




•In this slide the main steps involved in the planning process are summarised

•Although the optimisation procedure and the final treatment plan differ for 3‐D
CRT and IMRT, the general approach is the same



•In ICRU Reports 50 and 62 recommendations and examples are given for dose
prescribing, dose recording and dose reporting for 3‐D CRT



•Indicated in this slide are the two main approaches used for plan evaluation for 3‐D
CRT, and some of the characteristics of both procedures



•In this example of 3‐D CRT of a lung tumour, the definitions and use of DVHs will be
explained



•After defining the target and normal tissue constraints, a plan is generated



•The DVH of normal tissue, in this case healthy lung, is generated from the 3‐D dose
distribution and the CT information provided by the treatment planning system



•Generally several DVHs of normal tissue should be evaluated, e.g., the lungs, spinal
cord and heart in this case



•Differential and cumulative DVHs, both based on the same dose information in the
various dose bins, illustrate the dose distribution in a different way



•By combining the information in the various dose bins, the total cumulative DVH is
obtained



•DVHs of the same organ at risk (lung in this case) can be used for comparing two
different dose distributions resulting from two treatment techniques

•Obviously the black curve has a lower dose in all voxels, indicating a plan having a
better lung sparing



•The situation in this case, when the two DVHs are crossing each other, is less clear

•The red curve indicates a DVH having a higher dose in the high dose region compared
to the black curve, but has less dose in the lower dose region



•DVHs can be described by several parameters

•Dxx is the dose that xx% of the volume of that organ at risk or target is at least receiving
(e.g., D50). Vyy is the volume of that organ at risk or target receiving at least yy Gy.



•In order to compare DVHs of different plans for a specific organ at risk, it is necessary
to know more about the structural organisation of that organ



•The dose‐volume constraints of parallel or serial organised organs are different



•For lung the mean lung dose or V20 are often used as dose‐volume constraint for lung
toxicity



•For the spinal cord the highest absolute dose value is used as dose‐volume constraint



•For the heart both the mean dose and a maximum dose are used as dose‐volume
constraint



•The DVH of the target volume (PTV or GTV) is constructed in the same way as the DVH
of an organ at risk



•This slide shows the ideal differential and cumulative DVH of the target volume if the
aim of the treatment is to deliver a homogeneous dose distribution in the target



•In reality the dose distribution in the target volume is not homogeneous; some parts
may receive either a somewhat lower or a somewhat higher dose



•The DVH of this lung tumour treatment can be described by the volume receiving at
least 90% of the specified dose



•This is an example of a set of DVHs of a 3‐D CRT lung tumour treatment



•In addition to using physical characteristics for plan evaluation, biological parameters
such as EUD values obtained from clinical data, are increasingly used

•See for instance: Chapter 1.8 Biological aspects of IMRT planning and delivery, and
Chapter 2.5 Biological optimization. In: Image‐Guided IMRT. T. Bortfeld, R. Schmidt‐
Ullrich, W. De Neve and D.E. Wazer, Editors. Springer, Berlin, Germany, 2006.



•The EUD concept has been developed by Niemierko (A. Niemierko. Reporting and
analyzing dose distributions: A concept of equivalent uniform dose. Med Phys 24, 103‐
111, 1997; A. Niemierko, A generalized concept of equivalent uniform dose. Med Phys
26, 1100, 1999)

•In the formula given in this slide di corresponds to a point on the differential DVH, M is
the maximum number of voxels in the DVH, and n is a parameter that, for every organ,
describes the volumetric dependence of the dose‐response relationship: for small n the
EUD tends to the maximum dose, while for n equal to one the EUD is the mean dose



•For the lung a value n = 1.0 has been taken, while for the spinal cord n = 0.05 was
chosen in the EUD formula



•With the simultaneous boost technique two targets are treated with two dose levels

•For this prostate case, PTV 2 (blue) by definition, does not intersect the rectal wall
(green), while the annular region, indicated as PTV 1 (pink), always does



•The DVHs for the PTVs resulting from different values of n in the EUD formula
show the following characteristics:

•The DVHs of PTV 2 are hardly affected by the changes in n, while somewhat
larger variations are found for that part of the PTV that has an overlap with the
rectal wall (PTV 1)

•The decrease of the volume of PTV 1 irradiated to about 70 Gy for decreasing
values of n is an indication that for such values the main conflicting objectives in
the optimisation process are the reduction of EUD in the rectal wall and the
minimum dose in PTV 1



•As one might expect, larger variations were found for the dose distributions in
the rectal wall. Here, three facts are worth noticing:

•For doses up to 30 Gy the differences in volume for a certain dose value can be
as high as 40% for the extremes values of n

•All DVHs cross each other at about 65 Gy. It can be demonstrated that this
property is a consequence of the delineation of PTV 1 with respect to the
position of the rectal wall

•If one curve is above an other for doses below the crossing point, it is below
the other for doses higher than 65 Gy



•NTCP curves as a function of dose will shift to lower dose values for larger volumes of
irradiated normal tissue

•This can be represented by a three‐dimensional figure showing the resulting dose‐
volume‐NTCP surface



• Some work is needed to make NTCP‐based optimisation more robust

• The clinical data are not always consistent and the technical tools are (mostly)

missing

• It should be noted that DVH‐based optimisation has also an underlying

biological model using the same set of clinical data



•Several issues are more complex in IMRT compared to 3‐D CRT and need to be
reconsidered



•For many segments the ICRU Reference Point will be located outside the high
dose region and therefore have a large uncertainty in the dose determination



•For that reason ICRU Report 83 was published providing recommendations for
prescribing, recording and reporting dose values in IMRT



•Instead of reporting dose values in points, it is recommended in ICRU Report 83
to report for IMRT the dose in volumes, which are generally provided by modern
3‐D treatment planning systems

•In order to compare or combine data from different centres, it is useful to know
the details of the tools applied to calculate the 3‐D dose distributions



•Illustrated in this slide are the new recommendations for dose‐volume
reporting for IMRT

•For IMRT reporting D50 has often the best correspondence with the dose level
at the ICRU‐point



•This slide shows DVHs resulting from two ways of dose prescription

•The dashed curve is the DVH of a treatment that prescribed 60 Gy at the ICRU
Reference Point, while the solid curve is the DVH for a treatment where 60 Gy
was prescribed to D98

•The latter way of prescribing results in a dose in the PTV that is approximately 3
Gy (5%) higher than when the dose is specified at the ICRU Reference Point

•It should therefore be unambiguous in which way the dose has been prescribed



•For the dose‐volume reporting of the Planning Organ‐at‐Risk Volume (PRV) it is
recommended to use the near‐maximum dose for serial‐like organs

•For parallel‐like organs it is recommended that more than one dose‐volume
specification be considered for reporting, such as Dmean and Vd




