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Estimated Number of New Cancer Cases and Deaths, US 2015* 

Sites Estimated New 
Cases 

All sites 1,658,370 
Oral Cavity and Pharynx 45,780 

Digestive System 291,150 

Respiratory System 240,390 

Brain and Nervous System 22,850 

Breast 234,190 

Prostate 220,800 

Lymphoma 80,900 

*American Cancer Society Data 

Estimated 
Deaths 

589,430 
8,650 

149,300 

162,460 

15,320 

40,730 

27,540 

20,940 
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Clinical Needs for Biomarkers 

Predict individual 
radiosensitivity 

Predict normal tissue 
tolerance/toxicity 

Assess/monitor tumor 
response  



Important Adverse Effects after Conventional Radiotherapy 
of the Respiratory System : An Example 

Prasanna et al. 2012

Cancer Type Treatment Mortality 
(Yr) 

Larynx 
(Locally 
advanced) 

Cisplatin 24% (2) 

Lung, Non 
small cell 
(Locally 
advanced) 

Continuous 
hyperfractionated 
accelerated 
radiotherapy 

71% (2) 

Lung, Non 
Small Cell  
(Locally 
advanced) 

Chemo before 
radiation 

68% (2) 

Lung, Small 
cell (Limited 
disease) 

Chemotherapy 74% (5) 

Adverse Intermediate 
Effects 

 
 
Persistent dysphagia 
(7-15%) 

Gr 3-5 Late toxicity 

Fibrosis 



Hypersensitive

Non responder

Patient Selection is Critical to 
Improve Outcome 
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  Introduction 

 Every year tens of thousands of patients with primary or 
metastatic brain tumors are treated with radiation therapy 
for cure or palliation in the United States (US) alone. 

Radiation therapy remains a critical component for both 
primary (glioblastoma, or other gliomas, medulloblas-
toma, etc.) and metastatic brain tumors (from lung, breast, 
melanoma etc.) either alone or in combination with sur-
gery and/or systemic therapy (Patchell et   al. 1990, Mehta 
and Khuntia 2005, Raizer 2006, Soffietti et   al. 2008). Even 
where relatively effective systemic therapy for metastases 
exists it may not penetrate the blood brain barrier (BBB), 
therefore radiation therapy is usually necessary for treat-
ing brain metastases (Langer and Mehta 2005, Neuwelt 
et   al. 2008). 

 An increasing proportion of the patients including 
children treated with radiation therapy survive beyond 
12 months (Nieder et   al. 2011) and some even 5 or 
more years (Hall et   al. 2000, Patchell 2003, Schuitema 
et   al. 2013). Younger age, better performance status, 
no more than one metastatic lesion, and lack of extra-
cranial diseases favor longer survival (Sperduto et   al. 
2012). Among some of these survivors radiation-induced 
brain injury adversely aff ects quality of life (QOL) and 
neurocognitive function (NCF) (American Cancer Society 
2013). 

 With that longer survival there is increasing awareness of 
radiation-induced cognitive impairment (Greene-Schloesser 
et   al. 2012) that has been studied among patients receiv-
ing prophylactic cranial irradiation (Twijnstra et   al. 1987, 
Grosshans et   al. 2008), nasopharyngeal carcinoma (Hsiao 
et   al. 2010), low-grade gliomas (Klein et   al. 2002), benign 
non-parenchymal brain tumors (Gondi et   al. 2012) as well as 
other primary (Klein et   al. 2002) and metastatic brain tumors 
(Nieder et   al. 1999). 

 In this article, we focus on radiation-associated normal 
tissue damage in the brain, highlighting Robbins ’  work on 
mechanisms of injury and mitigation, and discuss prospects 
for developing predictive biomarkers for such brain injury 
for potentially improving the outcome of radiotherapy and 
QOL after radiotherapy.   

                        REVIEW    

  Abstract 
  Purpose : To review the literature on radiation-induced normal 
tissue injury in the context of treatment of primary and meta-
static brain tumors with a focus on Michael Robbins ’  work on 
mechanisms of injury and approaches to mitigation, and also to 
identify other potential opportunities to improve treatment out-
come and quality of life (QOL). 
  Background : Brain tumors remain a signifi cant challenge for 
patients, their families, the physicians treating them, and res-
earchers seeking more eff ective treatments. Current treatment 
of brain tumors involves combinations of radiotherapy with sur-
gery, chemotherapy, and molecularly targeted agents. As patient 
survival improves with advances in treatment there is an increas-
ing concern for the cognitive defi cits that may become apparent 
months or years after treatment some of which are related to 
radiation-induced brain damage. One area of Michael Robbins ’  
research was unraveling the mechanisms of radiation-induced 
cognitive defi cits, which formed the basis for the development 
of some mitigators of radiation injury. Extrapolating from this, 
new opportunities to identify and develop putative predictive 
biomarkers of radiation-induced brain damage can be explored. 
  Conclusions : Predictive biomarkers of radiation-induced brain 
injury may enable stratifying patients for customization of treat-
ment and thus aid in improving the QOL and possibly prolonging 
survival. Here we discuss the challenges involved in leveraging 
recent advances in radiation-specifi c biomarker research and 
translating them to radiotherapy, which for the foreseeable future 
is likely to remain a cornerstone of the treatment of brain tumors.  

  Keywords:   Radiotherapy  ,   radiation-induced brain damage  , 
  mechanisms  ,   radiation mitigator  ,   predictive biomarkers   
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Acceleration of Clinical Translation: 
Radiation-Effect Modulators Model  

Prasanna et al., Radiat. Res. 2015



Summary 
•  Predicting individual radiation sensitivity, adverse effects of 

radiation therapy, and monitoring tumor response all will help 
improve treatment outcome. 

•  Current focus on radiation biomarkers is primarily on 
assessment of radiation doses after catastrophic accidental 
radiation exposures has advanced many technologies and 
platforms 

•  This recent progress may have cross utility to improve radiation 
therapy outcome among cancer patients and their quality of life.  

•  Discovery, development and validation of predictive biomarkers 
while provides an opportunity to improve radiation therapy 
outcome, it also presents several challenges 




