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Critical Summary

Tumor localization has become an important topic in cancer research.  Much of the current oncology research focuses on pre-operative localization techniques that provide the greatest accuracy before irradiating the lesion area.  Having a high degree of accuracy is important to prevent tumor extension after surgery.  One of the main goals of our project is to determine the feasibility of using amorphous wires and magnetic fields to implement the Barkhausen effect to localize tumors and improve the accuracy of finding the clinical target volume (CTV) of cancerous lesions.  Currently, there are a number of technologies that attempt to localize tumors, but we believe that our localization technique will provide the most precise delineation of the CTV without any adverse side effects such as a large amount of radiation or invasive surgery and extended recovery times for the patient.


One of the primary techniques used today is pre-operative delineation of the CTV by both computerized tomography (CT) and magnetic resonance imaging (MRI).  Jansen et al
 studied and discussed the effectiveness of these two techniques when used separately and concurrently in three-dimensional planning.  In their study, they looked at patients with high-grade malignant astrocytoma, the most common primary brain tumor, and compared pre-operative scans with postmortem tumor recurrence patterns.   They believed that discrepancies between real and CT/MRI-based tumor extensions “is sometimes substantial and relates to factors such as tumor type, tumor localization, its relation with adjacent structures, the extent of associated peritumoral edema and the use of corticosteroids.”  They also thought there was a lack of uniform guidelines when using these imaging modalities, deriving from the discrepancy between tumor extension and that which was visualized by CT and/or MRI and the non-uniformity in treatment policy, because the trade-off between the probability of complications and the expected benefit for the patient greatly affected the physician’s decision in deciding the CTV.  The results of their finding were that both CT and MRI provide very good, though not identical, information on both macro- and microscopic tumor extension, and that the ideal situation would include using both CT and MRI in pre- and postoperative scans and using image fusion protocols to determine the CTV.  MRI gave diagnostic superiority while CT provided geometric superiority.  Their exact guidelines were that if the CTV was less than 250 cm​​3, only one CTV for the entire treatment was necessary.  For tumors of larger size, a second TV, or target volume, could be chosen with a smaller margin of irradiation.


The next study was of small hepatocellular carcinomas (HCCs) by Sato et al
.  Two types of CT, helical and angiographic, were once again used here to delineate these HCCs that were invisible to sonography and originally were inoperable because of the lack of tumor localization.  This group studied the use of hookwire localization through a 21-guage needle to provide the location of the tumor during laparoscopy so these tumors could be radiated.  The subject, a 68-year-old man, was diagnosed to have a total of three HCC nodules.  Using CT, a 21-gauge guide needle was inserted through the upper abdominal wall toward the lesion.  A hookwire was then introduced through the needle, and the needle was withdrawn.  CT was used to confirm the wire was placed correctly, and the patient underwent microwave coagulation therapy (MCT) on the HCCs.  Postoperative CT scans showed the operation was a success, and indicated complete tumor ablation.  


A study by Lee et al
 looked at the use of bioimpedance for cancer localization in the intact prostrate.  Presently, prostrate cancer is diagnosed by transrectal ultrasound (TRUS)-guided sextant needle biopsy.  The texture of the tissue can prompt localization of a tumor, but it is very imprecise.  Bioimpedance is an electrical property of biological tissue.  Electric current is limited in living tissue by highly insulating cell membranes.  However, different tissue architecture (as in cancer) may impede current differently and allow detection of differences between normal and malignant prostrate tissue.  Using two bioimpedance needles, the researchers inserted them into the prostrate 1 mm apart, 3 mm into the posterior surface.  It was found that cancerous areas had a higher impedance of 932 + 170 ohms while non-cancerous areas had an impedance of 751 + 151 ohms at 2 MHz.  So it was determined that bioimpedance could be used to differentiate cancerous and non-cancerous tissues, and would improve identification and localization of cancer within the prostrate.  This could also be used in guiding the needle placement during prostrate biopsy.


Finally, Kim et al
 studied pre-operative methods of tumor localization for laparoscopic colorectal surgery.  During laparoscopy, the surgeon is not able to see colonic tumors, so their location must be precisely identified before resection is completed.  In a study of 58 patients, a little more than half had tumors that were easily detectable at surgery.  The rest required different forms of localization.  Some had a preoperative tattoo over tumor areas, other had intraoperative colonoscopy alone, while others combined colonoscopy with tattoos or clips.  They concluded that although left colectomy is more easily preformed, right colectomy requires identification of the tumor adjacent to the ileocecal valve.  Lesions in the upper rectum can be approached by using intraoperative proctoscopy and suture placement.  Lesions other than rectal or cecal ones should probably be marked by preoperative tattooing.
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