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Abstract – Purpose: Planning organ at risk volumes (PRV) has a minor use in radiotherapy treatment 

planning. During left breast irradiation two critical volumes are of special importance – the lung and the 

heart. The aim of this study was to evaluate the changes in volume doses after adding appropriate margins 

around these organs at risk and compare them with the effect that the systematic positioning error has on 

the volume doses. 

Methods: Treatment plans for 44 patients with left breast cancer were analyzed. Two changes for each 

plan were made, and dose-volume histogram values for hearts and lungs volumes were recorded. In the 

first case margins of 5 mm to hearts and lungs were added. Volumes that were enclosed by 30% isodose 

for hearts and volumes that were enclosed by 20% isodose of lungs were recorded. In the second case 

plans were made with a systematic error of 5 mm employed, depicting a translation of isocenter posterior 

and to the right. In this second case, monitor units were taken from the original plan. The critical volumes 

for hearts and lungs were recorded as in the first case.   

Results: Our policy for breast cancer irradiation demands that the lung volume receiving 20 Gy should be 

kept under 25% of the whole left-lung volume, and no more than 10% of the heart volume should receive 

more than 30 Gy. The first case simulation showed that 23% of the patients have a heart overdose while 

11% of them have a lung overdose according to the criteria above. Simulation of the second kind showed 

that the systematic error in isocenter positioning of 5 mm gives bigger a volume of the heart (in average 

0.69% of heart volume) to be enclosed in critical isodose than in PRV case. For the lung the situation was 

opposite; namely in PRV case the lung volume that is encompassed with critical isodose is greater (in 

average 1.47% of lung volume) than in a case of displaced isocenter. 

Conclusions: Adding PRV margins around the heart and the lung does not give straightforward and 

unambiguous result for the degree of irradiation of these critical organs. Several organs at risk are 

overlapping esophagus and this situation restricts the use of the PRV concept. Nevertheless, a method 

with displaced isocenter can reveal some potential risk of overdosage of these critical structures guiding 

the planner towards making a new plan in order to lower the dose to the OARs.  
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1. INTRODUCTION

It is well known that for a radiotherapy treatment 

usually three volumes should be defined. In most 

cases gross tumor volume (GTV), clinical target 

volume (CTV) and planning target volume (PTV) 

should be defined in order to perform a proper 

radiotherapy. The planning target volume assures us 

that the CTV will receive predefined percentage of 

the prescribed dose. This concept works well when 

the tumor is in question. But, almost always we have 

some critical healthy structure near the tumor. In that 

case we should strive to spare that structure from a 

too high dose in order not to damage it because it can 

have fatal consequences for the patient. So, similar to 

the concept of PTV, we should define some margins 

around the organ at risk (OAR) and make a plan that 

will satisfy the double criteria: the prescribed dose to 

be delivered to the PTV and a dose below the 

tolerance dose could reach the OAR. These margins 

around the OAR form planning organ at risk volume 

(PRV). The ICRU Report No. 62 [1] suggests 

drawing such margins around the organs at risk 

(OAR) but anyhow the concept of PRV has minor use 

in the contemporary radiotherapy treatment planning.  

The margins of PRV should take into account the 

motion of the organ at risk and patient setup 

uncertainties. Unfortunately, ICRU Report 62 does 

not give any proposals how to draw these margins. 

During left breast irradiation two critical volumes are 

of special importance – the lung and the heart. The 

aim of this study is to compare two simulation 
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methods which will yield to the changes in the 

volumes of the OARs that will be encompassed by 

the certain isodose lines. Comparison is made for the 

plans with PRV margins added and the plans with 

displaced isocenter.  

2. MATERIALS AND METHODS 

Treatment plans for 44 patients with left breast cancer 

were analyzed. For each plan two cases were 

considered, changes were made, and dose-volume 

histogram (DVH) values for the hearts and the lungs 

were recorded. In the first case, margins of 5 mm 

around the hearts and the lungs were added. Figure 1 

represents a treatment plan depicting critical organs 

(heart and lung) with and without margins. With the 

help of the dose-volume histogram tool the volumes 

that were enclosed by the 30% isodose lines for 

hearts and the volumes that were enclosed by the 

20% isodose lines of lungs were recorded. 

In the second case, plans were made with a 

systematic positioning error of 5 mm employed, 

which is mainly due to the treatment preparation 

uncertainties, depicting translation of the isocenter 

posterior and to the right of the patients. Figure 2 

shows a plan with the displaced isocenter. With this 

translation we are trying to put the critical structures 

in a position similar to the one that the PRV 

structures occupy. The treatment plans retain the 

original monitor units as they were planned for 

treatment delivery. The critical volumes enclosed by 

appropriate isodoses for hearts and lungs were 

recorded as in the first case. 

Fig. 1 – Critical structures for the left breast drawn 

with different colors: yellow-heart, pink-heart with 
PRV margin, blue-lung and cyan lung with PRV 

margin  

During the recent years several tests for determining 

random positional errors were performed in our 

clinic. They reveal that the random errors during the 

patient’s positioning and treatment are less than a 

millimeter and they are quite small and negligible 

compared to the treatment preparation uncertainties. 

It is supposed that due to the breathing and the heart 

beating, a motion is included in some degree in the 

CT scan images and adequately in the 3D 

reconstruction of the body structures. Because of that 

we used that: the maximum uncertainty of positions 

of these OAR might be 5 mm. The PRV are purely 

margins which will result as a consequence of the 

systematic errors and the internal organ motion 

relative to bony structures. 

