The Production and Medical Applications of Iodine-125

Introduction

Iodine-125 is the main radioisotope that is produced at the McMaster University Reactor.  This particular radioisotope has a half-life of fifty-nine days1 and is used in medical research, diagnostics and treatments.  The production of iodine-125 occurs via two different processes: neutron activation1 and electron capture2 (Figure 1).  

Figure 1: Production of Iodine-125
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Neutron activation occurs when xenon-124 gas is inserted into the reactor core and is irradiated with high-energy neutrons1.  The xenon-124 gas captures a high-energy neutron and this generates an unstable radioisotope called xenon-1251.    Electron capture involves the decay of an unstable radioisotope (xenon-125) to a stable radioisotope (iodine-125)2.  In order to become stable, xenon-125 must emit the excess energy it gained from neutron activation.  Xenon-125 accomplishes this by picking up an electron to form iodine-125 and emitting the extra energy as a gamma ray2.  
One of the most common effective medical applications of iodine-125 is its involvement in the treatment of prostate cancer3,4.

Iodine-125 and Prostate Cancer

The prostate is a gland in men that produces seminal fluid and is found below the urinary bladder5.  Prostate cancer has become very common in older men and is a major cause of death.  Regular prostate exams are important as they can easily detect any changes occurring to the prostate gland.  Once prostate cancer is detected, there are two types of radiation therapy (external and internal radiation therapy) that can be used to treat it.  External therapy occurs when the radiation is produced from a machine outside the body, while internal therapy uses a radiation source that is placed within the body6.   Currently, one of the modern day effective treatments for prostate cancer is a form of internal radiation therapy called brachytherapy seeding3,4.  In this process, small titanium seeds are labeled with the radioisotope iodine-125, and are permanently implanted directly into the prostate tumor via long needles (Figure 2) 3,4.  The seeds are typically spaced close together and each treatment uses approximately 80-150 seeds3,4. 
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Figure 2:   Implantation Technique
Picture adapted from 

http://80www.nature.com.cerberus.lib.uoguelph.ca/cgitaf/DynaPage.taf?file=/pcan/journal/v7/n3/full/4500727a.html&filetype=pdf
Over time, the iodine-125 seeds release low-energy gamma rays that target and kill the cancer cells in the prostate without harming cells of the bladder and rectum3,4.  The radioactivity of the seeds generally lasts for six months3,4.  After this time period, the iodine-125 decays into tellurium-125 through the process of electron capture2.  Once the decay occurs, the seeds are no longer radioactive and remain in the prostate forever3,4.  
Benefits of Iodine-125 Seed Therapy

Studies have demonstrated that this method offers comparable results to other cancer treatments such as external beam irradiation and prostatectomy7.   One of the major benefits of brachytherapy seeding is that almost all the radiation stays localized to the area of the prostate3,4.  The radiation that is emitted is a very low energy and will not have an impact on normal tissue surrounding the treated area or on objects or people encountered after the treatment3,4.  Other benefits from seed therapy include no surgery incision, it is an outpatient procedure, a shorter recovery time and fewer side effects than other prostate cancer treatments3,4.

Conclusion

The production of iodine-125 in the McMaster University Reactor is important to medical research particularly for the treatment of prostate cancer.  The Canadian Cancer Society reports that on average, of 386 Canadian men that are diagnosed with prostate cancer every week, 81 Canadian men will die of it8.  These statistics demonstrate that prostate cancer is an increasing problem in the world today.  With the use of such radioisotopes, the development of novel and effective ways to treat disease may be unlimited.  
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