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IntroductionIntroductionIntroduction
Availability of IG-IMRT/gating for liver targets invites 
alternative or more effective RT strategies. 

Various prescribed doses and dose rates are being used 
clinically (eg 61.5 Gy 1.5Gy/fx,  53.6 Gy 4.88Gy/fx ) for RT 
liver tumor treatment.

New hypofractionation regimens (RTOG 0438) were 
initiated:  10 fractions @3.5Gy/fx, 4.0Gy/fx, 4.5Gy/fx and 
5.0Gy/fx. 

Allow to evaluate fractionation schemes and design 
individualized  treatment plans

Availability of IGAvailability of IG--IMRT/gating for liver targets invites IMRT/gating for liver targets invites 
alternative or more effective RT strategies. alternative or more effective RT strategies. 

Various prescribed doses and dose rates are being used Various prescribed doses and dose rates are being used 
clinically (clinically (egeg 61.5 61.5 GyGy 1.5Gy/fx,  53.6 1.5Gy/fx,  53.6 GyGy 4.88Gy/fx ) for RT 4.88Gy/fx ) for RT 
liver tumor treatment.liver tumor treatment.

New New hypofractionationhypofractionation regimens (RTOG 0438) were regimens (RTOG 0438) were 
initiated:  10 fractions @3.5Gy/fx, 4.0Gy/fx, 4.5Gy/fx and initiated:  10 fractions @3.5Gy/fx, 4.0Gy/fx, 4.5Gy/fx and 
5.0Gy/fx. 5.0Gy/fx. 

Allow to evaluate fractionation schemes and design Allow to evaluate fractionation schemes and design 
individualized  treatment plansindividualized  treatment plans
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Flow of an individualized treatment planFlow of an individualized treatment plan

DVH for normal liver 
and tumor

NTCP and NTCP limit

Maximum tolerable Dose                     
(MTD)

Fractionation   scheme

BED and expected survival rate

Gating, IGRT, Tumor 
tracking etc

Need reliable Need reliable 
radiobiological radiobiological 
parametersparameters

Update the plan with MTD as 
the new prescription dose
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Gating Gating vsvs nonnon--gating plangating plan
normal tissue sparing and tumor dose escalationnormal tissue sparing and tumor dose escalation

Mean dose to normal liver is 
reduced by 15% with gating
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Dose fractionation scheme vs outcomesDose fractionation scheme Dose fractionation scheme vsvs outcomesoutcomes
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Survival rate and tumor cell proliferationSurvival rate and tumor cell proliferationSurvival rate and tumor cell proliferation

1              K>Kcr
p= 

0 K<Kcr

(1)  Death probability of a liver cancer patient with K tumor   cell 
in the tumor is given by 

(1)  Death probability of a liver cancer patient with K tumor   cell 
in the tumor is given by 

(2)  Assume that the distribution of Kcr among patient population 
follows a Gaussian distribution.

(2)  Assume that the distribution of Kcr among patient population 
follows a Gaussian distribution.
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(3) We used the following equation to describe time dependence 
of tumor cells from beginning of radiation treatment to time

(3) We used the following equation to describe time dependence We used the following equation to describe time dependence 
of tumor cells from beginning of radiation treatment to timeof tumor cells from beginning of radiation treatment to time
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Gompertzian tumor 
growth model
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Fitting resultsFitting resultsFitting results

K0=1244±16
α=0.010±0.002 (Gy-1)
α/β=14±2.0  (Gy)
Tb=110±7 days
K50=2625±55
σ=924±71  
δ=0.20±0.01
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N
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Euro. J. of Surg. Oncol
25 321-329 (1999)
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Survival rate at different timeSurvival rate at different timeSurvival rate at different time

(1 / )* /BED d D Tαβ γ α= + / −



Oct. 13, 2006Oct. 13, 2006 Waukesha, WisconsinWaukesha, Wisconsin 1010

Lyman model and fractionation scheme
Two sets of Lyman modelTwo sets of Lyman model
parameters were used forparameters were used for
the calculations of NTCPthe calculations of NTCP
parameter set 1: (parameter set 1: (1.5 Gy/fx

