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Around 5%-7% of cancer patients develop adverse side effects, which include acute effects, 
late effects and cancer induction to radiation therapy in normal tissues in the treatment field. 
Such effects are of particular interest as the cancer patient population that reaches prolonged 
survival has increased with the improvements in cancer therapy and health care. These 
adverse reactions are mainly influenced by deficiencies in DNA repair pathways. However, 
tissue response to IR could be modified by several treatment- and patient- related factors. 
Numerous studies have been carried out to evaluate the correlation between clinical and 
cellular radiosensitivity, by in vitro tests. Previous own studies, characterizing DNA repair 
capacity in peripheral lymphocytes of cancer patients through cytokinesis blocked 
micronucleus test and alkaline single-cell microgel electrophoresis (comet), indicated that 
such assays correlated with the clinical radiation signs of radiosensitivity and showed the 
predictive potential of both techniques in the identification of radiosensitivity subgroups.  
In this paper, retrospective studies are conducted in 10 representative cases, which had 
developed acute or late toxicity in previous treatments and at present require new radiation 
treatments due to secondary malignancies or recurrence. 
Samples were in vitro irradiated with 2 Gy. MN data were analyzed comparing expected MN 
frequencies with values observed after in vitro irradiation. DNA repair capacity was evaluated 
through comet assay for initial damage and after specific times of repair (0-120 minutes). 
Captured images were analyzed by CASP image analysis software. Repair capacity was 
quantified by the Olive tail moment. Weibull alpha parameter was applied to describe DNA 
damage at the different evaluated repair times after in vitro irradiation and fitted by a mono-
exponential model to describe the kinetic profile. 
In every evaluated patient a correlation between mean half-time (T1/2) and residual damage 
(RD) parameters was observed. Whereas, one case, revealed a lack of correlation between 
both parameters: average reactor according to T1/2

Thus, the fundamental understanding of T

 and over reactor according to RD. This 
observation made us aware of the importance of RD parameter in the evaluation of individual 
radiosensitivity. In this case, the patient presented a 46% of non-repair initial DNA damage 
and so qualified as a patient with a greater risk than average of developing radiation toxicity. 
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 (the speed of repair in the mono-exponential 
repair kinetic model applied) and the RD (percentage of the lymphocytes that do not restore 
the induced initial DNA damage) constitute important parameters for the individual 
radiosensitivity analysis. Moreover, when analyzing Weibull distributions at each repair time, 
patients that showed two cellular subpopulations (damaged and undamaged cells) resulted in 
normal/average radiosensitivity of the lymphocyte pool and therefore, considered as patients 
with normal/average recovery from the cytogenetic induced damage. MN and comet 
techniques enable to characterize the cytogenetic status of patients that had developed acute or 
late toxicity in previous treatments. The differences between average and over reactors were 



significant. These assays showed a good predictive potential for the detection of patients with 
a greater risk than average patients of developing radiation toxicity. 
 
KEYWORDS: Predictive Radiosensitivity Tests; DNA Repair Capacity; Radiotherapy; 
Adverse Side Effects 



 
 

Patients 

Clinical and in vitro radiosensitivity – T1/2 
Mean half-time T1/2

Residual 
Damage TM

 [min] 

R 
Healthy 
controls 
(2,6±0,3) 

Avarage-
reactor patients 

(4,7±2,9) 

Over-reactor 
patients 

(24,9±10,4) 
A. B.   9,42 ± 2,97 0,13±0,47 

M. A. G.   14,52 ± 8,40 
14,9±6,12 
0,24±0,10 

(normalized value) 

P. M.  6,0±4,2  
27,35±2,73 
0,64±0,06 

(normalized value) 

H. A. C.   22,8±5,7 
0,58±0,45 
0,09±0,07 

(normalized value) 

D. G.  6,7±2,0  
5,5±1,7 

0,19±0,06 
(normalized value) 

R. M. 1,9±0,6   
3,2±1,6 

0,09±0,04 
(normalized value) 

O. T. 0,9± 0,2   
3,5±0,2 

0,16±0,01 
(normalized value) 

I. 1,3± 0,2   
0,6±0,2 

0,03±0,01 
(normalized value) 

C. In progress    
P.A. In progress    

Table 1. Comet assay results of the patients evaluated retrospectively 

 Figure 1. Weibull distributions at different repair times showing two cellular subpopulations 
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