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Introduction 
Auger Electron Therapy (AET) is a binary approach for improving cancer 
radiotherapy. It involves the selective targeting of an atom to tumor cells using 
physiological pathway. The atom is then irradiated by a  specific radiation that 
produces secondary radiation called Auger electrons. One of the problems 
associated with the clinical application of AET, is that the energy of the 
photons required for stimulating photoelectric absorption in most of the 
available high Z target atoms, is too low to achieve penetration through 
normal surrounding tissues to the depth of the tumor, when an external 
source is used. The solution is therefore the use of a brachytherapy 
technique. 
 
There are two other problems associated with the use of radiation as a cancer 
treatment. The first is the limitation on radiation dose to the normal tissue 
within the treatment volume. The second problem is the limitation imposed by 
the miniscule size of the critical target of the cell, namely the DNA (0.25% of 
the cell mass). The solution to the first problem can be achieved by using the 
brachytherapy technique. The second problem can be resolved by placing the 
radiation source in close position to the DNA. AET, as we apply it, provides 
the two solutions to the two problems. 
 
When a photon is absorbed by an electron in the K or L shell of an high Z 
atom, the electron is ejected from the atom, creating a vacancy in the shell. 
This vacancy is immediately filled with an electron from an upper shell. The 
energy difference between the two shells is sometimes emitted as an x-ray, 
however, frequently the energy is transferred to an outer shell electron that is 
emitted as an Auger electron. These electrons are emitted at energies of up to  
~30 keV and therefore have a very short range in the cell. They will deposit all 
their energy within 20-30 nm from the point of emission. i.e. all the energy is 
deposited in the DNA. In our work indium is used as the high Z atom. 
 
Experimental Work 
Both in vitro and in vivo experiments were carried out to demonstrate the 
ability of the In carrier molecule to transport In atoms into the cells and 
localize it in or near the DNA. The carrier is a porphyrin molecules-InTMPyP. 
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In vivo studies were carried out in tumor bearing B57 BL mice bearing the  
B16 murine melanoma on flank. Uptake of ~108 indium atoms was measured 
in the TCA-insoluble fraction of the tumor following the i.p. administration of 
InTMPyP at a dosage of 40 mg/kg at a concentration of 0.2 �g/ml. 
 
Iodine-125 seeds are currently a widely accepted radiation source for use in 
bachytherapy. The I-125 seeds used in this study were model Iso-seed I-125 
S06 made by AnEckert and Ziegler Co. The activity was 0.4 mCi on 27/8/01. 
The seeds consisted of a welded titanium capsule containing iodine-125 
absorbed onto resin beads. The I-125 half-life is 60 days and it decays by 
electron capture with the emission of 35.5 keV gamma rays. Due to self 
absorption of those photons most of the photons emitted from the seeds are 
of energy 27.4 keV. Figure 1 shows the photon energy spectrum emitted from 
the seeds and the indium interaction cross section with photons in this energy 
range. The K-27.94 edge of indium is a little higher than the 27.4 keV  peak in 
the I-125 spectrum.  
 
The relationship between the activity and the dose at 1 cm from the source is: 
1mCi=1.25cGy/h. The total dose from the I-125 seed at 1 cm from the source 
is given by 
                                              D=Ax1.25xhx10-2Gy 
 
Where D is the dose over the irradiation time, A is the seed activity in mCi, h 
is the irradiation time in hours and 1.25 is the conversion factor from mCi to 
Gy for I-125. The dose is given in Gy. The I-125 decays with a 60 day half life, 
therefore the dose should be calculated by integration over the irradiation 
time: 
 
                                              D=A0x1.25 Ts∫Te e-�tdt 
 
Where A0 is the initial seed activity (0.4 mCi on 27.8.01 in our case), Ts and Te 
are the start and end days of the irradiation and � is the I-125 decay constant. 
 
Results 
4 mice received the entire AET protocol, that is In-TMPyP and radiation, 4 
mice received radiation only, 1 mouse received the drug only, 2 mice served 
as untreated controls. The tumor dimensions were measured daily via caliper. 
 
Figure 2 shows the growth pattern of the tumors after seed implantation, 
expressed as tumor volume as a function of radiation dose (days after 
treatment). The most striking are the two lower curves  that show a negligible 
increase in tumor volume within the first 12 days of experiment. These curves 
represent the tumor response after implantation of 4 iodine-125 seeds and the 
combination of iodine-125 seeds and TMPyP. It can be observed that with a 
53% reduction in dose, the tumor volume reduction of AET 4 mouse was 2.4 
times smaller than that for the 4 seeds mouse. In all AET mice the per cent 
growth rate is significantly lower than that of either the control or the radiation 
only mice with two seeds. 

 

 



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 

 

 

Figure 2.  Tumor Growth Rate 
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