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Data Analyzed 

• Pooled clinical data from 118 studies  

• Data with stages > T2 were excluded. 

• Treatment doses were converted to 
isocenters, 80% prescription was assumed 
if unspecified.  

• For the data with unknown portion of T1, 
50% was assumed.   
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Models considered 

1) LQ: 𝐵𝐸𝐷 = 𝐷(1 +
𝑑

𝛼 𝛽 
) 

       d: fraction dose;  D: total dose 

 

 

 

  

Model: USC 
 

2) Universal survival curve (USC):  

      

𝐵𝐸𝐷 =  
𝐷 1 +

𝑑

𝛼 𝛽 
,  𝑑 < 𝑑𝑇

1

𝛼𝐷0
𝐷 − 𝑛𝐷𝑞 ,  𝑑 ≥ 𝑑𝑇

(𝛽 =
1−𝛼𝐷0

2

4𝐷0𝐷𝑞
, 𝑑𝑇 =

2𝐷𝑞

1−𝛼𝐷0
) 

 

 

  

Two classic models 
LQ  
Multitarget  

Model: LQL 

3) LQ-Linear: 𝐵𝐸𝐷 =  
𝐷 1 +

𝑑

𝛼/𝛽
,  𝑑 < 𝑑𝑇

𝑛𝑑𝑇 1 +
𝑑𝑇

𝛼/𝛽
+ 𝑛 1 + 2

𝑑𝑇

𝛼/𝛽
𝑑 − 𝑑𝑇 ,  𝑑 ≥ 𝑑𝑇

 

 

 

 

 

 

Guckenberger et al, Radiotherapy & Oncology, 109, 13-20 (2013) 

Guerrero and Carlone, Med. Phys. 37, 4173-81 (2010) 

 SLQL=exp(-αD-βD2G(μT+δD)) 
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Model: MA-LQ 

4) Modified LQ (MA-LQ): 𝐵𝐸𝐷 = 𝐷 1 +
𝑑

𝛼

𝛽
(1+

𝛽

𝛾
𝐷)

 

 

 

 

  

LQ, when D << γ/β 

Model: Regrowth 

5) Regrowth model: 𝐵𝐸𝐷 = 𝐷 1 +
𝑑

𝛼 𝛽 
− 𝛾𝑇/𝛼,   

     T: treatment time, 𝛾 =
𝑙𝑛2

𝑇𝑑
, 𝑇𝑑 : the doubling time,  

– Local control rate: 𝐿𝐶𝑅 = 1 −
1

2𝜋
 𝑒−

𝑥2

2
𝑡

−∞
𝑑𝑥 

where 𝑡 =
𝐾−𝐾50

𝜎𝐾
, 𝐾 = 𝐾0𝑒

−[𝛼𝐷 1+
𝑑

𝛼 𝛽 
−𝛾𝑇−(𝛾(𝜏−𝑇))𝛿]

, 𝜏 − 𝑇: follow-up time, 

K/𝐾0/𝐾50 : tumor colonogens. 

– 𝛾𝑇/𝛼 controls LCR -> 1 

  8 
9 

Regrowth 

Model 
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Lung Cancer: TCP with the Regrowth model 

 

Model 
parameters 

Fitting 
results 

      K50/K0 2.60 ± 0.34 

        σk /K0 0.74± 0.10 

δ 0.21± 0.02 

α 
0.010± 0.001 

(Gy-1) 

α/β 17 ± 2.8 (Gy) 

Td 70 ± 27 (day) 

Lung Cancer: TCP with the Regrowth model Models Considered 
 

 

  

Model BED parameters TCP 

LQ 

Universal 
Survival 
Curve 

LQ-L 

MA-LQ  

Regrowth 

Regrowth mode: 𝑡 =
𝐾−𝐾50

𝜎𝐾
, 𝐾 = 𝐾0𝑒

−[𝛼𝐷 1+
𝑑

𝛼 𝛽 
−𝛾𝑇−(𝛾(𝜏−𝑇))𝛿]

, T: elapsed Tx time, Td: doubling time, 𝜏 − 𝑇: follow-up time   
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Data fitting 
Local control rate: 

     

Least χ2 method was used to fit the clinical LCR data  

 

  

 

With error  

 

 

The fitting  considers goodness and sample size of each data point. 

