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I have bad and very bad news: 
Doctor: I have some bad news and some very bad news. Patient: Well, might as well give me the bad news first. Doctor: The lab called with your test results. They said you have Cancer and only 24 hours to live. Patient:  Only 24 hours! That's terrible! What could be worse? What's the very bad news? Doctor: I've been trying to reach you since yesterday!
What is Cancer? Cancer comes in a variety of forms. Basically, cancer occurs when cells in the body begin to grow chaotically. Normally, cells grow, divide, and produce more cells to keep the body healthy and functioning properly. Sometimes, however, the process goes astray--cells keep dividing when new cells are not needed. Some types of cells are more prone to abnormal growth than others. The mass of extra cells forms a growth or tumor, which can be benign or malignant. Benign tumors are not cancer. They often can be removed and, in most cases, they do not come back. Cells in benign tumors do not spread to other parts of the body. Most important, benign tumors are rarely life threatening. Malignant tumors are cancer. Cells in malignant tumors are abnormal and divide without control or order. These cancer cells can invade and destroy the tissue around them. In a process called metastasis, cancerous cells break away from the organs on which they are growing and travel to other parts of the body, where they continue to grow. Cells from cancerous ovaries, for example, commonly spread to the abdomen and nearby internal organs. Eventually, they can invade the bloodstream and lymph system (the two systems of vessels that bathe and feed all of the body's organs) and travel to organs throughout the body. (Ref.1)
What is PET and how does it work? PET (Positive Electron Tomography) can help physicians effectively pinpoint the source of cancer. This is possible because many cancer cells are highly metabolic and therefore synthesize the radioactive glucose (sugar) that is injected in the patient prior to the exam. The areas of high glucose uptake are dramatically displayed in the scan imagery, as opposed to the anatomical imagery of CT or MRI, which cannot detect active, viable tumors. If cancer is found early, it can often be cured. A PET scan can be used in early diagnosis, assisting physicians in determining the best method for treatment. A whole body PET scan may detect whether cancer is isolated to one specific area or has spread to other organs before a treatment path is determined. It is a new scanning technique in medical research. PET allows us, for the first time, to measure in detail the functioning of distinct areas of the human brain while the patient is comfortable, conscious and alert. We can now study the chemical process involved in the working of healthy or diseased human brains in a way previously impossible. Before the advent of the PET scanner, we could only infer what went on within the brain from post-mortems (dissections after death) or animal studies.

A positron is an anti-electron. (Ref.2) Positrons are given off during the decay of the nuclei of specific radioisotopes. A type of radioactive fluorine produced at TRIUMF for the PET program is a positron emitter. When matter collides with its corresponding antimatter, both are annihilated. When a positron meets an electron, the collision produces two gamma rays having the same energy, but going in opposite directions (See Appendix Fig.1). The gamma rays leave the patient’s body and are detected by the PET scanner. The information is then fed into a computer to be converted into a complex picture of the patient’s working brain (See Appendix Fig. 2). A conventional "X-ray" is taken by firing X-rays through a person and onto a film. This "shadow" image shows some structures in the body, such as cartilage and bone. A CT scanner uses fine streams of X-rays. By firing them through the body from several directions, the CT scanner is able to build up a composite picture of anatomical details within a "slice" through the person. Magnetic Resonance Imaging (MRI) does much the same thing, but using magnetic and radio wave fields. In contrast, the PET scanner utilizes radiation emitted from the patient to develop images. Each patient is given a minute amount of a radioactive pharmaceutical that closely resembles a natural substance used by the body. One example of such a pharmaceutical produced at TRIUMF is 2-fluoro-2-deoxy-D-glucose (FDG, See Appendix Fig. 3), which is similar to a naturally occurring sugar, glucose, with the addition of a radioactive fluorine atom. Gamma radiation produced from the positron-emitting fluorine is detected by the PET scanner and shows in fine detail the metabolism of glucose in the brain. (Ref. 3)
How does it feel to have a PET scan? During a scan the patient reclines on a comfortable couch with his or her head inside the large, doughnut-shaped Positron Emission Tomograph. While the patient must be kept very still, the only real discomfort involved may be the pinprick of a hypodermic needle as a minute amount of radiopharmaceutical is injected. The radiopharmaceutical could be administered as an intravenous injection or inhaled as a gas. How it is administered depends on the radiopharmaceutical. Which one is chosen depends on what function the scientist wants to study (See Appendix Fig. 4).
PET Advantages: A) Early intervention is PET's most important benefit.
 The earlier the detection, the likelier the cure! Prior to changes in structure that normally would show up on a CT or MRI scan, a PET scan can reveal metabolic changes in the body. How? PET is a metabolic imaging technique and cancer is a metabolic process. B) PET shows whether or not a tumor is benign or malignant. No other imaging technique can do this! Reports in the scientific literature find that PET correctly identifies detected lesions 97% of the time. Painful, invasive surgery, such as thoracotomy, may no longer be necessary for diagnosis. C) PET shows the extent of disease -- called staging -- of lung cancer, colorectal cancer, melanoma, head and neck cancer, breast cancer, lymphoma and many other cancers. For patients whose cancer is newly diagnosed, it is important to determine if the cancer has spread to other parts of the body, so that appropriate treatment can be started. PET can search the entire body for cancer in a single examination, called a "whole body scan", revealing any metastases as well as the primary site. D) PET shows the effectiveness of therapy. It is an excellent test to monitor for recurrence of disease. One ovarian cancer patient had a PET scan when a blood test indicated a rise in her tumor marker levels but subsequent CT and MRI scans were still normal. Only the PET scan showed new cancer. After treatment, a subsequent PET scan revealed the cancer was gone (Ref.4).
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Fig. 3 - FDG Molecule
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�  PET is not covered in Ontario under Ontario Health Insurance Plan (OHIP). The University hospitals (including McMaster) treat patients for research purposes only.
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