Dawson LA etc)
TD50=40.5 TD50=40.5 GyGy, m=0.28 and , m=0.28 and 

n=1.1n=1.1
Parameter set 2: (4.6 4.6 Gy/fxGy/fx

LiangLiang SX SX etc)etc)
TD50=39.8 Gy, m=0.12 and 

n=0.97
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For normal liver α/β=2 Gy
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Dose escalation based on NTCP
Lyman model parameters: Lyman model parameters: n=0.97, m=0.12, TD50(1)=39.8 Gy

29, 37%29, 37%

34, 40%34, 40%

32,  44%32,  44%

BED (BED (GyGy) and ) and 
expected 1 expected 1 
year survival year survival 
raterate

40, 50%40, 50%626222.3, 0.06%22.3, 0.06%
1.8Gyx251.8Gyx25

5fx/week5fx/week

48, 58%48, 58%757522.0, 0.05%22.0, 0.05%
1.8Gyx301.8Gyx30

5fx/week5fx/week

45.5, 55%45.5, 55%646420.3, 0.04%20.3, 0.04%
2.05 GyX222.05 GyX22

5fx/week5fx/week

BED (BED (GyGy) and ) and 
expected 1 expected 1 
year survival year survival 
rate rate 

Escalated Escalated 
prescription prescription 
dose (dose (GyGy) for ) for 
NTCP<10%NTCP<10%

Mean dose Mean dose 
((GyGy) and ) and 
calculated calculated 
NTCPNTCP

RT regimen RT regimen 
for 3 liver for 3 liver 
patientspatients
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NTCP are calculated using parameters of Set 1  with exception of 2 and 3 Gy per 
fraction of which  NTCP are calculated  using  parameters of Set 2. The dose/fx, 
marked by *, are those recommended in RTOG 0438. Other regimens  produce nearly 
the same BED for tumor  as that for the proven dose fractionation regimen  (1.5 Gy/fx
and 10 fractions/wk).

58223.0-5.31.6-3.044.21191119

6042.42.9-5.21.5-2.945.92136419.0

7262.21.5-2.50.8-1.544.92644825.5

7166.71.8-3.21.0-1.847.133501025

8166.71.8-3.21.0-1.860.312501055*

8271.71.0-1.60.6-1.051.912451054.5*

8477.90.5-0.80.3-0.543.912401054*

7877.91.2-2.10.7-1.248.629521334

8584.90.3-0.40.2-0.336.212351053.5*

5257.46.5-280.7-6.546.947632133

6171.80.4-3.30-0.447.145663352
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time

Pres. 
Dose Total
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/fx
(Gy)
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ConclusionsConclusions

A plausible set of radiobiological parameters has been 
obtained based on clinical RT data for primary liver 
tumor: α=0.01 (Gy-1), α/β=14 (Gy) and Tb=110 day.

These parameters may be used to evaluate different 
fractionation schemes and to design new individualized 
treatment strategies for liver tumor.

Regimens with dose per fraction between 3.5 to 5 Gy
may lead to improved one-year survival rates (around 
80%)

A plausible set of radiobiological parameters has been A plausible set of radiobiological parameters has been 
obtained based on clinical RT data for primary liver obtained based on clinical RT data for primary liver 
tumor: tumor: αα=0.01 (Gy=0.01 (Gy--11), ), αα//ββ=14 (=14 (GyGy) and T) and Tbb=110 day.=110 day.

These parameters may be used to evaluate different These parameters may be used to evaluate different 
fractionation schemes and to design new individualized fractionation schemes and to design new individualized 
treatment strategies for liver tumor.treatment strategies for liver tumor.

Regimens with dose per fraction between 3.5 to 5 Regimens with dose per fraction between 3.5 to 5 GyGy
may lead to improved onemay lead to improved one--year survival rates (around year survival rates (around 
80%)80%)


