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Advances in Radiation Oncology

• Advances in Treatment Delivery
– IGRT
– IMRT
– IMAT/VMAT
– SBRT
– Particle beam therapy

• Advances in Treatment Planning
– Tumor Localization & Image fusion
– Breathing adaptive radiotherapy
– Functional treatment planning

• Advances in Radiobiology
– Immunotherapy



IGRT for prone pelvic therapy



Particle beam therapy



122 PBT trials ongoing with an expected accrual of > 42,000 
patients. Only 5 of these trials randomize patients to protons 

vs. photons
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Image Fusion for Tumor 
Localization



Quality Improvement Challenges:
Image Co-Registration (Fusion & DIR)

Severus Snape & Harry Potter



Image and Dose Registration



Tumor Localization for Pancreas SBRT



Tumor Localization for Pancreas SBRT



4DCTRespiratory Motion and 4D-CT 



ITV Delineation with Gating

• Select a gating window based on tumor motion on 4DCT

• ITV will include tumor excursion and deformation within the 
selected gating window



Breathe Well System Prototype



Patients’ Breath Holds

• Patients instructed to hold an uncoached
breath for 10 seconds before treatment

• Reproducibility and stability for first two 
patients on treatment

• Reproducibility improved significantly (p 
< 0.001)

• Stability did not change significantly (p = 
0.96)



Anatomic vs. Biological imaging

CT MRI

ANATOMICAL

PET/CT

BIOLOGICAL



Can guiding RT from “biological” signals improve or 

enable new applications? 

CT MRI

PET

Biology-guided 

radiotherapy



Reflexion - A novel radiation therapy system that responds to 

individual PET emissions  in real-time to guide the treatment beam



CT Ventilation Imaging

• Higher resolution, lower cost, or 
shorter scan time than other modalities

4D CT or 

exhale/inhale CT

Quantification of 

regional volume change

Ventilation image
Displacement 

vector field

Deformable image 

registration (DIR)



CT Ventilation Image-guided RT for 
Lung Functional Avoidance

Yamamoto et al. (Radiother Oncol 2016)
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Lung functional avoidance RT 
may reduce toxicity

Faught/Yamamoto et al. (IJROBP In Press)
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RT + HD systemic IL-2

ORR: 66%

Historical response rate: 10-15%





FACS Analysis for Memory T cell populations

Central Memory 
CD4+
T cells (CD45RA-
CD62L+)

Effector Memory 
CD4+ 
T cells (CD45RA-
CD62L-) 

CD4+ Memory Cell Subsets
ICOS+ CD4+ Cells
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Systemic Increase in Activated Memory CD4+ T-cells
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