normal tissues above tolerance limits. 



Image 

acquisition Segmentation 

Feature 

extraction 
Analysis & 

Model building 



Vallieres M., 2017 

From radiomics analysis to treatment personalization 



1615 features exctracted from CT 
and PET/CT 
I) 10 first-order statistics features 
(intensity) II) 5 morphological 
features (shape) 
III) 40 texture features each 
computed using 40 different 
combinations of extraction 
parameters 
 
Selection and combination in 3 
predictive class also by combinig 
with clinical variables and using and 
imbalanced-adjusting strategy 
Finally the prediction was validated 
calculating the ROC in terms of AUC, 
sensitivity and specificity 

Vallieres M., 2017 





ONLY POTENTIAL PREDICTIVE SIGNATURES 

• Standardization of imaging acquisition protocols and feature extraction 

• Ensuring robustness and reproducibility of radiomics signature  

• Integration of large multicenter cohorts 

Challenges 




