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ABSTRACT 

 

Purpose: Radiobiological data are already used in clinical routine in the form of tolerance 

of prescription doses used and fractionation schedules applied during radiotherapy. However, 

these data contain very limited information and cannot be used for treatment techniques other than 

those obtained. For this reason, the actual dose-response relationships of various tumors and 

normal tissues must be calculated and used in the clinic. There are several references in the 

literature on the radiobiological evaluation of a treatment plan, but only recently have researchers 

begun to derive the relevant parameters characterizing the biological response. Until now the 

problem with extracting accurate biological data has been the lack of accurate 3D dose information 

as well as the short and not well defined follow-up. The purpose of this study initially is to develop 

the tools necessary to determine the parameters that describe the dose-response relationships of 

various tumors and normal tissues as well as the clinical verification of the already published 

parameters using data from patients of the same clinic but also comparing the effectiveness of 

different treatment plans. 

Methods and material: The software is developed solely in python programming language, 

and it employs PSFL license for its Graphical User Interface (GUI), NUMPY, MAT- PLOTLIB, 

and SCIPY libraries. It comprises of two components. The first is the Dose-response relations 

derivation component, which takes as input the dose volume histograms (DVHs) of patients and 

their recorded responses regarding a given clinical endpoint to determine the parameters of 

different tumor control probability (TCP) or normal tissue complication probability (NTCP) 

models. The second is the Treatment Plan Assessment component, which uses the DVHs of a plan 

and the dose-response parameters values of the involved tumors and organs at risk (OARs) to 

calculate their expected responses. Additionally, the overall probabilities of benefit (PB), injury 

(PI) and complication-free tumor control (P+) are calculated. The software calculates rapidly the 

corresponding generalized equivalent uniform doses (gEUD) and biologically effective uniform 

doses ( D ) for the Lyman-Kutcher-Burman (LKB), Parallel Volume (PV) and Relative Seriality 

(RS) models respectively, determining the model parameters. In the Dose Response Relations 

Derivation component, the software plots the dose-response curves of the irradiated organ with the 

relevant confidence internals along with the data of the patients with and without toxicity. It also 

calculates the odds ratio (OR) and the area under the curve (AUC) of different dose metrics or 

model parameter values against the individual patient outcomes to determine their discrimination 

capacity. It also performs a goodness-of-fit evaluation of any model parameter set. The user has 

the option of viewing plots like Scatter, 3D surfaces, and Bootstrap calculations (redistribution of 



patients and recalculation of the model parameters). In the Treatment Plan Assessment part, the 

software calculates the TCP and NTCP values of the involved tumors and OARs, respectively. 

Furthermore, it plots the dose-response curves of the TCPs, NTCPs, PB , PI , and P+ for a range of 

prescription doses for different treatment plans. 

The developed software was applied to patient radiotherapy data in collaboration with the 

clinicians of the University Hospital of North Carolina (University of North Carolina at Chapel 

Hill, USA). In particular, with this software, radiobiological data of dose-response relationships 

of the various tumors and normal tissues of patients presenting the symptom of dry mouth and 

dysphagia after Head and Neck radiotherapy were extracted. To record these symptoms, the 

patients' responses to the CTCAE, PROCTCAE and EAT10 questionnaires were used. Finally, 

with this software, comparisons were made in the performance of two different patient treatment 

plans based on radiobiological parameters from the literature. 

Results: This study confirmed previous findings that the LKB, Parallel Volume and Relative 

Seriality NTCP models could fit the individual patient outcome data with very similar accuracy 

and statistical significance. Among the different sections of the salivary glands, the contralateral 

parotid and contralateral salivary glands correlated best with xerostomia. The analysis found that 

the model parameter values vary with scoring system (PRO-CTCAE or CTCAE) and time post-

RT. Based on the PRO-CTCAE scores, mean dose Dmean < 22 Gy, V50 < 10 % for the contralateral 

salivary glands and mean dose Dmean < 18 Gy, V45 < 10 % for the contralateral parotid were found 

to significantly reduce by a factor of 2–3 the risk for radiation induced xerostomia that is observed 

at 6–24 months post-RT, respectively. The relevant values for the CTCAE scores were Dmean < 25 

Gy, V10 < 80 % for the contralateral salivary glands and mean dose Dmean < 20 Gy, V10 < 65 % for 

the contralateral parotid, respectively. Also, gEUD < 22 Gy to the contralateral salivary glands 

and < 18 Gy to the contralateral parotid was found to significantly reduce the risk for radiation 

induced xerostomia that is observed at 6–24 months post-RT by 2.0–2.3 times. 