  

Difference between T1 and T2 

• 3 year LCR v.s. portion of T1 in mixed data: T1 portion 
↑, LCR ↑ 

Fit to data w/ T1&T2 

• 𝐿𝐶𝑅𝑚𝑜𝑑𝑒𝑙 = 𝑓𝑇1 ∗ 𝐿𝐶𝑅𝑇1
𝑚𝑜𝑑𝑒𝑙 + 𝑓𝑇2 ∗ 𝐿𝐶𝑅𝑇2

𝑚𝑜𝑑𝑒𝑙 , 

𝑓𝑇1(𝑓𝑇2): portion of T1 (T2) patient w/ 𝑓𝑇1+𝑓𝑇2=1  

• Two sets model parameters for T1 and T2 

• Simultaneous fits to all data 



7/22/2014 

6 

Fits to T1 data 
Fit with LQ, USC, MA-LQ, LQ-L, and regrowth models (para. ranges @CL=90%) 

 

 

 

 

 

 

 

 

 

  

Fits to T2 data 
Fit with LQ, USC, MA-LQ, LQ-L, and regrowth models (para. ranges @CL=90%) 

 

 

 

 

 

 

 

 

 

  

Fits to All data 
Fit with LQ, USC, MALQ, LQ-L, and regrowth models (para. ranges @CL=90%) 
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Fits to data w/ T1&T2 mixed 

• Simultaneous fit to all data w/ parameters for T1&T2 
(BED in left panel calc. with w/ T1 paras for plotting)  

Notice: 𝛼𝑇1 > 𝛼𝑇2,𝛼/𝛽𝑇1 > 𝛼/𝛽𝑇2, 𝑇𝑑𝑇1
< 𝑇𝑑𝑇2,

 (para. 

ranges @CL=90%) 

 

Fits to data w/ T1&T2 mixed 

• LQ: 𝛼𝑇1 > 𝛼𝑇2,𝛼/𝛽𝑇1 > 𝛼/𝛽𝑇2, (paras @CL=90%) 

 

 

 

• USC: 𝛼/𝛽=23.7 for T1 and 𝛼/𝛽=19.9 for T2 

 

 

 

 

Model Parameters from fitting 
Model parameters @ 90% confidence level 

Model χ2/ndf T1 T2 

Fit to all 
data 

Td/Dq/Ƴ Td/Dq/Ƴ 

regrowth 3.7 0.24±0.02 
[0.21,0.28] 

27.3±2.0 
[24.1,30.5] 

Td=79±11 
[61,97] days 

0.173±0.014 
[0.15,0.20] 

19.43±0.81 
[18.1, 20.8] 

Td= 119±40 
[53,185] days 

LQ 5.3 0.44±0.01 
[0.42,0.46] 

24.2±0.9 
[22.6,25.7] 

0.112±0.016 
[0.09,0.14] 

15.4±0.9 
[13.9,16.9] 

LQ-L 6.1 0.156±0.001 
[0.15, 0.16] 

22.9±0.5 
[22.1,23.7] 

dT=27.6±1.6 
[24.9, 30.2] Gy 

0.208±0.001 
[0.21,0.21] 

19.68±0.22 
[19.3, 20.0] 

dT=87.9±0.1 
[87.6, 88.1] Gy 

USC 5.4 0.370±0.011 
[0.35, 0.39] 

D0=0.746±0.02
2 [0.71,0.78] 
Gy 

Dq=11.3±0.8 
[10.0, 12.6] Gy 

0.283±0.017 
[0.26, 0.31] 

D0=0.757±0.02
62  [0.71,0.80] 
Gy 

Dq=14.3±0.5 
[13.5, 15.2] Gy 

MALQ 5.0 0.411±0.009 
[0.40, 0.43] 

Ƴ=0.454±0.024 
[0.41,0.49] Gy-1 

0.346±0.008 
[0.33, 0.36] 

Ƴ=0.499±0.024 
[0.46,0.54] Gy-1 
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Model predictions 
Required prescription (physical dose) (Gy) predicted 
based on the models considered 

(Regrowth: Tx time 7d for 3fx, 14d for 5fx)  

Model stage 2-year LCR= 95%  asymptotic (Plateau) 
3 fx  5 fx 3 fx 5 fx 

Regrowth 
T1 39.2 Gy 44.0 Gy 45.0 Gy 50.9 Gy 

T2 46.4 Gy  53.7 Gy 46.2 Gy 53.5 Gy 

LQ 
T1 39.6 Gy 44.7 Gy 

T2 43.4 Gy 50.8 Gy 

USC 
T1 39.5 Gy 44.6 Gy 

T2 40.5 Gy 46.3 Gy 

LQ-L 
T1 40.3 Gy 45.5 Gy 

T2 40.1 Gy 45.8 Gy 

Discussion 

Jack Fowler  

LQ 

More Models 



7/22/2014 

9 

Summary 
  

• Regrowth model seems yielding better fitting to the 
data, fits yield large 𝛼/𝛽 for all models  

• Models predict that the required physical doses are 
39.2-41.0 (or 40.1 -46.4) Gy in 3 fractions in order to 
achieve a 2-year local control of 95% for T1 (or T2) 
lung cancer.  


