
Research in Radiation Oncology

1. To increase the cure rate in locally 
advanced cancers.

2. To increase the cure rate in 
metastatic cancers.

3. To decrease the adverse effects in 
curable cancers.
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• The last major advances occurred in the 1990s when the 
addition of certain drugs (such as cisplatin and 
temozolomide) to radiation therapy was proven to prolong 
the survival of some kinds of cancer patients with locally 
advanced cancers. 

• Our understanding of why those drugs were successful while 
many others have proved unsuccessful remains poor, 
unfortunately, which has hampered industry investment in 
chemical and biological approaches aimed at improving the 
outcomes of radiation therapy.

• Elucidating the intersections of cancer biology and radiation 
response pathways for identifying opportunities for 
synthetic lethality is a high priority for research. 
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• During the last couple of decades there has 
been increasing interest in better 
understanding the immunological effects of 
radiation therapy on cancerous as well as 
healthy tissues. 

• Exploiting that knowledge may help prolong 
the survival of patients with not only locally 
advanced (M0) but also metastatic (M1) 
cancers. 
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• Many “targeted” drugs have been developed in recent years in an attempt 
to selectively target cancerous cells and stroma. 

• These drugs have sometimes been less effective than anticipated because

– not all of the cancer cells expressed the target and/or 

– the cancer cells acquired resistance to the drug after exposure. 

• One strategy for counteracting these problems is to put a radioactive 
“payload” on the targeted drug. 

• That may decrease the likelihood that the cancer cell will survive long 
enough to develop resistant mutations.

• Furthermore, with beta particles of the appropriate energy, not only will 
the cancer cells expressing the target be irradiated (and hopefully killed) 
but neighboring cancer cells that do not express the target will also 
be irradiated and killed.
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• Physical methods for increasing the biological 
effectiveness of radiation include the use of 
protons and heavier charged particles such as 
helium and carbon ions. 

• Their mechanistic bases, however, remain 
poorly understood, as does the biology of 
some other techniques such as photodynamic 
therapy, hyperthermia and neutron-capture 
therapy.



Hypotheses

• Particle therapy may improve survival in 
some kinds of cancer.

• Particle therapy may decrease adverse events 
in some kinds of cancer without decreasing 
tumor control.





Improving Survival

• Prospective Randomized Trials:

–Protons vs Photons

• Glioblastoma (NRG)

• NSCLC (NRG)

• Hepatocellular ca (MGH/MDACC)

• Esophageal ca (MGH/MDACC)

–Carbon ions vs Photons

• Pancreatic ca (AECOM)



Decreasing Adverse Events

• Prospective Randomized Trials:

–Protons vs Photons:

• Low grade glioma (NRG)

• Oropharyngeal ca (MDACC)

• Prostate ca (Non-NRG)

• Post Mastectomy Breast ca (PCORI-funded)



NCI workshop on Particle Biology

• Goals:

– To review current knowledge

– Identify gaps in knowledge

– Clinical consequences of those gaps

– Identify research opportunities

• Brainstem necroses among children treated 
with protons.

• Uncertainty regarding RBE.
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• Many patients with early stage cancers and some 
with locally advanced cancers can be cured by 
radiation therapy with or without surgery and/or 
chemotherapy. 

• Often, however, they suffer adverse effects during or 
after radiation therapy. 

• Some physical methods for decreasing the adverse 
effects include 3-dimensional conformal irradiation, 
proton irradiation and intensity-modulation of 
photon and proton beams. 
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civilians exposed to ionizing radiation. 
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• After the terrorist attack on the World Trade 
Center in 2001, a sizable investment was 
made by the U.S. government in developing 
medical countermeasures for 
mitigating radiation injuries in soldiers and 
civilians exposed to ionizing radiation. 

• Exploiting that knowledge for decreasing the 
adverse effects of radiation therapy without 
compromising tumor control is a high priority 
for research.



• Radioprotectors and Radiomitigators for 
Improving Radiation Therapy: The Small 
Business Innovation Research (SBIR) 
Gateway for Accelerating Clinical 
Translation.

–Radiation Research, September 2015.

–Vol. 184, Pages 235-248.
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• For early stage cancers an invasive biopsy is 
usually necessary for establishing the 
diagnosis of malignancy.

• It may be possible in the future to establish 
the diagnosis without a biopsy, by using 
Quantitative Imaging techniques 
(“Radiomics”).

• The cancer may then be diagnosed non-
invasively, as well as treated non-invasively by 
radiation instead of surgery.



NCI Quantitative Imaging Network

http://imaging.cancer.gov/informatics/qin



The Cancer Imaging Archive (TCIA)

http://imaging.cancer.gov/informatics/thecance
rimagingarchive

• Many image collections are available, 
including the National Lung Screening Trial 
(NLST).

– Low-dose CT screening saved lives, but too many 
false-positives (unnecessary biopsies).

• Better Radiomics algorithms may enable non-
invasive diagnosis and treatment.

http://imaging.cancer.gov/informatics/thecancerimagingarchive


RADIOMICS

• Improved selection of patients for

– IMRT, Protons, Carbon ions, etc.

– Combination of radiation with “targeted” drugs

– Combination of radiation with immunotherapy.

• Fewer “failed” trials because the signal won’t 
be obscured by the noise.

• “Smart” trials.



Challenging Sites

• Glioblastoma

• Head & Neck

• Lung

• Esophagus

• Cervix

• Multiple brain mets

• Sarcomas* 
(amputation)

• Pancreas

• Liver

• Gall Bladder

• Stomach

• Ovary

• Colon

• Rectum* (APR)
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advanced cancers.
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