Conclusions: This software is very helpful in deriving the parameter values describing the 

dose-response relationship of different models for a given organ and clinical symptom as well as 

in evaluating the quality of a given treatment plan in terms of expected outcome. Its speed of 

execution and simplicity of handling make it a useful tool for the radiation therapist. 
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    DVH       .  

 10       . 

 



          

      -     

  . 

.  
46 

 

 

 8:     GUI       . 

 



          

      -     

  . 

        .  
47 

 

 9:         ,      

 -      DVHs   .   ,     

        . 

 



          

      -     

  . 

.  
48 

 

 10:        (      (OAR))  

    .       Relative Seriality (D50, , s) 

   . 

 

2.4    
       python    

PSFL    GUI, NUMPY, MATPLOLIB  SCIPY.   

       ,      .  

            DVH . 

             

   .           

 bootstrap (         

      ).   

    SLSQP        

        SCIPY optimize Python.  

SLSQP       ,     

           .   

          218    

 Intel i5 gen 9. ,   python NUMPY  MATPLOTLIB 



          

      -     

  . 

        .  
49 

     , .    

11,               

 SLSQP.       D50, , s    

Relative Seriality         D50   12,5 

      SLSQP      ,  

         . 

 

 11:        Relative Seriality 

  



          

      -     

  . 

.  
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3.   

3.1      
        ,    

 218 ,           

 IMRT     .   -   

        Relative Seriality.   

          

   (D50 = 74,5 Gy,  = 0,93  s = 0,28)     

 (profile likelihood method)       

 95%   .        

        (  12). 

 

 12:        - .    

    (  TCP/NTCP)       (

D  )      95%.     -    

   .      0  1    

            . 

               

     13  14. ,        

   ( . .  ,   -

,  ROC-AUC,  -  . . (    1 

 8).    ,           

     37       



          

      -     

  . 

.  
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  181      .    

        (50,16  48,83 Gy, )  

     -  V47 (%),       

     (74,75  69,47%, ).  ,   14 

           

,            

    (16,97%  16,98%).     , 

AUC  0,6     (p-value = 0,036)      

 53,0 Gy    OR 2,3,     2,3   

        53 Gy   

 . 

 

 13:     (    ,  - )   

    . 

 

 14:    goodness-of-fit,        

   ,            



          

      -     

  . 

        .  
53 

(AUC),    (OR)         p-value     

              . 

3.2     
             

      DVH    (  15).  

,       -    

      (  16).       

,    .  -       

    (PTV_SR_inSkin, PTV-HR_inSkin),   OAR  

,  ,  ,    ,   

 , ,     ,    

 (    3 mm       ).   

          

  10. 

 

 15:     DVH    ( -     

).   DVH          , 

.            . 



          

      -     

  . 

.  
54 

 

 16:       -     

( -     )     . 

 

 17:       -     

(     )            (  

          ).       

     .   x      . 



          

      -     

  . 

        .  
55 

,     (PB)   (PI)       

  (P+)        . 

 

 18:           , 

          17. 

,             

  (    ) (  17).    , 

      -     

( -   OARs)             

   (PB)   (PI)      

    (P+).     18,    

          , 

           17. 

   ,        PTV (61,5 Gy  63,4 

Gy, ).   ,        

   -   OAR      , 

       (PB, PI, P+), .    

,      -        

 (97,6%  98,5%   PTV_HR  99,2%   PTV_SR, ).   

 OAR,             

           .  



          

      -     

  . 

.  
56 

,             

1,7%, 62,4%, 7,5%  63,8%, ,         

  4,8%, 55,3%, 8,6%  65,2% .    PB  98,8% 

 98,4%,    PI  86,7%  87,7%    P+  12,2%  

10,6%, . 

 



          

      -     

  . 

        .  
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4.      

       3-4%      

       (OPSCC) 

[33,34].   2000,    OPSCC     66%.  

   OPSCC       

      (HPV) [36-38].  5      

OPSCC        (55%    72%   1992)[35]. 

                 

   HPV OPSCC,    CRT   [39]. 

            (   

)    [39,40].          

   .       

         .    

     (SMG)        

    (post-RT).       

   SMG (    ),    

   [11]. ,       

      20 Gy,           

   25 Gy [41]. 

       /    

      [42-45].    

            

        (NTCP) [40,11,41, 

46-48].      ,       

         .  , 

       178    HNC   

  IMRT,         52% 38%, 

35%  35%   6-, 12-, 18-  24    RT,  [49,50]. 

           

          

  NTCP      -    

  6  12    RT [11].   ,     

      ,      RT, 



          

      -     

  . 