There are only several papers dealing with the PRV 

matter. In one of them [2] the authors give a 

proposition on how to determine margins for the PRV 

construction. They conclude that drawing margins 

around both serial and parallel OARs can alert the 

planner or the radiation oncologist to the possibility 

of high-dose complications in individual treatment 

plans. 

Fig. 2 – A plan with a displaced isocenter. Critical 
structures with and without PRV margins are left. 

We presume that the volumes of the PRV structures 

enclosed by the appropriate isodose lines will not be 

different from the volumes of the critical structures 

enclosed by the same isodose lines values obtained by 

isocenter moving. The purpose of this comparison is 

to quantify the difference between these two types of 

volumes.  

3. RESULTS

When we have a case with a serial structure OAR 

(such as spinal cord) we can decide easily about the 

critical dose inspecting the cumulative DVH. In this 

case any point of the OAR should receive a dose less 

than the tolerance dose. The only thing we should 

determine is the margin we should draw to obtain 

PRV around the OAR and then apply the DVH 

routine on that PRV. But the heart and the lung are 

critical structures of different composition. For the 

heart it is accepted that it is a ‘serial-parallel’ 

structure. The lung is a parallel structure which 

means that some small parts of it can receive 

devastating doses while the function of the organ as a 

whole will not be obstructed. 

Our policy for breast cancer irradiation demands that 

the lung volume receiving 20 Gy should be kept 

under 25% of the whole left-lung volume, and no 

more than 10% of the heart volume should receive 

more than 30 Gy. The first case simulation (PRV 
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margins added) showed that 23% of the patients have 

a heart overdose while 11% of them have a lung 

overdose according to the criteria above [4]. 

Simulation of the second kind (isocenter 

displacement) showed that the systematic error in 

isocenter positioning of 5 mm gives a bigger volume 

of the heart (in average 0.69% of the heart volume) to 

be enclosed with the critical isodose than in the PRV 

case. For the lung the situation was opposite; namely, 

in PRV case the lung volume that is encompassed 

with critical isodose is greater (in average 1.47% of 

lung volume) than in a case with displaced isocenter.  

We performed an unpooled two-sample t-statistic to 

compare the means of the two types of simulations. 

The both t-test analysis (for hearts and lung volume 

means) showed that there is no significant difference 

in the encompassed OAR volumes for the two 

simulations. This shows that an ordinary isocenter 

displacement in appropriate directions can reveal 

whether we should be concerned about the amount of 

the heart and the lung volumes endangered by our 

treatment plan. Making another plan for the new 

isocenter while leaving another plan parameters 

unchanged is a straightforward and a quick process. 

This plan can be used solely for assessment of the 

OARs endangerment. 

Heart Normal Plot (PRV case)
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Fig. 3 – Normal probability plot for heart volumes for 

plans with PRV margins (above) and displaced 
isocenter (below). 

On the figures 3 and 4 are presented normal 

probability plots for hearts and lungs respectively. 

They show that the distributions of the encompassed 

volumes follow pretty well the normal distribution. 

Besides that, it is well known that the t-test is a pretty 

robust statistic so the p-values returned by the t-test 

analysis are quite accurate. 

Despite this positive simulation, adding PRV margins 

has some disadvantages. It usually happens that the 

margin enters another body structure and it spoils the 

homogeneity of the OAR. For example, adding 

margins to the lung expands it into the thoracic wall 

and that means we can not relay on the accuracy of 

the isodose lines for the whole lung. 

Lung Normal Plot (PRV case)
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Lung Normal Plot
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Fig. 4 – Normal probability plot for lung volumes for 

plans withPRV margins (above) and displaced 
isocenter (below). 

Table 1. t-test analysis for the heart volumes (cm3)

Mean

Diff. 

Std.

Error
t

p-

value 

Lower

95% 

Upper 

95% 

4.54 5.98 0.759 0.450 -7.35 16.44 

Table 1 shows t-test analysis for the means of heart 

volumes enclosed by 30% isodose for the both 

simulations. It can be seen that we can assume that 

both samples belong to the same population. The 

same case is for the lung volumes shown in table 2. 

Table 2. t-test analysis for the lung volumes (cm3)

Mean

Diff. 

Std.

Error
t

p-

value 

Lower

95% 

Upper 

95% 

-20.93 28.82 -0.726 0.470 -78.22 36.37 

4. CONCLUSION 

Adding PRV margins around heart and lung does not 

give straightforward and unambiguous result for the 
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degree of irradiation of these critical organs. Several 

organs of risk are overlapping esophagus and this 

situation restricts the use of the PRV concept. Also, 

the lung protrudes into the thoracic wall and in that 

way its density is changed. The authors in reference 

[3] conclude that the concept of PRV for planning of 

radiotherapy is of limited use and they suggest that 

some alternative ways should be developed to include 

geometric uncertainties of OARs in radiotherapy 

planning. As we have seen that endangered volumes 

in plans with PRV and plans with a displaced 

isocenter belong to the same population, an 

alternative way to estimate dose-volume constraints 

for the OARs might be to make a plan with the 

displaced isocenter. It is usually easier during the 

treatment planning process to make another plan with 

appropriately displaced isocenter and using DVH tool 

the planner can asses the change of the OAR 

irradiated volume and accordingly can make decision 

about the appropriateness of the original plan. In a 

case where the heart or the lung receives excessive 

dose, the planner or the radiation oncologist can 

decide to try another plan which will spare the OARs 

according to the treatment policy of the clinic.    
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