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Tumor Localization Methods


Over the course of fractionated radiation treatments, which can often extend for several weeks, parts of tumors grow and die, causing the tumor to move within the patients’ bodies.  Thus, for the most effective treatment of the tumor, patients must be imaged regularly.  Can we find a way to accurately locate tumors repeatedly without exposing the patient to more radiation or performing any kind of intrusive surgery?


Three possible localization methods are described; Patient Registration with High-Resolution Positron Emission Tomography (PET) and radiolabeled antibodies, Patient Registration with Fluorescence Ratio Imaging (FRI), and distance determination using the Barkhausen effect.  The result of this research is that use of the Barkhausen effect offers a new and unique approach to long term location of tumors within the patient’s body without using radiation and with minimal intrusion into the patients’ bodies.


High-Resolution PET images the patient in a unique manner; the source for the imaging device is inside the patient’s body.  Positron emitting radionucleides are often ingested by the patient, but can be injected to image different parts of the body.  An emitted positron annihilates itself with an electron somewhere in the patient’s body.  This releases two gamma rays in opposite directions; a ring of detectors around the patient’s body detects these two gamma rays and determines coincidence lines.  Different tissue types give different densities of these coincidence lines, allowing for accurate imaging of the patient’s body without exposing them to high-energy photons.

This method of imaging was used to image tumors in rats.  Human ovarian tumors were grafted subcutaneously onto rats.  The radionucleide used in this experiment was 124I-labeled monoclonal antibodies, which have a half-life of 4.2 days.  The monoclonal antibodies react with cell-surface antigens expressed by many cancer cells, thus concentrating the positron emitting radionucleide at the site of the tumor.  In this experiment, the uptake of the isotope was more than six times greater in tumor tissue versus normal tissue.  Imaging occurred over a period of ten weeks, with imaging being performed every one to six days.  There was an average of 55,000 ± 15,000 pulses/frame, meaning that there was enough data to reproduce an accurate image.  The spatial resolution of the system was 4.5mm, and slices were performed in two thicknesses, 0.5cm and 1.0cm.  Cancer nodules smaller than 7mm were easily identified in the images; the results of all of the images also accurately matched autopsy results.

Therefore, High-Resolution PET gave accurate images of the tumor.  These images have a high signal to noise ratio, and there was a large contrast between tumor tissue and normal tissue.  This allowed for easy identification and segmentation of tumor tissue.  With patient registration, this could allow accurate treatment of the tumor.  However, this method requires introduction of the positron emitting radionucleide into the patient’s body, and thus we are still using a radioactive source.  This can cause sickness and the procedure often requires patients to not eat for a period of time before the imaging.  Further, the radionucleide is specific to a type of cancer, in this experiment, ovarian cancer, and thus many different sources must be kept on hand to image all types of cancer.  This method of imaging is also very expensive to set up and keep running.  Therefore, although this method of locating tumors within a patient’s body is accurate, it may not be the best method available.

The second method of tumor localization is Fluorescence Ratio Imaging (FRI).  FRI works by measuring intracellular and extracellular pH using a fluorescent probe that interacts with a specific target.  In order to measure the pH, the best target is the simple H+ ion.  Further, the probe demonstrates pH dependent spectral characteristics, thus allowing for imaging of the tissue.  This method of imaging is useful for tumor localization because tumors have different tissue characteristics from normal tissue.  The pH in tumor tissue is often lower, meaning that we can use FRI to image tumors without use of a radioactive source.

In this experiment, tumors were grown in rabbit ears for forty days.  A calibration curve was constructed based on the uptake of the probe or fluorochrome in normal test tissue versus time.  This fluorochrome was then injected into the arteries surrounding the tumor approximately one minute before pH imaging.  The resulting pH measurements showed a distinct difference in pH at the interface of the tumor tissue and the normal, healthy tissue.  The average pH in normal tissue was 7.18 ± 0.11, and the average pH in tumor tissue was 6.75 ± 0.10.

Thus, FRI provides us with an accurate imaging modality without exposing the patient to any source radiation from the imaging device.  Normal tissue is easily discernible from tumor tissue, and the images have a very high signal to noise ratio.  However, the tissue being imaged must be very thin; in this experiment, rabbits’ ears were used to grow the tumors.  The researchers next step is to use FRI to determine spatial pH gradients and reconstruct three-dimensional images.  Until this point, however, this method of imaging is just not practical for use in the medical field.

The final method of localization I researched uses the Barkhausen effect.  This is the property of an amorphous, ferromagnetic wire to act like a single domain and pulse under the application of a magnetic field.  These pulses or switches in the domain can be detected as a brief increase in voltage at a pick-up coil.  The voltage at this coil will be in the form of a sine wave with a spike representing the switch or pulse.  The phase of this spike is dependent on the radius of the wire.  This allows for simultaneous detection of multiple wires based on the phase of the spike.  The amplitude of the spike is dependent on the distance between the wire and detector, the orientation of the wire relative to the detector, and the efficiency of the detector.  Therefore, distance from the detector to the wire can be determined based on the amplitude of the spike.

The Barkhausen effect is currently used to test the purity of magnetic microstructures in metal manufacturing.  However, we hope to put it to use in the medical field by implanting the wires into a tumor.  These wires could be located consistently without the use of more radiation.  This method of localization has not yet been implemented for medical purposes however; thus this will be a 1st generation production.  In addition, as the tumor moves within the patient’s body, the location of the wires will less accurately describe the location of the tumor.  Overall, this method of localization will be our best bet to accurately locate tumor tissue on a long time scale without constantly exposing the patient to radiation.

The next logical step from this research is to implement localization using the Barkhausen effect.  This will be accomplished by determining the wire’s distance from the sensor based on how the amplitude changes with distance.  By using three sensors, we can determine the wire’s position relative to the sensors.  This is accomplished by simultaneously solving three distance equations for the (x, y, z) location of the wire.  Once this has been accomplished, Barkhausen localization can be used for purposes other than tumor localization.  Wires could be placed at the end of probes and the position of the probe could accurately be tracked.  In whatever use, this type of localization can be used without exposing the patient or doctor to harmful radiation.
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