
DOSIMETRY TREATMENT PLANNING WITH 

UNCERTAINTY EVALUATION 

Francisco Cutanda Henríquez
1
, Silvia Vargas Castrillón

2

1 Hospital General Universitario Gregorio Marañón, Calle Doctor Esquerdo 46, Madrid, Spain, 

francisco.cutanda@salud.madrid.org

2 Laboratorio de Metrología de Radiaciones Ionizantes, CIEMAT, Avda Complutense 22, Madrid, 

Spain, silvia.vargas@ciemat.es

Abstract – Purpose/Objective: Treatment planning results can be presented as a dosimetry report, 

consisting of a number of images, curves, indices, etc. and in a prescription for the delivery of the planned 

treatment. A complex decision process is needed in order to decide which the optimal plan is. Since this 

decision is based on dose computations with their associated uncertainty, a modern treatment planning 

process has to deal with the effects of uncertainty to achieve maximum accuracy. Several tools are 

presented allowing the user to work with uncertainty. Modified dose volume histograms can help evaluate 

competing plans so that a proper hierarchy can be established amongst different goals. 

Material/Methods: A central estimate of a dose volume histogram curve and two limit curves define an 

“indifference” band in the dose volume plane. Every plan within this band can be considered not better 

than the initial one, because uncertainty does not allow telling them apart. If a DVH goal is met within the 

indifference band, the user can aim to improve a different goal.  

Results: The methods proposed in this work are easily introduced in clinical practice. They are compatible 

with an iterative optimization process adding few steps to the computation. 

Conclusion: Accuracy requirements in radiation therapy keep on increasing, while accuracy in dose 

measurement or modeling is only moderately improving. Although it is a minor part in the overall 

uncertainty budget for the treatment, computation uncertainty affects decision making. Our method help 

make decisions with a maximum of information. This novel method can also provide quantitative 

measures of the probability of achieving the goals. 
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1. INTRODUCTION

Dose expected-volume histograms (DeVH) were 

introduced to help take into account absorbed dose 

computation uncertainty in planning evaluation [1]. 

According to the results obtained when modeling the 

treatment beam, a measure of uncertainty (standard 

deviation) can be derived, and used for DeVH

computation. DeVH were shown not to be sensitive to 

the choice of uncertainty [2]. A series of new tools 

have been developed along with DeVH, particularly  

alpha-dose volume histograms ( -DVH) that help 

define confidence intervals for DeVH and DVH.

New criteria for decision making when uncertainty is 

taken into account are needed, and some evaluations 

have to be based on fuzzy logic instead of 

deterministic considerations. In addition, optimization 

routines can be modified in order to work with these 

new tools. 

2. MATERIALS AND METHODS 

A treatment planning system computes a three 

dimensional array of absorbed dose value. Since there 

are several sources of uncertainty in dose 

computation, a standard relative uncertainty u is 

associated with treatment planning results. Thus, 

point doses at the center of every voxel are spread 

with some probability distribution over a range of 

values around the computed value. According to 

reasons pointed out in [1, 2], a rectangular probability 

distribution is assumed in this work. 

Given a region of interest (ROI), u can be considered 

constant, and thus, dose expected volume histogram, 

define as the volume of the ROI expected to receive 

doses greater or equal to x equals: 
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Dose expected volume histograms are central 

measures of the volume encompassed by each 

isodoses, but other similar functions giving lateral 

measures can also be defined [3]. 

Alpha-dose volume histogram,  -DVH, for the region 

of interest R, dose level x, and confidence value   is 

defined as the volume contained in R receiving a dose 

equal to or greater than x with a probability equal to 

or greater than 1- . A pair of histograms such as  -

DVH and (1- )-DVH define a band of high 

probability for the volume. The formula for  -DVH
is:
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Fig. 1 shows the three curves for a rectum ROI in a 

prostate treatment. 

 
Fig. 1 – DVH, DeVH and  -DVH. 

The band defined by these curves can be regarded as 

a region of indifference. If an alternative plan is 

designed, and its DeVH is still within the band, no 

significant improvement or detriment has been 

introduced regarding the ROI.  

Obviously this criterion can be introduced in 

optimization routines, and a constraint can be 

considered fulfilled if it is met with the probability 

conditions. 

For the constraints to be used, they should be 

expressed in terms of expected volume. A practical 

approach is to solve for v or d after the first 

computation so that: 

')'()( vdDeVHvdDVH 232  (3) 

and to use the modified constraint in the remaining of 

the computation. The same equation could be solved 

for an  -DVH:

')'()( vdDVHvdDVH 2'32 1  (4) 

3. RESULTS

Fig 2 shows the first of two designs of an 

optimization routine with uncertainty evaluation. 

DeVH are evaluated at each iteration and checked 

with constraints. Each computation step is thus 

delayed with DeVH calculation. 

Fig. 2 – Workflow 1: iterated DeVH computation. 

A different approach is to use equations (3) and (4) in 

order to find DVH modified constraints that would 

insure fulfillment of DeVH and  -DVH constraints, 

depending on the case. This way the optimization 

routine can take approximately the same time 

(because no iterative computation of DeVH is 

needed) and additional steps are added at the 

beginning, when constraints are modified, and at the 

end, when DeVH and  -DVH are finally computed 

(Fig. 3). 

Fig. 3 – Workflow 2: iterated DVH computation. 

As a third option, modified constraints can be 

recomputed every N iterations. 

4. CONCLUSION 

Accuracy requirements in Radiation Therapy increase 

steadily, but there is a series of sources of uncertainty 

that add up from beam calibration (4) to absorbed 

dose computation inside the patient (5). Computation 
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uncertainty is probably a minor contribution in the 

overall balance (compared to organ motion or setup 

errors), but as Li et al have shown (6), remarkable 

figures of uncertainty could result when high 

accuracy is sought for. 

The techniques presented in this work allow to 

manage uncertainty in the planning and evaluation 

process. This is the point when a choice is made and a 

good knowledge of uncertainty issues allows a better 

judgment. 
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