.  
58 

      NTCP  .  ,   

   231  (    ),   

     6-24        

      PRO-CTCAE  CTCAE.    

,    /  /       

  NTCP           

 . 

 
4.1     

 248     -  (multi-institutional)  

  (NCT01530997, NCT02281955, NCT03077243)     

 (60 Gy)      6    

cisplatinum 30 mg/m2.          

 -         

 .          

    (Chapel Hill, NC),     

  (Gainesville, FL)    University of North Carolina-Rex (Raleigh, 

NC)     .      

  1.      6       

 ,          (231) 

.            

  [40,11,52,53].         

 6 MV         

(volumetric-modulated arc therapy, VMAT).        

  (simultaneously integrated boost, SIB),    -  

(PTV1)      (high risk, HR)    (PTV2)   

  (standard risk, SR).      -  PTV1  

PTV2  60Gy  54Gy    30   2,0Gy  1,8Gy, 5   

, .    -     95%   

 . 

 
4.2     

           

 PRO-CTCAE  CTCAE     (  



          

      -     

  . 

        .  
59 

),          

     [53].   PRO-CTCAE  

CTCAE  85  19 , .       

             

 (1: , 2: , 3: , 4: , 5:  ).    

     2      (  ),  

  6-, 12-, 18-  24    RT.     

            

   . ,    

          . 

 
4.3   

             

  ( . .    ,    , 

   (  + )      

 (  + )      

    NTCP.        

      .   

 ,         . 

     (DVH)  /     

     .   DVH     

            PRO-

CTCAE  CTCAE.  ,    AUC   

  -  (V1Gy-V80Gy)        

    .  ,     

              

   . ,        

  ,      

     AUC      . 

 

4.4    NTCP       
    

           

    NTCP   ,     



          

      -     

  . 

.  
60 

 [12,13,23].     (likelihood profile methods) 

       95%   

 .          (ROC) 

(AUC)         

    NTCP         

 [24,15,25]. ,    Odds Ratio (OR)   

    NTCP        

 .    OR      

95%       .       

       OR   .   

              

                

  (    p) [25].   ,   

      ,    

   .  ,     

           

            

          .   , 

         ,     

        (      

   NTCP)    .   p    

 [12,26,27]. 

  



          

      -     

  . 

        .  
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5.  

    (  1)       231 (  6 

)  196 (12 ),    174 (18 )   155 (24 ).   

            

 ,      

      AUC.     2     

  -  (Vx)     AUC   

    (6–24    RT).     

                

 PRO-CTCAE  CTCAE.     PRO-CTCAE,   

  ,  V50        

      .        

    3,5%-7,6%      

 RT. ,        SMG,   

   V45  V35, .       

CTCAE   V10          

             

         12,3%-18,8%  14,5%-22,1%, 

.    SMG,  V45       

. 

 

 1:    

Factor Value Percent 
Median age (y) 62.0 NA 
Gender   

Male 219 88 
Female 29 12 

T stage   
T0 15 6 
T1 / T2 203 83 
T3 28 11 

N stage   
N0 / N1 60 24 
N2 / N2c 186 76 

Smoking status   
Never 140 56 

 10 pack-years 61 25 
> 10 pack-years 47 19 

 



          

      -     

  . 

.  
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   19,   DVHs       

     12    RT.      NTCP 

 LKB, PV  RS     ,   

SMG          

    (  3, 4, -1  -2, ).  

  -         

     20. ,   21  22, 

   -         

 95%          

  12    RT    LKB  PV, . 

       (goodness-of-fit) 

   5  6.    AUC      

          LKB  

 0,58-0,66  0,58-0,64,      PRO-CTCAE,    

 CTCAE   0,64-0,80  0,60-0,70, . 

      (Odds Ratio)     

      gEUD (gEUDLKB   LKB  gEUDPV  

 PV , ).   ORs      

           (  

 NTCP,     ).    PRO-CTCAE 

     2,0-2,4  2,0-2,3    ,    

 LKB (     PV   ).    

    CTCAE   1,9-3,6  2,0-3,4.    

 RS        LKB    

 .
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    ,      : 
1.   python    https://www.python.org/    

python installation path    PATH    
( . . Microsoft Windows) 

2.    pip Package Management System   command prompt: 
. . from Windows OS command prompt: “python -m pip install -U pip” 

3.   Scipy     https://scipy.org/  
. .   Windows OS command prompt: “python -m pip install scipy” 

4.     Matplotlib    https://matplotlib.org/   
. .   Windows OS command prompt: “python -m pip install -U matplotlib” 

5.   PySimpleGUI     
https://pypi.org/project/PySimpleGUI/ 

. .   Windows OS command prompt:  “python -m pip install PySimpleGUI” 
 

  ,      command prompt  
 “python parametercalculation.py”      

  “python tpevaluation.py”      . 
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1.   Relative Seriality  

 1:         95%    

Relative Seriality  NTCP        6-24    RT, 

,      PRO-CTCAE. 

