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Outline

o Dose-response and dose-volume 

response

o Accounting for volume effects, LKB

o Regional effects

o Selective sparing



NORMAL TISSUE RESPONSE

o Acute (early):  inflammation, edema, 

denudation of mucosal surfaces

o Late:  fibrosis, atrophy, ulceration, stricture, 

stenosis, obstruction



COMPLICATION SCORING

o Several systems

o Usually graded from 0 ïnone to 5 ïdeath, 
although grade 5 complications are often 
omitted

o Grade 1 complications are mild and often do 
not require treatment

o Grade 2 or higher complications are clinically 
important



RTOG/EORTC TOXICITY CRITERIA: HEART

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Acute

Asymptomatic 

but objective 

evidence of 

EKG changes 

or pericardial 

abnormalities, 

no evidence of 

other heart 

disease

Symptomatic with 

EKG changes and 

radiological 

findings of 

congestive heart 

failure or 

pericardial 

disease/no specific 

treatment required

Congestive 

heart failure, 

pericardial 

disease 

responding to 

therapy

Congestive heart 

failure, pericardial 

disease, 

arrhythmias not 

responsive to 

nonsurgical 

measures

Late

Asymptomatic 

or mild 

symptoms

Moderate angina on 

effort, mild 

pericarditis

Severe angina; 

pericardial 

effusion; 

constrictive 

pericarditis;

Tamponade/Severe 

heart 

failure/Severe 

constrictive 

pericarditis



CLINICALLY SIGNIFICANT TOXICITY

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Acute

Asymptomatic 

but objective 

evidence of 

EKG changes 

or pericardial 

abnormalities, 

no evidence of 

other heart 

disease

Symptomatic with 

EKG changes and 

radiological 

findings of 

congestive heart 

failure or 

pericardial 

disease/no specific 

treatment required

Congestive 

heart failure, 

pericardial 

disease 

responding to 

therapy

Congestive heart 

failure, pericardial 

disease, 

arrhythmias not 

responsive to 

nonsurgical 

measures

Late

Asymptomatic 

or mild 

symptoms

Moderate angina on 

effort, mild 

pericarditis

Severe angina; 

pericardial 

effusion; 

constrictive 

pericarditis; 

Tamponade/Severe 

heart 

failure/Severe 

constrictive 

pericarditis



Mean liver dose associated with the predicted NTCP;  

no radiation-induced liver disease (RILD) for Mean Liver 
Dose Ò30 Gy. Dawson et al, IJROBP 53,4:810, 2002

SIMPLE GOALS FOR NORMAL TISSUE SPARING



Volume irradiated important for determining tissue tolerance

Lung Complications (strong VE) Spinal Cord Complications (weak VE)

Parallel, mean dose        Serial, Dmax
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Vx (or Dx) cut-off approach
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o Does median Vx separate 
patients into groups 
different in incidence?

o Can we find a Vx which 
separates patients into 
likely and unlikely to 
develop complications with 
the most predictive power?

o This separates patients 
into groups, does not 
always tell us if risk is 
acceptable

o Need incidence-Vx data

V12Gy>8cc
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Vxïwhich cut-off is the chosen one?

o Multiple tests

o Balance of evidence

o Maximum predictive 

power

o Can be transferred to 

other data sets, e.g., 

training vs test?
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Vxïincidence approach

o Logistic or probit

ÅLevel of acceptable risk 

can be set

ÅRecommendations for 

dose-volume 

constraints can be 

made

Kimsey et al 2016
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Volume effects

Emami et al 1991 & Burman et al 1991



GENERIC NTCP DOSE DEPENDENCE

o Characterized by D50

and g50

o g50=D50ÖP(D)/ÖDï

normalized slope

o g50 for normal tissue 

response in humans is 

2-4



POWER LAW FOR TOLERANCE DOSES

o DV is the tolerance dose (TD) for the volume (or area, or 
length) of interest; D1=TD for whole (reference) volume

o n is the exponent which is determined specifically for the 
tissue of interest

o n describes the strength of volume dependence

o nå1 iso-effective tolerance dose depends on irradiated 
volume substantially, parallel organ or very little (n
approaches zero), serial organ
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POWER LAW FOR TOLERANCE DOSES

OAR D50, Gy

V=1 V=1/3

Esophagus 68 72 Serial, weak volume 

dependence, nĄ0

Lung 24.5 65 Parallel, strong volume 

dependence, nĄ1

n

V VDD /1=



POWER-LAW BASED DVH REDUCTION

o Based on isoeffect formalism

o Effective volume - reference dose (e.g., prescribed dose or max 

dose) in DVH uniformly delivered to effective volume

o Effective dose ïisoeffective dose uniformly delivered to whole 

volume
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POWER-LAW BASED DVH REDUCTION
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Calculation of Veff
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n=1, for simplicity

Dm= Rx

DVH: 20%=0 Gy

30%=15 Gy

20%=30 Gy
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10%=60 Gy



Choice of prescribed dose, Veff approach

Optimize a plan

Calculate Veff

Adjust prescription



Lyman-Kutcher-Burman (LKB) MODEL
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D50(1) ïwhole organ 
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complications 

n ïvolume effect 

m - slope



LKB MODEL

In actual calculations take advantage of error function available in 

most applications (MS Excel)
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Other models

ÅCritical elements, primarily for serial organs

ÅPoisson model (k-model and s-model), s-model 

explicitly accounts for organ seriality

ÅParallel model, converts ñlocal damageò into a 

metric to estimate overall probability of 

complications



Does geometry matter?

ÅFunction not uniformly distributed

ÅRescue units (stem cells) not uniformly 

distributed

ÅRadiosensitivity not uniform



Lung perfusion - SPECT

Slide: L.Yin

Approach 1 ïdefine a new 

structure, ñfunctional lungò, 

develop constraints for this 

structure

30% threshold          50% threshold             70% threshold  



Lung perfusion - SPECT

Approach 2 ïSPECT-weighted mean 

dose for normal lung

Dose to each voxel, vi, is assigned 

ñweightò according to how much function 

it carries, fi

Function-weighted mean dose, FWMD:
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Can simple geometry help?

Critical regions 

identified and 

shown to 

contain stem 

cells

Van Luijk et al. 2015



Rectal toxicity: can we identify regions that matter?

ÅSubsegment

ÅTest for correlation 

with toxicity

ÅSearch for 

mechanistic 

explanation


