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Abstract 
 
Cancer is projected to overtake cardiovascular disease and become the top cause of death 

worldwide by 2012, according to the report published from the International Agency for 

Research on Cancer, a division of the World Health Organization (WHO). The burden of cancer 

is set to triple by 2030 according to that report. So, the accurate diagnosis and appropriate 

treatments such as surgery, chemotherapy and radiation therapy are very important in the proper 

cure of cancer. In this study, we explored more practical methods of the single or dual imaging 

modality using Positron Emission Tomography (PET) and Computed Tomography (CT) scans to 

detect tumors in the head and neck, left lung, left breast, and prostate cancer patients 

respectively. The optimal conformal radiation therapy (CRT) and intensity modulated radiation 

therapy (IMRT) plans were also designed in the CT and/or PET/CT images to perform the 

efficient treatment of these diseases at the Northwestern Memorial Hospital in Chicago. 

Furthermore, novel dose-volume histogram specific models such as universal plan-indices 

(UPIs), the spatial dose-volume histogram analysis and the radiobiological models were also 

utilized to assess the quality and outcomes of the CRT and IMRT treatments in the open-source 

software system, Histogram Analysis in Radiation Therapy (HART). The retrospective study 

showed that CRT and IMRT treatments are the effective techniques to control the tumor by 



minimizing the radiation toxicity in the neighboring normal organs in the treatment of breast and 

prostate cancer patients. It can also be concluded that the proper selection of the UPIs and the 

radiobiological models could be useful to achieve the goals in the radiation guided treatments in 

the complicated cases such as head and neck, and lung cancers.   
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