 

 

 

 2:         95%    
 Relative Seriality NTCP        6-24    RT, 

,      CTCAE. 

  

 TD50 (Gy)  s 
 6 months 
Contralateral salivary glands 14.7 (12.5-18.5) 0.10 (0.0-0.18) 9x10-4 (9x10-5-7x10-3) 
Contralateral parotid 11.4 (9.7-14.4) 0.10 (0.0-0.18) 6x10-4 (6x10-5-4x10-3) 
Contralateral SMG 25.7 (20.9-32.4) 0.10 (0.0-0.16) 10-3 (10-4-7x10-3) 
 12 months 
Contralateral salivary glands 35.9 (27.8-52.0) 0.17 (0.02-0.31) 10-3 (10-4 -7x10-3) 
Contralateral parotid 29.7 (21.9-47.5) 0.14 (3x10-3-0.27) 10-3 (10-4-7x10-3) 
Contralateral SMG 59.9 (46.4-84.6) 0.18(0.03-0.31) 10-4 (10-5-7x10-4) 
 18 months 
Contralateral salivary glands 41.9 (34.1-56.1) 0.34 (0.21-0.47) 10-3 (10-4 -7x10-3) 
Contralateral parotid 35.7 (27.6-50.4) 0.30 (0.19-0.41) 10-3 (10-4 -7x10-3) 
Contralateral SMG 71.0 (57.7-95.0) 0.34 (0.21-0.47) 10-4 (10-5-7x10-4) 
 24 months 
Contralateral salivary glands 44.2 (35.9-57.4) 0.37 (0.23-0.49) 10-3 (10-4 -7x10-3) 
Contralateral parotid 33.5 (27.2-43.6) 0.40 (0.25-0.51) 10-3 (10-4 -7x10-3) 
Contralateral SMG 84.7 (65.7-122.9) 0.31 (0.19-0.43) 10-4 (10-5-7x10-4) 

 TD50 (Gy)  s 
 6 months 
Contralateral salivary glands 35.7 (30.3-45.0) 0.30 (0.17-0.44) 10-4 (10-5-7x10-4) 
Contralateral parotid 26.2 (22.2-31.1) 0.35 (0.22-0.48) 10-4 (10-5-7x10-4) 
Contralateral SMG 91.2 (63.8-173.2) 0.14 (0.05-0.24) 10-4 (10-5-7x10-4) 
 12 months 
Contralateral salivary glands 45.1 (40.0-51.9) 0.71 (0.60-0.81) 10-4 (10-5-7x10-4) 
Contralateral parotid 35.6 (31.6-40.9) 0.70 (0.59-0.80) 10-4 (10-5-7x10-4) 
Contralateral SMG 97.2 (82.6-122.7) 0.60 (0.46-0.62) 10-4 (10-5-7x10-4) 
 18 months 
Contralateral salivary glands 53.2 (43.2-67.2) 0.52 (0.40-0.64) 10-4 (10-5-7x10-4) 
Contralateral parotid 39.7 (33.8-48.7) 0.56 (0.43-0.68) 10-4 (10-5-7x10-4) 
Contralateral SMG 200.0 (117.5-492.5) 0.32 (0.25-0.40) 10-3 (10-4-7x10-3) 
 24 months 
Contralateral salivary glands 65.3 (53.0-87.3) 0.61 (0.52-0.70) 10-4 (10-5-7x10-4) 
Contralateral parotid 46.5 (39.5-58.7) 0.67 (0.57-0.78) 10-4 (10-5-7x10-4) 
Contralateral SMG 174.8 (122.3-345.1) 0.47 (0.40-0.54) 3x10-4 (3x10-5-2x10-3) 
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 3:         Relative Seriality   

         PRO-CTCAE. AUC =    

 .            

        . OR =  . 

