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Problems to evaluate complex plans

• Complicated anatomy, multiple OARs
• Complex/crossing DVHs
• Difficult for visual inspection of dose 

distributions/DVHs
• Plan merit not quantified 
• DVH failure for spatial tumor heterogeneity

Quantitative evaluation and comparison of 
complicated plans based on biological 
effectiveness are desirable. 



Solution: biologically based 
evaluation

• Tumor Control Probability (TCP)
• Normal Tissue Complication Probability (NTCP)
• Uncomplicated Tumor Control (P+)

S: the figure-of-merit score
T: TCP
Pi: NTCP for OARi, where i=1,2,…N

(IJROBP 41:451-7, 1998)

• Equivalent Uniform Dose (EUD)
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Equivalent Uniform Dose 

• DVHs account for dose heterogeneity

• EUD for OAR:
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• EUD for tumor :
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EUD-based Figure-of-merit index 
(fEUD)

n, m  : number of OARs and targets; 
ωi, ωj : weighting factors for each OAR and target; 

k : the relative importance factor between tumor 
and OAR. 
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Figure-of-merit index (fEUD)

• Simple variable (fEUD) condenses all 
complex DVHs information; 

• fEUD is in the range of (0-1); 
• The larger fEUD is, the superior the plan 

is; 
• fEUD enables quantitative evaluation and 

comparison of completing plans.



Building “Biological Estimator”
on Hi·Art TomoTherapy planning    
system, work is in progress ···



“Biological Estimator” on 
TomoTherapy

• Real time plan evaluation; 
• Figure-of-merit score during optimization 

iteration; 
• A database of updated tumor/organ-specific 

biological parameters;
• Digital format DVHs;
• User defined interface;
• ……





Work in progress









Reliable radiobiological parameters 
are crucial !



Brain tumor

Patient survival 
rate as a function 
of  dose at survival 
time

α = 0.30 ± 0.07 Gy-1               

α/β = 6.7  Gy
α = 0.04 ± 0.06 Gy-1

α/β= 5.6 ± 9.4 Gy
Grade 4 

α = 0.20 ± 0.02 Gy -1

α/β = 5.6 ± 0.7  Gy
α = 0.11 ± 0.10  Gy-1

α/β= 5.8 ± 11.8 Gy
Grade 3

α = 0.06 ± 0.05  Gy-1

α/β= 10.0 ± 15.1 Gy
MG

In vitro  Clinical data
(95% CL)

Qi, Schultz, Li, IJROBP, 2006; 64(5):1570-80.



H & N tumor
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Qi, Yang, Wang, Li, AAPM 06



Liver Cancer

α = 0.029±0.004 Gy-1

α/β = 9.9±1.8 Gy

Td = 100±18 days

IJROBP Vol.55 
329 (2003)

J. Clin Onco
Vol18, 2210 
(2000)

Cancer 
Vol103,218 
(2005)

Reference

1.832.524Seong L

1.84551Seong M

1.85583Seong H

1.561.5128Dawson

4.8853.6128Liang

Fraction 
scheme 
(Gy/fx)

Median 
Dose 
(Gy)

Num.
of

patient 

Tai, Khater, Erickson, Li AAPM 06 .

A plausible set of parameters 
for liver tumor:



Prostate cancer

Wang, Guerrero, Li, IJROBP 55,2003



Breast cancer
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Guerrero & Li, PMB 3307,2003

Three Clinical studies: Three Clinical studies: 

•• ReschResch et al et al (2002): BCS then (2002): BCS then 
48Gy + 20Gy LDR or 52 48Gy + 20Gy LDR or 52 GyGy + + 
9.7Gy HDR. Same TCP.  9.7Gy HDR. Same TCP.  

•• FourquetFourquet et al et al (1995)(1995): RT alone : RT alone 
58Gy + 20Gy boost using 58Gy + 20Gy boost using 192192Ir Ir 
LDR or LDR or 6060Co EBRTCo EBRT
TCPTCPIrIr=76%  =76%  vsvs TCPTCPCoCo=61%.=61%.

•• MazeronMazeron et al (1991)et al (1991): RT alone : RT alone 
45Gy + 37Gy 45Gy + 37Gy 192192Ir LDRIr LDR
R=0.32R=0.32-- 0.49Gy/h   TCP=60%0.49Gy/h   TCP=60%
R=0.5R=0.5-- 0.59Gy/h     TCP=72%  0.59Gy/h     TCP=72%  
R=0.6R=0.6-- 0.9Gy/h       TCP=84%0.9Gy/h       TCP=84%



Updated biological parameters for 
tumor

Qi et al. (2005)――0.022.1AVM

…

Tai et al. (2006)

Qi et al. (2006)

Qi et al. (2005)

Guerrero et al. (2003)

Wang et al. (2003)

Reference

1.0

0.267

0.5

1.0

0.27

Repair 
time
Tγ (h) 

9.9

8.3

6.0

10

3.1

α/β
ratio
(Gy) 

1000.03Liver

20.22H&N

500.06Glioma

150.3Breast

420.15Prostate

Doubling 
Time Td

(day) 

α

(Gy-1) 
Tumor



Case 1: Brain 
FigureFigure--ofof--merit merit TOMO: TOMO: fEUDfEUD = 0.780 3DCRT: = 0.780 3DCRT: fEUDfEUD = 0.750= 0.750



Case 2: H & N
Figure-of-merit

Tomo: fEUD = 0.816  IMRT: fEUD = 0.787  3DCRT: fEUD = 0.771

Brain



Case 3: Female Anus
FigureFigure--ofof--meritmerit TOMO: TOMO: fEUDfEUD = 0.613  IMRT: = 0.613  IMRT: fEUDfEUD = 0.600= 0.600



Case 4: Sarcoma
FigureFigure--ofof--meritmerit TOMO: TOMO: fEUDfEUD = 0.709   3DCRT: = 0.709   3DCRT: fEUDfEUD = 0.512= 0.512



Ranking a plan based on EUD
3DCRTIMRT

fEUD
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0.864
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Summary

• HT used for complicated clinical situations, resulting 
in complex plans.

• Current visual inspection of dose/DVH is difficult to 
evaluate/select plan.

• EUD based biological criteria are useful for Tomo
and other plan evaluation, may be used to improve 
optimization.

• Radiobiological parameters of tumors and OARs for 
many sites have been studied based on clinical data, 
such as breast, prostate, brain, H&N, liver, etc.  

• Work is in progress, any suggestion please contact 
me at xqi@radonc.mcw.edu.
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Sensitivity on parameters

0.0650.8220.887Tumor: α/β=20, α=0.5. 
OAR: α/β=5, α=0.2

0.0630.8280.891Tumor: α/β=6, α=0.1. 
OAR: α/β=1, α=0.1

0.0640.8250.889Tumor: α/β=10, α=0.3. 
OAR: α/β=3, α=0.1

DiffIMRTTomoParameters



Malignant Gliomas

Derivation with clinical data:
• Walker et al., EBRT
• Salazar et al., EBRT

Validation with other clinical Data: Validation with other clinical Data: 
EBRT+SRS, EBRT+LDR, EBRT+HDR,  EBRT+SRS, EBRT+LDR, EBRT+HDR,  
Hyperfraction, etc

Qi, Schultz, Li, IJROBP, 2006;64(5):1570-80.



EUD for OARs
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Kutcher GJ, Burman C, IJROPB. 1989; 16 1623-1630.

• Non-uniform dose distribution 

n: adjustable parameter 

Vi: a volume voxel

V0