 Obs. rate 
(%) 

Pred. rate 
(%) AUC OR D

(Gy) 
p-value 

  6 months 
Contralateral salivary glands 

61.3 
60.3 0.58 2.0 (1.1-3.5) 20.4 0.02 

Contralateral parotid 60.2 0.59 2.0 (1.1-3.4) 17.7 0.01 
Contralateral SMG 59.5 0.57 2.1 (1.1-4.1) 26.5 0.02 
  6 months 
Contralateral salivary glands 

39.2 
39.2 0.59   2.0 (1.1-3.5) 22.2 0.02 

Contralateral parotid 39.2 0.58 2.1 (1.1-3.9) 15.9 0.02 
Contralateral SMG 39.2 0.59 2.0 (1.1-3.5) 42.4 0.02 
  6 months 
Contralateral salivary glands 

28.6 
28.6 0.62 2.2 (1.1-4.3) 23.6 0.02 

Contralateral parotid 28.6 0.61 2.2 (1.1-4.5) 17.6 0.02 
Contralateral SMG 28.6 0.64 2.2 (1.1-4.3) 47.0 0.02 
  6 months 
Contralateral salivary glands 

27.0 
27.0 0.64 2.3 (1.1-4.6) 24.7 0.02 

Contralateral parotid 27.0 0.67 2.3 (1.1-4.7) 18.8 0.02 
Contralateral SMG 27.0 0.62 2.3 (1.1-4.6) 49.3 0.02 

 

 4:         Relative Seriality   

         CTCAE. AUC =     

.             

       . OR =  . *:  . 

 Obs. rate 
(%) 

Pred. rate 
(%) AUC OR D

(Gy) 
p-value 

  6 months 
Contralateral salivary glands 

34.2 
34.2 0.60 2.0 (1.1-3.4) 24.9 0.02 

Contralateral parotid 34.2 0.64 1.9 (1.1-3.3) 18.2 0.02 
Contralateral SMG 34.2 0.55 3.7 (1.2-11.0) 21.7 0.02 
  6 months 
Contralateral salivary glands 

13.8 
13.8 0.70    2.7 (1.2-6.3) 24.2 0.02 

Contralateral parotid 13.8 0.71 2.6 (1.2-6.0) 19.5 0.02 
Contralateral SMG 13.8 0.66 2.6 (1.1-5.9) 46.8 0.03 
  6 months 
Contralateral salivary glands 

15.5 
15.5 0.66 2.6 (1.1-5.9) 25.0 0.03 

Contralateral parotid 15.5 0.69 2.6 (1.1-5.9) 19.4 0.03 
Contralateral SMG 15.5 0.56 1.0 (0.4-2.3) * 38.8 1.010 
  6 months 
Contralateral salivary glands 

9.0 
9.0 0.70 3.4 (1.1-10.4) 27.4 0.03 

Contralateral parotid 9.0 0.76 3.6 (1.2-11.1) 20.1 0.02 
Contralateral SMG 9.0 0.63 3.4 (1.1-10.4) 54.9 0.03 
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 2:   -    ,    

          12    RT    

Relative Seriality.      ,        

 PRO-CTCAE  CTCAE, .         

   ( D ).            

         , .     

         .  
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2.    LKB      PRO-

CTCAE,          

    (6-24    RT). 

 5:         95%    

 LKB NTCP        6-24    RT, ,  

    PRO-CTCAE. 

 

  

 TD50 (Gy) m n 
 6 months 
Contralateral salivary glands 10.0 (7.0-15.6) 4.65 (2.91-13.02) 1.0 (0.3-6.9) 
Contralateral parotid 10.0 (7.0-14.1) 3.28 (2.05-9.67) 1.0 (0.4-6.9) 
Contralateral SMG 16.1 (11.9-26.9) 5.00 (3.50-17.75) 1.0 (0.1-6.9) 
 12 months 
Contralateral salivary glands 34.4 (27.9-47.3) 0.97 (0.68-2.13) 1.0 (0.4-6.9) 
Contralateral parotid 29.8 (22.0-47.7) 1.17 (0.73-2.84) 1.0 (0.4-6.9) 
Contralateral SMG 57.6 (46.8-79.2) 0.97 (0.68-2.06) 1.0 (0.1-6.9) 
 18 months 
Contralateral salivary glands 42.9 (34.9-57.4) 0.69 (0.53-1.0) 1.0 (0.6-6.9) 
Contralateral parotid 37.4 (29.0-55.6) 0.78 (0.60-1.13) 1.0 (0.4-6.9) 
Contralateral SMG 73.2 (59.5-100.7) 0.70 (0.54-1.02) 1.0 (0.1-6.9) 
 24 months 
Contralateral salivary glands 43.1 (35.0-56.0) 0.62 (0.48-0.85) 1.0 (0.6-6.9) 
Contralateral parotid 33.6 (27.3-43.7) 0.61 (0.47-0.83) 1.0 (0.6-4.3) 
Contralateral SMG 83.7 (64.9-124.6) 0.73 (0.57-1.06) 1.0 (0.1-6.9) 
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